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PCR - A 15 38 2 00 3 52 AR 98 b i %) 32 2 o R e A 0 T DRSS A Ak T ) 40 A R AE R AT o0 #r . 5 SRR
B, FEFE/K TN ¥R 779.33 mg L' BF, &7R 45 TN SF1 2 53R 51 0 75.48% . 84.90%. 77.94% F
80.16%. RN F |, Johk U5 AT A 40 W b 170 106 R A0SR B 5 A Al VR b 19 6 R RECR A T TE Wk VR TE A 0 18
M EUA A ) B R ROR AR T IR AR M. 25 1R T R E BRSSO LA R E AR, B
IR S AT R S5 A 0 35 25 5 A 1R R B AG Hh 4 PR R B AL & . Horb Candidatus Kuenenia J&
TEA TR (5 R (>90% ) . TCIIEA YR IR A A AL FE B AR R, HAMAYRhY =
TFICAEYNR e, F2 WA R A TO R 1 b 22 48 5 I R T DR AR S A i A R B, TR VR 1 S in 2 e
AEINHIVE T, (EAL ) 7 — R 2 BE L mT SR el Y50 DR AR L R AL TR AR R Bkl 456 N T b R 5 19 R 2R
NIRRT, HAERRRE L AE R A RS R U RRE & A

XKEER ATIRH, REAESAIE, BHEY, CONL, BE.

Distribution characteristics of anammox bacteria in vertical flow
constructed wetlands for treating high-nitrogen wastewater with low
carbon
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Abstract Based on different C/N ratio and plant configurations, four sets of vertical flow
constructed wetlands (CWs) were constructed to treat high-nitrogen wastewater with low-carbon. The
differences in characteristics of nitrogen pollutants treatment were studied, and the distribution

characteristics of the main functional microorganisms and anaerobic ammonia oxidation (anammox)
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bacteria were analyzed. The results showed that when the influent TN concentration was
779.33 mg-L™", the average removal efficiencies of TN in each CWs were 75.48%, 84.90%, 77.94%
and 80.16%, respectively. By comparison, the CW treatment with plants and no carbon source
showed the best nitrogen removal performance, and the CW treatment with carbon sources attained
better nitrogen treatment performance than CW treatment with no carbon sources and no plants.
Meantime, the CWs treatment with plants nitrogen treatment performance was better in than CWs
without plants. At phylum level, there were significant differences in the microbial community
structure in each CWs. Besides, there were significant differences in the structure of anammox
bacteria among CWs. Four anammox bacteria genera were detected in each CWs, in which
Candidatus Kuenenia accounted for the highest proportion (> 90%). The relative abundance of
anammox bacteria genera in CW with plants and no carbon sources was the highest, and CWs with
plants are higher than CWS without plants, indicating that CW system with plants and no carbon
sources are more conducive to the growth and reproduction of anammox bacteria. The addition of
carbon source inhibited the growth and reproduction of anammox bacteria, but plants could alleviate
the inhibition of carbon source on the growth of anammox bacteria to a certain extent. The main
nitrogen removal pathway of each CWs system was anammox process. And to varying degrees, there
was synergistic coupling of anammox process and denitrification process for nitrogen removal.

Keywords constructed wetland, anaerobic ammonia oxidation bacteria, wetland plant, C/N

ratio, nitrogen removal.

N T SR — o A A AR O T — A 1) e S8R 1 1 /K AR A A BB R . Bt N T30 ke
R T A PR SRB IR IR L B B SRR IR K IR ST P TRORT B I K S i A I K, A LR IR 1 [ =
L 38Ry Tl 24 N T3 e 5058 2R P R 38, R 12 X VR (TN ) R s 25 B 2L R I IOk, Oms Ak A FH B
MAT— B R K 15 P UG A A U (N) B ME — 3R A8, SR 7R SEBRIZ AT 3R rp B X i AR 22 7K
(A% G A Ak A0 B2 il AR 5 0 RE Bl BR 1 7E — 5 K-, HL el FAE G IR S8 i b i R i R ik U, 1T
BEAMINARIE LARD 78 A A2, DT T SO A 27 7K AR 3 v

