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Abstract: Surface water samples are collected throughout the upstream Liangtan River in December, 2010.
The concentrations of Cu, Zn, Ni, Pb, Cr and Fe. Mn, Mg are determined using atomic absorption
spectrometry (AAS) and inductively coupled plasma-atomic emission spectrometry (ICP-AES) respectively
for the contamination characteristics analysis and preliminary risk assessment. The results demonstrate that
concentrations of 8 heavy metals show significant differences in different sampling sections of the river. The
average concentration of Ni, Pb, Fe and Mn are much higher than the limits value of GB 3838 —2002 [l
functional area and their section of over standard are 100%, 87. 5%, 50% and 43. 75%, respectively.
Spatial distribution and correlation analysis reveal that Fe and Mn in river may have the same pollution
sources. Preliminary health risk assessment results indicate that Pb is the most important pollutant leading

to non-carcinogenic concerns in particular for children, and the next is Cr. Mn, Ni, Cu, Fe and Zn in

K B .2012-12-01
ESTB - HRARPFEREESFTFRERLSRHTE (21107147 5 i Y A F A BV 45 2% (CDJZR10 21 00 10)
EER N R R BL972-) , 4, B R R 2R 82, 1 A 32 2 R 855 vp A 35 9 0 9 W 00 B2 UG BF 4 iFF 5% » (E-mail) gao-

junmin@ cqu. edu. cn,



http://gks.cqu.edu.cn

% 54 DR E R R RGBT IR R T E LT LA 5 R TR 87
sequence.

Key words: heavy metals; spatial distribution; risk assessment; Liangtan river; characteristic analysis

T YT 2 = e 7K T R R ik 8 e AR e K — 2k =
LR G I o A = W T DX PR IR B Ak 5 A VT 9 TS
AW — DA . VR 5 B VLU B — 45 B
DL » GRS P T EIR X P 17 A R G i rh e K
M — 2% U G . T 3 4 K 88 km, it 3 1E R
510.1 km® , 5 = X4 15 S 8 5 PRAR T X 1Y
WA it rh AR B B AR

S =08 FE IX 9% G [ 7KK 3% 0 AT 7K A 4
W S =K B K B A K s e (H2 3
AR o BT AR T T KRN T K HE T S T D R e
FR 7K 5T 52 380 7™ Y g s A DR T R DX B A TR
HG Y di T B R 2 — o R T K T ARk —
HoR 4 HIK T HAT 5 A i) . X R AL R
M 380 8 35 PN Al A= 7 1)k J i EL A K Ml ol £
PRI PG B A 25 ARl 3 M 1 5L R W 5 T liE LT
TN R R KA B o TR AT 199 7K % A m) R 2 5 | ke
[ G S HB I RN A 25 4% T 1 v B DG v L 2 B KR 5
PRAPRE S PR GO . BARE R AT K i
WA 3 R0 3okt LR AT W0 AH R H AT IR K BT R
BREE S MEL],

TS R K R 4% I 40 HE AR 38 ) 2o A o o 4
@B Z AT KR I B RS mrh . &
SIRITE R —RTEHER EBE R E T . 0]
LMK AR5 B 31 [ AR I 2 4 R AL 78— 8 19 24 1 T X
PR R, B RS Y. KRR, A
JE AT i AR K 4 K ik B R e . BoA
ek i) RBUWER . — FoE T W et A R, 5t 2
fio s Nl e, 20 20 DOk, Bl 23k T kb &
J& V5 25 [ AR AR B BT BT R Ml HE VS 2 ) T
T 4B R AU AR )8 X i A S R G T
KFG ], 30 2 B BE U B S fg e

H A T 30 A 2 A = ek P2 X Rk i i 4
JE R AT Y BT LA A B, H R A 7 -
APCE Y T 4 8 A FFE L ek AR e X
Fr B PEVE DL Y & 4 @ 5 YRR AR R AT T 40 AT,
ik T A = e K 2R A 2R AT IR K ) A 4 R A

