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Effect of Moderate and Room Temperature on Nitrogen Removal in PN-

ANAMMOX Process

YUAN Yan'?,ZHU Liang'*

(1. School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China;
2. Institute of Environmental Biotechnology, Suzhou University of Science and Technology, Suzhou 215009, China)

Abstract: The effect of moderate and room temperature on nitrogen removal rate and microbial community was studied in PN-
ANAMMOX process by inoculating mature nitrification membrane and ANAMMOX sludge. The results showed that the PN-ANAMMOX
combined process was achieved at room temperature, and the nitrogen removal rate reached 0.5 kg-(m’-d) ~'. But the activity of
ANAMMOX did not reach its maximum due to the decreased NO, -N production rate, resulting in far lower nitrogen removal rate of PN-
ANAMMOX than that at moderate temperature which reached 1. 75 kg+(m?+d) ™', and the effluent had poor water quality. When the
temperature rose, the NOB grew rapidly, the PN process became unstable, but the activity of NOB could be effectively controlled by
increasing the return flow. The results of QPCR analysis showed that the inoculation of AOB and ANAMMOX was not conducive to the
growth at room temperature, and part of the microorganisms died. When the environment was recovered to moderate temperature, the
corresponding functional microorganisms appeared to grow rapidly. Therefore, suitable temperature should be provided for the
microorganisms during the operation of the PN-ANAMMOX combined process.
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Fig. 1 Schematic of the PN-ANAMMOX process
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A AiE Ak 50 %, IV fiF £k 3 % (ammonia conversion
rate, ACR)0.2 kg- (m’-d) ' Ze 45, WAKAL R 60% 72
fi. b A AR PeEE 30, 11KNO, -N/NH, -Nik
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TN BB R e 4ERF7E 80% LA I
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A, MgSO, - 7H,0 0.3 g-L™', KH,PO, 0.027
g-L™", CaCl, 0.136 g-L~', NaHCO, & #hn.
HooER L, DWESMA: 1.0 mL-L™", 1.25
mL-L™" WEITE T 5 (g L") K. FeSO, 5,
EDTA 5; i Ic & I 5> (g-L™') . EDTA 5,
CuS0, - 5H,0 0.25, ZnSO, - 7H,0 0.043, MnCl, -
4H,0 0.99, CoCl, - 6H,0 0.24. H,BO, 0.014 .
NaMoO, -2H,0 0. 22, NaSeO, -10H,0 0.2. #/K pH
fHHN 7.8 ~8.2, 1 mol-L™" HCI 5 # hl NaHCO,
1.4 pirii B 5 gk
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Table 1 PCR primers targeting at AOB,NOB,ANAMMOX and the total bacteria
FARFEA Gl JPHl(5'-3") BRI/ C
2 (168 tRNA) 341f CCTACGGGAGGCAGCAG 60
518r ATTACCGCGGCTGCTGG
ANAMMOX (168 rRNA) Amx809f GCCGTAAACGATGGGCACT 60
Amx1066r AACGTCTCACGACACGAGCTG
AOB(amod) amoAf GGGGTTTCTACTGGTGGT 57
amoAr CCCCTCKGSAAAGCCTTCTTC
NOB (nard) FlnorA CAGACCGACGTGTGCGAAAG 57
RlnorA TCYACAAGGAACGGAAGGTC
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(2)
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FA VB (LA N 31) $ietn B ARG
‘FA] - [NH;-N] x 10 5)

"~ exp[6334/(273 + T) ] + 10"
AP, AN S HEH K TN 25 {H, B8V mg-L7';
[NH, -N],.. [NH;-N7J , #nm#E K NH) -N iR &
ACR, F/R A % | NRR,,, /" ANAMMOX X
AELBRHER | NRR, FnBIRN AR LR, 1

