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Phosphorus metabolism in industrial parks: a case study of Yixing economic

development zone
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Abstract: Being hives of intensive industrial activities, industrial parks become the focus of water pollution control.
However, water management at industrial levels is a challenging job because of the diversification of industrial types,
complexity of wastewater treatment network, and interactive metabolism of various elements. Industrial metabolism,
especially for phosphorus and nitrogen, can present insights for improving water use efficiency and reducing water pollution.
By applying substance flow analysis methods, this paper established a hierarchical phosphorus metabolism framework for
industrial parks. Firstly, a metabolic network was established at the level of the entire park, comprising the resource
system, environmental system, and the park’s internal and external socio-economic systems. The park’s internal socio-
economic systems comprise phosphate conversion modules and treatment modules. Phosphorus conversion modules contain
industrial systems, domestic sources and non-point source. Phosphorus treatment modules contain pre-processing facilities of
enterprises and wastewater plants. Then, more detailed metabolic networks were delineated for industrial systems and
wastewater treatment systems according to the reality of the Yixing economic development zone. Industrial systems further
divide into seven industrial types: phosphoric acid production, phosphorus flame retardant manufacturing, detergent
production, printing and dyeing, food processing, machinery ( phosphating), and other industries. Wastewater treatment
systems further divided into three types: physical treatment, physico-chemical treatment, and biochemical treatment. Based
on the network topology, the metabolic structure and dynamic mechanism were analyzed to seek measures for improving
water use efficiency and reducing water pollution. The case study on the Yixing Economic Development Zone showed the

following: (a) printing and dyeing, food processing and machinery ( phosphating) were major water phosphorus-emission
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industries, accounting for 86.8% of total industrial water phosphorus-emission of the entire park, though however, waste
water of these industries goes through efficient treatment process; (b) pre-processing facilities of enterprises had a low
(‘about 60% ) phosphorus removal ratio, while waste water plants could remove phosphorus more effectively (about 75% ) ;
(c) most enterprises of the park have only simple wastewater pre-processing facilities ( physico-chemical treatment and
biochemical treatment) , which can only remove 5% — 11% of the phosphorus, and about 5% of total water phosphorus-
emission of the park goes directly into water body just after simple pre-processing; (d) untreated precipitation into water
body cause much pollution load in water body (around 34% ) , because of the low management ratio of domestic waste and
solid waste of enterprises; and (e) domestic sewage has low phosphorus removal ratio (62.1% ), due to the simple pre-
processing facilities of most enterprises. Following these results and further discussion, some suggestions were put forth:
(a) the waste water pre-processing facilities of enterprises should be improved for higher phosphorus removal ratio; (b) the
treated water from enterprises should be piped into the centralized wastewater treatment plant for further treatment; (c) the
wastewater pipeline system of the park should be improved to let more enterprises’ wastewater, especially more domestic
sewage be treated by the centralized wastewater treatment plant; and (d) domestic waste and industrial solid waste of

enterprises should be well managed and treated to avoid phosphorus going directly into water body through precipitation.

Key Words: phosphorus; industrial park; material metabolism; substance flow analysis ( SFA); Yixing economic

development zone
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Fig.1 Topology structure of phosphorus metabolism of socio-economic system in industrial park
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Table 1 Water phosphorus pollution loads of Yixing Economic Development Zone in 2008
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Fig.3 Phosphorus flow network of industrial system of Yixing Economic Development Zone in 2008 /t
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Table 2 Water phosphorus pollution loads of industrial system of Yixing Economic Development Zone in 2008
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47\l Industry Wastewater phosphorus Phosphorus .

. Water loads/t R Water loads ratio/ %

emissions/t removal ratio/ %

WEBRE 7= Phosphoric acid production 4,08 1.11 72.8 8.6

% R BRI A=

Phosphorus flame retardant manufacturing 3.06 0.2 oL.8 2.0

Ve A 7= Detergent production 0.11 0.02 81.8 0.2

E[I#¢ Printing and dyeing 50.34 4.81 90.4 37.2

AN T Food processing 33.52 2.74 91.8 21.2

B (B4 ) Machinery ( Phosphating) 13.16 2.43 81.5 18.8

HoAth Others 7.51 1.56 79.2 12.1

411 Total 111.78 12.93 88.4 100
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Table 3 Wastewater treatment combined mode of Yixing Economic Development Zone

ol e KA AR YRS AL A LR

47k Industry Number of Main wastewater treatment Secondary wastewater
enterprises combined mode treatment combined mode

WEERH: 7= Phosphoric acid production 1 YIALALBE + 5K AL B
ﬁfﬁfﬁ?ﬁiﬁ retardant manufacturing ! HEYAL I + T KAL)
Ve 4= = Detergent production 20 T5KAEBE) Yy BRALBE + T5KAL B
Ef13¢ Printing and dyeing 25 VAL + 5K B LB GE ]
BN T Food processing 9 Yy BEAL BE YA BE + Y5 KA B
B (B4 ) Machinery ( Phosphating) 74 YyPEAL P V5KALBE )
HoAth Others 348 C/BL LLE T5KALBET
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TS BB A KB 7T, A4 SCIR AR G458 R . (1) {5 7K A BB 7095 7K AL 2 T 25 ] sk
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