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i MBBR & M 25/53h CANON TE K HiGEmH L

SR, WP, B8O, Bradk, sk
(LRSI SRR TR =0, TPk RE SR A ML B W E AR T, P-fiis KA B AP E H.G,
Jb5t 100044)
FEE . R 150 L B SINRAYIE(MBBR) SN a% , 5 HIEE R 28°C , LITCHL R 2 A (F3M B 350 mg- L") K N JFK 5 30
28 HIEH A (CANON) T2, [Fi BUH A 2RISR 2 5L Y SBR B o, 4B 0K NH, -N#RFEE 4 90 ~200 mg-L ™", Ft @] ik
TR AR R ATSE. 45 R, MBBR RN A5 o, HRT S350 12 h i, A RE A5 TN BB E AR L, TN KBRFEFHH
38.2%, SNO; -N/TN {H 444 0. 274,24 HRT F&Z 6h J5 ,6NO; -N/TN {EH 0. 347 TFEZ 0. 146; SBR L il 8 [A] BRE S, 4
S A RS 4R B ] R 30 min 5 20 min, SRR DO MREE R 0.5 ~0.6 mg-L~', H A AWK FNA W5 T 0. 18 mg-L ™
I, 12 d JERSEM NAR H1 0 #4428 99. 2% NUR M 24. 8 mg-(g-h) “'F&Z 0, TN ERFRM K 13% [ Z 3%, B30 i 2Rk
AR N R ARAEAL s e PS5 R S . MBBR U g8 Candidatus Kuenenia 7620075 Je A1 AR 9 I ) AR X FE B 40 91 7. 91%
K 17. 38%, Nitrosomonas £ & 435 5 27. 43% H1 2. 55%, Nitrospira WIHE —F W i 0. 30% F10. 28%; SBR }ira‘%yf(ﬁlﬁ'ﬁiﬁﬁ
fEJ5 , AOB 5 ANAMMOX = F2 43l F [ % 1. 18% 1 0. 01%, Nitrospira HIARXS £ EEN EFF2% 1.39% . e
KA R AFRBA(CANON) ; JEFRAIL; KRS s BEBHPRAMIIB B 25 (MBBR) 5 RS & T ‘
RESES: X703. 1 XEERIREG: A XEHS: 0250-3301(2020)03-1393-08 DOI: 10. 13227/j.hjkx.201909220 F

- J =]

Start-up of CANON Process and, Short cut Nltrlficatlon in'a Pllot-scale MBBR
Reactor “ ¥ % U

.

FU. Kunt sming YANG Zong-yue, LIAQ, Min- Jl}m JIN Yi-ran, ZHANG" X1ao hang |} & -
( Ke¥"Laboratorytof Urban Storm Water System” and Watey* Env1r0nment Ministry of Education,zSino-Dutch R&D Center for Future

Wastewater Treatment Technologles Schdol of, EnVlronment and Energy Englneerm Beijing dnlversny of Civil Englneenng#and

Archltecture Beijing 100044, China) ' 4
Absti’act | Usmg a150 L moving bed biofilm reactor (MBBR) 'Wlth the temperature controlled at 28 °C*and high NH," -N concentration

(average w’n_centrdtlon 350 mg-L™"), inorganic wastewater was-*used as an influent to start the completely autotrophic nitrogen removal
over mitrite' (CANON:): process. Meanwhile, the flocculent %ludge was taken into a 5 L sequencing batch reactor, and the influent
NH," -N/concentration was maintained at 90-200 mg-L~" for the recovery of short-cut nitrification. The results showed that in the
MBBR reactor, when the average hydraulic retention time (HRT) was 12 h, short-cut nitrification and total nitrogen (TN) removal
rate were mutually constrained, the average TN removal rate was 38.2%, and the average 6NO; -N/TN value was 0.274; when the
HRT dropped to 6 h, the 8NO; -N/TN value decreased from 0.347 to 0. 146. The sequencing batch reactor ( SBR) maintained
aeration and anoxic time for 30 min and 20 min, respectively, by intermittent aeration, while the dissolved oxygen concentration during
the aerobic process was 0.5 mg-L™" to 0.6 mg-L™", the free nitrous acid concentration was higher than 0. 18 mg-L™" at the end of
each cycle, NAR increased from 0 to 99.2% after 12 days, NUR decreased to O from an initial 24. 8 mg-(g+h) ', and the TN
removal rate decreased from 13% to 3%; the system successfully converted to short-range nitrification. High-throughput sequencing
results showed that the abundance of Candidatus Kuenenia in the flocculent sludge and biofilm in the MBBR reactor were 7. 91% and
17.38% respectively, Nitrosomonas accounted for 27.43% and 2.55%, respectively, while Nitrospira accounted for 0.30% and
0.28%, respectively. After the recovery of short-cut nitrification in the SBR, the abundance of ammonia-oxidizing bacteria and
anaerobic ammonia oxidation decreased to 1. 18% and 0. 01%, respectively, and the abundance of Nitrospira increased to 1.39% .

Key words : completely autotrophic nitrogen removal over nitrite (CANON) ; short-cut nitrification; intermittent aeration; moving bed

biofilm reactor (MBBR) ; free ammonia

21 H F= M A ( completely autotrophic nitrogen pEb) pH VLKA WL 6] B R TR XE LR W SE A
removal over nitrite, CANON) #r#! T 7| B R b B, Rl F v A N A R R AN AL AR e B At 2
MR SAASES & AEX TS AR AR AR b, T & % AL 18 (ammonium oxidizing bacteria,
LI 60% MRS, HILF AR ZEA HLRIE
RIS TG 08 A B A, IR TR AT 2. DI persmm. 2019-00-24; 63T B89: 2019-10-16
R B Y VR ES 10 EEWMA . Jbat@R i m m R i AR B 55 9% & 508 4 05 F

(X18214)

ANAMMOX AR R g 18 A5 ma st ] K3k 11 d1 TEERA: FTRII1981 ~ ), B, it B, EEHF5 0 RS
R RN (A TRk K FEI A A | N, O Bk bl H A B AR5 K 3 B

HAFHREED | W4 (dissolved oxygen, DO)™ | #i A, E-mail : fukunming@ 163. com
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AOB) A AR L AL TA (nitrite oxidizing bacteria,
NOB) $2{}ENO, -N , 75 X [ 7 4% 14K it 72 1, B 1k
NOB &t 5 , BN R AF A

H2E 18, ERFIE &2 & (free ammonia,
FA) WA AT NOB & M A 407 ) ikt Je S Bt
JERR AL R ] T B 2 —. SR 1M NOB 1] X} FA
BRI N, PR FA HEBE IR R NOB (96 P T %
WK A, I S S0 R 6 7 R B L AR 2 ST
BRI FA SEEL T AR E 0 R A AL O BT
NOB X FA 7= A= 38 by P J5 6 A il Ak 2 1o 22 114 B 52
B ONBFFEAEIE 25 F R NOB. A 3% 310 1 SR s, A
XKLL 150L £ MBBR % CANON J ¥ 2% A BF 58 %
S HBERE Y NOB &3 KB [ iz 172 % FA 7~
AT P HG S SR FH TR R R Sk 26 NOB I 1
TN, 25 A 30 I AURHE NOB I 28 1k i A
Tvi] s} 435 - g 208 F 00 1 | X B A R 9 4 M AT T
XTT [l AT HREE T A S T RE BR 2 AR ﬂ:ﬂﬁl_ﬁﬂ‘

