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Review on HSPF Model for Simulation of Hydrology and Water Quality

Processes

LI Zhao-fu', LIU Hong-yu®, LI Yan'

(1. College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2. College of
Geography, Nanjing Normal University, Nanjing 210046, China)

Abstract: Hydrological Simulation Program-FORTRAN (HSPF) , written in FORTRAN, is one of the best semi-distributed hydrology
and water quality models, which was first developed based on the Stanford Watershed Model. Many studies on HSPF model application
were conducted. It can represent the contributions of sediment, nutrients, pesticides, conservatives and fecal coliforms from
agricultural areas, continuously simulate water quantity and quality processes, as well as the effects of climate change and land use
change on water quantity and quality. HSPF consists of three basic application components; PERLND ( Pervious Land Segment) ,
IMPLND (Impervious Land Segment), and RCHRES ( free-flowing reach or mixed reservoirs). In general, HSPF has extensive
application in the modeling of hydrology or water quality processes and the analysis of climate change and land use change. However,
it has limited use in China. The main problems with HSPF include @ some algorithms and procedures still need to reVise,@due to
the high standard for input data, the accuracy of the model is limited by spatial and attribute data, @the model is only applicable for
the simulation of well-mixed rivers, reservoirs and one-dimensional water bodies, it must be integrated with other models to solve more
complex problems. At present, studies on HSPF model development are still undergoing, such as revision of model platform, extension
of model function, method development for model calibration, and analysis of parameter sensitivity. With the accumulation of basic
data and improvement of data sharing, the HSPF model will be applied more extensively in China.
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AR P2 B R Ok AR R SRS Y
FBUKTG IR FE IR Z — R 2R TS Gl R 4k R
5 Y 22 ] bR PRI (0] BB 5% 0 3% BRI, IE A TS
Y EG S0 EPE B PE | BEAILYE AN S W D R L
FRAERAE il 5 X6 HEAIF 5 A0 A B e B A K B
SRR BRI A B RS S T K St
FEA AT EIR S 2 R 5 U675 G 1 & A
FE IR AT R 7 i R S TR R AT B R 2 (]
F FRRLLL. 20 T4l 70 AEAC, EAM E S T
NPS ,ARM ,STORM ,ACTMO #i#I Jz USLE J7 #£559E

SRS AR, 20 et 90 AR S T
HSPF ., AGNPS, SWAT , CREAMS | ANSWERS %5 £
YT o HSPF B 2 oA L AR A 55
foF AN )2 ) B e TR R D AUAE
AR IX A B BFSE 12 HSPF BB TE 1966 4F

Wi HHEA: 2011-09-20; fEITHHA: 2011-11-08

EeWB . ERARBEILETH (41171071,40701174) 5 7TIRE H
RBP4 T H ( BK200920953 ) 5 V175 i AL A v Rl
W TRIH

TEERA: T (1977 ~ ), -+, RIS, TS0y il sl
AR S IRVRYS Y | R UR A S R B AN , E-mail ; lizhaofu @

njau. edu. cn



2218 AN 5%

Fl 33 %

Ay,
=

SWM ( Stanford Watershed Model ) {7 5 4 #5% #0130 3
it b R R, 283 AN b & e 5 3 ) H R I
BB LU I 35 P K B[] 3 252 %) 7K SCRIK g i
T, W BB AR S N A YT G AR a5 IR T G ) Y o
P S AR B R AR T2 T X
7R BTIEUK R BERLALL. AR SC I 729 41 HSPF A5 B 25
5 Y)6E , LRz R [ A A R L AP AE
(R, X0 R e A 5 A 7 R 2.

1 HSPF B G S5FEINEE

HSPF #%#4 ) BASINS ( Better Assessment Science
Integrating Point and Non-point Sources) 245"}y &
V-6, BRI MR R [ 23 RUBETR AR A sl s
()8, 3 5 Windows Z56 15 THAF Y WinHSPF
TP B AR R 5 AE S DI RE AN A 1 s AR 2
PP F5 375 7K 3 BOK SOR BB (PERLND ) (AN i

JK M B K SCK B AU A e (IMPLND ) | DA K b 3R 7K
WK SO B H (RCHRES ) . 3 /M 3 AT
TRIIRE S M T & DR ] #e— 2 1
JZRHED, LB AR AR VS . BOD DO &L B A&
25575 Y ) 1 3 B T AL R 0 ey 1Y 2R AL Hrh
PERLND H 558 B T HSPF #5571 {14 i 4375 7K 38 43
Bk el PR A ) 428 30 30 o0 396 T O 8 e
I AT F B K e, DTS2 2 B K ORI AR
Y A= 5 9) AHLY 2§, IMPLND #13Hfif
RN 35 7K Hb B (15 ) 7K SCoK R S A AR L
RCHRES B0 o — FF il =) i | df P41 5 R 3 B
WA K ZE S KA. TR A B e Ak e R 3 ok )
Wsh, AOPI R — a2 O, A T, Ho
PR AL A DK s 09 I, A 5 1 B i 4
U PR ERT I A R P . IR 2 R AR B T
JE A i — 1A 4 H B AK PR K SR TR B A e e

I I I I I I ]
ATEMP SNOW Bt PWATER SEDMNT PSTEMP {4 PQUAL PWTGAS Btk
oI | R || SRS | ROk || BOSWRY | | CESORRE| | BOIUKE | | AR
[ Bk B | I } ! } .
MSTLAY HE PESTHI NITR PHOS TRACER #idtl ACCHEM #idl
UL A 4 ol ) e fEE PRF R B T ARk AbEE S
‘ IMPLND .
HSPF || | AiEok ot | | | ] |
B ATEMP SNOW Hi IWATER SOLIDS Hide] &k IWATGAS Hiftl IQUAL
BEIE iR B BT 5%k Btk ik WL HER S RIT KRR Bk R
— RPHBES I I [ I I I ]
T A HYDREL ADCALC {5 4% CONSHl | | HTRCH Hift] | | SEDTRN GQUAL RQUALHE
#okEh | | BUAREKCTRIHE | | GREREER | | $EE SRR | | BERTD | | Bk | | delAdb R R

