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Table 1. Water quality data of collective samples

Ttem/ Number of samples
(mg/L) 14 24 34 44# S# 6# T# 8# o#
COD 680. 9 1185.4 156. 8 86.2 128.3 — — 2891.7 237.3
NH, "N 166. 2 180.9 79.4 29.8 33.9 — — 309.5 86.9
NO; N 47.6 38.5 6.3 26.7 2.6 — — 17.1 23.6
TN 239.3 241.2 97.5 109. 6 57.9 — — 367.5 116.3
pH 7.94 8.01 7.96 7.83 7.16 — — 6.40 8.05

Dimensionless form of pH value.

1.1.2 EFE EERFL (g/L) T R 1.0
(COD 1000 mg/L)  (NH,) ,SO, 1.0 (15. 15 mmol/L
NH, * N) . KH,P0,0.2. CaCO, 2.0, MgSO, * 7H,0
0.2.MnSO, 0. 02 . # & " 1 mL.ZEWAK 1L,
pH6.0;121 C i # K 30 min, A A5 IMATS g/L
NaHCO, %% (2 mL/100 mL) . NH, " N Wl i 3% %
B (g/L) <48 B 245 92 35, L 0.1 g/L CaCl, *
2H,0 f4# 2.0 g/L CaCO,, (NH,),SO, fil T — &
P AR N 2.0 g/Lo 4y B B g7 B w AR B R
B N 1. 5% (¥ BEIR K » b B 1k oK o3 28k kA
VBT 2L 5B T A D B KT R A R IR
A B K B 3% R (/L) < % % % 1.0 (COD 1000
mg/L) « (NH,),SO, 1. 18 (NH, * N = 17. 86 mmol /L) .
0. 1.NaHCO, 0. 6 .KH,PO, 0. 15 g; MgSO,
*7H,0 0. 03;MnSO,*H,0 0. 01 . f{ & JC % 1 mL.
AWK L, pH7.5 7.8 @ BREENE, Z WL

wk 147,
1.2 SSEHHEENFKIE

1.2.1 SEHEFHOETEY L : B 10.0 g 5
10. 0 mL 2 X 56 A 3 55 2k Al 100 mL 75 1% 7K 1) 250
mL = I ,30 °C 180 r/min JH ¥ 3% % 30 min, {f
il 78 23 T8 15 U R0k 555 i HT b ) 3 DR J8CH
oK B RRE B B 10% PR BUEL, BB 100
mL B AR IR 5,30 °C 180 r/min 18 ¥ 2 3% 15 5%,

BERG 7 d LA 10% 45 Fh i % 2 300 6 11 & 2R B R 0k
m DA Sk AN W v O At 2 1 i 4 AR AL 3 A
Heo fiw G FE, & WA 20 70 R 407 180 A —
% 11 R 00 R 6 VA TR KA PR 2 R o A% HE
A8 ) NO, N Al &r 4 i, 2K g ik 5 08
NO; N A sl B9 o, HB e ik 5 5 & &R
/NBCIEEE o
1.2.2 SFELEBMTIE:- N3 DMHENE LIRS
mL<8000 r/min .0, W0 EE WA A 1R 4 HI G 141 7K 78 43
V¥ 3 WE > #EN 30. 3 mmol /L NH,” N I3 1% 77 5t
11,30 °C <180 r/min fH G ik 3% 55 7% » &/ FF il ¥ 3
HPAT o 23 IAE 2246810 d I, HURE B0 5 I e
W NHS N R BLNHS N 2 B B ik
TR I T R EAT R R S .
1.3 (HEEBEIEL