©, DI s 4R 2 2% o

LR

1.1/ ﬂ?’\z\zﬁ .
Zliﬁt%&%ﬁﬁ*ﬂk MBBR maﬁmg :ir*%;:,
ﬁmz] l(a)ﬁﬁﬁ E@Eﬁij{l 30 cm, I—Jr225 m, 7.%“‘ 4

BBUN 150 L, SO0 i A1 85 16 4% 30 55 ke . T2 0 2%
M IECRL, T HE A 50% . SN A 0 B R
B, FETGURR A RV B8 A 25 Bt A PR SR R &5
SO AR S POR R i s R Ao Bk A
TP — M), EOR AT 7R S — U R S B ik
Bl U  EURME AR B S — M BEK AT R iish , JB
NS s BB = A5 B A LA AL 2 R5 TR 1 5 78
PERE. IR ERE KR (28 £3) °C, I A I
PR W A W DO LA & pH A 4k, X MBBR
SN A v 0 2R TS Ve AT A 5 I A 6 (] B >R HH
Pt SN £ ( sequencing batch reactor, SBR) , Hi Bl
BEEESHR 20 em 127 em, AEUER NS L,
WE 1 (b) FizR. Hiz 7 IR 240 min, Horpifi K
10 min fiJL 200 min {ﬁ:f’ 20 min ;‘5”57J( 10 min ﬂfi
KL 50%, 5 H 3247 6 AN, i Tﬂnﬁtﬁf’éﬁﬁk
HB(28 )€, | g-”
1.2 K Sk i F
Zlhit%é%ﬁﬁﬁﬁ}\ﬁ@ﬂfﬁ]é’]%m%ﬂyfk e
Kong 1 iR R JH NaHCO, 155 L. I:Tamﬁmﬁ
ﬁ%,{zﬁ%}ﬁﬁ b ml- 17 1107 MBBR [
HIR G ﬁéﬂEﬁE’J’CANpN A SBR ELFF'?
%?ﬁkﬂiiﬁﬁ%””FE’J MBBR EF'E’J%H(Y?()E’E@ #’
7 NOB i i ﬁﬂﬁﬂ“ o

g
A

LEKA s 2. K585 3. 28R 4. MRSk 5. AR ; 6. = ARSI, 7. BEFEIE; 8. HHUKIE; 9. HL
E1 MBBR #1 SBR R 2%
Fig. 1 Experimental apparatus of MBBR and SBR
%1 MBBR 5 SBR K R8I 7KK B/ mg-1L~"
Table 1 Influent water quality of MBBR and SBR/mg-L ™!
44 NH; -N NO, -N NO5 -N PO}~ -P i pH
MBBR & i #% 400 0 0~10 10 1500 7.8£0.2
SBR Vi £ 90 ~200 0 0~10 10 1500 7.8+0.2
1.3 KB gy vk fi# 48 . 5% ] Mulii 3620 WTW 4 DO 1% ; TN = NH, -N

NH, -N. 49 IR e ™ NO, -N NV-(1-2%
B) - WO EER T NOS N S AN
WL pHAE SR AR -FE R £ F2 B pH 35 %

+NO, -N + NO; -N; % %A fb # % (ammonia uptake
rate, AUR) 5 A8 PR EL S fL K ( nitrite uptake rate,
NUR) : U G# A 5 FA 15 FNA 50500
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L () AR (2) R
17  [NH;-N] x 10"

FA = ﬁ JCECZEEE T

(1)

47 [NO,-N]
FNA = ﬁ 2300/(273“) + 10" (2)

A{, [NH -N] R A MﬁzNH* NP (mg- L")
[NO, -NRIRBNO, -NYE (mg-L™") 5 t FRIRA
W (°C).

WA R 1R BB R ( nitrite accumulating rate,
NAR) B335 020 (3) Fios

SNO; -N
NAR = - - (3)
8NO; -N + 6NO; -N

K ,8NO, -N FEHEH K NO, NV JE 2 (mg-L7") ;
SNO; -NF5HEH /KNO, -NHEJE 2 (mg-L™").
1.4 Sy

HE T A B T Y A A 2R AT o 38 e DU o 3
MyF PCR BT H A 38 514 V3-V4 K BEL & T
MiSeq 57 /5 B FH 75 0, b S T 45 Ay 2 P
T2, % JH Nobar_341F ( CCTACGGGNGGCWGCAG ) Fil

Nobar _805R ( GACTACHVGGGTATGTAATCC) T,

PCR/ 1¢,¥?ﬁﬂﬁﬁnrﬁﬁ 10 ng 19 DNA wﬁ S ML
910 x Buffér0. 5 L 19 dNTPs (10 mmol Lo W 0 -3
L {9 11 i 2 0 147 90 (50 wnol - L I 0,5 HL

14 Plantlum Taq (5 U-pL™), %Elﬂ(ﬂ‘ﬁ 50 p,L
A

2 g®5am | ; A=

2.1 MBBR W3 8151817

MBBR & #3517 441 d,

(1) 1~130 d

161 ~4 d i8], 435 HRT 8 h, TN £ HRF
¥1°059. 3%, K12 (a) Ui, TN ZBR# 1 d B,
iKF] 70.5% . 1 TFiafT W1 IIF R L4 =M B A%,
Bl % N 2 B384 T, Ho i) ANAMMOX 75 Jé AN Wit
TN ZBRRREZ TR 45 58 d I, TN K ERFAL N
9.4% . %590 d ¥iix —AH/ B85, TN 2 BR R ik
HRE 2 93 d WY 25. 3%, Uil ANAMMOX 75 R 15
PAPEREIS B — E ks , H TN 255 R T i — 2 42
. FEIBATHAE], TN L BRREARE , T 9.4% ~
78.8% Z 8] P Bh, TN % B £ faf °F ¥ 2 0.32
kg+(m’-d) "'

HE2(c) TATRAE Y AR B TN B3R5
FEIFHLEF, K P &R A E R ENH, -N, HK
W B s R 350.7 mg-L™', NH, -N £ BR324
47. 4% . T HKNH, -N#RBE AT IR A WP FA
W B ] B AR 3 = KT B 2 (b) SR, 7 I
8] FA fe@{E 0 37.4 mg- L™ &M H 0.3 mg-L7".

SERANIE 2 oK.

770,477 F10.387, KB 1E NOB i Mk —

W5 WoR, FA ¥ 5 F 0.85 mg-L~", n] W 2% 5
NOB {f P Z M1 %6 F 1ok, A By BtSNO, -N/TN
B4 0. 151, % E SHIS(E 0. 127" 8 R 3T, 600
B2 ANAMMOX [z i 45 i iR 5 46 B, 48 NOB &
Al A B R R A AR, S AR A TR R

(2) 131 ~204 d

b B A UK NH,-N & B, B — 25 5k
ANAMMOX @ BYFE R PERE , ROV a8 T 146 ~204 d
#7J( LI — B =432 — B HRT

— B Ber 8 h B A BE Y 12 h. ILAT TN Z3BR
Kﬁiibn%ﬁ—fTrﬂjjy 42.2%, TN FBR 1 fof BE A 415
AR BRI, B A9 HRT A W 8 24038 5 1o 48 9 TN
EBR R, R ZMB T NOB I PE I, S5 S ok
NO; -N ¥ J& T} 7, 6NO; -N/TN {f 4t F 0.219 ~
0. 541 5 Rl P, 7™ 26 i 5 RIS AH, S AL A (LA IR,
Jh T 125 GANON (T2 13 48 v g o sl % 1
SR R IR TR AR o R AR T 'azgﬁtgﬁ%ﬁ{u
kit B HRE AER AR T ha ke e |
P BB, 4285 DO MR BT LA BN N4 N
B HENO; N/ TN {Em&@zt}’r i 2€d)
AT, 733 55139 dN 4B DO M3 )
{8 0. 58 mg*L; ‘ﬁﬂil 22 £10.91 mg L JH:EI‘T
NH; N%K@‘%#E 99.'5% Fil 98. 7%, TN z«%&%*:i‘
% 64.7% 1 69-5%, ifi SNO; -N/TN {H 43 5 14 =
A 445, DO
TEZKFE TR 1 d, 2 5 4k 435 T 2 1A

