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Abstract [ Objective| To balance the treatment efficiency and economic benefits of biomass-based carbon sources in hiological
nitrogen removal engineering for wastewater, this paper compares the denitrification performance of various composite ratios of biomass
carbon sources with traditional sodium acetate. [ Methods] The effects of different biomass-sodium acetate composite carbon source
ratios on activated sludge denitrification were investigated, and an economic benefit assessment was conducted. [ Results]  The
denitrification performance increased in the following order : biomass carbon source < composite carbon source with biomass : sodium

acetate (mass ratio, 2: 1) < 1:1<1:2< 1:3 < sodium acetate carbon source. However, the composite carbon source with a
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biomass : sodium acetate mass ratio of 1 : 2 exhibited the optimal comprehensive performance, achieving nitrate-nitrogen (NO3-N)
and nitrite-nitrogen ( NO,-N) removal rates of 82. 9% and 90. 8%, respectively, with maximum denitrification rates of 6. 5 mg NO;-N/
(g VSS+-h) and 9.5 mg NO,-N/(g VSS-h). Pilot-scale application at a municipal wastewater treatment plant in Qingdao further
verified these findings, with a NO5-N removal rate reaching 73.9%. This ensured stable nitrate removal and effluent total nitrogen
concentrations , with effluent quality surpassing the first class A discharge standard of the Discharge Standard of Pollutants for Municipal
Wastewater Treatment Plant (GB 18918—2002). Compared with conventional sodium acetate, the composite carbon source reduced
costs by 12.9%. [ Conclusion ]  This paper provides a novel approach for applying biomass carbon sources in the biological
denitrification process of municipal wastewater treatment plants, realizing resource recycling of biomass waste. It offers technical
experience for developing green, low-carbon benchmark plants and demonstrates broad application prospects and promotion value.

Keywords biomass carbon source  composite ratio

nitragen removal by denitrification and denitrification  productive test

economic benefit

FALG A T 20 K a nl A YA H
AR DLIE A R RS R AR SRiTT, i Y5 7K
AR K A 2R 4 (COD) 5 A (C/N) 1Y
TFEELASA (TN HERCPRHERS B 57 4%, 157K 4b 2
I G B BRI R AN JE B IR R, A 55
PSR V5 7K AR RN 2 A TR R, 4 e 75 K B
R DLSEEBGA AR A sk ie 2 —

H AT, x5 K AL B R A AR IR AN JE 0] 8, 7
S i K A P T v 3 A P A 5 B — i R AT
BN | 2 BR N R AR AET L BRI, 15 G IR
AR 2E (AN B ) A 2o s (A0 TR A %
W) BT B 2% (N2 TR | 24 ) SF i £ 1)
R0 I HLAR B AR o AT RE S A T R K
Y, S 8TE KAL) IE K AL BE R A 3 R
B TSR A O JR—— 0l Tl AR
R R AR RS AT R ST R L 4UR R
PR 5 s 4 A SRy — i 2 2 R R R RT A A e T,
BaaJois Yot , COD Y& &, I & A i Y Al
AR BRIV A LR B FOREZE | et 12 At
ARG ST B, B Sk PRI RN R4 i R
R, TR 9 F 2 R, i, A Ak 2T
B FH i 45 B 1 S B R AR AR IR, T B S 7K TN
JREEVR B RS 15. 0 mg/L; e %5 R FRLH vl A=
Yy BTi IR S 7K TN BT i B2 5.0 me/L, {H
T Z B A B R IR A BC , SO AR R A A
A (NOZ-N) R4y, i (HAEIA F] 20. 5 mg/L, If
H XS g AR BRIk, A= 9 4 Ay s U A 52
BrRym KT i = 58 38 B R 58 LA RS2 bR TR
o B, s A B FEAE R 5l e R S E

St W E /N e 5 4% B AR ) RN 2 TR

BRI B R X 3 P T e B AU B I R e LA
L TRARRRIEAE S B G2, W98 A= ot R DA I &
GWRIRTEL BB (LEW T - SR) h 20 1,
L1 : 200 3550 F %6 75 U S i Ak e RE 1Y
MR, 25 B IR e R B0 45 SR I F 38 BRis /K
AEER)T R A A B R v 6 A R R R 2 TR
T ) S B o TSR, JF 3R AT T 2 B sl 25 256 o1
Mo ABETEREE SR Ry A= ) B e 3 5 7K b 2R
SEBRn H TR RIS 20
1 MRS5F*®
1.1 REEE