Bl 1 HSPF #EEH# 51he! 10
Fig. 1 Structure and function chart of HSPF

Wi 7B RUAZ 0 415 WinHSPF, GIS £ 54 H1 T
H.(BASINS GIS) | T H 73 #r # /4 ( WDMUHl ) | g5
SCHFIIHT B (GenSen ) 85 M50 ST 3 I T4 2
B E A SN S S4B, HAT, BASINS SR 1 JF
i) MapWindow 7EK GIS 15, % GIS Bk S
B 5 ER , A s & AL 38 DEM | 1+ 58 |+ i)
FHEE , RAEMIE BIRCRE, IFB0E S8, S0 B
F R, SE UK ST B FLTCHEFS , S HSPF AR AU 4 {1k 5¢
B3 ) g MR (5 8 5 WDMUL 25 £ 2 T
(] 30 S B 4G 3 as AT DA B, WDML S Y AR 1, S
GRS ] 7 S0 A O A b BT R e
#5453 M1 T. B GenScn ( Generation and Analysis of
Model Simulation Scenarios) 4&— I AMLAC H. 505 4k
PRSI —— = AR LU S AR 2 TR A |
R G NG RO PA R EY § Y ' KV I Uk 275

BB 2R T3 00w H 235 R 0% 73 B 2 BRI B A
0 5 LT R | P AR 2 e R A1 19 20 B I A 32
gg%m,le] ]

2 [E M HSPF B ARt R

HSPF A1 H p 25 &R0 R 3m K 05
Yt K A R DL R OKIR TRV B
TR A2 E A B RN A TS i 55 eSO 7Y
Z—. BRI LS R AR T DU S TR
A2 K FH PR ST e il o3 vk B 3k AR R B[] 5
DA 3 3 B — K K R A I AR 3 FE ). HSPF
R AT DU T3 S 400375 7K b T AN 385 7K HL AT 9T 3
ol 58 AR A T IA 7K E B K SCRIK B R, 9 nT LA
WE 2G5 PR A S 4 MR AR TR 5 | 1Y
IKSCK B RS A A T AR A AL, S o BT A 289



7 22k B S . HSPF 7K SC/K AT 7 FR S 255k 2219

Bl 5 R AR AL BN KRBTSO R .
2.1 KRR S SRR

ST AR 3K SO AL T i SRR A A
75 7K SCHE AL HSPF L) Stanford 7K SCHE R SE A
AR K SCid PRI T BE. BF 9% & A FH HSPRF
BT XTI AR 3 o F2 7K SOt R, AU AR AR DA B+
R AR AR XS K SO FE A B2 R T Jie T AR 215

VFZ 90 3 W], HSPF 548U 7 A [R] 1 X %) 7K SC
TR UL P 28 A AR 4 i 2 B Alarcon 2517 FI
HSPF A A0 55 P 5 AL Mobile Bay Ui 7K
SO R 2 R AR &, HSPF B AU [ FLO-2D AU
FEASLADL L G 3T B A 3 /K ] 300 O i e g
Hayashi 25" j{2lj# & HSPF 5 PRM( Paddy Runoff
Model) #1 LDM ( Lake Discharge Model ) #5571 #4751
KTl T YRR X ) H AR AR Tzoraki %[ZOJ s
UM HSPF AR 7D 4 34 w8 107 4 37 480 7K 3C. Kourgialas
S R HSPF AR RSB T — A itk 0 & 1 g
ST TR AL A ) 1 R M R K AR K G AR AL
25 5L R BT A0 UL £ B B A AR 4F 19 — B M. Diaz-
Ramirez 25 F57 22 B, HSPF fiE % FH AR LR 1)
W5 YT Sk SCRn e VA% i .

SAAR A5 A A AR A X 7K SC sk R R e
F  HSPF AJ DMSHY 2 B A0 fige | 4 A FH S A1 5oxd
ANEK S R AR, Goned 25 F) 1] HSPF A48
W AR AR T B B VG FT I KR B
AR PR TR A2 9 25 15 A8 AL BB E 3% . Choi 454K 1 b )
FHARARASAL 5 HSPF A58 0 757 43 6 R | o 12 T 37 35
JRUBE TT I A2 37 X5 AR 3 T 7 5K (9 i . Ferrari 252
FIF HSPF B DX TF 7 384 T k7K 1 5 | 45
B 7R it K AR R PR B8 0. Cho %57 i 1] HSPF F1I
MODFLOW , 48] Virginia Jiids 8 i 4 Hb A1 F 75 5 %t
R K AL R TE AR A R M. Al-Abed Al
Abdulla" ) 25 fi F| HSPF A5 A 1901 24 H T 5L 4 X
Zarqa TR A /K SCE AR, PR 2 5 3 A 1
-5 SR AR AR XS AV Al 11 5 ], 1 — 2 43 B AN [R) 48
P it A0 A A A SO R K B R Y 5
2.2 KFd B S0 ST

HSPF SR LA 25 T 3K SCRIK B A
Bl — REMEALILLR [ /K b T | AN 3 7K M T Y U
W VEFRER AR ZER AW DTER, L AT E A
FoAT IR A K K % 2 K i K i ad 2. 40 Ribarova
ST UM Tskar Y0 K491, BfF 5% 26 W HSPF #5478
XTI B Ut /K B % RV A AR 41 R B, Chang
SEUOURI ] HSPE AR RURI S AL HE A T T B9 — A4

LU b sl g 7K BT RN AR AR S P B gy, R K ER 73 2
Kok BE T 2R, JUHIZ R BT 54 %0 P 4 i 5Tk
% 5. Hunter %:3” WF3E T ¥ K H] V. Great Barrier
Reef Ta[ L3 4 b A FH 200 9 A 6 113 3 1 1Y)
S0, Alarcon 2517 i ] HSPF AR UGS T 0] 18 37 2
B TN TP R JEE 32 W 70 A7 5 VY Y L 358 M X K A
SR8 JROGT A bR S B I 1) IR AR v 2 ik
P, Duan 7RI GIRAS Ml NLCD 5 Ff + Hi F1l
Ko fd ] HSPF #2480 Saint Louis 725 + Hb A FH 28 4k,
XK SCFIZK T2 B804 52 W), AR b ek /0 5 R 3 48 -
SR OIR AR D i R K FOEAL. Lee
SFUYHISE R B HSPF 7R A AR A —
S b R P /N D sl B AL 2 A AR Y R
B Mishra 55 57 32 W, HSPF A5 20 7E 4SS 401 12 B
NIRRT TS G R AR Y T R AR 4 Isleib
%[36]15'@?%7{{&%?@%% Lake Loiza #l Lake La Plata
P LA B s, A48 4 A4S /IN 8 1 D e A 2R T A
BT, B AE 75 FH TG 960 R R W sk i B2 Jia 2507
M. ] GLUE ( Generalized Likelihood Uncertainty
Estimation ) J7 43 1 HSPF #$UL 7K SCHIZE K 7 18 B
1E Moore’s Creek [¥iF#%. Liu 258 fifi Fi] HSPF #5571
WEFE T /ML 7 b R AR AR 7K SOK B Y s
HEZI. 459 78 60 m, 90 m, 120 m [V 1 AR EY
D H 5% e X REA fif 4R 4% 370 10820 0. 26% ~0.28%
S AN S R 2. 9% ~6. 1% , EWEHE
B 3.2% ~7.8% , W5 F W] HSPF JE AR M5
- A AR AR A TR A AL T AL