T ANAMMOX B FL7E IR A F AR K, H
WA RKAAEAY L )Z 1T AOB F1 NOB 484141
e AR R SRR A TIRG
W, LI DO s AL AP RIS T, AOB 11
FE A R AR NOB A 8, IR b Ae K 45 88
BFE] R, NOB B 5 8l v Uk th 2 i 4. DL B Bt fe v,
FA #EAL T 0.13 ~7.97 mg-L- " JEHE N, F21E K
4.89 mg-L~". ULH] FA 7EBL iR B A, HoX NOB 36 4
AR JCEE 7R b HRT |y 8 h #E4 12 h ik
{18 71 THT 52 00

(3) 205 ~398 d

A RRRNAL, R Y8 205 ~ 398 d R A AR
B, MRS R T RN 355 1 h, BRSO E) 4847 DO
SEXIHRIE N 0. 74 mg- L™, H IR N 2% 8 5 O 1] Bk
BEA, HJF R X NOB 3 1 7= A= W 5 31 1 250
SNO; -N/TN {EF 4 0.347 ,NH, -NEFRFR 5 TN
ERRRN N 54. 3% F139. 3% .

(4) 399 ~441 d

ARBEBOK: HRT 12 h B#IKE 6 h,8NO, -N/TN
HFFEZ 0. 146, B MBI EKE , H TN ZERR
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PR FRRSE . BEFY BE FA S R 3. 35 mg L',
FEAR WEHEIN, MAK Bt DO SFH Mk K 2 2. 13
mg-L~" NH, -NZEFRFRE TN LBRRS F—Hr B
G 754k SR 51, 6% 1142, 4% . DO HRFE )
AN AR RIFIRTINH, -NEBRF UL RSN AOB
TEPERA, RIBFAE DO ¥R B 34 sk, 3 2 B I HRT
ATh AT B Wk A2 S AR R AL

KT, MK NOy -N ¥k B S ¥k 7.20
mg- L™ JER AWM REE R L, X %K
ANAMMOX T L K /b i NOB B A 895 By 3% k. 1
NH, -NE2 LR RAUN 52. 2%, B B AE i 17K )4
N DO VR FEIHAT A A B & 038, ™ B 2 T s g
AR ETERE. R, £F X AOB 35 k47 3 b th 2
CANON T ZANT] Z 6 () B B 4

500 . 100 25 1.0
= FA
—&— dNO5™-N/TN
400 1 g0 20 F 108
T = _ | 4
2 300 o0 5 T 15 06 E
2 20 H o 10F S
22 {90z % 04 £
5k
100 190 0.2
0 . oF
L L L 1 1 0 0
0 100 200 300 400 500 500
- — 4 9.0
600 |- m EkNHS N A 100
o {7KNHy =N 8.5
500 - NHy-NERRE 1 g0 3L
= * 4 80
T.400 L . . . . T
e 100 5 3 175 -
] wl il P g 2 =
300 b | [ & =
= b i HOR 470
® S X J4a0 -
200 o O 4P
y gy oo ﬂhggt% 1+ 41 6.5
100 - %1 4 20
. o 4 6.0
(] L 1 (} 0 L 1 1 1 1 L 5.5
0 100 200 300 400 500 0 100 200 300 400 500
i /d i i) /d
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Fig. 2 Operating parameters and nitrogen removal performance of the MBBR reactor

2.2 SBR M gsZART5IRASE

it —2EAE5E NOB Ll I FA B A9 8 FE A 1k
PR A8, F MBBR #3817 255 250 d B, Bt
MBBR J i H (%) 20075 U 2 SBR I #5 1758
TR ALK BT

SBR [ i £ WA Ia 1T ik R AT 4R 2 AN B B
Hrf 1 ~34 d Sk BB, ISR 4 220 S, RO
8N DO 4EHF7E 1.00 ~1.20 mg-L™"; ZJ5 35 ~57
d FINO, -NFH 2 [ B I i oy ) B <, s il B < 5
{50 AHR] 435024 30 min A1 20 min, B E] DO ¥
FEEHITE 0.50 ~0.60 mg-L~". [EAF, pH 47245 i
£ 8.50 £0. 10. I 45 R UKl 3 P,

3(a) KW TiEfTid TP NH, -NI L BRMERE,
TEIER B BE, 1 ~7 d JE/KNH, -N¥# -1 4 99. 7
mg- L' H/KNH, -NVEEE 28 1.0 mg- L' SR
FEE 3 (b) el LLE 1, RN = HINO, -N#E NOB it
B, HKNO; -NF44°8 65.9 mg-L~" W ASER R
FHERNE A NOB Ab T 2R7508 4, H A

B T

9 ~34 d, IAANH, N B3 5 & 149. 9 ~182.0
mg- L~ IR FA MR35 %2 28.8 mg- L', 2%
IRPATE FA WS TAE] NOB I M A4 40 fh 2ok 8. A% 1
~7 dBFT S, 9 ~21 d B9 TN ERBRRIEA A 1y
M 15. 1%, 1] 22 ~34 d B, TN SFH LBRR T ER
6.83% . TN ZBRFH BT %, il GE & ANAMMOX
TEHET B 200, 2 A LR AL AT R 2, ANAMMOX
H3e4rNO, -NIKAE 1% NOB 55, LA M AE iR e & FA
B T, HyE PRz 230 Jaroszynski ST BUHIESY
SR, Y FA WRE KT 2 mg- L' B, & XF
ANAMMOX & PGP A FE — 2 B 0 4E . 7 ki
R, BUARNH, -N 5 BRR TR 2 67. 6%, HNH, -N
EERAFANYEREAE 0. 03 kg+ (m’-d) =", AOB 1 PEAR
Frfase. [, NAR 4238 T, 8RR By Bov) b
FA W& BEARXS T, AFL R 2 SN A AT NHL, - NIz
THFE, R FA PR B W T B, R BEXT NOB
PERE 78/ A I H4E . 55— J7 i, Ui NOB 2 %t



