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Abstract

To address the issues of low treatment efficiency and poor environmental adaptability in tradi tional
septic tank systems, this study systematically investigated the in situ biochemical degradation of sep-
tic tank wastewater by a compound microbial agent consisting of Bacillus pumilus, Brevibacterium sp.,
and Pseudomonas aeruginosa. Through single-factor experiment, the optimal dosage ratio of the agent
(biomass wet weight: wastewater volume = 1:2) and key environmental parameters (temperature 35°C,
stirring rate 180~220 rpm) were determined. Under the optimal inoculation ratio of the composite
microbial agent, the removal rates of chemical oxygen demand (COD), five-day biochemical oxygen
demand (BODs), total nitrogen (TN), and total phosphorus (TP) reached 85.3% * 1.2%, 83.7% * 1.5%,
82.6% * 1.8%, and 81.9% * 1.3%, respectively. Meanwhile, temperature and stirring rate had signifi-
cant effects on the degradation performance. A 21-day long-term operation experiment demonstrated
stable system performance. Mechanistic analysis revealed that the functional microbial community
achieved efficient degradation of organic matter and nutrients through synergistic metabolism (in-
cluding hydrolysis, nitrification, and redox reactions). Metagenomic sequencing confirmed the sta-
ble presence and high activity of the core functional genera. This study provides a theoretical basis
and a technical solution for enhancing the efficiency and stability of decentralized wastewater treat-
ment systems, demonstrating significant ecological and environmental benefits as well as applica-
tion potential.
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Ny A S T2 BRI, AR HOR R AT . A 8IS A AT 5 A Yot 45 5 55
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EBA AR, FJC B AR BE B /K R T, $ TS B i o AR AL LU A9 (i T B AR PR RR) TR &, 1) 2% IO & T FRIVR 46
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2.1.2. BEIkK#E

SEEG AR FE I R K E 3 E BN XA S H 1, SRERfT 4CHA IS 2 S8 = o HEEAKBURAIE A -
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BT R (B A MR 1 771)) 5 S2 36 A (B ek 5 B2 & ), BB =ATAT IO JE A 36 7
B (K HASL IR A1), B 23T o
2.3. PAEE
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COD ¥ F SEAR IR ETEI € , BODs KM B AEI 2, TN S FH Bl 1o A7 R 4 Y A 45 A o0 6 e B Vs
WsE, TP RAMHIRE RN E, NH; -N RA YN AR e BRI e, pH A1 DO {5 A {485 =0
SEANIIZINE . A R 15 2 08 [ SR S R A v g 7847 [13]-[15] .
232, WEDFES
YR N 28 P VR VRRE i, A5 R ) B B DNAL X4 TS 16S rRNA JE[K V3~V4 [X 4T PCR 414,
T Illumina MiSeq “F & #H47 &l BT . H QIUME2 F1 R B AE#HAT BG4 5T AL, YRRt T
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Figure 1. Variation of pollutant removal rates under different inoculum ratios
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Figure 2. Effects of different temperatures on pollutant removal efficiency
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Figure 3. Effects of different stirring rates on relative oxygen mass transfer efficiency
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Figure 4. Comparison of microbial community structure between experimental
and control groups at phylum (a) and genus (b) levels
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Figure 5. Schematic diagram of the synergistic degradation mechanism
of septic tank wastewater pollutants by compound microbial agents
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Figure 6. Table of pollutant removal rates during long-term operation under optimal conditions
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