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Concentrations and Pollution Assessment of Soil Heavy Metals at Different

Water-level Altitudes in the Draw-down Areas of the Three Gorges Reservoir

WANG Ye-chun, LEI Bo, YANG San-ming, ZHANG Sheng

( Chongging Academy of Environmental Science, Chongqing 401147, China)

Abstract: To investigate the effect of 175 m trial impounding (2008 and 2009 ) of the Three Gorges Reservoir on soil heavy metals,
three draw-down areas with similar geological environment and history of land-use in Zhongxian County were chosen. Altogether 36
surface soil samples (including 0-10 ¢m and 10-20 c¢m soil layer) from water-level altitude of 160 m and 170 m were obtained, and
their heavy metals concentrations (As, Cd, Cr, Cu, Ni, Pb and Zn) were measured by the X-ray fluorescence spectrometric method.
Geoaccumulation index(/,,, ) and Hakanson potential ecological risk index were applied to assess the heavy metals pollution status and
potential ecological risk, respectively. Results indicated that although the inundation period of 160 m was 224 d longer than that of 170
m, significant difference in concentrations of heavy metals were not found between the two water-level altitudes. Except for Cd, most of
the heavy metals highly related with each other positively. According to the geoaccumulation index, the pollution extent of the heavy
metals followed the order: As > Cd > Cu > Ni >Zn = Pb > Cr. The [, value of As, Cd and Cu were 0.45, 0.39 and 0.06,
respectively, indicating that the soil was only lightly polluted by these heavy metals. Hakanson single potential ecological risk index
followed the order: Cd > As >Cu>Pb > Ni > Cr >Zn. Cd with E, values of 59. 10, had a medium potential for ecological risk, while
As, Cr, Cu, Pb, Ni and Zn only had a light potential. Consequently, although As, Cd and Cu were the major heavy metals with
potential ecological risk for surface soil pollution in the draw-down areas in Zhongxian County, the Three Gorges Reservoir.

Key words : Three Gorges Reservoir; draw-down areas; water-level altitude; heavy metals; pollution assessment
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M1 172.1 mm, ZHEHE6 ~8 A Kb 1%
UMb Hb 55 S 3T 4 s AR ST R T
3 AR ) R REAE | bR D s A AR ALY
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Table 1 Fundamental information of three draw-down areas

THYEHE LR ! Wi/ (°) TR RRAE st P s s
WP 1 N30°15'14. 41", E107°59/53.41"  10.1 NW 44.5 T LA RACH 32 SR BE R 75% A B Hb/ 535
T2 N30°14'30. 69", E108°00°04. 26" 10.8 NW 51.3 RIS AREACH 2 320 80% AV kb v 5
M7&MF 3 N30°13'52. 817, E108°00'06.05” 8.7 NW 43.4 BEIE ARACH £ B IE 0 80% AV Bk b/ H 45

1.2 SFERES LR CRE

5 6 3 BURE IS U0 kg Tt A 8 B B B, 38 8% K A K
ABLAFFAE 155 m 224y, L ACHE9E HIEE T 2 K
fr 160 m 1170 m. 2010 4£8 H 29 ~31 H , 4
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Table 2 Background contents of soil heavy metals in Three
Gorges Reservoir/mg-kg ™!

HEE  As Cd Cr Cu Ni Pb 7Zn
iR

fH 5.84 0.13 78.03 25.00 29.47 23.83 69.88

1.4.3 EEEBEASEFININE

Hakanson 76425 6 5 40k B IR FIARTH
45 R I T M 25 S B PR X o 4 R T g ) U AR
B, USSR XS R E R 22 5%, J2REL G St
G AR SR R WA I R AR bR, R AE N AME
BT ZE YT R AREIE S % R A
g B AR S E .
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Table 3 /,., and contamination grades of heavy metals
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m 1 170 m 7K A /55 F2 B9 ¥ 7K B 8] 43 51 2 334 d
90 d,AH2% 244 d.
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Table 4  Individual and general indices and grades of potential ecological risk assessment

i AR RES
i % i# it e
E; <40 40 ~80 80 ~ 160 160 ~320 >320
RI <150 150 ~300 300 ~ 600 > 600
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Fig.1 Water-level fluctuation in front of Three Gorges