34 FTE WIS ik MBBR SR8 81 CANON T2 S HAa AR Av AL 1397
250 - 120 250 120
(a) A HERNHSN !
& HZKNH N | A .
200 | xR —x— NH-NZBR# N 200 | 100
T A 4 at A -
N A - T J
% alt o {0 & =2 80
£ 150 + A I A W -E-'J 150 |
= X — X % s Jeo % i 160
# A A% h # =2 2
Z 100t “am Nax & = Z 100 [ —s—PHHENO N z
Yo &ﬁ Y ta V! Y - N 140 =
T saty | fy 40 = g —— i 7KNO; -
“ a bead a7 z z —— HIEANOT N
50 - | . 50 o HikNOy-N 120
| 0 ——NAR
WM mmb o %:'G ~40
0 F lﬁmlm T 0 0 | CATWTHERCWTRCW TR T -
0 5 10 15 20 25 30 35 40 45 50 55 60 [] S 1[] IS 20 25 30 35 40 45 50 55 60
400 T 100 40 2.0 10
© | o YHFA  —7- ONOs- NIMI'N o« (@
350 + .- 150 o RERFNA o | o ® 1s
n 30 | o {15~
] = n - . e s & o @ ]
T 300 F ..nan ? ﬁ Ml oo . - .%.. | t).. o _é]u-(':
] L] =] ﬂf' 60 = - (1] o o £ ]7:'
&0 "o, oo o u s} Bf- &n . = o)
£ 20l o | g S 0} e ;Vv & °o {0z 1, %
= Rmo " OHIATN {40 3 = o Y ° 0 £1° s
= o I o kTN z = ) | > | Z
£ 200} "% £ R ° 21
= i I—n—TNEﬁW 120 - W /ii vl ® Jos =7
sew*f"’\’(a‘"?&x 10 r “’V Rl | “v% 0.127
150 + x’igﬂ-'*w 1o | o VTV 40
100 L ) ) OGZ!COOOOCQOCKDOOCQQ ) . 40 .
0 5 IU 15 20 25 30 35 4U 45 50 55 60 U 5 10 15 20 25 30 35 40 45 5U 55 60 B
i l/d i i/d
—,= o # A
B3 SBR )if%%L?Tzﬁﬁlﬁﬁﬁﬁli -
Fig. 3 Operatlng paramelers and nltrogen removal perfnrmance of ffle SBR reagfor o ‘:-'

FA/ FﬁiT r»_w il MBER fi %ﬁﬁr@"n_»f/é
®Hwes. ) .

35~ 571d, N A LR, E&ﬁ]ﬁjﬁﬁt&%ﬁ I
J%H%,%E?ﬂﬁsé% EUBRSC AR DO Wi 1.0,/
~1. zmgL PRHEZ0.5 ~0.6 mg-I!
d W, {jﬂﬂkNOz NV 0 OF B 1K E 189, 7
mg-L? NAR f1 0 34 K % 82.0%. [,
NO; -NFHk B R K 5 H 35 d B9 36. 2 mg- L~ FEAIG
45 d WY 2.6 mg- L7, SN 7 H BV il Rk R 2R
M4, NOB I B i AL, IS 12 d 9, NAR £ 8
F99. 2%, X F B NOB I PEAS 2] T A %W 6, =i
i R 1 4 R A b 2 A8 S AR A A

TN EBRRA AR LSRR UE 3 () i, 1 ~21d
AR TN RBRFFH 0 14. 8%, MTE 22 ~57 d
TR TN ZBRAEWT T B R 2 4. 4% . BT
22 d 2, ANAMMOX & iG PEZ 20 TR, v 4217
HESAF]F ANAMMOX 4= K.

3 g
3.1 MBBR v # i FES AL AN IR R 4 A7
MBBR 7ER A N g8 Ia ah S frid f2 v, e

A5 TN ZBRF B2 T EAT JEZ 1, Izﬁﬁﬂéé
5 & ANAMMOX B 1) HE 3244, PR e Je A il Ak 2

A SRR Db 28 551, Ry T S B RN AL fﬁtE\A
o R RGEYERE T AR B A A AR A A SR

R o 2

il 4n i mﬁ?%‘q}\ IEED’O£ jl:ﬁ%ﬁ{iﬁf“ﬁ’}?ﬁ?
A BT B 21,9 w1 AR ,%zbizazzé
i RERE 52 AN NOB (A K. ALt g F %
FRRE R AL, REUIPE T NH, -N5 TN [ LB,
ATt B TN KBRS H{UH 38.6%. H i
i MBBR [ # S 2 Ah T2 4 TN RBRFA T
B2 AL A TR AR R 2 rh. i MBBR
N5 e IR B RS © A 19/l MBBR B 7,
ANRIIE] TN ZBR R34 87. 9%, 4 T far - 24
$70.53 kg (m®-d) ~" AR KR g /MR TBCK
F i i Ny i o B, IR S BRI ) B SR
R

$;&L AW R, DO WA 0.27 mg L™
FEARZE 0.17 mg L' 5, 5 g 15U Nitrospira i &
H2.61 x10° FHEFE 1. 67 x 1042 iy TR [E Y
NOB WHJ&E X} DO By R FdE AT 22 5, 4 DO K4k
FEAEARVR BT B, 23 B X il g 48 40 R A e
() NOB B & , W st v (51 7K )% DO e BE M
1.7 mg-L71%1&§ 1.0 mg-[f1 Jh42 a Z@ﬁ)‘Zﬁ,
NAR 44 F [ 47%, H NOB 13V & i Nitrobacter
AR K Nitrospiram]. A 86 4EFF HRT 2 12 h 193
DO I E H 0.6 mg-L~"  FEIL &M FisfT
70 d J& 3 H 4 NOB i = 34518 /9 T R k. FLAIK DO
WA RES | K22 R AR K 15 IR TR RE AL,
OB F T ANAMMOX B 78 5 40 P 4 35 52 5E 1Y
FJE.



1398 w o B % Al %
3.2 SBR V5 Rk B AR A B2
£ SBR R 2 rf JR4F NOB T4 FA TEIGE 3.3 W40 #T

P B A ENAS LA S IR e A WA R R AR R i
AR A A 5 A R £ A AL R | 15 3] 25
R 4 Fiok.

150

o (=]
= t=]
T

AURFINUR/mg-(g-h)™!
(=)
[=]

30

24
i/

B4 SBR REEE AOB & NOB iF M|
Fig. 4 AOB and NOB activity of the SBR reactor '..-"

ARt P AUR i1 98.6 mgs (g h)‘*‘WIﬁE
% 94.6 mg-(g-h) ™), NUR WD\ 24.8 mg-/(g-h)™"
W 550, ISR SBR I 28, *Fﬁlél«%’x&i%f“#ﬁ
450 FA 5 Dow;z—fﬁu T 1) 52 PR i M L
qu’ﬂz(d)ﬁm T‘liﬁji*ij H%jf%%ﬂh ﬂ%zﬁ
mﬂ;,pH BB S B 030 7 AT W ENA e e

B\ 1640 ~57 d Elﬂ?]zﬁﬁﬁai“%mfﬂf% 2

J_LEK Fngq:igjﬂ 0.82 mg-L~ 1,$% s [22 E’l@?’/

L5 FNAVRIE N 0.7 mg-L™' B, 1T & %
NOB {3 14 52 42 4 i £, AOB W74 T 2k 15 56% L
L ATE P, UEBATE SBR N £ T, FNA W] gt & 4
TAER. BE4h, 1 d BN 4§ TN LBRFEN 13%, iz
172 57 d W, TN ELERET B2 3%, L) H 2
ANAMMOX & FEA 2, Toik S NO, =N, 32

HIAF Y%
other 2
Candidatus Brocadia 8920
Terrimicrobium
Gp3
Candidatus Hydrogened 30.00
Aggregicoccus '
Byssovorax
2 ngdmnﬂu
'enavibacterium
Phycisphaera 7:300
Polvangium
Longi, Erm’
Armatimonadetes GpS 0.7000
Turneriella
Nitrospira
Candidatus Kuenenia 0.3000
Phaeodactvlibacter -
Nitrosomonas
Aguabacterium
unclassified 0
- = =
- S 2
= 0§ oz
[+s] o 7]
= =)
=
B s

