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Characteristic analysis of phosphorus loss in typical watersheds of Taihu Basin

ZHU Yongshu’, XIANG Long'?, YU Zhongbo'~*, CHEN Xing’
(1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing 210098 , China;
2. College of Hydrology and Water Resources, Hohai University, Nanjing 210098 , China)

Abstract; The characteristics of phosphorus losses during typical rainfall events in different land covers in the
Meilin watershed, a small watershed located in Yixing City, were analyzed using mathematical statistics and
systematical analysis methods. The results show that the total mass and concentration of non-point source pollutants
depend on runoff characteristics and complex landscape characteristics. Phosphorus losses from different types of
land are various at different rainfall levels, the surface phosphorus in dry-land areas is lost more easily than in
woodlands, and the surface phosphorus in woodlands emigrates in the form of PO,-P in runoff. Fertilization and
organic humus loss have different effects on phosphorus loss, and disturbance on the land surface determines the
characteristics of phosphorus loss. It is suggested that engineering and non-engineering measures should be taken to
control phosphorus loss from different types of land in different rainfall stages, in order to control the non-point

source phosphorus pollution in the Taihu Basin.

Key words: phosphorus loss; non-point source pollution; mathematical statistics; systematical analysis; Taihu

Basin

RIS 2 E N DR s M G ki BAT A TP B R Wl b [ Rk W 2 — 2
WX 22— XN K RS, WIRE AT, XBUKAES RGO 4Rk KK ik

FeGTUH . T2 E R ST (2012BAK10B04 ) 5 7K SCK B U5 5 7KOR) TR Rk [ 5% 52 30 58 P C A 4 (2011490805 ) 5 K A AR R
FEHA2(50979022,51209071) 5 AKFIFRA 7 AT I BHIFL T (201001030 )

EB RN RAE (1991—) , B A R, Ll A R 53R £ MR HL, E-mail: zys_hhu@ 163. com

WAEVEH 10, 1A YW, E-mail; xianglonghhu@ gmail. com

- 31 .



YL E BT H 25 i PRIk RSk AR
PSSR AR TS g —2F DL ok B R AR
TFYL AR I A BT G R ok
BT T & R Ik 2 S5A TR 3 IR IR
() TP 23511 5 20% 32% F123% , ] WA A AR &5
BZRMARKIE RN — P EERE"  KZE
W9 R, TR R KRS B IR 2B T
Z—UV A b, FE AR R ol o A K
AR STH- N W kN P N R X A O£
Bt RIS I AR A5 U 0 2 3 A R AE A ) Tt
— SRR KI5 Y ) ik

H AT, Ttk i 2% 00 0k A T 9% 3 Bl 0 = P A
B AN A B0 oA 2K SR TR AL
5T (1 ANSWERS #5251 SWAT &£ EPIC A |
HSPF #5781  APNGS A5 DWSM #5125 ) 17107 ) ke
FFBCF G Ty ) S T Y A 5 5 0 R R
KR FILET S FREFHE SRS Y R G TR
AR, AT 43 BT A Sk A 2 I R 5 K S AR A
TERIIFIEAS 22 T L AH AR BUBIE 5 i K BB 3 I & 2%
ZAFM TR RGBT RSN R b R AR
B T4 Y 07 A7 1 5 I 98 R e A6 B O R
A GE A AN [] T T 49 B 7P 00 ST 26 SO0 4 12 252 SR
WK S I A v B B T 2R R AR I, 8 7 R T A%
itk AR PO [R] - bR 2SR A i 2 S R E

