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Characteristics of sediment heavy metal pollution in three water supply reservoirs in
Huizhou Guangdong Province of South China. CHEN Xiukang' ZHANG Hua-un' GU Ji-
guang' Hu Ren' YANG Hao-wen’ CHEN Jing-an’ ( 'Institute of Hydrobiology Jinan Universi—
ty Guangzhou 510632 China; *Hydrology Bureau of Gunagdong Province Guangzhou 510150
China; The State Key Laboratory of Environmental Geochemistry —Institute of Geochemistry ~Chinese
Academy of Sciences Guiyang 550002 China) . -Chin. J. Appl. Ecol. 2012 23(5): 1254-1262.

Abstract: To understand the present status of the heavy metal (Cr Cu Zn Cd Pb and Hg) pol-
lution of the sediments in water supply reservoirs in Huizhou sediment cores were sampled from
three representative reservoirs. The heavy metal concentrations were analyzed by ICP-MS and the
pollution status was assessed by geo-accumulation index ( /,,,) and potential ecological risk index
(RI) . In the meantime the possible sources of the heavy metals were analyzed by the principal
component analysis ( PCA) . In the sediments of the three reservoirs the test heavy metals had dif-
ferent vertical distribution some had less change the others decreased or increased with depth
and the distribution patterns differed with the reservoirs. According to the /., the sediments in the
reservoirs were seriously polluted by Zn and Pb ( Zn: 49.98-640.29 mg * kg™'; Pb: 21.94-
300. 66 mg * kg™')  reaching slight to high pollution and the middle or bottom part of the sedi—
ments was slightly polluted by Cu ( 16.85-45.46 mg * kg™') . On the whole the sediments were
not polluted by Cr Cd and Hg. According to the RI and the potential ecological risk coefficient
E (i)  the sediments in the three reservoirs were under low potential ecological risk. Based on
the PCA and relevant information the human activities such as mining and smelting urbanization
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and agriculture and forestry had great contribution to the heavy metal pollution. The Zn and Pb pol-
lution mainly originated from mining and smelting Pb pollution also came from motor vehicle ex—

haust emission and domestic wastes and Cu pollution mainly derived from agriculture and forestry.

Key words: heavy metal; geo-accumulation index; potential ecological risk index; sediment;

reservoir.
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Table 1 Major parameters of the three water reservoirs and sedimentary cores in Huizhou

Reservoir Location Latitude and ~ Completion ~ Catchment  Reservoir Type Average Sediment Sample
longitude time area capacity annual depth numbers
( Year) ( km?) (m?) precipitation (cm)
((mm)
115°0149" E 1985 856 12.2x108 1900 24 6
Baipenzhu Reservoir Huidong County ~ 23°04°55" N Large-scaled
114°32°60" E 1969 26.8 2. 17x107 1767. 4 28 7
Shatian Reservoir Huiyang Area 22°51730" N Medium-scaled
114°1320" E 1958 41.6 3.12x10’ - 16 4
Guandong Reservoir Huicheng Area  23°05°11" N Medium-scaled
26.8 km’ 2.17 %10’
m’ 1767.4 mm 1820
39 km T2
1958 41.6 km®
3.12x107 m’. N ¢
1,.( 1) = log, (1)
1.2 kB
2008 5 13—15 Q) ‘ Xy
N ( i (mg.kg_])!Bi
1) Uwitec VK
(PVC 60 cm 6 cm) k=
4 em s, I,
7 Miiller ' .
1. 0~4 cm 1.4
4 cm ( potential ecological risk
. index) Hikanson *
100 e
50 mg Teflon
1 mL HNO, 0.8 mL HF 3
(180 ~190 °C) 30 h : C(1) = C(i) /C,(1) (2)
Teflon 140 C
HNO,( <1 mL) ; 2 mL HNO, 3 2
o Table 2 Grade of geoaccumulation index (7,,,)
mL 140 C 5h
100 mL; 10 mL 0.2 mL Lyeo Grade Pollution level
Rh ICP-MS( ELAN DRC-e) I, <0 0
Unpolluted
Cu.Cr.Pb.Zn.Cd
0< I, <1 1 -
< Lightly to moderately polluted
. <1, <2 2
S%; 0.2 ) ( 95 OC) ’ Moderately polluted
F732-S Hg 2<1,,<3 3 -
Moderately to heavily polluted
GBW-07305( GSD-5) ' '
3< 1, <4 4
Heavily polluted
16 4< 1, <5 5 -
( LOI) ) Heavily to extremely polluted
1.3 5<1,,<10 6

