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Enhancing Sewage Denitrification Using Carbon Source Derived from

Cyanobacterial Fermentation
KE Wen, XU Mengping, ZHAO Mingxing"
(School of Environment & Ecology, Jiangnan University, Wuxi 214122, China)
Abstract: Facing the dual challenges of the sustainable disposal of harvested cyanobacteria from
eutrophic water bodies and the lack of bioavailable carbon for denitrification in sewage treatment plants
with low C/N ratio influent, this study aimed to develop and evaluate an integrated process for
converting cyanobacterial into an efficient liquid carbon source. This provided a synergistic solution for
both waste valorization and enhanced nitrogen removal. To achieve this, cyanobacteria collected from
Taihu Lake in China was first subjected to thermo-alkaline pretreatment to disrupt cell wall. This was
followed by mesophilic anaerobic fermentation to produce volatile fatty acids (VFAs) fermentation
broth. Due to the high ammonium nitrogen content, the broth was subsequently treated via vacuum
thermal stripping, and the effects of pH, temperature, and stripping time on ammonia removal were
systematically optimized. Finally, the denitrification performance of the de-ammoniated broth was
assessed in batch experiments with activated sludge. The influence of C/N ratio and pH was
investigated, and the broth was compared with sodium acetate and glucose under condition of C/N=6
and pH=7. Nitrogen species were monitored, and the denitrification potential (Ppy) was calculated. The
denitrification performance was investigated under different C/N ratios using fermentation broth as

carbon source in a continuous flow reactor, and the effects of fermentation broth versus sodium acetate
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as carbon sources were compared. The broth produced by anaerobic fermentation contained 15 582.00
mg/L of VFAs, with acetate accounting for 72.94%. The optimized vacuum thermal stripping process
achieved 93.77% NH;-N removal at pH 10.5, 53 °C, and 40 min, increasing the C/N ratio from 11.25 to
70.59, thus making the broth a suitable carbon source. Denitrification test revealed that a C/N ratio of 6
and pH of 7 were optimal, achieving 99.46% nitrate removal. Notably, the maximum nitrite
accumulation was significantly lower than that observed in the sodium acetate system. The Ppy value
for the cyanobacteria broth (0.192 g N/g COD) exceeded that of sodium acetate (0.176 g N/g COD) and
glucose (0.150 g N/g COD). Operation of the continuous-flow reactor indicated that when the carbon
source in the fermentation broth had a C/N ratio =35, the average nitrate removal efficiency remained
stable at more than 98.61%, and the average total nitrogen removal efficiency exceeded 82%, showing
stable and efficient denitrification performance. In conclusion, this study demonstrated that
cyanobacterial biomass can be efficiently converted into a promising external carbon source for sewage
denitrification through a sequential process comprising thermo-alkaline pretreatment, anaerobic
fermentation, and vacuum thermal stripping. The fermentation broth exhibited better denitrification
performance than commercial carbon sources like glucose and showed advantage over sodium acetate
in terms of lower nitrite accumulation and higher intrinsic carbon efficiency (Ppy). This verifies the
technical feasibility and effectiveness of the proposed strategy, offering a sustainable solution for both
algal waste mitigation and enhanced nitrogen removal in sewage treatment. Moreover, this circular
strategy transforms environmental waste into a valuable resource, potentially reducing the carbon
footprint associated with both algal disposal and synthetic carbon production. The complex composition
in the broth appeared to promote more stable denitrification kinetics with reduced accumulation of
intermediates compared to pure compounds, suggesting operational benefits for improved process
stability.

Keywords: Sewage treatment; Cyanobacteria resource utilization; Anaerobic fermentation;

Volatile fatty acids; Denitrification carbon source
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Table 2 Composition of the cyanobacterial

fermentation broth
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Fig.1 Effect of pH on ammonia nitrogen removal
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Table 3 Composition of the fermentation broth before

and after reaction

28 COD  NH;-N TN VFAs

AEFERT/(mg L) 2274500 1729.17 202110 15 582.00
AHE/(mg L") 2042000  107.77 289.26 14 414.00

LBR% /% 10.22 93.77 85.69 7.50




23 AREBRREUREEERK
23.1 C/N B FEALH i vh

W5 22 BH A Ak A 14 e ) AR AR KR
I T B R A A B e A P AT O/N LA™Y 7 4
h B BERAE N RS AR IR B, KR CN HL AT
NO;-N Hl TN ik &£ A 1% &l . i &l 4 AT AT, Y
C/N 2 2, 4 i, NO;-N FIl TN 2 [ 28 B [ 1 B[]
14 ZE 1T 3G 0, 2808 7 h RN, NO3-N ik B2 I
36.80 mg/L F [ %] 13.21, 8.78 mg/L, TN ¥ & )\
40.00 mg/L T PE#] 15.03, 11.59 mg/L. BLAT, JEK