B3

Nitrosomonas

WFFE MBBR SN a5 LA K2 SBR B iz 47 4
T A IR vE 45 24, T4 210 d B MBBR 2
I s P 2R AR T 8 LA K A W 4 03] 3R A v )

SR 5 B,

H v, Candidatus HoEE K
ANAMMOX i J& , 7 20K 75 e A S AW IS o, o3
SIS 7.91% K 17.38%, RHMEF H A= P IR BT 38 &
ANAMMOX B HY K. AR W) IR 24 Th A7 7E DO Yk 6
Ji£ , 280 ANAMMOX T A & T2 i s X
(i) s &7 2 A A L T A % 455 B P 8 i LA s Ak, PRIt
AW ANAMMOX T 4 2 5 T 2UIRY5 8. [,
N g AR /D18 Candidatus Brocadia T,éf:/{j({?{ﬁ'ﬁ
AR A=W 7053 15 LE 0. 87 % 12 0. 629+ ﬁﬁﬁﬁﬁm
] Candldatus Kuenenia 2 T1F )\I@EZK”E{ ‘F':FFE
1, Candzdat‘u"s Brocadm 1B 1) A ? f§| IRER 15
rRi®] Hjﬁﬁt%ﬁéfﬁ EEMD“/“LE&UEI WA,
Candzdatus Kuenema Eﬁ(’f‘h ﬂ AL %L%J barfdzdaft;
Kuenenia r%%%ﬂ i 7{‘55@?&3& NO, -Nﬂé ﬁi?
2ok 0.2 ~ 3 ;Lmol L Bt , Candidatus Brocadia }\inf
5 pmol LAt T MBBR, 12 51 5 0~k i
I SRR L T T 88 4 A 5 1
HE HLFINOY N ANAMMOX % LK /59 NOB
I, SRR R R AR 2R AR, DI i A 0 21 1Y
NO, -N¥ KT 2 mg-L™", 5B Candidatus
Kuenenia B- A5 75 Ik NO, -N ¥ J& 3R 55 A A7 1)
i

Kuenenia

‘b.i" . N

ARG T, FEAY AOB B & N Nitrosomonas , 77
FAE LR TG Ve VA R AW B e 27.43% UL K
2.55%,A0B S ARG RMEIR Z P agF 5 EA KRR

[ SBRERITIR

(b)
Nitrospira MBBR 4: 4y it
Bl MBBRE{k
Candidatus
Brocadia i
(_" fidar
Kuenenia A

0 5 10 15 30

IR /%

BRENFER

Fig. 5 High-throughput sequencing results



34 fTERBHAE . Jik MBBR [ b #%)5 3 CANON T2 K H a2 ik 1399

2250 UL ZURIG I 5 4 T MBBR v #4545
AIHR 5 A ZORT5 e 09 B B P RE T LU &R g
AOB HEHRp e300 1) 8, 328 m & B A 0%, R,
Nitrospira - £ 2] NOB 1 J& , 5 L4354 0. 30%
PLIZ 0. 28% . ANt S 2R TS e 52 AE P i v, NOB
FEHRT AOB, X 5 4 3 i F 58 45 21, A
CANON T2 A Y 2 4A Y NOB 3= B2 AH X 45
A 22 R, BB MBBR KR #% 1 NOB
TR BAR RS Y b NOB EEB AR, Hiz
Tt d FA 5 DO B9 P39 B 53 310 5.7 mg-L™!
A1.0 mg-L~", {BALAF A9 NOB 45 1] S 5(8NO; -N/
TN A A7 , eI A AR e

SBR RN #5121 T 255 60 d B, BUH b 22475 ¢
PEAT R T S5 RN A 5 R SR HE ST - A R
FoE AR AL M TR, BLRi5 e X
AOB 4 i 1 | ) 27.43% (51K & 1. 18%, [A] i}
NH, -NEBEFMH 1 d BFAY 97.5% % E 57 d B Y
43.7%; ANAMMOX T i H1%F 3 J& ) ply 1 o i 9
7.91% %% 57 d BF9 0. 01%, TN 2514 2 X 7 4 iy

13% £ % 3%, A e R Vkﬁﬁ&é i, AOB_A

u& ANAMMQX nﬁéf“Th%ﬁtT%%ﬁ -Nu
TN %l‘fi?l‘% Nitrospira /3 J&NOB Efjé/ﬂj&%lz‘_ﬁl
&, ﬁ,ﬁjﬁxﬂ%fﬂa 1dBfy0.3% ﬂm§5 't
i1 39%. KR 1, DO R TERARKE , 1)

&ﬂ?#ﬁ$&m@ﬁ%mﬁFAwAﬁ}%éi,

V7 A —#7E HYSE L. TR 5 D 190 5 VG FRPRNA
40 FLEE F I AIE ANAMMOX [ 1% #0045
ERE T R NOB Bk 24906 (H i F 45 E R
NO, -N¥e BEARXTES 57, 70 2 10 IS vk B2 Sk AR AN )
ZAF R AR T R R, R R T 7 S AR Y
FBR e B I R #% H, NOB 115 Pl AT 5, HoAE
AR A A S AT T 2 — 2 AR

AR S AR U P R W, SBROSU £ 1) R
EALASCR T 28 55 d EI’J YK 5, AOB Y 3 B2 B & T
R A2 AUR W0 E 25 R Bon , RN fL 5T )
AUR M 1 d i 98.6 mg-(g-h) ~'fEZ 55 d It} 94.6
mg-(g-h) "' ,NUR W/ 1 d A} 24.8 mg-(g-h) ' [%
% 0,/H NOB FEM 0. 3% 1% 1. 39% . ~igE AOB
S NOB, H iy 3 1t I 45 2 5 06 P ) o 3 06 25
RAE TG, ULBIAR AT REA AR Y AOB ., NOB B #f
A i A SR A TEAR RS A
SRANTA] g A =X

LA MBBR W #i 5 SBR S # , H1idl MBBR
SN g ME LA KA R I e 200 et R i A 1 D PR
TG, RO AR /N R IR T I K AR
MBBR & L #% "', NOB %5 5 3 15 B il 19 25 (8], 1

SBR W& MV U Y, H 13- 34 0 9 JR o ok B (A
P 40— B R F T NOB 94 K, NOB 7R X 4K 75
LS W SER iR = N EORULEY S N TR0 S A
Sy vave i 245, M MBBR &%t , NOB 1R 7] gkl
B R SR I I f 2 50 R A A 1) 2 . T U A
()2, AT SR AE HE K TR A ML I 45 1 R AR 21
250 TEA NI A RGLS T AR A 5 R A

SRR AR RS ) LR AT R A A i A
Pt — DY

4 Zig

(1) 2R 150 L iy MBBR J2 i % J2 5 CANON
TZ, 445 T (28 £3)°C, DO FH 2k 1.04
mg L~ K NH, -N¥ &30 400 mg-L~', HRT
T 12 b R AL TN 2 BR 5 AT 2,
TN 2 B R 4 o 3812%, SNO; -N/TN iﬁ'if—iijjj
0. 274 , ) #if ASE ) aﬁ%ﬁﬁ%ﬁzﬁﬁwxﬁz;ﬁ =g HRT
B2 6 h J5 ,6NO; N/TN fiirh 0.347 Tfﬁ‘ﬁ*’o 146
FRERHALIZHTIK S ‘ 7 4

(2) R JH SBR 2L i, 2 91 4 7 g 7 ‘ﬂ%%ﬁj‘
5] & 30 mln.. A5 20 mlry, ﬁ}ﬁ TR DO_{XEV‘?‘? 0- 5"..
~0.6 mgl. 7, FL45JE WK FNA ¥ JE % F.0.18
mg-L -, 431d JF NAR i 0 714 99. 2% "IN 4%
I 13% 3% . '

(3) @ &5 0§ 7R, MBBR &2 B #% H,
ANAMMOX 18 F B A2 78 T AW, JL 350w 8
Candidatus Kuenenia; AOB W) FZ2URT5 e 5 H &
) AR JE A Nitrosomonas ; NOB B b
J& A Nitrospira , TP Fh {5 e JE 2 b 1 3= Jo B i
F5t.

