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Influence mechanism of fluoranthene on anaerobic co-digestion of sludge and kitchen waste. ZHAO Yin-lan', QIN Zhi-yi',
YAN Yuan-yuan’, FENG Lei-yu'", CHEN Yin-guang' (1.School of Environmental Science and Engineering, Tongji University,
Shanghai 200092, China; 2.College of Chemistry and Environment Engineering, Yancheng Teachers University, Yancheng 224002,
China). China Environmental Science, 2025,45(10): 5561~5569

Abstract: On the basis of investigating the effect of fluoranthene (Flu) on the anaerobic co-digestion of sludge and kitchen waste, the
mechanism on anaerobic co-digestion was comprehensively analysed. The results demonstrated that anaerobic methanogenesis was
enhanced within the appropriate concentration of Flu (<50mg/kg TSS). The maximum methane yield of the anaerobic co-digestion
system [30.7mL/(gVSS-d)] was achieved at Flu concentration of 50mg/kg TSS, which was 1.61times that of the control group.
Mechanistic studies showed that hydrolysis, acidification and acetoclastic methanogenesis were promoted by Flu, as evidenced by
the increased activities of acetate kinase (ACK, 1.30-fold) and coenzyme F420 (1.43-fold) relative to the control. Microbial
community structure demonstrated that not only Prevotella and Trichococcus, involved in organic matter hydrolysis and acidification,
were selectively enriched in the Flu group, but also the relative abundance of the acetoclastic methanogen Methanosarcina was
increased. Metagenomics further revealed that the relative abundances of functional genes associated with glycolysis (HK, pfk and
PK), volatile fatty acid production (por, ackA and buk) and acetoclastic methanogenesis (pta, ACSSI 2, cdhD and cdhE) were
up-regulated, favouring methanogenesis.

Key words: fluoranthene; sludge; kitchen waste; anaerobic co-digestion; metagenomics
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()35 Y6 HH I8 A 22 B8 5 8 (PAHS) 46 HE I A A AL
TE g™ b PAHs B 80 v, AR MR A
) Y AR, 3R 3k T V5 K V5 Ve PAHs
169.9mg/ke!"% Ji 3~5 ANFR[K PAHs 3 G
(84.01%~91.53%), 1= ELALHE 4, 58 B, 58 6 35, LU R R
I [b] 9% B A5 R P4 I 1 1R 8 05 B R 5 O
PAHSs!" {F 8 A 22 B O AT 32 1 m] 2B A PEAIR
(IR BRI H T, 22 PAHS 540 ML K %8 54k
J7 1, EAA ST R PAHS BERE 135 52 My e IR AN
P45 I P G TR (VEAs), U T e a1 qH 3L
TE 58 FH 5T 42 B DAL W A0 A & b B A A
i AL B A R0 . R, R 5T PAHs ¥ e R JEf 42
B3 PRAR LI A R 5 i R LA 0 Ay 0 2

PR (Flu)se — M 2 AEAE T TV 7K (80ng/L),
7576(233.9ug/kg) M 75 Y 135 (4.4~297pg/kg) It 4L 77
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Ses il Yed 44 550 U1 i e U e AN g e
M it H S 0] BEIE R BED T, S B PRI AR
Jo 4 o7 3 52 3095 G AR H HE O T B AR B b BTG Bt
Wye B I SUAR R DU A S - Flu 7
B PAHs SRERFUILRV5 Yo A st 4R B R AR 3L 4k ™=
2 IR R 0 55 LA, B 4T Flu X v e R BE 43 b7 3
PRARSL I A 2L R 5% e 45 2% s LR PR AR 3
TH AL BB B I R i 1k — 20 5 7 H e 25 D) AH
RIS R RV 2510 . DhReHE N Ay
TR ST L R M HLEE, LA 7R 2 25 T Flu (1 & 2%
AR FR -V O R, A Flu V5V R 4R
BRI TR AL B JROR P B 4R

1 MRETE

1.1 Mk

1.1 SECRIE ASER T Flu(2lifE>98%)
T LB B TR A PR A D DL A U AR
Flu JFRCE R 1g/L K 0.1g/L IR e, B T AR (0
FPH T 4 CUKAE A7 4 .

