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Abstract: The key technologies of the total maximum daily load ( TMDL) plan for river basin are discussed. Those key
technologies include feature recognition of water environment, analysis of water pollution status, estimation of pollution
load, construction of hydrological model and model of point source pollution reduction and allocation, formulation of non-
point source pollution reduction measures, and evaluation of the implementation effects of point source and non-point source
pollution reduction measures, the applications of those key technologies were ananlyzed, and the relevant problems, which
should be noted in the formulation and implementation of the TMDL plan for river basin are pointed out.

Key words: total maximum daily load; river basin; pollution load allocation; hydrological and water quality model; key

technology ; review

I K H T far B (total maximum daily load,
TMDL) 3R] J2: B B b 5 ELAC P B4 370 4B o s
HAREER" ) 1985 4, REAEMBITF G KIE) 1
7 TMDL 3%, il %€ I 40 A5 T TMDL 52 it 5 0l
1997 4F4il5E T TMDL AR5 R ,2008 45 H i T i 35k
TMDL FF & T Fof , W 1 ) ik TMDL %)
(TR . O TR AE . WA I 40 M T S K 1R 8K
it AR TR AN SZ BURAS AR BOK RS B A
TIZ B R B0 K FibsifE & TMDL Hpx 7
BIVETETG YL, QMG A A, TG Y
o AR R G AY  PPALERAT V5 e g, T B i R
VRS Yt i, OB T YL M e, e 2
FRAE I RF B0 RS Y8, S P A 18 e AT s
Yt Bl %, @HESE TMDL )45, 5 TMDL
4k, 45 TMDL SCRY, 4wl TMDL 245 .

LT H R i A B R A BRIREE B 4 I H (ZWNOZJ017)

sk TMDL T30 A4 DG S R 3 AL 4 Il 5=
IR ST SZ BTN AE 5 Yo PSR ], e $f 5 H 5
YAf g FK OGRS T H 3 5 KA 1F 15 YL fh
fap e B ST G B g RN AR i T G 57 A 4 T
J7 5 AHEN T A 0 AT R a5 R TS Y B e 1 08 o
BOA RS PR sS0RTs Ye s il it . Han, RERZ
AR AT BB DX 3 PN A9 7K I 2 BRI AR il I St 1
TMDL 1131 , 33 X 52 BR 7K A i 7K 51 03 A 75 1 W d
PEHI™, FRE 56 T 4% TMDL 1% A4 BF 5% i 40 4%
B, o 3 ) G 5 RS I R 2 0 K, A i S it
P TMDL 3 %] BF - 34 G 5 47 R o A 51 T Rk 52
HR,

1 KBRZHRAIR A

IR 32 AR K R U 1l 5 4k TMDL 1132

YEZ T A2 (1962—) B INZR It 2087, it E TN /K SOKEIETF . E-mail ; zxxu@ bnu. edu. cn
-8 KA K A ,2014,34 (1) Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



V18 B2 RS, — P 0 A ALK A K 28 ) 25 57
PUBNG YR I B35 G i 5 Z U Bt Z R e R
I st 308 2 i ) 3 810 0 T TEAY A2 5K R VS A 35 Y TR
o H A K AR 32 45 2% 1 B I ) 25 Ak ) R 3, 2 BT K
SRS IR S A Z 0 85 AN TR K B S 502 (8] 1 G
R Vi TMDL TR 7T B8 W AN [R] ) F i 35, 32 4t
B FRAETS YL T BE TS YL IR, 13 B R 235 R 3 3
KUK B, DRI, 1 40 R 53 32 458 7K R Xk 52 it 3 R
TMDL 381 5 R R EE R FH K B IR R iy,
T = 7K 5 37 AR AR TR 22 2R FH K JBPEA i, A 466 B
8505 LA 1R 805 BOMIECA 5 XSk
XT3 it 38R B A s ] 7 37 7 7K 5 A% £ i I
o ZIEA MR R E R T
P Kendall 2 | PR32 15343 B T 22 S0 4k Pk 1] 1
GYMTE TR A KK B 25 AR h 15 Yl HE iR
) 2 I 58 2 A K S A 0 O T A 5 B DA A5
R T Z BN Y EATFE A R RS R
oy BT R B 7 28 04 R B 4 K] | =0 I IX
RES IS R 8 -2 I A N e 1 A Bl S 1B % 3
KK BRHEATIPAG | 20T Hes 28 A AL M ; F Ahp
R FZIE AT T PG BE 2 B SR BRI | 2 R 4 I 1 3]
F A ACE 9 H R G 5 2200 JETH R EAS T
P BTAR AE 55 B ] | o 9% AR VI DA R B A
] BRG] | SR ] A I e kb R K K
JRZS FEARREAE O AT Kendall 358 F T3
St FAOK AR S RO S T
G RECI RS RCIR RT3 S e a1 0| A 4
JCERME I 0T i 5 o b i — iR A T
TR YIRS K AR TR 8 B 1 BTk R 172930343

