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Abstract; Abstract: In order to clarify the characterlstlgs of anaerobic ammonia ox1dlzlng (ANAMMOX ) sludge and the suebbssion
rile of bacteria based on particle size dlfferentlatlon thé perforrnance change and“microbial community structure of ANAMMOX floc
sludge durmg thegformation/of particles in the reacnon.-system of-a*high ammonia-nitrogen biofilter were studied. The results indicated
that thegspecific activity (SAA) and tolerance of the ANAMMOX granular sludge ( AnGS) were significantly improved by increasing the
particle size, and the SAA of R4( >4.75 mm) was up to 426. 8 mg-(g-d) ™', but it also had adverse effects on mass transfer. The
results of the high-throughput sequencing showed that dynamic changes between bacterial genera were common. When the particle size
was less than 4. 75 mm, the increase in particle size strengthened the stability of the bacterial flora, the ammonia oxidizing bacteria
(AOB) with more flocs were eliminated, and the nitrogen removal ratio gradually stabilized. R3 (2.8-4.75 mm) exhibited the most
specific flora composition, and the functional bacteria Candidatus Kuenenia accounted for 52. 7%, while the R4 community complexity
increased. Furthermore, the proportion of functional bacteria decreased, and the abundance of heterotrophic bacteria increased, which
negatively affected the particle structure. In addition, the R3 microorganism has the best gene function expression level, which is
significantly better than small particles in gene replication repair and energy conversion. Finally, the evolution of AnGS was analyzed
through the OTU matrix between the samples. These results have some guiding significance for the optimization of the AnGS system and
will be helpful for the application of the ANAMMOX process.
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Fig. 3 Venn diagram of microbial community

53.27% . % RW], 5EIFIGIA L, AnGS 3 — 20§
e T REIE YL — Pk | [R]InF BfE RLARAE C SE 3 T R A
AT 6 B 4R, 5 ANAMMOX B 280 Tt OC /Y 18 1 9l 1
K. X 51578 SAA BYBE K HARRF, A T H I fE
ZEAIHYGE—. SR, RA v R B B 1 0 A X = 32 A
AT, 48. 02%, IR 4R AT I AN, 3x 5 B30
P&, 2w e A SRR AR G P O H L, T L
T FR ANAMMOX 7 Az i A1 7™ W) 5 1 A i S 2
PO ORI 53 T RE T B R T2 EPS AR R
BT HT R A

J& 7K V- 1) Heatmap 282 73 Hr B i M 1, Wl 7S H
ANAMMOX 775 ¢ 1 22 0% 2] g 2 00R: A9 i o, T
R 5 478 Oy ] B (B R U RY J2, RO R AR TE
Candidatus Kuenenia M1 Candidatus Brocadia Wi F
AAOB, M R1 ~ R4 % Candidatus Brocadia B Lt 9 H%



1934

i

Bl

42 5

e

50 | (a) IT7KF
40

30

IR PRI %

Planctomycetes
Proteobacteria
Bacteroidetes

Ignavibacteriae

Chloroflexi
Gemmatimonadetes
Acidobacteria
Verrucomicrobia
Spirochaetes
Armatimonadetes |5
Parcubacteria

Deinococcus-Thermus

Actinobacteria

RO

EIRI

Firmicutes

others

60

1

50

40

30

[ A E A R %

20

(b) J& K

others
W Parcubacteria_genera_incertae_sedis
Wl Zoogloca

Armatimonadetes_gp5 j WAL
B Nitrosomonas
Bl Paracoccus
B Truepera
B Thauera
B Turneriella
Bl Defluviimonas
Bl Thermomonas
B Comamonas
B Pseudomonas

ExER

Bl Povalibacter

B Limnobacter-

B G165

I Gp6

. Gp7

. Gp3

B Gpl0

B Gemmatimonas

B [gnavibacterium Hetk:

Il Acinetobacter {EiE e
Candidatus Brocadia .

= Candidatus Km;m,m:a:lffﬁﬂﬂ{'tﬁ

RO RI R2 R3 R4
A
B4 [THEKFEREMBEENSESE

Fig. 4 Microbial community diversity at phylum and genus levels

fK( <0.06% ). XFEW Candidatus Brocadia Tt 22K
BiRTPE NEE, M Candidatus Kuenenia B 518 B
Kirf. X 5 Zheng %5 B I8 45 IR — 5L, 0
AT AT RE A 3 25 v 1Y L. AIFSE R, Candidatus
Kuenenia 1] LATH 32 W AH A5 0k B %2 /0 180 mg L7,
MMi Candidatus Brocadia"*' WH&1E 70 mg- L~ ARSI
PEK U =, R 2. 1.2 A SR AT RS R X
BT SN 52, PRI R Hh o v 1 B BB A 3 1 ey R
BERHEIKNO, N FE 1 Candidatus Kuenenia. Bifi %
KRt K, Candidatus Kuenenia 5 Ho 1 31. 63% ik
H52.7% . YRR IE , AAOB fi B A0 8K ik 717
PRHC B R OR300 T AAOB 18 F X 5 A
WSS R IEA — B R4 th AAOB AR =2 1 B )
VA PR b ARt aet OGS U 45 44 114 £ T sl Tl A& B
R4 W R IRRIE 2 | 3X AW A BESGIE T 3 R

