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Abstract; To solve the problems of a slow start easy 10‘55 and éasily inhibited activity of the Anammox bacteria suspension culture

Engineering, Bel_]mg Unlverslty of TeLhﬂolOgy,Bel]lng 100124 Chlnd)

polyv‘glyl al¢ohol-pol§ipropylene ( PVA-PP) was tised to prepare the Anammox immobilized filler. To i improve the activity of Anammox
bacteria ahd | ensus e stable operation of the reaction system ,_the effetts of COD interference, change in pH value, and rotating speed on
the nitrogenremoval characteristics of the immobilized fillewere determined in batch tests. Changes in the structure and diversity of
the bactetia in the filler were analyzed by a high-throughput sequencing technique. The results showed that the activity of Anammox
bacteria ‘could recover to 100% on the 30th day, and the total nitrogen removal rate was 87.7% when the total nitrogen volume load
(NLR) was 0.69 kg-(m’-d) ™' at the stage of 99 days. After 140 days of long-term operation, the total nitrogen removal rate (NRR)
reached 1. 83 kg- (m’-d) ™'

maintained in the inclusion carrier, and the effective enrichment of Candidatus Kuenenia ( AF375995. 1), which performs anaerobic

, which was 9.4 times the suspended sludge before immobilization. The diversity of the population was
ammonia-oxidization, increased from 11.06% to 32.55% . The influence of COD interference and changes in the pH value of
Anammox bacteria was significantly weakened, and the PVA-PP entrapped carrier could achieve the coupling removal of nitrogen by
Anammox and denitrification. Appropriate external hydraulic disturbance would promote the Anammox reaction in immobilized systems.
Key words: anaerobic ammonia oxidizing ( ANAMMOX ) ;

removal characteristics; microbial community structure

immobilization; polyvinyl alcohol-polypropylene ( PVA-PP); nitrogen
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Fig. 1 ANAMMOX bacteria immobilized filler culture device
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Fig. 2 Growth of ANAMMOX bacteria immobilized filler activity

JieE kA% B J v A2 3 B ANH,-N: ANO, -N:
ANO; -NA1: 1. 11:0. 28, 5 PR & & A Ak B2 7 i) FEie
L 10 1.32:0.26 FAE—E i 25, /3 A2 i A A
Pl B B 2 5 A ) s R 1) 22 5. e P IR S A AL A
T4y B 4l 5 35 PVA-PP £ 2% R s d M AR 5 T
ANAMMOX VRI5Y R #E 20618, A B T 4R e 3 R
PR 58 T A
2.2 UEYIREE R ROA R

P v DU O S K A2 4G K R e oD T
P& ANAMMOX A HUIFURE 4 TR E 45 #0284k, 36
3G T A FEAR OTUs MY B ) ZFEVEFR 2L . 4 4>
DNA FEA L= H:255 48014 84T 51, #5311 20156
OTUs (SR REHAE L IT0) . ITAREAR o Z4F
PEAG T R B 35 (AR R 1 97 %, 3 I P IR B 46
FEAE 5 BIREA T I R

Zead [ ARG %, A A Simpson #8550 (S B
BEA i W 2 REVERYHE 80 h 0. 05 LT+ 0. 07
0. 12, AR LR IS £ 1 T v 40 TR RE 7 22 S IR Uk
AN BEEEAL SRR E | IRE L — B, X 5 22
FF 9T —320, ANAMMOX & 50k R G4t K iz
F1(330 d) JG A=W ZBEE T REY I Chaol (18
e OTU BOH MIFE%0) f ACE 1580 ( Rt E =

BEC, AT T & OTU BCH 1945 %0) M S1 3| Ea
FIED 26 30/ BE B TH T R, 3 3R B R AR 5 e
FEARFEALIR 5 AEAE— L V. VR UOh AR m]
DL RS — A/ N A 25 2R 4, 11 Ak S 560 4 40 7 e
b A 2SS e AR A A3 0 TR AR AS R T A K s
[H) PRI, BB AS Wl A I A ) P RO K. B2, 7
RSB BB ARME R R B v PRk i vk | w4, — 2t
ELA A 0 20 T A i 4 v B Ao A 20 TR, DA T



2.4 F RIS . IR A

PR ORI RS2 R B AR v S5 48 3 A 843

R3 TRMBERNSHEEERTL

Table 3 Diversity index changes of samples in different periods

Bt A2l OUTs ACE 5% Chaol 5% Simpson $5 &
S1(0 d) 62752 28 66 44 075. 09 20 105.93 0. 05
Ea(30 d) 83621 3347 54 022. 82 25011.78 0.07
Eb(99 d) 60612 1938 25220.11 11434.53 0.12
Ec( +COD) 48495 12 005 1172 800. 55 321 026. 56 0.03
ST BRI R S R R @ P
PV A-PP 555 BUUR G B W BV 211 5 R ol ot
(R (1 3) . AL R | BV 15 U8 Bl 0 1k Py 1 3%
H VRS BTN A 8 = 1 9% 10 TSI T A5 T & 0 P
A 1] ( Proteobacteria) . 7% %5 [# | ] ( Planctomycetes ) | ® sl gﬁ:ﬁ&gﬁi r:us
JEEERE ] (Firmicutes ) . 2825 1 1] ( Chloroflexi ) | 2 ;;: 40 + 1{3@3:?:5&58
H B ] ( Armatimonadetes ), Jl £k M ;: [ E%i:{ié?ﬁgsm
( Actinobacteria) . ¥ ] ( Bacteroidetes ) . 12 T & 1o | E\E:HE:E%E:;T
I'T( Acidobacteria) , ZKEA ] (Ignavibacteriae ) Fl 2 L = - - Planctomyeetes
M ] ( Gemmatimonadetes ) X 10 4~[7]. {H & ﬁ‘ [E{i} - (b) g A& otbers
o T o 34 K, 0, A o i e
57.18% T WEF 42. 71%, 7 (5 AR 4 10 3% L 80 Phmiotacerion
RARR, XS ZBR AR DI AEREA, - o
AL A — ﬁmlﬁﬁmﬁﬁ%ntwmﬂ{yz B0 i
ﬁﬁﬂ%l%@“ﬁﬁ3ﬁi ﬁ?m%ﬁw g Lmmopoce
R TR B T e 5 | P
ﬁ%?%%@ﬁﬁﬂﬁ%ﬁ%ﬁ%%@%i&.% o} %ﬁm
} 0 Thermomonas

