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Heavy Metals Pollution and Its Potential Ecological Risk of the Sediments in

Three Gorges Reservoir During Its Impounding Period

WANG Jian-kang"?, GAO Bo"'’, ZHOU Huai-dong"”, LU Jin', WANG Yu-chun'?, YIN Shu-hua',
HAO Hong', YUAN Hao'

(1. Department of Water Environment, China Institute of Water Resources and Hydropower Research,Beijing 100038, China; 2. State
Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower
Research, Beijing 100038, China)

Abstract: In order to investigate the heavy metals concentrations and their potential ecological risks of sediments in Three Gorges
Reservoir during its impounding period, 24 sediment samples were collected from both the mainstream and tributaries for analyzing Cu,
Pb, Zn, Cd, Ni, Cr, As and Hg. The index of geoaccumulation and the potential ecological risk index were then employed to evaluate
the pollution degree of heavy metals in the sediments. The results indicate that the average contents of heavy metals in Three Gorges
Reservoir: Cr is 86.31 mg-kg™", Niis 46. 81 mg-kg ™", Cuis 76.03 mg-kg™"', Zn is 137.63 mg-kg™', Cd is 0. 75 mg-kg™", Pb is
59.40 mg-kg ™', As is 18.07 mg-kg™', Hgis 0. 109 mg-kg ™', respectively. Average concentrations of heavy metals in sediments of
Three Gorges Reservoir are relatively higher than those in sediment background of Yangtze River. The assessment by geoaccumulation
index indicates that the pollution degree of heavy metals is: Cd > Pb > Cu > As >Zn > Ni > Hg > Cr. The assessment by potential
ecological risk index show that the potential ecological risk intensity caused by heavy metals is; Cd > Hg > Cu > As >Pb > Cr >Zn, and
Cd is the predominant element among them. In general, it is not significantly polluted during the impounding of Three Gorges
Reservoir.

Key words:sediments; heavy metals; Three Gorges Reservoir; index of geoaccumulation; potential ecological risk index
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Table 3 Concentrations of heavy metals in the sediments of Three Gorges Reservoir

g e/ ME ISoN] EHIE ATV s 26 RAITTR S
/mg-kg’1 /mg-kg’1 /mg-kg’1 /% /mg-kg’l

Cr 50.76 108. 35 86.31 17. 424 82

Ni 26.25 57.92 46.81 19. 824 33

Cu 21.62 110. 32 76.03 44. 169 35

Zn 58. 84 189. 39 137. 63 30.511 78

cd 0.27 1.17 0.75 37.205 0.25

Pb 17.99 93. 02 59. 40 43.980 27

As 12. 18 23.01 18. 07 17.457 9.6

Hg 0. 047 0.158 0.109 36.767 0.08

x4 ZHEERTARYREERLTEELESE /mg-ke ™!
Table 4  Concentrations of heavy metals in sediments and soil of Three Gorge Reservoir/mg-kg ™!

Hsf 1] 2 As cd Cr Cu Hg Ni Pb Zn
1999 4¢[10] TR 2.78 0.27 145.15 62. 54 0.42 36.94 25.71 160. 61
2001 4g[17] TR 5.8 0.176 63.01 35.35 — 34.8 53.41 90. 29
2005 4¢3 135 8.65 0.321 — 37 0. 059 — 29.3 72.7
2006 4E[18] 135 5.5 0.292 — 29.42 0.042 — 21. 66 82. 46
2007 4g[1] TR 15.59 1.35 78.8 59. 15 0.46 — 63.21 126. 76
KNI TR 17.457 0.75 86. 31 76.03 0.109 46. 81 59. 40 137.63
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Fig. 2 Comparison of heavy metal concentration ratios between

mainstream and tributaries
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Table 5  Correlation of heavy metals in sediments of Three Gorges Reservoir
Cr Ni Cu Zn Cd Pb As Hg

Cr 1. 000 0.972** 0. 860 " * 0.887** 0.792 " * 0.878 0.493* 0.781%*

Ni 1. 000 0.920 " * 0.933** 0.835" " 0.922%* 0.595* * 0.852**

Cu 1. 000 0.985** 0.900 * * 0.988* * 0.645" " 0.958* "