0 G 19 2 1) e, SR A AR B R L 30 C
160 r/minfH 4% 5 55 7% 5 d, fr 19 85 92 W T )5 ¢
1.4 HBENEHEAEKLE

LA 5% (PRRRLE) fHe i ik, B b 20 0 i SR A 1) B
TRV A 55 TR S 0 » P 45 BT AR 22010 T /K R % O 20 ol 4
NN LG B 2 205 7K H 530 °C 160 v/ min i 7
P B 75 BEALBCE 3 ASPAT 5 B — g I ) ORE
& SR NH, N f i
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A 3.8 mg /L), AT RS NGB B 1) 2 % AR R K K 18
Lo R06 L0 B e 5t IR 41 U8 + 1 41 U X IR 4 .
TUe + W4l 4 41, U EE 3 A PATRE . SR KK R
1 F: COD 273 mg/L.NH, N 78.6 mg/L.TP 3.7
mg/L.TN 85.5 mg/L.NO, N 0.82 mg/L.NO; N
4.5 mg/L.pHS8. 15,

I 11 IR A v e ik B (MILSS) 2 3.1 g/L,
V5 Ve RYR TG M ys e A FE R G HE VR I . T K B R i
7y 50 mL/18 L (: Fh J5 B ¥k B A 1.63 x 10°
CFU/mL) , ¥ 5 J5 & T 52 50 % 0 W 3 S M AU 9%
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N.NO; N.TN & B AEW pH. R IRK 3 O M4
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COD ¥y 52 SR F PR3 3 fi# 73 D6 o6 B vk, NH, N
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T Ay 6O BE TP [ e SR AH TR R 4 O O
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1.8.2 NBEEMAESEREBEUHFESF W
FEAE 2> B 5 R B BIR P AR | 30 C o5 9% 5 d, WAk
KA DL I B, A3 A4k % 2 WLk 17 - 18 1
1.8.3 S EEMKE 16S rRNA F 50 E & [F 5 14
7 : K A TIANamp Bacteria DNA Kit i 71 £ 1 32
O3 B PRI 3 R4 DNA, SR 0. 8% 5 i Bl ik fic vl
VKA, w5 A B BS AE 5 DNA AR AR i3k 47
16S rRNAFEAI 41 . PCR Jx M. 5149 K ] 16S rRNA
W5 (271: 5'-AGAGTTTGATCCTGGCTCAG3”;
1492r: 5°-TACGGCTACCTTGTTACGACTT3") ; PCR
PEFLE A 95 C 5 min;94 C 1 min, 55 C 30 s,
72 °C 1 min,30 MEH ;72 C 7 min. X EEHE B
VK BT PCR 7= 9 (¥R J5 AU i PCR =) 46 v B s
IEAE B AR TR R AT B A ) B AT W, P A5
16S rRNAJT 41 4 BLAST & J¥ /& GenBank #{4ff J
HEAT 7 5 1) 96 P b A, i i MEGA 5.0 3 {347 £
P4 HOS 73 15 JF B NeighborJoining V4 14 # & ¢
KRB W AL B 5 B RS E P Bootstrap 43 7, H &
1000 7K -