SRR R .

s (W s e v K¥L%E%ﬁ”

*ﬁﬂi Sl 0] Thermomonas(Zl 56% ) 254k E2b /89
Candidatus Kuenenia (32.55% ). Thermomonas E. A
S RE , Candidatus Kuenenia “H 7S S5 56 FR 48 2,
SEACSON AT BE B, JHE L A3 1% 728 1 B e PR 4 2 4
PP 7S G b O [, B gl 52 LA )
ATl A-F B Ak BE ) 7 5% A AL IR Y Bacillus |
Pseudomonas I8 /%, T J™ k& IR 46 09 5 3% i 1L 1 &
Igvanivibacterium WEAT N, 16 B AL 35 (A A S AR 47 T
RAFIY PR AR IRET 3 26 55 37 20 B TR AL 34 b T30
BT, Y Candidatus Kuenenia %52 DO K17 #HL
Py B 410 4, TR) ARt Bl A SROIR R A W R R S
P20 A FTLIE ST, Ea A Eb TS A7 LE D>
WA Ak B R 8 Nitrosomonas (0.26; 0.31;
0.23) , Hof B Ak B W il 112, 3 7T BB 2 I 1 ﬁi/?
ANO, -N/ANH," -N#% Ak e il /N PR 48 2 A A S o B
W 1. 32 R A,
2.3 APLBRE T T s iTR8eR

AR CIRER I ] IR = A A R T Y
AU FE— 5 0 R Tl R S AL TR S A
P E AR E , BRI AL 55 DL X L IR TR R

Candidatus Kuenenia

Sl Ea Eb
S1 ML B IFTS I Fa 45 30 d A BUEDRAEAR
Eb %5 99 d {9 HUEDRHRE A
B3 @RS ENBEEEMENEE

Fig. 3 Relative percentage of community composition

of bacterial classification

ARG 11 52 ) R IR G A - I i A P I O R R
KRN THN a0 77 Xl oD e LA 100
mg- L™ A 4h A, A6 B 1 ‘#7J< COD ¥ i 3| 400
mg- L~ B4~ COD ¥R EREEEIZ AT 5d, BARIZ 175K mg
2.

WILRWYBE #1100 mg- L~ COD X A1k
MREAE TAESER (- 4) i xFF ANAMMOX S )/
FEATT . R PR AL S Ak SO PR R
AL, THBR T ANAMMOX R P s &%, il TN 22
BREEL LT, X S R A ED B — 2 R E
H, ANAMMOX A HE {4 GGk 3 A B2 7K Ak B3R
B ARSI R Y, COD M R 100 mg-L ™' 24
I, TN £ a5, N 86.3% . BEE AN COD HeJE
Thi 5510 d B9 NO, -N FINO, -NZ: 55 H B R R,
NH, -NEBRR RN 8%, &% 2 40% £ 4.
Giiven 5 &2 BL T UM B4 . COD R EAL T



844 2D 53

L 41 %

2L
&

180 mg-L ™' % ANAMMOX Jiz Jif % A7 B i 5% i, 24
COD ¥k B/ T 360 mg- L~ A 23 % 5 7 A 1 I (4 410
il 7K NO; -N ti F# LA, Bk T 0, )
MARZR B AL L H] S5 ANAMMOX S 7 B8 F 151 2%

= = e

FEANR. AR I 5 ik B COD X IR 48 2 AL T ™
AT ANHIRZ IR, R, SR AL AR A AR 2R CoD ik
FrACHE, A= AL 6 v B R B R, COD £ R &R L TF =
64% .

i —O— @RER¥ [ ACOD 1w
_ 350 E‘D-DU'Q‘D-Q;Q;U:%_._ ‘.[mﬂ** ko o8
2 300 *%e e "‘lfﬂ’.\i-g-l., '
£ 250 |- &\&J_l * H 06 3
%200— NefenlAn - L ®. %
S 150 b I y _gtj— ﬂé[ih%£§ EE o
“ 100 » U BRI D 4 0.2
s AR A
60 0
—A— KR
50 ¥ A M e oy kR
T v—;‘ JE A J — [ ] aaobBifk® o og
R v M B masie st
= v b Jos X
w30 v-‘~v . E
2 g é
20 |- = 04
" ~ 2
S A na < 0.2
A Y A kA A A T S o
N S NmininiSa S o5 = =SS A SIS 0
—m— A - - - - R A PR
4.00 |- W S B —O— Wi/ H /' - 030
e --— 026
o [ ]
2 07-0-0-0.¢-0 ge \ ml 020
& 3.00 000”0 o 0O / _./ w 2
" 09 .40 b B i
= » e} o 4 g - / — 0.10 g
o200 Jor SISt A
1. m- -H- - _.-.‘- .\O Q O:(!’o-B‘O’O'O‘-O‘O'O'O~C‘O_O_ 0
L 1 1 1 1 1 1

JRAL

G2 FeA DUBRIEAE7E R ANAMMOX
R RigsH, COD 5NH, -N HAHTLE A 0 ~ 1.57 B,
PR AR S A A T AT S B AR B ] TR A A . A v s 15
HEEIE D (20 mg-L™") A ML I A T R AR
AL TE IR IEERZ R A, 1 K 8= (200 mg- L") AL
P A B S 0 o) JFL 0 M 1 (R B 2 i e SRR
VR ) SR R . AR SE B #E COD ¥ B A 400
mg- LA R AL I D XA R TN £ BR 5Tk R
S RE AR5 1E 58 %, W 15t IH 420 1L 28 4 () &5 44 R 15 T 4
XA N BRI 7E— & FEEE BIis5 1 COD XK
A AL T L.

