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Abstract: Bacterial Gommunities are vital for efficient nitrogen removal in an anaerobic ammonium oxidation (ANAMMOX) system.
However,, the diversity and functional characteristics of a bacterial community during the start-up of ANAMMOX has not been reported.
In this study, an up-flow anaerobic sludge bed reactor was used to start-up the ANAMMOX system, and 16S rRNA high-throughput
gene sequencing, combined with PICRUSt2-based functional prediction analysis, was used to investigate the dynamic changes in
diversity and function of the bacterial community at different times (d0, d30, d60, and d90) during the start-up. The results showed
that 48 phyla, 111 classes, 269 orders, 457 families, 840 genera, and 1497 species were present during the start-up of ANAMMOX.
Candidatus Brocadia and Candidatus _ Kuenenia were the main detected ANAMMOX bacteria, and their relative abundance was
significantly different at different times during the start-up of ANAMMOX (P <0.05). During the start-up, the alpha diversity indices
of the bacterial community were significantly decreased (P <0.05), and the structure of the bacterial community exhibited significant
spatial differentiation (R =0. 846, P <0.01). Functional prediction analysis with PICRUSI2 revealed that the bacterial community was
active in organic systems and metabolism at hierarchy level 1, implying abundant functional diversity. Further, the abundance of
functional genes was significantly different at hierarchy level 2, during the start-up of ANAMMOX. Forty-nine functional genes
involving metabolic nitrogen were detected. The abundance of functional genes, involved in nitrification, denitrification, ANAMMOX,
and nitrate and nitrite assimilatory/dissimilatory reduction, changed significantly during the start-up of ANAMMOX.

Key words ; anaerobic ammonium oxidation (ANAMMOX) ; bacterial community; diversity; PICRUSI2; high-throughput sequencing
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Fig. 1 Schematic of reactor
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Table 1~ Operating conditions and treatment efficiency of the reactor during sampling

B BT REL A/ mg-L™! WA %/ mg-L~" iHR BAEERR VR B B
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Fig. 2 Relative abundance of the bacterial community during the start-up of ANAMMOX
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Table 2 Diversity indices of bacterial community during the start-up of ANAMMOX
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Fig. 3 NMDS ordination diagram of the bacterial community
during the start-up of ANAMMOX

A Y RE VR Z M AF A 835 22 5 (R = 0.846, P =
0.001) , fo /= Wyt v A My 72 IR S 2 SR A s shad A2
GRTE

2.2 PICRUSt Hfg A 43 b )
2.2.1 UiResEmfghEmsEE 1 (4

[

JET PICRUS P, AT B ID fE 5305 o5 5

A 7t 20 8 0 B U £ 1. W REGE (oo
encyclopedia of r_gezn_ffs and genomes‘jlﬁ}ﬁfpﬂrj“])ﬂuwj?ﬁ[
B 7 Rkt A B 266 2% 6 2 by Wi 45
m% 7 ( organismal' systems ) | t Iﬁj ( ri!ietabolism) s ]\

¥ LU 1 ‘
% ( human diseases) . 1% 1% 5 %JLI‘ HLA genetic

informAtion préoessjng) REE(E B AL (environinental
information processing ) A1 4 ffd if 2 ( cellular
processes ) , WLIEl 4. Horp G HL R G AR 2 )
fE, 4 4 9 78.41% ~ 80.66% 1 19.17% ~
21. 20% . X I Bl AN [R] Bsf () 248 B HE v 2 e Tl 43+
Mra®l, 6 A>—2Ihe )2 P 5L 5 3= B2 7 A [a) 1) (7]
W EZER (P >0.05). #F— 2005 i P — 2%
WIRe2 0t , 2 & Bk KAk A P A ( carbohydrate
metabolism ) ¥4 5% (transcription ) | J&#% 12 ( membrane
transport) {5 5 1% 5 (signal transduction ) | ZFER I
I (amino acid metabolism ) . 20 ifi A= K AL T (cell
growth and death) FI1HE & i8] ( energy metabolism ) 4§
46 NTIIRE (18 4) . & 4 n] g, 8 Bhad B A [
6], — 20 IRE)Z 1 D REHE R R B2 kA Ak, J AR AR
W (amino acid metabolism ) | 1 ft & 4t ( digestive
system) {5 5 43 F M 32 HAE H ( signaling molecules
and interaction) \ZMNEY) Y [t 55415 ( xenobiotics
biodegradation and metabolism ) | 1 9% R G5 IR R
(immune diseases ) . iz i Al {8 ¥ ( transport and
catabolism ) 55 16 > T it 3 K 7E B2 Fp 5 e v B & =
T HE . g = 0 (energy metabolism) {5 5

T (signal transduction ) | 4 ffd A= 4 AL T (cell
growth and death ) . 4§ fit fy & % By A+ 48 i
(metabolism of cofactors and vitamins ) F1 & ¥ & 4¢
(circulatory system) 5 15 /M UJ g 5L K 78 )7 a0 J5 A AH
X i T HCE IR
2.2.2 ARFACHKILHZL

