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Pollutant Reduction Systems for Controlling Agricultural Non-Point-Source Pollution in Town District of River
Network Area Based on Reuse of Wastewater and Nutrient: A Case Study in Xinjian Town, Taihu Lake. SUN
Xiao-lei'?, HU Zheng-yi]"*u’\ , LIU Li', LI Song-yan'?, LIU Fu-lai’ (1. College of Resources and Environment/
Sino-Danish College, University of Chinese Academy of Sciences, Beijing 101408, China; 2. Department of Plant and
Environmental Sciences, Crop Science Section, University of Copenhagen, DK-2630, Denmark; 3. Sino-Danish Center
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Abstract: In river network areas, the control of agricultural non-point source pollution (ANPSP) should consider not on-
ly the pollutant removal effect and cost but also the resource utilization efficiency. Taking Xinjian Town, Yixing City on
the west bank of Taihu Lake as an example, the volume of wastewater and the pollutant loads discharged from three pollu-
tion sources (crop farming, livestock and aquaculture ) were investigated. The demand of water for irrigation and the po-
tential reuse of wastewater for irrigation and the potential reuse of nitrogen (N) and phosphorus (P) from manure and
wastewater for fertilizing cropland were also estimated. The performance of two schemes of ANPSP control system
(Scheme I: reuse of all livestock wastewater and manure; Scheme Il : reuse of all livestock wastewater and manure and
some aquaculture wastewater) on pollutant reduction efficiency (TN, TP, NH,-N, and COD) and economic cost were
evaluated. The results show that if all the livestock wastewater (71.96 X 10° m’) and some aquaculture wastewater

(2 277.11x10* m’) were reused for irrigation after processing could meet the total irrigation water demand in Xinjian
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Town (Scheme I ). The removal efficiencies of Scheme Il for the pollutants TN, TP, NH,-N, and COD were 84. 3%,

94.2%, 89. 6% and 94. 0%, respectively. In addition, Scheme I could reduce the use of chemical fertilizers by nearly

81. 8 kg*hm™ of N and 39. 9 kg-hm™ of P annually. In order to reduce costs, Scheme I that only reuse livestock wastewa-

ter (71.96x10° m’) for irrigation after processing could only meet with 3% of irrigation water demand. The removal effi-

ciencies of Scheme I for the pollutants TN, TP, NH;-N, and COD were 83. 0%, 93. 7%, 88. 7% and 93. 7%, respective-

ly, and the use of N and P fertilizers can be reduced by nearly 52.0 and 34.2 kg * hm™ annually. The proposed two

schemes of ANPSP control system with consideration of nutrients and wastewater recycling may provide a reference for the

construction of pollution control projects in Xinjian Town.

Key words: agricultural non-point-source pollution; reuse of wastewater and nutrient; Taihu Lake; systems for control-

ling pollution in town
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Table 1 Estimated irrigation water demand in Xinjian
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Table 2 Estimated runoff from cropland in Xinjian
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Table 3 Discharged wastewater volume and potential reuse for irrigation of three pollution sources in Xinjian
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Table 4 Pollutant export coefficients for crop farming,

aquaculture and domestic sewage in Xinjian
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Table 5 Waste discharge load and pollutant export coefficients for livestock in Xinjian
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Table 6 Pollutant export load from livestock, aquaculture

and domestic sewage in Xinjian
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Table 7 Pollutant reduction rate of technological options for controlling agricultural non-point source pollution and annual

unit pollutant load reduction cost of construction and operation

U . 5 Y W I8 % A (TT kg +a™)
e ok TN TP NH,-N CcoD A% BT
Pl GWHI 91. 60 81.30 74. 00 65.30 9.47 1.91
HEFH SBR®! 90. 00 99. 05 91.67 96. 31 3.07 0.33
KSR SBBR® 75. 80 89. 50 85.10 91.10 17. 87 2.68
EEiA MEel 30. 00 10. 00 30. 00 96. 05 1.55 0.23
GW S A B 38 -V i BA AR, SBR TR it — 3 At s 75 e vk - k5 3R 48, SBBR AL A BURLF A W sk, MO 2R 5
HRYE AR T 25 5%, ve 8 LRI B ARME BT 15 KR AR SR B REK 2% F ik 16.5