0 38 0 PN A AR 4 A AR R A R T X — DR
('5).coD mymmig st 7 %R W%, Ec AR IE
BT LR I B e X R TR 1], PR 1A T T Le A e
33.06% T 4.04% . [ AEAL I RE R Pseudomonas
(25.66% ) LMl bt KA E AL DI RE TR Candidatus
Kuenenia 5 b1 33. 13% [N 3. 72% . #E % 2 FE1E
TR EIREDL A ) [ (6 3) , Ec 1Y Chaol H1 ACE $8%k
YT Eb, IEBER AN COD J , fu 8 44 rb i i 2 o i

10

it fid)/d

4| QOD FH DEEUM BRI b

Fig. 4 Nitrogeri removal perfp'nﬁa;'rllce of immobilized filler with COD interference

K. i H , Ec 4 Simpon F8%kh 0. 12 /N4 0. 03,
MR LR . RAR AL B 2
RN E R A I I Il R R R SR £
TR LT, PR 5 e/ B HE B
TIRAG A daxt s 24, N s ok
15 s s H— 8 AR R A AT T

TR LS I AR A A ROCR &, A [ e 1k
WSS T COD X DR AAUZ Ak TR 179 41 4 5 e 4 . 7
300 mg-L~" DA AT R A BILBR IR A7 76 I, IR U A
TR N R 32 5, 5 R Ak i TR) R 2R {EL 2 e vk B
COD B SO AT 45 s F PR it 7 78 R B FR TR
FEHACE /N T ANAMMOX R , F 35 W
G, XF ANAMMOX #4438 4. JF H, th F
COD X PRAA LM FAE, R AR Ak
FARRIGKA  FEE AN AR R AL T4 85 2 K25
ZE .

AT L 7E ANAMMOX 3,0 SEUR] P [FAE A 7E
RAAZ AR AR & AL, 18 4 1) COD fAAEf
B TR &P, COD A LIAESS ANAMMOX 2 A& 5
R M W F b b () B R S AL



234 F RIS . IR A

AL B I PRE I T S Rk S T 2 R o B 845

80

(a) I'TKF N Eb

o 1 Ec

60 |

I ZFERE %

Proteobacteria
Planctomycetes
Actinobacteria
Firmicutes
Chloroflexi
Bacteroidetes
Armatimonadetes
Acidobacteria
Ignavibacteriae

Br (b) J k-
30

25 F

20

10
0

Pse ucfmnmms Ther INas C

B 57 COD 4’|ifﬁ HIJF@iEiﬁHE]2¥$ETW/—

Fig. 5 Vdrldtlon in bacteria abundalme of] 1mmob1hzed

filler before and after COD lnlerfereu(je ; /|

2.4% pH A .

%aaﬁmrmmﬁ oH {15 7. 7 8
2 i) 2 Sy e L BF5E ANAMMOX @ﬁﬁﬂﬁ pH
{Eﬁ’rﬂ:ﬁ’]ﬂm“,ﬂi;@ﬁ%%@’?%’fxﬁ%%%@iﬂiﬁ
BHE 7 ASAFAY pH {H(6.0, 6.5, 7.0, 7.5.8.0,
8.5 F1 9.0) Z M4 X i ¥ 3k ot 1 B figk 155 oL, LA
NH," -NZ: BRACR A R A AL B T

pH X ANAMMOX 52 17 1) 5% Wi 3 238 5o 2022 IS
YIHE R AR X S A s R R
B NH, A1 NH, & HNO, F1 NO, = [a] i) F-fi5 >
IS A (FA) i 25 AR (FNA ) B 2% B i 3 )
(5 (i 4 o DR A SR A I = A 4. FA Xt
(A A AN o A QI AR LA R 0T FNA n] Y
i) 22 A AR A, ) o ) B s | B R A
X S SR B G = A A T BRI R
FA 5 FNA 935 7] LIRS Anthonisen 2578 1 S 11y
SIEPHEE | pH Ml BEA R AXIHRA . K6

R TR 32°C 4T, #7KNH, -NFINO, -N

5351 300 mg-L ™" F1330 mg-L "I}, A[F pH {4
XoF I FREA TR A FA . FNA 9 BE B AR 2 i ZUSUR.

ALK I, 7E pH B0 8. 0 I 40 35 R} 14 3 1
B, NH, -N 2B R n] 3k 98% LA . pH 16 7.0 &

It 2 R A%

s Kuenenia

» iEkEE — FARCEE ---- FNAMHEE
o HUKEHE o FARE - PNAMIfL
350 200 - 2.50

300
42.00

1
=]
L

= 200 - 110

Ty m
FA ¢ i /mg L

50 - N | 11.00

zel’sz{ﬂd!z'mﬂ-L
FNAJE/mg L™

00
1 0.50

50 F S S 4028

) L - === L 0
6.0 6.5 7.0 1.5 8.0 8.5 9.0
ilk7kpH

6 pH {EXEEX ANAMMOX & %K 840
Fig. 6 Effect of pH value in immobilized ANAMMOX system

8.5 ZIEEEFAK HY pH(E EFHF] 9.0 AR
FE3] 6.5 LU B, B 208 B35 T . Strous A= 1200 iy
BFFERWT, pH 47 9.0 I ANAMMOX ¢ 53 P44 (X
g pH 8.0 I 1/5. Lﬂfgﬂz.jﬂﬁﬁ]ﬁﬁégﬁﬂ\
(A7 7EIE % pH I REIRARK , 5 pH {E#l&ﬁ%ﬁ(ﬁ?
%’ﬁ(FA)#{U‘”gJ Tang &) Eﬁﬁﬁ%ﬁ%&ﬂ Jﬁﬂﬁ%ﬂ
””%Mtb‘zr“ﬂﬁ FA F1FNA /M“/\%'lj’jy 75771
mg-L~ ﬂl2869 ng L. 6 nIg é#ﬂ(
NH; N/Z%f“jvagomg L YOURF pH {HA 8.5 i,
Sof FA VREERRAL BRI (LA R A7
[y FA ¥ JBEJEoR X ANAMMOX $0RH 5 HE72 21 41 %IJ
[WIR, 75 pH 4.7.0 3EE R, 1K £ 330 mg- W