2 KK FUEBIEE

KSR TR RS2 o A BR S5 () ) 2 TR, 2
FBh RS SCHF R G A 1 345, D B A PHE T 47
R IR G B S, R D 15 B IEURT -
BRI 295 QeI I iy AT S22 KR DL R AT
A AR 2% 1, Q] 368 i A0 X 4 2 1o ik
AR5 YL A SRR S5, 0o BT A sk 8 A 2R N G 2R Y
fifiid T EMEE K SOR R R SE B, TMDL 31X A9
FIBR I AR T [l 2 i s, A S AR
X Y A7 A 5 7K R B9 Sl A B 56 R AT E A S
AL, AT HAR AT A B 500007, 2 BUUA K 4
KA . KSR AL il %€ 5276 TMDL 3130 ) 5%
SRR Z — MR A E K PRI 2 A TS e 07 £
A PP S22 KK T B A2 15 e B 23 O 25 7 T AT
FHBI T Z N . TMDL 3R EESR A wh 25 2 kAl
TR A LA RE T, DX ELAT W BEATL ) A A6 2 e

BIE, Q0 AnT 1IE A A M 2k B R A AR R A A
TMDL -5 52 Jiti B (4 548 . Depinto 2577 AT 2%
FAEWFIT T PR BRI ) JLA U], 4 H AN T BB A7 7E
— R R T A Y TMDL R #03E 4, s 3 K 3855
5 TR AF DG I 3 28 () B A 5 Ak (H B S rho]
FIUFH 0B 0 SRR T AR ) 2 244k, R IE, 78 52 B
5T b RBEBEREAT A48 P H AR ] BB e pipi
RIRTEEZ R R R T . O B AR, 56 TS
Pl AE R A RUBE 15 Y 671 iy 28 20 R o 48 e
TR AT HORG B2 FNUERA FE ) 25 AH DG 432 7K
55 A 3 SRR A A 2 s R R AT X AR AE
FE IR B2 N K A R RIS A Y5 Y ) i A 1) o 2
PR E K SO R O n] R R SR, AL FE £ | i ]
A AL R TAE A G RS

G4 TMDL 35 ) A58 A0 — it 2 2% LU R R 1E
O T RIBE ; @ LA LA ; Q% & 5 IR AR
JRURTS Y s @7 JEH R AR K 1 BTk ; &% pE 5 YL
PV ik A RO 2 5 (© L 4% R A1 7 S5l R i b +-
FIFRIEXTS S 2 e g . 98 B E R AR
(USEPA) % [E R AT+ TMDL 1% 1) 22k | 3
BTN 5 M 22 T A S5 A o 1) 25 5 500 1 ] R FE e LA
Rt FH A (R D - 25 R 22 B3 T L Pl BT (R
TS R A — eI I & B A .,
T TMDL 1+ R iy A 45 £ i AGNPS/AnnAGNPS |
GWLF ,HSPF .LSPC ( HSPF ) FF R iRAS ) . SWAT FiI
SWMM %5,