HSPF AAT AR S A5 ADL AR Py sk A fe e ik
R R AR AN RN = bR 2l 2 A A K BT 72
1117 HL AT D5 {5 3 e A2 A 7 oA B b R
AR WD [a) 1 5% B A8 RS i X 7K B e A 1Y
2. U Praskievicz %[39] {fi | HSPF % EF T 8 fi'K
ARG 5, 2 B A AR 5 4 R G
SO AL A AR AL 5 A HUR AR A K S T
EIRER AR Goneu 210 R HSPF #4000
S X A I A I it A5 K B B R Y R, X
A A1 52 K I GCM ( General Circulations Models )
BEAh L. HBIFFE 45 SR v] LA O 3 B o o AR ok
FRRI IR AN A AE B 28 A 40 A 2 (AR i, ] Bof
B} HSPF J2& H] AU U 28 A 0 7K SCRIK B R i
A5 3 TH. Chung 55! ] HSPF 5280 1 £ 45
HERSREOA | AT W] F S K 48 BRAL L. EPA ORD
eI Y 20 A B I, (] HSPF Fl SWAT
B A A 28 A 308 T A X5k 7K SR K JB 1Y) 52



2220 AN 5%

B 2% 33 %

M) Sun 28190 F1) ) HSPF #5280 45 0 1 VR o b 1X
Chaida JA[ 5 TN (TP SS F 3 £7 47 F13E s P8 67 fif
FEXF I A R A FH A3 AR A8 bR S5 e XoF 0 98 TN
TP .SS ffaf R HEAT T 5t 40 B, 734, HSPF #
UERAREAE FH TR 5 A I B 52 2% A b ) FH O 4ot
FEHI BMPs ¥4, 41 Jung % Fi| ] HSPF 5544 &
KIGEVE AP ] NPS 5 YL BMPs 1/ 5% (1 i 3875 42

3 HSPF BEEFHEDBEHREE

3.1 BAAEAE ]
3.1.1 HSPF AU A5 )

AT AR B AR AN S 56 S 114, S B S TH A 1 3 3
HSPF BRI 1R 2 250 ¢ R ok RR Y Bt &,
vy B Ty G2 ik B VR AT SR AT SR R 9 5 1) 23 ().
Bai' ! DUBEPBLK I 78 A S R B N B, AR T
HSPF #71 if (14 55 37 77 % (advection scheme ) (1) 5T
SR RIE AR S5 0 A8 80 7 FH A4 5 ). Liu 250
Fe# T HSPF i) PQUAL/IQUAL I AGCHEM f¥) 2
PP SRR 5k 25 N, 5 AGCHEM A8 AH Eb
PQUAL/IQUAL 533 HJ2& — A fi 5 ) 171 fif B3, R
AEF IR T R AR B, N RER I £ 3 v B 3R 3R
WA HAE T ; T AGCHEM U] A WA A b 3 35 1- 158
H TR E SRR AR, Wt IE RS DTk AR
TS FE DA S A B2, R, AGCHEM Ak
REVEHT 22 FE 10 A8 BH 2y AA0LE 3R 03 1 228 AR .
3.1.2  HSPF AU A B8 X S B U 73 b

HSPF #0175 2K o 11 4% () 5040 s 1k 4
P, JCHE T b A FH BN | o R A D R R .
AL PR A B 25 Bde i A HSPF B 4R 2545 3]
NGRS NGB ST e €y BV e QiU E T S
ARG ISR (Y T 1 SR 45 SR X A5 ) R
Alarcon 27 D) Mississippi Gulf ) 2 /N1 7 355y
fi], 2L USGS DEM ,NED  NASA’s SRTM . IFSAR % 4
ol R B (43 PR 40 300, 30, 30, 5 m) Al
USGS GIRAS NLCD,NASA MODIS MOD12Q1 4 3
ol b R S (4333245 400, 30, 1000 m) Ky
BORIE  WFFE - b A HIFT DEM 43 3% F 1 R X i
RIS | 25 5 5 7% HSPF A 34 1 3] 18 42 i 6 R
JEE R B B P ) 25 8] 3 B RN BUE. Diaz-Ramirez
2198990 fif ] HSPF ROIRL | el FH o 20K, A
GIRAS .MODIS MOD12Q1 \NLCD % 3 b + b 1| FH %
PR BIFSE - b A AR X5 7K SRR bR A8 A 5
SR ORRIEHE PR, Al FTHbRRAE 1 22 55 B

PO B AR I FO0m T - b A FH S 4 1 RUBE AN 43
PR B AURR. N TR] - ) S G 0K 7 R 5 e
EGARMIE ZHAHSE MK BT EE 2. Duan™ Be#5% 74 7Y
LUV 7 3k Y Wolf Y] it 38R Jordan 0] 33, AFF 52 4
KT HSPF LA 7 3ok b 550 5 F 1) SRR | 25 SR 3%
B, I 501 1 Wolf ] e A RLAR T /K T 7 i
AESHT A B BRSO

HSPF A7 0] 37 370 F2 000 A1) 0 8, % 30 A Y
AL ) A B SR B ) 52 M. NLDAS DLUH 28
[ RIS ] 2 R T NOAA [H 88 b oo
SRR . 1 B NLDAS1/8 J32 /) i [ 7 11 2%
WA E Y, 7F Chesapeake Bay M [X [ 7 A ¥ 48, XF
HSPF 0] 18 3 & 1000 e . W9 445 SR 36 9, 24 NLDAS
R W RN R £ 3% & B BASINS DL, o
(5 AL H VAL A28 00 S0 A Pr et X4 A <
GRS BN & T A5 XA, {8 NLDAS
B A ol R S A NLDAS 208 B9 R 56 R4k >
0. 8, Nash-Sutcliffe (NS) BRI 5 20F > 0. 6, /K-
MR ZE <5% . 38 A& P, ] 38 I A 0L 10 e g 32 2ok
H T NLDAS F R R s | i 728 #50& B i ek 35 R
AN . NLDAS Z& #50U& 080 el 1 28 3 0wl 3%
I NLDAS {4 HLA seik ] 30 5t i 1000 A4 78 7 , gk i
A BT EPA HE 2 UE K B PEAN PSR T2 K T
19/1\[51,52] .