¥ PICRUS®2 #iill iy KO 4559 5 KEGG $ud &
W5 R A 1) 65 A B A& A R % B ( KEGG
orthology ) LUXT, 345 R A 28 S A i3 Bl A R R i 73
Wy BA Z A DI BE A AH LR (181 5) . FT 19 KO
T 49 S 5 AEBHARSCEE A, e B - 1)
AR REZ L. Horr, 11 4> KO 78 do i i i
FHEWHY, 14 4~ KO 7E d0 A1 d90 A T d30
F1d60, 13 4~ KO 7£ d60 F1 d90 . #E— i A
Sk LR R £ R SE P | H B 5 AR
JFH B R 4 T D B s R pmoA—am'oA\. p.m'éB—a-moB
F pmoC-amoC , Fll A [ il 1) éﬁ@%lﬂ hao ,
T L A (2B P mord RLstorB TRy
TTIREREIN 5 RAAU S it A e i £ B il
PRI 4 106 G A S R o , TR S R A A
7 9 I R A i, K £ LI A Bt
A hasB; BFSURRALIt R 50 B o A SRR (g
WA SRR SRS T narG, I 8 1 A 1) 240 )
B nirS # nirK , — 2 AR L 5 R G 55 AR T
norB , V4 I S8 ALV ZA SR Y 2 A% 3 T nosZ. RIS,
REAU I VS A R 5 7] Ak 8 T il 1 4 5 25 K]
nasA .narB AL I8 J5 R %) G B 55 ) napA | 0 Al 2
ER AL I8 Br il 1) G i 2 ) nirA  nirB 15 A6 A i il
B GRS HE R nofA. IRAE AR Sl B2, i AL R Y
pmoA-amoA | pmoB-amoB F pmoC-amoC =F & 23411
EF, T hao - J5 5 BLH Je N5 BEAR A 3, X
A A TR nirS 72 B2 B K 52 BG4
AEE s A FER narG nirK F1 norB ~F- JE#Ji&
B S TR S THE SO T nirS Ml nosZ - JE#R
UL ST T e T i T BR R 0. PRV AL S 3
SRR EEER 2R Rl AL iR R 1Y nasA B AL A TR napA
FJE RS TR R HIRE: A1k 14 5
(1) narB RS FRER [ AL IR IR 1Y) nirB 3= B4R 2 BLH
FE TR THR SO R A, WAHIR R 5 it
JRAY nrfA B2 R R

3 it

3.1 KA A shad BRI AT
AT 7% BT 3 0 R AR b T IR A A A

Jio sl AR v AR R RS 4 2R A sk TR

LRI F] 48 A1, HAp AR W ] PR T] S



3880 EZN b}

B 2%

-‘T.Tl

do-1  do-2

L1 Hofth i P4 0 A4 5
L1 S TR A R
L5: (4Rt oem

| L fedkf

LS: fliufi: 4

L2: $idks ik

L6: ¥EE

L6: BRHERERE

L6: fuflf R4k

L4: Ak 55T

L1: SR A4 il 5 A0
14: 4G 5

Ls: w2yt Hi

L5: K

L5: s 77

L6: RERFRH

L3: {i9%%

L5: i 4

L5: pegiB i 15

L5: fied: i

LS: Lo MLA $305

L5: w2tk iz 0.5

L1: 45 R igest

L2: ®iF l
LA: SIS -JROR 2 0.5
L6: HEMERS

Li: BkqbAiis

L1: BHrmeiCigt -~
L2 gAY ,:ﬁ
BNEIE 25

La: 4408

L6: MRS

L3: sz

L3: {54 7 R EER

L6: BH

LS: #ifhe: HEw

L6: PI4MRLE

L1: Shaia i i fie- 5 1R it

L4: BEARI

LS: fRpe s

LIz Joft s akme kit

L1: SIERGICIH

Li: Bsftigt

LI: @RAREMALADRN

L6: ji{b RS

L6: M RE

25

d0-3  d30-1 d30-2 d30-3 d60-1 d60-2  d60-3 d90-1 d90-2  d90-3

L1 ~ 16 FR—RINRE)Z : L1 Fon AU, 12 FoRis e f BB, 13 FORFREE(R BT, 14 FOR A id 72,
LS R NP, 16 LR A HLRE; d0-1, d0-2 Rl d0-3 K do 193 A EAE, LI, T
4 FE# & PICRUSE ThREBUNAE ( —RITEER)
Fig. 4 Heatmap of PICRUS{2-based predicted function for different samples ( hierarchy level 2)

TR R BT T R TR AT
WITARAWER (K 2), X 50 AMRNEE R —
FS 2200 AR 1A S PR R AR W I A Y R R
DLBA 1717 B 5 PR AR R S A 2R e N A e = B A
ARFIRERE AW W] e 214
T A IR R A S 45 R BoR A IE
I IHE R AR A AL B B AS [ B 1) PN 4R 7 e 5
(21.09% ~29. 68% ) , HAHXT 4= B Jo i & B4k (P >

0.05) , U TE B I A A R AL i e i & 41
ARANER 0 1R 3 S Ak T A S A AL A 250 FE IR 4
AEMRGWMA L R ERERZEEN, X W2 N 48
BRI A R ARIA S 41.32% 1 EE RN, RN
a s i AR B FR I AR RE R B A R
AP ] SSTAT] TRRE IR BT TAE XS =
BEMEEER(P<0.05). KA A E &N F
BT B T (P <0.05) , i 5 #% B



8 3] FIKAE . PRAA AR Shid BN v 2R ) PICRUSR DI RE BTN 7347 3881

K00926: arcC
K00262: E1.4.1.4, gdhd
KO3385: nrfA
K15876: nifH
K10534: NR
KO00260: gudB, roct;
KO05601: hep
KO00531: anft;
KO02586: nifD
K02588: nifH
K02591: nifK
KO0284: GLUL gltS
K00360: nasB
K00264: GLT1
KO01673: cynl,can
KO1915: gind, GLUL

- K02305: nor( 2
| K02567: napd

| K02568: napht

| K01674: can

| K04561: nor !
K00459: ned2, npd

K00366: nird

K00374: narl narl

| | K01455:E3.5.149
| K0I72S:comS |

KO00368: nirk

I | K15371: GDH2 -1
- KI5579: nmD,cynD)

K10535: hao

K00362: nirl3 |
KO00367: narh -2 J
KO00371: narH narY nxr
KO01501: E3.5.5.1

KO00372: nasd

| KO0370: narGnarZnxrA
- K02575: NRT,narK, nrtl’,nasA
KI15577: nrtB,nask,cynB
K15578: nrtCnasD

K15576: nrid,nasl’,cvnd
K15864: nirS

K00376: nosZ

K00265: gltB

K00266: gl

KO0363: nirD

| K00261: GLUD1_2,gefiiA
K10946: pmoC-amoC
K10944: pmod-amod
K10945: pmoB-amoB

do-1 do-2  d0-3 d30-1 d30-2 d30-3 d60-1 d60-2 d60-3 d90-1 d90-2 d90-3
Es5 mARBIHEX KO EEENHHE