40

¢ —u—C/N=2
35 —eo—C/N=4
—a—C/N=6
30°F —v—C/N=8
sl —+—C/N=10
B
E 2l %\
g 15t \ \E\g
Z. () B
10 + ] — 3
sl §i\i
0 N Y $ 5 &

IF ] /h
(a) NO,-N7Z 1k

HRIE A, KA T A58 4 RO At 72, oK
{1545 K 5% B INO, N, 24 O/N Eb 2 & 3 6 i,
K H ANOS -N ¥k B R B 5] 0.03 mg/L, /K JE
NO;-N &, 7K TN # R 2.52 mg/L, & C/N
FEAE 6 I & A= 58 A I ik . 4 C/N L4k S &
#| 8., 10 i, Hi /K 1 NO;-N ¥ 43514 0.30 mg/L
F10.21 mg/L, TN R EREE C/N &g hn, 5
5k 5.48 mg/L Al 8.39 mg/L. X 1] fEJ K & %
W) TN BE K HES . B, IAR CN R 6
B R EAE R A AR U5 ) e A L 1B

w0y o
—a— C/N=6
—v— C/N=8
. 30 F i —e—C/N=10
Q
M=
— 5 %

—i
®

o \g\gg\;i:

———+—+

— 3

0 1 2 3 4 5 6 7 8
I 8] /h
(b) TNZ2 1k

B4 K[ C/NE£MBHTNO;-N# TN T
Fig. 4 Variations of NO;-N and TN under different C/N ratios

232 pH AT EAAL %o

Pl 5 Ok > R IR Ry RO AR IR B, C/N EE Sy
6, ANl pH 214 T H 7K NO;-N., NO;-N FINH;-N
WeRE . &S A, AR K, & ZHNO; -N ik
JE KT 0.50 mg/L, NO;-N 7K i B #4145 T 0.10
mg/L, W R Aif kit B2 58 4, NO;-N JL P52 4 2%

NO; -N/(mg-L™)
0.5/ . pH=6
’ pH=7
pH=8
pH=9

6.0 &
NH,-N/(mg-L™") NO,-N/(mg'L™")
B 5 A[FE pH £ THKNO;-N.NO,-N FAINH] -N iR &

Fig.5 Effluent concentrations of NO;-N, NO,-N, and

NH; -N under different pH

Bk o SR T 4% 41 H K PNH-N IR R[], pH Ry
6 1 7 if H K L 354 NH; -N, 1iif pH & 8 1 9 i
tH7KHNH; -N ¥R 53 97°4 1.00 mg/L A1 5.00 mg/L.

K6 b A [ pH 2% £ NO;-N, NO,-N Al
NH; -N ¥ A A5 . H 1 6(a) AT, NO;-N ¥
BB N AT R R . 7E 7 h I, RO AR
5618 pH=6. 7. 8. 9 B, iHA A AL AR, M
R RK . NO;-N W1 4h 36.80 mg/L T [
0~0.30 mg/L,

NO; -N 5 S i Ak iy v i) 7= 4, AR 2 A% L
SRV AR PR E AR AR . Al 6(b) AT,
16 pH 4 6, 7 B, NO;-N AXFE S 7 1 h H B 46 8
LR, e KR B2 51 0.19 F1 0.74 mg/L, B
Ja M PR R, 78 3 h g &R i . 76 pH 4 8.,
9 B, A MFFLLAY AR EL LR, NO, -N e KR R
39K 1.84 mg/L 1 3.22 mg/L, 7E W 5 h ifik
A58 e — 7 T, MEAH R ER 0 S5 X pH LEAS IR R
I J5 T ST SRy SRR, sk v ) pHL 2 A0 2 B R i
Pk, & P2 B0, 45 R~ PINO, -N Tk K
I AL T AR B, 55— 95 1T, pH R 9 I, 3 5 1Y