- NO, -Nfill FNA #e AT 021 , AT R R R BRAECR

FEAE B, 3 U PR A O pH AR AR Y 2%
PREE ST BIBESE. i AE pH A 9.0 B, R FA W=
i5178.13 mg-L ™" 76 pH {4 6.0 i, FNA ¥ ik
$2.09 mg-L™", 7351 2 & A 06k B 2.4 AN
72. 8 4%, S5 SN B AU R R A D A

WK, BT PVA BERCEARM “ LRI AER, B
b ANAMMOX & 27— FEE 48 17X pH (¥
SAH. XA RAPVEF © 28t A R B9 38 ZEAS [R) 1
A 25 R G v o AT R E O A R
SR A MR AR AR AR T BE T AR R R T A B O
2.5 FEIREH AR

HRFFE R FE ANAMMOX ZE ) B 52 7 %
o PRSI I AR RE R B 2 IR Bk AE A HE
JEFEN, SR A Y A R AR E AL AR K
SRTMIPRZN 5 403 ANAMMOX 14 2 B9 AH 06 56 & i A
A, DRI, A S 6 30 ek 3R 18 PR I o, A i Bk st vt
ANAMMOX A2 HSEURE I ZUBOCR i 52 M, HAARGS 175K
W WL F 3. LR N MR R NHS-N K BR & E
ANAMMOX JEBFE M, SEge g R an &l 7 fros.

7 AT LUE Y, B S 95 4500 T SR 22 Bl
Wi 22, K NH, -N ¥R BE R 26 mg-L™' £ 47, 40



846 2

i

B 41 %

—a— 0 —e— 40 r-min”!

—a— 80 rrmin”'  —%— 120 r-min”'
0F —— 160 r-min”!
o4
-’-"__0 25k
=
=
¥ 2W0F
=
=
% 15F
=
10

fi )/d
B7 FExt KRR

Fig. 7 Effect of rotational speed on removal efficiency

remin ~ ' AOREE AT 22 PR A B4 &, HKNH, -N
We i - A 5 mg-L7'. T 7E 80, 120 I 160
“HYEE R K NH, -N LR Rl — K OF
SR AR R 12 mg- L' 2247, W] UL, OB AbBRAS R
5 A — 5 T PBL Y OE A OGO %l 80
remin”'. Zﬁﬁﬁﬁ%%fﬁ %’ﬁ’ﬁ’ﬁ%ﬁf”?ﬁiﬂ’JN

r*min

AT e F BRA DA QFHB@ 9 0E. Zhu
AL B Z M ?E/%@a%f‘]lﬁl%%ﬁ%%%’i L

ﬁ¢%%%%ﬁh*u&ﬂ?lﬁﬁ»ﬂ@ﬂf
B S AR W 8 B, A i e

ﬁﬂ%ﬁﬁﬂkiﬁ@%%iﬂﬁﬁﬁi&éﬁﬁw
%m%ﬁMMW?NﬁﬁﬁﬁﬁﬂﬁwﬁfmF”

10, ) BT 2, (R 137 k35,
raMﬁW%@%%:@dﬁ*ﬁﬂ%%mﬁ "
(235 T PR A T, DA T 4 8 1A L 2 T A
B, T T PR LR ke o T
Hy i .

B8 EHEREHN~

Fig. 8 Gas generation and upwelling of filler surface

|5L=

UEAN , 7E 160 romin ™' (1 & 7 HUE 1T T, A3
RS ORFF U AR WL RV 50U T PVA-PP 25
TR HLAT 5 () 5 M R e, ol ok SR Aok g bl L o
PR N AR N IR AR A AL R I HEA TR T
T AR, BRI S Hh T A b 25 BRASUR e B

SEBRREFOE. 275 SCIE R, % e ORI il

1’E:i$ztlj AR AR R RN I, (e SFOR A R
ZAF T PR R B RS IR REOK RS B 7R SO

%%EP%EJLLTE H1 P Bl — P Al AT A BRIt

3 i

(1) REAEALANTR 7T LLAE PVA-PP A 1 IR}
PN S PREIE K RRR e IE AT 5 30 d HURHE M 4
WA BB 3% 99 d ,NLR 4 0. 69 kg- (m’-d) 'K},
TN LB 5 N 87. 7%, 140 d K#iz47, NRR &
F)1.83 kg+(m’-d) ™!

(2>M@%mL 3 AT 2 B A 3 2R AR X IR R
SRR RSSO R RLLT P AR AT 2O, IR
AR BAIEER Candidatus Kuenenia( AF375995 1)
TERLHA N SCBUAT AR 42, o Pk 31 32, 559%

(3) A LR IR T4 550 % 91, COD el ip L £
i ANAMMOX ﬁ&ﬁiﬁmﬂﬁﬁ%?ﬁr%ﬁ ﬁéﬂﬁ
COD fF1EA4T Hﬁ?ﬁ‘cﬁﬁﬂg¥@ COD /ilfer“ jﬁ’ 100 4
200 mg- L~ HﬂZIS%‘TN KR E®, 300 mg-k “ )
TTV@ﬁmWﬁﬁrﬁAwmwm@ﬂﬁﬂT
%ﬂ%a@hﬁ(ﬁ@ﬂfﬁﬁﬁ%ﬁﬁ%’*ﬂﬁﬂ ﬁﬁ%ﬂlﬂi"‘
COD(400 pig-1. ) F4E, 2%t ANAMMOX HRES *sfr‘
PERFEE |

(4)pH ?tt{ﬁ%?@?“ﬁlﬂﬂ PVA-PP ﬁﬁiﬂﬁ

FEMEEA R R R, ﬁﬁﬁﬂ%ﬁ%ﬂ%ﬁ%

PR AR G pH E A TR 32 1.

(5) FEPRE 5 ANAMMOX A HLFUR} b B A S
BEOIAROC. 38 Y4 e, m] DU RAEDRL R T8 B <
MR, fe ik AU AL RE T, s Ak R G AR 25
B8, W E A HC 80 remin ™
SE Lk
[1] JinRC, Zheng P, Hu A H, et al. Performance comparison of

two anammox reactors: SBR and UBF[ J]. Chemical Engineering
Journal, 2008, 138(1-3) . 224-230.

