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Abstract: In order to investigate the effect of potassium chlorate (KC10,) addition on the treatment
of low ammonia nitrogen wastewater in a two-stage partial nitritation/anammox (PN/A) biofilm reactor, the
PN at low ammonia nitrogen concentration was firstly established and maintained under different
conditions. Finally, the temperature was lowered under the condition of KCIO, addition and the PN
effluent was coupled as anammox influent. The results showed that the stable operation of PN reactor
could be achieved successfully by adding 1 mmol/L. KCIO, continuously under the conditions of influent

NH,"-=N of 60 mg/L, nitrogen load of 1.44 kgN/(m*-d), temperature of 20 “C and aeration rate of 90 mlL/
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min. The nitrite accumulation rate was as high as 88.72%, and the ratio of NO, =N to NH,"=N in effluent
was kept between 1.0 and 1.32, which could meet the influent nitrogen substrate requirements of the
anammox reactor. This could be ascribed to that the abundance of AOB-dominant bacteria in biofilm and
activated sludge in the main functional area of the PN reactor were 7.70% and 9.60% respectively, while
the abundance of NOB-dominant bacteria were 1.07% and 0.79% respectively, leading the ratios of AUR
to NUR were 4.52 and 8.61 respectively. After the PN effluent entered the anammox reactor, the nitrogen
removal load decreased from 0.85 kgN/(m’+d) to 0.07 kgN/(m®-d), which indicated that the PN effluent

with KCIO; addition had a destructive effect on the subsequent anammox reaction. Therefore, KC10, is not

% 94

suitable to inhibit NOB in PN/A process.
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Tab.l1 Start-up and operation conditions of partial

nitritation reactor
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Fig.1 Start-up and operation effect of partial nitritation

reactor

B3 T 448 Jo A< AR X 88 98 19 NLR, DU i
K NO, =N ik B 32 i b, NAR B i [ 2 12. 31%.
JEAESS 63 KNG 116 KPRk 4 33 “CYIfk G
AUR/NUR 4351 Jy 4. 34 F11 3. 52 #4175 8 4% 120 mL 3
e AL, JF R <, 45 SR R W 4 A 4k
IR E .

BB IV, 76 3E K N A T mmol/L & B2 4, NH,~N

e 2D .



RITE,F A

www. cnww 1985. com

BR A 3T 75 X, PN/A T ¥ 4 2 AR R K 69 % v

H40% FHoH

LR BIRIE 2 24, 27% , RWA TR IE T R g+
AOB M, X 52 AR AE W R F SR 25 AR . 3
14 RS 2 80 mL/min, NAR Z Wi 7+ & 76. 07%,
NH,"-N 2 F= 555 K 56. 97%, Hi/K NO,~N/NH,~N
AIYERFE 1. 0~1. 32 2Z [A], 1 TN 4535 % ¢ 39. 389% B
M2 3.14%, TEBTEL V Rl EERE 2 25 °C,NH,-N
FBRA NAR DL H 7k NO,=N/NH, N {5 ¥4 FF [
%, 2 B & 85 mL/min J7 , NAR fE%35 3] 83%
PhF, H K NO, -N/NH, -N i 54 5 4E H5 75 1. 0~
1.32 2208, 7EBYBE VI, 4R Z2R8 0 2 20 °C, 25l L3k
RS B, 2 R SR 2 90 mL/min 3247 21 d )i,
NH,"-N ~F #4 2= Bk % il NAR 43 5 & 57.20% £
85.93%, i} 7K NO,—~N/NH,'-N {H ¥ & 4E 576 1. 0~
1.32 22 08, F ] A S 6 30 ok 4 5 R o S R
] G A 5 3 A 5 A AN s i8] By (o L P skt
B

25 b 78 30 "CF S i oK g 0k B e v s A ek
Jei ) PN B 5 I #% , 32F 7K 28 v B W AR S mT e A 4
Fi PN R 212 17, 18 ad 4 46 HRT 42 55 NLR 2 4%
W% 5K PN A2 E M, (HZ IR 1 mmol/L 202 4 1T LA
HE3F PN By e P, HL4E R <0 T /) PN 323
FARE I
2.1.2 ERAsRICHI I R K AR Ak

Pl 2 kg AH [R] 26097 A T SRR S i Ak ) PN BB i
AHEFENH,-N \NO, =N .NO, -N & i&f e NAR Z&1k .