—m—pH=6
—e— pH=7
—A— pH=8
—v—pH=9
5 N\;\
0 S o
0 1 2 3 4 5 6 7 8
N} [E)/h
(a) NOy -NA1L
4.0
35 —=—pH=6
1 —e—pH=7
3.0 [~ —4—pH=8
—~ l -V pH:9
o 25
2
= 20
S 15 T _— T
Z. A
wl/ /l
t
0.5 | \i
i -k, i
0 1 2 3 4 5 6 7 8
IR 8)/h
(b) NO, -NZ2 4k,
8 —u—pH=6
7 —e— pH=7
—A— pH=8
6 —_—v— pH:9
o
W S —
g T/ o 1
Z 4 !
o
Z 3 %;
’ *\é\
1 D N S
.
0 N N .\?\”\—-U 2
0 1 2 3 4 5 6 7 8

IR [8]/h
(c) NH,"-N7Z1Y,

B 6 7E pH £ TNO;-N.NO;-N FANH;-N 3k
Fig. 6 Variations of NO;-N, NO,-N, and NH; -N

under different pH
pH R & i 7% =D, M NO, -N it Jii.

e AL E S B Be (29 1 h), FrF pH 403
B R B B T i, ELAE pH=6 I f ok, ik 3]
6.89 mg/L([& 6(c) ). —JT, iX 1] RE IR RAFAE
SACAH IR £ 18 5 A B (DNRA) #5548, pH 1] 8211 5%
B RERE, 325 DNRA 40536 17 5% —Jr i, &
PR A B B A HLARAL B I FE U I E TR R A=
BALHER, Btk MR R DY, 16 pH=6 &1, Fotbig
A TR 1Y 3 PR AT R AR R, (AR A AR B R

bl S Al AL R AT, 2R G0 N B YR I 1) i T AR
E, AR 35, ARG R 2S5
HABACHS, Kt 2 A NS 4 pH 2 8., 9 B,
7K H A NH, -N, 33X AT g2 B R pH 8 s 2 1
BRI, P A 2 NH, -N,

H 2 500 SR A0 A 35 3 5 1 B 240, R TR
) pH S5 M I A ) VR I R = o A . AR
5T AN pH 458 T 2 A R 1284k, Wi
BT pH XA R AN B TE PR . BRI, RO A
R F pH=7 M4
233 REBR ST R AT 30

R VA W R TR RAE A R A i VR %) AT AT
P, AW L 2 Fpew DR IR (2 TR 40 5 4
B BEAT X . IR E] CO/N R 6, R G & EET
ZTREN . HEED) COD H, 43 B B A o
i, &K RZ B4R COD A .

K7k C/N LA 6 1, 3 Fax I T K H
NO;-N. NO;-N, TN I COD ¥ FE 1% i . 7 % b
VERBR IR R, 2233 7 h 9 )L, K 4754 NO; -N
FTN, 3% B SO Ak B AN 58 43, I 2 WE A Ryt
T I T RE 5 BT R C/N B 3k 52 30 78 20 1Y i A
o BOMABER . CFRENAY K FINOS -N MR 43
SM 36.80 mg/L [ % 0.30 mg/L A1 0.65 mg/L,
TN #4351 F B2 2.52 mg/L 1 2.05 mg/L, COD
e 43 ) T B3 49.60 mg/L Fl 35.50 mg/L, 1K &
BWATNO,-N FLUE ik e B & V1A R i Ak 5
4, U4 7KNO; -N, NO; -N 1 TN R B 5 £ iR

NO,~N/(mg-L"" o
e R

LR

CcoD/(mg-L Y "

< TN/(mg-L")

.10
NO, -N/(mg-L™)
7 AEBRIRFZHE T HKNO;-N.NO;-N,
TN #0 COD iR E
Fig. 7 Effluent concentrations of NO;-N, NO,-N, TN,

and COD with different carbon sources



AR R AR, IR A A AR R

K8 Jy 3 At U F NO;-N, NO,-N, TN Fil
COD WAL IE O, Ml 8(a) AT, 4 L RR4MPE
SRR, B2 Ak S s, NOS-N ¥ EEFE Sh N
TR BN AR KT, RIS A R AR X
e Ry SR EAAE S T /NGy A LR, AR AR
i, BB, T B SO AL B R HE A =R R

40
35 —n— R
—o— LR
30 F —A— T
Loost
on
E 20}
“
S 15
Z. .
10 b *
5F \ ;\
\.\ a——_,
0 L L L L ———ea—9
0 1 2 3 4 5 6 7 8
i 8] /h
(a) NO;-NZE{k
45
40 & —n— R
—o— ZJRAN
35+ —A— T
30 §\
= 25
o0
= AN
15 F \
10 !\‘\l\; 'y
Sk l\'\
0 8=
0 1 2 3 4 5 6 7

i [ /h
(c) TNZE{L

W(TCA) . MLLZT, AN IR eT, RAf it
FEAE B S AR T 1, 1T R R A . X
T 26 W e K A LN G T, A RE R R A Ak
BRI, AT K T S B Ak 1) 1S st et i), %
AR AR, F R Ak sl 1 2= TR A 0, B A
LR EHE T RN &R .