1 HREGRSKE

1.1 HREHER

AR S 365 /N S T R W A BN, R R K 2
9 km(31°20'N,119°51"E ) , Ay #4276 {14 A 18 370 34K 1
b X, HiAL B4 AR g, TRUA 0. 737 km® | 3830
SRR P DAL T A R X, A IR A
MR, B AR S XU o AR X AR RR R
15.7°C AR B TR 1177 mm, FEFR 28 50
6—7 AR HEFT” F1 8—9 H A& KA, %X
MR R Ik 60 2 m, i ARAL R 3m £, BN 1
AL (Rt ) R+ OKAREHD) S E . %
T A R AL A AL B A IXC, b R S 78 LB
R E AT KRR TR B SEAR S AE, DL R
1, WIS B JLP R SR AR P AR T
b5 K HER , PRk 3 B 11 bR T A R B R AR
PZH DX A RS ORI

kT W < K S - 0 TR B i R I R D A
FESCIR I B T — RS R A R FE A
SEHG /N KR A LI ) At 1, BB 22 26 IR
FIAIKALTE FDR 3 & KR AL 4% [ 1SCO-6721 1
SRV 5y Gl B A S T4, %

i
B Mk
R R
KT
v

Eimi(m) 4

B 1 ik E A R
SIS XN [RIAB A T 1 O, R H 4 AP 5 A4S
AN 3 AR AR S B AR TR RIS
1.2 3§

S RN X AR B A AR E R A =
SRS IE] , 1O SR Uit AT A b 2 B0 SR TR] 5 A R
R TR T, W0 R S gl 3 VR B R 5 AR B R AR
TR A RIS AR T
HE R KA, 000 5 i 2 7 T8 v 3 v %) 5 1) o Yk
B, T AT RE R TR S RIE 2R R RN AR T
YRS ESEWLI | 451 % 25 10 min/ YR, 6] B 3T 5% B B
FOK L, BUREF AN KRR SRR IR AR, TR Pk
[l 256 25 52 KRR AT

HEFTZ NBER AT, S K FEFRE 3 b, il
- E VRO E SE T TP AT BB (DTP) AR 1 IE
WEIRER (PO,-P) MY Bk B, Ho o PO, -P it i ¥k
JEVE Ry nl s P TC LI T FE v B, JB AT TP vk i
55 DTP J5 e e 5 A U mT 745 V7 25 WG ol o o VA
FH 1 B R BRI M — AR BT 40 6 BE VR DU A DR T 7K A
HRIE G K AL R B TP DTP, FH4H W Fb €632 0 52 0
Je KEEF ) PO,-PH

2 HESHEWR

2.1 PEWMEEST

$ 2010-07-11 F1 2010-07-13 HiL 7Y (%) B 75 72 i
RS g F A EA T 4087, L P1 R R 4 2010-
07-11,P2 F/RFF 2010-07-13, Pl 22—+ G
IKEFBARZR R, BIFRERN & 46. 5 mm, %5000
KI=maEs/N, A F 7.1 ~18. 2 mm; P2 22—+
SRR R R R AR L R, BITRE T A 17 mm,
BEGEXM T RENT 2.9 ~13.6 mm(F 1), 1R
Fr 25 S5 DX = i ) FH 28 RBRVE S, A 17 4R
XA 0T BB 5 i A B S, G0 R b P R e 2,



TH P-4 L T, M B AT, AN, SRX
B PR K T A I 0 7 A A W AR A
£ 1, NEHRAREDRE, WERRN Y
o B R 0C RO L, PR F AR T
HFESE A2 10 h ([ 2) 1T P2 A 6 1y B AN
1.5 h; PRI 0 7= 3 R BB A A HHTR, X PR
R AT T WHT IX B8 (g 2 T T HURRAIE

£ 8y - - g 0
£ 1,-.- 1TNTE _
X - 15 £
26 el £
s 5| - BERL -
& —- TIMk =
®A4r - 10 =
= 3 it E
£ 2| — it i 15 2
S fpa &
= 1 " IR
2 R NPT AL W20 O S DY)