Dam(2008-01-2010-08)
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Ml (P >0.05). =Wk 8 X JH 7% 7 19 AH S 98 ik 52
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m {5 R A HE K A [E] 435910 oh 334 d AT 90 d, ¥ 7K R[]
FESIR AL A RE I 3t il 3 25 5. e T g
F9E = Wk J2E X7 95 7 3 42 8 B T Cu A1 Zn
FEOR [ A KL, R S X 4R Cu
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T B A Z RS PR EASHIE T R B 7
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KR HTHEESRE A S8R, 804
3 B AR A A BT LAAE S TR JZ [A) #4  &
B R 2 S
2.3 HEJEICRRIAHEE T

F IR Ak 25 A5 R AR AL | DA R it i - 3 TS
Y s gl rh 4@ T R IAF M R BRI E SR AR A
AR AED . R 6 B Bl YR LR
EELBRIAHCRE, NPT LIE I As 5 Pb 2
WEEIEME, 15 Cr Cu Ni Fl Zn #4776 5 e B
MIEMXEKR; Cd SHEESETRERA BE
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®5 HEGTASERIBEAESETERE" /mg-kg™!

Table 5 Heavy metals concentrations in different altitudes and soil depths in draw-down areas/mg-kg ~!

160 m i

170 m =2

0~10 cm 10 ~20 ¢cm 0~10 cm 10 ~20 cm
As 12.91 +0.29° 10.31 =1. 33 12. 47 +0. 05 12.25 +0. 19*
Cd 0.29 £0.04° 0.25 +£0.03° 0.29 +£0. 02° 0.33 £0.02°
Cr 89.23 +£0. 81° 90.00 £0.41* 88.78 +1.57° 90. 65 +£2.70*
Cu 39.00 £0. 29* 36.33 £0. 43" 41.42 +1.19° 39.18 £1. 38"
Ni 42.49 0. 28" 41.53 £0. 45° 41.05 +0.70° 41.72 £0.97*°
Pb 31.09 £0.77* 29.59 +1.70° 28.00 0. 39 27.02 £0.71°
Zn 90.78 +1. 63 83.61 £1. 86" 83.19 £1.36" 81.73 £1.87*

1) R M « bl AT T RR e B3 22 5 (AES 8RS, P>0.05, n =3)

Ni . Pb Zn ¥JFFAEE WD 2 1IEAH G Ni A1 Ph 3 i
FARKR MG Zn FALENC S 2 TEAE DG Ph Fl Zn
TS BF AR, BT, B Cd A X gl Sz
Gh, o 4R o0 R R AR AE A 2 0 e 2 1 IE
R R (R 6) . X R K41 4 8 7] ¢ R i
D), BN T X IR 4 T Y i KU, RITAT BE R B
ZHUMESETRNE GGG
A5 EE 4 TR () A DG PR 25 R iR 5
B I X R R AT AR — 8, Ho
KIXBIETF Cd 5HAME 4 JE R AR . FEIE

FETVRB Cd Y5 CuZn BIEMEE R, W H Ph,
As Ni fFTERE A C KRR MRS L cd 5
Pb . Cu Zn [B] 2 B EA R KR 15 Zn Pb Al
Ni A BB KR, HIEE P H LB Cd 5 Cu,
Pb BB FIEMKEILR, MY Zn As A B E K
KR AR EYN Cd 5HMESEITE (As Cr,
Cu Ni Pb Zn) )% 3 0 M. X e 25 L ag A
—BA] B2 T H A R 8] A AH OGO R AR T
HERAL 2R E, M H S XA B4R ESHA M
] V5 YL AT o2

*®6 ELERTZAEXRHY

Table 6  Correlation coefficients between heavy metals

As Cd Cr Cu Ni Pb Zn
As 1
Cd 0. 039 1
Cr 0.500 " * 0. 130 1
Cu 0.606 " * 0. 094 0.567 " * 1
Ni 0.611*" 0.114 0.824** 0.717** 1
Pb 0.336" -0.091 0.234 0.317" 0.257 1
Zn 0.417" " -0.034 0.361" 0.591" " 0.605 " * 0.312" 1