25T —n— R
—o— LR
o /{ —a— A
2 %
215
% 3
S 1o} %/ \+E
o5k A
N -
0o 1 2 3 4 5 6 71 8
i T]/h
(b) NO,-NA Y,
250,
—n— R
—o— ZIRMN
200 —a— I
e \
on
£ ;
g 100
&) \i
\i
50 — Ty
S ° ]
\‘ N .
0 1 1 1 1
o 1 2 3 4 5 6 7
I ] /h
(d) CODZE1L

B 8§ AREMIEEMHTNO;-N.NO;-N.TN 1 COD
Fig. 8 Variations of NO;-N, NO,-N, TN, and COD under different carbon sources

FH &1 8(b) T, LA MV A i i, B AiF Ak
4t FENO; -N BRI LA I Ay i Y8 I
NO;-N Z#i L 2, 2 3 h A 2 i KA (1.10 mg/L);
LI Z RN A BRIE RS, NO; -N 7E 4 h 5% 2.06 mg/L.,
] UL, R RS 257 A B NO, -N R, |
NO;-N fe KB EIR T OMRAAR . XZEF KL
PR AN T B0 b &4, 258 I £ W
A BB HZHA RIS AER )T ) . X —id
PR 5 A%, (o0 75 R 30 D il 1 3 1 A = i
i 6 A DR TR W A PR A . ST TR k3 T it Y
T 1 LU PR R 0 SR AR, JC ik Ve Ji | — 20
A I R £, DA TS BT Al R £ i AR R,
8

RIEWAE iR, kIRl B 4%, FEMAT L
iz, IR . TR ZFh VFAs, lLAME Tl RE &4 D
HEE MRS . T AR VFAs #E A TCA 1
I AR 5 AR AR 22 5, (A5 F RN
FETN TR 2, SF IR s AR AR 140 J5 5 A iR
AR I8 I ) R T AE Y, A RO T R ]
EmR AR B ER . R, kT S LA PR Bl A
Fre it i) W L.

] 8(c) W] 1, & BRI AR & TN vk B AR 4k
5 2R R A R, TN 2 B R 4 5 ik 2
93.70% Fi1 94.87%, < W LA & W VR A e U B, X
JK TN TG 52 i . AR 4l COD ik i 22 1k (141 8



(d)), 38 3D R A RE 1 (Poy) 73 M7 5k 8
RO, IR AIRILER 40 RERIKFRAY Poy (B
(0.192 g N/g COD), Z g1k Z (0.176 g N/g
COD) , i 43 HiH A # 15/ (0.150 g N/g COD), X 3
B I VRATE Sy i R A 2% 1) JId P RE UG T A e
LR TR RO B R SR B IRAE, 16 BUAS 5
Wi L RA NS KRR AR T 20
B, BRI T K A BT R 4 A R R A
IRAYTE T
x4 AREEGRTHRAELEE
Table 4 Denitrification performance with different

carbon sources

A LIREN aiald HHEBE

Poi/(gN-g"' COD) 0.176 0.192 0.150

24 EREREESERBELDHRER
2.4.1 NO;-N RE T4

W 9 Fi7s R #8181 7 45 B BENO; -N 281k
L. 5 T BB, IR R ON Hei s, il fh i
HET 78 BRI, NO; -N LR R, K2k
5 EBEFES 5N 0.35 mg/L, 98.97%. 411 K
Br, AR ON HJE, BRI, 76 11~13 d R A fead
FEBEIN ], NO;-N LR H 93.22%, 3045 1 Hir Bt
WA T B, R R E0E J5 NO;S -N 2B%% 7, NO;-N
KR BE 5 25 R R AR EAE 0.48 mg/L Fil 98.61%,
X HE B R AR — A L N A R A RS A v
1o F MNP B, #E—LRER C/N L, BRI 2 157
Wi B A B . 7E 21~25 d SRS AR SRR [
NO;-N £ 5K K 83.40%, 1k ZFaE 5, NO;-N i
K 5 LB R A g HE 3.12 mg/L, 91.12%, £
KT A DA AR B i 25 R 58 4B I, (5 1
JKEREANO; -N T, Okt szl . 551V B,