AnGS WNFFAFTE R AL A 2 IX 8, 51 AAOB %
T2, T2 AAOB 4H 1R hy 38 F2 W Ok T 5 5% 18
Bk AAOB 51, AnGS ™ 5 AU Ak A ¢ 19 4i 14 16
FLHGAH A T Y 2 AL R (AOB) ST A 4 T
(DNB) , e A T[] X6 58 20 7= A 5l ) 4n, AOB
£ RO FI R1 & &8 2, R2 JF i & = 3R, nl Ul
AOB Z UL X AF7E, WUk B R2 RS RR I T4
L5 AOB AU 5 i A AL BB T Nitrosomonas
NH," -N#AtHNO; -N, i Z{ff RO F1 R1 H1ANO, -N/
ANH, -NIEF BRI (A 1) = 2R L Ak, 26 R B2 fiF 1k
B Thauera (0.01% ~ 0.3% ) 1E IR & & 1F T 8 )R
NO; -N 2 NO, -N, W & 1 £ 0 #&% s ANO, -N/
ANH," -N3E 38 f /. 7k NO; -N AR A 00 )31 R 7 B oAy
B RHAAE ) Pseudomonas , FoAE RO P 7 48



4 39

FHRIEAT . ST RA LA PR R A TS T RE ST ) AR A

1935

LS50 RO 1 ANOS -N/ANH,' -N i 55 B e {8 i &
(K2).

[, 2 A & & 2 Fh DNB, 47 76 1 & 19 1
#5546 RO F1 R1 & AR AKAY Limnobacter 1E
R2 Fil R4 342 RIHCAE AAOB PRI IR K
Wk tH B, Limnobacter ‘SHAHIE, YUHCR S T FH
SO MHLTFZ AR i, 7 %A SRR
IHOLT , Limnobacter 1 & % — &8 T AAOB {7k
R NS 2 R TN A AL, —
BN ARSI It T SR IR AR K. O — AL T
Ignavibacterium T£ R2 Fl R3 H (7 Ly />, R4
Jn. Ignavibacterium 7 ANAMMOX =V #% 35 i 17
e, BAT A U S8 FIR 480 30 58 v o0 M A3 BIL P 1 fE
J3P5 kA ky RA IR AE ST TA IR AR A TR
3 —J7 T, X S ) DNB BEZE TR E A SRR Y4
WM A Y BB A T EANE
BRUO R IR MR S T RS R R 1
FRAE T IR, % 7E AnGS TR R SEBL T
LA 9 F- . R4, AAOB ., AOB FIDNB 3 £7 1t
K B AR L 0 £
T PRl T A% X8 U 15 RS TR 4
+amm /[ ) PCA
2.2.3 lnetmnbonieer | /), f
[ Wang S BT SR B, B IR BB TSR R |

RYEh DNWOR P K 1 S e S DI Sk 982

T, AnGST Mt A i, 2 TR0 40 i 40 o Al
] SR PR T i 52 1K 8 1 2 6 /0 | R AR BF 5 ik
117 COG ACHITHRESMHT , IFmact ¢ Koo 4k o0 RE
AHAT %2 R T8, COG (R TIfE E 2
I A R A RE B AR 15 S5 S R
TEL A S G A AL 72

B 5(a) R T 5 4R IET COG (3B L
Sy B BE  R3 BARTIRENE T A 4 41, B2 AE
[ CIRBURAE P= A df s [ F )R Mz Mgt [G)
BhARA A W i 32 S AN [ 8 A A
it (LIS EAREE; [ 1] 8 RS
AW A S5 T R4 L T RO AT R1 A T RE 3L A
P X A5 55 3 138 W 7E 22 Fh G 0 B R, R3 o
AAOB 4 Ty Rl A i 106 28 S35 011 30645 HG o pe b 0k A7
2 LR M 5 Rl e 4 2 AR S T, T — 2 AR 4
T A L P R (L AR B L A, RO S
BT A, th BT R3 408k R R 1 o
PR A, 5 T B AR5 S 15 . Re F
TR R A2, 3 s DB s | kT
ST RE SR K 9 R I8, A0 T 40 B 4
1. RO IR D] [ g 52 e 14 50Uk 25 ) 74 A 2 37, [

SHC TR 0 ) MR i £ B A T B A 1.

HE— AL AT REAR 1] 22 S0 L B 5 (b)) A
5(c) ]R3 TESLME &, WAL AE S BRI A 7
A VA0 B RN A 4 7 2 7 TS R T RO T AE
S BK AL A AR R R B 52 AR 7 T T
RO. 437 H PRS2 B T 2y Al AL 2, o T 41K
BV RN 0 35 0 A B R (R B T4 A
BURIE @1k, R3 I R4 TE(5 S-S iz
Bl KPR T AL R R A T AL A I 32 B
KA P L R B T 1 A5 7 T B 2
A2 T R P09 FL B0 U AR T, 3 4 % T
JEE 90 0 A i R A 2 33K LA 9 4 ) R B R T
ST R A% T A F 32 AR K ST B2 728 ) — e
LD, LA S T