Fig. 5 Heatmap of nitrogen metabolism-related KO based on predicted gene copy

P R RBCR. s S W [ I M R A AL R G
W BB O, SR AT AR,
e I B TA DAy 2 DR S 2 A A UK T e e ) B 2 4
R =T, Ko 2 5 B A HLA I R A 72
TER S A AR VLA N E BRI TR A S R &
Py AW R R B S S ALY R
AN AR e, O HLAE (2 BERIURE 15 Ve I A5 R e
D7 TR HEAE IS B R B R AL A T R B, IR
SEAL R GT N HV R T] AT A TR A A ) B Al
DR R PR A7 i T IR SR 2 A A B T O e i AR

KRR 1, AT G B IR SR AL T R
N Candidatus _Brocadia F Candidatus_ Kuenenia , ‘&
TR Sy J2 52 6 38 s o7 i v 1) 32 28 IR 4R 4 AL
B %% Candidatus _Brocadia #H X} 3 B bt 25 5 30
B AT AL TR A (P <0.05)  JF(EEAT
d90 1A% 8. 08% ; 1M Candidatus_Kuenenia FAXF 3= &
MIFE d60 Wi 2 i T H B[R] 33X AT g & i T & X
FEFOR R 35 N 7 T E . R shad B, | AR
47.13 mg-L' B L HE 5 5] 115,56 mg-L~", WA A
W 49.37 mg-L ™' & L3 5 149. 72 mg L7,



3882 2D 53

B 42 %

Candidatus _Brocadia ¥ 3 J§i 55 F1 77 55 {H 25 J1 5%,
1M Candidatus_Kuenenia W G&H] HIER R FE A A AT
LG Al A5 R T 520 | norank_f _norank _
o_SBRI1031 F1 norank_f_Anaerolineaceae HE EIRE
AL ORI EE ), Anaerolineaceae 7E IV
BN R IECE W R AR VR T Denitratisoma
Ml Ignavibacterium H. A5 K Y 4k 3h g,
Limnobacter FAT BRI FLER 5508 PR AR S S8 A 1R 52 W)
MVER . IRE R AL R G s v, R 4%
FAE R R RMEAEERE, BATE R G0 shid v k3%
TEEEM, A RE A A E QS 1S A
B gE A KRB, o — I A B TR T R A
ROR.

F£F Sobs ., Shannon ., Simpson, Chaol #1 PD #§
Boo RAA A AR shid B A R IR 2 RE AT T
5, H 11 Sobs I Chaol $ £ 28 % B FH R VA 1
Ff 428 B2 ; Shannon Fl Simpson %E%AIFFJ}E&E}M%;@
YURETE ZHEVE; PD HEBUR I R 2 BN T e
WIRETE DT, FL IR B 2 58 T ) P = P R 3 A 8
SR P 3% 608 9, e
PR e 5 LA 1O BT 5 45 R 2 T e
T it G A 2R 57 A W o P 0
R T 5 8 1 0 S G I A% 1A
TP S38 Be 0. A0F 9 B, Wl 2 DA B AU A

PERE BT, BUE MR Z BRI R T

A IR BT 5 R B, — (R R KR AR
TR A A B AR S S o B T 2 R
FEHUEH AR N5 Chu %697 BOBRE R, —
PRl D 4 SRR A R B e e
T MR e L DR U AL R S B s
et P B 7 B A R 2 A (R R W 5
BN L RA—B. NMDS 43 Hras R & RA A
G RGN 3L A, M W O 9 17 E T 2
615 SERRGE. L PR R R B B Bk
PR R T 0 5 e, 8 SO A
L% P L EDE , B2 PR SRS R 3
R AR 2 17 B B, B W 7 5 2t TR
AT CUA R R R R R S U
ARG TIFSE 5 A SRR 45 45 © A B 45 A
RTINSy S 2 R e 3
ELB RS AR E 8 1T W B, SR 9 45 4
T RE 5 TR T YT 7 R SRR
415 ) 15 A 3O 4 14 R R T R 30 T
EESNIEV/ESYNVstel (0= MV WL I
TFIRE K56 e, P98 R G2 0 ANV v P 5
250 5 R 150 M R R D £ 5 R

3.2 RAEEALIE Sh AN B RE TS T B ST
FIF PICRUSK I 48 A ML 3R 2 it s it P2 40
BIRETE DY BRI AT TN, 45 5L 7%, ik AR ] ]
NP RETE SN AT LR BRI SE 6 25 E ki
e BRI WA SR RS (5 S5 S R
RR IR A0 A I 55 98 T A A AR 5 46 4~ T30
i, SIS B DO R £ REbE. TR R AL Bl B
RIFIN ], — A R % 5, A%
STy PR A B2 5 B AR A DG T A L AR A HL
FEAMRIHE R A A B i B R 2 e (Y
TR BEoh, R R AL B AR R i, — % 30
AEJZ (0T ARSI - BE 7R 25 5. DA BIFE M R
TN BB, B G ARG RS , R GE
H IRV AL A S5 B 2 R et A A1) sscm]
AEIIE— A G SN B ¥ D R 2L L A 05 S T o
R, LR AR R (e S 5
53T TS T A PR 9 Al 3R 55 5 20y Bl 3 TR i
o R 3 A4 2 1 T R 1
BRI 5 K B R G A 23K 20 £ R
R L, B MU (e 1 00T At
R T R R R, B AR (5 5 4 5 A
AR LT S B IR F T, O LA
s B el R T R R R D
AL BB LR, AW gD R AL
et B O A TR SRR R, B
oA PR R R AR R R AR X DI RE T Y
AR, T TR R R o I P TR TR 5
A A b AR Al PR = S P .