SO OO DO O OO O OO OO oo

N OO = NN NS NN O 0

e D A s e D

E2 Pl1ERERAELRE
2.2 2 RBEWMHBERRKFES T
DL 0 Al VR B 3R B 5 R W R AE A
K, MG RRZ /DA I, i H-5 i v 5 S
AR OC WL S5 v ()37 Uk B P AR Y
R S T AR S IE DA R . 20,5 5K
B/ X BB R BRI O B T SR AN
A 225, WWaR 1, FEH/NX T 5B
VEPRBRIZ, M FRAR MBS R (I e 44 2 583. 1 mg,
ERT AN DX 00 265 v, TG /N XAl 2R 2 o
PSS BPNES Sl iy N T R TR R o 75 e
6. 8 fiF, MU RAZ ™15 TTBRRE 1k 90% , HA & /N X
A RAR L 15 DR IEARR T AT AR
SRR IR B AL TR R TR 1Y 53 b — A E A
. Wb P BN AN 46. 5 mm, 28 KT P2
MR, HETE B R A A Ed & TRE, H
BN AR TG B I O 1 DU R R, P2 (B Rk
DR K T P1, i Ul W28 A I 2K 1 5 o T i 2
F1 HAEHE

IEASCHE S S AT AR5 TTkR S
S R SC AR B U, L DR AT RS B AR i e
AR B B A X AR T = 5 7 AR R i, T PLAY
28 8 /N Xl 2R SFCEE S , 9 B T R A B R A LA
ICAMBRARR (75 M 2 A2 U A Wl 300 2K STk T
[N IF S U N B L G R B NUALL 1 Y
SR BRI/ XM S5 PRI AR B A T A/
W (P2) ABELL /X AP A 3t e 3 i PR A S0

INX

M5 AL /IN X 3 FAR A A 3 I 2R kR
DA Hh el A2 U U R B0 W R B AR K R
P A BOR M, UL 3 KO0 9 R A T RS i
ABRIFI , X R, AR RS G 0 25 B
RIS W B JOR R e R R T R R 7 O e A Y

fiE, LR T 52 2 A #R TH E R AL

BER AL L 2% , AN R T R %
LRI B A AR, ARSI A S B S 1 TP Al
IKEEHY PO,-P, LA IX 23 K [) T BT A 5 245 4
AR A HRAE . R 2 vI &, i F/NX R 8 444
AR, TR R AN A 22 5, H w7 25
AR SRR, 7= R ik B /I, VD 5 /> | Wik f
IR B R AR MR i
PEBEI I DTiR A i . AR T VA M I R TR
R 61. 12% FrAR ] 5 M Bl I K SRR Ol 42. 40%
TCHLATIEPERE (PO, -P) TR BTk R AN 5 6. 17% ,
RSB B RE A 22, T IR, KA YR VD B RN b
IS, B 2 AR LA TR A Ry 32, T i el 2 M 0
B ATV F R DTRR R A 31.04% , S
R, AL AR b B D, JeHL ] i v
(PO,-P) i TTHRF N 28. 30% ; AT A A 5 2 7%
-, S A T S B A DL, L ST
PE#E (PO, -P) Wi K TTBRFAHRTA AR 6. 17% .

LR BB KB R

SR S iﬁ”[‘%ﬂﬁ i%jﬂﬁéiﬁ #ﬂ‘ﬂt@i%)ﬁ_i INKTER /b FRIE i&%iﬁéﬁ@% Wk B ﬂﬁ%ﬁ{ﬁ%%
H/mm R/ mm W%/ (mg - L") m? JKHE/L E A/ mg Ei/mg  AKRTNE/ %
Pl 46.5 7.9 0.0536 40 317.70 222. 80 305. 50 72.92
R P2 17.0 4.7 0. 0602 40 188. 00 120. 40 150. 00 80. 26
. Pl 46.5 15.4 0.1933 40 615. 00 2342.40 2583. 10 90. 68
R P2 17.0 2.9 0.2035 40 116. 00 246. 10 360. 80 68.20
" Pl 46.5 18.2 0.0905 40 728.90 104. 10 206. 50 50. 42
P2 17.0 13.6 0.0905 40 544. 00 40. 10 52.30 76. 49
. Pl 46.5 7.1 0.0552 33 232.90 127. 00 198. 90 63.85
B P2 17.0 8.8 0.0652 33 290. 40 127. 60 145.20 87.86
Pl 46.5 10. 7 0.0896 40 429.90 105. 60 233.70 45.17
i P2 17.0 8.4 0.1068 40 336. 00 17. 40 54. 10 32.19
iy 0.1008 379. 88 345.35 429.01 66. 80

T« R SR WK oy 3 K F A1) ST ok BE A5 I BEAR WA SR AT IR BB R B MR B R B S R R R R B R A

.33 .



