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Pollution characteristics and health risk assessment of heavy metals of
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Abstract To investigate the distribution characteristics of heavy metal elements in a river section in headwater
stream of Xiangjiang River and assess their health risks to coastal residents, five heavy metal elements (As, Cu, Pb,
Zn and Cd) in 13 surface water samples of the river were collected and monitored at three periods (wet, dry and
normal). The Nemero comprehensive pollution index method and the health risk assessment model were employed
to study the pollution levels, distribution characteristics and potential health risks of these heavy metals. The results
showed that the average metal concentrations in the surface water samples in the river followed the order of Zn > As >
Pb > Cd > Cu. The pollution levels of these heavy metals were arranged as follows: normal period = dry period >
wet period, and upstream = midstream > downstream. The results of Nemero comprehensive pollution index method
showed that 86.1% of the sampling sites in the river were heavily polluted by heavy metals throughout the year. The
result of health risk assessment indicated that the environmental health risks in the surface water in the study area
were mainly caused by As and Cd. The health risk level of these heavy metals in study area followed the order of
upstream > midstream > downstream and dry period > normal period > wet period. And the children were nearly 2.1
times more susceptible to health effects than adults.
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Table 1 Evaluation criteria for heavy metal pollution
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Table 3  Statistical analysis of heavy metal monitoring results in the study river section

WL /(mg/L) . o L B
Gy K3 - - — ffEZ/(mgl)  ERFRH FREE(mgLl)  BIRREESEUS BRE%
BME BKRE BE
FAKW 0.0005 0.05 0.005 0.01 2.68 1.00 0
Cu HiAK® 0.001 0.27 0.04 0.08 2.20 1.00 0
FARE 0.001 0.08 0.02 0.02 1.36 1.00 0
FAKW 003 15.30 1.92 3.99 2.08 1.00 4 31
Zn HA® 0.04 40.83 5.62 11.90 2.12 1.00 5 50
K 0.07 31.27 6.55 7.71 1.18 1.00 10 77
FAKW 0.0005 0.009  0.001 0.002 1.99 0.05 0
Pb HiAK® 0.001 1.67 0.20 0.50 2.48 0.05 2 20
K 0.001 0.13 0.03 0.04 1.23 0.05 2 15
FAKW 0.008 1.21 0.33 0.38 1.13 0.05 9 69
As HA® 0.02 4.74 0.78 1.34 1.73 0.05 9 90
FARE 0.02 1.62 0.44 0.48 1.09 0.05 12 92
FAKW 0.0005 0.04 0.003 0.01 2.89 0.005 1 8
cd HiAK® 0.0002 0.08 0.02 0.03 1.49 0.005 6 60
KB 0.001 0.08 0.02 0.02 0.91 0.005 11 85
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Fig.2 Spatial distribution of heavy metals concentrations in the study river section
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Table 4 Evaluation results of heavy metals contamination in the study river section
s K PR TG YR B W%E%%‘?ﬁﬁé#‘éé&&*‘»ﬂﬁéﬁ%
Cu Zn Pb As cd P, TN EER
FIK 0.013 4.983 0.055 1.828 1.988 4,705 CilRCEA]
i HitiZk 9] 0.017 10.498 1.265 29.208 4.155 26.394 CiREr
K3 0.019 13.730 1.068 14.928 8.098 14.860 WG Y
FIK 0.001 0.717 0.010 11313 0.100 8.187 CilRCEA]
il HitiZk 9] 0.047 2.017 5.735 4.963 2.043 7.704 CiREr
AR 0.022 4.330 0.735 4523 3.055 4.147 WG Y
FIK 0.002 0.267 0.010 3.613 0.100 2.617 CilRCEA]
T HitiZk 9] 0.003 0.690 0.137 2.773 1.767 2.384 CALRETS
KA 0.002 1.417 0.093 9.287 1.153 7.054 TG
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Fig.3 Comprehensive pollution index of

the studied river section
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Table 5 Results of health risk assessment of carcinogenesis caused by drinking water a’
K3 G Lt i T
A JLE [IN JLE A ILE
As 2.88x10™ 6.49x107™ 1.78x107 4.02x107 5.69x10™ 1.28x107
F k1] cd 1.27x107 2.87x107° 6.41x107 1.44x107 6.41x107 1.44x107°
B0 R 3.01x10™ 6.78x10™ 1.78x107 4.02x107 5.70x10™ 1.28x107
As 4.12x107 6.61x107 1.17x107 2.64x107 437x10™ 9.85x107
7K 48 cd 3.55x10° 8.00x10°° 1.96x10°° 4.43x10°° 1.13x10°° 2.55x10°°
B0 R 4.15x107 6.69x107 1.19x107 2.69x107 4.48x107™ 1.01x107
As 2.35%107 5.30x107 7.13x107™ 1.61x107 1.46x107 3.30x107
Sk cd 5.19x107° 1.17x10™ 1.96x107 4.41x10° 7.40x107 1.67x107
0 SR 2.40x10°° 5.42x10°° 7.33x10°* 1.65x10°° 1.47x10° 3.31x10°°
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Table 6 Results of health risk assessment of non-carcinogen caused by drinking water a’!
- R i r i T
i} &8 - — - — - —
LN JL# A L N JL#
Cu 5.33x107'° 1.20x10°° 2.10x107" 4.73x107" 7.36x107" 4.73x107"
Zn 3.49x107° 7.86x107° 5.00x107"° 1.13x10”° 1.86x107'° 4.18x107'°
ES/ & 1]
Pb 4.03x107"° 9.09x107'° 7.51x107" 1.69x107'° 7.51x107" 1.69x107'°
Ao SRR 4.43x107° 9.97x107° 5.96x1071° 1.34x107° 3.34x107"° 6.35x107'°
Cu 9.78x107'° 2.20x107° 2.97x10° 6.70x107° 1.33x107'° 3.00x107'°
Zn 9.80x107° 221x10° 2.12x107° 4.78x10™° 4.83x107"° 1.09x107°
A
Pb 1.26x10° 2.85x10° 6.46x107° 1.45%x1077 1.00x10°° 2.25%x107°
eyl iis 2.34x10°* 5.28x10°° 6.97x10°° 1.57x1077 1.62x107° 3.64x107°
Cu 8.18x1071° 1.84x107° 9.30x107"° 2.09x10°° 3.05x107"° 6.88x107"°
Fok Zn 9.62x107° 2.17x10° 3.03x107° 6.84x107° 9.91x107'° 2.23x107°
\/7 i:
Pb 8.01x107° 1.81x10° 5.52x107° 1.24x10°% 6.93x107'° 1.56x107°
AL B0 SRR 1.84x10°* 4.16x10°* 9.48x107° 2.14x10°* 1.99x107° 4.48x107°
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