(4) SBR I #sk &2 B A AL S5, AOB 1 P £
Fife e [l i L35 B 25 TR, NOB BRI A 25
P AFHAR X 2 E T
3 3L itk
[ 1] Sliekers A O, Derwort N, Gomez J L C, et al. Completely

autotrophic nitrogen removal over nitrite in one single reactor[ J].

Water Research, 2002, 36(10) ; 2475-2482.

[ 2] Loépez H, Puig S, Ganigué R, et al. Start-up and enrichment of

a granular anammox SBR to treat high nitrogen load wastewaters

[J]. Journal of Chemical Technology and Biotechnology, 2008,

83(3): 233-241.

[ 3] Vazquez-Padin J R, Fernandez I, Morales N, et al. Autotrophic

nitrogen removal at low temperature [ J ]. Water Science &
Technology, 2011, 63(6) . 1282-1288.

[ 4] Strous M, Van Gerven E, Kuenen J G, et al. Effects of aerobic
and microaerobic conditions on anaerobic ammonium-oxidizing
( anammox ) sludge [ J J.
Microbiology, 1997, 63(6) : 2446-2448.

[5] Liu C L, Yamamoto T, Nishiyama T, et al. Effect of salt

concentration in anammox treatment using non woven biomass

Applied and  Environmental



1400 wooom B % 41 %
carrier[ J]. Journal of Bioscience and Bioengineering, 2009, 107 [J]. China Water & Wastewater, 2016, 32(7): 1-5
(5):519-523. [19] Jaroszynski L. W, Cicek N, Sparling R, et al. Impact of free

[6] Jenni S, Vlaeminck S E, Morgenroth E, et al. Successful ammonia on anammox rates ( anoxic ammonium oxidation) in a

[10]

[11]

(12} H

[13]

[14]

[17]

[18]

5): 22562264, | | '

application of nitritation/anammox to wastewater with elevated
organic carbon to ammonia ratios[ J ]. Water Research, 2014,
49 316-326.

Kim D J, Lee D I,

ammonia on nitrification and nitrite accumulation in landfill

Keller J. Effect of temperature and free

leachate and analysis of its nitrifying bacterial community by FISH
[J]. Bioresource Technology, 2006, 97(3) ; 459-468.

Vadivelu V M, Keller J, Yuan Z G.
the respiration and growth processes of an enriched Nitrobacter
Water Research, 2007, 41(4) ;. 826-834.

Turk O, Mavinic D S. Maintaining nitrite build-up in a system
1989, 23

Effect of free ammonia on

culture[ J].

acclimated to free ammonia [ J]. Water Research,
(11) . 1383-1388.

Van De Graaf A, De Bruijn P, Robertson L A,
Autotrophic growth of anaerobic ammonium-oxidizing micro-

Microbiology, 1996,

et al.

organisms in a fluidized bed reactor[ J].
142(8) : 2187-2196.

YERM, 23K, IS, . AW CANON SR g PERem it
1k. M FBBR %] MBBR[J]. #EiRl2¥, 2018, 39 (59 2256-
2264. *-:.- ;

Fu KM, Li H, Zhou H'T, et al. Optimization of the nitrogen
removal performance on the CANON pr0(7q$b ina bloﬁlrp reactor;

from FBBR to MBBR [ ] ].

Envirnnmen-ial “Science

EF SISV E 0N ‘mw%mwmﬁmﬁm[ x
hﬁ)Jha.Tﬁﬂiﬁﬂ%mhﬁﬁ 2002+ 258285, W

| E e, Rori R, % fﬂ%k”&ﬂﬁ(:i?(OUR)?aE?ﬁ

bER i AT e iR S Ht%ﬂ””ﬂﬁ 1999 A9(3)

225929.

Waﬂu JL, BVu LB, Qr X, et al. Charactenzatlon of..gplrlfcanem/f
[ activity of Activated sludge by Oxygen Uptake Rate (OUR)LFF

Agt}i. Scientiae Citcumstantiae, 1999, 19(3) : 225-229.

Zékker I, Rikmann E, Tenno T, et al. Modification of nitrifying
biofilm into nitritating one by combination of increased free
lowered HRT and dissolved oxygen
2011, 23

ammonia concentrations ,
concentration[ J |. Journal of Environmental Sciences,
(7): 1113-1121.

Herlemann D P R, Labrenz M, Jiirgens K, et al. Transitions in
bacterial communities along the 2 000 km salinity gradient of the
Baltic Sea[ J]. ISME Journal, 2011, 5(10) . 1571-1579.
Ushiki N, Jinno M, Fujitani H, Nitrite oxidation kinetics
of two Nitrospira strains: the quest for competition and ecological
[T].
Bioengineering, 2017, 123(5) . 581-589.

TR, JAER, BE%E, 55 EYRER LRG0 E
KA CANON T2 # [ 1], SR, 2017, 38
(4): 1536-1543.

Fu K M, Zhou HT, Su XY,
recovery and its transformation into CANON process in a biofilm
reactor| J ]. Environmental Science, 2017, 38(4) : 1536-1543.
fPEM, FIEm, Z£R5%, 4. JK I {5 B ] 0 i 248 0k
CANON JZRiatE BB SEma [ 1], oh [ 47K HEK, 2016, 32
(7): 15

Fu K M, Zhou HT, Zuo Z R, et al. Effect of hydraulic retention

time on performance of CANON reactor with sponge as carrier

et al.

niche differentiation Journal of Bioscience and

et al. Short-cut nitrification

2018 y ‘39 .

[20]

[21]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

moving bed biofilm reactor[ J]. Chemosphere, 2012, 88 (2) :
188-195.
Miao Y Y, Zhang L, Yang Y D, et al. Start-up of single-stage

partial nitrification-anammox process treating low-strength swage

and its restoration from nitrate accumulation [ J]. Bioresource
Technology, 2016, 218 771-779.
Cao Y S, Kwok B H, Van Loosdrecht M C M, et al. The

influence of dissolved oxygen on partial nitritation/anammox
performance and microbial community of the 200, 000 m®/d
activated sludge process at the Changi water reclamation plant

(2011 to 2016 ) [ J]. Water Science & Technology, 2018, 78

(3): 634-643.
gz, sk, A, SR IS A R X e s T TR A 1
Fm[ 1], deat Tk R2%2#4, 2019, 45(10) : 1017-1024.