[ 2] Kartal B, Kuenen J G, van Loosdrecht M C M. Sewage treatment
with anammox[ J]. Science, 2010, 328(5979) ; 702-703.

[3] Tang C J, Zheng P, Wang C H, et al. Performance of high-
loaded ANAMMOX UASB reactors containing granular sludge
[J]. Water Research, 2011, 45(1) : 135-144.

[ 4] Strous M, Heijnen J J, Kuenen J G, et al. The sequencing batch
reactor as a powerful tool for the study of slowly growing anaerobic
ammonium-oxidizing microorganisms [ J |. Applied Microbiology
and Biotechnology, 1998, 50(5) . 589-596.

[ 5] vander Star W R L, Abma W R, Blommers D, et al. Startup of
reactors for anoxic ammonium oxidation: experiences from the
first full-scale anammox reactor in Rotterdam [ J |]. Water
Research, 2007, 41(18) : 41494163.

[6] Gao YN, LiuZ]J, Liu F X, et al. Mechanical shear contributes
to granule formation resulting in quick start-up and stability of a
hybrid anammox reactor [ J]. Biodegradation, 2012, 23 (3) .

363-372.



2 F IR A, AR R AR A TR I PR A 5 iR S TR S R AT 847
[ 7] Swous M, Pelletier E, Mangenot S, et al. Deciphering the [23] BERIEHE, %f, ABMErs, A AR S s R B & A AL 4%
evolution and metabolism of an anammox bacterium from a KHBhJ2eeme[ )], (LT 2E4R, 2015, 66(4) : 1459-1466.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

'3

[15%%

[ 164 IChen K/ C,, Chen S <J; Houng J Y.
i perméablhty uf demmfymg PVA gel beadsT J]. Enzymes an?frd

[17]

(18]

[19]

[21]

[22]

community genome[ J]. Nature, 2006, 440(7085) ; 790-794.
Tang C J, Zheng P, Mahmood Q, et al.
analysis of the Anammox process seeded with anaerobic granular
sludge[ J]. Journal of Industrial Microbiology & Biotechnology,
2009, 36(8): 1093-1100.

Ali M, Oshiki M, Awata T, et al. Physiological characterization

Start-up and inhibition

of anaerobic ammonium oxidizing bacterium ‘ Candidatus jettenia
caeni’[ J]. Environmental Microbiology, 2015, 17 (6); 2172-
2189.

Strous M, Kuenen J G, Jetten M S M. Key physiology of
anaerobic ammonium oxidation[ J]. Applied and Environmental
Microbiology, 1999, 65(7) : 3248-3250.

Ni S Q, Meng J.
anammox reactors seeded with different types of sludge [ J].
Water Science & Technology, 2011, 63(4) . 710-718.

Jetten M'S M, Strous M, van de Pas-Schoonen K T,

FEMS Microbiology

Performance and inhibition recovery of

et al. The
anaerobic oxidation of ammonium [ J ].
Reviews, 1998, 22(5) . 421-437.

Hsia T H, Feng Y J, Ho C M, et al. PVA-alginate immobilized
cells for anaerobic ammonium oxidation ( anammox) process|J].
Journal of Industrial Microbiology & Biotechnology, 2908“, 35
(7). 721-727.

Zhu G L, Hu Y Y, Wang Q R. Nitrogen fenfoval performance of

anaerobic ammnma oxidation co-culture immobilized in' dlfferent .
~gel camers[]] Water Science & Technology; 2009 F 595(' 123 -
237923864 A1 & i

-‘..-'"'
Lee J, Chg M H. Removal of nitrogen.4f waiwater by pq}yvm_yl

alc¢ohol (PVA) -immobilization of effective mlcmorgamsms [ ]]

Korean Journal of Chemical Engineering, 2010 27 ( 1-‘) 193-
197 | e [ / J
Improvemg,pt of .gaq_

M.wiroblal Technology, 1996, 18(7) : 502-506.
Négadomi H, Hiromitsu T, Takeno K,

aquarium water by denitrifying photosynthetic bacteria using

et al. Treatment of

immobilized polyvinyl alcohol beads[ J]. Journal of Bioscience
and Bioengineering, 1999, 87(2) . 189-193.

Song S H, Choi S S, Park K, et al. Novel hybrid immobilization
of microorganisms and its applications to biological denitrification
[J]. Enzyme and Microbial Technology, 2005, 37 (6): 567-
573.

EWEI, . PVA BEBCRE BT BICR B0 5 KA i
MPEAL[ )], BT T RS, 2017, 11(3) : 1375-1382.
Guan Q K, Yang H. Determination of diffusion coefficient of

TERE

PVA gel and optimization of its mass transfer performance[ ] ].
Chinese Journal of Environmental Engineering, 2017, 11(3):
1375-1382.

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

(' Anammox ) and  Environmental

FE R B R, AR K WA A 3k (M ], (55
W) . dbat. ﬁfﬂlil%faﬂ%tﬂﬁ)ifi, 2002. 323-334.
MeR, 46, WAk, 25 JRilasl ANAMMOX i PR

JASNAEYIEM )], PR TRRAEH, 2015, 9(8) : 3835-3840.
Tao M X, Wang M, Hu X J, Start-up of ANAMMOX
bioreactor with ANAMMOX bacteria immobilized in partial

et al.

granular activated carbon[ J]. Chinese Journal of Environmental

Engineering, 2015, 9(8) : 3835-3840.

-

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Chen G H, Li J, Deng H L,
characteristics of immobilized granules on start-up of Anammox
bioreactor[ J]. CIESC Journal, 2015, 66(4) : 1459-1466.

Sobotka D, A, Kowal P, e al

performance and microbial characteristics of the anammox-

et al. Performance and kinetic

Tuszynska Long-term
enriched granular sludge cultivated in a bench-scale sequencing
batch reactor[ J].
125-135.