vE— SR AR AL I A S SRR
R YA SE T RE LA, 3L 49 4~ KO FER N & ACHT,
B T 4k RO AR MHE . AR R A
FALSE BRI AT AnAOB, T 3 2yt B2 h L T
BERITES S50 AnAOB I T 4 WEAIS , B 25 e 33
T2 AnAOB ki 5 4 FLIEHE4R TS 1022 | AR 3%
IREHEPR nirS 2 BE 52 B RE ARUS T 5. 5 BRI,
R AR LY S RSP R O T 5 9%, T b %
S SRR AR 0 DL | 5 A LA
FHA [ RGN RIS AL
B AR AL A TR , AR S A AL R e
W WL SAE AL Denitratisoma 1 Ignavibacterium , 4
2R 6 )l 25 PR A e R MR T
AWFFEIN , IR T RE 2 5 1 PR 0 Bt 0
(O BEL A DAL R S5 1 36 D il 5 AT 7
SR AR AL B 1 T B AR
—E HBIHINO, NP 33 A] fl 2 AR 6 7] 136 JE A
SR SRR 6 DR~ 7 Ak ) 7 P 7 R



8 1 VKSR E AR S FRAN R R VE 2414 % PICRUSR D78 T 434 3883

R RESRE AT BY TR A B A R SR A AL Bt 72
A PIRER S5 H DiRe S T ARCR I C R AR 5T
T PICRUS®2 Wb 1 3 A= W 0% Dl S At
AREL | % JEF] PICRUS®R By R FRYE 5 22 454
T PRI AR R A58 IR AR 2 A Ak a8l s e
BT R AR RIS DI RE.

4 Hig

(1) 5T et B U P BRI 1 IR R AL

Sl AR AN R 7 LA, A I 2 48 4177 840 4 5

Ja s R, UK BT SRS PR

BEHTRR ] R ] JERERR ] FEAT R EL R

FPEGAGE T A XS 32 B S B B2 22 5% (P <0.05)

JEAKEAIXS ZE EHEZ /T 10 B JE P Ignavibacterium |

norank_ f_ Desulfarculaceae  norank _ f_PHOS-HE36 |

Candidatus_Brocadia . Candidatus_Kuenenia K1 Blvii28

_wastewater-sludge_group FAXF = JEAE1E B 3 %da’r (P

<0.05). =

(2) RAVE AL 3h il Bt AN )R 1], 4 8 %

SRR 592 7 (P <0.05 ) Bk D

SR B R A B i R rm-éj\-%ﬁ@g’a

TR 3 22 FECANOSIM : R =0. 846, P=0. 001 )¢’

(30 PRI 203 e, R o

T, LU A T B 0 — B A L

REFR BT NIER, — e TR

IR UL R S B A A,

(&) REA AR S B, MR &4 49 4

Z 5RFNBIAH I BE R K, B AN [F] ] B Be 2

St et REE A AR R S s

HU AR ER Rl 1k/ 54k 340 Jit 3k A 1 AH G Zh R L P =F

R A AR A

SE

[ 1] Oshiki M, Shimokawa M, Fujii N, e al. Physiological
characteristics of the anaerobic ammonium-oxidizing bacterium
¢ Candidatus Brocadia sinica’ [ J]. Microbiology, 2011, 157
(6): 1706-1713.

[2] Van Loosdrecht M C M, Brdjanovic D. Anticipating the next
century of wastewater treatment [ J ]. Science, 2014, 344
(6191) . 1452-1453.

[ 3] Kartal B, Van Niftrik L, Keltjens J T, et al. Anammox-growth
physiology, cell biology, and metabolism [ J ]. Advances in
Microbial Physiology, 2012, 60 211-262.

[4] JinR C, Yang G F, Yu J J, et al. The inhibition of the
Anammox process: a review[ J]. Chemical Engineering Journal ,
2012, 197 67-79.

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

[ 6] Lotti T, Kleerebezem R, Abelleira-Pereira ] M, et al. Faster

through training: the anammox case[ J]. Water Research, 2015,

(7]

[8]

[10]

[11]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

81: 261-268.
Ma B, Wang S Y, Cao S B, et al. Biological nitrogen removal
from sewage via anammox: recent advances[ J]. Bioresource
Technology, 2016, 200 981-990.
Fw, FREEE, WPAERE, GF. ORI IR S0 R S AL Ok
TGURTE B A E MR a5 22 5 [ 1], BRIERE, 2020, 41
(5): 2358-2366.
Jiang Y, Guo M L, Xie J X, e al. Characteristics of
ANAMMOX granular sludge and differences in microbial
community structure under different culture conditions [ J ].
Environmental Science, 2020, 41(5) : 2358-2366.
Guo JH, Ni BJ, Han X Y, et al. Unraveling microbial structure
and diversity of activated sludge in a full-scale simultaneous
nitrogen and phosphorus removal plant using metagenomic
sequencing[ J]. Enzyme and Microbial Technology, 2017, 102 .
16-25.
Luo J H, Chen H, Han X Y, et al. Microbial community
structure and biodiversity of size-fractionated granules in a partial
nitritation-anammox process [ J ]. FEMS Microbiology Ecology,
2017, 93(6) , doi: 10.1093/femsec/fix02L. ~ -
G, Mk, s, S RIR A i S S dle 12 v
AR B M B IAFREL T ] PR 2019, 4I,0'(3) : 1405-
1. =
RenJ Y, Chen LY, Li HIIC, et al. ANAMMOX rgalg,t.flor with two
kinds of] “inoculat};d‘slhdge; start-up and kinetics‘"char_a@féri_g&fés
[J]. Envirnnméntal S ,ienc?l, 2019, 40(3) . 1405- 141._‘1_.
SRR R | . R i A
TRAHIRRIEL 1] FR5gREE, 2017, 38(12) : 5184-5191. =
Wang 3Y , | Zhang JM, |\ Jiang Y, et 4. étarl—up and
sﬁs of the | microbial community " ‘structure/™ of
ANAMMOX [ J]. Environmental Science, 2017, 38(12) ‘;"'53184-
5191. .
Langille M G I, Zaneveld J,.. Caporaso J G, et al. Predictive

charatteri

functional profiling of microbial communities using 16S rRNA
marker gene sequences [ J |. Nature Biotechnology, 2013, 31
(9): 814-821.