ARRAE AT TWFSE . A 50 X el 1) 3 4
JE& V5 Y BUREAT T W 5T A0 ) B AR X T
MR ZRIKR P H CuZn,Cr Ni,Pb il As % 6 Ff
4@ CE TG Y AT T A A RPE A, o= 40 A X g
PERT T 9 S Y T 4 )8 Hg Cro As. Zn Fl Pb i
7 TWFSE . (HRE . JC8 S X 2 X H: At 52 00 a8 2 2 o
W T R G PR T WL LR S RO R
H R AT A SRV . H R R WA 6 3 Ak
bl 5 4 v 1 SR T o QR K R T A R A A R AE A
T e |k A fdt e XU AT B9 A SCHR . % T TR
TR E = e A DX Y BT i r R i) 2 R AT T X i
AL KB4 2 R BTSSR 15 Je TP EH R S A
BT G M TR YL ) T e v AT A T A W U AR
RS PEAN s LA T fiff 385 X T2 DX R % ) ik o 4 8 0 A
PR3 ) B G 73| G 1) A 5 XU & SRy 2 X Ok % ] i o 4
& V5 YL A ST 4 L D A B L A AT DA = X K
JoT A AR Pt S A L A R TR A B 2R A R B AR L R
ARG . BB T I R K R Cu,
Pb.Zn.Cr.Ni,Fe ,Mn fil Mg 8 F & 4 J& JL & 9 &
AT T IRE S IF 0 5 L R R A A] RE 5 | R i e B
U #HEAT T 3 #T

1 MBFTTE

1.1 HRRESHmE

SCIEUID S RS ST I Sl S T R - o A g
TBEREKE FaE. AR KGR &8
LTI £ i SN | A N S = N i 2 A
T EE RIS R 13 ARSI L E 1~
13 55 S b v BN KA 3R K IUFI PR R AR 3 A
REES R 1 | 14~16 ). F 2010 4 12 A
10 H o BT kv 1) 3R & 0 R FE A 45 R A A L 42
FAEFRZ K (FEETE 20 em 4b), JH $h M2 R 1k 5 78
A°C B R A7 R T o AR R R K W0 3 7 T 3 ) 56
4 R R KRR Cr BT i 1R 2 o il R — R
M —iod SR AL U R R L LA 4 s O R X O i R - R
R BRI AR 5



http://gks.cqu.edu.cn

88 TR K FFER

# 36 %

Bl REETELERBERSH

1.2 #HmlZEFE

IKFEL 3 i Ak P LS - Cul Zn Ni, Pb 1
Cr 5FhICZ K JH 180-80 H ~7 1k 4§ 3% & J5 T W Wi ot
AL FE 47 I %E - Fe, Mn F1 Mg 3 Fl o0 % % i 2% [
PerkinElmer 24 ) 1) HL JBHE 5 55 85 11K & 569 6 354X
#EATIE . Cu.Mn.Mg.Zn Fe Cr.Ni fll Pb 8 ffij
FAEKFE I F 8 Y (n=6) 43 5 2 110%
103%.93%.90% .105% .110% .90% A1 100% , 3§
KB T BT R BRI R I A AR AT A A
HEAM ARG ESENEHEMFYHES S aE
Z 2 B SR

2 BERESDH

2.1 RMEAKEESEHITERR
e 1 g BEME T B b 16 A SR RR UK AR

MESE R EKE S Mt R, EHE R
(Ml 22 7K PR 55 BB AR ) GB 3838—2002 fy Il 2
B o X S e T K TR 4 R Y T g 1 B0 EE AT T IR
M T AT LUE .16 A RAE S KHEEf Cu il Zn 1Y
JBT vk B X G Ik T GB3838-—2002 i Il 28 Th B IX
b A A E S NI Jo 6 vk BB 34 8 A T A o R
Pb.Fe Al Mn [ K7 I 8 b5 % 43 51 87.5%.50%
43,7500, HEONE M & B0 B RAE S
F19 RBEVY i Tl Bl A = 2B R BV T R S T
Cr CVID bR e - 98 2 6 W w5 T AR o (B, R A
ST VR R AR T AR VAR . Rl Ot ET AL, RO
JEE Yok B R MW K R E AN RE 2 GB
3838—2002 Il K ThhHE X 2K,

1 EHWAAXKPESERENFEIHER ug/L
B o R A it
it W H
Zn Cu Pb Ni Cr Fe Mn Mg
% KAH 368 190 480 310 90 932 564 23 990
B/ ME 13 96 12 69 5 107 18 7 366