Cao S B, Du R, Li B K,
microbial community structures in an ANAMMOX-UASB reactor

Biochemical Engineering Journal, 2017, 120

et al. High-throughput profiling of

treating high-strength wastewater[ J]. Applied Microbiology and
Biotechnology, 2016, 100( 14) . 6457-6467.

BRI, R SR ) 38 | R BN K 77 SR BB R K
MREAEBIFEL D], B WK%, 2010.

Miura Y, Watanabe Y, Okabe S.

performance of submerged membrane bioreactors (MBR) treating

Significance of Chloroflexi in

municipal wastewater[ J]. Environmental Science & Tec_huology,
2007, 41(22) ; 7787-7794. P o

Lu HS, Sate Y, Fujimura R, et al. LLmnoba(‘ter lt_{of’&lm sp nov
-, a thiosulfate-oxidizing, "heterotrophic bactefitim lboldl(‘:d_ from a
depbgil;

volcanic and emended de%crlpllon ‘of -'h.e- ‘genus

Limnobacter [.] 1. Intematlonal Journal of” 9y§tématlc and
Evolunonary Mlcm-blo}ogy, 2011, 61(2) . 404407, _J.--"'. .:_:;-'"
Kuh(’hfv%kayal % Sljlzma N E, Liesack W, "et"al. Bryobacier
aggregatlis gen.smov ., sp. riov ., a peat-inhabiting, aeroblc
chemo- organotroph fromi subdlvlslon 3 of the Aczdobacter],a[i‘] o
Internat\mnal Journal 2 of Evnlutlnnafy
Mlcrobloloé, 2010, 60(2) ; 301-306. ; .
Du R, Péng YZ, Cao S B, et al.
with siffultanebus Anammox and denitrification in sequencing
batch reactor [ J ]. Bioresource Technology, 2014, 162. 316-
322.

JAbay. RARANk 'ﬁ)ﬂﬁﬁlfh%ﬂfﬁﬁﬁﬂﬁ%ﬁf&?ﬁ*ﬁ
(1], AER BT RS SA (ASRBHEIR) , 2006, 34(5) - 1
Zhou S Q.

anaerobic ammonia oxidation with denitrification|[ J ].

Systematic dhd

o
Advanced nitrogen témoval

Stoichiometric analysis of combined reaction of
Journal of
South China University of Technology ( Natural Science Edition) ,
2006, 34(5): 14

Giiven D, Dapena A, Kartal B,
and methanol inhibition of anaerobic ammonium-oxidizing bacteria
[J]. Applied and Environmental Microbiology, 2005, 71(2) :
1066-1071.

B, TR, ORERT, SF. A HLBRIEEREE T R E A
At TEER [T ], AR R BT R 224 ( AR B2 AR ), 2007,
35(6) . 116-119, 142.

HuY Y, Liang H Q, Zhu J P,

anaerobic ammonium oxidation process with organic carbon[ J].

et al. Propionate oxidation by

et al. Batch experiments of
Journal of South China University of Technology ( Natural Science
Edition) , 2007, 35(6) : 116-119, 142

e, Ze80, W, A IR pH EAA HL X DA E A
AT PRTHERSE )], FREERkE, 2006, 27(4) : 691-695.
Yang Y, Zuo J E, Shen P, et al. Influence of temperature, pH
value and organic substance on activity of ANAMMOX sludge
[J]. Environmental Science, 2006, 27(4) : 691-695.
Mosquera-Corral A, Gonzilez F, Campos J L, et al. Partial
nitrification in a SHARON reactor in the presence of salts and
organic carbon compounds[ J]. Process Biochemistry, 2005, 40
(9): 3109-3118.

Vadivelu V M, Keller J, Yuan Z G. Stoichiometric and kinetic



848

w5

Es 41 &

[37]

[40]

characterisation of Nitrosomonas sp. in mixed culture by
decoupling the growth and energy generation processes [ J ].
Journal of Biotechnology, 2006, 126 (3) . 342-356.

Beaumont H J E, Lens S I, Reijnders W N M, et al. Expression
of nitrite reductase in Nitrosomonas europaea involves NstR, a
novel nitrite-sensitive transcription repressor [ J ]. Molecular
Microbiology, 2004, 54(1) . 148-158.

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

Tang C J, Zheng P, Mahmood Q, et al. Effect of substrate
concentration on stability of anammox biofilm reactors [ J].
Journal of Central South University of Technology, 2010, 17(1) :
79-84.

Yan J, Hu Y Y. Comparison of partial nitrification to nitrite for

[41]

ammonium-rich organic wastewater in sequencing batch reactors
and continuous stirred-tank reactor at laboratory-scale[ J]. Water
Science & Technology, 2009, 60(11) ; 2861-2868.

Schoebitz M, Ceballos C, Ciamp L. Effect of immobilized
phosphate solubilizing bacteria on wheat growth and phosphate
uptake[ J]. Journal of Soil Science and Plant Nutrition, 2013,
13(1): 1-10.

Zhang K, Yang B, Ma Y G, et al. A novel anammox process
combined with vibration technology[ J]. Bioresource Technology,
2018, 256 277-284.

Zhu G L, Yan J, Hu Y Y. Anaerobic ammonium oxidation in
polyvinyl alcohol and sodium alginate immobilized biomass
system; a potential tool to maintain anammox biomass in
application[ J]. Water Science & Technology, 2014, 69 (4) :
718-726.

