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Nitrogen metabolism in industrial parks: a case of Yixing economic development

zone

WU Juanni, SHI Lei”
MEP Key Laboratory of Eco-industry, Department of Environmental Science and Engineering, Tsinghua University, Beijing 100084 , China

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.
Based on previous research of phosphorus metabolism, this paper established a hierarchical nitrogen metabolism framework
for industrial parks, by applying substance flow analysis methods. Firstly, a metabolic network was established at the level
of the entire park, comprising the resource systems, environmental systems, and the park’s internal and external socio-
economic systems. The park’s internal socio-economic systems comprise nitrogen conversion modules and treatment
modules. Nitrogen conversion modules contain transportation, industrial systems, domestic sources and ecological process.
Nitrogen treatment modules contain water treatment which include pre-processing facilities of enterprises and wastewater
plants, and solid waste treatment which include incineration, landfill and hazardous waste treatment. Then, more detailed
metabolic networks were delineated for industrial systems and wastewater treatment systems. Industrial systems further
divide into six industrial types: heating and power plant, nitrogen fertilizer production, chemical industry, printing and
dyeing, food processing, and other industries. Wastewater treatment systems further divided into physical 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) compared to phosphorus flow systems, nitrogen flow systems contain more

modules, and also the flow is much greater and centralized; b) nitrogen fertilizer production, printing and dyeing and food
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processing, were major water nitrogen-emission industries, accounting for 96. 5% of total industrial water nitrogen-
generation of the entire park, though however, wastewater of these industries goes through efficient treatment processes; c)
opposed to phosphorus treatment, wastewater plants had a lower (about 57% ) nitrogen removal ratio than pre-processing
facilities of enterprises ( about 79% ) , because of design and operation problems; d) most enterprises of the park have only
simple wastewater pre-processing facilities ( physical treatment) , which can only remove 6% of the nitrogen, and about 56t
water nitrogen-generation of the park goes directly into the water bodies just after simple pre-processing; e) untreated
precipitation into water bodies causes a high pollution load in water bodies ( around 28% ) , because of the low management
ratio of domestic waste and solid waste of enterprises; and f) domestic sewage has low nitrogen removal ratio (about 54% ) ,
due to the simple pre-processing of enterprises. Following these results and further discussion, some suggestions were put
forth; a) simple wastewater pre-processing and wastewater plant should be improved for higher nitrogen removal ratio; b)
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 c¢) domestic waste and industrial solid waste of

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

Key Words: nitrogen metabolism ; industrial park ; substance flow analysis (SFA) ; Yixing economic development zone

IS R P R ARIRAE T A JIE S X B A ARTESF BR 2L T4 . RABHE R BIAFAE SR B IE 3158
FURWMAEATR . 5 AR S EMALL, RABFER 22T R P RAHEE B R, AR Ra TR
2k, REHEAESHEE FB T KA ERMEREE . S5, RE 31 A~ FERAKNA S FEE ™ B
MIEEFRLE . BRI R R A S TR S AT RET ORBRE S5 SER,
BT F RGBT EFRILHRE

Tl bl X R LR AR S 28 5F R GE , M A 7T Sh IR, R AR 7L T S R 2 2R B R = 3L
T RREEIEIE S, K TG R AE R SR B X R . APTRBIXT RN ENETIT £ X, %IT K X IE
Ab TR R B B, TSI SR AR ) 2T LA 95 4L NG AU T AL 5 KBS RUAE) 78 A6 TATAL, [ 3L A
TEEFRMTERARBIMX, BT LLLUE GBI 5 X ST R R A QI 207 e Tl bl IX 35 97 A 7= MK 35
R BAERE

ABFFCATHIITR T ol b KRB A RIS A SCHE SR |, S BB F T AE R KRR S Y
FRILT (MFA) P Ft o e ) R 0 BR B 204 (SFA) 1) ATTIR B 4 & BT R K N BITF R T Tl X R
BRI T o
1 \REITHE
L1 RGEhSF

Yo o M — ARG PR BT 52 B BRI SCRGE 5 i s ARHHR T  BAL AU AR AN B 45 51
I FRERE L 4 NEALRK

ASCHBTTEX G Tl bl X X — SR (4t S 2 BF R B8, BF 5T H M5 5 ATE Tolk el X7k R EGEH Bk
R RIETE , LR A 2 7 L I8 S X Tk AR 23R ) I 7 AR RIRL . R, AT B R G A
73 A b e Dy oMb el X ) R IX 3kt 3, e B ] B e Dy 2008 47, FEXT G R G BB Nl RGE L K 57
1.2 RS