Douglas G M, Maffei V J, Zaneveld J R, et al. PICRUS®2 for
prediction of metagenome functions[ J]. Nature Biotechnology,
2020, 38(6) : 685-688.

HKAE, Hf, PhG, S PRI R X 362 V7 Ui 40 R R 9 4
5 PICRUSt i BUM G3 #fr [ J]. 3R EERES2, 2019, 40(3) .
1252- 1260.

Zhang F, Tian W, Sun F, et al. Community structure and
predictive functional analysis of surface water bacterioplankton in
the Danjiangkou reservoir[ J]. Environmental Science, 2019, 40
(3): 1252-1260.

HORH, S, IR, SF. iU A SR SR K AT
TEEACHNE TR SE M [ 1], SRBIRLA2#4R, 2018, 38(2):
457-466.

Dong Z Y, Hong M, Hu H J, et al. Effect of excess nitrogen
loading on the metabolic potential of the bacterial community in
oligotrophic coastal water [ J]. Acta Scientiae Circumstantiae,
2018, 38(2): 457-466.

Li X J, Sun S, Yuan HY, et al. Mainstream upflow nitritation-
anammox system with hybrid anaerobic pretreatment: long-term
performance and microbial community dynamics [ J]. Water
Research, 2017, 125, 298-308.

Bolyen E, Rideout J] R, Dillon M R, et al. Reproducible,
interactive,, scalable and extensible microbiome data science using
QIIME 2[J]. Nature Biotechnology, 2019, 37(8) : 852-857.
Callahan B J, McMurdie P J, Rosen M J, et al. DADA2 : high-



3884 7D 53

Es 2 &

[20]

(23]

[24]

[25]

[26]

AEREE 2R AT )]

resolution sample inference from Illumina amplicon data [ ] ].
Nature Methods, 2016, 13(7) : 581-583.

Katoh K, Misawa K, Kuma K I, et al. MAFFT: a novel method
for rapid multiple sequence alignment based on fast Fourier
transform[ J ]. Nucleic Acids Research, 2002, 30 (14) . 3059-
3066.

Price M N, Dehal P S, Arkin A P. FasiTree 2-approximately

maximum-likelihood trees for large alignments[J]. PLoS One,
2010, 5(3), doi: 10.1371/journal. pone. 0009490.
Bokulich N A, Kaehler B D, Rideout J R, et al. Optimizing

taxonomic classification of marker-gene amplicon sequences with
QIIME 2’s 2-feature-classifier plugin[ J]. Microbiome, 2018, 6
(1), doi; 10.1186/s40168-018-0470-z.

Wang G P, Zhang D, Xu Y,

strategies and the effect of temperature fluctuations on the

et al. Comparing two start up

performance of mainstream anammox reactors[ J]. Chemosphere ,
2018, 209 632-639.
Liu W R, Yang D H, Chen W ],

sequencing-based microbial characterization of size fractionated

et al. High-throughput
biomass in an anoxic anammox reactor for low-strength wastewater
at low temperatures [ J]. Bioresource Technology, 2017, 231
45-52. -
Gonzalez-Gil G, Sougrat R, Behzad A R, { *Miémhial

community composition and ultrastructure of granules from a full-
scale anammox reactor[ J |. Microbial Ecolugj; 2015, 70 ; /118-131.

et al.

WE, TG, %Im,# PR AR A B A T A RERE
. RERLE, 2017, 33(4);1‘554-“

1580. ./ £ : yIr u,.‘r’”

Cao Y, Wzﬁlg. T Y Qin Y J, .f k] Nltmgen I;emqval
and  diversity

characteri§tics of microbial / commumty "in

_+ ANAMMOX reactor[]] Environmental Smence 2017 ,-‘38(4)

[27]

[28]

[29]

1544 1550, &

Xle 7ZF] ang W, Wa‘ng QY, et al An anaerok;;c dynaﬂr/
/ membrane'bioreactor (AnDMBR) for landﬁll"leachale treatme

pel‘fbrmance and microbial community identification [ J ].
Bioresource Technology, 2014, 161 29-39.
WRELZE, KT, JEERBL, 4F. AETRNEEIT A ABR A
ARSI A5 4% B 25 A0 TR RE T R AR 0 AT [0 ). BRI
2016, 37(7) : 2652-2658.

Chen C J, Zhang H Q, Wang Y Q,
microbial community in each compartment of ABR ANAMMOX

et al. Characteristics of

reactor based on high-throughput sequencing[ J]. Environmental
Science, 2016, 37(7) : 2652-2658.

Lawson C E, Wu S, Bhattacharjee A S, et al. Metabolic network
analysis reveals microbial community interactions in anammox
granules[ J]. Nature Communications, 2017, 8, doi: 10. 1038/
ncomms15416.

Brenner D J, Krieg N R, Staley J T. Bergey’s manual of
systematic bacteriology [ M]. New York: Springer, 2005.

Hu M, Wang X H, Wen X H,

structures in different wastewater treatment plants as revealed by

et al. Microbial community

454-pyrosequencing analysis [ J ]. Bioresource Technology,
2012, 117 72-79.
Bjornsson L, Hugenholtz P, Tyson G W,

Chloroflexi ( green non-sulfur bacteria )

et al. Filamentous
are abundant in
wastewater treatment processes with biological nutrient removal
[J]. Microbiology, 2002, 148 (Pt 8) : 2309-2318.