T AR 25 0 0 DR AR S A A B T2 Sy i R [ B TR 1 a4 . IR 480 4R 1K (anaerobic
ammonia oxidation, anammox ) it B 248 75 RS 5514 F 43 il AR (NH,Y) FNE A R £5 (NO, ) 2 Fa Pk A
FE T2 R 80 I G 2, e R TE T U, FLAR B A R £ (NO5 ) AR i L i o T AE )2
BN KR, 56 i PCR M8 57 © 4 H T A T b R A A A i oe e 7L IRA A Ak
SUN IRRZY ) 411 TN DN s DN LTS e Rl S B u N - A e (o B [ SR 0 e R 2
T3 P PR AR A SR A T S B BB 2 RE PR C/N FL L 4 25 BRI DR 1 R 5 g P A ) 45 o G A
IREEEACH RS . A G EE A m e,

H T B AR A 2EE XRE C/N & T IRAE AR AN TR AE R RRAE A D 5%, (R AE R TR
C/N FN A Y 22 TR AV F T 4 X Ah 38 oo RU AP Ak 12 7K ) N T3t v R 4 B2 S AR TR O A7 A R AE 200 1
ZHRGE. FET I, A SGEA R E C/N AP B S, A HE 4 20 1 B N T8 Ho A 27 IR R K, %48
210 b T LTS Y W 0 22 6 25 s R 28O 5E B PCR A i 5 0 5 AR, X HU I 9% 4% 10 1 1) B A o ek
W% . FEIREA Y BOR E A AL AR R AL, HE— 20T O/N AR AR Y 2 R A VR X b
DR AR 2 AL TR 1) 5 T A

1 MBS i (Materials and methods)

1.1 SCEO%EE
4 213 FIR N TR S N 283 FH 3 mm JE B9 A HLBE A TA EE, [ b s RS #4°8 20 cm x 17.0 cm x
40 cm. SR (BR A7) B A A0 3 & ZARBR IE K1) L 3247 3 R E 1w A TR 24,



8 14 R KA b Py AR O 7 2 3 A T i DR AR S S A TR 20 A1 AR 2705

AN T M A BEOR 2 85 B2 R 30 om, Bk A3 REAR 5341 R 5—22 mm, FLERER K 0.38, 4 R & 0 35 em. L
1551 % O =Wyl = 1 v v O 8 Y ) [V 3o
1.2 BT 5 B S5 FH K

FRYEHE K C/N ELFIVE H A P i 8 4 S N TR b 35l 44 o T1, T2, T3, T4, EAR K (1) T1: Johk
JE(C/N=0), TCIEHAEY); (2) T2: ToARIFE(C/N =0), W HIAEY h 5 ;5 (3)T3: AIE(C/N=0.5), il
HIAE Y (4) T4: A HRIE(C/N =0.5), JRHUAE Y 0 5 8. 4 A8 b s N 25 292k FH [T EREE K, R 3 h, &
FE KB BE 0.5 h RIS B BE 2.5 h, K I A fi Y90 2 omed ™' A% 3 35 56 5 /K R 480 AL T v AUAG Be
P, A6 F K O N TR RIS ), HesZ PRk /K A9 NH,-N(NH,C1) . NO, -N(NaNO,) . NO;-N(KNO;)
TN A 5 16 B 0 1) 0 (282.58+16.58) . (395.98+24.31) , (88.03+19.26) . (779.33+53.38) mg-L™'; #i%i
WE R A LR IR, COD ¥ B2 4% 7 e il 25 Wb 1 7K o7 45 B IF () 34 28 4.1 d. 38 o v 26 80 (2H 2 >99.9% ) Xt
T ML TC A B 0.5 h 425 11 1 it A 7K V4 48 DO<1 mg- L. 37K pH {H#5HI7E 7.5—8.5. £ 10 (135 17T 485
JE A (2542) °C. K18 ITUhia 17 2 8, s 1T 40 d LIVK A 18 s i W 03 vk, 2 5 PR IE s 4T, 18
FTEFRIA 90 d.
1.3 FERCRESRAF