K |}
P -~
f | 7
4 . -JF"
o L |




HUANJING KEXUE Vol.41  No.2

Environmental Science (monthly) Feb. 15, 2020

CONTENTS

Influencing Factors of Long-term Variations on Gridded PM, s of Typical Regions in China Based on GAM Model NAN Yang, ZHANG Qian-qian, ZHANG Bi-hui ( 499 )
Gridded Atmospheric Emission Inventory of PCDD/Fs in China CHEN Lu-lu, HUANG Tao, CHEN Kai-jie, et al. ( 510 )
Spatio-Temporal Variations and Source Apportionment of Carbonaceous Species in PM, 5 Across Multiple Sampling Locations in the Chengdu Plain «+-vesseresseresersesnsicnnsiiicinnees
..................................................................................................................................................................... SHI Fang-tian, LUO Bin, ZHANG Wei, et al. ( 520 )
QIU Chen-chen, YU Xing-na, DING Cheng, et al. ( 529 )
Characterization, Seasonal Variation, and Source Apportionments of Particulate Amines (PM, 5) in Northern Suburh of Nanjing »++++eseereeseeeeeees LI Xu-jie, SHI Xiao-wen, MA Yan, et al. ( 537 )

Diurnal Variations and Source Apportionment of Water-soluble lons in PM, 5 During Winter in Nanjing Jiangbei New Area -

Pollution Characteristics and Source Apportionment of n-Alkanes and PAHs in Summertime PM, 5 at Background Site of Yangtze River Delta  ++++veerversvseseresssisnsicnniiiisiiinnen

.................................................................................................................................................................. XUE Guo-yan, WANG Ge-hui, WU Can, et al. ( 554 )
Source Apportionment and Health Risk Assessment of Polycyclic Aromatic Hydrocarbons in PM, s in Changchun City, Autumn of 2017 -+- ZHANG Yi-xuan, CAO Fang, ZHENG Han, et al. ( 564 )
Heavy Pollution Characteristics and Assessment of PM,  Predicted Model Results in Beijing-Tianjin-Hebei Region and Surrounding Areas During November 23 to December 4, 2018 ++++-++

........................................................................................................................... ZHU Yuan-yuan, GAO Yu-xiao, CHAI Wen-xuan, et al. ( 574 )
Analysis of Characteristics and Meteorological Influence Factors of Ozone Pollution in Henan Provinge — «+resseseereeressesenenseenenennsininenns QI Yan-jie, YU Shi-jie, YANG Jian, et al. ( 587 )
Spatio-Temporal Distribution and Variation Characteristics of Aerosol Optical Properties in Henan Provinge =«+:«+«+ssssesessessensenssienenenssininsnsnininenens ZHANG Rui-fang, YU Xing-na ( 600 )
Analysis of Water Soluble Organic Aerosol in Spring PM, s with Soot Particle Aerosol Mass Spectrometry (SP-AMS) +xesereeseerenes HUANG Wen-qgian, CHEN Yan-tong, LI Xu-dong, et al. ( 609 )
Temporal Evolution and Main Influencing Factors of Black Carbon Aerosol in Nanjing YANG Xiao-min, SHI Shuang-shuang, ZHANG Chen, et al. ( 620 )

Pollution Characteristics and Ozone Formation Potential of Ambient Volatile Organic Compounds( VOCs) in Summer and Autumn in Different Functional Zones of Lianyungang, China -++-+-+-
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" QIAO Yue-zhen, CHEN Feng, LI Hui-peng, et al. ( 630
Operation and Maintenance of Cost-Effective Volatile Organic Compounds Abatement Alternatives —+«eeseseeseseseeresssnsnnisnniisnes QIANG Ning, SHI Tian-zhe, MIAO Hai-chao ( 638
DING Cheng, YU Xing-na, HOU Si-yu ( 64
SHA Yun-fei, SUN Xing-bin, XIN Wen-peng, et al. ( 656
JIN Jia-xin, SUN Shi-da, WANG Peng, et al. ( 665
QIAN Feng, XUE Chang-xin, XU Xiao-wei, et al. ( 674

Pollution and Deposition Characteristics of Precipitation and Its Source Apportionment in Xian City ++++++++

Bacterial Diversity and Community Structure Antibiotic-resistant Bacteria in Bioaerosol of Animal Farms -+

Vehicle Emission Inventory and Scenario Analysis in Liaoning from 2000 to 2030

VOCs Emission Characteristics of DPF Regeneration in National VI Diesel Engine *-
Characteristics and Significance of Stable Isotopes and Hydrochemistry in Surface Water and Groundwater in Nanxiaohegou Basin +++++ GUO Ya-wen, TIAN Fu-giang, HU Hong-chang, et al. ( 682
Spatio-Temporal Distribution and Risk Assessment of Heavy Metals in Middle and Lower Reaches of Le’an River YU Yang, LU Ya-ning, WANG Wei-jie, et al. ( 691
Spatio-temporal Evolution and Relationship of Water Environment Quality and Phytoplankton Community in Wenyu River ZHU Li-ying, CHEN Yuan-yuan, LIU Jing, et al. ( 702

)
)
7)
)
)
)
)
)
)
High-Frequency Dynamics of Water Quality and Phytoplankton Community in Inflowing River Mouth of Xin'anjiang Reservoir, China -+ DA Wen-yi, ZHU Guang-wei, LI Yun-xiang, et al. ( 713 )
Phosphorus Storage Capacity and Loss Risk in Coastal Reed Wetland Surrounding Bohai Sea +++++++++-+ ++ SONG Jia-wei, XU Gang, ZHANG Yang, et al. ( 728 )
Spatio-Temporal Variation of Release Flux of Sediment Nitrogen and Phosphorus in High-Risk Period of Algal Bloom in Lake Erhai -+ LIU Si-ru, ZHAO Ji-dong, XIAO Shang-bin, et al. ( 734 )
YANG Yi, HAN Li-yuan, LIU Huan-wu, et al. ( 743 )

)

)

)

)

)

)

)

)

Fluorescence Characteristics and Source Analysis of DOM in Snowfall of Xi’an

Performance Assessment of Permeable Interlocking Concrete Pavement Facility Structure ZHANG Jia-wei, LIU Yong, JIN Jian-rong, et al. ( 750
Photocatalytic Degradation of Rhodamine B with Micro-SiC/Graphene Composite Under Visible Light Irradiation
Removal of BPA and EE2 from Water by Mn-Fe Embedded in Acicular Mullite -+

Fabrication of La-MHTC Composites for Phosphate Removal; Adsorption Behavior and Mechanism

(
7HU Hong-qing, YANG Bing, WEI Shi-qiang, et al. ( 756
++ ZHOU Qiu-hong, LONG Tian-yu, HE Jing, et al. ( 763
(
(