25 b RIARST AnGS 3 F R BESA4E, &%
R IR S R0 il 4 K- R M I e gt it
I K T T P, R A 35 . S 9 R DR 7
FIIEE T R, BAE P 5 St S0
FERI T AE R RSP B i R AN, et
A TMRE YIRS AR EXEE 2,
2.2.4 Az SimtEr 0 (L

N T HEEREEL KRR BT T OTU ¢
mAﬁﬁﬁﬁyﬁﬁ#$EI%ﬁH%&%@ﬁ
B A1 3 A B PR RS U8 () F
PRISUE(S) 5 HEMEBIRITS T (R2 ~ R4 ) ; WK
15U (R3 Fl R4 ). 3 4130 [ X BN Wi 4 /)N, e A AR K]
1975 O B4 R I RE AR M SE P 2 5. R4 93k
WJ7 3R AESE R3 T W 1A R2, BI 5 PCATL )
SR 55, th 58 W1 R 4% 13 K AnGS 45 #4911 1
1.

A [ RI 240 B AR X = B TR A A A (L %
KHE P X OTU 432, 5 AL UniFrac &
W WA S B £ B A3 S TR, LRGN 3 2R
FLELE AR RS A R ) (4 B B AR R
322 BRI BEAE AREAS AT R 5145 2, 491 4
RO 1 R1,R2 #1 R3, X Ui IR 4245 1) AnGS BAY
FRLAY B RS (0 R1 5 R2 BE B 80 , Bw % B
Vst Hy &k T W1 WA fk. W 1 b SCA T, R2 o
AAOB AR AL R 1 PRI 2 5 Bl 1. 18 ~2. 8 mm
ARG R 4 K0 A N, A ) X T2 Ak
HIRETERE. 58 6 45 R —F, BB R AR R3
il Ré B AT 38 25 22 1] B0 AP (D) 5 v , 3 B 52
AnGS TIfBS5 B L. K 12 RO Al R3,R3 HATY
B — ) TR TR 4L AL, A 2 A0 U A R 4 R e
AR, X Fh2E A0 T ANAMMOX V5 e &5 &
A ) UL A 3 B 45 1 RS VRIS



b

1936 7R = 4 %
(a) m [A] RNAMI TS
o [B] Hetamay L sl %
a [C] g 4 fuki ik
o [D] 40 P A0 A A Bt X
o [E] SRS i
Je+7 a [F] Birm s
8 [G] Bk AbGH aas f
m [H] ShfEaGEmF
CRUR e e
o [J] fiE, ERHRL S R
m [K] fa
2e+7 o (L] 2§, T4
@ [ M A R R ey ik 2
a [N] 4ifizz)
a [O] BliFfEed, &R ERRrES
& [P] FCHLE T s R
o [Q] KAACs M A4 & ., Haf iR
a [R] {UE FF— el e
le+7 o [S] HhfEAA
& [T] {55436
o [U] 41pEs . 4 i iz
= [V] Bignblibl
| (W] 4iAhEs
m [Y] B4k
0 B [Z] T
RO Rl R2 R3 R4
(b) 95% FL{e 1X 1] Pl
Y] &Fﬁ | é 0.438
W] il Sh 4 Hg = RO =3 R3 @ 6.43e-6
S] 2h ﬁﬂm | Q 5.43e-6
V] Bii Ll =] @ 1.38¢e-6
Al RNAnnIﬁﬂgﬁiﬁ | o 2.41e-10
J] lﬁit. RS54 A5 A R e |——— ] e <le-15
B] % '{EE&? CPIES 1 ® <le-15
Ci% Fﬁ 3 ) =, ° A <le-15
D] 4 lﬁigl i .%ﬂﬁﬁﬂﬂ%&@.ﬁﬁl& =B g <le-15
E] SUIER S T B0 ) ®<le-15
F] &1 %@@aﬁﬂ%ﬂ . = I <le-15
G Ak & iz Mg = ! e  <le-15
H]$§ isgﬁﬂt' = o ! <le-15
1 i Eﬁ i = I e <le-15
7] it I < <le-15
K| b E—1 ) e  <le-15
L g%i-ﬁﬁl#uﬁﬁ E——— ° i <le-15
N g Bz R == e <le-15
O] BIiF 5 16 . 8 0 U Er R R e S ® <le-15
PLABIIE, enimen S R
- <le-
]| guﬁnl%-—ﬁ:ﬁ%f%m‘ PRI L e <lels
DA = — aet
=y ks @ | { -
gii}gg%z ty fﬂﬁﬁﬁ%}ﬁgm E— . e . <le-1s
0 1.0 -08 -04 0 04 08
(c) 95% A X (] Pl
Y] Bidh & A
Si RN:?E%;*] S s o = R ' é%ﬁ
F| g‘ﬁmm“—' ﬁ?‘t . 3 0.014
_B]l %ﬂgﬁl—n a4 | ° 8.06e-3
S| Hifk 9;]:E _ =l 3.51e-3
W] éﬁl%&l-. i | & 1.86¢-3
e ——— = . T30
M}]ﬂ%ﬁ@%ﬁﬁ%%ﬁ = o |:16m|-;9
Z o <lg—
T e L gy w— o Sle-i5
TI;‘]I;CBI%E#JW& Fuftis = | - <1|r|lss
F (=] <
k]] gﬁ § gﬁﬁ’&‘@g e : - < 1|Ce-~||55
Ql?ﬁﬂz{ig#}m&ﬁ%lﬁ\ﬁiaw&mtm = o <de-15
e Lo — I Jeit
IE baizs fl - — o ; <le-13
R giﬁfﬂ:f“__‘ % il ST o ‘ <le-15
E] & IEEG4kiE [ = , <le-15
T] {5 55 Sl — e <le-15
Cl gg{ _g 1k —— _ i ) <le-15
U 24 i P9 3 4, 03 o A 052 Al = JE , : - , <le-15
0 10.7-020  -0.10 0 0.10 020
Hefile WAl 2 2%