IESGE AT HAR], 25 W0 b 1 R KRE SR AR R I S g 2 RORAR 1 IR AWM T 45 A (56 90 K) ),
PEAT HURLRE S R4, BN M 1R [H]JZ2 (0—10, 10—20., 20—30 cm) RAEFRIEE S, RS WA R
W HARAE T 20 °C 1F DNA WIS 2200 T 2L 024 1 7 AT
1.4 W H Rk
141 KBTI

K36 HR NHy-N, NO, -N. NO; =N HI TN B 2 B8 CROFTEE K Wil 538 512 ) (o5 MO i ) Y. 375 fie
SR pH il 5 SR F Muti 3620 IDS 7K J& 730X
1.42 DNA 2 PCR ¥ 14

W R 45 3 110 Y SEURL 28 PR R B A HR T VR 3 R E A B ER K P, AR VRO 28 0.2 pm YK R UE
R HH 0 , YR8 1 S 2E P B AE AE TR AR 1, R BB i, L F DNA B4 HL. 12 b0k DNA $2BCR
H FastDNATM Spin Kit for Soil DNA 2§ 57| & (MP Biomedicals, USA), Jf F Nano Drop 2000UV-Vis
Spectrophotometer( Thermo Fisher Scientific, USA) | & DNA ¥ . Sk H 5|4 Amx368{/Amx820r 4/ 34 X
S AT 16S rRNA JEFR R B SR FH 1% S F UKk U 47 14 7= 1y o 15t Ry M. PCR 43 7= 1%
FIRAZEAIE 16S rRNA FURLARE S 1 £ (G5 49, 1), ikl pMD 18-T. HARKEEH & #5149
FP 5 BB KGR I 1 fR.

F 1 HEREFEEET YT AR KR E

Table 1 Primer sequences and annealing temperature for target genes of q-PCR

HArJER ElL7) 17 (537 B JRLEE/ C IR Ep B
Target gene Primers Primer sequences Annealing temperature Primer length Reference
Amx368f TTCGCAATGCCCGAAAGG
Anammox 16S rRNA 56 470 [12]

Amx820r AAAACCCCTCTACTAGTGCCC

1.4.3 926 B PCR FI7 i & 00 0Bt

7 6 = PCR: K A & A b 16S rRNA 2 (K % & & H TransStart® Top Green qPCR
SuperMix( SuperMix) i ) £ (x4, JbaT) #4728 56 % it PCR(qPCR) /2 )i ( LightCycler480 IT, Roche,
Germany) . JH 51 ¥ Amx368f/Amx820r & f K 48 24 4 1k I 16S rRNA 11 ¥ UL %, 20 pL 2 b 1A & Hy
DNA #4z 2 uL, 51414% 0.4 pL, SuperMix 10 pL, ddH,0 7.2 pL, JZ W FE5 H: 94 °C 305, 94 °C 55, 56 C
15,72 °C 10's, 40 MEEF. FEAFE S 3 UOTAT, B85 Y HERCRAE 90%—110% Z ], 7] e R 5L R
> 0.99, Wik it 4 Ay B — 1.

o 38 s 4R AT SEDRMRE B DNA 2642 TAEY) T8 (1) 24 W] I Jié Miseq =y 38 2 U 7. 21 76
16sRNA 1) V3-V4 XI5 1) PCR § 345|914 341F(CCTACGGGNGGCWGCAG) 1 805R(GACTACHVGG
GTATCTAATCC).
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1.4.4 BHE0HT
F FHAN Origin 8.0 i1 SPSS A4, #E47 854k 73 A A2 18], IR FH ¥R 2 7 2 (One-way ANOVA) 434fF
S AF B (B) 4 22 S, L KOl P<0.05. [ RE SC B S ST Y b v 2%

2 75 535018 (Results and discussion)