SRR TG KA B R o A7t R LA S 300
JC-m”, Al % 8 DNSOOUPVC i# K84 1 45, K i
Y18 50 m, LA E R AN 435 0w, FFAL 4 000
WAHAKZE 1 &, 48 2 000 G, 1817 A5 A T
TR MR O | T AW U B, 29 A
AN 20%", AN HE BE 1 B & SR A MUK 3R

TGkt SRAAMEAR R G40 B 260 HEAR A H 5
AT R IR Ak
3.3 ETFEKERMLAIFEE LR R L=
RGEME

B R TG KA B AR (GB 18596—2001) J5
T E AW AR ST o BRI, ROZ AL Sek Ak
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TG K HE R I TR TR K= (K3, EEE
FEHH 5 7K AL BRIk FR (GB 5084—2005) I 11 2% 95 14
A DL A30 A FE TG, ml il A T S 5 /K )
3% (3 3) o K= FRIE 15 K HER R K T4

s K, TR 5 & T KA S e JH I I 00 4% 18
N Z PR 2 277 11x10° m* K= SRR T 7K
T T EBE , T 2 97% WA THREETG 7K o i, AR
P IR IS K B IR AL i, B 2 R oRE T K B IR AL Y
AT O TS Qe R G181 o

— mw ——{ e f——{ it s —— fi |
------------- |

WP |

| Harmpren |
AL T |
Ve 25 |ty | sk f—

S 5 Y S AU T HER A
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E1 FHEERWEIRSMMEN RS

Fig. 1 System for controlling agricultural non-point-source pollution in Xinjian

W TR E SRS R, . & & 775
FETS HEAL AR 5 8 SR 15 K St B Ao - P it
K IE TG ek AL R G AL B 35 HR (GB 5084—
2005) J& FEAEAE I A A7, & R A AR R T
A FH VR 5 A HE K 28 2o AE R VA -1 Hb U B 0 Ak
PR B s HE A 5 K SR HE K i 41 A 3
BT A P AL R e T HERCA AT

#1485 3R & & KI5 B 2 K =15 K |
15 B S FIEITGHIL H F B IR KA
VA A - P S P TS R vk - A AL E R G b B
K A5 (GB 5084—2005) J& 78 fifi £7-1th Hh i A7, 42 — 4R
RS B JE F AR IE 5 A FH HE /K 284 Rl e 3 —
D ML Ty B I A 3 S AR HE AT 5 7K SRR HE
K Zad A R Pt =R AR P B Ab R 2 277, 11
10° m* /K i A ARSI AR KB A HE
HATK R HER AT

4 FEERVEESEESNRZHWEZNTA
TS

4.1 EFKRMFITED

L8R, & B I T HETG KL A B S COD
K 3 A P R FH K dee s A v (A2 B 2R B 2 <60 mg
LB, WL, &S FRET5 KA, o] T4 1
T, LI AT IR IR AR . IR IR B T5 K A
AN HRET, COD B 3k 21 A4 7 BE FH A b o (A 2R 8%
< 60 mg L) 3XHR 4K 7 FRIE TG KA T B R AT

AR R TR AL B, BIAT B TR R

=8 HEHEIMITRIFETKOEMETLEYIRE
Table 8 Concentration of pollutants in wastewater from

three pollution sources before and after treatment

o (0 S O
AhEERT AR 5.04 0. 06 0.41 7.97
HFEFd  168.84  26.60 73. 16 460. 47
IK =SB 2.89 0.55 1.15 4.32
AbE A 0.42 0.01 0.11 2.77
FEFI 1688 0.25 6.09 16.99