%2 P14 TP.DTP.PO,-P M k15N

S K BRI, RWE, PO,PURK mﬁﬁ@ﬁﬁa% i&%;iﬁn‘s’e AR ﬁ?fi@ﬁﬁa% PQ4—P PN mjﬂfzﬁﬁa@i%
mm mm K/ mg Eit/mg  BEEEE/mg  Fi/mg TR/ % SRR/ % ST/ %

A FEAA 46.5 7.9 140. 6 186.7 222.8 305.5 61.12 46. 00 72.92
3L 46.5 15.4 875.5 1808. 8 2342.4 2583. 1 70. 03 33.90 90. 68
i 46.5 18.2 58.4 64. 1 104. 1 206. 5 31.04 28.30 50. 42
PR 46.5 10.7 14. 4 99. 1 105. 6 233.7 42. 40 6.17 45.17

P& 2 AT, PR A S A | SR w1 O
HNEA LS R MR TTRNIE SR
A, BAEAS R 2 AL i R R I S %
fiE, AT X 28 A AR AR TS e LATEAR A il
2.3 AREF P AHEB PR R ARFE
TR SRR 2 A U R AN 5 R K R A G
T ELI AR T B K i B2 ) A fR AR A, RT3 e T
P1 RN I AR PR A | S A S b KR R BB TP
DTP #1 PO,-P )5z it e BEAR O, % Al SEAR | 52 1l L)
K 3 A LAY ST P = V5 R IE R T T

= TP —DTP —+POs-P {0t

i B /(mg
S O = =
o Rk ® v o
SCorm—NNw
N O WnOo wnoO
10 min 25 /mm

22888 8V=X3°2
(SIS NS NEINC NI w Y 9 Y
I+ i)
(a) BIEAR S5 (X
12 3.0 E
210 25 \i
g 8 2.0 2
5
¥ 0=
= 2 v 0.5 €
= 0 - 0 =
N S S O OO O O O oS O O
= REEREEEE 23S
s i)
(b) S 56 X
= =}
@ 0.4 ;(5) £
e 03 20 2
w 02 15 &
£ 01 1.0 =
om 0.5 g
=0 0o =
S O O o o O S o O O O
n AT S AT T3S a T3S
FeaASSE HE¥EEE
i)
(o) PG X

3 SLRXBEE(TP.DTP KUK PO,-P) Rkt

M AR (] 3 (a) ) S0 XA 7 i 4] A% O it 45
A BEE W FEEDL DTP K, DTP 5 TP kg
JE A F A XS B AR E KO, BB 10:20 4581k 779
£ 16 .00 Z J5 B3, JF HAR T AR POk 2 68, 78
0.5h ZJ5, KK TP ATk A= 2 1. 6 mg/L,
i AR N, A K R WA B A, T
T TR, AR SRR B i 7K e ) TR, Rl

VDR M AR L T %, A VR A W Y B A9 A X T
TP ik s B E

S (3 (b)) R B B S H o ek
PRAS W0 7P 0k 2R BB )N, e R sk 2 D) A A 1)
PR B 2 ORI T i DI (15:40 ) FF 4677 Ui, S
ANIX ) TP 5 e B iR 3 11, 35 mg/L, E3 K T4
SIS /N, 3 T2 R Ry S Az NSt A 3 5
M de K, 322 F i i = 753 10 min (AR R E A 5
WEMH 2. 6 mm &, TP i ik 5 22 30 20 b ka3,
prge =8 S S B A TTIE S 37 N SR e A =y I RRE
T HP U R 7K L e 2 o b SRS | i R B TR T i 1Y
BERE T