ARMAREA T 4 DT RE: RERR I RRGE MR TRGEU G ZHTY LB XML 25
ARGt BT RGN UHETHD LR S AW (B 1) . SBARMRE, RAEREE MR, R E
%, o KA BE TR 2 A R A B BT 8, B LU TR R G, RN R REEXSME S B T R G
BT BEURARER  FEFREE T RGN T ORAMER, P LR AAER R o AN, A SCRE R TV XA 225 R 4t

hitp : //www. ecologica. cn



6210 £ A5 % R 30 %

o e
B ES
SR e
— wmE% H{ | e
it
- mx i) mmga |
—| ik HA it |
—{ ks EErsa
TUEEIRRNES e s H
L e s |
RS s |
HesmkagiwngH & |

E1 TIEXWERERGEEEE
Fig.1 Structure for substance metabolism of industrial park
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Table 1 Formula for nitrogen metabolism of industrial park

HE /AR Formula

SR 7
Material/product
JEIK Wastewater

[#% J&F Solid waste

ES

Air emission

DA I R RRMA (Bt E) (M) = T(WEH L E x WRFHASE)

Pl 77 B K AL TR AR 10, (i = 1—3,7—9) = 3 (B A it x HERCEI M T B s OBk )

WU A B K SR 110, (i =4—S) = 3 ARSI x HERCE 20 S B i1 5 1 A0

B X A A BB K HE R 05 = (i + 0y +015) x SALTTURHERCRLE A K P 0 HE

Tl B A 385 HEA KRR s (3 w0y, ) =2 (33, x (1 - Bl iz )

ol A 1R 103, (3R 1033) = S 0y +104) (SR w0g +105) x (1= T3 KB EIRER) x [ FHAK 55 BEAHERCR 1 L] x 1]
FRE= L3R4S 9 H )

Bl X A At R PR B U 0,4 (B 0y) = 30y +10,) (B 0y +0) x (1= S5k REIR) x [EFHK i Bk HEHCR B
B [ PRV B B 2 25 e 1 L )

P R B F R 0, = S (il T BEHE R [ i)

T A W SRR 2, = 5 AV B x VL T %0)

IR RSB B 1y (K 5) = (0 +0,) (5 w0y +105) x V5K HBR x HHEATSRHG FL x SEAT S BEAG L
YIRS R AL B, (8 ,) = (0, +10,) (3R 105 +105) x 5K B AR x A V5 VRHY L1 x Fl BE A B e )
YRR R UAL B vy (8 2 ) = (0 +0,) (5 w0y +105) x 5K E IR x EHE AT VRHG FLA] x SEAT HUHLA BEAG L
B RSB TR g (5 1) =, (R y) X HLIRIE A x AT BB B0 H )

1 o LS B A R 1,0 =, LSBT x SR BEAAL B )

P B B, (5 y5) =, (3R ey ) x HLBRE R x BURAL T H o

[ AL SR B, (R 15 ) = BEBRTR x SRR ZUHE A BRI 0 H

Bl X A 25 AR SRCHERCRE 10,6 = (g + 10y +035) X SHALTRHERU R A LR E )

Bl X 9k R £, = 330 T FUBRHER FELRE x 36 R

KAEEARE i, = 3 (AL BRBHEE FRLRE x B RrRHI B R R ) + U A 7o U AL

Pl R AR s = 5 CBVBHER FRRE x VML A I x A2 S L)

15 KA BRI ey (B mg ) = (1w +10,) (B w0y +5) x V5K E R x BHEAK S o)

[ B B e R S M g (3, ) = AL SRUHE A K1 H

w2 AXNBHSH

Table 2 Parameters in the formula

2% Parameters BAf7 Unit $0{8 Value SEJE Source
YIRS & & Average nitrogen content of material % B DT HE TR
He 15 R IK A HESR B Per capita emission of nitrogen in sewage kg/d 0.012 [11,20]
SRALTE R HE A SRR A K A F LE 1) % - (1]
Proportion of fertilizer nitrogen into the water body ’
NI 5 R HER & Per capita emission of nitrogen in domestic waste kg/d 0.012 [13]
TR K ZEBRE A TG IR L Proportion of removed nitrogen into the sludge % %%/ﬁéﬁ‘(ﬁﬁ 1;(;/_8:];3;{ [20]
He YR B A B AL B K E ] Proportion of domestic waste incineration % 0.2 [22]
A 6 a7 3 SECHE b B HE 48] Proportion of domestic waste landfill % 0.8 [22]
H e R HEA K L] Proportion of nitrogen into ash from incineration % 0.1 [11]
LAk T Y HEA R R A 3 %) B8] Proportion of fertilizer nitrogen into soil % 0.9 [21]
By