IKEFEH 0.70 0. 06 0.17 0.38
5 K A BRHTTS Yk 13 Gl b0 3 Fh s Y IR HER B9 75 7K Fr 4535 ey
SR B ) =15 Gty B 67 A K HE O, 35 K A B S Y e BE (R
TR AR b HR S H K Ve BE ) =15 Yl B 7 x (175 Qe iR ) /i
TRHECE

B T 2 A B HETIOE K 4 Ak #1308 31 i 2 /K T
ZFRAE (TN TP NH,-N % 5 & COD 43 54 1,0. 2.1
F120 mg - L), Al g3 HEBCAT s 7K 7= SR B HE TS
K 28 4 3 ) 3k 3] M K T2 AR, o0l AT
HERL

BT < A HE OIS K 28 Ak 5 38 31 2 K I
AR UE AT 5 U HE AT 5 A A [l A K 7= 5
B HETICTE 7K 28 A B 5 3k B i 2K T 2845 , SRRk
I AT HERR
4.2 EBETRSZETEYHIREMNE RS

R 5 T8 I8 5 e Wit 97467 (L, 0) SRR DG HE AR
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75 B HIIBAR (R, 5, %) , TR B % SR X5 4 )
AR HI DR (R, t-a™) (ZR(10) 5 ARG A% 5 YL 75 Gt
Yy St O A R B (R, O FHRE I Ak B AR 11 BELA7
15 G i) B AR (U, 78) M AT A (U,
IL) , A3 BT HA AR B S e b B TR Y
HBOA (C,,70) (R (1) JHs 7 A (C,, 78) (5K
(12)J(529) o Horpr, g HXS ] FH 7 R 19 7 8 S e v
A5 KRR 7™ 35 5835 7K DA b BTG &8 & HEAL £ 47
TR AN, WA T B D80RE 25 15 Qe W A i
W BAT V5 YL HIIRAE JT , BADIRAS T rI A AR T 58 42
T2 13 75 K SOFERE TR0 o

Rij = RE,ijLij s (10)
C(‘ = RiUc.i ’ (11)
C,=RU,;. (12)

x99 IEBERWEIERSGIES RESLEBERBIRBR R
Table 9 Pollutant reduction and construction and opera-
tion cost based on proposed system of controlling agricul-

tural non-point-source pollution in Xinjian

V5 Y IR/ (e ") RA/1097C

B Bk TN TP NH-N COD @il #i% &fr

I Gw 10.84 0.11 0.72 12.23 23.90 0.23 0.05
SBR 10.94 1.90 4.83 31.91 49.58 0.15 0.02
M 4.41 0.84 1.80 96.48 103.53 0.16 0.02
CP1 .22 0.02 0.44 1.22 2.90 12.90 2.58
CP2  10.28 7.53 4.21 3.97 25.99 — —
SBBR 59.34 13.46 26.58 106.78 206.16 3.68 0.55

Bit 97.03 23.86 38.58 252.59 412.06 17.12 3.22

I 6w 10.84 0.11 0.72 12.23 23.90 0.23 0.05
SBR  10.94 1.90 4.83 31.91 49.58 0.15 0.02
M 4.41 0.84 1.80 96.48 103.53 0.16 0.02
CP1 1.22 0.02 0.44 1.22 2.90 12.90 2.58
CP2  10.28 7.53 4.21 3.97 25.99 — —
SBBR 54.35 12.33 24.34 97.81 188.83 3.37 0.5l
CP3 6.58 1.26 2.62  9.85 20.31 72.82 14.60

Hit 98.62 23.99 38.96 253.47 415.04 89.63 17.78

GW AT 18— W B IR, SBR AR At — At =S M 75 Ve -
AALIE R G, M HENR RS, SBBR i 2H 4 BURE I A W sk |, cp
A HTE AN TR0 AR AN LS 57K (B & FR5) 93543 (CP1) K
YN TR B I LS 9543 (CP2) R 484 Ak I 15 7K K= 33781 3743
(CP3).“— R I E -