ES5 COG RithEENH
Fig. 5 Metabolic function analysis of COG

T OTU Z AL i e , PR RAR A3 0, 52
BT D RETE W AR AN VK, AL SO T —.

R3 B B4 58 B WOR DI RESS 1, ]S A Bk — 20 34



LR R AR AT IR RE S BUE M SRR B

1937

4 E A, BTk
0.5 P
oG
0 -
9
l:ﬁ
(]
5 -05 |-
(-5
RO
L ]
-1.0
1 | 1 | | | 1 |
-0.7 -0.6 -0.5 04 -03 -0.2  -0.1 0
PCAL (96%)
6 EFOTUK PCAHE
Fig. 6 PCA diagram based on OTU
F2 HAREKBEERER
Table 2 Distance matrix between samples
RO RI R2 R3 | R4
RO 0. 00 0.17 0.30 0.35 0.27
Rl 0.17 0. 00 0.26 ,0.32 /. 0.24
R2 0.30  0.26 0.00 [ 10.15 | 40.16
R3_ 0.35 0.3 0.15 000 | el 1325
Re L 027 44 10.24 0.16 /0 13 J,.r‘ 04600
(I)ANAMMOX M 5 kA EJZEPFHEQ R4( >

47§'mm)aﬁ§,AAﬂz T3 426. 8 mg- (g-d) LS
ﬁWﬁ?J@ (T 4 48, Rid R IR T AnGS XTﬁ“FI
ﬁFiEEI‘J?EETJL@ ERUNSER N T

(2) AR RS UL A B AR B AN TR, 51 AL A 2
Yrorte, 2

LA AOB, Tfii AAOB £ §0K & 4. R3
(2.8 ~4.75 mm) W BE W Candidatus Kuenenia & [t
IKF 52. 7%, {5 R4 RiAgid KA BRI AL BT 22 BE
D, IR 2.

(3) WORLT5 I it # by B Ve it T % —,
B )G B8 e Ak ¥ o A fE. R 22 e N
ANAMMOX [ U =i b 7= AR B2 . 0 i Ak B
M ( Nitrosomonas ) FVEFE [ WS AL ( Thauera) HIAF
TEFE AnGS JBEA LU /).

(4) Fo0E BY B RELE AL J2 e E AnGS PERESR =5 1Y
KHEH R, R3 BAT e RO D BE WA 7 LU AR v & —
PR AR T B W S RERE R kKTl HAE
REVRAL 7 RN 45 ) I as i 0 A D) o 2 48 50 55
5 T 2T /N OR

(5) BTG IRIE MBURLTS JE 2 OTU B2 bny

RE BEE KA, SEPL T IR AR A 2L T
IK.R2(1. 18 ~2. 8 mm) ML &5 #9725 57, 7= A= B
X T ERTS R ATERE. R3 T B 52 B I e ks

gty R itk —

AN SR AnGS 774 A .

S 3k

(1]

(2]

[6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Kuenen J G. Anammox bacteria; from discovery to application
[J]. Nature Reviews Microbiology, 2008, 6(4) ; 320-326.
Lackner S, Gilbert E M, Vlaeminck S E, et al. Full-scale partial
nitritation/anammox experlences—an appllcatlon survey [ J J .
Water Research, 2014, 55(10) ; 292-303.
e, LAFE, Van der Star W R L, 4§
TR ERRBUR R RE[T]. hES
(18): 15-19.

Hao X D, Qiu F G, Van der Star W R L, et al. Global situation
ANAMMOX
China Water ( Wastewater, 2007, 23(18) : 15-

R A BAR
K HEK, 2007, 23

of developing technology towards engineering
application[ J .
19.

Tang C J, Zheng P, Zhang L, et al.
anammox consortia from methanogenic granules loaded with high

2010, 79

Enrichment features of
organic and methanol contents [ J]. Chemosphere,
(6):613-619.

Lin X M, Wang Y Y. Microstructure of anammox granules and
mechanisms endowmg their intensity revealed l)y _‘,m'icrqsmplc
inspection fnd rheomelry[]] Water Researchy 2017' 120, 22-
31. = ‘.'