= 0N —mENGoC) o~ 30

— —— BBV (25 °C) a

p S0 —— I BEVI(20 C) i 90

g g

= 40 =

= T 10 —— BV (30 C)

130 Lo —— BV (25°C)

£ S —— BB VI(20 C)

20
0 10 20 30 40 50 0 10 20 30 40 50

=) lem = lem
a. NH,*-N b. NO, -N

~ 10 100

= 8 80

o0 S

£ 6 S 60

= =

T A e o) = P ——IhEN(G Q)

g 2 —BEVOSC) 20 THEVZG

z ——rBEVI(20 °C) i

0 10 20 30 40 50 0 10 20 30 40 50

= ¥ /em = ¥ fem
¢. NO,-N d. NAR

E2 SERHRILED PN B & M 28 iRk 1L
Fig.2 Change of water quality along reactor during

potassium chlorate strengthening period

HH &1 2 AT R0, NH, =N 195646 S NO, -N i FR R 32
FERATE 0~20 em X B o BBV 2B B VI, B AE
T FE B NO, =N ¥ B2 2 W 1 15, NO, =N ¥k J32 328 ¥ sk
>, 2 B SRR B 1 RS20 I EE A R T NO, -N i R
2 A NAR 22300,

2.1.3 GG IR A A YRS PR

PRI 45 oA E T PN BN i AN ] X BE Y
T TS PN A WS A TG o #E 0~20 em &b, 16 14
15 U % AUR FI NUR 4351 4 717. 36 Fil 83. 28 mgN/
(gVSS-d), =Y AY AUR A1 NUR 43 51 A 528. 96 Fil
117. 12 mgN/(gVSS-d) ; 7£ 20~47 em &b, G PEI5 Y 1)
AUR F1 NUR 43 %1 &y 348. 72 F1 105. 36 mgN/(gVSS-
d), A=) AUR FTNUR 4391 4 319. 68 Fi1 150. 96
mgN/(gVSS-d) . H LA HL, 0~20 cm X B 36 P75
e B A & 1 AUR FER IR 9 NUR, AUR/NUR {H
8. 61, LWL AUR/NUR{E A 4. 52, F B S R # 5%
B3 R 48 AUR/NUR (L AORICR 8% . 5 20~47
em X BEAEE , 0~20 em [X BETE M 75 8 F0 AR 9 K A
AUR #0 B 8 m , 3X 51z X B A w5 e A ¢
o, 55 YRR K 0T W R 20—

2.1.4 e iE 0 P A R A

PN BB 8% 0~20 em [X B AE 9y A0 3% P75 U8

J& 7K A A T AR X S B A0 R 3 R o

V= =

[ JLimnobacter
[_Junidentified_Nitrospiraceae
B Clostridium_sensu_stricto_1
= Rhodobacter
Pseudomonas
[ JLactobacillus
[ Junidentified_SJA-28
] Fastidiosipila
L Denitratisoma
_1Proteiniphilum

Nitrosomonas

80

60

40

AHXT 3 BE 1%

[ Junidentified_AKYH767
[_JOthers
20

G/ R R
B3 PN B Rz 8% A A 4 B AN E 15 e JB 7K T 2 T A AR X
FE
Fig.3 Relative abundance of bacteria at the genus level in
biofilm and activated sludge in partial nitritation reactor
M3 AT LA L A2 IR 1 175 8 v A i Ao
KRV AL, E 220 AOB T RE TR J& Nitrosomonas
R AF OGS = BE AL B 55—, AR AR W B TR BT L
7.70% , MAEIGPETS fe ik 2] 9. 60% , X I H TS
TR PR T5 U v i A% B REL g /N T A B o A oy
A NOB B J& unidentified_Nitrospiraceae 15 ¥ B

« 23 .