2 SR MI
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XF ok H 5 7K Ak B R S8 PTG e~ TV R K S Ik T
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WA NH N LERGE M BB HIREETmA
—EWREER T IR AR R S, 2N T R N E AR
FEMAFAAR B £33 N2 AE £
T 3% > K BLAT B RE JQ1.JQS 1 JO8 X NH,” -N 1)
TR I R, X C/N 2 4.7.30. 3 mmol /L
) NH N A48 6 d J5, ZHRFEEL 90%, K
JQ8 Tk B 95. 7% ; AR & AN 45 B 0 HEAE 28 8 R I
NH, N J: [ 20k 5 21. 9% , H.B I 7] 1) 48 K- 22 [ 2%
AW TR (L2 2B 1), e AT B A2 B 8 R ik
NH," N & By 78 LUK I 35 IR B R R A TR
WOBEAE F o [, A W0 & B BR JQ6 AT JQ9 AhI T A
BB AE A T P A AT A TR A A R A I B
Boumre ¥ A TR A AAER .
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Table 2. Screening of AOB flora
The remaining amount of NH,” N/ (mmol /L)
t/d Control
JQ1 JQ2 1Q3 JQ4 JQ5 JQ6 1Q7 JQ8 JQ9
0 30.23 30.23 30.34 30.23 30.11 30. 38 30.18 30. 41 30. 30 30. 20
2 27.68 23.69 20. 67 22.26 23.19 20.70 25.24 22.97 19.22 24. 04
4 25.83 18.70 18. 49 18. 64 18.51 18. 46 19. 16 18.29 10. 46 18.91
6 24. 66 2.90 9.39 9.47 9.77 3.01 9.86 10. 01 1.31 10. 17
8 23. 60 0. 69 8.34 3.33 7.32 4.89 8.94 10. 40 - 11.05
10 22.73 - 10. 06 - 8.12 4.15 10. 09 10.23 - 8.44
- : not detected.
A 35 ®) 120
—e— Control
30 4 —0— 101
~ o 1009 ——1Q2
go % - 1Q3
g2 254 o - JQ4
£ = 809 5 105
< 204 b —— Q6
- —0—1Q7
E 154 —e— Control ? 60+ A 188
s —o—JQl > ——JQ9
£ —v— JQ2 g 40
£ 109 703 o 1
£ —a— JQ4 g
g 54 -0-JQ5 E 204
5 —— JQ6 =
© 0] 17
—a— 108 0.
—— JQ9
-5 T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10 12
t/d t/d
1. SEXEEN NH N B ERREE
Figure 1. Removal activity of AOB flora to NH,” N. A and B are change of NH,” N concentration and removal efficiency, respectively.
2.2 FHENEREAERKBLEYR N Removal efficiency of NH,"-N/(%)

N . N N . . N The remaining amount of NH,*-N/(mmol/L)

AT RE— PR, LRI IR NH, N 3 EE 4 17. 86 ~ 20 : 120
mmol /L (1 N\ L4 MK 6 5, K BB 3R e B o
SN 160 r/min, % %27 JQ1.JQ3.JQ5 FI JQ8 U fif Z 154 z
e + e gy * 80 =
WERT NH, N (R BRAETs o M 2 7T L, 4 Tl isy 2 Z | mmm Control Z

: , . . s =0} B
P05 A Bk K NH N B B 1 25 BR g Jg 5 AE 8 £ 107 mm JQ3 60 2
. ) . 2 —1JQ5 G
d AT NH, Nl 46 9 2 B 28 2. 14 mmol /L LA i - i L4 5
. . X £ ]
T IE Q8 X NH, N SRk R R B, £ 5| =l L
E r U
86 KK NH N 22 [ B ik ) 17. 36 mmol /L, I = a
2 )
N g s e 45/ b= i 1] L
£5§$$§U 97.01% . M AEFE KX, EH 6 K # 0 2 4 6 3 )

A 8 R K NHS N & & 4524 (17.79 £0.10)
mmol /L, f K N & {X0. 2 mmol /L. [X 1, A DL+
BRI ZR 0 NH, N 3R Bl s M fE R s
FEAR ) NH, N B e £ B . ZRG &, 18 JO8 1
N % SR AT R — A

2.3 HEJQS WA

2.3.1 AE#%E NH N REEE JQ8 £HB R

t/d

2. EHERMAMEREKMSFLEE

Figure 2. The purification ability of AOB flora on synthetic

ammonium wastewater.
RAERIFI : LL NH, N A O ME— 500 O/ F7 s
B R wh C/N LE o 5 AR, S0 B 5% I A 46
NH,” N ¥ /¥ ,30 C 160 r/min Jey5 5575 6 d, Z45L T
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WIhh NH, N o B2 B # JO8 22 Bk NH, N fE J) 1) 3¢
Wiy, F 40 M AN 7] NH, N9 B 3R 40 i o ) 0
NO, N.NO; N [ fl B4 i