17

Miiller 1969

geo
Extremely poliuted
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E(1) =T(i) - C{i) (3) ( 1.
n 3 E (i) .
RI =Y E(i) (4) (RI)
= . . Table 3  Potential ecological risk coefficient E (i) RI
C(1) t , C(1) v and ecological risk
; C( ) l L E(7) E(i) RI
i : T'( L) 1 Ecological risk
21 ( 2) " RI <40 <150 Low
40 ~80 150 ~300 Moderate
3. 80 ~ 160 - Considerably high
1.5 160 ~ 320 300 ~ 600 High
Excel 2010, Origin Pro 8.5  SPSS 19 =320 =600 Very high
(a=0.05) (CV)
Zn > Cr > Hg > Cu > Pb > Cd(27.9% ~71.6%)
’ Zn ( P<0.05)
5
2.1 (16 ~20 cm)
4 3 Cr Cv
19.58 ~92.94 mg * kg™’ Hg > Cr > Cu > Pb > Zn > Cd(25.7% ~84.2%) .
> > > ; Cr.Cu Cd (20 ~24 cm)
Cu 16. 85 ~45.46 mg * kg™ (8 ~12 cm) ; Hg
> > > Pb  Zn
2.5 ;7Zn 3 Cu
49.98 ~ 640.29
mg * kg™’ > ( P<0.05) . Cr
> > Zn.Cd.Pb  Hg
14 Cd 3 ( P<0.05) Cv Zn > Pb > Cd >
0.22~0.91 mg * kg’ Hg > Cr > Cu(23.7% ~59.0%) .
> > 2.2
> ; Pb Cd 3
3 Zn.Pb  Cu
3 .3 Cr.Cd Hg
Hg Zn.Pb  Cu
( 2).
3 Zn
4 (mg - kg™) . 3 . T()  LOK %)

Table 4 Guangdong soil background constants ( mg * kg™')

LOI ( %) in sediments from three reservoirs in Huizhou

concentration and toxicity factor 7.(9)