A28 T B AR FHE & Nitrogen emission in transportation o'kg ?:isgilik{mzﬁ( NOx) [23]
BRRHR Bt RS A A& Nitrogen input in the buming of fuel /kg AR [24]

. R TR W
WRBHR S B Average nitrogen content of fuel % 1.55 0.15 0.14 (24]
SRR R HE LB Proportion of nitrogen emission from the fuel % 15—40 [24]
IR E R R IEA KK ) LB Proportion of removed nitrogen into air % %w/fi‘ﬁ?’iﬁ égiss SR [20]
PR HE AR LB Proportion of nitrogen into air from incineration % 0.9 [11]
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HRAE TR 7 R [F], B MR BT Al 35 KA H T i X3 N2 . Al = A HdE 8 1
Gt OR IR RIS AR s V5K A0 J2 T A B8 L G RO R DR 3R AR 5 1l X2 Th A S8 2 e 3 Bkt
FISCHR 2 308 . Hp S R s RS A AP IR IR S,

2.2 [EAXZmEHERE T

HMATIF R X E X2 AR SR E 2 iR,

2008 4EFE X A G AR 114.46 J7 t, H T E X AR B KRR IEN, BT LUK SIE R A A 110. 16
T, di TRARXEAR 96.2% , HR WAL R SR A e8I & 22. 9% LT G 32. 7% , & 7™
A 44. 1% ,HAbF= 5 5 0.4% . WNRGERYIEREE, =00t m XA 113,12 77 v, 5 B AR
98.8% ,Hrfb T 7= 98. 1% , &= 1. 6% , HoAth7™= 5 0. 3% ; LUE S TE i th BIAE S AR M AGE &
134 J7 ¢, i EEARY 1. 2% ik ARS L5 (CRFEEE) Rk AW ZE 255015 94.8% 3.7% Fi 1.5% ,
WA 3 Fis .

XY R S, RV R R EIFE IR E , FE R, WA = S AR SR B =& MR
B B RR R ) 50—100 %, EYWRBALE, AMBEHXINET R AMZEAKR, ARER KK
FEFEFRET A TEE; EY 551, w248 2 L T S, 5B 2 LA = S i 9 B 58 5, i
i X R ICR KB FE RN E P, FFE M, BT R A 28, BN BN,

®3 2008 FENMEFHAREAMHEAKE 5T
Table 3 Water nitrogen pollution loads of Yixing Economic Development Zone in 2008

BKE = RERE JKAK B 75 Water loads
Wastewater nitrogen Nitrogen removal
generation/t ratio/ % i/t 4 Ratio/ %

#H47 [ Heating and power plant 1.1 64.8 0.4 0.2
A NEAE 7= Nitrogen fertilizer production 385.0 93.4 25.4 12.4
£ 7=\l Chemical industry 27.5 71.8 3.8 1.8
£ E e Printing and dyeing 286.3 85.5 39.0 19.0
BN T Food processing 206.3 9.1 5.2 2.5
HoAlh Others 3.0 46.0 1.6 0.8
7 A 3 Industry 909.3 90.2 75.4 36.7
R T A3 Domestic sources 174.0 54.3 73.0 35.5
FEl X A %33 2 Ecological process 32.0 0 32.0 15.6
HoAlh Others 25.0 0 25.0 12.2
431 Total 1140.3 80.2 205.4 100

% RO RKHERU A, AR 3 Bias o M 7K s B B i K, fEL-5 R T A % 3 AR K A d fer 22 B
AR, B X R R KA AT AR B . EERRZE T BAR B X 7=l i i R K HE i T R R, (Hablk A #&15
7R Ak PR it A el DX 95 7K A R T A 2 A BRI T MK A B AT G 90. 2% , A ELAET 5, Bl IXC A 5 K B
RALFRIBUR AN 54.3% o A, AL I B HHEA KRB DX R K 457K A3 B T 8BRS A, o Bl DX K AR
BT 27. 8% ,3X —ER 7 R I E ok B T MK o Fel Db T B9 vl , 40 & B 2« Bl X AR S BRALR £ B
B Y R P A S SR P B R %o BTG AR 14 el DX = T A3, WA T A 5 TR 7K 5 S ) 7K s 67 7 L 451
FRAL, (BB S R R
2.3 P RGEHREH BT

A3 B T bl X RHETON 7K 358 BB RN, BT LA TR A2 7 R K P i B R 7k 293 6 26
Foll - BT RAE A ATl A Tk SR ERREAT L B I AT L AN ARAT b, RIS 3 R B R AT
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Fig.3 Nitrogen flow system of Yixing Economic Development Zone in 2008 ( Unit: J7 t)