Kindaichi T, Yuri S, Ozaki N, et al. Ecophysiological role and
function of uncultured Chloroflexi in an anammox reactor [ J ].
Water Science and Technology, 2012, 66(12) . 2556-2561.
Cao S B, Du R, Li B K,

et al. High-throughput profiling of

[35]

[36]

[37]

[38]

[39]

[43]

[44]

[45]

[46]

[47]

[48]

microbial community structures in an ANAMMOX-UASB reactor
treating high-strength wastewater[ J ].
Biotechnology, 2016, 100(14) . 6457-6467.
Zhao Y P, Liu S F,

metagenomics analysis reveals the symbiotic organisms possessing

Applied Microbiology and

Jiang B, et al. Genome-centered
ability to cross-feed with anammox bacteria in anammox consortia
[J]. Environmental Science & Technology, 2018, 52 (19):
11285-11296.

W5, XU, EREN, & AR R Y iy PR A AL N
A SRR B R S A LR AT [T BRIR AL
2017, 37(7) . 2543-2551.

Yao F, Liu B, Wang D P, Start-up of ANAMMOX
enrichment with different inoculated sludge and analysis of
microbial community shift [ J ].
Circumstantiae, 2017, 37(7) : 2543-2551.
Schmid M C, Maas B, Dapena A, et al.
detection of anaerobic ammonium-oxidizing ( anammox ) bacteria
[J]. Applied and Environmental Microbiology, 2005, 71(4) .
1677-1684.

Wang D P, Li T, Huang K L,
functional bacteria and’ genes in the start-up O'L%fxltlultaneous

et al.

structure Acta Scientiae

Biomarkers for in situ

et al. Roles q;ld.ﬂ(‘)frelations of

anammox and demtrlfi( -ation system for enhandéd nltmé,en removal
[Jl. %cwnce of the Total Environment, 201_9-’, +A1355-
1363. | \ .

Van Der Star W ReL,*Miclea"A I, Van Dongen U""(] T MY et. al
The membrane.rhloreac or: a novel tool to grow anammoxsbacteria
as freb ce'lls[]] Blotechnology and Bioengineering, 2008 , 101“
(2): 286-294; [ I . --". .
Puyol ]5 Carvajal-Arroyo ] M, Garcia B i Klnet'l'(:
chara(‘tend{wn of Brocddm spp. -dominated ananimox cultiies
[]].| Biotesourée Technology ,1 2013, 139 94-100. .‘“"'J
Zhang L., Narita Y, Gao L, et al. Microbial competition among
Water

et al.

anammox bacteria in nitrite-limited bioreactors [J].
Research, 2017, 125, 249-258.

Xia Y, Wang Y B, Wang Y,
cellulolytic capacity in anaerolineae revealed by omics-based
genome interpretation[ J]. Biotechnology for Biofuels, 2016, 9,
doi; 10.1186/513068-016-0524-z.
Nelson M C, Morrison M, Yu Z T.

microbial

et al. Cellular adhesiveness and

A meta-analysis of the
digesters [ J ].
102(4) : 3730-3739.

Yang W, He S L, Han M, et al. Nitrogen removal performance

diversity observed in anaerobic

Bioresource Technology, 2011,

and microbial community structure in the start-up and substrate
inhibition stages of an anammox reactor [ J |. Journal of
Bioscience and Bioengineering, 2018, 126(1) . 88-95.
[R>S, iR, BN ER, 4. IREAZE AL SBBR JA 3l #t
TRBRECE AT ()], ARAREREEAR 2019, 45(7) : 93-96.
He C X, Chu Z R, Tan B Y,
dynamics during the start-up of Anammox SBBR[ J].
of Water Treatment, 2019, 45(7) : 93-96.
Wang Y Y, Wang H Y, Zhang J Y,

evolution of the functional genes and microbial community of the

et al. Bacterial community

Technology
et al. Deciphering the
combined partial nitritation-anammox process with nitrate build-
up and its in situ restoration [ J ]. RSC Advances, 2016, 6
(113); 111702-111712.

Chu Z R, Wang K, Li X K, et al. Microbial characterization of
aggregates within a one-stage nitritation-anammox system using
high-throughput amplicon sequencing[ J]. Chemical Engineering
Journal, 2015, 262 41-48.

FE. FEXITIK A AL AL B R U A W RIS 45 5 T g
[D]. M/REE: M/RE TR, 2014

fifk Bt



8 1 VKSR E AR S FRAN R R VE 2414 % PICRUSR D78 T 434 3885

Cui D. Analysis of microbial community structure and function in dissimilatory nitrate reductase activity and nitrate reducer in the
cold aera wastewater biological systems [ D]. Harbin: Harbin sediments of Lake Donghu[J]. China Environmental Science,
Institute of Technology, 2014. 2010, 30(2) . 228-232.

[49] ZR/N, i, HUOmSEL, S5 RIUTE P dNaR 35 RIGN R [50] Chen H, Hu HY, Chen Q Q, et al. Successful start-up of the
HWRE M IE R A (T]. P EREERF, 2010, 30(2): anammox process: Influence of the seeding strategy on
228-232. performance and granule properties| J]. Bioresource Technology ,
Li X P, Fang T, Ao H Y, et al. Vertical variation of 2016, 211 594-602.

CGMERZE)BR“BMPEREFEARAT RS

2020 412 H 29 H , PEBHS ST %Zﬂ‘ﬁ/\fﬂiﬁi% , 2B Z‘ET“E@‘:PIMILHM*%@W”
B (IR RFA2) 2L 19 AR AR EZR I AR Fr5. < B Rp e E S 22 AR 1) 2 AR 4 v
BHEAARIIRIZR S IR AR AR RUEATPEE . I R AL RS I M IR R8RS HE b5 T A2
A SCERIT AR AR A T T AT, % I o2 Bk gk A ﬁ-f:lﬁ,,\ﬁﬁfétﬁ'ﬁgiﬂ/ﬁﬁ jﬂ?ﬁ@ﬂ?ﬁﬁ(&% 3? L
Iz 5. “