Borah 2574 TMDL -5 H (i Fi B4 78 53 1
Tf LAY A2 AR AR TR R i kB . GWLF , PLOAD
S5 R A AR | FH R A A M s R A B 32 4 K
PR TR ) B Ak 2 9 S5 1935 Y 7 ff . AQUATOX
BATHTUB ,CE-QUAL-W2 Fl QUAL2E % k32 40 /K 1A
BEAY | TR 5341 32 A0 K A (A& K 300E K A
R ) 452 32 75 Y 4 far S5 09 K & R0 K A2 Ak
AGNPS . AnnAGNPS 'HSPF LSPC il SWAT %5 Ay i 3k
BRI A 7 Ay R IR 32 A K AR 3 Bl AR
A LAHE— 2R 53 R 28— 208K R B 74 LA UL
B Gy bR W AR, AnnAGNPS | HSPF |
LSPC Fll SWAT 5% ZE AT A | F R 73 i K7 471
S AR K SCARAE BRI AR T X Sk A
JEI5 . AGNPS S22 B SRR 7Y | 5 FH ok Tt
S 8 W A (2 0 o 2 T =028 ) o AR v R R
Je K R e U LA B8 37 0 3R WK B RIK S 1) 5%
], I 53 BT PR i A OR R S AR
K43 1 WAk TMDL 3 %) v B £F 45 38 15 i ( best
management practices, BMPs ) B SE iR S, 3 4 ik
A — AR b, HL R 3% S AR UURN LA 2 T S (AL 1

KA R A B 2014 ,34(1)  Tel ;025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn + 9.



fit 71,0 CASC2D/GSSHA MIKE SHE 45, 3¢ [FE R8s
P s 8 S T bRk SRR A RRAE A3 SR PR
PR B P s s RO RAULRE ) AR BOE S S HE
() XS XA Y BRI RE 7 R T T TR 1 R
g

TMDL T3] 55 b —A~ B4 A2 A 5 5 TS 4L £
o (0 2 Ak, sl Ml A o5 TS Y g i R 245 Bl
1A K OB g Sl A 2500575 Y 1A far A T A 5
SR 5 VAN ) 1) o AR R A it I T L s IR |
IRBERL s PTG 2 T, R 8 B ) e R 4 LR A
PEAFL AR A, SWAT BiA 2 USEPA 5% TMDL
T E A, gz N T SR AR ¢
XU AR S5 T G 17 o A FT BMPs S it 3L
ATk 45 7 1T

3 miRESHEAESE

il 7 RN SRR TMDL -3 i A% o 1] R Gn ]
Fhr B B o3 PC A K A 35 e W H i BIAR 38 HE
TR B AT 4B T RIS B AR
O SE IS G T | 2257 Pl AT ISR N 3R 745 45
] DX dek o BC PR 52 B AL, JHL 52 S e i o 4% TS O AL
PRI TR A BUR A 0 75 e 0 04 55, RIVR £ 4 73
BCRNF & ], 15 5 S far o0 e S B A i de K
S G fr MBI 7 JE e — 1A, 3 BRI e iy
IR A LA S 2855 B AT AT S 0 FE Y 2P, 3
Y fap 43 L5 B 5 A5 TMDL TR0 58 75 5 2 512t 114
PSS

KTIG Y AR o BT SEAE FE ST
PO, S R i B St 1 ey s B 4 i A FE K
FEMIAE T 5 Y A 43 B H U A 45 B ; Ronald
SEUUTE 1985 AR LLEITAN T 8 A FLECIAT IS Y B
af AT 5 1 5 PR B9 TMDL -5 76 43 e 25475 e 17
far B AN BR A B AR, T Zaidi 551 5T T 7E 53
15 B AT DR 22 55 AT AL

F S AR A5 G o BE RO AT 5T 2 2 LK BB
e H AR B T D Al O IR A B AL R F
FERAEN 0T e R R R 3 [ e B —
BCJ7 ik . BUATIEEJE R BGE I o SR bt Je R B0k
SR PRI RECE X e T e —E
AN AR, A B IURE 2 2 B 415 b 19 1B AN BB 770 S ik
DA 2 (U S BTIRAR DL s AR AR i i
TH 2], ARERBLAS TATR b 222 555, AL
TEALEAR SR R SR L, I3 — P AE BEAR S8 , 51
AR B, M 2 4K IR 3R e R B B, I
BCE AR LR A, PEALSK A 3 BE 7 2024 5 —
Bt ) DS S S M 7 B B TARZ —

