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Abstract [ Objective] A composite process is studied to enhance biological nitrogen removal efficiency and verify operational
stability under low-temperature conditions, targeting the challenges of low carbon-to-nitrogen ratio wastewater from a tannery industrial
zone in Hebei Province and the difficulties of winter operation in northern China. [ Methods] To address the characteristics of tannery
wastewater with low BOD; and high TN, a combined process is adopted, including secondary biochemical treatment [ Moving bed
biofilm reactor( MBBR) + Povdered activated carbon treatment ( PACT) coupled anoxic-oxic ( AO) process] and tertiary advanced
treatment ( coagulation sedimentation + denitrification deep-bed filter + ozone catalytic oxidation) , with a treatment capacity of 2. 5%
10* m’/d. In the secondary AO process, MBBR suspended carriers are employed to enhance biofilm formation, while the PACT
process is utilized to adsorb refractory organic matter, thereby improving the stable operation capability of biological nitrogen removal
under low-temperature conditions in winter for tannery wastewater with a low carbon-to-nitrogen ratio. [ Results | Based on operational
data from the first quarter of 2024, the effluent COD, ammonia nitrogen, and TP met the Class IV standards of Environmental Quality
Standards for Surface Water ( GB 3838—2002). The effluent TN was maintained at <15 mg/L, with an average TN of 12. 56 mg/L
and ammonia nitrogen of 0. 49 mg/L. The dosage of liquid composite carbon sources in the secondary biochemical stage was controlled

at 80 mg/L. [ Conclusion | The process is demonstrated to achieve stable effluent quality, strong adaptability to water quality
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fluctuations and low-temperature conditions, and effective resolution of nitrogen removal challenges in industrial wastewater with a low

carbon-to-nitrogen ratio. High carbon source utilization efficiency is attained, significantly reducing operational costs. This paper

provides technical references for the treatment of similar industrial wastewater.

Keywords tannery wastewater; moving bed biofilm reactor ( MBBR) +powdered activated carbon treatment ( PACT) bio-enhanced

treatment ; anoxic-oxic( AO) process; low C/N ratio; wastewater nitrogen removal
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Tab.1 Design Water Quality of Influent and Effluent

iH COD/(mg-L™") BOD/(mg-L™") BA/(mg-L™")  TIN/(mg-L')  TP/(mg-L')  SS/(mg-L7") pH {&
K <300 <80 <70 <140 <4 <120 6~9
HK <30 <6 <l.5 <I5 <0.3 <10 6~9
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Fig. 1 Leather Wastewater Treatment Process
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Tab.2  Analysis of Processes Comparison
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Fig.2 Plan Layout of the MBBR + PACT Coupled
AO Treatment Unit
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Tab.3 Monthly Average Influent and Effluent Water Quality in First Quarter of 2024

A KR/ C COD/(mg-L™") SR/ (mg-L7) TN/ (mg-L™") TP/ (mg-L™")
HEIK HEYIN HEIK thzk HEK ik HEK ik HEK thok
2024 4£ 1 A 13.8 12.6 140. 89 22.96 13.12 0.90 123.09 12. 46 0. 89 0.17
2024 4£ 2 A 14.7 13.3 154. 46 18. 84 8.94 0. 85 113.20 12.98 1.61 0.13
2024 4E 3 A 15.0 14.6 134. 87 27.22 18.29 0. 89 125.13 11.37 0. 83 0.23
B H P LBRR 83. 96% 93. 46% 89. 82% 84. 08%
g 3 Kl 3~ & 6 WEHR s s KA PR B E KT 15 me/L, A T2 A0 B A il 45

7 4 MG 3T 00 F 32 47 R Tk BLIE, K
COD U TP W RASE 551 M 2K IV JShidfE TN (1)
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Fig.3 Variation Characteristics of COD in Influent and
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Effluent of Water Treatment Center
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Fig.4 Analysis of Ammonia Nitrogen in Influent and

Effluent of Water Treatment Center
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Fig.5 Variation Characteristics of TN in Influent

and Effluent of the Water Treatment Center
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Fig. 6 Variation Characteristics of TP in Influent
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and Effluent of the Water Treatment Center
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Fig.7 Removal Efficiency of Ammonia Nitrogen by

MBBR + PACT Coupled AO Process Treatment Unit
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Coupled AO Treatment Unit
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