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Evaluation of the Heavy Metals Contamination and Its Potential Ecological Risk of

the Sediments in Beijiang River s Upper and Middle Reaches

XU Zhercheng, YANG Xiao-yun, WEN Yong, CHEN Gu+hua, FANG Jiande

( South China Institute for Envirormental Science, Minstry of Environmental Protection, Guangzhou 510655, China)

Abstract: In order to find out the heavy metals concentrations and their potential ecological risks of the sediments in Beijiang river’ s upper and
middle reaches, 25 sediments specimens were sampled from both the trunk stream 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 sediments in Beijiang River have been severely contaminated by many heavy metals. The
descending order of pollution degree of various metals is: Cd >»Hg> Zn> As> Pb= Cu> Ni> Cr; and similarly the potential ecdogical risk
intensity caused by different metals is: Cd > Hg> Pb= As> Cu> Zn> Cr, and Cd is the predominant element among them. In general,
because the trunk stream receives huge waste discharge, the pollution degree of heavy metals is sironger in the trunk stream than that in the
tributaries due to long time accunulation. The Maba River is the worst polluted among the tributaries, and the Zhengshui River and Wongjiang

River are next to it.
Key words: sediments; heavy metals contamination; Beijiang Rwver; Index of Ggeoaccumulation; Potential Ecological Risk Index
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Ca Pb 7Zn Cd Ni Cr HNOs-HF Fig. 1 Sampling sites for the sediments in Beijiang River
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ESS-4( GSBZ500014-87) , Cd 50~ 250 mg ke, 23 km
Cd 153.7 mg/ ke.
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1 /mg* kg™ !
Table 1  Concentrations of heavy metak in the sediments of Beijiang River / mg*kg™ !

Cu Pb Zn Cd Ni Cr As Hg

101 104 0 239. 0 932.6 46.7 33.8 73 1 119.1 1.93
102 187. 5 1759. 5 4306.7 18.4 35.7 61 8 341.9 7.63
103 14 8 0. 0 279. 4 3.50 6.4 291 11.9 0.30
104 101 3 267. 1 587.6 7.19 29.8 66 5 93.8 1. 20
105 435 148. 3 559.6 18.8 14.4 516 61.8 0.83
106 158 8 621. 7 1741.2 53.6 28.7 126 1 18.9 2.09
107 102 4 275. 2 1260.5 5.8 33.3 96 3 121.4 1. 15
108 57. 4 236. 5 971.3 8.81 20.6 44 6 12.6 0.59
109 58 4 131. 9 740. 6 27.5 13.4 46 5 0. 1 0.64
110 20 4 6.9 126.0 1.63 9.9 376 18.3 0.39
111 48 7 142. 2 11111 24.8 19.3 557 0.2 0.63
112 225 7.5 418.0 3.96 14.7 3.9 2.5 0.26
113 230 73. 8 3%.7 6.25 10.8 358 19.4 0.31
114 17. 4 2.1 231.7 3.72 5.6 306 12.5 0.24
115 717 40. 0 61.0 1.65 6.6 190 7.21 0.28
116 2976 4 342. 5 17%.8 13.7 249.8 16376 24.2 0.23
201 76 6 168. 1 364. 4 2.62 23.6 1419 40.9 0.33
202 418 4 206. 2 437.6 4.02 19.0 59 4 67.5 0.78
203 24 0 148. 8 346. 1 2.95 20.3 3025 3.5 0.25
204 380 6 1152. 5 3484.3 0.1 20.0 107. 2 897.4 1.08
205 89 4 103. 2 935.2 5.95 42.2 61 6 26. 4 0.63
206 59 8 174. 1 29.7 1.26 23.0 539 21.3 0.41
207 90 4 97.7 668.3 3.44 32.8 46 5 16.0 0.35
208 18 4 43. 4 8.5 0.99 12.6 300 46.0 0.17
209 20 7 37.3 65.7 0.67 7.9 309 5.37 0.20
1] 12 1 2.0 2.7 0.026 11.2 40 9 7.3 0.041