HSPF #4055 22 K 5 1 280, RS SMER 1Y
BRI A RITE B 32 A, T FLASE R [R) 244
A T RE AR B[R] ARSI 45 5. S 8O 1 o 12 (1)
RO LT- 2 T A R AR A7 %) ) R, R A 80 )37 P e 22
BT UK. Patil %794 T Rosenblueth
J5 1 FEUBE S 47, i 1 HSPF A5 750 i S8R 45 4
W55 HSPF BRSO 2 ML HE. Tskra 2504 41 %)
HSPF 58 SR 3 FlORNBA & 17 15,18 24k, Ik
BT HSPF FERUA A 52 k.

3.1.3 HSPF fAID)RE K & n] it

F AR AR A B Ay B, A 4 1] RUAS i P 4 LA
R E AR 58 1, 75 AR (1 25 5 B IR OT K.
HSPF A5 1R T 34 57 1R A (T 3 7K e A — 2k 7K i
B PR X 52 24 U K AR SRR 5, 5 2
HSPF 5 H e A R & DA o B8N 25 4 19 7] 8. Xu
S5 e K 1 HSPF 5 CE-QUAL-W2 #5581 fif %
205 B0 i MR FH AR A S T UK R B G
o, 38 SRR IE S A 50, AR A AL T 95 [ 3 e
T 355 K B B 2% s 8 7K SRR s R, R T
TEM 3304 BB R 0 6 P 3 i 52 2o AR 9 B AR Liu



7 IR BT . HSPF /K SC/K R R FHIF G 453k 2021

%[56‘57] % 4 HSPF. EFDC ( Environmental Fluid
Dynamics Code ) , WASP ( Water Quality Analysis
Simulation Program ) %% ¥E St. Louis Bay Y 3 4~3%
WL WESE T 2 RhOCHEAR R AR T A SIS, SRR
B, b SO0 T B AU AR A T k0 TN P 8 3k B 45
i, PR € TMDL i, R DL 525 5% A
Jeon Z5EU8 ple st HSPF #5578 PR — i B 43 %) W AT
TR I 2R B B [ BOD, Mk B DRSS SR
B, 4 B RS G A 6 iRt T 2 T B
O ERA E X
3.2 WHFEEE
3.2.1 HSPF A5y i) e 22

HSPF BRI E 227 DL SE [ O it i 2 A A
B AR TR RN AT AT N S5 5
W2 BRIz . PWLC AT WIEFE I, HSPF A BN
WA 2 A EE Ty ).

—J7 I BT R k J 5 5E 3 HSPF RGBT 54T
H Ak AR R 5T K BRI REY e BB AL
EJ ARG 2 BCURE R 92 45 J5 1. H AT, HSPF
AL EPA M1 USGS HL[R) 3 H¢, LI BASINS Jy S il
ORI 15 7E45 05 TG A58 35 . BASINS 25 [ 4%
A PR E AT ESRI 23 B /) ArcView GIS 24§, BLAE
BASINS 4. 0 JRA 2 A IR IR ) MapWindow GIS, ¢
TR T &5 DI 8 A9 T . HSPF A5 AL Y B 4544 | )
e, WA TH#E— LI 5%, b TR
7 S HCRAR T, A [R) B0 752 o 7 2 B0 iUk
PEPPA TR R HAT R

73 —J7 T, HSPF A5 84 1y b FHAE 58 4 25 5 )™
{Z . HSPF FEBLREAE A [a] 14 [ ZF L DX B R fige A2
(AN s DS K 2L RS UR - WS DUPIN
SC KBTS, LA K S il XK B R K PR 4 25
B P R R A5 7 T A S 22 B IO AL A
LR — - ) AR AL B U AR A 1 5t 97 e 31 iR
LRI PR A WL — ]
iR G RGBT R LT (A= R = I/ 2 W
o3/ - H - H -ZRAR SR Z R ] AP R NS
[7i) 2 [] ROBE WK SCK Bt H ARk 7R DL R N 2848 B8
it B 5 VP 55 7K R B8 255 ) REUTT Joe i HIAF 9.
BRI 0 I 2 ROBE T P ik R D S R e 455 I A Y
AE 1 55 5 TR R 15
3.2.2  HSPF fEFk [ BN H L B2

HSPF AR 7E 3 [ 3 AH X 8520 HU 3 JLAR
TE 7 T b 3 AT A PRI L) AR P
IKPETRAR  ARVL R R 55 gk A7 7 /0 i v A

5. WF 98 45 B W, HSPF A5 AU 7E 3t 38 /K SC s 72 A5

1, A0 B .SS . BOD DO 45 /K i 2L ARy i 44 458

Ui B 33 A AE 1) ) i, HSPE A5 AU Xk g A\ %X

PREE R, T B 1 SRR T | 25 K S5 I (] Y 4 4

It ] Aot A R 7 ) 342 252 7K SC K e W 0 S 4R A A%

TEABEARY. PRI 3R ] A5 b DX BS0H A R 0 ke g LS 2

PR HSPF A RULE FR 2 b A 27 L 55 91,

T HSPF B 36 [ [ 5 T A, 20 B W

AN it b B | [ MR R A B b )

AL T | R RS R BIER 328 A%

857 TR B AT AR N P R AR AL g A Bl

SR A E Mo BTt 2 32 5 HSPF BT A5 3%

7 PR FE () T B PR

AR T TR K S0 K TR S o 1 4

2, KA MR IR | R e s 5 RL At

25 [R)ESCHRE TF i S R I O, b AN T) e DX B b 52

DS A 10 B R AT B A0 BIR ) ) 20K 5% ¥ 5 1.

HSPF AR LK SOK ik R AL S K B0 45 45 2

SR 1) R F8 0 K 20 5 0 30, A AR AR 3R (] )y

Tz,

SEk:

(1] BgA:, MAA, BRI SRS RSB RER1].
Bkl 1998, 19(5) : 87-91, 96.

(2] o5k, R, BEMH, % Bk B S5 EE I M].
JEaT: dEEURTE A4 A, 2008 260-271.

[3] Yang Y S, Wang L. A review of modelling tools for
implementation of the EU water framework directive in handling
diffuse water pollution [ J]. Water Resources Management,
2010, 24(9) : 1819-1843.

[ 47 JWWTeEE, SRPRAL, PRAENR, 45, JLF HSPF AR Ay i 8k
SRS BT, P ERERNE, 2004, 24(2) « 229-232.

[5] JWard, SROeee, PMER, 55, JAR S0 TS PR o —
DI [ 1], b3R5, 2005, 24(4) : 549-558.

[ 6] Mok, BEA, BEk, 55 /DRI SRS S5 07 B
W5 —LL HSPF A AL E 74 T /K P2 S 38 F A B [ 1], 4Rl 3
Rl 2007, 26(1) ; 64-70.