Zhu G B Wang SY, Ma' B, et al. Anammox .granular sludge in
low-ammlbnitim sewdgq tréatment; not bigger  size ‘dnvmg be}tbr
performance[]} " Water Research 2018, 142 147- 158

Volcke E'T P Plcloreé‘nu C‘ De Baets B, et al. The granule size
dlbll‘lbu[l()fl in'an mamﬁloxﬂased granular sludge reactor affeel‘s
the Conversmn -implications for modeling[ J]. Blolechnology anéf
Bloer}glneff:ng, 2012 .109(7) . 1629-1636. .
WuY, Wang Y X, De Costa Y G, et al. The co—existe,'ﬁée of
anammox genera in an expanded granular sludge bed reactor with
biomass carriers for nitrogen removal [ J]. Applied Microbiology
and Biotechnology, 2019, 103(3) . 1231-1242.

Chen R, Ji J Y, Chen Y J, e al.

performance and syntrophic micro-granule in partial nitritation

Successful operation

and anammox reactor treating low-strength ammonia wastewater
[J]. Water Research, 2019, 155 288-299.

Chen J W, Ji Q X, Zheng P, et al.
granular sludge in a high-rate anammox reactor [ J ].
Research, 2010, 44(11): 3321-3328.

Lu H F, Zheng P, Ji Q X,
settlability of anammox granular sludge in high-rate reactors[ J].
Bioresource Technology, 2012, 123 . 312-317.

AT, WhIRET, B, 4. CANON fRR A iBknig IR ki X
C/N LS BN s B U PERE R 5 m [ ] o R 2 B K2 2
2, 2018, 35(6) : 845-850.

LiJ Q, Han X Y, Huang J, et al. Effects of particle sizes and

Floatation and control of

Water

et al. The structure, density and

C/N ratios on the nitrogen removal performance in CANON
system [ J ]. Journal of University of Chinese Academy of
Sciences, 2018, 35(6) : 845-850.

Yuan Z G, Blackall L L. Sludge population optimisation: a new
dimension for the control of biological wastewater treatment
systems[ J]. Water Research, 2002, 36(2) : 482-490.
ERimE, Bk, 7, . EWIR PGS 3 ANAMMOX 32
Frofems BB RERRAR ()], FRIFERLSE, 2020, 41(7): 3345-
3355.

Wang X T, Yang H, Su Y, et al. Fast start-up ANAMMOX
operation strategy and flora characteristics of a biofilter [ J .
Environmental Science, 2020, 41(7) ; 3345-3355.

FE IR R, KRR K S 5 B 5 vk [ M. (SR



1938 A 42 %
Ji) . Abst, PEBRERLE R, 2002, 323-334. 1550.

[16] Van de Graaf A A, De Bruijn P, Robertson L A, et al. Cao Y, Wang T Y, Qin Y J, et al. Nitrogen removal
Autotrophic growth of anaerobic ammonium-oxidizing micro- characteristics and  diversity of microbial community in
organisms in a fluidized bed reactor[ J]. Microbiology, 1996, ANAMMOX reactor[ J]. Environmental Science, 2017, 38(4) .
142(8) . 2187-2196. 1544-1550.

[17] LiuY Q, Liu Y, Tay J H. The effects of extracellular polymeric [28] Wang X J, Yang R L, Guo Y, et al. Investigation of COD and
substances on the formation and stability of biogranules [ J]. COD/N ratio for the dominance of anammox pathway for nitrogen
Applied Microbiology and Biotechnology, 2004, 65 (2) . 143- removal via isotope labelling technique and the relevant bacteria
148. [J]. Journal of Hazardous Materials, 2019, 366 : 606-614.

(18] Xu X L, Liu G H, Zhao D M, et al. Enhancement of anammox [29] Yang H, Li D, Zeng H P, et al. Long-term operation and
bacterial activity by sodium glutamate[ J]. Chemosphere, 2020, autotrophic nitrogen conversion process analysis in a biofilter that
244, doi: 10.1016/j. chemosphere. 2019. 125570. simultaneously removes Fe, Mn and ammonia from low-

[19] Wang H B, Hu C, Hu X X, et al. Effects of disinfectant and temperature groundwater [ J ]. Chemosphere, 2019, 222. 407-
biofilm on the corrosion of cast iron pipes in a reclaimed water 414.
distribution system[ J]. Water Research, 2012, 46(4) . 1070- [30] Zhao Y P, Liu S F, Jiang B, et al. Genome-centered
1078. metagenomics analysis reveals the symbiotic organisms possessing

[20] Kindaichi T, Tsushima I, Ogasawara Y, et al. In situ activity ability to cross-feed with anammox bacteria in anammox consortia
and spatial organization of anaerobic ammonium-oxidizing [J]. Environmental Science & Technology, 2018, 52 (19):
(‘anammox) bacteria in biofilms[ J]. Applied and Environmental 11285-11296.

Microbiology, 2007, 73(15) ; 4931-4939. [31] Kindaichi T, Yuri S, Ozaki N, et al. Emphysmloglcal role and

[21] LuHF, JiQX, Ding S, et al. The morphological and settling function of suncultured Chloroflexi in an anammo}g_-r":a'ctor [J].
properties of ANAMMOX granular sludge in high-rate=reactors Water Science & Technology, 2012, 66(12)% '2.55I.6"—..256T.