4 FEZIRTESTE BMPs (4L

A RS el ] AN T . — 2
PTG YR BIMUR Sk b ds il v ge itk A K M —
PEHS P e AR . B T IATRIR R TRV
7], 3k 2 AT T A (SR S — il vt ke 42 o &2 2% 19 A
SRS Yl R B T R AR TS e R TR AT
BNV B S B — 1 it L s U5 Y R I
TNFRAE AR U 0 7K S R A
B E I ST AT B

M AR TS P B A ) AL TR
o XE IR B S5 R a5, SO0 A AR TS Gl 00 4 o
K AR A5 AR S R T 2 R R i,
W R AT, TR LU 4 Fh R G058 B it .
O H R G058 B it , (35 37 4045 B K % 45 1
QAR RGP, LRI 510 TS R
KGR, QARANEY) 2 G BRAS it , (045 A VE W H AN
IR @K SC R G4 PR, A0 45 K R PR
- b 5 FHAE BRI o LA B

AL AT PR B B it BMPs 7E s
PTG e Fp AR 2 )z RO AR | 95 R
HoAth—26E 5K BMPs A6 5 4 B T SWAT A7
VFL 5L T BMPs [R5 EMN ) | gk
BT 1T BMPs 19 2% - 20 25 4 7 BF
e300 Qiu ZEUTTH T SWAT AR X6 o b 37 B8 Fr)
TR AT T 250V, & BIWE I X B9 5 2%
AT BEA T PR AR H A SR 1 R 2, 5 B BUR R &
JE FR BRI 3T 7K 44 19 0] 52 2% v A7 5 Panagopoulos
218172 2007 442 T BMPs 212025 0 Wi+ 7
2, HAE 2011 4E K ] SWAT #8153 41 T A [\ Y
BMPs X Jit daf e 50U 670 17 )06 1) AR  HEAT T AR AR
XiF 43 #7; Rabotyagov 251 45 1 T A [\ b 28 1Y
BMPs 2% J, W98 & BEF 405 A BEAY BMPs 324 T
22 ; Maringanti SR R T —Fh 2 H AR AL T ik
o3k £ M S BMPs, BT b 2% 8 T &5 A S

K SWAT R H FEE S 5t T HRU ZKF 1Y
T et far, [ B SWAT BLRUR R i8 1745 5% . &
A A A FE Y 514 A BMPs PRl 7E £
At R ST A 1 b R 2 A 2 i 46 oy i
PRy 91 PP AR 1 A B G, AR 5 A4 B T S LY
SRS B it 2, e AR TR AT 3
HRU /K- - 1975 Yo £ faf 0 8% f Ak ol R 2 fof
TR TG Y B R B X P H B R Bl )N, 25
A SWAT A5 R A )t Ak 4 SR il 2 B b i 15 Bk

- 10 - KA K A ,2014,34 (1) Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



5 HiE5RE

FRE I TMDL T3 (14 H DG I e 25 3 e, 2
A R 245 B AR, TMDL 1) e A AR A 47
PR ARE R BRI b, R TP R BAR R R
L O i 1 R A 5 R I 3 N P R I A B 7
TMDL $ AR Z8 o0 1 55 U85 G 671 A 05 43 L L R
STURTE e i e LAk | K SRS AU ) 3 2 G A AR
HOA B TR E R, A55% 4 A M 2 7 B 1 A4 g
2 ERE, PR, & B TMDL $-%) 4 il s s
it AR B T I LA DX S R, A S R O T R LA
NG

a. YK JTT B 2 T AR A3 BT T A B I e A B
BUAS 22 4F (K 5T e 85, R 22 90483 07 123 43 A
IR PRI R b 25 (] 22 S FL AR AR (b ke 3 45
A5 YIRS, 43T 5 R KA K B2 48 00 B SRy il
FE LI TMDL T84 (3t Bt