[ 7] B¥IRME, TREME, Tor0g, 45, SLF HSPF AR Y K /&) it sk
BB, R S5HR, 2009, 32(10) : 103-107.

[ 8] WEEARUE, TIEME. HSPF B K HoAe AR s IR I3 Ye i 5 oh A9 17
FILI]. AR R 2224 (A ABEM) , 2009, 30(3)
61-65.

(9] AWH, |AEA, 258, 5. FRITHI A M s 1k ¥ Kk S
W REBLUAT ST T]. ANRERIT, 2009, (6) : 27-30.

[10] 3K¥F. HSPF /KSCHSRIMLER K B T AF 55— LA Jb R A7 1 X 4%
T SEHITABII D). ARE. WILIHERE:, 2007.

[11]  B¥JR0E. BET HSPF AL A4 0 ) 3 ok AF 5 IR V5 YL A5 40U 5%
[D]. dtmt. HHImIERS:, 2009.

[12]  XUAl. FET BASINS/HSPF B AU i) 5 7 Ml 4 X b /K AU B



2222

woooH

2% 33 %

[13]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

FE[D]. WK PIHIREE, 2009.

Crawford N H, Linsley R K. Digital simulation in hydrology :
stanford watershed model IV[ R]. Stanford University Technical
Report No. 39. Palo Alto, CA: Stanford University, 1966.
HIEAE, 2B, IRVLE, A5 WIEUKSOK BRI (HSPF)
N[ M. S8 . BT AL, 2009, 1-3.

Lahlou M, Shoemaker L, Choudhury S, et al. Better assessment
science integrating nonpoint sources — BASINS 2. 0 user’s manual
[R]. EPA-823-B98-006, U. S. E. P. A. Washington, DC.
Office of Water, 1998.

Bicknell B R, Imhoff J C, Kittle J L, et al. HSPF version 12.2
user’s manual[ R]. 2005.

Alarcon V J, McAnally W, Diaz-Ramirez J, et al. A hydrological
model of the Mobile river watershed, southeastern USA [ J].
Computational Methods in Science and Engineering, 2009, 1148
(1): 641-645.

Hsu S M, Chiou L B, Lin G F, et al. Applications of simulation
technique on debris-flow hazard zone delineation: a case study in
Hualien County, Taiwan[ J]. Natural Hazards and Earth System
Sciences, 2010, 10(3) : 535-545.

Hayashi S, Murakami S, Xu K Q, et al. Daily runoff simulation
by an integrated catchment model in the middle and lower regions
of the Changjiang basin, China [ J]. Journal of Hydrologic
Engineering, 2008, 13(9) : 846-862.

Tzoraki O, Nikolaidis N P. A generalized framework for modeling
the hydrologic and biogeochemical response of a Mediterranean
temporary river basin[ J]. Journal of Hydrology, 2007, 346 (3-
4). 112-121.

Kourgialas N N, Karatzas G P, Nikolaidis N P. An integrated
framework for the hydrologic simulation of a complex
geomorphological river basin[ J]. Journal of Hydrology, 2010,
381(3-4) . 308-321.

Diaz-Ramirez ] N, Perez-Alegria L R, McAnally W H.
Hydrology and sediment modeling using BASINS/HSPF in a
tropical island watershed[ J]. Transactions of the ASABE, 2008 ,
51(5): 1555-1565.

Goncii S, Albek E. Modeling climate change effects on streams
and reservoirs with HSPF[ J].
2010, 24(4) : 707-726.

Water Resources Management,

Choi W, Deal B M. Assessing hydrological impact of potential
land use change through hydrological and land use change
modeling for the Kishwaukee River basin (USA)[J]. Journal of
Environmental Management, 2008, 88(4) . 1119-1130.
Ferrari J R, Lookingbill T R, McCormick B, et al. Surface
mining and reclamation effects on flood response of watersheds in
the central Appalachian Plateau region [ J]. Water Resources
Research, 2009, 45. W04407.

Cho J, Barone V A, Mostaghimi S. Simulation of land use
impacts on groundwater levels and streamflow in a Virginia
watershed[ J]. Agricultural Water Management, 2009, 96 (1) ;
1-11.

Al-Abed N, Al-Sharif M. Hydrological modeling of Zarqa River

[28]

[29]

[30]

[31]

[32]

[34]

[36]

[37]

[38]

[39]

[40]

Basin-Jordan wusing the Hydrological Simulation
FORTRAN (HSPF) model[ J]. Water Resources Management,
2008, 22(9) . 1203-1220.

Abdulla F, Eshtawi T, Assaf H. Assessment of the impact of

Program-

potential climate change on the water balance of a semi-arid
watershed[ J]. Water Resources Management, 2009, 23(10) .
2051-2068.

Ribarova I, Ninov P, Cooper D. Modeling nutrient pollution
during a first flood event using HSPF software: Iskar River case
study, Bulgaria[ J]. Ecological Modelling, 2008, 211 (1-2) .
241-246.

Chang C H, Wen C G, Huang C H, et al. Nonpoint source
pollution loading from an undistributed tropic forest area[ J].
Environmental Monitoring and Assessment, 2008, 146 (1-3) .
113-126.

Hunter H M, Walton R S. Land-use effects on fluxes of
suspended sediment, nitrogen and phosphorus from a river
catchment of the Great Barrier Reef, Australia[ J]. Journal of
Hydrology, 2008, 356(1-2) : 131-146.

Alarcon V J, McAnally W, Ervin G, et al. Using MODIS land-
use/land-cover data and hydrological modeling for estimating
nutrient concentrations[ A]. In; Taniar D, Gervasi O, Murgante
B, et al (Eds. ). Computational science and its applications-
ICCSA 2010, Part I, LNCS 6016 [ C]. Berlin Heidelberg:
Springer-Verlag, 2010. 501-514.

Duan Z Y, Diaz J] N, Martin J L, et al. Effects of land-use
changes on Saint Louis Bay watershed modeling[ J]. Journal of
Coastal Research, 2008, (52): 117-124.

Lee S B, Yoon C G, Jung K W, et al. Comparative evaluation of
runoff and water quality using HSPF and SWMM [ J]. Water
Science and Technology, 2010, 62(6) : 1401-1409.

Mishra A, Kar S, Raghuwanshi N S. Modeling nonpoint source
pollutant losses from a small watershed using HSPF model [ J ].
Journal of Environmental Engineering-ASCE, 2009, 135 (2):
92-100.

Isleib R R, Thuman A J. Verification of large scale watershed
modeling analysis using small subwatershed models [ A]. In:
Proceedings of the 2010 watershed management conference[ C J.
Madison, WI. ASCE. 2010. 1405-1416.