TG 0 G, B5 R i, (=1 ~6) S (E4) o BIHEE IR T RS E B AL FEAE G 1 AR

FEEMETI R X, FALAE = G BN YR & F o T2 B MK RHEBAT L, & i o 7= K ZHER R
B 96.5% ,3 MATALXF ZKARE B B AT o sl DX 7= Ml % 7K A i B R BT 92. 3% o[RBT, 3X 3 AT K
IR EERB WS, RIEE KR EREN 93.4% , NP R K B RBREN 85.5% , & 5 il TR K A EEREN
94. 1% , TV EK SRR EBR3H 90.2% , YiBA [ X EEHER AL BB BT H W5 KB AT, BRARUR K
F(E3).

XF TR 7 RGARET, T BN B R TR (B L) R B AT R X B MR KB HEAT
Ak, G b LB Y 86. 8% , LUK T FEAHHAT L, VA X BT R MHESCE A E P B, Xt
RHA R THEN EEE R,

2.4 KRG AR ST

BEFIE K R R BIAL BT X, < b i5 K AL BRI T LA — 25 4043 Wy BE AL ER” A0 AR bR 0 MR
A SERRE L, “ V5K A A SR 4 VIR KAL) R RO ARER TS K AL 3R B R AR AL
7[R EPREE S R R T RS, 0w, 4053 w,, S (B 4) .

IR B B £ B R, L 3 v XA UR (P alb R T AR 9 ) AR K 37 A i R & Ol 1083, 3t, Horf
28.9% A\ BATAL G HEL,8. 9% S A b WAL 5 B ,55. 9% &4V AL 38 5 8 AT5 /K038 ) ,6.3% B
BHEA TG KAL), TAEAV AL FEFR T ,9. 0% Zad Yy FRAL 3 ,91. 0% Zad A W A3, R T24 56t S R &
BRI S B EHEA KR

MR EBRF AR, SRR £ T EKRER 73.5% KI5k X EBR T EK SRR
11.0% , F ok LBRE Ty 84.5%  HEA AT R ZBRAE, Sl B Z 15 KB ER LBREL 9% ,
Hoh Py 3 kb BT PR B BREY 6% , LY IR T B R KRR 87% ;15 KA REREY
57% , IR KA R LBRERY 88% ,WOTALE 15 KAL) IR ZKBRF L 46% , WL AEERT5 7K Ab 3
N i 87 s Py e i) PSS s

A TEIF R R RSl B R B 15 7K A B A B =X D 187 B 0 A 34 38 5 HE A K (A, 3 S £ b KR
SR R A, {E R A R R K AL A PR R K AR T8 IR K, B LA P2 R K B/ D ek R AR, T
7 AL ) A B AL P BB S S AL LA TR TS 7K P AL, 7 56t Rt i3 b 35 HE A KRR A 52t B4
WiEK.
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Xf F A & X BB E &, 20 A T A 38 8] P A Lo (1A e , AR D 8 4 b AL 3 )5 e 15 K A0 38 T I LB R
e, HARBRWLHIMEEARK . FERRELE, BB ERRNTR, [l B A3 e LR RN TS
KA, MR ERR R E Ti5KA®)
3 SigFEW

(D) AHELB R RS, BRI R G IR AL 2, il 85K H v, (8 TE A3, mwkoT
FAXT AL (2) b i5 /K B i A5 K& o A0 38 ) BRI T =Mk RE M A . SR, AR T615 K i 4
B BN, 561 Rt WAL 5 HEA KR EA 52t 5k B TAEETGK, UUIMBR X A & 15 K AL,
TN A G E AR ATK AR B X K 45 K i B T 3R AT, BRI A A e R B T 2R & (3) |
METH R X, BT SR NG RI & i oin To2 EE M BOK BHEB T 23X 3 ML BA BB HE M5 K
FAT, R RRCR AT ; (4) B X EK AWM FEAE T AR EM TG HEATG KEPAE, HIREE A
W BT A3 HER, K RAR G YA IR 5 (5) )k B 5K B A KR HY 79% 15K 8 BT
BT RS TS MR A LB REBAR, 4 57% , Mii5 /K03 M LB m Tk HAL 3, @5 K 4
R HFIBALZ, IR TEKMAERR, 7350 KER 4k R 8 5 AL B 5 , 29 56t A R &2t /i 85
YA G BEHHEA KR, B on R WA [RRE A (a8, BT LA S8 3 Al i 7 SR A B 52 o
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