of heavy metals and

Baipenzhu Reservoir

Shatian Reservoir

Guandong Reservoir

Heavy Background

metal Max Min Mean+SD Max Min Mean+SD Max Min Mean+SD value

Cr 66. 58 19.58  32.01£17.9%4 92.94 24.34  50.68+30. 87 81.76 46.96  60.01£16.08 50.5 2
Cu 42.21 16.85  25.14£9.20 45.46 16.86  29.40+11.85 37.24 21.81  28.73+6.79 17 5
Zn 640. 29 57.49  315.10+225.70 270. 12 129.52  173.40+48. 00 175. 18 49.98  96.28+56. 82 471.3 1
Cd 0.83 0.34 0.65+0. 18 0.91 0.43 0.67+0. 17 0.52 0.22 0.33+0. 14 0. 056 30
Pb 93.78 39.78 65.0+21. 64 300. 70 122.20  188. 60+60. 00 51.90 21.94  32.49+14.17 36 5
Hg 0.22 0.08 0. 13£0.05 0.15 0.11 0.13£0.01 0.18 0.08 0. 12£0. 04 0.078 40
LOI 1266 511 9:08+B.176 10. 46 7183 900520.194 9.15 3181 LAFE21T1 A
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Fig.1 Vertical distributions of heavy metals in the sediments of three reservoirs in Huizhou ( mg * kg™') .
White area meant no data. | : Baipenzhu Reservoir; I : Shatian Reservoir; III: Guandong Res—
ervoir. The same below.
Zn - (0<I,,<
(3<l,.,<4). 1). Pb (1.,<0).
- Pb ( l<l ,<2) 3 Zn Pb
Pb (1,,<0). Cu
(12 ~20 cm) Cu (0<l,,<1) Cr.Cd Hg
Cu . 7Zn Zn  Pb
Cu Zn
- (1<«/,.,<2) 2.3
- Zn (0<I RS 2) 5 6
Pb ( 1<Igeo<3) . 40 3
(8 ~16 cm) . Zn . RI
( ge0<0) N (4 ~8 cm) 3 (<120).
- Zn ( 1<Igeo<3) Cd 3 RI
Zn . RI Pb.
(12 ~16 cm) - Cu 2.4 PCA
(1<1,,<2) Cu (1< 3 (
0) Cu LOI ) PCA . PCA Kai -
5 3 WRI
Table 5 Potential ecological risk indices of heavy metals RI and risk grades in the sediments of three reservoirs in Huizhou
£ RI
Reservoir Cr Cu 7n cd Ph Hg Ecological risk
Baipenzhu Reservoir 0 87 6 40 10 58 33 32 6.91 5 11 63 19 Low
hatian Reservoir 27.91
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Fig.2 Geoaccumulation index of heavy metals in the sediments of three reservoirs in Huizhou.
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85.5% 3
1 44. 2% Cd.

PhHg = LOI 3
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6 3 LOI  Pearson

Table 6 Pearson’ s correction matrix for the heavy metal

24
contents and LOI of three reservoirs in Huizhou .

Cr Cu Zn Cd Ph Hg LOI
o 1 2527
Cu 0.849%* 1
Zn -0.272 -0.203 1 A A
Cd 0.322  0.508" 0.363 1 N N Cd.
Ph -0.132  -0.101  -0.086 0. 315* 1 As-Cu Hg 26 ) 27
Hg 0.443 0.446  -0.205 0.545 0.302 1
LOI 0.190  0.326  0.217  0.764** 0.303"  0.696* *1
* P<0.05; * *P<0.01. Cu.Cd.Pb 7n
25
7 3 LOI PCA .
Table 7 PCA for heavy metal contents and LOI in the sed—
iments of three reservoirs in Huizhou N
y— 20 50 80 20 60
rlnCl[)éi component
Ttem 1 2 3 70
Cr 0. 170 0. 909 -0. 165
Cu 0.289 0. 900 -0. 045
7n 0.118 ~0.226 0.926 Cr.Cu.Hg.Cd.Zn.Pb Sn
Cd 0. 809 0. 287 0.393 20 90
Pb 0.672 -0. 447 -0.372 -
Hg 0.771 0. 345 -0. 247 .
LOI 0. 868 0. 146 0.232 29
3.095 1.716 1. 173
Eigenvalue
44.2 24.5 16.8 PbZn
Contributive rate ( %) 2 30-31
44.2 68.7 85.5 U3
Accumulative rate ( %) (
\ ~ ~ ) Zn
10 / (0 ~12 cm)
Zn 500 mg * kg™ ;
o 05t
5 D AMD
=
2 Zn Pb 120
5 0r o
S @ mg * kg ;
=
= 05
~1.0 <>.0
-1.0 £705
mz/,xﬂj 0 05 505 comﬁ‘°“°m 3 Zn Pb
711 Componeng I v‘-ﬁjﬁ.} 13
3 3 LOI  PCA 3.2

Fig.3 PCA plot for heavy metal contents and LOI in the sedi-

ment of three reservoirs in Huizhou.

3 32-34

35

( acidic mine drainage AMD) ( ) JPCA( )



5 3 1261
As\Mn Ni ( <120)
Cu~Zn Pb Co
Cr . Pb Cr.Cu.Zn.Cd.Pb  Hg
N Pb
Pb Zn
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Pb . Cu 3
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3
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Zn Pb 3 Pb
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