Jia Y B, Culver T B. Uncertainty analysis for watershed modeling
using generalized likelihood uncertainty estimation with multiple
calibration measures[ J]. Journal of Water Resources Planning
and Management-ASCE, 2008, 134(2) : 97-106.

Liu Z, Tong S T Y. Using HSPF to model the hydrologic and
water quality impacts of riparian land-use change in a small
watershed[ J]. Journal of Environmental Informatics, 2011, 17
(1):1-14.

Praskievicz S, Chang H. Impacts of climate change and urban
development on water resources in the Tualatin River Basin,
Oregon[ J]. Annals of the Association of American Geographers,
2011, 101(2) ; 249-271.

Goncu S, Albek E. Model climate change impacts on suspended



7 ¥

ST E

HSPF 7K SCoK B 28 7 AR5 47 i

2223

[41]

[42]

[44]

[48]

and dissolved water quality constituents in watersheds [ J ].
Fresenius Environmental Bulletin, 2008, 17(9B) ; 1501-1510.
Chung E S, Lee K S. Prioritization of water management for
sustainability using hydrologic simulation model and multicriteria
decision making techniques [ J ]. Journal of Environmental
Management, 2009, 90(3) : 1502-1511.

Butcher J B, Parker A, Johnson T, et al. Nationwide watershed
modeling to evaluate potential impacts of climate and land use
change on hydrology and water quality[ A]. In: Kenneth W P,
Donald K, Frevert P E ( Eds.). Watershed modeling,
proceedings of the 2010 watershed management conference[ C ].
Madison, WI. ASCE. 2010. 1078-1089.

Sun Y F, Wang D Q, Qian D Y, et al. Simulation of non-point
source pollution with HSPF for the Chaida River Watershed of
Lake Dianchi Basin [ A]. In:; ITESS; 2008 proceedings of
information technology and environmental system sciences, Pt 2
[C]. 2008. 1174-1180.

Jung K W, Yoon C G, Jang J H, et al. Estimation of pollutant
loads considering dam operation in Han River Basin by BASINS/
Hydrological Simulation Program-FORTRAN[J].
and Technology, 2008, 58(12) ; 2329-2338.
Bai S. Evaluation of the advection scheme in the HSPF model
[J]. Journal of Hydrologic Engineering, 2010, 15(3); 191-
199.

Liu Z J, Kingery W L, Huddleston D H, et al. Application and

Water Science

evaluation of two nutrient algorithms of Hydrological Simulation
Program Fortran in Wolf River watershed [ J ]. Journal of
Environmental Science and Health Part a-Toxic/Hazardous
Substances & Environmental Engineering, 2008, 43 (7). 738-
748.

Alarcon V J, O’Hara C G. Scale-dependency and sensitivity of
hydrological estimations to land use and topography for a coastal
watershed in Mississippi [ A ]. In; Taniar D, Gervasi O,
Murgante B, et al. Computational science and its applications-
ICCSA 2010, Part I, LNCS 6016 [ C]. Berlin Heidelberg:
Springer-Verlag, 2010. 491-500.

Diaz-Ramirez ] N, Alarcon V J, Duan Z, et al. Impacts of land
use characterization in modeling hydrology and sediments for the

Luxapallila Creek watershed, Alabama and Mississippi [ J ].

[49]

[50]

[51]

[52]

[57]

[58]

Transactions of the ASABE, 2008, 51(1) . 139-151.
Diaz-Ramirez ] N, Duan Z Y, MeAnally W, et al. Sensitivity of
the HSPF model to land use/land cover datasets[ J]. Journal of
Coastal Research, 2008, (52) . 89-94.

Duan Z Y. A HSPF model sensitivity study: impacts of watershed
topographic characteristics on hydrological and water quality
modeling [ A ]. In; TMDL 2010: watershed management to
improve water quality proceedings. Baltimore, MD. ASABE,.
2010.

Lee S, Ni-Mesister W, Toll D, et al. Assessing the hydrologic
performance of the EPA’s nonpoint source water quality
assessment decision support tool using North American Land Data
Assimilation System ( NLDAS ) products [ J ].
Hydrology, 2010, 387(3-4) : 212-220.

Nigro J, Toll D,

Journal of
Partington E, et al. NASA-modified
precipitation products to improve USEPA nonpoint source water
quality modeling for the Chesapeake Bay [ J |. Journal of
Environmental Quality, 2010, 39(4) . 1388-1401.

Patil A, Deng Z Q. Analysis of uncertainty propagation through
model parameters and structure [ J ]. Water Science and
Technology, 2010, 62(6) ; 1230-1239.

Iskra I, Droste R. Parameter uncertainty of a watershed model
[J]. Canadian Water Resources Journal, 2008, 33(1) . 5-22.
Xu Z Y, Godrej A N, Grizzard T J. The hydrological calibration
and validation of a complexly-linked watershed-reservoir model for
the Occoquan watershed, Virginia[ J]. Journal of Hydrology,
2007, 345(3-4) ;. 167-183.

Liu Z J, Kingery W L, Huddleston D H, e al. Modeling

under critical flow conditions in three

Louis Bay [ J].

nutrient dynamics
tributaries of St. Journal of Environmental
Science and Health Part a-Toxic/Hazardous Substances &
Environmental Engineering, 2008, 43(6) : 633-645.

Liu Z J, Hashim N B, Kingery W L, et al. Hydrodynamic
modeling of St. Louis Bay estuary and watershed using EFDC and
HSPF[ J]. Journal of Coastal Research, 2008, (52): 107-116.
Jeon J] H, Lim K J, Yoon C G, et al. Multiple segmented
reaches per subwatershed modeling approach for improving HSPF-
Paddy Paddy and Water
Environment, 2011, 9(2) : 193-205.

water quality simulation [ J ].