2.1 AEBRBCERXS I

2290 d W35 17, 4 AN IR H X NH, N, NO, -N, NO; -N F1 TN A Z=BR&CR i 1 fros. T, T2,
T3 il T4 %F NH,"-N A9 R BR 2 7351 0 (93.52+1.72) %, (96.7442.16) %. (94.50+3.35) % F1(95.97+2.52) %,
EBRROR b, T B 22 5 (P>0.05), Horb T2 A9 L BRECR A, LAk T2 X NO, -N 1) 22 B R IR i
B, 8 (93.06+7.91) %, T1 1B HE 25 R AR, XK (77.96+11.72) %, T1 Fl T2 %F NO, -N 14 £ R 1A 16 B 3%
P25 5 (P<0.05). T1. T2, T3 F1 T4 H NO5 -N ¥4 AN [ F2 B2 A 25 B, 2 B T4<T3<T2<T1, X KU A HEY)
(1 M NO5™-N A= B 2t B 40% T JCAH P 10 L, A3 e Y 008l 330 AIK F e A U 02 1, 3% 5 Lin 5519 #F 98 — 2.
TN VE R 25 % N T b B A0 M RE O 2448 45, T1. T2, T3 I T4 19 TN £ BR 253 51 4 (75.48+6.41) %,
(84.90+3.96)%. (77.94+7.43)% F1(80.16+4.32)%, H T2 5 T1. T3, T4 X TN B LRI B EE2EF
(P<0.05). T1 #1 T2 H1 C/N & 0, T3 £ T4 Hf C/N(=0.5) JREAIG, {H A 1B 1A & 7 H A8 1) TN R BRaiUR
HA¥EBE NOy-N AR, 1M Bz il P fi 0 P 7 2 2 8 (X i VR ( C/N=2—35) 1 kg Hi 1~ (A28 i i 8 7 Ak ok 2R
A, PR A A B R NH, N FINO, -N #Ab &S, A AE B NOy-N, it B IO TR i i, P s
DR AR a2 SR A 2 A0l /0TS e ) B ) R 2R AR

100 - 110 -
(a) T T (b)

N T I S T
B T i Z 100}
4 90 L& ‘[
z 2
Z < o9k l [
o =}
g‘ 80 {>)> L
5 5 sof |
2 2
g 70r S 0
= = 701
2 2
£ L 5 I
2 60 ~ 60|

50 1 50 1
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r (c) 100 (@

w
=3
T
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¢ I

S

T T
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3]
(=)
T
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1\(
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w
S
EER R
Removal efficiency of TN/%
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[

e

e |

—_
(=)
T

f=}

B 1 NH,-N (a). NO,-N (b). NO;-N (c) F1 TN (d) 1 2= BRas -
Fig.1 Treatment performance of NH,"-N (a), NO,-N (b), NO5™-N (c) and TN (d)
T1., T2, T3 FI T4 () TN Z:BRAECR BB T1<T3<T4<T2, 2 W4 A 4 J0RR I 15 Hh (14 B SRUR0 R e A5
A B TE R b Y B ORI T TR U8 TC AR I M s H AT AR I M B0 B R RCR G T IE A Y0 . Lin S50
K AINBRIE T , PR YRR £ BR NOs™-N BURE ) W1 8 & TICAH e it . JHE FH S50 K 3, A B IR A
T R GERT NH,-N TN 0 2 BRBCR AL TA7 B IR O RGN L BRRCR, SAWT T — 2. 1k, 4
B DA B T S A A, 25 BR—R 70t PRAR S AL B2 77 A2 B9 NOS™-N, i TN A9 5 BRABBCR M
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2.2 PRAAGEACTR B 4

SR 4R B (1) 10 Hb SEURERE F B2 B0 DNA J5 , £ X0 R 48 2 446 B 16S tRNA 6 Rl 17 PCR 97 3% 9 48
1% E I HL UKARE S PR AGH I, 4] 2046 1 25 1 b v A A IR S 2 AT, 2 5l 3k qPCR JE & EURME il P B IR
A A AT 16S IRNA JEPH# U1 %L, Anammox bacterial 16S rRNA &2 5 R & 2 4 #2f NH,-N I
NO, -N H b 1) S Bl L R, IR A0 2 80 A0 18T 178 66 DX 3 B2 40 A AR AR G 81 2 7. T, T2, T3 Fil T4 Wi Hh iy IR
AR AL L R S R 3 ) A 2.20 x 10°, 2.88 x 10%, 2.34 x 10%, 2.42 x 10° copies-g ™. #%¢ T T1. T3 Fl
T4 H A PR AR 2 S8 A TR DR 2 B s At v, (ELB AR B 3, T T2 A RS A A A A T T o B 98 o e
K, X % B A AR ) T B U5 7 1 b 2R 495 1T BB R A R T IR AR U AR A TR A AR K A, T RBE R AR AR PR 1
b 8 - -l A - DR SO SR A i T DA AR A 1 A A, AR AR B2 43 h— 3B 43 B U, 76 B A Ak 1T
(AR T ) FE B UR0KE B R 48 ok S0 il Rk Ay IR 4R S AL R AL iSO,