SONG Xiao-bao, HE Shi-ying, FENG Yan-fang, et al. ( 773
SUN Ting-ting, GAO Fei, LIN Li, et al. ( 784
XU Chu-tian, LI Da-peng, ZHANG Shuai, et al. ( 792
TANG Ning, LI Ru-zhong, WANG Yu-qing, et al. ( 801
++ ZHAO Zhi-rui, ZHANG Jia-yao, LI Duo, et al. ( 809
Removal Performance of Antibiotic Resistance Genes and Heavy Metal Resistance Genes in Municipal Wastewater by Magnetic-Coagulation Process «++sessereeseseserenssnemienensnininenne
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" YU Wen-chao, ZHENG Li-hing, WEI Yuan-song, et al. ( 815 )

Effect of Tetracycline Antibiotic on Abundance and Transcriptional Expression Level of Tetracycline Resistance Genes in Activated Sludge =««+«++++ssseseersersenesemenensnnininsnininee

Adsorption of Low-Concentration Phosphorus from Water by Composite Metal Modified Biochar

Phosphate Adsorption from Water on Ca0,-loaded Magnetic Diatomite

Phosphorus Forms and Release Risk of Sediments in Urban Sewage Treatment Plant Effluent and Receiving Stream Reach

Purification Characteristics of Urhan Tail Water from Sewage Treatment Plant by Biofilm Ecological Floating Bed

..................................................................................................................................................... RUAN Xiao‘hui, QIAN Ya_jie, XUE Gang, el al' ( 823 )
Denitrification Process and N,0 Production Characteristics of Heterotrophic Nitrifying Bacterium Pseudomonas aeruginosa YL +++ YANG Lei, CUI Shen, REN Yong-xiang, et al. ( 831 )
Environmental Factors Influence and Microbial Community Structure Analysis of Entrapped Anaerobic Ammonium Oxidizing Bacteria «++++++* WANG Xiao-tong, YANG Hong, SU Yang, et al. ( 839 )
Research on Denitrification Performance of Enhanced Secondary Effluent by Embedded Denitrification Filler and Pilot Application -+ ZHOU Ya-kun, YANG Hong, WANG Shao-lun, et al. ( 849 )
Temporal Anaerobic Effect on Aerobic Granular Sludge with Intermittent Influent-Intermittent Aeration «+e«+seseeessesererseesienenenneieniennens ZHANG Jie, WANG Yu-ying, LI Dong, et al. ( 856 )
Simultaneous Short-Cut Nitrification-Denitrification Phosphorus Removal Granules Induced by Phosphorus Removal Granules — «««esessesrereesesnesnense LI Dong, LIU Bo, WANG Wen-qi, et al. ( 867 )

Spatial Distribution Characteristics and Pollution Assessment of Heavy Metals on Farmland of Geochemical Anomaly Area in Southwest Guangxi

......................................................................................................................................................... WANG Fo-peng, XIAO Nai-chuan, ZHOU Lang, et al. ( 876 )
Evaluation and Source of Heavy Metal Pollution in Surface Soil of Qinghai-Tibet Plateau YANG An, WANG Yi-han, HU Jian, et al. ( 886 )
Characteristics and Factors of Soil Enzyme Activity for Different Plant Communities in Yellow River Delta MO Xue, CHEN Fei-jie, YOU Chong, et al. ( 895 )

Effects of Management Measures on Soil Water-soluble Carbon and Nitrogen and Their Three-Dimensional Fluorescence Characteristics of Pinus tabulaeformis Plantations on Loess Plateau

*+ SONG Ya-hui, ZHANG Jiao-yang, LIU Hong-fei, et al. ( 905 )
Effects of Biochar Input on Changes of Available Nutrient Elements in Riparian Soils with Different Landuse Types ZHOU Hui-hua, YUAN Xu-yin, XIONG Yu-ting, et al. ( 914 )
Effect of Applying Hydrochar for Reduction of Ammonia Volatilization and Mechanisms in Paddy Soil «+eeseeseseesmesssmsenensmsinsnsinenenes YU Shan, XUE Li-hong, HUA Yun, et al. ( 922 )
Effects of Mycorrhizal Fungi on Nitrification and Denitrification in the Rhizospheric Soil of Aquatic Plants and Its Microbial Mechanism «++++++++++ LIU Duo, WANG Lei, CAO Zhan-ho, et al. ( 932 )
Comparison of Floating Chamber and Diffusion Model Methods for Measuring Methane Emissions from Inland Fish-Aquaculture Ponds —«+e+seseeseer HU Tao, HUANG Jian, DING Ying, et al. ( 91 )
Simultaneous Quantitative Detection of Thirteen Common Antibiotics in Leafy Vegetables by Ultra-High Performance Liquid Chromatography-Tandem Mass Spectrometry -+

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" CHEN Qian, LIU Yang, XIAO Li-jun, et al. ( 952)
YU Yao, LUO Li-yun, LIU Zhe, et al. ( 962 )

BIAN Jian-lin, GUO Jun-mei, WANG Xue-dong, et al. ( 970 )
)

)

Accumulation and Translocation of Cd in Brassica rapa Under the Influence of Selenium

Tolerance Mechanism and Cadmium Enrichment Abilities in Two Brassica napus L. Cultivars
Enhanced Phytoextraction of Cadmium Contaminated Soil by Trifolium Repens with Biodegradable Chelate GLDA
Heavy Metal Contents in Animal Manure in China and the Related Soil Accumulation Risks -+

HE Yu-long, YU Jiang, XIE Shi-gian, et al. ( 979
*+ MU Hong-yu, ZHUANG Zhong, LI Yan-ming, et al. ( 986
Microbial Community Succession in Industrial Composting with Livestock Manure and Peach Branches and Relations with Environmental Factors —««+se+ssssereeesesenenssnnienensnniinsnnen

CAI Han-bing, FENG Wen-wen, DONG Yong-hua, et al. ( 997 )
ZHU Wei-jing, ZHU Feng-xiang, WANG Wei-ping, et al. ( 1005 )




	0
	37