EEVAIER 74 130 168.5

145.5 32 311 285 17 740




http://gks.cqu.edu.cn

%54 PR S 20k R ROR BT R AR T R A AR AT BRI 89
gx1 ug/L
HE WO E
it H
Zn Cu Pb Ni Cr Fe Mn Mg
S H1E 98 136 205 151 38 372 250 17 820
o ¥ A 22 0.092 0.025 0. 140 0. 064 0.022 0.251 0.200 4.120
55 RN 93.19 18.29 68.11 42.61 57. 84 67.38 80. 09 23.11
P Mk B2 1 000 1000 50 20 50 300 100
bR/ Y 0 0 87.5 100 18.75 50 43.75
KA {EDH™ 9.4 10.7 55. 1 13.4 20.9 239. 8 5.4
KA e KD ™ 11.6 12.3 734 24.3 24.3 350.5 8.8
PO (D cNo 7.76 7.37 1.15 5.89 40. 66 42.2
CCMC, 2 120 13 65 470 16 NV
<CCC, & £ 120 9 2.5 52 11 1 000
SRS 1000 1 000 10 20 50 300 100
© fii 5] 5 000 3 000 40 50 50 200 50 50 000
[ 5 000 1000 50 50 50 200 50 50 000
WHOM! 2 000 10 70 50 300 400

B - A o e B 2% 7% Hb 25 K SR8 T AT ME (GB 3838-—2002) T 28 /K 38k 1 F ME ;50 R g Cr (VD) BIARHE(E ;¢ £ R
PP K A A W B R K R AR 5 P E 2R GB 5749—2006¢ 28 75 AR A K T AR AR ) s i 5 7R i ] AR 39 RO K K R A
(BGBL 1,S. 2613,1990) ;' 5 [# & 7~ 5 [ A 16 K F K K R FR HE (89— 3)

SR VT R R B L B KR Y Zn Mn,
Fe Cr.Ni fil Cu 6 i 4 J& T % Jo it J& 7 3 it o vk
I g B R o R B 1 e e TR VR et BOKRE Hh Y
S RE 1T Ph (17 249 0T R A I i TR YK R
WP B . SRV SR DU K FE A L,
WS 7K FEH Pb,Mn,Fe Cr.Ni #1 Cu 6 Fli 4 )@ 0 £
F14) S 27 J e e P 3 v T UYL KRR TP X LR 42 TR Ot
FWTPH e B . A, BTy 8 Fh i 4R
JCE V-2 o VR B RMETT K AE NI Pb . Fe
1 Mn 4 43 @ o 3 00O ¥ 5 8 vk Y i i s T
GB 3838 —2002 [N 2Ty AE X 1 ¥ J3 PR . th 5 o
] | 7 ] R A R K o o b oE PR (HOE A
Ni.Pb Fl Fe 3 Ff 4 J& J0 % ) °F ¥ 5t & W B2 & T
WHO 5 H K Bt & b5 fE BRE . 5 2% @ EPA
2008 K F LRI K A A W IR K I S A o AR S
RPN Cr.Cu.Pb,Ni % 4 J& 70 % 09 Mk B B (5 A1
FE MR KRR o Cr, Cu Pb B 34 i 9k 3 2 4
I T AR | R M Y R R AR R (CMO)

7 NP 39 Jo i ok B oL T 51 1 P R ) R R
FRAE (CCOM
2.2 EMAPLEHAKPESCENZTESH

B 2 2 BEME R b B 16 A SRAE KT K R
R RS RN A B AIE 2 o LU L 3
T B K o Fe A1 Mn [ Jo 8 ok B2 28 4k 4 gk
AR — B0, LU A0 S0 o i AR L T A (] A oA
1Ry o e R TR e R O3 i) ) BRAE SR A A5 5 RISRAE L 7
Mg Hl Cu 2 Ffi 4 J& JC 2R 14 o i e B2 0 A A2 ALt AR AN
R B R e B2 3 Y BAE R AE A 13 P I iUt ok
JEEA R T e A8 A . b o o ARG A T B TR
R By L e K R R R B AE SO A SR A AR
14, Zn B S HEBE 3 A A7 A8 P54 0 20 30 e B i
2.3 4.5 FIHF 8.9.10. 11 Ab . fr Kot e BE F Fe
— R B AR SR AE A5 (H SR R vk B AR, Ni
19 5 K o 2 e BAE RAE L 11, HL B AT — 4~
AP . Cr BB R o0 A1 B AT W i LA R
FE A8 I o e B e