b. ARHE IR A R RS BB T TR, anfE
PERE SWAT FBEAME Ry i 3 TMDL 31 K] i AR R s, %o
T EF TR 2 BOH KA AL PR
X AH R AR A TAE SO AT AT, B,

c. IR BT [ AU V5 G 67 A 4 SR SR i B I Sk
IKEK B Z ) BB R TR E G #Er &
Bleg N S HEG ¥ ne iz HABIURHEF T 5206 1)
ISR TR FE B TMDL R0 i) S 4 1 4,
XS ITHE

d. AR IR SO A B 2 T AR AT
il 30 A A A A R Y 07 AT 4 B I O A S
it , 25 A 1 5 RS2 3 TMDL T8 A 251 2% JE 1)
KB —

S

1] 3. 56 TN A A9 ik TMDL B H 2 4 xR F 5
[D]. Abmt: JEATIER -, 2009.

[ 2] RS B0, EAF, 45, Rk B B B (TMDL) FEAR
FEAR N T 55 s i 5 A B B B 5 R R R H )]
SRR 2R ,2009,25 (1) :8591. (KE Qiang,
ZHAO Jing, WANG Shaoping, et al. Application of total
maximum daily load (TMDL) in control of agricultural
nonpoint source pollution and its developmental trend[ J ].
Journal of Ecology and Rural Environment,2009,25(1) :
85-91. (in Chinese) )

[ 3] JAF ShMm, B8, 5. BT 2 o0geit I vk i i i /K ot
ZEME B [0 ], K B2 5 g, 2007, 18 (4) : 544-551.
(ZHOU Feng, GUO Huaicheng, HUANG Kai, et al.
Multivariate statistical technique for spatial variation in

river water quality[ J]. Advances in Water Science,2007 ,

KA R A B 2014 ,34(1)  Tel ;025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn

18(4) ,544-551. (iin Chinese) )

[4] MM XICHE, KK, ZICG T A& /KK R
b2 AR o A b B R (7] SRR, 2009,31(3)
429-434. (BU Hongmei, LIU Wenzhi, ZHANG Quanfa, et
al. Application of multiple statistical analysis to spatial-
temporal variations of water quality of the Jinshui River
[J]. Resources Science, 2009, 31 (3), 429-434. (in
Chinese) )

[ 5 ] BU Hongmei, TAN Xiang, LI Siyue, et al. Water quality

assessment of the Jinshui River ( China ) using

multivariate statistical techniques [ J |]. Environmental

Earth Sciences,2010,60(8) :1631-1639.

W, B F A A A BRI K S R R O 5T

[J]. W A &2, 2003, 14 (11) : 1959-1962. ( YE

Lin, LI Daofeng, TANG Tao, et al. Spatial distribution of

water quality in Xiangxi River of China [ J]. Chinese

Journal of Applied Ecology, 2003, 14 (11) :1959-1962.

(in Chinese) )

BV , 2 S, B 4 . DUV B T i ol b, 3 /K J5iE i 25 7

PERFAEL T ] R TERITE IR 2058, 2009, 18 (1) :4146.

(GU Sheng, LI Siyue, ZHANG Quanfa. Spatital-temporal

[6

[

[7

[

distribution of surface water quality in the Du River Basin
[J]. Resources and Environment in the Yangtze Basin,
2009,18(1) ,4146. (in Chinese) )

[ 8 ] LI Siyue, ZHANG Quanfa. Spatial characterization of
dissolved trace elements and heavy metals in the upper
Han River ( China ) wusing multivariate statistical
techniques[ J . Journal of Hazardous Materials,2010,176
(1/2/3) :579-588.

[ 9] ZHANG Qi, LI Zhongwu, ZENG Guangming, et al.
Assessment of surface water quality using multivariate
statistical techniques in red soil hilly region:a case study
of Xiangjiang watershed of China [ J ]. Environmental
Monitoring and Assessment,2009,152.123-131.

[10] VEGA M,PARDO R,BARRADO E, et al. Assessment of
seasonal and polluting effects on the quality of river water
by exploratory data analysis[ J]. Water Research,1998,32
(12) :3581-3592.