40 120
I I il v
900000000‘ 000000000 ’09090°°°°°0°°°‘ 000000000) 110
30 F
~ R K gk Fokk o e, LT 100
a > *k .
2 . £ A 190
E 20 ] 5
z ¥ ox &
Y 180
]
“ 1o} ° K |4
K
- KRRE
460
0K
50

0 5 10 15 20 25 30 35 40 45
e il /d
B9 AREIEITHMENO;-NZEH
Fig. 9 Variations of NO;-N at different stages

fifi FH L BRAME AR IR DEAT X e . L RRANTE R 5 %
fEBR IR, FASAENO; -N 2B T W &4 F i k&
P W, K Wk B 5 2 BR R RS E 7E 0.52 mg/L I
98.49%,

R BEAE C/N=5 BFRESC L= 2L NO; -N 2%
Wr, 2 B HLAE A AT RS2 IR 1 AT AT o SR IMTZEAIR
C/N LR, ZBREAVE Jy a7 B o WA (e L, G
NO;-N LBR% TR M. Fik, &EBRAE Nk
VAR S BRI A op, TS B IR R N, A
T 1% B vy 22 R R B
242 TN AT

10 S 20 #3217 BA 8] TN W & R 2 B
ARG . 25 T BBk TN MR, 3
K TN N 5.73 mg/L, TN 25 B 45 &, F 35 1k 3]
85.02%, HER EVERLF . XRUITE CN IR 6 5%
T, K EER BE R SR A i R B 4L 7 J2 1) e 5 A
LR, SEl R B e B RO AR B A
1T B BE K TN e BE R B — e I 8l , A 4.82~9.69
mg/L, FH4 17K TN & 6.91 mg/L, %545 1 BrBeng A
T P TN ZBREH 82.06%, TR 47 1EH /K
o BRVRASE T Uk A X SR AR A T — R R
H 2R G838 L 1 003 0, PR TR AR T -
S PYBe /K TN W B 2 T, P35tk TN 36
# 10.36 mg/L, ¥ TN ZLBRFR TR 72.97%, H
WK o X R, M A LT R 4 B, R
95 BN R AR = ZE BRI R R, R i A Ak R sz 2|
Wi, SBIVEY B K TN ¥ B 7E 5.17~7.65 mg/L,
SEHY TN £ BRR N 84.08%, Hisfrkae . S8
Wy BeA E, ZEAHIA] /N LR, B 2 BRENIT K TN
TS EAR T 4.06 mg/L, V-2 5 B FIE 5 11.11%.
X FRALEIRIRZ RS, TR AN e B8 iR 2 Hh 3K
By SR A R, AT 375 50 A B RS R

50 100
I 1T 11 Y
* 490
40 1o\ wd oM & o Stk o009l a oBels
20,580 /o Lp{o\o oo} 90009599 g0%9 /i*/\** %
%8 /* * \x ~ o * 4 80
~ * /*/ * /\*.* /
"T] 30 - */*a \* "ok 170 §
on N
E v &
> 160
Z 20} o K #
oK
450
. BN
340
0 30

0 5 10 15 20 25 30 35 40 45
IS [)/d
B 10 REEITHE TN Z
Fig. 10 Variations of TN at different stages



Y fifi ] & B AR VR, RGEH TN 2L
KHERT CNH ., CNIMM 6T 4, F1y
TN LBg % 85.02% T FEH] 72.97%. Kk B AE
C/N KT 50, BESEI K T 82% MY TN LBR 2,
FIL T HAE T B AR U 04 5 AN 5

3 & it

AT 5 3 IR AR K e 2 R - B Ak M g
VEAGT 5 2K, WFSE TR 145 06 e Ak o T 7K Ab 3
A ARBRIR A AT AT, £ DATR 4598 .

(1) P T30 4 FHL 5 ) 1 3 3 DR AR R I8 7 TR
FEHE B VEAs W 15 582.00 mg/L,VFAs A £ 2
AR G2, i VFAs B it 1Y 72.94% . i ¥ Al 3d
I % T S B e R AL

(2) 1% ¢ T 1Y) v 2 8L I, R ] L5 0
FEETE pH=10.5, 53 °C., 40 min 514 F, A SC 4R
REBRE 93.77%, %7 LA B S S B A DK K&
R ARFE . 38 AT R R 2 AL B AT DA R i
BRI a5 R () U35 e UG

(3) RAHALPEBEPEAL 2R I, 2 LA B ) & 18
WAE C/N It 6. pH=7 B JB U8R fe i, S il b g
J10 KB TRAN>H A s . AT LR ik
F, RIEWAE MR A IR Re 9 i Ak it e v Tl
SR ER B 3R o X e BH R WV i U A Ak - i Ak it
PR MR A L