{744 kg (m*-d) ~'; HRT,, HRT, . HRT, F/R&f
AUX |, ANAMMOX X DA K #E AR () 7K I 5% B B [, B
B d; T MREE  fiC.
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B, K NH, -N B RE IR %) 18.96 mg L.
B 5 EKNH, -NIRBEEZ T T 2 T, Mk B4 v
%330 mg L™ 2247, K NH, -N ¥ BE I+ 35 & 50
mg- L™ 547 TN RBRBE 2N iR ik B
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mg-L ™24 TN LBR BRI 2 55% Aoty T ik
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¥ HRT f14.52 h ZEK % 5.43 h, HHKNH, -N¥
SR %E WA 19 d FF AR R AIRZE K NH, -NWR B &2
280 mg-L~"Zi Ay, HIKNH, -NHe A7 B F R, (H 21
SRIEF 80 mg L™ e Ay, ARLE AR VE/KNH, N &
%200 mg-L~' A2 A, K NH, -N 3k & F4 2 1E 50
mg- L™ 24T TN R BRRAEFEAE 65% 47 BLB B
AT AW NRR AR 1 kg (m’-d) "B~
M, B A Fa B TE 0.5 kg-(m’-d) "' . Viazquez-
Padin %' ¥E 20°C A9 551 F )i 35 PN-ANAMMOX B
BT, mARMAEEKO0.7 kg-(m’-d) ', Lotti
FE 15°C F i3 30 PN-ANAMMOX BX& T2, | K
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Fig. 2 Nitrogen removal performance of the PN-ANAMMOX process
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o ]
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T, 400t ) HFENO; N rﬂﬂ' 170 =
£ ¥ £ %B 160 21
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0ol 4 _' CHaD A —a— R {20
o TR o — W 10
0 'V e, 0
0 10 20 30 40 S0 60 70
td
B3 ®ERE.

PN-ANAMMOX fit s % 1) K A%
2.2 HVETRE AR AL A AR DX i B g

TSI A £ DX ) 52 ) 2 2R AL RZ I AOB |
NOB AR KR, /R T 15C ,A0B B4 K i
KT NOB, — a8 PN i 8 I8 B 2 il ££ 25°C LA
J:[zzj‘

TERYEL 1, TR 4E 7 7E 22°C I, AOB % P
SR B R R, UK NH, N %k TR, NO, N/
NH," -NH ] T B, e A e 16 0.8 247 (K 3).
ACR B3 89818 1 kg- (m®+d) "' ZE45 BT R I,
RAYEFFTE 0.5 kg (m®-d) ~' A7, B B R 2 35 5
50% . {HNO, -NFHL R 3 — G 4ERFTE 99% L) L, i
NOB KR35 4, PN i BECHTE. BB 2 ¥R
PEHIAE 32°C A A7, J& AOB BN EE’J&%F?@@ .
TS ALRE ) D o | 5 ot [m] s >R P 3 7K NH, -N
WeRE vy kAT A A 82+, ACR Lﬂ@ﬁfﬁﬂ.
MEKNH, -NWRBEHE 5 %1 500 mg- L' 247 ACR 35
) 1.75 kg- (m*+d) "4, HREIEHKNO, -N/
NH, -N7E 1. 3 2247, 15 /2 ANAMMOX 2 h i L.

3.5 Brt |

30r

FFHINLRACR/Kkg-(m?-d)”

g, ERERURTHARBRHEL

Fig. 3 Variations of nitrogen compounds concentration, NLR, NRR and nitrite accumulation rate
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NOB 3. AHFFE R F G T2 K i i 2
ALUNER . Il a e #l T PN o b = A2
NO, -NJ i Bl i ik 22 PR A X 4 ANAMMOX 2 JH #E,
AT R G b 48U X BRI NO, -NFL 2 NOB [ it = 3k
JT T B 0 4F UK PN ot AR pH R R, IR A IX
ANAMMOX J i pH b, Jin ok (5] 3t & A] LA IR
AX SR XM pH Y, 4EF5 4754 X pH, 4E 5 —
SE FA WRBEEHIH] NOB . 5 e [ml i, 38 of 45 55
PEZKNH, N BE A7 207 a7 B2 T, Yusof 25174 i3
PR HEK NH, -N i 47, AOB 445 5 Z IR R H



11 4 A

IRAEAEXT PN-ANAMMOX Bt4& T 20 I B AUR A2 4293

HUERH AR, eI B BE, K NH, N B2 T i
A TR R E

[ dkmR ER R, —a—frkore | ]
—o— H
< a0 4p Etag E do00 185
% Jf ‘:H}:F i oo % 48.0
= 30 [ B Jisog
= g 75T
] 20 s %) ! * Jioo
E ELQ{I'I. : i 170
= 10 M , —50 {os
0 L s L £ L L 0 J6.0

El 4 pH, ORP LK HKHARSEAER LN
Fig. 4 Changes of pH, ORP and NO3 -N_j.cca”
NH{" N opoumea Tatio

TE PN et B, B T A AR AR 00 e A el 2
I BV AR, AN R DR IR R X A FR BB A BT, 44
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