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Influence of Phosphate on Nitrogen Removal Efficiency of ANAMMOX Sludge
ZHOU Zheng'”, LIU Kai'*, WANG Fan'*, LIN Xing'”*, LI Xiang'>, HUANG Yong'**, GU Cheng-wei'”

(1. School of Environment Science and Engineering, Suzhou University of Science and Technology, Suzhou 215002, China; 2. Institute
of Environmental Biotechnology, Suzhou University of Science and Technology, Suzhou 215002, China)

Abstract: In this study, the effect of phosphate concentration on the nitrogen removal efficiency of ANAMMOX sludge was researched.
The inhibition kinetic parameters were fitted and the abundance of ANAMMOX bacteria in the reactor before and after phosphate
inhibition was analyzed by Real-time PCR. The short-term experiments showed that there was no significant effect on the nitrogen
removal efficiency of ANAMMOX sludge when phosphate concentration was less than 30 mg-L™'. With the increase of influent
phosphate concentration, the removal rate of nitrogen decreased rapidly. When the phosphate concentration was raised to 200 mg-L ™",
the activity of ANAMMOX sludge reached a complete inhibition state. The parameters of phosphate inhibition were fitted by Haldane
inhibition model. The half-inhibition constant was 70. 1 mg-L~". The long-term results showed that when the phosphate concentration
was less than 50 mg+L ™", the effect on the nitrogen removal efficiency of ANAMMOX sludge was not significant. When the phosphate
concentration reached 70-90 mg-L~", The activity of ANAMMOX sludge was obviously affected, and the stability could be restored
after a certain period. Increasing the phosphate concentration had a more significant effect and resulted in a longer recovery time.
Finally, when the concentration of phosphate reached 100 mg-L~", the nitrogen removal efficiency of ANAMMOX was seriously
inhibited. The rate of nitrogen removal decreased from 158.33 g+ (m’-d) ~' t0 60. 17 g+ (m’-d) ~", resulting in 62% inhibition. The
results of real-time PCR showed that the concentration of ANAMMOX was decreased from (9.97 0. 86) x 10" cells-mL ™" to (8.26 +
0.54) x107cellsmL ™" in the restraining sludge system, and there was a relatively reduced trend.
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Table 1  Phosphate concentration of influent in batch experiments
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Table 2 Primers and parameters of Real-time PCR
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pL Dntp,10 wL EXTagll,6 wL #B2EKEK. RS
AR 3 RGBS, O AR T R 95°C TR M 5
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2.1 R DR AR R A AL 5 U A Y R IR
TP 1 n] o, A K AR R T R B Ty, B A
AEBRHARE AR, VIR AR B IBEREL N,

2

=4
7

39.5, 22.9 mg-L™', ® £ B i R N 368.33
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Short-term effect of phosphate on nitrogen removal efficiency of ANAMMOX
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Table 3  Comparison of four different ANAMMOX inoculated sludge

WH AR FEEREF e
Jetten 21101 <l4.4g-(m’-d)"! DB, AnAOB >62 mg-L~!
Dapena-Mora %5131 0.75~2.0 kg-(m?-d) ! / 620 mg-L~'( =50% )
Oshiki £ (16 26.0 kg-(m?®-d) ! AnAOB(90% ) ,AOB( <0.1%) 620 mg-L~'( —20% )
AR5 2.0 kg (m3-d) ! AnAOB(49% ) ,AOB(50% ) ,NOB( <1%) 70.1 mg-L~'( -50% )

A DVE AR B R Vs e, rAR
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A A R & B DR A 2 A A B g i T AR 15 T
I8 2R AR R ARG L vp 5 A K o 1 S A6 BT 5 Dapena-
Mora %' RN IR A A AL T5 e b L0 E R ia
17 200d 11 SBR J i ¢ o (1435 U, 15 U it R AR K
ANAMMOX F# 21 ¢ i 5 55 5 Oshiki 4511 350 (1 IR
SR AT 1 U 2 1 O 2R3 S g 25 P 114 DR A
a7} I TROR Pk 2 LI NN N K = = K (AR
Hirp ANAMMOX 24 5 B 0 90% , HA A {1k 40
(AOB) T 0. 1% . TASHFSE 2R 15 Ve T 76 I 0 2%
I BB AE 2.0 kg (m’+d) ' 247 KT Oshiki
VO A e B R LB, H ANAMMOX B 5
W B R 50% AeA . B R BE A i R Eh 15
HH S [ 000 R ) 0 i 22518 T DA .