HUANJING KEXUE Vol.42  No.8

Environmental Science (monthly) Aug. 15, 2021

CONTENTS

Characteristics and Control Strategies on Summertime Peak Ozone Concentration in Shanghai «+«+«++sstssesssesssesensssnienensiinicnens YAN Ru-sha, WANG Hong-li, HUANG Cheng, et al. (3577)
Characteristics and Sources of VOCs at Different Ozone Concentration Levels in Tianjin WANG Wen-mei, GAO Jing-yun, XIAO Zhi-mei, et al. (3585)
Pollution Characteristics and Source Apportionment of Atmospheric VOCs During Ozone Pollution Period in the Main Urban Area of Chongging ««+«+«sssesseessessesenssmmienensinincneenns
..................................................................................................................................................................... 11 Ling, LI Zhen-liang, ZHANG Dan, et al. (3595)
Emission Characteristics and Atmospheric Chemical Reactivity of Volatile Organic Compounds( VOCs) in Automobile Repair Industry -+ CHEN Peng, ZHANG Yue, ZHANG Liang, et al. (3604)
Analysis of the Continuous Heavy Pollution Process in the Winter of 2016 in Beijing, Tianjin, and Hebei MAO Ye, ZHANG Heng-de, ZHU Bin (3615)
Evaluation of Air Pollution Characteristics and Air Quality Improvement Effect in Beijing and Chengdu - -» DANG Ying, ZHANG Xiao-ling, RAO Xiao-gin, et al. (3622)
Chemical Components and Sources of PM, 5 and Their Evolutive Characteristics in Zhengzhou ZHAO Xiao-nan, WANG Shen-bo, YANG Jie-tu, et al. (3633)
High-frequency Responses to the COVID- 19 Shutdown of Heavy Metal Elements in PM,, 5 in Shanghai »++eseseereeseerseeeseenenenenes CHENG Kai, CHANG Yun-hua, KUANG Ya-giong, et al. (3644 )
Analysis of Ultraviolet Aerosol Index in Guangdong-Hong Kong-Macao Greater Bay Area ««+xtoetovereessmesvsnssniisiniinensnnnen DUAN Jia-le, JU Tian-zhen, HUANG Rui-rui, et al. (3652)
Vehicle Air Pollutant Emission Inventory and Characterization in Henan Province from 2016 10 2019 «+sersereeressersenseeseneneninencniens GAO Dan-dan, YIN Sha-sha, GU Xing-ke, et al. (3663 )
Characterization and Exposure Risk Assessment of Non-phthalate Plasticizers in House Dust from Guangzhou -+ + LIU Xiao-tu, PENG Chang-feng, CHEN Da, et al. (3676)
Distribution, Sources, and Risk Assessment of Polyfluoroalkyl Substances in Main Rivers and Soils of Tianjin WU Qian-gian, WU Qiang, SONG Shuai, et al. (3682)
Differentiation of Hydrogen and Oxygen Isotopes in the Water Source Treatment Wetlands of Stream Networks +«++sesseeeeessessesesieneneneenne YANG Ting, WANG Yang, XU Jing-yi, et al. (3695)
Characterizing Sources and Composition of Chromophoric Dissolved Organic Matter in a Key Drinking Water Reservoir Lake Tianmu «+eeeoeereresserenssnnsnie
......................................................................................................................................................... ZHOU Lei, ZHOU Yong-giang, ZHANG Yun-lin, et al. (3709)
Sources and Optical Dynamics of Chromophoric Dissolved Organic Matter in Different Types of Urban Water Bodies -+ YU Xiao-gin, CUI Yang, CHEN Hui-min, et al. (3719)
Temporal and Spatial Evolution Characteristics of DOM Spectra in Sediment Interstitial Water in Typical Zones of Baiyangdian Lake —«+«+eseessesressesemenninenennnncnninn s
...................................................................................................................................................... ZHOU Shi-lei, CHEN Zhao-ying, ZHANG Tian-na, et al. (3730)
Sources and Spatial Variation of Dissolved Organic Matter in Summer Water of Inflow Rivers Along Chaohu Lake Watershed -«+-«+:esseseeseee NING Cheng-wu, BAO Yan, HUANG Tao, et al. (3743)
Spatio-temporal Distribution Characteristics and Driving Factors of Zooplankton in Hongze Lake = «++eeesereereresrsinenensinniniinienen CHEN Ye, PENG Kai, ZHANG Qing-ji, et al. (3753)
Effects of Farming Practices on Soil Nitrogen and Phosphorus Concentrations and Its Loss in the Drawdown Area of the Tributary Embayment of the Three Gorges Reservoir
........................................................................................................................................................................... LUO Fang, LU Lun-hui, LI Zhe, et al. (3763)
Temporal and Spatial Evolution of Non-point Source Pollution Load of Total Nitrogen in Tuojiang River Basin = +«sseseereereeereseneneeiencnnens XIAO Yu-ting, YAO Jing, CHEN Shu, et al. (3773)
Microplastic-Induced Alterations to Antibiotic Resistance Genes in Seawater —«+seseseeeseesesssenensninineniini e ZHOU Shu-yi-dan, ZHU Yong-guan, HUANG Fu-yi (3785)
Enrichment of Antibiotic Resistant Bacteria and Antibiotic Resistance Genes by Sulfamethoxazole in the Biological Treatment System of Mariculture Wastewater —«-«eveseesesrerseseesennennenees
+=+ WANG Jin-peng, ZHAO Yang-guo, HU Yu-bo (3791 )
Optimization of Tidal-Combined Flow Constructed Wetland System and Tts Removal Effect on Antibiotic Resistance Genes -+ CHENG Yu-xiao, WU Dan, CHEN Quan-le, et al. (3799)
Temporal-spatial Distribution and Risk Assessment of Polycyclic Aromatic Hydrocarbons in Soil of Xiangxi Bay in Three Gorges Reservoir Area «-v+seseeseereeesesenensininenennincneneenes