1) # s s 43 BIRRAHIE REGEH] 0. 05 F10. 01 1Y 3 7K

2.4 EEES PRIV B EESEETN

BEL IR X 45 T 4w L BBLEE BOT 4 2R
W& 7. Hip Cr Ni Pb Fll Zn Mo R FFEE <0, 75
YA N 0, JBmICT5 Y. As Cd Al Cu Hi B RS %L
39 0.45 . 0.39 F10.06, X >0 0 <1,
Wbl E R 1, B T R-PEGY. £HEES
J& 5 Y A E MUK A As > Cd > Cu > Ni>Zn =

Pb>Cr. KFEEBILEKRELIRLG A MEELES
foERBINE 8. Hth Cd(40 <E, =59.10 <80)
FREETEBRENAESAEE, As Cr,Cu Ni,Pb,
In BN (E, <40). BN S BIBTEASGH
FEBOR /MR M Cd > As > Cu>Pb > Ni > Cr >
Zn, 255 1 A 25 16 48 B0 R (RI =99. 84 <
150) , )& TRME LS aE.

®7 EeEBHRENEHRESESREEITLN

Table 7 1 geo and contamination grades of heavy metals

mH As cd Cr Cu Ni Pb Zn
1 0.45 0.39 -0.38 0.06 -0.08 -0.31 -0.31
I3E 1 1 0 1 0 0 0
TS YRR Je-th Je-th x Je-th X J ¥
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Table 8 Individual and general indices of potential ecological risk

WiH As Cd Cr Cu Ni Pb Zn RI
E,/RI 20. 54 59.10 2.30 7.80 2.83 6.06 1.21 99. 84
A 25 XU S5 2 fi% o i i fi% 1% fi% fi%

MAIX 2 FhAS [] F) A 6 025 SR T A& B, M
ERHEBCETENZE RN As 1o edn™ 8, HON Cd,
)5 /& Cu, M Hakanson 7878 45 345 f& F AN F8 br
W] Cd 15 4 fa ™8, ROl As, B ) Cu. I
I T AR EE SR, A R RO T T
AESEEIR ST E R LU E 4 8 S 2 (Hh
Cd As Cu FEPERB 00 30, 10, 5) , F U R
FRFEHOETEM A1 Hakanson TS 7E A 516 E TR 45 R
(A5 4 — B0 SN SA TSI (X 2 Fo ik
ABHE T X B VA ) 4 R T Y nl AT
TS EMNE LB ILE N As Cd Al Cu.

As FEORIEF AR sl JUH IR 48 1 H Fn
HARIE , RIS Az 7= it FH 5 7K R A 7 As JIERL
RAEEBARET S As SR, Cd BT5 Y EE R
H L RAR AN TR K YRR SRR KR4
Tl (HL B B R A ) HER K S AR
Cu EZORIETHEED 10 1R AE e &8 I T #L
PR AN A L 5 i Cu AT A R A
B Ak 5 ARG As Cd | Cu fFHEH —E
(175 Y FNHLA e il b A5 0 A S A T AR S ok %
XTI 2 B T el & e 7= A T R iy Tl
JE K LA AR A 25 A N FH A K.

3 i

(1) 160 m F1 170 m {55 FE W5 7K 1 s ] 25 5
A (160 m., 170 m 43504 334 d #1190 d) , {HIF4
T AN KA S R Y A s A i 22 5 1l
RER N 4R H S sl i 2s R80T KA Rk
B AR S L TEAS [A] 482 (0 ~ 10 em |
10 ~20 cm) ARFRIH 2514 2 F bk

(2) B Cd ARXS At S Ah | HoAth 5 43 8 ST R KHRA
TE4 B E B B W IEADCR R, R/ E 4
JE ] G 2 LR B V], 35 7% X 3l o 4 )@ 15 4L i R
W, BIATRERIAS 3z 2 LA R & Jm T R R G 15 4.

(3) Hh B FRTE B W 43 T e B AR R
H:As>Cd>Cu>Ni>Zn=Pb>Cr,As .Cd 1 Cu H
BEEyE Yy, Cr Ni Pb Zn N %A 754 ; Hikanson H
ANEE BB ESKBEIT . Cd > As > Cu >Pb >
Ni >Cr>Zn,Cd AR BAHEE HARE S8

B 3X 2 RhOTEE AR TR T IZ X EE YE o R 3
BHESRG RS AR TEAES GEEFNESE TR N
As .Cd 1 Cu.
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