R EH A 1R, R 6 A58 2R
N A AL RN R | R RS AR D
RO AR AR RS AU 5 L, Hopr, —
LU AT IR A, SR F . — SRR AN U, COD X4
20 75 mg/L, 55 5 AR A, SR A 9 o Ui
MAEY RS CRMHEBEEE G2 1,
11121 3HMME G, Hr, 2EY Bk
VRS IRIR ) ZE AL, B R YRR IR R AR A=Y
R ZIURE ENESE 0 4L TG 05 IR SRR
ALy i S A W o v A e AR b AR B AT AR
P1,COD 128 20 J7 mg/L, MR i AR Y
Tt o e, A U B BT FH AE 0 i 5 341 o ()
— RV
1.2 RWEAE

/N R LA NOS-N Fl NOS-N b Uitk L+
PR3 o PP L =X 5 % (SBR) S, b K 5 Ry
5 L, B i RS ERRIR , 76 B SO JR B i By
Bty coD Rk A 180 mg/L, (15 C/N=6,i%
LA 10 A, OB A 2 b, BERE 20 min HURE



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 8,2025
August 25th, 2025

& & |

Al BB e B e
IR I W e
Fig. 1 Test Device

R, B0 2 h #E4T NOS-N Fl NO,-N B#hFE, il ad %
JNGERRER (KNO, ) 1 R 44 ( NaNO, ) , #5] NO;-N
FINO;-N IR BT B R 30 mg/L, JV % TR
BT E AR (MLSS) FT s~ 5 000 mg/L, LA
T T RGBT A Y i B i R
SEWHERSE R MLSS 49 5 000 mg/L IR G WE%E LR

TEEIAR(MLVSS) BT A 3 000 mg/L, #54i] DO Ji
HIRIE<0.3 mg/L, IR 20 °C, APRIERA: YT
TR TR, N A/ B T

7 5 T R IR 5 K AR BT #4730 d A=k
R, %) —WERHZ BUR A/ (A0) T2 an &
2 i, %) ARBREE IR 10 7 m’/d, HARSE KR bR
1 R, KA H KK coDb T H H Ak
i At (BOD; ) CEVEY(SS) TN Z A TP 8151y
P (OB TS5 KA BT 75 Y W HE AR HEY (GB
18918—2002) —%% A HER bR e, 56 H A4 ] H %
15K WA A Vb 2 A LRI T L RN
MAYIRR « CFREITTE HE R 10 2 Bk IR il fh 14 AE
(X RS . PRIEAR | VE P ) T oA R R4 T
o3 TR SR BN A5 2 19 S TREN AW TR+ LR
Frar o 1: 2 IR, ik U5 m B K 5T BBORE s
Kl 2 iR, 7K TJE NOS-N K i

SRl M 40%

IR A5
i RS EL B —A-|o ik 4o B ’l— ISR — itk K
[ I ARHUE £ st IBRE £ T
A el 2 100%
B2 BT ZnE
Fig. 2 Process Flow of Biological Tanks
Fz 1 FEBAOKT FEERR
Tab. 1 Main Indices of Influent and Effluent Qualities
KT COD/(mg-L™")  BODs/(mg-L7")  SS/(mg-L™") TN/(mg-L") SR/ (mg- L) TP/(mg-L™")
HEk 260. 5 103.7 415.3 60.5 48.2 7.6
TR T 7K 16.3 3.3 6.7 7.7 2.6 0.2
AWK 17.5 4.7 6.8 6.8 2.5 0.3

1.3 &A%

S At Ak %58 i NOJ-N b e B 25 1k 23 By B 2
P A 77 A i 2R, BRI MLVSS #E55
HIZ R R RO AL B (1) Y,

r

V= (1)

CMLVSS
Hop V—— LR mg/ (g VSS+h) ;
r—— AR B Bt NOC-N i 5 25 4k, 114 26 1
5 B A AR X E , mg/ (L-h) ;
Cyvss——MLVSS JFHERE  o/L,
1.4 KRSWHFHZE
K 48 FR COD  BOD, ,SS. TN TP . NO;-N

LK NO,-N, ¥die B8 KRR K W o0 M7 i) (568
PR ) 2
2 ZR5VE
2.1 IMRIKIE AR E R IE I N R A 4L 1 RE X b
wmE 3 fros, % 5 AR JEXT NOS-N L BR 5%
M, $E00 20 BR AR A VR H 7K NOS-N SF- 349 Jo i e i 7
4.3 mg/L, W5 00 T 26 9 Bl 5 13 7K NOS-N it £ ¥k
JEH 15.6 mg/ L, (A4 A TR ENIR G40, HL
NO;-N F S AHAERCER BT A« R
P 12 2.1 2 3 (Y LLBIEmET, 7K NOJ-N [y i ik
FEHR 5.1.,4.7 mg/L, RAGABORZ T i o
2:1(13.8 mg/L) MR 12 1(9. 8 mg/L) ,ZUR



TR PNBERG , SR ERE, 4.