http://gks.cqu.edu.cn

90 T RRFFHR % 36 %
0401 Zn. CufE/K IS o050
~ P ~ Pb. NifE/K 5 M rb
W 0.30f M cu < 040 Nni
g g
= Z 030f N
0201 i < N
R B NN
020 S NIN
& W s LN . RARNL S
= o.0f L N RN NLINNRIN B
0.10 - NN B INESRRNRKRE RN
8 AN NNNERRNNNNNRR
o L INsNINNININININENIN NN NN
12345678 910111213141516 123456 78 910111213141516
1.00F  Cr, Fe, MnfE/K KM 25.00 MeE7K 53 i
o W Cr o
I, 0.80F EFe = 20.00 [
a0 &80
g Emn £
= 0.60F = 1500}
% %
0.40} 10.00 -
mg g
B 020} B S0l

123456 78 910111213141516

123456 78 910111213141516

2 RHAPERKPESENTESH

PRI 2 B A8 SO I 5T X3 R 2 2 W T 1Y
BB AN U] |l 53 AT AR 22N B Y 2 TH SR
T RBET ORI E SR T 1) ST o HE Y
KEEKTESHEMESBITRE. AAE&ETE
AR 23 [ 40 A B A BEW BT A T Rek A F
[ — V5 YL i
2.3 ESES=EMBEXESHT

[Fi] — YT i o T A Je 1 JO v R AN R [ L A
J& TG F Z A7 76 A0 56 26 F U6 BH B A1 4 R R AT RE
FRABL IR s 5 A A7 7E A 56 06 &L ) >k 8 7T BB & A
[ fry =

K F SPSS17. 0 Xof B2 e 0] 7K 24 5% o 1) 22 4 )
TP PR G HT 25 R L3R 2. N 2 W DL . Fe

7/

N Mn 2 [8] H A 54 9 1IE A 96 56 & L 141, Fe il Zn
Z I8 J Pb #l Cu Z WA —E R IEMK KR X
Ui Fe 1 Mn (%% 5 7] fig AH[A] . Fe #1 Zn Jz Pb 1
Cu FRIE L AT BEA — & WAL Z 4. Mn il Cu,
Pb % Cr 5 Cu.Pb.Ni Z [H £ fAHE X R, b E
TR IR AT REAS [F] . 3 5 617 18I 4% 46 J& OC 3% 119 %5 1] 4
MRS AR W) G o FR 32 T O S 4 T e
T4 22, B AR b H) 2 45 0 4 8 A T e ok R L B
TR TR AT A R 3 R T A S A 1 S () 43 A
4 JE@ JT R W] (9 AH S 4 A LA Sh L 8 e B — P IR
IR S W] 3 3505 Y R o A R R (RS G TR
Hh & TS YL 1) R oy AR B oy A R, DL TS e
TE Y 1 PR35 () 3 B AL A

R2 RMAKFEEEEXFEH

LEES %
TR
Zn Cu Pb Ni Cr Fe Mn Mg

Zn 1

Cu —0.309 1

Pb —0.434 0.651"" 1

Ni 0.011 0. 385 0.221 1

Cr 0.299 —0.084 —0.421 —0.119 1

Fe 0.681"" —0.348 —0.415 0.074 0.261 1

Mn 0.493 —0.523 —0.614 0.109 0. 336 0.755"" 1

Mg 0. 287 0. 309 0.165 0.059 0. 149 0. 257 0.131 1

Pl .« x P<< 0. 01,



http://gks.cqu.edu.cn

%58

B RA, Sk R KR BT IR R e T E e T R A AR AT RO e R AR

91

2.4 EEREFTEHERKXRITN
ANARRETIREGBEITRN S M ERRRE:

HARG DA RV b T WA BRI, X Tk

Hh IR BB R JT R 8 1 BRI R WO T B

SRR L T g R A A ) 2 R kAT )

AR 2 AT

CW X IR X EF X ED

ADDigesion = BW X AT(365days/year) (L
_ DA X EV X EF X ED X SA

ADDicrnar = BW X AT(365days/year) (&2

DAevent = Kp >< Cw >< Leven t 9 (3)