[J]. Bioresource Technology, 2013, 143 592-597. | i “ [32] ZhengB Y, Zflar.lg L, Guo J H, et al. QUGpE-Iyrﬂ;d §111ng and

[22] #WIW, XI¥R, R, & REESEABRLTS EPS Je H biofilm qhaped different m'lammox communities”in twﬂ pilot-scale

'3

Xﬂm)ﬁ%ﬁ%ﬁﬂﬁ%ﬂmﬂ RIS 12019, 40(5) ; 2341-

2348. | L -

Nang M M, Ju Z H, Zhou Y,
i substances of ANAMMOX granular sludge+ and‘l effe'i;;fg on
Envu‘hnmedfal grlence 2019“

et al.

= sludge iurfage chara(‘terl%tlm[ J].
40(5): 2341- 2348. | 4

[231 Hou X L} Liu S T, Zhang Z T. Role of exlraceﬂular liulymenc

[24]

[25]

[26]

[27]

': slucfwe[ JI.

Subitanre in determining the high agg‘regatmn ablhty' of anammnx
Water Research 2015, 75 51 62 A I~
Kartal“B, l(’?adl(,ke W J, De Almeida N M, et al.
msa(“]u‘}llanism of anderobic ammonium oxidation[ J]. Nature, 2011,
479(7371) ; 127-130.
Gonzalez-Gil G, Seghezzo L, Lettinga G,
mass-transfer phenomena in anaerobic granular sludge [ J ].
73(2) . 125-134.
Performance of high-

et al. Kinetics and
Biotechnology and Bioengineering, 2001 ,
Tang C J, Zheng P, Wang C H,
loaded ANAMMOX UASB reactors containing granular sludge

et al.

[J]. Water Research, 2011, 45(1): 135-144.
W, TARNG, BE, & REE AN 25 A RE
MR BEEZREVE DT [T]. AR, 2017, 38(4) . 1544-

M(_}lgg:lillz'i"r.--H

Fxtrace”u]‘;lrw‘ po.l'yme'nf oo

e

i

[34]

[36]

one- stage andmmo.x “reactors[ J||. Bioresource Technology, 20‘1-'6

211: 273-279 o

W) E/\'Jlu = v A {mrlﬁ\pH {HAA B X BE%L%%L
MWE{E P 1 Eﬂl[’]m] CHR B R 2006, 27 (4) : 69'1-
695. -
Yang"Y ﬂ:.o JE, Shean et al. Influence of temperature pH
valud and organic substance on activity of ANAMMOX S'Iudge
[J]. Environm;éntal Science, 2006, 27(4) : 691-695.

Wang L, “

performance of autotrophic nitrogen removal in the granular sludge

Zheng P, Xing Y J, et al. Effect of particle size on the

bed reactor and microbiological mechanisms [ J]. Bioresource
Technology, 2014, 157 . 240-246.
LiuZ F, Frigaard N U, Vogl K,

Ignavibacterium album ,

et al. Complete genome of

a metabolically versatile, flagellated,
facultative anaerobe from the phylum Chlorobi[ J]. Frontiers in
Microbiology, 2012, 3, doi: 10.3389/fmich. 2012.00185.

Ni B J, Ruscalleda M, Smets B F,

microbial interactions of anaerobic

et al. Evaluation on the
ammonium oxidizers and
heterotrophs in Anammox biofilm [ J]. Water Research, 2012,

46(15) : 4645-4652.



HUANJING KEXUE Vol.42  No.4

Environmental Science (monthly) Apr. 15, 2021

CONTENTS

Contributors to Air Pollutant Emission Changes in Autumn and Winter in Beijing-Tianjin-Hebei and Surrounding Areas ««+:«+:=ssesseseeseseereens TANG Qian, ZHENG Bo, XUE Wen-ho, et al. (1591)
Characteristics and Meteorological Factors of Complex Nonattainment Pollution of Atmospheric Photochemical Oxidant (0,) and PM, s in the Pearl River Delta Region, China «+:+erereeereeee
......................................................................................................................................................... YAN Feng-hua, CHEN Wei-hua, CHANG Ming, et al. (1600)
Source Apportionment of Ozone Pollution in Guangzhou: Case Study with the Application of Lagrangian Photochemical Trajectory Model «-«+««+seseeeeresserserseneneneneieiinicnennsininnennnens
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" PEI Cheng-lei, MU Jiang-shan, ZHANG Ying-nan, et al. (1615)
Chemical Composition and Source Analysis of PM, s in Yuncheng, Shanxi Province in Autumn and Winter «oeeoeeeeeseseesssneein ZHAO Qing, LI Xing-ru, WANG Guo-xuan, et al. (1626)
Temporal Trend of Polycyclic Aromatic Hydrocarbons in Atmosphere Within 24 Hours After Snowfall =«+-++sessesressserennenmssninennsenennes FAN Hui-ze, ZHU Fu-jie, HU Peng-tuan, et al. (1636)
Determination Method and Characteristics of Particle Size Multiplier of PM, 5 in Road Dust «+rereereeresreressssssnmensnsssnnecnnees LI Dong, CHEN Jian-hua, ZHANG Yue-fan, et al. (1642)
Source Profiles and Impact of VOCs Based on Production Processes in Foundry Industries ««+«+essesserseseemensenenininmnsininsne GAO Shuang, LI Shi-bei, BO Xin, et al. (1649)
Emission Characteristics and Toxicity Effects of Halogenated Polycyclic Aromatic Hydrocarbons from Coal-Fired and Waste Incineration Power Plants — «ereereeeseeseressermenensininennn
............................................................................................................................................................... NI Xiu-feng, WANG Ru-wei, CAI Fei-xuan, et l. (1660)
Concentration and Particle Size Distribution Characteristics of Microbial Aerosol and Bacterial Community Structure During Spring in Lanzhou City, China «+esseseereeeesemenensenenenennnnens
........................................................................................................................................................................... ZHAO Wei, LI Jie, XIE Hui-na, e al. (1668
Optimization Method and Case Study of Air Pollution Emission Spatial Pattern LI Min-hui, LIAO Cheng-hao, CHANG Shu-cheng, e al. (1679