[11] ALKARKHI A F M, AHMAD A,EASA A M. Assessment
of surface water quality of selected estuaries of Malaysia:
multivariate statistical techniques [ J ]. Environmentalist,
2009,29(3) :255-262.

[12] SHRESTHA S,KAZAMA F. Assessment of surface water
quality using multivariate statistical techniques: a case
study of the Fuji River Basin of Japan[J]. Environmental
Modelling & Software 2007 ,22(4) :464-475.

[13] VAROL M, SEN B. Assessment of surface water quality
using multivariate statistical techniques: a case study of
Behrimaz Stream of Turkey[ J ]. Environmental Monitoring
and Assessment,2009,159.543-553.

[14] KANNEL P R, LEE S,KANEL S R, et al. Chemometric

211 -



[15]

[16

[

[17]

[18]

[19]

(20]

[21]

[22]

(23]

(24]

[25]

[26]

- 12 -

application in classification and assessment of monitoring
locations of an urban river system[ J ]. Analytica Chimica
Acta,2007,582(2) :390-399.

SINGH K P, MALIK A, MOHAN D, et al. Multivariate
statistical techniques for the evaluation of spatial and
temporal variations in water quality of Gomti River
(India) ; a case study [ J]. Water Research, 2004, 38
(18) :3980-3992.

SUNDARAY S K, PANDA U C, NAYAK B B, et al.
Multivariate statistical techniques for the evaluation of
spatial and temporal variations in water quality of the
Mahanadi river-estuarine system ( India): a case study
[J]. Environmental Geochemistry and Health, 2006, 28
(4):317-330.

SINGH K P, MALIK A, SINHA S. Water quality
assessment and apportionment of pollution sources of
( India )
techniques;a case study [ J]. Analytica Chimica Acta,
2005,538(1/2) :355-374.

SUNDARAY S K. Application of multivariate statistical

Gomti River using multivariate statistical

techniques in hydrogeochmical studies: a case study of
Brahmani-Koel River (India) [ J]. Environ Monit Assess,
2010,164:297-310.

ALBERTO W D,DEL PILAR D M,VALERIA A M, et al.
Pattern recognition techniques for the evaluation of spatial
and temporal variations in water quality:a case study of
Suquia River Basin ( Cordoba-Argentina) [ J]. Water
Research,2001,35(12) :2881-2894.

HAN S,KIM E,KIM S. The water quality management in
the Nakdong River Watershed using multivariate statistical
techniques[ J ]. Ksce Journal of Civil Engineering,2009,
13(2) :97-105.

ZHANG J,BURKE P,IRICANIN N, et al. Long-term water
quality trends in the Lake Okeechobee Watershed of
Florida[ J]. Critical Reviews in Environmental Science
and Technology,2011,41(Supl ) :548-575.

LEE H W,BHANG K J,PARK S S. Effective visualization
for the spatiotemporal trend analysis of the water quality in
the Nakdong River of Korea[ J]. Ecological Informatics,
2010,5(4) :281-292.

YIN X,HU G H,SOC I C. Trend analysis of surface water
quality in Hunan Province [ M ]. Los Alamitos; leee
Computer Society ,2009.

HIRONO Y,WATANABE I,NONAKA K. Trends in water
quality around an intensive tea-growing area in Shizuoka,
Japan[ J]. Soil Science and Plant Nutrition,2009,55(6) :
783-792.

SUN Dong, LI Junfeng,SUN Feifei. Seasonal Kendall test
and its application in water quality trend analysis [ M ].
Liverpool : World Acad Union-World Acad Press,2008.
JOHNSON H O, GUPTA S C, VECCHIA A V, et al.

KA K A ,2014,34(1)

[27]

[28]

(29]

(30]

[31]

(32]

[33

—

[34]

[35]

[36]

[37]

[38]

Assessment of water quality trends in the Minnesota River
using Non-Parametric and parametric methods[ J . Journal
of Environmental Quality,2009,38(3) :1018-1030.
BOUZA-DEANO R,TERNERO-RODRIGUEZ M ,FERNANDE-
AESPINOSA A J. Trend study and assessment of surface
water quality in the Ebro River ( Spain) [ ]J]. Journal of
Hydrology ,2008 ,361(3/4) :227-239.