- ADDgeion FIl ADDyernnn 53 51 4 - 35 453 K 22 171 4%
R BZ JER IR S ¥ o . me kg /ds BW g f& 5T 4t L kg
2 JEE P FN P T N 25 53 AR SO N AR T i
60 kg C, /K R &t 4 @ 1 °F 35 T o vk
mg/L;EF Ry B g% . d/a; ED Jy 2k g FEE2) A] a5
IR 8 AR, L/ds AT g 2 8 09 °F 4 i) [a], a;
DA cvene A8 U S WA ) 5 mg/ (em?® »
EV B4R &k HEF M events/d; SA hy 5% 85 1Y Bz Jik
AR, em® s K, oK e IR 8 38 R 8 cm/h; C,

event) ;

KA 4R I B R R mg/ em s e KRR
FrEe g i) h/event, A SCH Y 5 PR QLI R - BR
873 REDiygeion A1 RED germ {EL A U T SCHRL9 151 Hoft
SRR T SCHRL 17 A9 ],

DRG0 e 0 XU R A SR X AT
A T BE B I SO XS 3 G KU B R Bt . XU R
14 R /I FH g o 5 R i A OB T e ) o 5 R D Y 2
R LU DR AG T 4007 B2 () T .

__ ADD
HQ = RID ° 4)
i HQ>1, W75 225 % Fh 2 25 i 42 5 i 1 3k

HOR A S R BEAT R TE . O 1 PR AN Ik — Rl 2R R
WA TR B R KU . 51 A KR B8 % HI. HI A A
IFi 3% 4% 1) DRV 22 s HI > 1, 3 B AT 4 ok A R ik B
7R R R T 2D BEA TR

JIr i <5z Je8 IC 2K 44 J T AR BUE P 5 I LATE AL AR
FEHoE MBEAN . T H AT Mg LR B RS HOR
A T RAAR N HdE A7 MU I . 3R 3 2050 N %
T2 AT RN 2 Bl 4250 R A KU 1

K3 RMAKPENEETENSERNENRN G E

B RIDypension / RIDyermat / HQingestion HQuermal HI=>HQ,

R (ugekg ' +d) (ugekg ' = d™D A % TR %F TN %F
Zn 300 60 3.81X107° 4.88X107% 5.97X10° 1.51X10* 3.87X10°% 5,03X10°*
Cu 40 12 3.97X107% 5.08X107% 6.90X10°* 1.75X10°% 4.04X10°% 5,25X10°*
Pb 1.4 0.42 1.71 2.19 2.97X107°% 7.52X10°° 1.71 2.19
Ni 20 5.4 8.81X107% 1.13X10°" 3.41X10°* 8.61X10*" 8.84X10* 1.14X107"
Cr 3 0.015 1.48X10° " 1.89X10 ' 3.09X10 ' 7.80X10 ' 4.56X10 ' 9.69X10 !
Fe 300 45 1.45X107% 1.85X107% 5.03X10°* 1.27X10°* 1.50X10°% 1.98X10°*
Mn 20 0.8 1.46X10" 1.87X10 ' 1.90X10 % 4.81X10 % 1.65X10—1 2.35X10 "

MF 3 LIE L BR Pb Al Cr LLAh,Zn Cu.Ni,
Fe #1 Mn 5 Mo R 1 HIEH /N T 1, £B]5X 5 Foc
F AT RE T | A AR R B0 0 1 R R BN EE
Tl A T, Cr 1 HI #3538 F 1, Pb 1Y
HI ¥R F 1,28 Cr f1 Pb X 2 i 4@ C R il BB
o | B A A ke R RSy i BE ST R B e, AL
RS PEAN (i 25 SR T LU L ZE IR B 7 FhoT R
Pb & 3 /K v fe 5 e RO Cr R 5
439 & Mn Ni,Cu.Fe fll Zn,

EE KU B R A7 R 1 2 AN M. ik -

B A B 2 e S [ 4 6 7 1 5900 A 2 52 4%
2 5 K T Y E 1S AL R K it S 1L 2
HRRHE R . A TR E AT RS ROy
T 84— ol 8 T U T 2% [ 7 XL
BT R R T 5% oh 2% 2 19 SOk VR
[11-1208k . 30 4 5 5 2 B0 48 A Sk (17
[20 hglit . E AT eI A 2B A TR E AL K
B LA T A B TR BB 45 L T G
TS KSR T R E 22 00 DR B R £ 45
LR 25 40 W7 75 T — 25 AT IR AT



http://gks.cqu.edu.cn

92 TARKXFFHR

# 36 %

3.5

1) S e YA 7K A v B 4 J 0 3 B i LR R R T
F18) AN ] T 2 A 0 4 J O o R R A TR
LSBT A B 4 T 1 I o v B R VAT K AN
i i GB3838-—2002 M 2 7K 34 55 Ji 1 s o ) [ 25 2h
fE X A GB5749—2006 ( A= 3 1k A /K A bR E D) By
B3R,