1.1.2 VR ABRES AT TG A i
BVG AR AE LT R TTE M TR A v Je B RS Y A
N ERE DI 24h J5,70 % IS W5 10 H 7 08
7T 4 CUKEE &8 R Bk B T FPF RS,
P 4R T 1 Sk AR o, B 2 BT R LA,
i 10 H i1 PR A7 F-20°C Uk 5 H.

ARSI BT IR T Rl R S = s AT R
SR TH A s N AT S8 A P PR 7 0 RBE A% Bz 3 11
TENERAER 1 Ps.

x1 BRMERIIRSIER

Table 1 Analytical indicators for sludge and kitchen waste

Sy HTiRRR BT SR bk 15
pH & 5.13+0.1 6.8+0.2

JSVBRVT [ A RBUR(TSS) (/L) 13.89 +0.28 16.52+0.26
PR M7 T AR JTRL(VSS) (/L) 1344024  1221+0.18
ML (TCOD) (g/L) 12.09 + 0.02 13.92+0.21
WAL 2 55 E(SCOD) (g/L) 3.01 +0.02 0.22+0.03
ST (g/L) 1.87 £0.02 6.73 + 0.33
SRR D) (/L) 10.77 +0.05 2.65+0.04

1.2 SEROREE KIS TR

1.2.1  Flu 65 Y8 fEF 43 b RS S AL 7 F BE )
M K 135mL TSS 24 10g/L (175 e A Ef 4% b 3% LA
K 30mL HIALLF i PR AR vs e A 15 A
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HNO0,5,20,50 & 100mg/kg TSS), 3t 5 41,73 Sl brid
A Control, Flu-5, Flu—20, Flu-50 F1 Flu—100,%-4H 3
APAT AT RTR G K ) B vsieh PAHs TR
15 169.9mg/kg. n] LG H A E R Flu & &5
A5 SERRE DL PAHSs &S RAIL N I R Gtis
174 R :pH (7.0 £0.2), 055 (35 £2)°C, {445 ¥
INFIA) 25d. 5 I 3847 A8 € J5 (60d) 4 [A] K& — B I (7]
N2 R g ERCRE I 5 FR e PR A AR % o B, T B R e
PR

1.2.2  Flu XJ¥5 e FH 4 5 RA S A0 5 I B
REMA K AR B B AR ) 46 V5 e A0 e R L AL
WK GRS EA TR 1.9:1, K050
EA 270mL A I3 5 (2.6/L) A (5 g/L) I
BB K S 30mL KB AT VA Flu W45
0 F1 50mg/kg TSS HIFLIH AL BN A 600mL IfiL i i,
¥ pH=7.0, ) AT 2d BERE 12h BUFE, 28 3d FFUR%F
B 1d BUFE.

MRAGBY B Flu o6 DA AR A B B i 1)
PRI, LA IR 5 /KAy BOAH L, FEAR AR BT 4R ¥5 U8
RV 4% b 3 3 T AR B K AL B R R L
LU Aff o BR A I BE R o BU A [R) 2 A 2 s 24 1L 3
FANE BN L& R (2.62/L) 145 %4 b
S/ 5 AR RE 2d BUORE, I 00 5 S N 28 o

VFAs & &.
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Fig.1 Effect of Flu on anaerobic co—digestion of sludge and

kitchen waste
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Fig.2 Effect of Flu on the hydrolysis and acidification stages
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Fig.3 Effect of Flu on methanogenesis and the activities of

key enzymes
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Fig.4 Effect of Flu on microbial community structure during

anaerobic co—digestion of sludge and kitchen waste
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4(b)(c) T 715 AE J@ 7K 7 b, 41 i A B ER R
(Trichococcus), % K 1 J& (Prevotella) F1 W £ [ 14 &
(Proteiniphilum) %A= ). Y o 1 B T g A1 25
PR 20 B RE A I 2 DR AT A R A oK (A R
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Fig.5 Differential analysis of relative abundance on the

3-level metabolic pathway
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Fig.6 Effect of Flu on the relative abundance of functional genes related to glycolysis, pyruvate metabolism and methane

metabolism pathways during anaerobic co—digestion of sludge and kitchen waste
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