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Contents and Forms of Phosphorous in the Municipal Sewage Sludge of China
WANG Chao', LIU Qing-wei’, ZHI Yin*, CHENG Liu', WANG Ning', LI Cai-dan', MAO Yu-xiang' "

(1. School of Resources and Environment, Henan Polytechnic University, Jiaozuo 454003, China; 2. Jiaozuo Environmental Monitoring
Station, Jiaozuo 454003, China)

Abstract; Municipal sludge samples (SS) were collected from 46 cities in China in 2016. The forms in which phosphorus occurred in
the SS were evaluated using the Standards, Measurements and Testing (SMT) Program. The results showed that the average contents of
total phosphorus (TP) , inorganic phosphorus (IP), non-apatite inorganic phosphorus ( NAIP) , apatite phosphorus ( AP), organic
phosphorus (OP) , and bioavailable phosphorus (NAIP + OP) in the SS were (17.32 £5.13), (11.71 £4.01), (9.18 £3.44),
(3.03 £2.74), (4.54 +4.23), and (13.72 +4.36) g-kg™', respectively. IP was the main form of phosphorus in the SS,
accounting for more than 60% of the TP content. NAIP was the main form of IP, accounting for more than 66% of the IP content.
There was a highly significant positive correlation between TP and bioavailable phosphorus in the SS (r =0.942, P <0.01), and
bioavailable phosphorus accounted for 66. 8% -96. 1% of the TP content. The contents of phosphorus in the SS and the amounts of
phosphorus discharged via SS disposal showed a decreasing trend from the east to the west of China. In 2016, the amount of phosphorus
discharged into the environment via SS disposal amounted to 1. 04 x 10° tons, of which 1.95 x 10* t entered the soil through SS land
application, 4. 69 x 10* t entered landfill sites, 1. 47 x 10* t entered building materials, 2. 34 x 10* t ended up in incineration ash, and
4.50 t were directly dumped or discarded. The phosphorus content of the SS of China presented a temporal trend of first increasing and
then decreasing.

Key words : municipal sludge; phosphorus; occurrence forms; bioavailable phosphorus; sludge disposal
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Fig. 2 Phosphorus contents in municipal sewage sludge
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Fig. 3 Frequency distribution histogram of TP
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Fig. 4 Phosphorus content in sewage sludge from different regions
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Table 1 TP content of municipal sewage sludge for different time periods in China

Ay 2001 4F LT 2001 ~2005 2006 2007 ~2010 2011 ~2015 2016
TP Fyufl/g kg ™! 2.2 ~46.1 5.8~36.1 6.0~37.4 8.8 ~57.2 9.3~39.6 7.1~27.6
TP F-¥) & i/g-kg ™! 14.3 17.0 22.2 19. 8 17.8 17.3

(82.3% ), KA 2 LH(49.8% ).
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Fig. 5 Phosphorus content in municipal sludge
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Table 2 Correlation coefficient matrix of the different forms of phosphorus in sewage sludge
TP P NAIP AP op NAIP + OP

TP 1

P 0.951* 1

NAIP 0.919 ™ 0.945 ™ 1
AP 0. 600 ** 0.648 ™ 0.377 ™ 1
op 0.562 0.301 " 0.393 ™ 0.061 1
NAIP + OP 0.942 ™ 0.878 ** 0.954 " 0.331" 0.651™ 1

1) # * R FMIVELE 0. 01 AP (BURBKSY) 5+ KR A CPETE 0. 05 7KF (AU K )
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