405 BHoMm

OE 4 K HE oK

www. cnww1985. com

B i FEo 1. 07% , RIS PETS Je h Y o HE o 0. 79%
P WU IR B RE 98 WK I NOB IH Jm . kA,
Denitratisoma, Lactobacillus, Pseudomonas, Rhodobacter
SGH MR R TE RGN A W RS E
SR BZ N g T A YR VR S ERAR R
RS Fe ARSI 3 RS AL AOB B REAT) o 8 It 35
A
2.2 SERHERUMBOTHEEBESEREIEN
Qi T, SRR 1 PN H /K NO,-N/NH,*-N
HERE AERFAE 1. 0~1. 32 Z ], LUZ K AE R A BE I
Mg kK B AT RE AN AL 4 FrR (ERT A B s 2% E
JA BT, TN EBRF N 73, 19%)

30 : : : ¢
E
2 20 —®— NH,"-N
= —® NO,-N
= — A NO,-N
& 3
2 10
H
0 24 48 72 96 120 144
t/h
a. PR AL
180
30 F
e
T — :
— \\‘/r\.//.' 60
2 g
= 20 —m NH,-N N
= - {a £
= —e— NO,-N 42
K — A NO,-N =
_:E 10 —m— TN ZERE | 20
. .» ey g
0
0 24 48 72 96 120 144

t/h
b. K BE AT TN Je5R
B4 REISWREF[HIEITIERE
Fig.4 Operation performance of anammox reactor
P ] 4 ] R P K SRR il 2 U A
FF L1 L), (H7EIS 4T 24 h )5 TN 2 BRRR R R
16. 33% , Ut 5 4EH57E 5. 07% 7247 , NRR 1 46 14
0. 85 kgN/(m*+d) [ % 0. 07 kgN/(m*-d) . AR ELME
h— TR AL, 75 PN B 45 o mT LA Al AL 1R di
f—7E Y HL T2 A U HEAE PN B S B 4 9 18 Jit

PR K R B RN S Y A B AR T SRR R
Mo U Xu S5O 2o TS 0 SR B BR A8 LH RS Bl
SAUH AR IORL TS U6 F g0 1 JE AR RS AL R AE AL (EASBIFSY
LW, AR I IE HAE N PN/A T2 NOB 41
il 71
3 #i#

©  For WA S A KN 1 mmo/L 5 R
B, X AOB A1 NOB 445 il 7, AHJ2 X AOB (410
il AT DA o e SRR T B AR EE O 20 °C ONLR
1. 44 keN/(m*-d) I 5544 T, 7K NO, =N/NH,-N
(B AT R E AR TE 1. 0~1. 32 22 J8] , 3 I SR 22 IR S R
A0SO A 7K R T K

@  GRRE R L X4 PN & 48 AUR/NUR 8
() 25 SR S 2, e DU P 25 SRR T, 0~20 em X B
AOB [ & 5 1 J& Nitrosomonas 15 W) I K 15 P75 78
W EE 250 7. 70% F19. 60% , {5 NOB 1 = 5
J& unidentified_Nitrospiraceae 15 A= W) 5 J 1% V£ 15
H 5 AR 1. 07% F10. 79%

@ B G WA A R AR R AL (PN/A)
N7 755 Ab BRARR 22 R0 A W in SRR B R AR AT AT B
B 1) PN K, {E 32 8 7K A anammox [ 1 i (Y
NRR i 0. 85 kgN/(m*+d) % 2 0. 07 kgN/(m’-d) , %
W] S W2 B O AN BLAES8 PN/A T2 2 NOB fi9 #1l
il 71

B3 30k -

[1] CHO S, FUJII N, LEE T, et al. Development of a
simultaneous partial nitrification and anaerobic ammonia
oxidation process in a single reactor [J]. Bioresource
Technology, 2011, 102(2): 652-659.

HUEGH, g, Bo0d, 5. AL T 2 /0t
Feik e S RE )] T E % KHEK, 2020, 36(2) :
7-15.

TIAN Xiadi, RU Linfeng, .U Xintao, et al. Research
progresses and prospect of partial denitrification process
[J]. China Water & Wastewater, 2020, 36(2) : 7-15
(in Chinese).

WG, B, Bk, F L BUKIN IR E A AL
AbFESCRWFELT]. 45 K HEK L 2019, 35(21) ¢
1-5.

