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Sources and assessment of heavy metal contamination in water-level
fluctuation zone of the Three Gorges Reservoir, China
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Abstract The Three Gorges Reservoir is one of the most important water resources in China. Understanding the degree of soil
contamination in the water-level fluctuation zone is critical for water/soil conservation in the region. A total of 68 soil samples were
collected at 12 sites in the reservoir region and analyzed before the water level rose to 175 m above mean sea level. The degrees of
Cu, Pb, Zn, Cd, Hg, As and Cr contamination were determined via the geo-accumulation index (Igeo) method. The study showed that
soils in the reservoir region were severely contaminated with As, Cd and Hg. While there was no Cr contamination in the reservoir
region; Pb, Cu and Zn contamination was not significant in about 70% of the region. Further Factor Analysis on sources of heavy
metals revealed that Cr, Pb, Cu and Zn contamination in the water-level fluctuation zone were caused by natural factors, and that of
Hg, As and Cd by industrial factors. The findings of sources and the evaluation of surface soil heavy metal contamination were criti-
cal for sustainable environmental management in especially the water-level fluctuation zone in the Three Gorges Reservoir.
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[3] Tab. 1 Criteria for assessment of soil pollution with index of
geoaccumulation
175 m In((i:i)r(nzfagtf(?ﬁc- Class Pollution status
<0 0 Unpolluted
0~1 1
[4-6] Unpolluted to moderately polluted
’ 1~2 2 Moderately polluted
[7-8] Pb cd 23 3 Moderately to heavily polluted
5] 3~4 4 Heavily polluted
, [9] 4~5 5 .
S Heavily to extremely polluted
>5 6 Extremely polluted
12 s 175 m ,
Cu Pb Zn Cd Hg As
Cr , (mg - kg™): As 5.84, Cd
0.134, Cr 78.0, Cu 25.0, Hg 0.046, Pb 23.9, Zn 69.9!"*
1.4 #iRg
. Excel SPSS13.0
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Fig. 1 Distribution of heavy metal geoaccumulation indices of
surface soils in the water-level fluctuation zone of the Three
(D Gorges Reservoir
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69.12% 77.94%  83.82%; As
64.7%; Cd 47.06%,
41.18%; Hg 7.35%,
39.71% As ,

Cd Hg
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Tab. 2 Pollution assessment of soil heavy metals in the wa-
ter-level fluctuation zone of the Three Gorges Reservoir (by Igeo)

Percent (%)

Class Hg As Cr Cd Pb Cu Zn
0 5294 1.47  100.00 11.76 69.12 7794 83.82
1 39.71 33.82 — 41.18 30.88 16.18 16.18
2 7.35 5882 — 47.06 — 5.88 —
3 — 5.88 — — — — —
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Hakanson
s Cd
, Hg, As!
As , Cd,
Hg
(Hg 40,Cd 30,As 10),
[14]
Cd Hg As,

i B

(1]
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SR

> b

(Factor analysis)

( )
[15]
, 68 KMO
Bartlett , 0.703  366.814
(df=21, P<0.01), (161
, 2 71.233%
( 3 3 7
1 Cr Pb Cu Zn,
[17-18]
Cr Pb Cu Zn ,
1 X3 > :

Cr Pb Cu Zn
41.9426.68 mg - kg”'  36.16+8.89 mg - kg™’
31.70219.06 mg -kg™'  78.802424.62 mg -kg """,
(Cr 78.0 mg - kg™', Cu
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Tab. 3 Factor loadings of heavy metals extracted from the
topsoil samples of the Three Gorges Reservoir

Heavy Component matrix Rotated component matrix
metal 1 2 1 2
Hg 0.263 0.708 0.540 —0.528
As 0.484 —-0.647 0.161 0.792
Cr 0.502 0.223 0.549 0.013
Cd 0.748 —0.447 0.485 0.723
Pb 0.963 0.029 0.884 0.385
Cu 0.936 0.108 0.893 0.302
Zn 0.909 0.243 0.926 0.169
Cumulative  53.508 71.233 46.988 71.233

load (%)
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25.0 mg - kg™, Pb 239 mg - kg™, Zn 69.9 ,
mg - kg_l[m); ,As Cd (o1,
( 4),Cr , , , 2
Pb Cu Zn (P<0.05), Cr <« - As
Zn (SOM) (P<0.05), ,  As (22.3927.41 mg -kg )"
Cr Pb Cu Zn (5.84 mg - kg )", As
(1] 2 Hg As Cd, cd , As
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Tab. 4 Correlations matrix for heavy metals and soil organic matter (SOM) in the topsoil samples of the Three Gorges Reservoir
Hg As Cr Cd Pb Cu Zn SOM
Hg 1
As -0.064 1
Cr 0.090 0.147 1
cd -0.020 0.532" 0.174 1
Pb 0.207 0.370" 0.428™ 0.702" 1
Cu 0.316" 0.382" 0.333" 0.601" 0.901" 1
Zn 0.249" 0.174 0.471" 0.521" 09117 0.900"" 1
SOM 0.044 0.387" -0.280" 0.173 -0.163 -0.171 -0.359" 1
HoowE 0.05  0.01 * and ** mean significant correlation at 0.05 and 0.01 levels, respectively.
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