CHANG H. Spatial analysis of water quality trends in the
Han River Basin of South Korea [ J]. Water Research,
2008 ,42(13) :3285-3304.

SIMEONOV V, STRATIS J A, SAMARA C, et al.
Assessment of the surface water quality in Northern Greece
[J]. Water Research,2003,37(17) :4119-4124.

KAZI'T G,ARAIN M B,JAMALI M K, et al. Assessment
of water quality of polluted lake using multivariate
statistical techniques:a case study[ J]. Ecotoxicology and
Environmental Safety,2009,72(2) :301-309.

PEKEY H, KARAKAS D, BAKOGLU M. Source
apportionment of trace metals in surface waters of a
polluted stream using multivariate statistical analyses[ J].
Marine Pollution Bulletin,2004,49(9/10) .809-818.
OMO-IRABOR O O,OLOBANIYT S B,ODUYEMLI K, et
al. Surface and groundwater water quality assessment using
multivariate analytical methods: a case study of the
Western Niger Delta of Nigeria[ J]. Physics and Chemistry
of the Earth,2008,33:666-673.

AZZELLINO A, SALVETTI R, VISMARA R, et al
Combined use of the EPA-Qual2E simulation model and
factor analysis to assess the source apportionment of point
and non point loads of nutrients to surface waters [ J].
Science of the Total Environment, 2006, 371 (1/2/3):
214-222.

ZHOU Feng, HUANG G H,GUO Huaicheng, et al. Spatio-
temporal patterns and source apportionment of coastal
water pollution in eastern Hong Kong [ J ]. Water
Research,2007 ,41(15) :3429-3439.

SU Sjiliang, ZHI Junjun, LOU Liping, et al. Spatio-
temporal patterns and source apportionment of pollution in
Qiantang River (China) using neural-based modeling and

multivariate statistical techniques [ J ]. Physics and

Chemistry of the Earth,2011,36(9/10/11) :379-386.
DEPINTO J V, FREEDMAN P L, DILKS D M, et al.
Models quantify the total maximum daily load process[ J].
Journal of Environmental Engineering-Asce, 2004, 130
(6):703-713.

BORAH D K,YAGOW G,SALEH A, et al. Sediment and
TMDL
implementation[ J ]. Transactions of the Asabe, 2006, 49
(4) :967-986.

L EFBLAR YR, 36 E TMDL 1151 3 BIAR Y S it 52 %
[M]. EZR, &8, 4, 55, 7. dbat . P E g R

nutrient  modeling  for development  and

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn



fAt ,2012.

[39] x#zHA. K H ffr B i ( TMDL) B3 /975 42 £ i
SAEELD]. TN R 2005

[40] SRASAS, SZIBed , B0 , 5. K15 Y it o e 7 WY
HER[T]. MR 59 2011,36(4) :3-7. (ZHANG
Xingxing, PEN Xiaochun, HE Tao, et al. Advances in the
research of total pollutant load allocat ion for surface water
[J]. Environmental Science and Management, 2011, 36
(4) :3-7. (in Chinese) )

[41] RONALD C,IRENE K. An evaluation of eight waste-load
allocation methods[ J|. Water Resources Buletin, 198521
(5):833-839.

[42] ZAIDI A Z,DEMONSABERT S M, EI-FARHAN R. How

to include economic analysis in TMDL allocation [ J ].

Journal of Water Resources Planning and Management-

Asce,2008,134(3) :214-223.

PANAGOPOULOS Y, MAKROPOULOS C, MIMIKOU M.

Reducing surface water pollution through the assessment of

[43

—

the cost-effectiveness of BMPs at different spatial scales
[J]. Journal of Environmental Management, 2011, 92
(10) :2823-2835.

[44] RAO N S,EASTON Z M,SCHNEIDERMAN E M, et al.
Modeling watershed-scale effectiveness of agricultural best
management practices to reduce phosphorus loading[ J].
Journal of Environmental Management, 2009, 90 (3 ) .
1385-1395.