MW 3 AT LLE S fE C/N B RAZ o T,
NH, N ¥ B M 3. 57 =28. 57 mmol /L 2544 B, 55 35
WP NH, N % B & /N T 1. 07 mmol/L, NH, N
LBRFARFEAE 95% K4, W bR B R B W T | AE
NH, N >4 28.57 mmol/L I} ik £ £ K 79.38% , iX
AT W TR IR WA AR 4 S &R NO, NG NOy N
MEEALS NH N EREERRTH 4
W1l NH, N 3 1 35. 71 mmol /L % 37 7t i I 1
BEXT NH, N () 25 B R f g R R T 4R F %, 31
71. 43 mmol /L I K5 J% ¥ vh NH, N [ 5% B & ik 3
26.24 mmol /L, NH, N 2 [ % ALk 63.25% , 1% &
R KN 53.34% . T C/N L AAS, £ NH, N %
JEE T 1 T B BT RE A A I8 O, TR A A R
B R A4k NH N B2 NO, N.NO, N
AT 5 58 s B K B 4 i) ks B 20834 1. 14 Al
3.11 mmol/L,

DAL » B E JQ8 L AT 5 5 1) e LT 52 e T
75 NH, N ¥ & <28. 57 mmol /L 345 7, JQ8 nJ & 4k
XFNH, N ZEAT LB, LB FE ol ik 2] 95% ;1 4
NH, N ¥ FF =35. 71 mmol /L I, %J B # JO8 F: 5%
BA W, 2R 2 BR AR B NH, N R 58
N

120 — — 30 g
= Removal efficiency of NH, -N 5
&z Removal efficiency g3
1004 E 3
® 2E
s = B
8 Z T
B P
= 60 S8
© o]
g 401 e

i3

o Sz
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T E

aw

Z
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—e— The nitrogen amount of bacteria cells
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R Em

Figure 3. Influence of initial ammonia nitrogen concentration on

removal efficiency of AOB flora JQ8 to NH,” N.

23.2 FRE C/N WHER I8 XRERHEY
S0 B ) 4G NH N K JZ 05 30. 3 mmol /L, i 4%
B FRwh T R A R R M B IR M C/N L,
30 °C 160 r/min Yz 3535 6 d, WX T & B JQ8 78
ANE C/N LE4F R NH, N (5 fg )y o

120 — " 30
5 == Removal efficiency of NH,"-N

Removal efficiency
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ey
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Removal efficiency /%
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1 U

04 PP
Control 0.5 1

o B - —
£« RN e

C/N
—&— The nitrogen amount of bacteria cells
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4. C/N M RENER JQ8 BRI AM RN M
Figure 4. Influence of C/N on removal efficiency of AOB flora JQ8 to
NH,” N.

Hi P& 4wl %0, 2 C/N =0.5 I, B R JQ8 76 15 7%
W LT AR K, 6F NH, N 25 1 2 LG R 2 15 5
PEAL T 1. 81% , XA A AW A Lk C/N=1
INfs B C/NEE AN I 39 K T HE AR B 5 W0 1 AR K
UG B OK, 6 NH N 26 B 3 AN T, NO; N
A BT A . 24 C/N tb EJH#) 4 i, NH, N
LBRET R 94.87% , ¥ R A KA F) 76.01% ,
A 2.4 mmol /L ) NH,” N H] T~ 18 & 4 K3 FE, T 84
) NO; N & %] 2. 04 mmol/L; 4 C/N Lt Ft & 3 5,
JEAS WG I, 55 7R W NHSNOJL P 858 4 B
NH, N LB R 95% » 1% B A R 800 80% - il
Bl B, R JQ8 BT — 2 Mk C/N EL
Z eI, AR CIN 9 1 R HE JQ8 XJ 24 A1) 25 B %47y
A[ A 58.6% ;fH C/N LUK B BF JO8 2 B 2 20 M &4
2.3.3 FREREEMNER JQ8 EHRIATMUERH
g R¥F C/N LR 5 )4 NH, N k24 30.3
mmol /L AR, B FT T A 1) 38 PR 7 1 15 57 4 AF 1 i A
JO8 X NH, N [ = frfe 7. S nf W, Kk 6 d
Jei o AE DRGSR B S5 AT RS BRE L P AN R K
NH," N (1 25 B AE H BN 5 B A 30 DR 5 3804 W7 488 K,
PR A BV B A AN A 4 T 0 AT NH N LB
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KA W Th o A6 W A A0 /K1 120 r/min A8 4k )
160 r/min B, W5 41 NH, N 22 (5 26 Fid 19 0 %
B4 0 4, 160 r/min 543 %) 3 %] 89.25% H1 75.24% ;
MR R AE NH, N 23 B 32 1) s 19 o /), AN 8 n 31
5.73% ;4 i 160 r/min J5, B AR W% 40 NH, N
FBR A B R B AT BT (R AL NH) N 2
R M 3, fE 200 r/min I % BR R Gk F)
34.32% » Ui W] il 280 K1 8 v e o R L BUR AR
FUWCEAE F BRI B 52 . DRk, BBE JO8 FE IF SRR IR
P IR R R TR g SR EPO R sz LR
HAHZ
==1Removal efficiency of NH,"-N