HUANJING KEXUE Vol.33  No.7

Environmental Science (monthly) Jul. 15, 2012

CONTENTS

Isotopic Composition and Isotope Tracing of Sulfur in Atmospheric Precipitation at the Head Area of the Three Gorges Reservoir, China s«+sseseeseeeeserereneseseneen WU Qi-xin,HAN Gui-lin (2145)

Characterization and Reconstruction of Aerosol Light Scattering Coefficient at Chengdu During Biomass Burning and Dust Storm Period in Spring
........................................................................................................................................................................ YUE Jian-hua, TAO Jun, LIN Ze-jian, et al. (2151)
Aerosol Optical Thickness of the Atmospheric Aerosol over Taihu Lake and Its Features; Results of In-site Measurements ++++++++++-: RAO Jia-wang, MA Rong-hua, DUAN Hong-tao, et al. (2158 )
Seasonal Variations in the Vertical Distribution of Aerosols During Dry Haze Periods in Regions Around Shanghai »««++++sssseeeeeees +++ XU Ting-ting, QING Yan, GENG Fu-hai, et al. (2165)
Size Distributions and Diurnal Variations in the Concentrations of Polycyclic Aromatic Hydrocarbons in Winter in Urban and Suburban Nanjing, China ««+seseeeseserersesemienenennienenee
ZHANG Hong-liang, FAN Shu-xian, GU Kai-hua, et al. (2172
Seasonal Distribution of Water-Soluble Inorganic lons in the Atmospheric Aerosol in Qingdag «+«+seseeseesesesissenenmienintinnneieene LIU Zhen, QI Jian-hua, WANG Lin, e al. (2180
Pollution Characteristics of Microbial Aerosols Generated from a Municipal Sewage Treatment Plant QIU Xiong-hui, LI Yan-peng, NIU Tie-jun, et al. (2191
Estimation of the Effect Derived from Wind Erosion of Soil and Dust Emission in Tianjin Suburbs on the Central District Based on WEPS Model  +++ CHEN Li, HAN Ting-ting, LI Tao, et al. (2197

Variation of Nutrient Concentrations at the Inshore Coastal Area of Northem Jiangsu Province and the Occurrence of Green Tide Caused by Enteromorpha prolifera ««+:«+s«ssesseeesesseseneenes

)
)
)
)

........................................................................................................................................................................... GAO Song, SHI Xiao-yong, WANG Ting ( 2204
Analysis on Characteristics of Red Tide in Fujian Coastal Waters During the Last 10 Years LI Xue-ding ( 2210
Review on HSPF Model for Simulation of Hydrology and Water Quality Processes LI Zhao-fu, LIU Hong-yu, LI Yan (2217
Parameter Uncertainty Analysis for Urban Rainfall Runoff Modelling «+:«-««ssereesessersereeneeeneneneinineneines e HUANG Jin-liang, LIN Jie, DU Peng-fei (2224
Estimation of DOC Concentrations Using CDOM Absorption Coefficients; A Case Study in Taihu Lake ++veveeeeerervsesenmsisininiienne JIANG Guang-jia, MA Rong-hua, DUAN Hong-tao ( 2235
Weight Parameters of Water Quality Impact and Risk Grade Determination of Water Environmental Sensitive Spots in Jiashan «+-+-«+vee+- XIE Rong-rong, PANG Yong, ZHANG Qian, et al. (2244
Diurnal Variation and Evaluation of Water Quality in Different Seasons of Panxi River in Chongging +«seseeresesesressensseinsenns ZHANG Qian-gian, WANG Xiao-ke ,HAO Li-ling, et al. (2251
Responses of Wetland Water Quality to Influence the Strengthness of Urbanization in Nanjing, China «++«++seseeseeeee HAO Jing-feng, LIU Hong-yu, HU He-bing, et al. (2259
Studies on Relationship of Phytoplankton and Water Environmental Factors in Shahu Lake QIU Xiao-cong, ZHAO Hong-xue, SUN Xiao-xue ( 2265
Influence on the Spatial Distribution of Fish in Taizi River Basin by Environmental Factors at Multiple Scales DING Sen, ZHANG Yuan, QU Xiao-Dong, et al. (2272
Comparison and Application of Biological Indices of Macroinvertebrates in River Health Assessment -+ GENG Shi-wei, QU Xiao-dong, ZHANG Yuan, et al. (2281

Spatial and Temporal Distribution of Total Mercury (T-Hg) in Different Water Bodies of Nam Co, Tibetan Plateau —+++essesereeseneess WANG Kang, KANG Shi-chang, GUO Jun-ming, et al. (2288
Temporal and Spatial Variations of Major lons in Nam Co Lake Water, Tibetan Plateau GUO Jun-ming, KANG Shi-chang, ZHANG Qiang-gong, et al. (2295
Eutrophication Control in Local Area by Physic-ecological Engineering +++++++++ seesesees L1 Qiu-hua, XIA Pin-hua, WU Hong, et al. (2303
Nitrogenous Fluxes and Tis Self-Purification Capacity in Lake Taihu —+-«eeeeereersesesssserenenminenin e CHEN Xiao-feng, CHUAI Xiao-ming, ZENG Jin, et al. (2309
YUAN Tan, HUA Yu-mei, ZHU Duan-wei, et al. (2315
WEN Sheng-fang, SHAN Bao-qing, ZHANG Hong ( 2322

Response of Phosphorus Components in Sediments from Eutrophic Lake to External Sulfate

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
Spatial Distribution Character of Phosphorus Fractions in Surface Sediment from Chaohu Lake )
Long-range Transport Potential of Typical Organic Pollutants in Nanjing «+esetsresrereeeeemnensismimeniiiininnnies FANG Li-jiang, WU You-fang, DING Zhong-yuan, et al. (2330)
Distribution of Black Carbon in the Surface Sediments of the East China Sea and Their Correlations with Persistent Organic Pollutants -«+++++++-- LIN Tian, FANG Yin, CHEN Ying-jun, et al. (2335)
Contamination Characteristics of Polyeyclic Aromatic Hydrocarbons (PAHs) in Surface Water from Jialing River in Chongging «++++++++ CAI Wen-liang, LUO Gu-yuan, XU Xiao-yi, et al. (2341)
Levels, Distribution and Possible Sources of Polychlorinated Biphenyls in River Sediments from an Electronic Waste Recycling Area +++ WANG Xue-tong, LI Yuan-cheng, MIAO Yi, et al. (2347)
LI Fei, HUANG Jin-hui, ZENG Guang-ming, e al. (2352)
Impact of Coastal Exploitation on the Heavy Metal Contents in the Sediment of Bohai Bay QIN Yan-wen, ZHENG Bing-hui, LI Xiao-bao, et al. (2359)
Spatial Distribution and Contamination Evaluation of Heavy Metals in the Intertidal Surface Sediments of Eastern Chongming «+++++esseeveseese LI Ya-juan, YANG Shi-lun, HOU Li-jun, et al. (2368 )
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Assessment Model for Heavy Metal Pollution in Sediment Based on Trapezoidal Fuzzy Numbers and Case Study

Speciation and Vertical Distribution of Heavy Metals in Sediments of Baiyangdian Lake -+

AVS Concentrations in Xinan Creek and the Influencing Factors +++eseeeeeeseseeessseines
Mechanism of NH,"-N Removal in Drinking Water Biofilter
Characterization and Thermodynamic Properties of Cu( I ) Imprinted Chitosan Crosslinked Membrane