2.2 BERRELE B S

K H Haldane 1 il 455U 004 Bl 152 6 410 1) 30
BB AR 2 FR PG T A R K AL Rk
5025 g+ (m'-d) ' EHREECN 2.4 mg- L7,
IR ECR 70. 1 mg- L' AHSEREL R =0.93.

FHEILET FEM R R R A AL T2 b B
K5 7K I A A I B S R Bl ) 2 B R B
Haldane #5802 i AN 36 Al iR 27K 2544 F NO, -N
Xof DR AU S A A 1 5 T B A 0, D R Sk A7 A 4 i
JKEREEFT NO*~-N By RCEIHIVEH. WA IS
AR B R J 0. 93, BIA AR, 5K
— 5 T AR S 1R 25 T8 o5 — T, R SR
I B AR B IR SR G B VE A, i 4 nT
e A B B M IE R e — R 2 W
Tl EE A BLA A Y R AHXTERAIR.

2.3 BERRER X IR S a E AT Ve T i K

KU 55 ) 2 56 9 K SR B R 5 AR TR, K

= NRR
PR Ny e
300
E
2 200}
=z
100 -
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B M /mg L7

E 2 Haldane IR E L& 2k
Fig. 2 Fitting curve of Haldane inhibition model

IR (HRT) A 1 d. i1 3 AT, i 47403
Pl K #E R R W BE A 30 mg- LA, K NH, N,
NO, -N¥#k B B AL FRA  NO; -NWR B AL T, A 2B
HORZEALTHE E 158.33 g-(m’-d) 7', X R 7E#E
FREMIU K T (<30 mg-L~") R R AR A AL
TSURTEMEF AR50 R4 9 ~ 17 d, B E K e iR £ vk
JETH R 22 50 mg- L1 BEAA 1) G0 2 5 o R s A
K, FEAEG LS RERARKE E 141.47
g+ (m’+d) ' (17 d) ,iX R 50 mg- L' AR AR R vk
FEXTIR A A5 IR AR K. Bl 7S 18 d Ktk
JKHE IR Eh e BE T & 70 mg-L7", HiJK NH, -N Al
NO, -N ¥ & i% 4 7t /5 & 53.25 mg-L~" Al 84.89
mg-L~' NO; -N¥KBEREAL E 13.73 mg L', A LR
BORTFEZ 81.63 g-(m’-d) . XFRIIHE TR
A A LTS I RS RETT U 2 3 B B 2 . B
JGTE 18 ~ 32 d W, k7K B g &k vk B F2 2 76 70
mg- L™ R EBRERIETERE 81.63 ¢g-(m’+d) "' 5
P ETFE 133.29 g+ (m’-d) ~' H R AEK 2 BK v
FEAKE R AR B R, X R, el AR R vk 1 K
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TR REA R AT T T B A IS N, AN
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Fig. 3 Long-term effect of phosphate on nitrogen removal efficiency of ANAMMOX
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Fig. 4 Morphology of ANAMMOX sludge fore-and-aft inhibition by phosphate
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Eit K ) 14.565 873 15 103 675 696.9 99 692 109. 5 8617755.4
14.788 090 71 90 093 860. 3
14.935 873 03 82061 645.6
il 5 14.817 184 45 88452718.1 82605 077.1 5429238.3
15.023 22578 77 654 844.7
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A FRRAS LA S I RE B 1) 22 52 AR R R, MAP 19 28 7%
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