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Enhanced Nitrogen and Phosphorus Removal of Wastewater by Using Sludge

Anaerobic Fermentation Liquid as Carbon Source in a Pilot-scale System

LUO Zhe' ,ZHOU Guang-jie' ,LIU Hong-bo' ,NIE Xin-yu®,CHEN Yu®,ZHAI Li-qin®,LIU He'"

(1. School of Environmental and Civil Engineering, Jiangnan University, Wuxi 214000, China; 2. Wuxi High-tech Water Service
Company , Wuxi 214000, China)

Abstract: In order to explore the possibility of enhanced nitrogen and phosphorus removal in wastewater using sludge anaerobic
fermentation liquid as external carbon source, the present study proposed an A>/O reactor system with a total effective volume of
4660 L and real municipal wastewater for treatment. The results showed that under the conditions of the influent COD at 243.7
mg-L~", NH,;-N at 30. 9 mg-L.~", TN at 42.9 mg-L~", TP at 2. 8 mg-L"", the backflow ratio of nitrification liquid at 200% and
recycle ratio of sludge at 100% , the addition of acetic acid into anoxic tank could enhance the removal efficiency of nitrogen and
phosphorus, and the optimal influent quantity and SCOD incremental of carbon were 7 500 L-d ™" and 50 mg-L ™", respectively. When
the sludge fermentation liquid was used as external carbon source and the average effluent COD, NH, -N, TN, TP removal efficiency
were 81.60% , 88.91% , 64.86% and 87.61% , the effluent concentrations were 42.18, 2.77, 11.92 and 0.19 mg-L™",
respectively, which met China’s first Class ( A) criteria specified in the Discharge Standard Urban Sewage Treatment Plant Pollutant
(GB 18918-2002). The results of the present study demonstrated that the addition of sludge anaerobic fermented liquid as external
carbon source was a feasible way to enhance the removal of nitrogen and phosphorous in municipal wastewater, providing a new feasible
strategy for the reuse and recycle of sewage sludge in China.

Key words: pilot-scale; sludge fermentation liquid; carbon resource; nitrogen and phosphorus removal; A?/O reactor system
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Table 1  Characteristics of influent wastewater and fermentation liquid
ZH ok KR
COD/mg-1.~! 243.7 13403.0
NH, -N/mg-L~! 30.9 965.5
TN/mg-1.~! 42.9 1 086.2
TP/mg-L ™" 2.8 161.0
VFA/mg-L ™! — 5013.7

pH 6.7~7.2 8.74
SS/mg-L~! 150.0 238.6
R/ 6~27 15 ~28

1.3 A*/0 RNz T35

HR Ab R G BT R 10 m’-d 7, It
TSR A 5 e & BRI i 4510 N i ab 28
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WU IE 7 21T R B, VB I R G Is 1T IS BB B, By
BEN ~ VAR BRVEBR IR A2 1T B B, BB V o
IINSEBRT5 U878 & T i 32 17 B B, Horp 25 B Bt
IBRIE I (LA COD i) ¥ T kK coD ¥, 4
ABYBIIZ TS EAN R 2 s,
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Table 2 Operating parameters at the 5 stages of the A2/0 reactor system

mH MrEx 1 B R B T MBIV izl
KR/ Ld ! 10 000 5000 5000 7 500 7 500
MLSS/g-L"! 3.92~5.91 5.88 ~6.01 4.79 ~5.07 5.2~5.48 4.4~5.1
GV L/ % 100 100 100 100 100

T AR RT3 L/ 9% 200 200 200 200 200
HRT/h 11.2 22.4 22.4 14.9 14.9
SRT/d 21 21 21 21 21
ISR s R g L 1.5~3 1.5~3 1.5~3 1.5-~3 1.5-~3
HRE/C 14 ~27 5~8 17 ~23 19 ~25 19 ~23
BRI /g, 0 25(2.1) 50( k) 50( Z.1R) 50 ( KA
JZATHYE/d 28 12 6 6 12
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Fig. 2 Variations of NH, -N and TN profiles in each stage of the A%/ reactor system
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Fig. 3 Variations of TP profiles in each stage

of the A2/0 reactor system
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Table 3  Comparison of nitrogen and phosphorus removal efficiency between acetic acid and sludge fermentation liquid when used as carbon source

COD/mg-1.~! NH, -N/mg-L"!

TN/mg-1.~! TP/mg-1.~!

YE|
HEAK Hk  EBRE/2 K

K KB%R/w  #bK

ok EBRER/% K K ERE/%

L 245.50  46.54 80. 96 38.49 2.62
REER  233.33  42.18 81. 60 26.59 2.77

49.21 11.01 77.63 1.99 0.08 95.98
36. 32 11.92 64. 86 1. 68 0.19 87. 61
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HK S ZCF B W 43 i R 2.62 mg-L7' R 2,77
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Table 4  Theoretical analysis of carbon dosage

ik /kg??nf?f) L et mj”}f) L /k;(ZDsﬁ(ﬁ L CODGE/IN G COD S TP g
JRi5 7K 0. 092 0. 008 0. 420 4.565 52.5
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V5K + B 0. 065 0. 004 0. 456 7.015 114.0
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