3.5X 108

D)
w
o
X
=
>
T
=

ies g

25X 108 I

—H

T
——
-

20X10%

T

1.5%108

Genes abundance/(cop

1.0X108

30107 ™ = T4
Reactor
B2 DR AT R 2 B4 A Rk
Fig.2 Distribution characteristics of genes abundance of anammox bacteria
2.3 FEEIBEMEYFHIE
231 BUEEYIRER M (1K)

FET RN AS 90 d AT, I s s DU Y B AR XT 4 40N TR ) T A WU RE VR S5 A A 750, ] 3
s, TTHXT KT 1%. i E 3 7] %1, Z2JE &% 1] (Proteobacteria), 17 % | ] (Planctomycetes), £k 25
I'] (Chloroflexi). L4 R[] (Actinobacteria) FIFLAT &[] (Bacterodidetes) 55 7 £ A T Hh o AH X =F FE 44
[EPRER Y/ NRIRITS: L 1172 = K2R @ At 3 DL e LA

100

23
<
T

‘enavibacteriae
Actinobacteria
Chloroflexi
Gemmatimonadetes
“ Bacteroidetes
Armatimonadetes
B Planctomycetes
Acidobacteria
Firmicutes
Proteobacteria

o
<

=
<

Relative abundance/%

[\~]
<

Reactor
B3 TIKE BRI R
Fig.3 Comparison of microbial communities at the phylum level
IR & VF 22 5 k- S A R B2 A AL A Y R i i AL R T R ™), AR T Ho A A
VA AR TP A AR 2 B 4 fi g (>40% ) . IR AL TR B TR 8 1], PO AT B e 4% 3 3
(i PR E S AR PERE. T, T2, T3 F1 T4 3 3 (9 97 55 B [ A9 AR X =2 B2 A7 A6 B8 3% 25 5%, 20 il O 13.38%,
17.48%. 6.54%. 8.14%, SR WIREY) A7 B T )00 o 4R A FE 0 AR T, AT AL SR 30 L 4 okl 4 0, 5 D00 st
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PRI AT BB A AL DR AR 2 S A T AR A i . SR TR R R A 2 R G w0 WL B 4w, Al = AR A= )
HEE 25 ), FE GRS 15 B DR S 2 B A T T 7 A AR BLA Bl T IR AR 2 SR AR TR R USRS L S
W T TAHXT B B T1>T2>T3>T4. 25 B ] (Armatimonadetes) & R A 2 B AL R 48 7 UL 41 1
HATE S T A A M BIEAE, REUR A Z AU T A IR A Y. T3(2.95%) Fil T4(1.71%) T Y
JEEER ] (Firmicutes) AHXT 32 B 2 T T1(0.69%) A1 T2(0.66% ) , X J2 K 0 JEBE R ] BA Sl ALAVE T, 1
T3 1 T4 H AN sl Ry PR AL T R A2 (R I, BT 1] T 85 == [CPH PR A0 0, R 0 2 S 97 2 A
MG WL — & B IR RE T, FORX B 2 B T3>T1>T4>T2, 7B 3E XY 194 HLY AR W v Ho Ak K w 4R
A s AAE . R R B YR S 5 e Y b R A N BRI E WO TR A5 A S 2R, DR IR AT ) | B RS T
AW Z B AEAEAR B SZ MR A EAE OGRS 20 IRIASR TR , 4 241 3 B0 0 b v i) S0 W e 0 2 8ok =F
& A YR s SR R 22