BT ) B IR C HETE 15 7K AR B R A B 15

Vol. 44, No. 8,2025

P CFRENRIR L RRANBRIR Y NO;-N P2 e pr%
N 85.7% , e N AW I+ LR BRI i H oy
12201 350500 82. 9% K11 84. 5% , Y475 T AL ¥ i
(48.2%) AWt « SRR LN 2 £ 1(53.9% ) Fl
VI SRR 10 1(67.3%) .

Wi FRE R I, LL NOS-N L T A2 K
18 FH IR BRI SRS A R A, X R 7R I M AL
I8 LA K 2 B R W 25 2 R R ANk R AR
ST REMAE LS P VE AR IR, DTS 35008 AU Ak
RO i e A W AR A 4 R R R K
FAHIY KA Y, 5 BCR M A B R
RSSO B 22 . 24 A W 3 R 2 BRI B DR TR A %

T, NOS-N (1) 25 BRACR A B #7 $2 T), X 745 35 T 76
TSP 08 0 R v 2 R 22 Tl ot 28035k PR 1) 1A 4 5 28, 1
(A5 B, T A2 A B TR R ) 2R BV A skt 0 5 R A
(IBIR Ry S A A4 B 30 07, 78 S ik 72 v i Ak i
NG AW A MUK 3 F 2 AR /N o o A i)
[FIBS, A= 9 0 T A LAt Bl e b 58 T UAE W IR
AL R TG B TR R . AR Y RN 2 IR ANk
Pade 12 2 F1 1 2 3 A9 o E B et e il fl 5 2R
B & TR SRR S (BT« CTREN T i
FEA 11,20 1), BA4%E R AR 5 9 A FRALAR,
P, Bl 52 A k5 R 2 TR 801 EL 49142 =, NOS-N
1) R BRSC R

3 ARIBRIENT NOT-N 2= [ B4 50
Fig. 3 Effect of Different Carbon Sources on NO;-N Removal

TEFCRSAL I TR Ff NOS-N A g K2 I Hh ] 77 4
ZOCHE HIL, 5 5 A B IR X NOS-N ZBRACR
MRZm, & 4 (a) RTAT, S8 2B AR IR,
7K NO3-N Fef I ot v B AE 477 2. 4 mg/L {HAEH) 5T
WRURLERETE 1.7 mg/L, WA W T S BR AN BRI, s
A=W 55 LR TR R A BOR B AL T AR
JERRIR , I LB 2, BR &0 EL B34 T, 7K NOS-N ik
JEWBEBREAR, MBI - SRR 1 2,
1: 3, H NO;-N Ay H K 5t & 3 B 23 ) 4 5 7F
2.7.2.6 mg/L ARTAWI : LRI ILH 2 : 1
(9.9 mg/L) Al 1 : 1(6.5 mg/L) B NO;-N Hi 7k i
JE BT L RANRR PR AL BRACR . B 4(b) AT, 2
FREAFIAEDIT « CIRENBTE N 12 3.1 = 2 Ik A
() NOZ-N 2 [543 514 92. 1% 1 91. 2% .90. 8%
A 5 e A AR IR

25 LR  NOZ-N 1 LB R b E & Akt &
RN A BE TR I AR S A T« R BT A b DA
1228130, 2R R E, Xl e e TRty
XA SR R BRI, PR UL, A SR A R v A
(A S RREN BT EL , A B T2 /5 NOL-N 4k
i HE

K 5(a) NATRBRJELL NOS-N N HL 732 K 1Y
RAEALRE T T b, Sl R A A - LR
BB EE N 12 301 2 AUBR TR AT, NOS-N 22 BR &%
Wil R E R JE X NOS-N B9 52 0 #a 2 A0 1),
£ 0~40 min NO3-N [ ¥ &  F [, 40 ~ 80 min
NO;-N A9 B T R A2 18 Tl 7 80 ~ 120 min NO;-N
MR IE T Rt B 5(b) LI NOS-N HHL 52
B S Al AL E 1 B9 XF He, #H % F NOS-N, NO,-N



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 8,2025
August 25th, 2025

B4 REBRIEXT NOZ-N 2Bk A 520
Fig. 4 Effect of Different Carbon Sources on NO;-N Removal

B 5 RIRIBRIR i TS VR R L AE 1 0 B
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