Al T PR 5 Ye s il B g T, S H AR TR
2 9% 2034 J7 0, Horp TR a5 A 5 84. 2% (5%
9) . ARMTHIA A7t L AR (5 S A 1Y
75. 4% B 47 A 5 BB 1T AR 80. 1% , H Bt
I W EZ AR . B T /) TN, TP, NH,-N #1
COD HIJ s f2 43 51}y 97. 03 .23. 86.38. 58 Fl1 252. 59
t, B R 53 ) 83. 0% .93. 7% . 88. 7% #1 93. 7%
Horp K = IR B 15 7K 2 A0 B T Y 0 e B

P RN I 1Y) 50. 0% 5 HR Ok & & FE0 , H I e
PRI 1Y 25, 1% A AR I 9, 15 L 0 Hil
A 7 S Y 7. 0%

Al T TS e i R G T, SE B H AR T
2:3%1.074 14270, Hoh TREE BN AS 5 83. 4% (%
9) . ARHIHLA, fiff A7t B BAS o5 S AR 1Y
95. 6% , AT A i BB AT A Y 96. 6% , H A
11 322 s AR R . B I A9 TN TP, NH,-N F
COD Wi sk 743 51 4y 98. 62.23. 99, 38. 96 F1 253. 47
t, BSR4 9 K 84. 3% . 94. 2% . 89. 6% F1 94. 0% .
Horr, K P2 FR B 15 K 2 A0 B 75 Y W ) s e v
A7 RN I 1Y) 45, 5% 5 FoR R E & 20, L e
7 I R Y 24 9% 5 AR VR R I AR, 15 L D
I R Y 11, 9% o
4.3 ETFEXERELHTITED

a5 4 A T it FH AN (S i A sl B AS 75 7K Ak
PRASAS 21t b K A BE AL . VBN —FhoR T
AR, B A AR R A Bt o« 2015 4, Al R ED
KT CH) 2020 FALNE M HEF I KATE 2D, AR
Pt ] MR B 20 4 R B A A A 4 T R R
BIABE R4 AR K HEBEAE R K e — R4k i) —
ol it I 7 =X DL K B & HENEAE A HLIE A1k
R it FH 3445 21 1 HEEE

Ak RS G il R 1 RGN F TN,
TP .NH,-N F1 COD 4 Hil ¥ % 433l >4 83. 0% .93. 7% .
88. 7% F193. 7% ; Hor , & AR R IH 9h A, REAFETH 40
[l FH & & 28 0Hi57K, TN TP, NH,-N 1 COD Hl|J# & 53
IATIA 1. 22.0.02.0. 44 F1 1. 22t 43t A 0 A A
R 221 1 hm > (R 1), BAEER B T5 KR THHEE
YT R 325. 5 t-hm (R 1, £ 10) , X B T5/KEH
T MR R 5. 5 kg-hm™ NA1O. 1 kg-hm™ P
SEELIA H, 430 o 5% 43 BB Y 10. 6% F10. 3%
(F10) ;s BRAEHENL 07t H 5Tk 1 89. 4% F199. 7% 1
N.PFR4ri0 B i (% 10) , 976 4 46. 5 kg hm™ N Al
34. 1 kg hm™ P, AP & & & 250 B @ %Z 28
(N, 170 kg-hm?;P,35 kg'hmfz)m’mo o P, B
EBURRAE AT A U S T8 52. 0 kg - hm ™, [F]
Ay AT gL Rt FH 4 34. 2 kg - hm (32 10) .