..................................................................................................................................................................... HUANG Ying-ping, JIN Lei, ZHU Can, et al. (3808)
Spatial Distribution Pattern and Influencing Factors of Industrial Pollution Emissions in Yangtze River Economic Belt LI Yun-yi, LIU Li-ping, LIU Yuan-yuan ( 3820 )
Aging Process and DOC Analysis of Four Different Types of Plastic Particles in Freshwater Systems LI Wan-yi, LIU Zhi-lin, MIAO Ling-zhan, et al. (3829)
Promotion and Mechanisms of DOM on Copper Adsorption by Suspended Sediment Particles ++= DING Xiang, LI Zhong-wu, XU Wei-hua, et al. (3837)
Transformation Characteristics of Dissolved Organic Matter During UV/Chlorine Treatment of Municipal Secondary Effluent +-++++s+-++: WANG Xue-ning, ZHANG Bing-liang, PAN Bing-cai (3847)
Effects of Different Nitrite Generation on the Short-cut Nitrification Denitrifying Phosphorus Removal Granules System «+«esessesressereeesennenens WANG Wen-gi, LI Dong, GAO Xin, et al. (3858)
Ammonia Nitrogen Removal Performance with Parallel Operation of Conventional and Inverted A%/0 Sewage Treatment Processes in Winter -+ LI Jin-cheng, GUO Ya-ni, QI Rong, et al. (3866)
Diversity and PICRUSt2-based Predicted Functional Analysis of Bacterial Communities During the Start-up of ANAMMOX -+ YAN Bing, FU Jia-qi, XIA Song, et al. (3875)
Microbial Community Structure of Activated Sludge and Its Response to Environmental Factors —+««+xesesseseesessssmenssenensnsineneens MA Qie-gie, YUAN Ling-jiang, NIU Ze-dong, et al. (3886)
Distribution and Sources of Microplastics in Farmland Soil Along the Fenhe River «++:toeeveesesrevesvsineisiniinennininene ZHU Yu-en, WEN Han-xuan, LI Tang-hui-xian, et al. (3894 )
Source Apportionment of Soil PAHs in Lanzhou Based on GIS and APCS-MLR Model = «+«+seseereereereeesenenenenincneninincniens GUAN Xian-xian, ZHOU Xiao-ping, LEI Chun-ni, et al. (3904)
Migration, Transformation Characteristics, and Ecological Risk Evaluation of Heavy Metal Fractions in Cultivated Soil Profiles in a Typical Carbonate-Covered Area —+-«+sessesreeeesesneneenes
-+ TANG Shi-qi, LIU Xiu-jin, YANG Ke, et al. (3913)
Effect of Elevated CO, on N,O Emissions from Different Rice Cultivars in Rice Fields «+++++++: YU Hai-yang, HUANG Qiong, WANG Tian-yu, et al. (3924)
Effects of Coconut Chaff Biochar Amendment on Methane and Nitrous Oxide Emissions from Paddy Fields in Hot Areas «+:eoveseeseereseens WANG Zi-jun, WANG Hong-hao, LI Jin-qiu, et al. (3931)
Effects of Biochar Addition Under Different Water Management Conditions on N,0 Emission From Paddy Soils in Northern Hainan ««+e+s+esverererrsrerenresnmnenneiinnscne e
......................................................................................................................................................... WANG Hong-hao, TAN Meng-yi, WANG Zi-jun, et al. (3943)
Ecological Effects of Species Diversity on Plant Growth and Physico-Chemical Properties in a Ph-Zn Mine Tailings * YANG Sheng-xiang, CAO Jian-hing, LI Feng-mei, et al. (3953 )
Investigation of Dominant Plants and Analysis of Ecological Restoration Potential in Lailishan Tin Tailings »+++«eseeeseerereesesesenens QIN Fu-rong, ZHANG Shi-ying, XIA Yun-sheng, et al. (3963)
Responses of Different Degradation Stages of Alpine Wetland on Soil Microbial Community in the Yellow River Source Zone «:+:«++++se=se-: LIN Chun-ying, LI Xi-lai, ZHANG Yu-xin, et al. (3971)
Effects of Straw Returning with Chemical Fertilizer on Soil Enzyme Activities and Microbial Community Structure in Rice-Rape Rotation ~ ++++++++ JIN Yu-ting, LI Xian-fan, CAI Ying, et al. (3985)
Shifts in Rhizosphere Bacterial Community Structure, Co-occurrence Network , and Function of Miscanthus Following Cadmium Exposure «+++- CHEN Zhao-jin, LIN Li-an, LI Ying-jun, et al. (3997)
Investigation of Soil Fungal Communities and Functionalities within Karst Paddy Fields =~ +oveeeeveeeseeressnsenensininn ZHOU Jun-bo, JIN Zhen-jiang, XIAO Xiao-yi, et al. (4005)
Adsorption Characteristics and Mechanism of Cd and Pb in Tiered Soil Profiles from a Zine Smelting Site «+++++xseseereeseesveerereneenes LIU Ling-qing, XIAO Xi-yuan, GUO Zhao-hui, et al. (4015)
Influence of Different Soil Conditioner on the Transfer and Transformation of Cadmium and Phthalate Esters in Soil = ««+sseesseeeseereees WANG Can, ZHANG Yu-hang, HE Ming-jing, et al. (4024)
Immobilization Mechanism of Four Types of Amendments on Cu and Cd in Polluted Paddy Soil =~ +«+xeseesrerrerssesenenmssninensininnenns DING Yuan, AO Shi-ying, CHEN Yi-hong, et al. (4037)
Foliar Application of L-Cysteine; Effects on the Concentration of Cd and Mineral Elements in Rice = +:esveeereeresseseseneininen ZHANG Ya-hui, WANG Chang-rong, LIU Yue-min, et al. (4045)
Effect of Cadmium Stress on Phytochelatins in Amaranthus hypochondriacus 1. During Different Growth Periods —«+«eseseeeereereeseeesenenees LIU Jia-xin, CHEN Wen-qing, YANG Li, et al. (4053)
Evolution of Material Metaholism in China’s Pulp and Paper Industry +-«ssessereesesesereneneminenniniiiiss LIU Xin, YANG Tao, WU Hui-jun, et al. (4061)