FHL (R 3 (c)) YRR K H RV, W
RPN (9:20) , 25 X IF R, o T 5 HUAE B
b K L IRFRRE 2% B RN K e v bl Hh
RIETAR , BTE AU R W 2B, HE
1050 F=Jifs ik o 565 2 IRFE NIRRT (15.40) , BAAFR
WA T E A F) 2. 75 mm/h, (H 2 B ik %
Wit T 0. 2 mg/L RO, B UL AR TR 848
ARSI 7 NG 157 S R eV ) IR N )
Al wErh LLCHLASRE PO,-P A,

3 %5

Xt ST [ 9 7 AN [ R T - 3t i A
FRAFESEAT 70 M, AT LAFE AR R IR TS B ik 8
R RIS 2 ) A JOR R A R R T A W 7 O e A Y
fiE, AR T 52 2 4 R I R RHIE

a. AN[EIFHISE B - 3b 1 5B 3R 2K Bl R R 5
JE BRI T AN [7) 59 1, DX 3 T e 2R i 75 oy B T
TR, A BB R I B R R 221

b. Al AR R T A A T, DR L
PO, -P (LS FlFE M AR i Y, PO, -P A B Y
AL TP AL, 22 AL R B AR TR R
(10 A Tl 1 i AR A A, 0 7 U B B ot
RO , Z R BRI XZ2 R IK ik i
AR RAR UL R RS TR

c. HBAHE AL L BE AT ML B A X B AR A
RIGFEMAANR] S A5 NN N M B R A M IX
H T AL AT S, A0 REARH A IR SRR RAE, S
REWERFR , RIS, W1 1 RO e Al



SRS |t TR W R R AL

B AR AU R A0 AR, AR
F A o TR A AR i X A [+] 5 T i B
AR UL 2R A EEA T IR 42, LA D2 DR T8 7 38 ) I e D8
RIS 9

S Xk

(1] BEAR. R s B SR A MLER AT 52 [ M ] bt
T KK HL R, 2000.

[ 2] M RWIVEH R IRAR SRS SR VP LT ]. AR
ISR A4 s AR, 2011 (5) + 52-56. (WANG
Hui. Review on non-point source pollution in Xitiaoxi
Basin[ J ]. Journal of Capital Normal University: Natural
Science Edition,2011(5) : 52-56. (in Chinese) )

[3 ] M6 R AR, 48, TEIRAE R AR SIS G
XZERIFM SRS [T]. KBEER D, 2006, 22
(6):86-88. (YE Fei, BIAN Xinmin, HU Dawei, et al.
Regional difference and countermeasures of agricultural
non-point source pollution in Jiangsu Province[ J]. Water
Resources Protection,2006,22(6) :86-88. (in Chinese) )

[ 47 W, KRR, 02, M T dul s 5 P J5E 3 1 X T
PR I RRAE 2 A [ D], K BEIRAR 7, 2007, 23
(1):2527. (ZENG Yuan, ZHANG Yongchun, FAN
Xueping. Characteristics of nitrogen and phosphorus loss of
rainfall runoff in typical plain river-net area of Taihu Lake
Basin[ J]. Water Resources Protection,2007,23 (1) ;25-
27. (in Chinese) )

[ 5] B Mbhas. R sl s e e 54t [)].
KT IR ZE 538 2003 (1) :4549. (XIA Lizhong,
YANG Linzhang. Research on non-point source pollution
in Tailake Region[ J]. Resources and Environment in the
Yangtze Basin,2003 (1) :45-49. (in Chinese) )