T 4 A B TR RO RIS S5 40 R AR T AR, XA R S 5 ARG AR 32
FEYIREE WA T T, TRIE A0 N T D RE G E W AR AR IE e 22 5=
232 fisfb- I AE AL A0 R AETERRAE

fifAb- B AF AL B A e N TR P 2 A U E IR A 12, B S 55 st A (J 8L
YHTR . A Ak TR ) RN S 5 SO AR AR TR, i T R 3 a0 45 SR T 45 v A 20 RIS A 1k A PR A T
Ui AT, ARG 8 F S A Ak T JE A 6 R AL TR R, LR 2.

F 2 AR L AR X B A7 5 T

Table 2 Characteristics of nitrification-denitrification bacteria related genus

X /% Relative abundance

)& Bacterial genera

T1 T2 T3 T4
FAEALAR DG TR
Flavobacterium 2.01 4.06 7.01 8.06
Thermomonas 0.10 1.47 1.17 1.79
Enterobacter 0.00 0.00 0.00 0.00
Pseudomonas 0.16 0.17 0.17 0.20
Hydrogenophaga 0.07 0.02 0.07 0.02
Aeromonas 0.00 0.01 0.00 0.01
Janthinobacterium 0.02 0.01 0.01 0.02
Acidovorax 0.12 0.09 0.19 0.06
&t 2.48 5.83 8.63 10.17
AR
Nitrosomonas 0.12 0.13 0.23 0.70
Nitrosovibrio 0.00 0.01 0.01 0.01
Nitrospira 0.04 0.03 0.05 0.05
Nitrosococcus 0.03 0.03 0.01 0.01
Nitrolancea 0.08 0.08 0.04 0.03
Nitrobacter 0.17 0.28 0.07 0.08
At 0.44 0.56 0.42 0.89

Flavobacterium J& 2 HA QI RS AL &2, HAE T1, T2, T3 F1 T4 s £ B, B
v T IAL SRS DA R, 2 A W R A Ak D P PR TR . BR Flavobacterium J& 41, Thermomonas J& j&
IR R FE AL A0 5, Pseudomonas J& =758 B 32 . Thermomonas J&1F T2. T3 1 T4 HAH %}
FELFES THMEMATERE, M T1 5 Pseudomonas J& 5 W& . T1, T2. T3 I T4 i [ i fL EAH
X E 50K 2.48%., 5.83%. 8.63%. 10.17%, 3Lt} T4>T3>T2>T1, WA HLY & A TE A 1K 4R
(1% F B BRI R, ELAR 0T B A TR 9 5 B A BV UYL Ye S50 BIFGY & SAF AR 2R 43 A AT LA ik
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RS B A, [N RE—E FEEE b4 m A= ) - & FE A Wy 2. it Ah, MY AR PR ] ok SR Ak
R AL — T Ak IR, BRI A K R AR AT e A S A AT B R R PR Eh A A TR ® . a3k 2 o,
W Nitrosomonas Fl Nitrosovibrio /&% NH,-N #4k h NO, -N B & A AL ), Nitrospira. Nitrosococcus .
Nitrolancea FI Nitrobacter & ¥ NO, -N 4k Fy NO;-N B F A R £k SR AL 1 2, M4 F I i fb i s, 4%
At v ) i P TR e AR R S W S A T4 R B A T AR R B 3 (0.89%), M T, T2, T3 FhfrfL
P& 5 HLIC W] 2251 (0.44% . 0.56%. 0.42% ) , 3 WA AE YA B 5 1040 b, 32 8 00 A ) T A0 40 7 1) i 4
A= K. Nitrosomonas FI Nitrobacter 33172 T1 Fl T2 H B9 A AL & H A L B J& , 1T Nitrosomonas 52 T3
T4 R LR E IR, HI2HF A9 Nitrosomonas F1 Nitrobacter J& A0 X =F B BAG K25, iX R BRI TR
I 8 2 AR N M AR ) i A TR 5 . RO TR, R A AR T 4 2N T M P i Ak B R
A TR I B TV S5 ke S o L ELA S 3 52, R DA 4 R DR R A A i A TR RV T ) E A
233 JREAGAA R BB AETERRAE