Ez4 Removal efficiency

- E= Removal efficiency of NH, -N(control)

100 4

Removal efficiency /%

L g oy L -
0 Anaerobic 0 50 100 120 140
Shaking speed/(r/min)

—e— The nitrogen amount of bacteria cells
< NO,-N -+ NO,-N - NH,-N

NH,'-N, NO, -N, NO, -N and the nitrogen
amount of bacteria cells/(mmol/L)

5. EREEMNSEUEE JQS ERIAANEHE M

Figure 5. Influence of shaking speed on removal efficiency of AOB

flora JQ8 to NH,” -N.

2.4 HEFHIQS M ITUEKEALEHR

M 6 B LLE o AH XS B XY YD 4G NH, -
N ¥ B4 5.61 mmol/L.C/N 3} 3.5 [F £k MR Tk
JEAK T a R A R 2 R A AR e 1 S 56 41
MR TAR MV AL. M 7 d J5, KK
B NH, N.TN & &= 4 % F B £ 0.68 mmol/L #l
1.96 mmol /L, 2% 4 WA %] T 87.8% 1 67.9% ,
[ IS B0 T b B NO, N Fil NO, N B2 7545 9
REF, K NH N Ff R K, NO, N fil NO; N
A4 ik #) 0. 27 mmol/L A1 0. 86 mmol/L. [fj A&
IIe 28> WRRE XS PR K T U R 2 o B 2 18, L R R
WA, 7EAL 7 d J5 PR K T NH NLTN 26 B 2% 43
5l 63.2% F139. 1% ,9 d J5 K T 2 5 & A
B AR BRI Y 4l 5 R e 4 s A L B

FBIRANA 73 M Jet DA T A 2 S A v R i PR A R
A Vg Ul O B RE AR A SR A A I A B AT A
TR OS2 I AR 7K P T R P o s R A DL IR A K
Zh .
2.5 HFIJQS B EMMNBERE

Sl 5 NP Bk 3 Rk AN ) 1R AN 4n e
T A& H5 AL 1 KR K O 4 JQ8H L JQ82 A
JOQ8-9 . 3 FR B A1 43 12 B % Jk BUIR F- # L 30 °C K%
55 d JG IR % B A R AE R B AR T R .
WK JO8, B V& 10 3R TR U & AR ST B
2 1.8 2.4 mm, 40 M HEFFIR, 25 RGBT
Bl 12 k34 B M AN 77 HL,S AN K I T R .
Bk JQ8 2, T v [ JE B (0 3% T i 34 S Y
HAE 2.5 = 3.2 mm, HE Pk PR CE A g0 R AR
F LY P, VP OB R A R e R R PR,
H, S, T 46 %5 B - 1Rk JQB -9, Al Vi 39 4% 0\ R I
TR UG AEF, HRE 1.5 -2. 1 mm, 40} 55 +F
AR F LY B M, VP PR G IR A6 3 R B P,
77 H, Sy I A 2 B