2 S WETT K A v T 4 T 11 7 R) 3 A F0AF Gk 4y
BT S8 7R W] K R i) Fe A Min 1T 68 2 A AH [ 1)
15 gL

3) fedt i RS DA 25 SR 3R WL TR 2 RN IR 2 %
F.Pb 1y HI ¥R F 1, Pb & G K i v 5 A
AR S 2 4% 1 B0 KU Y e S . R e
A3 Cr.Mn ., Ni,Cu.Fe fl Zn,

5% Uk -

1] R A RAR R, S BRI A= 25 5 40 4 R IF f

WEFELT . J7 2K Ak HL . 2010(12) :6-8.
WU Huan, AO Lianggen, LI Kewei,et al. Research of the
ecosystem health assessment for the Liangtan river[] ].
Guangdong Water Resources and Hydropower, 2010(12) ;
6-8.

[ 2] Cheung K C, Wong M H. Risk assessment of heavy
metal contamination in shrimp farming in Mai Po

Environmental
Geochemistry and Health, 2006, 28(1): 27-36.

(3] Efidy. Az, £, % KMRYESRENIES
FRAE Bz 25 OB 37 e [T 1. B K K % % ik, 2011,
35(11):136-143.

WANG Peifang,ZHOU Wenming, WANG Chao, et al.

Nature Reserve, Hong Kong [ J].

The distribution characteristics and evaluation of
ecological risk of heavy metals in the surface sediment
of Taihu Lake[J]. Journal of Chongqing University,
2011, 35(11): 136-143.

[4] Liu J, Zhang X H, Tran H, et al. Heavy metal
contamination and risk assessment in water, paddy
soil, and rice around an electroplating plant [ J ].
Environmental Science and Pollution Research, 2011,
18:1623-1632.

(5] ARG AN, 28 F5 1l 45, fad T R 78 = Wk R XK 45k

ABRGEPMITHLI] ERR¥EM: BAREM,
2002, 25(1): 17-20.
QI Junsheng, FU Chuan, HUANG Xiushan, et al.
Transfer of trace elements in water area ecology
systems of the Three Gorges Reservoir[J]. Journal of
Chongqing University: Natural Science Edition, 2002,
25(1) :17-20.

L6 MMl X8, EW A, 5. =05 X A& 0 RS I

B E G L] KW s RS 25,
2011,20(8) :983-989.
XIAO Shangbin, LIU Defu. WANG Yuchun, et al.
Characteristics of heavy metal pollution in sediments at
the Xiangxi Bay of Three Gorges Reservior [ ] J.
Resources and Environment in the Yangtze DBasin,
2011,20(8):983-989.

L7 05K, 28BS0, KRN, &8, = IROK B A PR 3 3k K 77 4]

THE SR ML ] H B R %5 HOR, 2011,
34(4) :81-85, 139.
ZHANG Lei., QIN Yanwen, ZHENG Binghui. et al.
Distribution and pollution assessment of heavy metal in
the soil of backwater reach from input river of Three
Gorges Reservoir [ ] ]. Environmental Science &
Technology, 2011,34(4) :81-85, 139.

(8] BB, AR ARIEMR. = 0o 2 X YR G 32 0 3% e o] i

RESBGREE NI AERFES5H AR, 2012,
35(3): 155-158.
MIN  Zhenzhen, MA Limin, SONG Houran.
Investigation and assessment of soil pollution by heavy
metals in fluvial sediment of Liangtan River, branch
river of Three Gorges Reservoir [ ] ]. Environmental
Science & Technology, 2012, 35(3):155-158.

L9 ] R, R SR 7K A T 45 J8 40 A 52 i B A 3

KAL) KR, 2009,40(11) :34-36.
YUAN Hong, FU Wali. Impact of urbanization on the
heavy metal elements distribution in water and
ecological risk analysis [ J]. Yangtze River, 2009,
40(11) :34-36.

[10] B0 5 4R 57 SR, 7K R0 7K I 43 B o ik (ML
4. dbut P EFREERRE H AL, 2002.

