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Abstract. Based on the mass concentrations of four heavy metals, Cu, Zn, Cd and Hg from 12 sampling
sites in Ningxia section of the Yellow River in various seasons from 2019 to 2020, the status and sources of heavy
metal pollution were analyzed, and the health risks to human body were evaluated. The results showed that the
mass concentrations of the four heavy metals in Ningxia section of the Yellow River from high to low were Zn >
Cu > Cd > Hg. Except for Hg mass concentration exceeding class [ standard limit, other heavy metals did not
exceed the standard. The concentrations of the four heavy metals were higher in spring, summer and autumn than
those in winter. The difference of Zn concentration distribution was the largest. The maximum total health risk of
the four heavy metals to human body was 3.76 x 10 "° a ™' for adults and 4.40 x 10 ° a~"' for children, far below

“'. Cd was the main contributing factor. Cu, Cd and Hg in water

the maximum acceptable level of 1 x 10 ™" a
might come from industrial and agricultural production and rainfall dilution, while Zn might come from tourism
transportation and soil leaching.
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Fig. 1 Distribution of study area and sampling sites
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Table 1

Statistics of heavy metal mass concentration

in Ningxia section of the Yellow River

R T T L A O VR T
(pg-L77) (ng-L7H)

HZ Cu — 3.5 0 0
/n 3~11 5.25 53.3 0
Cd —~3 1.37 58.4 0
Hg 0.21 ~0.37 0.28 17.9 100

FES Cu 13 ~52 31.08 45.6 0
/n 10 ~28 17.25 37.8 0
Cd 1~2 1.17 33.3 0
Hg 0.02 ~0.03 0.02 100 0

k= Cu — ~10 6.92 38.4 0
Zn 8 ~160 42.75 98.2 0
Cd — 0.5 0 0
Hg 0.03~0.10 0.04 75 25

P & Cu — 3.5 0 0
Zn 1~19 4.58 107.9 0
Cd — 0.5 0 0
Hg 0.03~0.10 0.04 75 0

W) 1A Cu — ~52 11.25 120.7 0
Zn 1 ~160 17.45 148.8 0
Cd —~3 0.89 68.5 0
Hg 0.02 ~0.37 0.10 110 75

) (SL 219—2013) ML , ik T4 R 0 4% 172 46
HBR 2 m itk B DA 3R K BR B B & AR E )
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Fig.2 Seasonal variation of mass concentration of

the four heavy metals at each sampling site
in Ningxia section of the Yellow River
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Fig.3 Seasonal variation of HPI value at each sampling

site in Ningxia section of the Yellow River
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Table 2 Health risk assessment of heavy metal in Ningxia section of the Yellow River a”!

R°/107° R"/10°1 Rv/107° R'/107" R/10°°

PN JLE A JL# WA JLFE LN JLE I'UN JL#
S1 1.87 2.18 2.36 2.75 0.71 0.76 4.06 4.33 1.88 2.19
S2 2.62 3.05 4.16 4.84 1.00 1.06 7.00 7.46 2.63 3.06
S3 1.87 2.18 2.77 3.23 0.71 0.76 5.27 5.48 1.88 2.19
S4 1.87 2.18 6.59 7.67 0.71 0.76 9.38 9.99 1.88 2.19
S5 1.87 2.18 2.53 2.95 0.71 0.76 5.17 5.51 1.88 2.19
S6 2.25 2.61 2.17 2.53 0.86 0.91 4.05 4.31 2.26 2.62
S7 2.99 3.49 2.66 3.09 1.14 1.22 5.19 5.53 3.00 3.50
S8 3.75 4.38 1.78 2.07 1.43 1.52 3.37 3.59 3.76 4.40
S9 3.75 4.36 1.91 2.23 1.43 1.52 5.08 5.41 3.76 4.38
S10 2.99 3.49 2.01 2.33 1.14 1.22 4.75 5.05 3.00 3.50
S11 2.99 3.48 2.18 2.53 1.14 1.22 5.57 5.93 3.00 3.49
S12 2.99 3.49 2.40 2.80 1.14 1.22 4.77 5.08 3.00 3.50
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Fig.4 Clustering diagram of the four heavy metals and 12 monitoring sites in Ningxia section of the Yellow River
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