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Optimization of Nitrogen Removal Efficiency in Domestic Wastewater Treat-

ment Based on Anaerobic Ammonia Oxidation Process
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gineering Testing Co., Ltd., Qingdao 266400, China)

Abstract: Aiming at the bottleneck problems of low nitrogen removal efficiency and high energy consumption in
domestic sewage treatment processes, an optimization method for nitrogen removal efficiency in domestic sewage
treatment based on the anaerobic ammonia oxidation process is proposed. This study designed an experimental de-
vice consisting of an anaerobic treatment unit, a partial nitritation unit, and an anaerobic ammonia-oxidizing
(ANAMMOX) unit. After selecting inoculated sludge and synthetic domestic sewage, the experimental device
was used to treat the sewage. With glucose as the organic carbon source, the domestic sewage treatment was di-
vided into four stages based on the added organic carbon source concentrations (100, 150, 200, 250 mg/L). Dur-
ing these four stages, treated water samples were collected and tested to calculate the concentrations of ammonia
nitrogen and nitrate nitrogen, as well as their removal rates, during the reaction cycle of the ANAMMOX-based
experimental device. The results showed that this method consistently achieved a 100% nitrite nitrogen removal
rate and a total nitrogen removal rate exceeding 96%. However, the ammonia nitrogen removal rate gradually de-
creased from nearly 100% in the first stage to approximately 89% in the fourth stage, which was attributed to the
inhibition of ANAMMOX bacteria(AnAOB) activity by high organic matter concentrations, leading to denitrify-
ing bacteria dominating the reaction. Fluorescence spectroscopy analysis indicated that as the stages progressed,
protein-like substances increased significantly, from about 2000 a.u. to over 7000 a.u., while humic-like sub-
stances remained relatively stable. The chemical oxygen demand(COD) of the water samples before treatment

ranged from 1967.9 to 2155.4 mg/L, and after treatment, it decreased to 223.6 - 270.2 mg/L, demonstrating a sig-
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nificant application effect.

Key words: Ammonia oxidation process; Domestic sewage; Nitrogen removal; Efficiency optimization; Experi-

mental apparatus; Concentration of nitrate nitrogen

TE 3T P HE AR I R 5T AR T 5 K HE
ERFE K K AR AR m i #HE S 5
JoKME B IR, BRI KBS, YT
SR 7K A 2S5 ROT K 22 40 AR G e Ak -
B A B 0 T 20 PR 5 9 R BE R 4 R A S ER
855, HLAROBSM e 8006 2 BBl AL %5 oK A7 s 47
DN RN 3 Y e e T i s
RO iE KA PSR . PR A A A T —Fh e
Bk A A W RO A O AL I MO A SR
A=y AT Bl R DL A RN A R R S
JIE W 58 AR W RO AR G AR, B A R, I L
25 e 7 A U B 80% , S AR E K AR R Ak 2
R b TR B AR SR, AR TS K B AL
(IS & NI i e R o 2 R AN O =2
R, 5 3 BOR A AL B PR L35 V8 2k
P il R A 7 G A4 5 I L, 1 45 0% T 25 AE AR TG
KA A RR L BRACRZ IR AR ETEAN AL o

N ORISR A A AL T 2T R % 2
FEo BB AEER L E BR U T K A BT vk % Ik
TE5 K BEA RS X5, FIHI IR S B, 75 KA L)
WK i BRAL , B W R £h I 7 A= T W fift 1) 4 % 1
i W5 R (VR As), 2 Ji 22 S il A 4 A e U5 . B
Ja TR WIE N GO SR S PR R R S %
G838 3 2y 25 8 Y Bl S A B B8 R UBIORN
Ui 2R 0 1, 92 BUAH AL 5 SR 1k i i TR AL
(BT A B (I 75 D8 %) 55 S v Ak T (SR 95 g i ) 7 [+
— RGP I AF I T A 7S U8 1A e A HE U S
A A oK o o P RS 2 AT R S B AR T R
R m B A A I A IR S R g K AR E
P, S EOZ IR ROR KA o A S5 4E H
iy A R i R 53k A B AR 3 35 K B BALAR O3k %07
TEAE PR X BOAGE T AT R TR , R AR Rk AL 4
GO ARG , AR FR AR = A 938 )5 T 5
SR E BN, AL AR R IR . RGTEL
s 0 2 U BE 2l 2 T AT AR TR B AT BR
R, SLBUETR KA R R L BRACRIUAE . AR
FrBRTR BE S AiF A S B R, {HL AT BE 2 MU R
Yy 9 A7 P55 RIRE v 45 4, 0 ol 2 W T B A L
— E I [ SF 3 N7, 7 N o A v AT e 2 5 o Ak 3
ROR R RE T o XS 55O Y 56 f PR S L A
BT AL Tk, 0T IR AR SR g Y R R B 23 X

