hE ISR 2025,45(12): 6726~6736 China Environmental Science

FIUE AR, AT, 8 5, A5 PR RO T [R) Ae B 5 e K e S SR R R AR RS R (D). TP [ ERBE R 27, 2025,45(12):6726-6736.
Xie Y D, Tian W P, Wang Z Q, et al. Performance evaluation of synergistic treatment of municipal sludge with black soldier fly larvae and its effects on
nitrogen transformation [J]. China Environment Science, 2025,45(12):6726-6736.

B L 1 [B] AL BRI RIS R R RE R E T ARG LRI I

MRAEZR YR Y R LN AT LX) BB (1 s WA R 5 T AR HR 24 730070; 2.
R B FR AR A LA 7, O RPR 745000)

THE: PRI KB ) A B e 14 8 e B FEt SR e AR I S i, AN [ ZE RN I LET1(0% . 10%. 30%) K15 V8 TR A A AL B AL(T2 ~ T4), 8
LK AR T (T V)P A 5 R G VEAL T 2K e PR AR R A P R AR KM AW DR B R 2 e AR AIE . 45 S I S /K B A 2 B A T 3 B T
K4 BUBSFL) AW AL 3% (20.13% ~ 35.24%) LA K HLACKIL IR 17 (19.69% ~ 26.77%) 55 88 A 5t & 5:(16.26% ~ 24.26%), . 1 22 k3 0 Lu 5 4 30% 119
Ak BILER (T4) 76 2B A P B R0 IR B8R 05 T de A . BB KON Ak BRI 3 RIS T IR A £ UK 36 (7.49%~7.65%), 41 HL B (16.33%~28.50%) FH ¥ fift T A7 HL Bk
(DOC)(25.53%~47.06%), FIN 2 T pH 1EH(8.42~8.63)A1HL G4 (EC)(635~1110uS/cm). E HETE A3 Mt b7, S /K i Bt % A5 0wl Je& 0 A5 WL U2 20 R e i,
HETMTHES T 2 AR R B0 45 S, V5 V8 8 Z(TN) & B T 36.45% ~ 51.09%. NH,* - N B340, NO;™ - N & EA AU FF 7E KK F TU AR 2 HT(RDA)
25 LR W] IREES M S NH, ™ -N L EC B pH AH 52 1EAR DG, S w3 Jok Y8 72 R i 00 150 St e R R A A LR 1) TE WL e A R R, D B 4 A e v
MU 55 2 DA 5, FLAE R P A FH A ARG Sl 5 e 0 ok 39 25 I S8 7K 0 e 5 i X B8 7K A e B 7 Y0 R i LA i e g, 1k v A A B vh U3 11

AR
BRI TUKET BUEUE: RERA: BEETE HlRERE
hESHES: X705 XHRFRIRAD: A XEHS: 1000-6923(2025)12-6726-11

Performance evaluation of synergistic treatment of municipal sludge with black soldier fly larvae and its effects on nitrogen
transformation. XIE Yan-dong', TIAN Wei-ping'’, WANG Zhou-giang', SUN Hai-zhao®, JIAN Yu-ling', LIU Yuan' (1.School of
Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China; 2.Gansu Zhanlan Environmental
Protection Technology Co, Qingyang 745000, China). China Environment Science, 2025,45(12): 6726~6736

Abstract: The synergistic treatment of municipal sludge with black soldier fly larvae (BSFL) and its effects on nitrogen
transformation were investigated in this study. Sludge-based substrates with 0%, 10%, and 30% wheat bran (T2~T4) were used
for BSFL treatment, with Tlserving as the BSFL-free control. BSFL performance, bioconversion efficiency, and nitrogen
transformation characteristics during the sludge treatment were systematically evaluated. Results indicated that the combined
application of BSFL and wheat bran significantly enhanced biotransformation efficiency (20.13%~35.24%), alongside
increases in crude fat (19.69%~ 26.77%) and protein content (16.26%~24.26%). The best growth performance and nutrient
accumulation were observed in the treatment group (T4) with a 30% addition of wheat bran. Moreover, a notable reduction in
substrate moisture (7.49%~7.65%), organic matter (16.33%~28.50%), and dissolved organic carbon (DOC) (25.53%~47.06%)
were achieved, while pH (8.42~8.63) and electrical conductivity (635~1110uS/cm) were increased by BSFL treatment.
Analysis of nitrogen fractions revealed that substrate organic nitrogen degradation was significantly accelerated by BSFL,
thereby promoting the ammonification process. A 36.45%~51.09% reduction in total nitrogen (TN) was measured in the
post-treatment sludge, accompanied by a marked increase in NH,'-N, and consistently low NO; -N levels. Redundancy
analysis (RDA) revealed that urease activity was positively correlated with NH,'-N, EC, and pH, suggesting that urease and
dehydrogenase activities were regulated by BSFL to facilitate the conversion of organic to inorganic nitrogen forms.
Furthermore, protease activity exhibited a close relationship with organic matter content, gradually diminishing as substrate
availability decreased. These findings demonstrate that BSFL enhance carbon-nitrogen metabolism by modulating key
hydrolytic enzymes, thereby optimizing nitrogen transformation pathways in sludge.
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Fig.1 The growth trend of black soldier fly
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black soldier fly treatment
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Table 2 Biological conversion rate , feed conversion rate, and

waste reduction rate in each treatment group
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T2 20.13 8.07 54.68
T3 24.82 6.44 47.85
T4 35.24 4.17 36.52
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