LI Yong, LIAO Qin, ZHAO Xiu-ge, et al. (1688
JIN Zan-fang, HU Jing, WU Ai-jing, et al. (1696

)

)

Influence of PM, 5 Pollution on Health Burden and Economic Loss in China «++++- )
)

ZHANG Jie, ZHOU Jin-long, ZENG Yan-yan, et al. (1706)
)

)

)

)

Identify the Nitrate Sources in Different Land Use Areas Based on Multiple Isotopes

Hydrochemical Characteristic and Their Controlling Factors in the Yarkant River Basin of Xinjiang

Pollution Characteristics and Health Risk Assessment of Heavy Metals in the Water of Lijiang River Basin «++vsveeeeeeseeverusienennenns HUANG Hong-wei, XIAO He, WANG Dun-qiu, et al. (1714
Changes in Concentrations and Pollution Levels of Trace Elements of Floodplain Sediments of Poyang Lake Basin in Recent Twenty Years +-++ LI Kuo, YANG Ke, PENG Min, et al. (1724
Hydrochemical and Isotopic Characteristics in the Shallow Groundwater of the Fenhe River Basin and Indicative Significance LIU Xin, XTANG Wei, SI Bing-cheng ( 1739
Major lonic Characteristics and Factors of Karst Groundwater at Huixian Karst Wetland, China = +eeseeoveeesesessssinsniinnenes LI Jun, ZOU Sheng-zhang, ZHAO Yi, et al. (1750
Hydrochemistry Characteristics and Estimation of the Dissolved Inorganic Carbon Flux in the Caohai Lake Wetland Catchment of Guizhou Province -
.................................................................................................................................................................. CAO Xing-xing, WU Pan, YANG Shi-di, et al. (1761
Concentration Levels and Potential Ecological Risks of Current Use Pesticides in the Surface Seawater of Typical Liaoning Sea Areas «+++++++++- DU Jing, HU Chao-kui, XIE Huai-jun, et al. (1772
Levels, Characteristics, and Potential Source of Micro( meso) plastic Pollution of Soil in Liaohe River Basin = «+ereeseresrerersneienneeneneicnnnenes HAN Li-hua, XU Li, LI Qiao-ling, et al. (1781
PAHs Pollution Characteristics and Source Analysis of Typical Lake and Reservoir Sediments in Jin-Ji-Liao Area +veeeeeseesressseneneininieninsinnne WU Peng, LU Yi-ren, LI Hui, et al. (1791

Pollution Characteristics and Risk Assessment of Organophosphate Esters in Rivers and Water Body Around Taihu Lake *+++- ZHANG Wen-ping, ZHANG Zhen-fei, GUO Chang-sheng, et al. (1801
Spatiotemporal Distributions and Ecological Risk Assessments of Typical Antibiotics in Surface Water of Tailu Lake +«-wereoereeeerersenee DING Jian-nan, LIU Shu-jiao, ZOU Jie-ming, et al. (1811
CHENG Yun-xuan, GAO Qiu-sheng, LI Jie, et al. (1820
ZHAN Yong, WEI Ting-ting, YE Hui-bin, et al. (1830
Spdtlotempurdl Change and Source Apportionment of Non-point Source Nitrogen and Phosphorus Pollution Loads in the Three Gorges Reservoir Area ««+««sserseressesserensenemenenseninenennnnens

LI Ming-long, JIA Meng-dan, SUN Tian-cheng, et al. (1839)
Effect of the Combined Use of Denitrifying Bacteria, Calcium Nitrate, and Zirconium-Modified Zeolite on the Mobilization of Nitrogen and Phosphorus in Sediments and Evaluation

Characteristics of Volatile Organic Compounds Pollution and Risk Assessment of Nansi Lake in Huaihe River Basin