; 1.5
2
I ,
18
Lo = loga G/(1.5% B)] (1) 7 (0-6 )Vl
) Ci 2
2
Table 2 Index of geoaccumulation and chssification of pollution degree
Lo <o 0~ 1 1~ 2 2~ 3 3~ 4 45 >5
0 1 3 4 5 6
I : CaPb I, 3~6 |
Cd, ,
, I g0 56 , s
[9]
. 8 Ni Cr s
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Cu Ni Cr
,
: Cd>Hg> Zn> As> Pb= Cu> Ni> Cr. 9
) ) )
Cd Hg,
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( 106) (116).
Tee
Table3 Index of geoaccumulation and class¥ication of heavy metak pollution of the sediments
Hg
[ I o Leo I o I o Lyeo I o I o
101 25 3 23 3 39 4 102 6 1.0 1 03 1 34 4 50 5 45
102 34 4 52 61 6 122 6 11 2 00 0 50 5 70 6 611
103 -03 0 03 1 21 3 65 6-14 0 -1L1 0 01 1 23 3 25
104 25 3 25 3 32 4 75 6 08 1 01 1 31 4 43 4 367
105 L3 2 1.6 2 31 4 89 6-02 0 -02 0 25 3 38 4 37
106 31 4 37 4 48 5 104 6 08 1 L0 1 41 5 51 6 49
107 25 3 25 3 43 5 106 6 10 1 07 1 35 4 42 5 467
108 L7 2 23 3 39 4 78 6 03 1 -05 0 35 4 33 4 367
109 L7 2 L5 2 35 4 95 6-03 0 -04 0 30 3 34 4 40
110 02 1 04 1 10 1 54 6-08 0-07 0 07 1 27 3 218
11 L4 2 1.6 2 41 5 93 6 02 1 -01 0 25 3 34 4 3%
112 03 1 07 1 27 3 67 6-02 0-09 0 1.0 1 21 3 260
113 03 1 06 1 26 3 73 6-06 0 -08 0 08 1 23 3 29
114 -01 0 04 1 19 2 66 6-1L6 0-1L0 0 02 1 20 2 2%
115 -L2 0-03 0-01 0 54 6-13 0-17 0-06 0 22 3 206
116 7.4 6 28 3 48 5 85 6 39 4 47 5 L1 2 19 2 49
1.7 18 32 8.3 0.2 00 21 3.4
01 21 3 18 2 25 3 61 6 05 1 L2 2 19 2 24 3 27
202 45 5 21 3 28 3 67 6 02 1 00 0 26 3 37 4 349
203 0.4 1 L6 2 24 3 62 6 03 1 23 3 18 2 20 2 27
204 44 5 46 5 58 6 1.3 6 03 1 08 1 64 6 41 5 57
205 23 3 L1 2 39 4 73 6 13 2 00 0 13 2 34 4 33
26 L7 2 1.9 2 22 3 50 5 05 1-02 0 LO 1 27 3 23
207 23 3 L0 1 34 4 65 6 10 1 -04 0 05 1 25 3 29
208 00 0-01 0 04 1 47 5-04 0-10 0 21 3 L5 2 S
209 0.2 1-04 0 00 0 41 5-11 0-1L0 0-10 0 L7 2 157
2.0 L5 26 6.4 0.3 02 1.8 2.7
2.3
,
Hakanson 1980 4 )
(risk index, RI)'"™, RI ;@

[ 17, 20~ 23]
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i 4 C, T,
. ® @ Table4 References C, and toxic coefficient T, of different heavy metals
Cu Pb  Zn cd  Cr As Hg
’ C. 30 % 0 05 60 15 0.2
T; 5 5 1 30 2 0 4
RI :
o 5
_ Ri= X E = 2I(C/C] (2)_ Table 5 Fcobgical risk coefficient, risk index and
, Cs i ; Cn dlassification of risk intensity
i , E; RI
T i < 40 < 150
g ’ 40~ 80 150~ 300
80~ 160 300~ 600
160~ 320 2600
. E; i . 2320
Hakanson Cu Pb Zn Cd Cr As Hg
R 7 ) R 7
, (Ei) (RD)
( 4, 5! 6
6
Table 6 Risk index of heavy metals in the sedinents of Beijiang River
E;
Cu Pb Zn Cd Cr As Hg i
101 17.3 478 117 28020 2.4 79 4 308.3 3268.8
102 312 3519 538 11124 2 2.1 279 1220.0 1302.
103 25 12 0 35 210 1 1.0 79 8.4 285.4
104 16.9 534 73 814 2.2 625 191.2 765.0
105 7.3 297 70 11278 1.7 412 127 1347.3
106 26.5 124 3 21 8 3245 42 125 9 334, 1 38513
107 17.1 550 158 35805 3.2 809 183.7 3945.3
108 9.6 473 122 285 1.5 817 9.2 775.0
109 9.7 26 4 93 16527 L5 600 103. 1 18627
110 3.4 126 16 98 0 1.3 122 6.9 191.9
111 8.1 28 4 139 14899 1.9 40 1 101. 4 1683.7
112 3.7 151 52 237 4 11 150 2.0 319.5
113 3.8 14 8 50 3750 1.2 129 9.7 462. 4
114 2.9 124 29 23 1 1.0 83 3.6 289.3
115 13 80 08 98 8 0.6 48 4.2 158.5
116 496. 1 685 224 820 6 4.6 16 1 %.8 1515. 1
41.1 567 12 1 17515 51 548 186.9
01 12.8 336 46 157 4 4.7 272 5.2 293.5
202 69.7 412 55 210 2.0 450 125.3 5.8
203 4.0 29 8 43 176 8 101 250 4.0 290.0
204 63.4 205 436 50459 3.6 98 3 173.2 7058.4
05 14.9 20 6 117 3572 2.1 17.6 100. 5 5245
206 10.0 348 37 754 1.8 142 6.0 204.9
07 15.1 195 84 206 4 1.6 107 %6.0 317.6
208 3.1 87 11 593 1.0 307 7.4 131.2
200 3.5 75 08 40 1 1.0 36 0.7 .2
21.4 465 92 802 2 3.0 85 4 7.2
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5 . (25 mg'kg)
Cd 160, )
1715.5, (101~ 111), Hg Pb As Zn , Pb
80 R . (T:=5) >
(112) Hg RI , ; As
; Hg (T:;= 10),
, . Pb s, : . 7n (T
(102) (105) 0.
Pb As
(116) , Cu , ’
’ ’ Hakanson
Cu 40,
Zn G, ’ ’
40, . /n I
) 4
Hakanson s 7 (1)
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> Pb=As> Cu> 7Zn> Cr, Cd RI .cd >>H’g> 7n> As> Ph ~
, Hg. Cu> Ni> Cr.
6 RI R (2)
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(110) (114) 03)
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