Xof 2 HIR) T AR JE DX 20 DNA SR H] 16S rRNA i
I BEAT YR 433 T 29 1500 bp KNI 948 F B
P8GR AT B AR TR BEAT W IS A AR
& NCBI k£ BLAST 7347, i Rk &0 (B 7)
i B AR IR E T 3 BRI 0 2 SR HLAL

MK T 7T LUFE B JQ8 5 R K AT 1 &
(Defluvibacter sp.) R /K W & (Aquamicrobium sp.)
fh L Bl v B A T HE AR TR SRR, TR AR
Defluvibacter sp. QDZ-C . Defluvibacter lusatiensis strain
UAMS8 FlI Aquamicrobium lusatiense strain ADC22 [{]
FHALL JEE 1338 3 7 97% ; W bk JO82 5 Fll 3k I )8
(Paracoccus sp.) If) 41 T ) A5 X0k 289 47 1 15 46 B 1)
[F— 2K, 5 5 B Paracoccus versutus strain GW1 .
Paracoccus sp. PlA. Paracoccus thiophilus strain
ASOOT fyAHALRE 27 2 99% ; 14 #k JQ8-9 5 /K 1ok 141 )
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Figure 6. The removalability of AOB flora JQ8 to NH,” N on brandboard wastewater. A and B are mud wastewater group, C and D

are wastewater group.
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Figure 7. Phylogenetic tree based on 16S rRNA sequence.
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Screening and ammoxidation characteristics of an
ammonium oxidizing bacteria group
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Xiaolong Yang , Lihua Liu™, Bingqi Wu , Shujie Liu , Fuming Chen
'Shenzhen Environmental Microbiology Resources Development and Application Engineering Laboratory, Research Institute
of Tsinghua University in Shenzhen, Shenzhen 518057, Guangdong Province, China

*Guangdong Provincial Key Laboratory of Durability for Marine Civil Engineering, Shenzhen University, Shenzhen
518060, Guangdong Province, China

Abstract: [Objective] This study aimed to screen high-performance ammonia oxidizing bacteria (AOB) resistant to a
high concentration of ammonia-nitrogen and low C/N ratio, for the development of novel AOB agents. [Methods] Multi—
point sampling, compulsory domestication, gradient dilution of domestication liquid were conducted to screen AOB with
efficient and stable ammonia-nitrogen removing ability, and effects of different factors on its ammoxidation ability including
C/N ratio, shaking speed and ammonia-nitrogen concentration were studied. Dominant strains were screened and
identified by morphological observation, physiological and biochemical properties test and 16S rRNA sequence analysis.
[Results] Three efficient AOB were obtained, among them a micro{lora named JQ8 showed the highest activity. The
ammonia-nitrogen removal rate reached 95.07% in a simulated wastewater with 17. 86 mmol/L of initial ammonia-nitrogen
at C/N 4 treated by JQ8 for 6 days. Moreover, its ammonia nitrogen removal rate kept above 95% and net nitrogen
removing rate nearly 80% in the solution with a C/N ratio above 4 and an NH,” -N concentration below 28. 57 mmol/L.
The circuit board industry wastewater was treated using the laboratory-simulated aerobic active sludge disposal system. The
removal rate of NH,” N and total nitrogen reached 87.8% and 67. 6% respectively after 7 days’ treatment using JQS.
Defluvibacter sp. , Paracoccus sp. and Aquamicrobium sp. were identified as the dominant strains after the composition
analysis of JQ8. [Conclusion] An ammonia oxidizing bacteria consortium JQ8 screened from the landfill leachate showed
a strong ammonium-nitrogen removal and endurance ability under low C/N ratio and high ammonia-nitrogen concentration,
thus is probably applicable to intensify the ammonia-nitrogen removal treatment of industrial wastewater with sewage
disposal system.

Keywords: ammonium oxidizing bacteria, screening, removal ammonium characteristics, strain identification
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