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Characteristics of Heavy Metals in Sediments from Different Sources and Their

Ecological Risks in the Lower Reaches of the Yangtze River
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Abstract Characteristics of heavy metals in sediments from different sources are significant varied which impact on the degree of damage for
aquatic system. Samples from municipal mining industrial and port sources in the lower reaches of the Yangize River were analyzed for major
elements and Cu Zn Pb Cd Cr by ICP-AES and AAS. The results showed that the concentrations were moderately and relatively uniform
for heavy metals in the municipal source Cu Pb were dominated for the mine source. Five metals had higher concentrations in industrial
source and Cd was the highest in sediments from port source. The enrichment factors of heavy metals in sediments were high especially Cd
up to 7.3. Through principal component analysis of major elements and heavy metals it is concluded that heavy metals of municipal source
stem from the erosion of road surface and inner pipeline in cities heavy metals of mine source come from the mining and the leaching of
tailings heavy metals of industrial source are mostly generated by mechanical debris and metal dissolution heavy metals of port sources are
mainly from the transport ships and the intensive gas emissions from vehicles. The ecological risks of these sediments were evaluated with the
Hakanson ecological risk index. It is concluded that the single factors of the ecological hazards for metals are Cd > Cu> Pb> Cr> Zn the
comprehensive index of potential ecological risks for metals from different sources decrease with port source > industrial source > mine source >
municipal source.
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Fig.1 Sampling sites in the lower reaches of the Yangtze River Fe, 0, A12 0,
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Table 1  Concentration of major elements for sediments from different sources/ %
10
Fe, 0y 5.80+0.65 7.98 +3.07 6.53+0.63 6.10+0.93 5.49
Al, 05 12.23+1.27 14.70 £ 1.49 13.80+£1.26 12.9+1.82 11.64
K, 0 2.30+0.20 2.57 £0.50 2.53+0.24 2.34+0.38 2.20
Na, O 1.22+0.18 0.85+0.34 0.95+0.18 0.94+0.34 1.47
CaO 4.89+0.47 2.61+1.55 4.29+0.77 3.99+1.68 3.06
MgO 2.39+0.24 2.19+0.60 2.30+0.22 2.14+0.75 2.91
Si0, 61.76 +4.73 59.23+6.68 62.50+5.11 62.95+5.89 61.12
OM 2.34+0.26 1.73+0.40 1.29+0.67 1.40+0.27 —
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Fig.2  Enrichment factors of heavy metals of different sources
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Table 2 Concentrations of heavy metals in sediments from different sources/mg kg~
Cu Zn Pb Cd Cr
17.71 ~ 58.74 85.13~162.36 22.45~51.04 1.41~3.95 60.08 ~ 105.77
41.08 121.47 36.06 2.30 83.75
13.43 31.19 9.68 0.88 15.83
0.33 0.26 0.27 0.38 0.19
30.53 ~507.18 87.09 ~333.39 16.06 ~ 195.76 0.71 ~10.80 39.08 ~92.08
180.63 173.74 56.6 2.80 60.50
199.11 89.95 59.90 3.34 19.90
1.10 0.52 1.06 1.19 0.33
61.29 ~ 196.08 101.94 ~ 295.63 30.88 ~ 127.83 1.76 ~5.06 77.14 ~ 145.81
96.43 202.02 65.56 2.66 98.11
43.86 80.31 34.50 1.22 25.08
0.45 0.40 0.53 0.46 0.26
25.20~126.71 71.34 ~347.34 19.05~59.13 2.60~4.54 72.48 ~232.33
75.90 124.89 43.01 3.26 133.12
39.23 90.86 12.49 0.63 49.22
0.52 0.73 0.29 0.19 0.37
18 57.04 143.7 26.9 0.45 84.71
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Fig.3  Principal component analysis of elements in sediment of different sources
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Table 3 Potential ecological risk factor E, and potential
ecological risk index R; about the pollution level of heavy metals
El <40
40< E, <80
i 80< Ei < 160
' 160< E' < 320
R, !
E, =320
Ry <150
i i i i . ; ; 150< R; <300
c; = C,/C E =T xC R, = E
f D n r f f 1 2 T RI 300< R < 600
Ci T; Ry =600
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Table 4 Potential ecological risk factor E! and potential ecological
risk index R; of heavy metals in surface sediments from different sources 1
El Cd
R,
Cu Zn Pb Cd Cr Cu Pb
1 3.4 0.82 4.9 95.06 1.42 105.23
2 1.55 0.61 4.17 98.43 1.54  106.30 Cd
3 4.23 1.08 7.35 152.36 1.87 166.90 Pb Cu.
4 4.56 1.13 5.68 157.75 2.41 171.52 2
5 5.15 0.76 6.53 115.28 2.01 129.73
6 3.78 0.71 9.49 215.73 2.07 231.78
7 4.03 1.06 8.64 266.29 2.50 282.52
8 2.47 0.59 6.8 138.88 2.00 150.79
1 9.17 2.32 3.62 145.62 1.02 161.74
2 2.68 0.61 5.83 47.87 0.92  57.90
3 3.28 0.70 6.31 57.30 1.39  68.98
4 3.11 0.66 6.06 48.54 1.67  60.04 3 Cd
5 8.08 0.92 7.45 124.04 1.21 141.71
6 44.46 1.26 15.53  728.09 1.99 791.32
7 42.48 1.30 36.39 156.40 2.17  238.75 .
8 15.83 1.21 10.52 188.93 1.43  217.92 Cd>Cu>Pb>Cr>7n.
1 8.26 1.88 11.20 137.53 2.54 161.40 4
2 6.63 1.82 11.02 129.44 1.92  150.84
3 5.86 1.88 13.77 145.62 1.87  169.00
4 5.37 0.84 6.92 149.66 1.91 164.70
5 8.26 0.86 6.23 137.53 1.82  154.71
6 6.13 0.71 5.74 118.65 2.13 133.36 > > >
7 17.19 2.06 23.76  341.12 3.44 387.57
8 9.93 1.20 18.84 276.40 2.90 309.26 Marengo E Gennaro M C Robottie E et al. Investigation of
1 2.21 0.66 6.38 211.01 1.82  222.08 anthropic effects connected with metal ions concentration —organic
2 3.90 0.69 8.76 242.70 3.24  259.29 matter and grain size in Bormida River sediments J . Analytica
3 6.50 0.77 9.71 204.27 3.22  224.47 Chimica Acta 2006 560 172-183.
4 3.000.71 7.43 19551 2.95 209.61 Masson M Blanc G Schéfer J. Geochemical signals and source
5 9.48 2.42 10.99 306.07 5.49 334.44 o .
contributions to heavy metal Cd Zn Pb Cu fluxes into the
6 11.11 0.53 7.60 175.28 3.46 197.98
7 1044 0.68 9.53 23933 171 261.68 Gironde Estuary via its major tributaries J . Science of the Total
3 6.65 0.8 7.99 219.78 314 238.43 Environment 2006 370 1  133-146.
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