Yang H, Zhang F', Wang S L, et al. Effect of free nitrous acid
inhibition on high-efficiency nitrifying bacteria [ J ].
Beijing University of Technology, 2019, 45(10,) ;.,-10..1-7—1024.
Lotti T, Van-Der Star W R L, Kleerebezeﬁl R, et'_.dl‘.r: _‘}l‘h’e effect
of nitrite inhibition on "the anammox proceés I[J 1. “Water
Research, 2012 46(8) 2559-2569. ’ &F —
Abzazou ﬂ ¥ Araujo 'R M Auset M, et rA ;facklng and

quanllfleauun of mmfymg bacteria in biofilm and mlxed hqumrrof

_J ournal of

a partlal nltrlflehtlon BBR pllot plant using fluorescence in siiu
hybrldlzaflon[l] ‘Science of the Total Environment, 20 ‘l-.6 541
11151f23 U = e .
Li X J,/ Sqn S, Yuan H Y, et al. Mainstream ..upﬂ(;w nitn'tatii)ﬁ::
anammox “&gtem with “-h*brid anaerobic pretreatment,; lorllg—tefm
performaﬁ:(:e and microbial community dynamics [ J ] ..‘“'ﬁ‘fater
Research, 2017, 125 298-308.
Yang Y D, Zhang L, Cheng-. J,
evolution in partial nitritation/anammox process: from sidestream
Bioresource Technology, 2018, 251 327-

et al. Microbial community

to mainstream [ J ].
333.
Schmid M, Schmitz-Esser S, Jetten M, 16S-23S rDNA

intergenic spacer and 23S rDNA of anaerobic ammonium-

et al.

oxidizing bacteria; implications for phylogeny and in situ
detection[ J]. Environmental Microbiology, 2001, 3(7) : 450-
459.

Tsushima I, Ogasawara Y, Kindaichi T, et al. Development of
high-rate anaerobic ammonium-oxidizing ( anammox ) biofilm

reaclors[ J]. Water Research, 2007, 41(8) ; 1623-1634.

IMIESY | whRTE, TR, . R + ZRT5 08 CANON T4
H’JF'sz'ﬁ SRT sZMmFoE[J]. FEERI, 2017, 38(2) ; 672-
678.

Sun Y F, Han X Y, Zhang S ], et al. Start-up of combined floc-
granule CANON process and the effects of SRT on reactor

performance[ J]. Environmental Science, 2017, 38 (2): 672-
678.

WRA, ki, (LR, & REEEAEEmME, mE S
B’ikﬁiaﬁhﬁﬁﬂﬁﬁﬁE[ﬂ- NS A A Y24, 2018,

24(3) . 671-680.
Wei C Y, Zhang J, Ren L L, et al. Recent advances in activity
and application of the

inhibition, recovery and enhancement,

anaerobic ammonium oxidation process[ J]. Chinese Journal of

Applied & Environmental Biology, 2018, 24(3) . 671-680.



HUANJING KEXUE Vol.41  No.3

Environmental Science (monthly) Mar. 15, 2020

CONTENTS

Evolution of the Distribution of PM, 5 Concentration in the Yangtze River Economic Belt and Its Influencing Factors ««+++x+veeeeeeees HUANG Xiao-gang, ZHAO Jing-bo, CAO Jun-ji, et al. (1013)

Chemical Characteristics and Source Apportionment of Water-Soluble Tons in Atmosphere Aerosols over the East China Sea Island During Winter and Summer ««««eseseesessersesenenenennenes

FANG Yan, CAO Fang, FAN Mei-yi, et al. (1025)
Analysis of Chemical Components and Sources of PM, 5 During Autumn and Winter in Yangquan City - WANG Cheng, YAN Yu-long, XIE Kai, et al. (1036)
Chemical Compositions and Sources of n-Alkanes and Saccharides in PM, 5 from Taian City During the Summer YI Ya-nan, HOU Zhan-fang, YANG Qian-cai, et al. (1045)
Physical and Chemical Characteristics of Atmospheric Particles in Autumn in Mt. Huangshan —«e-eeeseesereresrmenenninneneninenens BIAN Yi-shu, YIN Yan, WANG Hong-lei, et al. (1056)
Characteristics of Aerosol Optical Depth in the Urban Area of Beibei and Its Correlation with Particle Concentration «»«+s«+sessesveseeseeees ZENG Wei, HAO Qing-ju, ZHAO Zhong-jing, et al. (1067)
Emission Characteristics of Volatile Organic Compounds from Typical Industries in Zibo WANG Yu-yan, WANG Xiu-yan, DU Miao, et al. (1078)
Analysis of Pollution Characteristics and Sources of Atmospheric VOCs in Ezhou City FU Yu-meng, YANG Hong-gang, LU Min-yu, et al. (1085)
Producing Coefficients and Emission Coefficients of Volatile Organic Compounds from the Automobile Manufacturing Industry in Zhejiang Provinge  «e+vsseeseseeesssisssennsiincnne
......................................................................................................................................................... TENG Fu-hua, YANG Zhong-ping, DONG Shi-bi, et al. ( 1093)
Pollution Characteristics of Volatile Organic Compounds Emission from the Metal Packaging Industry Based on Analysis of Process ++:++e+e+ee: WANG Di, NIE Lei, ZHAO Wen-juan, et al. (1099)
Profile Characteristics of VOCs from Wood and Economic Crop Burning NIU Zhen-zhen, KONG Shao-fei, YAN Qin, et al. (1107)
Accounting Methods of VOCs Emission Associated with Production Processes in a Fine Chemical Industrial Park «++-eseeeeeeeee *+ YE Han-yun, TIAN Jin-ping, CHEN Lii-jun ( 1116)
HONO Observation and Assessment of the Effects of Atmospheric Oxidation Capacity in Changzhou During the Springtime of 2017 «++++- SHI Xiao-wen, GE Yi-feng, ZHANG Yu-chan, et al. (1123)
Analysis of Activity and Its Emissions Trend for Construction Equipment in China «essevesesessssssmsssmsnensinininnsneen PANG Kai-li, ZHANG Kai-shan, MA Shuai, et al. (1132)
Air Pollutant Emission Tnventory from LTO Cycles of Aircraft in the Beijing-Tianjin-Hebei Airport Group, China «+:«+ssssessereeressenserseneenes HAN Bo, KONG Wei-kai, YAO Ting-wei, et al. (1143)
Particle Size Distribution of PM Emission from In-use Gasoline and Diesel Vehicles —«+veesserrererseemeneneninsnsiiininsenns WANG Rui-ning, HU Qing-yao, REN Hong-juan, et al. (1151)
Impact of Parameterization on the Estimation of Ammonia Emissions; A Case Study over the Yangize River Delta -+ -+ ZHANG Qi, HUANG Ling, YIN Si-jia, et al. (1158)

......................................................................................................................................................... WU Hong-xuan, SHI Chang-qing, ZHANG Yan, et al. (1167)
Variations of Stable Oxygen and Deuterium Isotopes in River and Lake Waters During Flooding Season Along the Middle and Lower Reaches of the Yangize River Reglons ««w+v+svseeeerereeeee
.............................................................................................................. ‘e e L.l Jlngy “ U Hud -wu, LHOU Yong qlal’lg, el al' ( 1176)
-+ LIU Song-tao, ZHANG Dong, LI Yu-hong, et al. (1184)
LU Xiao-li, LIU Jing-tao, HAN Zhan-tao, et al. (1197)
Remote Sensing Monitoring on Spatial Differentiation of Suspended Sediment Concentration in a River-Lake System Based on Sentinel-2 MSI Imaging: A Case for Shengjin Lake and Connected
Yangtze River Section in Anhui Provinge «+-«e-«eesseeressesseestnennetnininiiniini st WANG Hang-hang, WANG Jie, CUI Yu-huan (1207)
CDOM Optical Characteristics and Related Environmental Factors of High-turbidity Waters on the Loess Plateau LIANG Xiao-wen, SHAO Tian-tian, WANG Tao ( 1217)
Effects of Artificial Destratification and Induced-natural Mixing on Water Quality Improvement in a Drinking Water Reservoir - + WEN Cheng-cheng, HUANG Ting-lin, LI Nan, et al. (1227)
Effect of Filter Speed and Water Quality on Ammonia Removal in Groundwater Containing Tron, Manganese, and Ammonia at Low Temperature =~ «+seseseereesesesenensennenensnininenne
ZHANG Jie, MEI Ning, LIU Meng-hao, et al. (1236)
** YANG Jia, ZHOU Jian, QIN Bo-qiang, et al. (1246)