(4) N gRia AT S B R, R W AE C/N b
g 5 BF, NO;-N ZB5R K 98.61%, TN V-1 L xR
k1 82.06%; T #E C/N 2 4 B, AH R £ in it F 2./
IR R TN KBRR HE B = 11.11%, Ui
R IEWAE C/N=5 I I B RSCR B, MR AR CO/N
I, ZRRENTTA DL

AHIFGEUESE, W 0 4 R S i s A A R
VE A R AR IR YD ST 47, by i i 9% U5 Ak A FH 2
1K BT IR A R PR T — R PR EI D R

2% 3Lk ( References ) :

[1]  WANG Pengcheng, ZHOU lJieying, LU Bin, et al
Harnessing metabolic pathway modulation and multiple
endogenous driving forces for sustainable nitrogen removal
from high-ammonia extremely low C/N ratio wastewater[J].
Environmental Research, 2025, 285: 122453.

2] WANG Xiaodong, HUANG Mei, CHEN Shanshan, et al.
Alkalinity enhanced hydrolysis of primary sludge for carbon
source recovery and its impact on denitrification in waste-

water treatment[J]. Journal of Environmental Management,

10

[10]

(1]

[12]

[13]

2025, 373: 123903.

LYCHE SOLHEIM A, GUNDERSEN H, MISCHKE U,
et al. Lake browning counteracts cyanobacteria responses to
nutrients: Evidence from phytoplankton dynamics in large
enclosure experiments and comprehensive observational
data[J]. Global Change Biology, 2024, 30(1): e17013.
WU Hainan, ZHOU Jiahui, ZHANG Sen, et al. Contribu-
tions of the bacterial communities to the microcystin degrada-
tion and nutrient transformations during aerobic composting
of algal sludge[J]. Journal of Environmental Management,
2024, 370: 122559.

WANG Jie, CHENG Guofeng, ZHANG lJiahua, et al.
Feasibility and mechanism of recycling carbon resources from
waste cyanobacteria and reducing microcystin toxicity by
dielectric barrier discharge plasma[J]. Journal of Hazardous
Materials, 2023, 460: 132333.

YU KAI ling, ONG H C, ZAMAN H B. Integrated energy
informatics technology on microalgae-based wastewater treat-
ment to bioenergy production: A review[J]. Journal of Envi-
ronmental Management, 2024, 368: 122085.

WANG Siqi, ZHANG Xiang, WANG Chao, et al. Multi-
variable integrated risk assessment for cyanobacterial blooms
in eutrophic lakes and its spatiotemporal characteristics[J].
Water Research, 2023, 228: 119367.

LI Shengnan, LI Xue, HO S H. Microalgae as a solution of
third world energy crisis for biofuels production from waste-
water toward carbon neutrality: An updated review[J].
Chemosphere, 2022, 291: 132863.

FUERTES RABANAL M, REBAQUE D, LARGO-
GOSENS A, et al. Cell walls: A comparative view of the
composition of cell surfaces of plants, algae, and microor-
ganisms[J]. Journal of Experimental Botany, 2025,
76(10): 2614-2645.

ZEERE. RN SRR e 5 AV ERR TR BOWTSE [D]. TG
. TIRR, 2009: 13-16.

LI Yuxiang. Production of volatile fatty acids from algae of
Taihu lake by anaerobic fermentation[D]. Wuxi: Jiangnan
University, 2009: 13-16.

ROMERO VARGAS A, MUNOZ I, MARZO C, et al.
Ultrasound pretreatment to enhance the enzymatic hydrolysis
of Dictyota dichotoma for sugars production[J]. Algal
Research, 2023, 71: 103083.

CABEZA C, VAN LIER J B, VAN DER STEEN P.
Effects of thermal and enzymatic pre-treatments on the solu-
bilisation of extracellular polymeric substances ( EPS) and
subsequent anaerobic digestion of microalgae-bacterial
biomass[J]. Algal Research, 2023, 72: 103130.

o, BB, EM, S EETH R B AF
FHRFTE BUR 5 #ER (0], o 25 KK, 2025, 41(2) .
38—46.

