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Sodium citrate and potassium permanganate promote the production of short-chain fatty acids in waste activated sludge and
its mechanism. LUAN Hui-linn WANG Zheng-jiang, LIANG Kang, LIU Tuo-hong, LUO You-lin, WEN Si-jing, LI Zhen-lun"
(Chongqing Key Laboratory of Interface Process and Soil Health, College of Resources and Environment, Southwest University,
Chonggqing 400715, China). China Environmental Science, 2026,46(3): 1426~1433

Abstract: In this study, the effect of sodium citrate (CA) combined with potassium permanganate (PM) pretreatment strategy on the
acid production efficiency of waste activated sludge (WAS) anaerobic fermentation was investigated, and the promotion mechanism
of CA synergistic PM significantly increased the accumulation of short-chain fatty acids (SCFAs). The results showed that, the
production of SCFAs after CA and PM pretreatment reached a peak of 15777.54mg COD/L on the 6th day, which was increased by
6.41 times and 3.18 times compared with the control group and the PM group, respectively. At the same time, the proportion of acetic
acid in SCFAs was also significantly increased. The reason is that CA and PM pretreatment enhance the structural destruction of
extracellular polymer (EPS) in the sludge, release a large amount of soluble organic matter, and provide a richer substrate for
microbial metabolism. Microbial community analysis further revealed that pretreatment reduced the overall diversity of microbial
communities, significantly enriched functional flora related to hydrolysis and acid production, and inhibited SCFAs-depleting flora.
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Table I Properties of waste activated sludge
VR EL A Bl
SUEIFYI(TSS, /L) 40.95 +0.63
R M BIFHI(VSS,g/L) 26.21+0.78
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AR KA A P)(PS,mg COD/L) 30.62+3.53
(TP, mg/L) 1.08 £ 0.65
AR (PO —P,mg/L) 0.11+0.02
ME(TN,mg/L) 583.04 = 13.61
S E(NH, N, mg/L) 165.69 +3.37
pH 72+0.1

1.2 SEwt

1.2 PRAUKEESEE:  H] 1000mL ML kAT L5
SERG BN ME S S00mL 5 Y B V7 . 5 BN
HE(CK). 1 0.1g/g TSS PM(PM). 0.1g/g TSS CA
+0.1g/g  TSS PM(PM+0.1CA) . 0.1g/g TSS
CA(0.1CA) . 02g/g TSS CA +0.1g/g TSS

PM(PM+0.2CA). 0.2g/g TSS CA(0.2CA). 0.1g/g TSS
PM+0.4g/g TSS CA(PM+0.4CA). 0.4g/g TSS CA
(0.4CA) 8 A1AbFEASIZEG P 1) PM 822 T sk
55 W M 99.99% 46 A W4 15min LL L BREA,
CERIIE R E IS SR ) R SN SE 3 N L/ NG L
(35£1)°C FLL 150r/min 34 & 9= 3% . 4F ) B 5
1,2,3,4,6,8,10d 73 7l A & SCFAs.7E% 10d I, HX
FE R IO s BT . S ).
1.2.2  WyESCEG AE 1000mL I I K [A) 44
TR V5 Y A V7 8 B A [ 7)o 245, o . 35 K P A
ML HBNFE IR W 4235 £ 1)°C150r/min 35 % .76 %
M 1,3,6,12,24 J¢ 48h INFERURE I & 3 147,480 INF AT
EPS [3& BRI L R 15t S (LDH) 10 2
1.3 ik
1.3.1 WMIEMNE  TSS. VSS. COD. TN.
NH,"-N. TP. PO, P, brfl 7570 2 YR
M — % P 3 00 2 T P 2 B, coD Btk Rk
1.06.5% 1 Lowry—Folin &Il & Al w1k 2 (1), CcOD
W ZR KA 1.5, pH AR 1 pH 00 5E SR FH AU (438
(GC)(Agilent 7890B,USA)MlI & SCFAs, 7 & i€
LDH. X JH ek i in o7 4 B EPS, SR A A 45
(] EPS(LB-EPS)H1'%% 45 & f) EPS(TB-EPS)** %
F = 4526 63 B3D-EEM)IN & 35 W b A3 HLAL,
()42 4k (Horibal 6A08349, H AS). 8 (Al « o1 285 B 1
B PR PRI 52 22 T Luo PR #5732
1.3.2 TAEDHT ARG IS IS, 53 3 B &%
L5 e BT 10mL. B0 B 2 BIE WL Uiie i) 4R
LA LE YR A B A W 3547 = 8 0 (Hlumina
MiSeq, & [H), Hil 514 341F F1 806R ¥4 16S
rRNA K1) V3-v4 [x 2,
1.4 FEilorar

H] Origin 2024 AR5 45 R Mt 223047 oy
B R J7 2250 W (ANOVA) AL 45 5 2 S 1) i 5 1k

2 FR5UE

2.1 CA A PM TiALFEX] WAS P& K BE - BRI
Al

Wl 1 FroR,CA Wi PM FAREE i T
SCFAs ¥ A5 Fr 7 b B4 1) P g it J 7 5 6d 1A F)
WA AP, % 4] SCFASs 17~ & 4 2461.40mg COD/L.PM
4] SCFAs ({7 N 4961.13mg COD/LALLZ T,



1428

o[ F

R 46 %

0.1g/g TSS PM +0.4g/g TSS CA 1 [A] i b P ()
SCFAs [ i #¢ T+ A 15777.54mg COD/L, B4}
TRZHHE R 6.41 15,58 PM 414 3.18 £%.

t B 1(b) AT %0,CA Pp[H PM FiALBLA v] DL 2%
P& 15 SCFAs H LRI L) A5 7= FRIGAE 56 6d, L BRAT
& SCFAs H 1) 7 LLAEXT 4L, PM 41, CA th[H] PM
MK 43.78%. 58.70%. 78.20%. L1 C A% IE S
JE 95 7K A EE R S A A 40 BT S E AR P B U T AL b

(a) S SCFAsTH &

—4—CK —&—PM —*—PM+0.1CA—2—0.1CA
—>— PM+0.2CA—<— 0.2CA —&— PM+0.4CA —v— 0.4CA

16000 -

20000

12000

8000

SCFAs(mg COD/L)

4000

0 L 1

K fE)(d)

T3 H (%)

R InEE Tt 7 V5 le R BRI N A E. 5 CA thIF
PM TiAbH B EH0E T PO, —P IR, AT i 1
B P s e gk PO e, g
5 7 9 SE I R AR R T B IR IR B S AR R
TR Y AT A DAy A0S e st iR Ak v 7K ) Ul 22 B,
T SE B K A B P 0 2R 7 R B UG PR S AT R
4% JEE. CA Ph[A] PM FilAL BE ST SCFAS )77 B3 TH3
A, FI I 2 48T T SCFASs [ &

20 1

T — (b)retE A HEI [1]SCE As #5241 77 .L’t
60} % %
ok ) / %

o

S
0.1CA+PM
N\
0.2CA+PM
0.2CA
0.4CA+PM
0.4CA

1 ANF AR B GYe RAEA I &) SCFAs R SR FE AR IN ) SCFAs #5273 v bt
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Fig.3 Effects of different treatments on EPS proteins, polysaccharide concentrations and damage to microbial cells
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Fig.6  Microbial community distribution and abundance levels under different treatment conditions
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