Water Sources and Factors Controlling Hydro-chemical Compositions in the Yiluo River Basin

Chemical Evolution of Groundwater in the Tacheng Basin of Xinjiang in the Process of Urbanization

Long-term Variation Characteristics of Zooplankton Community Structure in Meiliang Bay, Lake Taihu

Community of Benthic Diatoms and Their Relationship with Aquatic Environmental Factors in the Tangwang River, China = -++esereeeee XUE Hao, WANG Ye-yao, MENG Fan-sheng, et al. (1256)
Succession Characteristics and Water Quality Responsiveness Evaluation of FG and MBFG in Yanlong Lake Water Source Ecological Purification System «+«+sessessersereeemenenseninenennnnens
..................................................................................................................................................................... WANG Lian, LI Xuan, MA Wei-xing, et al. (1265)
Characteristics of Nitrogen and Phosphorus Output and Loss Flux in the Shipanqiu Watershed, Three Gorges Reservoir Area «+««+«+-eeeseeee CHEN Shi-qi, LONG Yi, YAN Dong-chun, et al. (1276)
Effect of Optimized Fertilization and Biochar Application on Phosphorus Loss in Purple Soil Sloping Farmland «++«+sx+eseeeeeseesveesereneeees LUO Dong-hai, WANG Zi-fang, LONG Yi, et al. (1286)
Use of Iron-modified Calcite as an Active Capping Material to Control Phosphorus Release from Sediments in Surface Water Bodies -+ BAI Xiao-yun, LIN Jian-wei, ZHAN Yan-hui, et al. (1296)
Preparation of Tea Waste Biochar and Its Application in Tetracycline Removal from Aqueous Solution ««+sesesessessesremsesenennsenenns FAN Shi-suo, LIU Wen-pu, WANG Jing-tao, et al. (1308)
Adsorption Characteristics of Sulfamethazine on Three Typical Porous High-temperature Modified Solid Waste Materials WANG Jing, ZHU Xiao-li, HAN Zi-yu, et al. (1319)
Sorption of Polybrominated Diphenyl Ethers by Virgin and Aged Microplastics «+++++++++- ++ XU Peng-cheng, GUO Jian, MA Dong, et al. (1329)
Spatial Distribution and Risk Assessment of Heavy Metals in Sediments of the Ruxi Tributary of the Three Gorges Reservoir — ++++++++- FANG Zhi-qing, WANG Yong-min, WANG Xun, et al. (1338)
Distribution and Risk Assessment of OCPs in Surface Water, Sediments, and Fish from Lake Gucheng and Inflow and Outflow Rivers -+ KAN Ke-cong, GU Xiao-hong, LI Hong-min, et al. ( 1346)
Occurrence and Ecological Risk Assessment of Typical Persistent Organic Pollutants in Hengshui Lake ««+eeeereeeseerenensininineicnen ZHANG Jia-wen, WEI Jian, LU Yi-fan, et al. (1357)

Pollution Characteristics and Risk Assessment of Typical Orgﬂnophosphate Esters in Beijing Municipal Wastewater Treatment Plant and the Recemng Water

Advanced Nitrogen Removal Characteristics of Low Carhon Source Municipal Wastewater Treatment via Partial-denitrification Coupled with ANAMMOX — «eeereseereersenserenenensnninensnn

--------------------------------------------------------------------------------------------------------------------------------------------------------------------- MA Bin’ XU Xin'Xin, GAO N[ﬂ()'h(]ng, el ul. < 1377)
Stable Nitrite Accumulation and Phosphorus Removal from High-nitrate and Municipal Waslewaters in a Combined Process of Partial Denitrification and Denitrifying Phosphorus Removal
(PD-DPR) - erereeeee e e WANG Qiu-ying, YU De-shuang, ZHAO Ji, et al. (1384)

Start-up of CANON Process and Short-cut Nitrification in a Pilot-scale MBBR Reactor FU Kun-ming, YANG Zong-yue, LIAO Min-hui, et al. (1393)

Influence of Antibiotics on the Denitrification Process of Antibiotic Resistant Denitrifying Bacteria and the Analysis of Microbial Community Structure —««+«+«ssessessersesenemenenseninenennnnens

DAI Sha, LI Peng, PENG Wu-ging, et al. (1401)
Aerobic Granular Sludge System with Multiple Influent-Aeration Operation Strategy ZHANG Jie, WANG Yu-ying, LI Dong, et al. (1409)
Effect of Alkaline Sludge Fermentation Products on the Nitrification Process and Performance QIU Sheng-jie, LIU Jin-jin, LI Xi-yao, et al. (1418)
Effect of Sulfate on the Migration and Transformation of Methylmercury in Advanced Anaerobic Digestion of Sludge - - HE Xiang-lin, LIU Ji-bao, YIN Yong-guang, et al. (1425)
Spatial-temporal Variation and Source Change of Heavy Metals in the Cropland Soil in the Industrial City ~+««ersesessereereenees LI Yan-ling, LU Yi-fu, CHEN Wei-ping, et al. (1432)
Assessment and Spatial Characteristics Analysis of Human Health Risk of Heavy Metals in Cultivated Soil JI Chao, HOU Da-wei, LI Fa-zhi, et al. (1440)
Microbial Diversity and Physicochemical Properties of Rhizosphere Microenvironment in Saline-alkali Soils of the Yellow River Delta ZHAQ Jiao, XIE Hui-jun, ZHANG Jian (1449)
Effects of Different Land Use Typess on the Molecular Ecological Network of Soil Bacteria «+«+++++++++- LI Bing, LI Yu-shuang, WEI Jian-bing, et al. (1456)
Responses of Soil Organic Carbon Fractions to Land Use Types in Hilly Red Soil Regions, China - -+ ZHANG Xiao-fang, ZHENG Sheng-meng, XIA Yin-hang, et al. (1466)
Effect of Organic Fertilizer and Inorganic Fertilizer Application on N,O Emissions from Fluvo-aquic Soil in the North China Plain -+ SUN He-yang, WAN Zhong-mei, LIU De-yan, et al. (1474)
Characteristics of Heavy Metal Absorption by Winter Wheat and Its Quantitative Relationship with Influencing Factors =~ ««+eeeeeeeeeeseesee WANG Yi-wen, RUI Yu-kui, LI Zhong-yang, et al. (1482)
Effect of Calcium Magnesium Phosphate on Remediation Paddy Soil Contaminated with Cadmium Using Lime and Sepiolite -++++++++- YAN De-mei, GUO Zhao-hui, HUANG Feng-lian, et al. (1491)
Passivation and Remediation Effects and Mechanisms of Plant Residual Modified Materials on Lead-Contaminated Soils -+« FANG Ya-li, ZHU Zong-qiang, ZHAO Ning-ning, et al. ( 1498)
Effects of Exogenous Spermidine on Seed Germination and As Uptake and Accumulation of Rice Under As® * Stress -+ * LIU Shu-jin, HUANG Yi-zong, BAO Qiong-li, et al. (1505)



	fm+zml.pdf
	fm
	未标题提取页面 