[ 6] wmll, ARHE SR ARl AR SRS e xd K1 K BT iy
R R RASH G IR E A [T] . KRITHEER S35,
2002 (3): 260-263. ( GAO Chao, ZHU Jianguo, DOU
Yijian. Contribution of agricultural non-point source
pollution to water quality deterioration in Taihu Lake
watershed; recent trends and research priorities [ J ].
Resources and Enuironment in the Yangtza Basin, 2002
(3): 260-263. (in Chinese) )

[ 7] B, X0 AE A RUE T S R BB ST [T].
A BE 4, 2007, 19 (6) ;: 710717 ( LIANG Wei, LIU
Ling. Simulation of nitrate-nitrogen transfer in trough scale
[J]. Journal of Lake Sciences,2007,19(6) :710-717. (in
Chinese) )

[ 8 ] XIANG Long, YU Zhongbo, CHEN Li,et al. Evaluating
the characteristics of hydraulic driven non-point source

Applied
Mechanics and Materials,2012,212/213:518-524.

[ 9] 2t , SIGEHA. RIS Loy 3 A b ) AR A X i 3l
SIETF QAR [ )], KB IELR Y, 2012,28(2) .

pollution yield in agricultural watershed [ J].

4245. (LI Yang, MA Xiaoming. Impacts of land-use
change on non-point source pollution load in Pingshan
River Watershed in Shenzhen City [ J ]. Water Resources
Protection,2012,28(2) :42-45. (iin Chinese) )

[10] 2= R AR R IR T P B e i R 5 R R a3
[J]. 7K % AR 4, 1996 (2): 14-18. ( LI Huaien.
Research progress and development trend of watershed
non-point source pollution model [ J]. Water Resources
Protection, 1996 (2) ;:14-18. (in Chinese) )

[11] RLE, BRAR. KX B2 R 22K A T G 5 1 [
o [J]. AL IR B2 5241, 2008, 27 (6) £ 2394-
2400 ( ZHU Hongxia, CHEN Xiaomin. Water pollution
impact analysis in the dry season and the rainy season of
Taihu Lake Region [ J]. Journal of Agro-Environment
Science 2008 ,27(6) :2394-2400. (in Chinese) )

[12] RN, BN, # 55, 4. SWAT #%1 5 MODFLOW
R RS & 7T 5 RO AT [ . /KB AR 4, 2010, 26
(3):49-52. (ZHANG Xuegang, MAO Yuanyuan, DONG
Jiarui, et al. A coupled model simulation and application of
SWAT-MODFLOW [ J ]. Water Resources Protection,
2010,26(3) :49-52. (in Chinese) )

[13] B Wt , s BE , e, 45, 5 T 13 5% 7r 1y 4k R
PG R OEFE [T ], R BEIRGRY, 1996 (4) :37-
40. (LV Xianbi, ZHANG Sicong, WU Xiaofeng, et al.
Preliminary study based on non-point source pollution
model of the flood season soil nutrient [ J ]. Water
Resources Protection, 1996 (4) :37-40. (in Chinese) )

(KR H 912013 -03 - 14 Zili . 2 Bk3E)

- i -
£ 12 REEKFKBMESEM T
ZERZHREKT 2013 F£8 ABHF
WPERAFAMAS A IREELERA £
A, P E KRG R R B A RN 8] BRI A KA K H
X RRARPEE 12 REBAKARKEHLS
AT A2FRAAAK T 2013 58 A B, 230K
B4 R BT ARARE X P A A T
ARWHZ FHEAR, 2 EEEA . Ot s
Aeh TARGHFHR; QA5 K T B,
@ BAF b A AL 32 5 F mh T2 69 3% 3 ; @ &-Fb pb A 4L
BEAMIARNE IR, OAL L T3
AL S B R @R 5 K R TAZH X &0 AT
Z5p A Dk 5 ek LAz e Bl 5 Al H K@)
WAL AMIBGRTEE RAEE, KRERKZA
AN N TF B R A
BRANM, RETX AR EMGHE 86 F
BR%.301700  ERAAEH
B % W45 .022-29362165
(AT B3 EA8)

- 35 .