P 3 {1 15 K 5 IR AE Wy e o ik . 15K A
HLP S B K i TR Ak, R0 HE 1 B VA I 852 I il £k
PO IR . IR , P R A B A BRI A Y
A1 AR EIR R AL AE O KA . R A XK T
15 B BSF (DR E DR 4%, Lk 2 A TR IS BT Rk R
R, Em BT AR W L BRACE, B RN T K
() R Al o (BB FERE S B IER A ATTHAE R
HABUR , I T RE 0 IR A W R AR R A5 4, BRI A
AYTENE S HXE KPR BN LRI, T
PR A 16 5 K LR AR B TS % TR
TR M A ML & B PHB , SR I 3% A2 1% 15 7K i i
B G S N, S AT B A BT, R A8 AR X S
K B AT 25 B O AN ) SRR R S B AR
TG KN R R BRI 7 ¥ 45 R 3t T R AH B
S 7K 745 B ) B s il AR A I B R, S8
PR AS 2 2 81 3 R R R AR BRI

H X 134 T3 vk AE N A AR R B DG S
BT IRE A S AL T2 0 A0 15 KA R B AL
RAACTT o TEAR M AR AUk, A= 35 V5 7K 28 ik B
Je W AE A A H R R K VR 5K ™ SR K, AR
i H AR AR AR KR A SO S T
K H R e R 30 me/L I, 4 S8 HE AR 4
AEYIREET o 4 RTE A T 245 A9 H K B R
W H KT 15 mg/L, ME LU A2 (A H I /K 5 A 1 )
(GB 5084-2021)%: K . i IR A A Ak T 2%
K ECEAERIAE /N T 10 mg/L, AL ] AR 4 b 1
I 75 G XU , 4 RE 52 B /K BB ¢ 5 Ak A1) .

1 AFFRAEREESRZERINL

1.1 iR EIEIT

BITIR AR T 2R3 o, AL %
SRS NE =R OB L TN S R TR (A B A= I ) O N 2
A AL ANAMMOX HL7T 3 ¥ 43 21 B, a7 &1 4an 141 1
FITR o

PR A8 AL T2 3R 50 2 v i IR AU Ak B PR T
K P IE BB UAFB [ b e , HOIHFE R 23, F
RS FRIA 6.9 L, 3 o i 25 38 400 Sy il AR e 4
FEFE 36 °Co TR N #1E h T Ak B BT, 7 [ A
15 7K A B ) Bt [ i R g AR, AN A i &k
RS RGN KE T IS EOK A AT
REVR M1, %% B F WA L R 4R H 31 CE R



13 B ROLSE T PR T Z B AT 15 /Kb B B BRACRAL LT T 77

A

-ﬁ/M}.%]Z

R RERCE
LIeas]

L [ SPNE]
piiZiNn| vk ks a]
SBR ¥
piy/ 9]
ANAMMOX 7 &
1 RESEUIZHERELENE
Fig. 1 Structure diagram of anaerobic ammonia oxida-
tion process experimental device
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Table 1 Composition of artificially synthesized domestic
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Table 2 Composition of trace element solutions

% W (mg/L)

Composition Concentration
EDTA 18.500
CoCl,*6H,0 0.230
MnCl,-4H20 0.920
Na,Mo0,-2H,0 0.240
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NiCl,-6H,0 0.180
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Fig. 2 Ammonia nitrogen concentration at different
stages of inlet and outlet



13 B ROLSE T PR T Z B AT 15 /Kb B B BRACRAL LT T 79

K2 JeoR T IR A A AL T2 A 36 s
KB, AN ) B Bk 7K 0 0 M K 1T 0 R0 JE o
M AR B0 . RS R E K R
LNb TR R K F U BN R BE A K, 7 45 B B Y 4
FEFE 80~120 mg/L, Ut B F 7K Z AR B AR E .
T 7K 2 20k B 00 4 A HL AR A6 22, B A )
6T A - I N S = S A B I (K | By (3 R
KW Z I B K O R E E RN %
B B IR AR S A 34 5 B i Ak TR i S 7 B T g 3
TINTF 46 4 25 3 5, S i AR A FH 3 sl i TR AR
AACTE TG T, TR K D E AR R, ik
GEREW  RARE T LM BTG KPR EE
B A — SR, Aok B 2 B R) 4 RS KA BLA IR VR
FEAS AR, T2 0 B RS PR AT R 32 B Pk R, S 2k
7 1t — 25l A DA AR B Ak BRSO |

BN B 2B 3B HAN B
10
wl . VN 7\ o]
VA Ny Ly~ N TN
\/ \»r
70 kR
' BEIRE
o 120
£
90
60
20 K FLIE
BRIKEE
0 ke [

0 1.0 20 3.0 40 5.0 60 7.0 80
il /d
B3 AREMER#HKOSHKALHSRRE
Fig. 3 Nitrous nitrogen concentration at different stages
of inlet and outlet
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Table 3 Chemical oxygen demand mg/L in water
samples before and after treatment

KA 2 ) JbFE i PisEiE
Water sample code Before treatment After treatment
1 1981.3 270.2
2 2136.9 264.5
3 1996.5 254.1
4 2054.5 231.2
5 21554 240.1
6 1967.9 228.9
7 20344 226.7
8 2009.5 223.6
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