Zn 1. 000 0.900 * * 0.990 * * 0.627** 0.955**

cd 1. 000 0.900 * * 0.543** 0.908 * *

Pb 1..000 0.616** 0.952%*

As 1. 000 0.657**

Hg 1. 000

1) # + FIRTE0.01 KFP EWFAI; = FIRTE0.05 KT F R EFEMRK
®6 NPMESRESFMRRIEN L, RIR
Table 6 Index of geoaccumulation and classification of heavy metals pollution of the sediments

e Cr Ni Cu Zn Cd Pb As Hg
AT 1L mok 1, w1 mR L. sk L. Wk L. B L. Gk
EIEA -0.4 0 0.1 1 0.9 1 0.5 1 1.3 2 1.3 2 0.3 1 0.0 0
MRZM 0.5 0 -0.1 0 0.3 1 0.2 1 0.7 1 0.4 1 0.0 0 -0.5 0
WL -0.3 0 0.2 1 0.9 1 0.4 1 1.1 2 1.0 1 0.3 1 -0.4 0
KFw -0.7 0 -0.3 0 -0.5 0 -0.4 0 0.0 0 -0.5 0 0.4 1 -3 0
MifE -0.7 0 -0.2 0 0.2 1 0.0 0 0.6 1 0.0 0 0.3 1 -0.8 0
WER -0.7 0 -0.4 0 -0.9 0 -0.5 0 0.8 1 -0.8 0 -0.1 0 -13 0
KFE -0.4 0 0.1 1 1.0 1 0.6 1 1.4 2 1.0 1 0.6 1 0.0 0
HYER -0.3 0 0.1 1 1.1 2 0.7 1 1.6 2 1.2 2 0.5 1 0.0 0
BEJ%E 0.8 0 -0.4 0 0.1 1 0.0 1 0.5 1 0.2 1 0.3 1 -0.7 0
TAEF O -05 0 -0.1 0 0.7 1 0.3 1 0.9 1 0.6 1 0.2 0 -0.4 0
K -1.3 0 0 -0.9 0 -1.3 0 -1.0 0 0.0 0 -1.2 0 0.0 1 -6 0
WEW -0.2 0 0.2 1 0.9 1 0.7 1 1.3 2 1.1 2 0.4 1 -0.1 0
HEOD -05 0 -0.1 0 1.0 1 0.5 1 1.5 2 0.9 1 0.9 1 0.0 0
FEM -0.6 0 -0.1 0 0.8 1 0.5 1 1.3 2 0.8 1 0.7 1 0.1 1
Wigm -0.2 0 0.2 1 0.9 1 0.5 1 1.2 2 0.9 1 0.5 1 -0.2 0

FEX TR Cd By Y5 Ge 35 o, BTG e g
SR RS e FE TR LA K 6 2% SRR A F
TS RGO (1, > 1) . BRAERFE SN Ni Cu,
As Zn 54K SEARTETC ~ v B V5 Yefie Ji 2 ]
B7, B0 ~1 90 s PR R T R Ik
FEAS Cr 5 Hg 1Y 1, <0, WTCI5 Y00 (a3 =
S, B SRAE 5 Cu Cd A Pb 31X 3 FhoC & 1A%
rPRE S YRR . 0k X A% 4 T T Y e
FE o 2 55 AR IR A . Cd > Pb > Cu > As > Zn >

Ni > Hg > Cr.
2.3.2 BAEASEETN

SR, SRR PR T E S R TR IR TE
A3 G H RB(E,) e FE LG8 8 (R Ik 7
F7R.

M IR TE S R A E, TRV, =R EIX
JURYIH 7 i &R U R IR TEAE G F R 2 5
RO M . Cd > Hg > Cu >Pb > As > Cr >7Zn. Hg As |
Ph Cu.Cr #l Zn B E, #2/NT 40, WX 6 FEL G )8

TCR B NARE S G E S X Cd i 5, HoF i AE
foFEREE, KT 40, 4b TP S 8 E 900, i
BRI AE—E TR IR Th SRR Cd V551
TETE KUK

MEEA BRI HR A, =X R H{E N
105. 34 KT 150, S kb T8 A A5 o S5 . H
o R I ORI W 1230 S A S e
9. W EIRIRFE S T Cd 754, RI> 150,
BT hEESEESN. e i RpmeESEE
YL
2.3.3 ARPEMITES R A