[45] FIECT i, RIRAR. SCs IR XU Al s iR T 3%
I ik L], A 45541, 2005, 25 (12) : 3368-3374.
(ZHOU Huiping, GAO Chao,ZHU Xiaodong. Identification
of critical source areas: an efficient way for agricultural
nonpoint  source pollution control[ J]. Acta Ecologica
Sinica,2005,25(12) :3368-3374. (in Chinese) )

[46] Mgl AF IRY5 Qe S B M. Abnt, i A,

2003.

MCKISSOCK G, JEFFERIES C, DARCY B J. An

assessment of drainage best management practices in

Scotland [ J]. J Chart Inst Water Environ Manage ,1999,13

(1) .47-51.

[48] ARABI M,GOVINDARAJU R S,HANTUSH M M, et al.

Role of watershed subdivision on modeling the

[47

[

effectiveness of best management practices with swat[ J].
Journal of the American Water Resources Association,
2006,42(2) .513-528.

BARLUND I, KIRKKALA T,MALVE O, et al. Assessing

SWAT model performance in the evaluation of management

[49

[

actions for the implementation of the water framework
directive in a finnish catchment [ J ]. Environmental
Modelling & Software 2007 ,22(5) :719-724.

[50] SAHU M,GU R R. Modeling the effects of riparian buffer

[51]

(52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

zone and contour strips on stream water quality [J ]
Ecological Engineering,2009,35(8) :1167-1177.
SANTHI C, SRINIVASAN R, ARNOLD J, et al. A
modeling approach to evaluate the impacts of water quality
management plans implemented in a watershed in Texas
[J]. Environmental Modelling & Software ,2006,21(8) ;
1141-1157.
WHITE M J, ARNOLD ] G. Development of a simplistic
vegetative filter strip model for sediment and nutrient
retention at the field scale [ J]. Hydrological Processes,
2009,23(11) :1602-1616.
COOLS J, BROEKX S, VANDENBERGHE V| et al.
Coupling a hydrological water quality model and an
economic optimization model to set up a cost-effective
emission reduction scenario for nitrogen [ J ].
Environmental Modelling & Software, 2011, 26 (1)
44-51.
GASSMAN P W,OSEI E,SALEH A, et al. Application of
an environmental and economic modeling system for
watershed assessments| J ]. Journal of the American Water
Resources Association,2002,38(2) :423-438.
GASSMAN P W, OSEI E, SALEH A, et al. Alternative
practices for sediment and nutrient loss control on
livestock farms in northeast lowa [ J ]. Agriculture,
Ecosystems & Environment,2006,117(2/3) :135-144.
OSEI E, GASSMAN P, HAUCK L, et al. Environmental
benefits and economic costs of manure incorporation on
dairy waste application fields [ J ]. Journal of
Environmental Management,2003,68(1) :1-11.
QIU Z Y, PRATO T. Economic evaluation of riparian
buffers in an agricultural watershed [ J ]. Journal of the
American Water Resources Association, 1998, 34 (4) .
877-890.
PANAGOPOULOS 1, MIMIKOU M, KAPETANAKI M.
Estimation of nitrogen and phosphorus losses to surface
water and groundwater through the implementation of the
SWAT model for Norwegian soils[ J ]. Journal of Soils and
Sediments ,2007 ,7(4) ;223-231.
RABOTYAGOV S S,JHA M,CAMPBELL T D. Nonpoint-
source pollution reduction for an lowa Watershed: an
application of evolutionary algorithms [ J ]. Canadian
Journal of Agricultural Economics-Revue Canadienne D
Agroeconomie ,2010,58(4) :411-431.
MARINGANTI C,CHAUBEY I,POPP ]J. Development of a
multiobjective optimization tool for the selection and
placement of best management practices for nonpoint
source pollution control [ J]. Water Resources Research,
2009,45(6) . W06406.

(ki HI9:2013 -02 - 27 Gadl . LT A )

KA R A B 2014 ,34(1)  Tel ;025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn - 13 -