HUANG Tuo, ZHENG Min, LI Jiyun, et al. Treatment

(2]

[3]

effect of yellow water by nitrosation/anaerobic ammonium

oxidation process [J]. China Water & Wastewater,

e 24 -



www. cnww 1985. com

RIT 5 S AT AT R X PN/A T8 4 AR R K 8 %

H40% FHoH

L6]

[10]

2019, 35(21): 1-5 (in Chinese).

WHIE, RFE, 2k, 5. DR A TR K AL 2
i B E Bn FHHERE (D). 457K HEK, 2019, 35
(6): 16-21.

SHEN Mingyu, WU Lina, LI Zhi, et al. Research and
application progress of anaerobic ammonium oxidation in
wastewater treatment [J]. China Water & Wastewater,
2019, 35(6): 16-21 (in Chinese).

2oy TERRE, BRIRE, 5. R AR R A A A
TR AEA BRI B )], P g KK, 2019, 35
(1): 102-106.

FENG Xinghui, WANG Xiaojun, CHEN Zhenguo,
et al. Treatment of iron oxide red wastewater by partial
nitritation/Anammox  process [J]. China Water &
Wastewater, 2019, 35(1): 102-106 (in Chinese).
YEWI, B, 1£25, 55 . J5 KL ss m R
(g% b o B () P E g K HEK 2019, 35(4) -
24-29.

FU Kunming, LIAO

Comparative analysis of factors influencing short-cut

Minhui, REN Yi, et al.

nitrification in wastewater treatment|]J]. China Water &
Wastewater, 2019, 35(4): 24-29 (in Chinese).

TANG C J, ZHENG P, WANG C H, et al. Performance
of high-loaded ANAMMOX UASB reactors containing
granular sludge [J]. Water Research, 2011, 45 (1) .
135-144.

YAO R D, YUAN Q, WANG K J. Effective inhibition
prevention strategy for the enrichment of anammox
bacteria with low concentrations of substrates at 25 “C
[J]. Journal of Water Process Engineering, 2020, 37:
101514.

VAN HULLE S W H, VANDEWEYER H ] P,
MEESSCHAERT B D, et al. Engineering aspects and
practical application of autotrophic nitrogen removal
from nitrogen rich streams [J].
Journal, 2010, 162(1): 1-20.

XU G J, XU X C, YANG F L, et al.

Chemical Engineering

Selective

[11]

[12]

[13]

[14]

[15]

[16]

inhibition of nitrite oxidation by chlorate dosing in
aerobic granules [J]. Journal of Hazardous Materials,
2011, 185(1): 249-254.

BOUGARD D, BERNET N, CHENEBY D, e al
Nitrification of a high-strength wastewater in an inverse
turbulent bed reactor: effect of temperature on nitrite
accumulation[J]. Process Biochemistry, 2006, 41(1):
106-113.

LEES H, SIMPSON ] R. The biochemistry of the
nitrifying organisms 5 nitrite oxidation by Nitrobacter
[J]. Biochemical Journal, 1957, 65(2): 297-305.
KRISTENSEN G H, JORGENSEN P E, HENZE M.
Characterization of functional microorganism groups and
substrate in activated sludge and wastewater by AUR,
NUR and OUR [J].
1992, 25(6): 43-57.
I, B4k, BAAREL. IR DO Sk hil a4 &
(WA A2 AT [T ], PR T A2, 2017, 11(4)
2170-2176.

LI Peigen, WANG Yujia, HU Xiaomin. Combination of

Water Science & Technology,

low DO and chemical control in the operation of semi-
nitrification [J]. Chinese Journal of Environmental
Engineering, 2017, 11(4): 2170-2176 (in Chinese).
ZHOU X H, ZHANG M K, YU T, et al. Oxygen
profiles in biofilms undergoing endogenous respiration
LI 2013, 220:
452-458.

LIU W R, YANG D H, CHEN W J, et al. High-

Chemical Engineering Journal,

throughput sequencing-based microbial characterization
of size fractionated biomass in an anoxic anammox
reactor for low-sirength wastewater at low temperatures

[J]. Bioresource Technology, 2017, 231: 45-52.

« 25 .

EE B I (1997- ), 2, BEVG k3N, At -
G, FEWFTETT 10 {5 KA PR
E-mail:623615979@qq.com
We#e B #A:2021-07-05
&= HH:2021-10-12
(i X 5L HF)