LIU Xiao-bing, WEN Yan-mao, LI Feng, et al. (2384
LIU Bing, FAN Hui, YU Guo-zhong, et al. (2394
ZHANG Yu-hong, ZHANG Ai-li, ZHOU Ji-ti, et al. (2403
DAI Qi-zhou, MA Wen-jiao, SHEN Hong, et al. (2410
BAI Yu-jie, ZHANG Ai-li, ZHOU Ji-ti (2419
Electricity Generation Performance of Two-Chamber Microbial Full Cell in the Treatment of Simulated Wastewater + ZHANG Yong-juan, LI Yong-feng, LIU Chun-yan, et al. (2427
Preparation and Characterization of Zn/Cr-LDHs and Their Removal Performances of Reactive Brilliant Orange X-GN = +erereererrsereseseennssisnnncinneneee WANG Xiao-rong, WU Ping-xiao ( 2432
WU Guo-zheng, XU Zong-xue (2438
Analysis of Carbon Balance and Study on Mechanism in Anoxic-Oxic-Settling-Anaerobic Sludge Reduction Process ZHAI Xiao-min, GAO Xu,ZHANG Man-man et al. ( 2444
Effect of Mixed Carbon Sources in the Granulation Process of EBPR System —+:eseeresrersererennensnniinenennniii JIANG Tao, SUN Pei-de, XU Shao-juan (2451
Biocatalyst of Redox Mediators on the Denitrification by Paracoccus versutus Strain GW1 «+«+sxesessessesessenenmsimssnsnsnensnsn s LI Hai-ho, LIAN Jing, GUO Yan-kai, et al. (2458
Isolation of a High Hydrogen-producing Mutant TB34 Generated by Transposon Insertion and Analysis of Hydrogen Production «+++++++ LIU Hong-yan, WANG Guang-ce, SHI Liu-yang, et al. ( 2464
Condition Optimization for Degradation of Chlorophenols Using Laccase from Amillariella mellea — «+++++++++sssereessesmsesenensnenicnenennenne QIN Ren-hing, ZHU Xian-feng, WU Ke, et al. (2470
FU Zhi-giang, ZHU Hua-wu,CHEN Can et al. (2475

Studies on the Degradation of Paracetamol in Sono-electrochemical Oxidation

(
(
(
(
LI Bi-cai,HE Lian-sheng, YANG Min, et al. (2376
(
(
(
(
(

Study on Treatment of Methylene Blue Wastewater by Fly Ash Adsorption-Fenton and Thermal Regeneration

Transport Processes of Low-level Radioactive Liquid Effluent of Nuclear Power Station in Closed Water Body

Characterization of CH,,N,0 Emission and Selection of Rice Cultivars in Double Cropping Rice Fields

Short-term Effects of Exogenous Nitrogen on CH, and N,0 Effluxes from Cyperus malaccensis Marsh in the Min River Estuary MOU Xiao-jie, LIU Xing-tu, TONG Chuan, et al. (2482
Temporal-spatial Variations of Total Nitrogen in the Degraded Grassland of Three-River Headwaters Region in Qinghai Province «+«+se+eseeeee PENG Jing-tao, LI Guo-sheng, FU Wa-li, et al. (2490
Temporal Variations of Clay Content in Eroded Sediment Under Different Rainfall Condition WU Feng-zhi, SHI Zhi-hua, FANG Nu-fang, et al. (2497

(
(
(
Effects of Soil Properties on the Stabilization Process of Cadmium in Cd Alone and Cd-Ph Contaminated Soils WU Man, XU Ming-gang, ZHANG Wen-ju, et al. (2503
(
(
(
(

In-situ Remediation of Polychlorinated Biphenyls Polluted Soil by Ecological Controlling Measures: A Field Trial «+-«sxeseeeeeesereenveneerenes PAN Cheng, TENG Ying,LUO Yong-ming, et al. (2510
+ LIANG Xiao, ZHAN Xin-hua, ZHOU Li-xiang (2516
YI Yuan-rong, HAN Min-fang ( 2522
Decomposition Model of Energy-Related Carbon Emissions in Tertiary Industry for China +««ssessesseeeesersssmemennimnis LU Yuan-qing, SHI Jun (2528

Characterization Comparison of Polycyclic Aromatic Hydrocarbon Uptake by Roots of Different Crops -+

Characteristics and Mechanism of Sodium Removal by the Synergistic Action of Flue Gas and Waste Solid



(ARERIZEYE 6 RREZRS

E & KHAZ

B4 BEAE EH | N

HOF. (FUEREEH)
TENL FARR FEIAE EZigr BN B O# L%
AOKE KSR aEE BRET & Al MRE
BRFHAZ BFAE 2 Ak R S BkdE | &
WO Bk O A W W BRI

“ ﬁg ﬂ g ENVIRONMENTAL SCIENCE

( HUANJING KEXUE) (Monthly Started in 1976)
(AT 1976 418 AAIT))
0124E7HI5H 33% 71 Vol.33 No.7 Jul. 15, 2012
£ & TEPER Superintended by Chinese Academy of Sciences
* B PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i B (UBIEENFE) Academy of Sciences
AU HT BR3P R S B ST B Co-Sponsored by Beijing Municipal Research Institute of Environmental
R N7 S Protection
e % KK A School of Environment, Tsinghua University
o o - Editor-in -Chief OUYANG Zi-yue
gﬁ BAREASE) G E R & Edited by The Edit 'll)]l:dnd f Envi tal Sci (HUANJING
. o . ite y e Editorial Board of Environmental Science >
Jbmtili 2871 fH4 (TE X AUH
i} fE# O TE it KEXUE)

18 &, BB 415 . 100085 )
H13% .010-62941102 ,010-62849343
f£1.010-62849343

E-mail ; hjkx@ rcees. ac. cn

P. O. Box 2871, Beijing 100085 , China
Tel :010-62941102 ,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn

hitp ://www. hikx. ac. cn http : //www. hjkx. ac. e¢n

H BR 44 % " ™ i Published by Science Press
Jb s R 16 & 16 Donghuangchenggen North Street,
MR B 4t . 100717 Beijing 100717, China
ED Rl 2 3T dtatdbakEpi— Printed by Beijing Bei Lin Printing House
) 1T 4% i * K ib Distributed by Science Press
FE 35 .010-64017032 Tel:010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT 1 & 2ELHIERE)S Domestic All Local Post Offices in China
B EE1T PEERREAE S BN Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. 0. Box 399, Beijing 100044 , China
RIS o EIR LS 2-821
B A E fir:70.00 ¢ EsS&ITRS: M 205

BERSMRFEIT




	1.pdf
	fm.pdf
	zml.pdf

	20120711.pdf
	3.pdf
	yml.pdf
	fd.pdf