KA EA S BRAE — R B A Y R e, HRES 5 BRIREAZ AR, WE LA T
A R A7 L T DR AR SR AL TR R VR A A AR R I 3 Ao v 3 S 0 e ) 4 AR S s, W& 4
i . FE A W RGP YK Candidatus Kuenenia., Candidatus Brocadia. Candidatus Scalindua
Candidatus Jettenia J& . Candidatus Kuenenia J& TF 45 1% # 7 A0 X £ E & &, 7098 6.61%. 10.47%.
4.91% H1 6.92%, H¥J i PRAA R E AL B8 19 FL IR 5 (590%) , A HUE: 4 41 R 42 IR R A AL TR
o A T LA AR, K AU A B U . 1A, T2(0.51%) Fi1 T4(0.43%) i Candidatus Scalindua J&HI%}
F W E T T1(0.19%) 1 T3(0.13%) . 1M Candidatus Brocadia | Candidatus Jettenia J& F X+ =F B 75 %%
ez (8] T W 22 5% . Candidatus Kuenenia J& ¥ 16 B AEAR A Fufer T4, 1l Candidatus Brocadia Jg& B i&
HAE AT &£, X5 ARG 0945 FAH K. 33X T 582 K AR A5 v 8 b 2 7K b i S i 1 R IS
X FE R, i Candidatus Kuenenia J& A% Candidatus Brocadia J& Xt Wi FR L YA T = 1 26 F1 Sy 2,
van der Star 557 BF 57 3K B PR U B0 T B EVR O 2H 32 BB T o /N L L T Ak 4R I B8 55 DL 3R 119052 Wi A2
R.TLL T2, T3 H1 T4 H A PR R AR S AR 22505100 6.83%., 11.03%., 5.06% Al 7.38%, WK
REMNFEE RSB RGP B A R, 2B T2>T4>TI>T3. AR A AL 8 A X =F B e 408
Z B AEAE 2 22 5 (P<0.05) . Wang 58P F9Y 3R A, AR AT i Akt 72, O/N LR T 2 B A R IR
A AT B T, 765 C/N LT, NO, I g FZH T I bt #8, i dE R AR U A At B0, AR5
BRI C/N B R e 1 2805 G e B T kg DR A 2 ST T ) A i (Rl B g A 5, (ELRs 95 ) 7 o
FE ) 0 BE ATy 2 % IR AR SR A TR 1 8 SR AR K AR — e R sg . DL 25 BRI, A AR ) To B YR 1) 1 1 R
40 A R T DR A A E AR TR A A B, TR T A S I — o R B L s X IR, (R A A — e
JE b AT G it 0T DR A 2 S A T A K A
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Fig.4 Characteristics of anammox bacteria genus
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(1) £ N TR HL R GEXT NH,-N, NO,-N Il TN ¥4 841 H AR 9 R BRACR . Horh A A ) JC ik I8
b 2R 40 0 B B AR B AR, TN B L BRR AT I8 84.90%; A ik 7 12 M 28 48 1) it 8RR A F Jo i I T At )
e R 50 HA YIS A0 B &R T IO i . 45 A TR R G R ERM A& A N IR A D E ik
AR, HAEAS R AA 7 IR S A5 T A i B RS 5 T AL

(2) &R rh B A R Y B B E, P RSB T TR T W) SRS W] i
FIFHUAF ] BT O/N AUEYIIC S 22 5, UE W REVE S e e b B PR 2 R

(3) &R Hh R GE b 4G 1 4 FIR A A AR, Kb Candidatus Kuenenia J& 75410 5 F B &
(>90% ), H FCAE TCH 5 A A 00 oo v I 28 v At 3 218 . 32 C/N RGP E B 22 5752 ), 450 M v
1) DR A 2 S A TR 8 45 4 2 IR A — o 25 57 RR T Al = 2 0l b, A A7) I i 1052 b B ) 1 IR 402
AALTR AR B4R,
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