[11] Wu B, Zhao D Y, Jia H Y. et al. Preliminary risk
assessment of trace metal pollution in surface water
from Yangtze River in Nanjing section, China [ ] ].
Bulletin  of  Environmental = Contamination  and
Toxicology, 2009, 82(4): 405-409.

[12]1Li S Y, Zhang Q F. Risk assessment and seasonal
variations of dissolved trace elements and heavy metals
in the Upper Han River, China [ J]. Journal of
Hazardous Materials, 2010,181(1/2/3): 1051-1058.

[13] WHO. Guidelines for drinking-water quality[ M]. 3rd
ed. Geneva: World Health Organization, 2008.

[14] United States Environmental Protection Agency.
National recommended water quality criterial EB/OL].
[ 2011-06-11 ]. http: // water. epa. gov/scitech/
swguidance/standards/criteria/current/index. cfm .

C15] kM 01 BrZ AR, BULIR T B B TR Y h = 4 8 05
gepy ok P 4 BT LJJ. 3 B B A%, 2007, 28 (7))



http://gks.cqu.edu.cn

%58

o

AR, =0k B R OR BT IR R M E LB T J AR 5 4 B e 3 H 93

[16]

[17]

1584-1589.

ZHU Wei, BIAN Bo, RUAN Aidong. Analysis of
sources of heavy metal contamination in road-deposited
sediment from Zhenjiang [ J ]. Chinese Journal of
Environmental Science, 2007, 28(7) . 1584-1589.
Y ARR A RN DE 5. BRI i K b i T
G JRITRMFFEAS BT[], KB AR Y, 2009, 25(5) .
44-48.

LI Meiying, XU Junrong, LIU Zhixing, et al.
Characteristic analysis of trace heavy metal elements of
Kunes River[]J]. Water Resources Protection, 2009,
25(5); 44-48.

Kim E, Little J] C, Chiu N. Estimating exposure to
chemical contaminants in drinking water [ J ].
Environmental Science and Technology, 2004, 38(6):
1799-1806.

[18] De M E, Iribarren I, Chacon E, et al. Risk-based

evaluation of the exposure of children to trace elements
in playgrounds in Madrid (Spain)[J]. Chemosphere,
2007, 66(3): 505-513.

[19] Rodriguez-Proteau R, Grant R L. Toxicity evaluation

and human health risk assessment of surface and ground
water contaminated by recycled hazardous waste
materials [ ] |. Water Pollution: The Handbook of
Environment Chemistry, 2005, 2. 133-189.

[20] US EPA. Risk assessment guidance for superfund

(RAGS) volume 1. human health evaluation manual
(part E, supplemental guidance for dermal risk
assessment) interim[ EB/OL]. [2011-05-06]. http://

www. epa. gov/oswer/riskassessment/ragse/.

(B k¥

(L#%E 74 5O

[11]

(12]

[13]

Castilla M, Garcia D V L, Lopez M, et al. Dynamic
response optimization of quantum series-parallel resonant
converters using sliding mode control[ C]// Proceedings of
the 2000 IEEE 31st Annual Power Electronics Specialists
Conference, June 18-23, 2000, Galway, Ireland.
Piscataway : IEEE Press,2000,2.702 -707.

Effler S,Kelly A, Halton M, et al. Digital control law
using a novel load current estimator principle for
improved transient response[ C] // Proceedings of the
2008 TIEEE Power Electronics Specialists Conference,
June 15-19, 2008, Rhodes, Greek. Piscataway: IEEE
Press,2008:4585-4589.

Guang F, Meyer E, Liu Y F. A new digital control

algorithm to achieve optimal dynamic performance in

DC-to-DC converters[ J]. IEEE Transactions on Power

Electronics,2007,22(4) :1489-1498.

[14] Meyer E, Zhang Z L, Liu Y F. An optimal control

method for buck converters using a practical capacitor
charge balance technique [J]. IEEE Transactions on
Power Electronics,2008,23(4) :1802-1812.

Lukic Z, Blake C, Huerta S C, et al. Universal and fault-
tolerant multiphase digital PWM controller IC for high-
frequency DC-DC converters C]// Proceedings of the 2007
Twenty Second Annual IEEE Applied Power Electronics
Conference, February 25-March 1, 2007, Anaheim. CA.,
USA. Piscataway:IEEE Press, 2007 :42-47.

(¥ Z 48