Distribution, Source, and Ecological Risk Evaluation of the PAHs and PCBs in the Sediments from Sanya River

of Tts Nitrate-Nitrogen Releasing Risk XIN Hui-min, LIN Jian-wei, ZHAN Yan-hui (1847)
Combined Remediation of Eutrophic Water by Phoslock® and Aerobic Denitrifying Bacteria «+-- LI Bing-tang, ZHOU Zhi-qin, Ravi Naidu, et al. (1861)
Biodegradation of Algae-derived Organic Matter (I-DOM) from Lake Taihu =~ +esseseessenresesssmsimmimnsnsnnininiinssssseeen ZHANG Qiao-ying, SUN Wei, DU Ying-xun, et al. (1870)
Structure Characteristics and Driving Variables of Epilithic Algae Community in Lhasa River Basin of Qinghai-Tibet Plateau WEI Jun-wei, LI Hong-ran, WANG Xing-zhong, et al. (1879)
Spectral Characteristics and Sources of Dissolved Organic Matter from Landscape River During Flood Season in Suzhou Based on EEMs and UV-vig «eoeerrereeresesenenseninienensnninennsnns

HE Jie, ZHU Xue-hui, WEI Bin, et al. (1889)
Adsorption and Desorption Behaviors of Antibiotics on TWP and PVC Particles Before and After Aging -+ FAN Xiu-lei, ZOU Ye-feng, LIU Jia-giang, et al. (1901)
Synthesis of Magnetic Iron Modifying Biochar for Ammonia Nitrogen Removal from Water «+esseereseerseesenenenniiensininennns WANG Fang-jun, SANG Qian-gian, DENG Ying, et al. (1913)
Seasonal Effects of Influent Ammonia Oxidizing Bacteria of Municipal Wastewater Treatment Plants on Activated Sludge System «+eeeeeeseereenees YU Li-fang, WANG Yu, HUA Si-si, et al. (1923)
Analysis of Performance and Microbial Diversity of ANAMMOX Sludge Based on Particle Size Differentiation =~ +«++«ssesessersesssssenenennmncnsnsiencnennes WANG Xiao-tong, YANG Hong (1930)
Effects of Chlorine Dioxide Disinfection on the Profile of the Super Antibiotic Resistance Genes in a Waslewater Treatment Plant — «+eereeesereresserenienenennnnns
CHENG Chun-yan, LI Hai-bei, LIANG Yong-bing, et al. (1939)
""""" LIN Xu-meng, SU Cheng-yuan, WU Shu-min, et al. (1946 )
- ++ LI Juan, LI Jin-xiang, YANG Yan-yan (1956)
Lffects of Chmate Warmmg on the Key Pm(‘ess and lndex of Black 5011 Carbon and Nltrogen Cycle During Freezing Period ++++++++ WANG Zi-long, LIU Chuan-xing, JIANG Qiu-xiang, et al. (1967)
Effects of Combined Application of Biogas Slurry and Straw on the Migration and Fractions of Soil Heavy Metals in Rice-wheat Rotation System in Coastal Reclamation Areas «+-++++ssesveeeeeees
WANG Wei, ZHOU Jun-nan, TANG Yi-fan, et al. (1979)
""""" ZHOU Ya-long, GUO Zhi-juan, LIU Fei, et al. (1989)
ZHOU Ya-long, YANG Zhi-bin, WANG Qiao-lin, et al. (2003)
Cadmium Accumulation Characteristics and Impacting Factors of Different Rice Varieties Under Paddy Soils with High Geological Backgrounds «+++s+sesveseesressesssnsisnsicnniiiiiinininen
..................................................................................................................................................................... DAI Zi-wen, FANG Cheng, SUN Bin, et al. (2016)
Effects of Different Exogenous Selenium Species Application on Growth and Cadmium Uptake of Pak Choi in Cadmium Contaminated Soil -+ LIU Yang, QI Ming-xing, WANG Min, et al. (2024)
Influencing Factors of Cadmium Bioaccumulation Factor in Crops «++ssessesserssssesensenssininiiiiniisiss e CHEN Jie, WANG Juan, WANG Yi-wen, et al. (2031)
Effects of Different Exogenous Plant Hormones on the Antioxidant System and Cd Absorption and Accumulation of Rice Seedlings Under Cd Stress
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHANG Sheng-nan, HUANG Yi-zong, LI Yan, et al. (2040)

LI Kai-ye, ZHAO Ting-ting, CHEN Jia, et al. (2047)

-+ CHEN Jian-wen, ZHANG Hong, LI Jun-jian, et al. (2056)

and Combined Amendment on Sandy Soil Improvement Driven by Microbial Community «+:+seesesesssesserenesisnnenisiniines

++ ZHANG Zhe-chao, YANG Jiu-yang, HAO Bai-hui, et al. (2066 )

Animal Manure Fertilization Promotes Antibiotic Resistance Gene Dissemination Among Manure, Soil, and Vegetables -«+-«+++:++++- ZHANG Hong-na, DONG Meng-jie, ZHOU Yu-fa, et al. (2080)

Establishment and Application of Performance Evaluation and Obstacle Diagnosis Model for Regional Water Ecological Civilization Construction »+++«+:+++ssseseesesssssersesseinenennsininennen
...................................................................................................................................................... WAN Bing-tong, BAO Xue-ying, ZHAO Jian-chang, et al. (2089)

Effects of Different Organic Materials on Absorption and Translocation of Arsenic and Cadmium in Rice

Soil Fungal Community Structure and Functional Diversity in a Copper Tailing Dam and Its Surrounding Areas

Potential of Arbuscular Mycorrhizal Fungi, Biochar,




	1
	20210435
	2