GREEB IR AN=E P g = R St L A T AL L1
Ha RGN . Cd > Pb > Cu > As > Zn > Ni
> Hg > Cr, MIAREE7E LB F AT 0 45
WF M .Cd >Hg >Cu>As>Pb>Cr>Zn. A i, 2 Ff
TN 5 2P 45 S Cd T = I 3 X 1 305 e
Yy, (BIX PR 3 T 45 SR g AT 22 5 2 X))
#£ Pb Zn Fl Hg iX 3 FhoT K. S HIEK R R [E A
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Table 7 Risk index of heavy metals in the sediments of Three Gorges Reservoir
R - M
Cr Cu Zn cd Ph As Hg

AT} 3.19 16. 48 2.04 56. 84 15.02 11.95 22.35 127. 87
T 2.91 10. 50 1.63 37.56 10. 40 9.77 16. 34 89. 10
B4 3.41 16. 59 1.99 49. 14 16. 08 11. 64 17.28 116. 12
KT 2.54 6.11 1.12 22.17 5.58 13.06 9.54 60. 12
AR 2.59 10. 05 1.42 33.42 8.26 11.78 13.36 80. 88
] 2.44 4.82 1. 00 38.61 4.75 9.15 9.24 70.01
K% 3.17 17.45 2.17 59. 06 16.71 14.32 23. 60 136. 48
F ] 3.45 19.07 2.37 70. 26 18. 60 13.98 22.97 150. 70
J T 2.43 9.48 1.49 31.5 9.21 11.78 13.92 79. 83
A 2.83 14. 69 1.74 42. 84 12. 69 11.12 17.45 103. 36
KR 1.69 3.60 0.74 22.02 3.60 9.76 7.35 48.76
peACR] 3.51 16. 89 2.31 57.00 17.04 12.29 20.92 129. 96
BEO 2.91 17.59 2.14 61.86 15.45 11.39 23. 69 135.03
FIE 2.74 15.15 2.00 55.32 14. 56 15.34 24.38 129. 49
VA% 3.61 16. 85 2.03 49.98 15.53 13. 65 20. 81 122. 46

¥l 2.89 13.02 1.75 45. 84 12.23 12.07 17.55 105. 34

e JE wE R BN 2= S 2 T EUX R 20
PRI 2S00 it BB AU 2 AR FH A 2 K TR
75 SoE, T Hakanson A= 25 KU 48 800 2 LB 18
ARG AT A R T SUE. KILTTR
Pb . Zn T R(EZE ST Hakanson i S H ={H, S
FEBE AN ) 25 i 31050 25 - A e AN []. L 2 TP A
ZERAFAE 22 M 2R R Pb Zn DL S Hg W BT
FECABR D, He TCR WAV R BGAH 40,
Iz RUVEAN 1575 UM R RRAIG, PRI e A 2 U 25
W1 BT P P R B 5, 1M H 2 FhPEMN ik
Z L AEARDL, R H A S KR K Pz BT ez,
Zn AEYIFETE R B AR (T, = 1), SOH A 25 KR I
bz .

3 it

(1) =0l e DX 0 M RS i
WG JE SR E R R, KT RS & Zn
#7137.63 mg-kg ™", Cr 4 86.31 mg-kg ™' ,Cu 4 76. 03
mg-kg ™' ,Pb 4 59.40 mg-kg ' ,Ni } 46. 81 mg-kg ™',
As 4 18.07 mg-kg™',Cd K 0.75 mg-kg™', Hg N
0.109 mg-kg ™' FHEE S & m TRILTTBRYE =
. Hrh Cd JTTR B35 o HAS 5eE ) 3 45,

(2) T E I R W H R A S E 4R
JCE PR SRR T30, S H W E S8 & it
v T 3 i i

(3) M AR SR B0 % = Ik R [X FE 4 i 1 ¥ e
FEPEM 25 5 . Cd > Pb > Cu > As > Zn > Ni > Hg >
Cr, Horr Cd Hzir b 5 4.

(4) WEAD I FRBUE N S5 R R, =k
FEX E/KizHES B EEREHT R .Cd > Heg >
Cu >Pb >As >Cr>7n,Hg As . Pb Cu.Cr 1 Zn K
RAESEFEEN, Cd AT hEETEEFEFR N
CRETT YRR 0T, SARAL TR A B fEFH AR,
Cd RS2 PR 2= i 5 | .

SE ik
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