TAN Jiayi, WANG Bingzheng, WANG Yan, et al

Current status and advances of harmless disposal and utiliza-


https://doi.org/10.1016/j.envres.2025.122453
https://doi.org/10.1016/j.jenvman.2024.123903
https://doi.org/10.1111/gcb.17013
https://doi.org/10.1016/j.jenvman.2024.122559
https://doi.org/10.1016/j.jhazmat.2023.132333
https://doi.org/10.1016/j.jhazmat.2023.132333
https://doi.org/10.1016/j.jenvman.2024.122085
https://doi.org/10.1016/j.jenvman.2024.122085
https://doi.org/10.1016/j.jenvman.2024.122085
https://doi.org/10.1016/j.watres.2022.119367
https://doi.org/10.1016/j.chemosphere.2021.132863
https://doi.org/10.1016/j.algal.2023.103083
https://doi.org/10.1016/j.algal.2023.103083
https://doi.org/10.1016/j.algal.2023.103130
https://doi.org/10.19853/j.zgjsps.1000-4602.2025.02.006

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

tion of cyanobacteria[J]. China Water & Wastewater,
2025, 41(2): 38—46.

WU Haotian, DONG Renjie, WU Shubiao. Exploring low-
cost practical antifoaming strategies in the ammonia stripping
process of anaerobic digested slurry[J]. Chemical Engineer-
ing Journal, 2018, 344. 228-235.

UKWUANI A T, TAO Wendong. Developing a vacuum
thermal stripping-acid absorption process for ammonia recov-
ery from anaerobic digester effluent[J]. Water Research,
2016, 106: 108-115.

OSMAN A I, FANG Bingbing, ZHANG Yubing, et al.
Life cycle assessment and techno-economic analysis of
sustainable bioenergy production: A review[J]. Environmen-
tal Chemistry Letters, 2024, 22(3): 1115-1154.

WANG Jie, CHENG Guofeng, ZHANG lJiahua, et al.
Mechanism of dielectric barrier discharge plasma coupled
with calcium peroxide to improve the quantity and quality of
short chain fatty acids in anaerobic fermentation of cyanobac-
teria[J]. 2023, 455:
140618.

R AR K AR DR 8 A P b B SR AR B ST (D). B
B TLRIREE, 2024: 7-9.

WANG Yufan. Study on enhanced technology for two-phase

Chemical Engineering Journal,

anaerobic biological treatment of kitchen wastewater[D].
Wuxi: Jiangnan University, 2024: 7-9.

XIAO Xiaolan, HU Hongmei, MENG Xingyao, et al.
Volatile fatty acids production from kitchen waste slurry
using anaerobic membrane bioreactor via alkaline fermenta-
tion with high salinity: Evaluation on process performance
and microbial succession[J].
2024, 399: 130576.

B KM BEOK MEI 73 M 77 3 M), 4 i JEst: hEER
FERkA AL, 2002

WEI Fusheng. Methods for monitoring and analysis of water

Bioresource Technology,

and wastewater[M]. 4th ed. Beijing: China Environmental
Science Press, 2002.
KIM J K, HAN G H, OH B R, et al. Volumetric scale-up

of a three stage fermentation system for food waste

treatment[J]. Bioresource Technology, 2008, 99( 10) :
4394-4399.
SHI Jingxin, HUANG Weiliang, WAN Ning, et al.

Effects of sodium acetate, glucose, and Chlorella powder
as carbon source on enhanced treatment of phenolic
compounds and NO;-N in coal pyrolysis wastewater[J].
Fuel, 2023, 339: 126974.

CHEN Kai, ZHANG Jing, LI Zhuo, et al. Combining
radio frequency heating and alkaline treatment for enhance-
ment of sludge disintegration and volatile fatty acids produc-
tion from anaerobic fermentation[J]. Bioresource Technol-
ogy, 2024, 412: 131373.

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

CHEN Hong, YE Qinhui, WANG Xiulan, et al. Applying
sludge hydrolysate as a carbon source for biological denitrifi-
cation after composition optimization via red soil filtration[J].
Water Research, 2024, 249: 120909.

FARGHALI M, CHEN Zhonghao, OSMAN A I, et al.
Strategies for ammonia recovery from wastewater: A
review[J]. Environmental Chemistry Letters, 2024,
22(6): 2699-2751.

SHI Lingdong, GAO Tianyu, WEI Xiaowen, et al. pH-
dependent hydrogenotrophic denitratation based on self-alka-
lization[J]. Environmental Science & Technology, 2023,
57(1): 685-696.

LIANG Yongshi, FU M, TANG lJiarong, et al. SCVFA
chain length regulates denitrifiers & DNRA cells from coop-
eration to competition during nitrate bioreduction[J]. Chemi-
cal Engineering Journal, 2025, 522: 167928.

BEIR, BN, R MEREAR AL AL BOK AL
b BB R W 5T R (] K AL B OR, 2022, 48(9) :
21-25.