Al TG R RGN RGEXT TN,
TP .NH,-N F1 COD 19 HIl 98353531 24 84. 3% .94. 2% .
89. 6% F194. 0% , Hor , & HAE R IE A, BRAFEIH 9N
[a] FH 8 & 2% {8 75 /K A1 K 7= 5 7K, TN TP . NH,-N F1
COD M| Jg Al 35 7.80.1. 28 .3. 06 F111. 07 t, 4}
A AR A 221, 1 hm (36 1), B4EE 81ikls
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IR FIK 77 F2 58 15 K AR HE L i 47 354 10 624.5 ¢+
hm? (K 1,3 10) , 7] 58 2 ACHE BA K, X35
5 K AE T4 1 HE R Y [R] B A 35. 3 kg hm™ NI
5.8 kg hm™ PSE AR B, 43 1] 5 3% 45 8] FH S 5 Y
43. 1% F1 14. 5% (3% 10) 5 B3 47 HEJE (9 it FH o ik 1

56. 9% F185. 5% ) N P F& 43 [l H &, AT 47534 46. 5
kg hm? N Fl 34. 1 kg-hm™ P, XA EUEAT & & & 2%
R @I (Y g8 BT B d g A A ]
W/ A B U BT A 81 8 kg han ™, [ B T g 0
A RERE it FH i 39. 9 kg ~hm (£ 10) .

F10 RUHEHIESRESRGPLRSKKAERENFSEEE

Table 10 Practical wastewater reuse for irrigation and nutrient return for field system based on proposed systems of con-

trolling agricultural non-point-source pollution

SRS KA E W /(103 mP-a™!)

FPRFE S IE M/ (1-a)

st LR IR IRIH o
BESI KT Bt 57K FEfl (T57K) -
N N P N P N P
| 71. 96 0 71. 96 1.22 10.28  7.53 0 0 11.50  7.55
I 71.96 2277. 11 2349.07 1.22 10.28  7.53 6.58 1.26 18.08  8.81

B &I KR} 71.96X10° m3+at, K= FRE 15 K HEREE 27 104.00%10° m?-a™", 4 H V5 K HE S 4 870.72x10° m3-a™", 4% FHJE I 75 /K

5 H2349.07%10° m*+a™' (£ 3) .

HXFFRGE T, Al m s Je il & 48 1 Xk
15 GL W) B T D80 RE g B L KRN3R o3 8] AR B
EIE B A B T A & T RS T,
BORA RIS AT ARG 1 5. 24581 5. 548%
(F9). BT iy 2 F I K B AL A Ml 1o s 4%
il 28 58 T by A T e s o) TR A AR B R
2%

5 #%ig

FE A V8 R B % T B AR T T AR K B
EAR A FH B4 T 19X DXl T P e s ol R e . AR
I W% & HEBOE K g ALk b It 2 8 A B T
A HVEBE, & & 2AE L HEN A B S 8 D, A AR TR
FK 7= FR 58 15 7K 46 b BEA A5 o HE A BRI 3 o A5
3 1 AHAEAT [ 325.5 t-hm & &5 Ak is K, B A
F G5 % TN, TP, NH,-N #l COD () Hl| 3 2 43 51
83.0%.93. 7% .88. 7% F193. 7%, [ I} 4 4F N . P It
Jita JFF 8 AT 43 Sk D 52. 0 #1134, 2 kg-hm?, B2 T
BB IR AL HE TS K RS 4 K 7R IR TS K 4 R
B AL B T A EEEETE ) st 7 85 3 A 0 4 734 A
FHo A T ER4E T [0 7 10 624. 5 thm > & B E+kis
TN = FRFE TG 7K, B RGN TN TP NH,-N Fl
COD (1) Hil Uk % 43 %1 N 84.3% . 94.2% . 89. 6% FI
94. 0%, [A] B 441 N P JIE it FH & 77 433 92> 81. 8 il
39.9 kg-hm™. FIFHE B 2 Fb HE 2K 98 5 Ak 4 b 1o Y5
15 YL i il 2R G0 R R R T G s ) TR A i R AL
HARS%,
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