LUO Yudong, HEI Shenggiang, SONG Guangqing.
Advances in the ammoniation pretreatment of refractory
organic nitrogen wastewater[J]. Technology of Water Treat-
ment, 2022, 48(9): 21-25.

PAN Yuan, SUN Ruizhe, WANG Yan, et al. Carbon
source shaped microbial ecology, metabolism and perfor-
mance in denitrification systems[J]. Water Research, 2023,
243: 120330.
ZHANG Miao, LIU Jingbu, WANG Dongbin, et al.
Combined effects of carbon source and C/N ratio on the
partial denitrification performance: Nitrite accumulation,
denitrification kinetic and microbial transition[J]. Journal of
Environmental Chemical Engineering, 2024, 12( 5) .
113343.

SUN Ruizhe, PAN Yuan, WANG Jun, et al. Metabolic
and ecological responses of denitrifying consortia to different
carbon source strategies under fluctuating C/N conditions[J].
Environmental Research, 2025, 274: 121292.

GRANA M, CATENACCI A, FICARA E. Denitrification
capacity of volatile fatty acids from sludge fermentation:
Lab-scale testing and full-scale assessment[J]. Fermenta-
tion, 2024, 10(1): 25.

ZHANG Qionghua, WU Lin, XIE Yadong, et al. Carbon
source and temperature effects on nitrogen removal perfor-
mance in a novel adaptive activated sludge process[J]. Envi-
ronmental Research, 2026, 289: 123335.

LEI Zhen, YANG Shuming, WANG Lianxu, et al.
Achieving successive methanation and low-carbon denitro-
genation by a novel three-stage process for energy-efficient
wastewater treatment[J]. Journal of Cleaner Production,

2020, 276: 124245.

11


https://doi.org/10.19853/j.zgjsps.1000-4602.2025.02.006
https://doi.org/10.1016/j.cej.2018.03.081
https://doi.org/10.1016/j.cej.2018.03.081
https://doi.org/10.1016/j.cej.2018.03.081
https://doi.org/10.1016/j.watres.2016.09.054
https://doi.org/10.1007/s10311-023-01694-z
https://doi.org/10.1007/s10311-023-01694-z
https://doi.org/10.1016/j.cej.2022.140618
https://doi.org/10.1016/j.biortech.2024.130576
https://doi.org/10.1016/j.biortech.2007.08.031
https://doi.org/10.1016/j.fuel.2022.126974
https://doi.org/10.1016/j.biortech.2024.131373
https://doi.org/10.1016/j.biortech.2024.131373
https://doi.org/10.1016/j.biortech.2024.131373
https://doi.org/10.1016/j.watres.2023.120909
https://doi.org/10.1007/s10311-024-01768-6
https://doi.org/10.1021/acs.est.2c05559
https://doi.org/10.1016/j.cej.2025.167928
https://doi.org/10.1016/j.cej.2025.167928
https://doi.org/10.1016/j.watres.2023.120330
https://doi.org/10.1016/j.jece.2024.113343
https://doi.org/10.1016/j.jece.2024.113343
https://doi.org/10.1016/j.envres.2025.121292
https://doi.org/10.3390/fermentation10010025
https://doi.org/10.3390/fermentation10010025
https://doi.org/10.1016/j.envres.2025.123335
https://doi.org/10.1016/j.envres.2025.123335
https://doi.org/10.1016/j.jclepro.2020.124245

	0 引　　言
	1 材料和方法
	1.1 实验材料
	1.2 实验方法
	1.2.1 蓝藻厌氧发酵产酸研究
	1.2.2 发酵液脱氨氮研究
	1.2.3 发酵液反硝化性能研究
	1.2.4 发酵液在连续反硝化中的效果研究

	1.3 检测分析方法

	2 结果与讨论
	2.1 蓝藻厌氧发酵产酸研究
	2.2 不同反应条件对发酵液脱氨氮影响研究
	2.2.1 pH对氨氮去除影响
	2.2.2 反应温度对氨氮去除影响
	2.2.3 反应时间对氨氮去除影响
	2.2.4 脱氨氮处理对发酵液的影响

	2.3 发酵液反硝化脱氮条件优化
	2.3.1 C/N对反硝化的影响
	2.3.2 pH对反硝化的影响
	2.3.3 不同碳源对反硝化的影响

	2.4 发酵液在连续反硝化中的效果
	2.4.1NO3--N浓度变化
	2.4.2 TN浓度变化


	3 结　　论
	参考文献

