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Tab. 2 Statistical results for 12 indicators in 2018 —2022
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Fig.3 Pearson correlation between heavy metal indicators
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Tab. 3 Explanation of total variance of principal components

s VIR FRAEAE P A -5
At JiE/ % RKBUF /% Bt I/ % RBUr 2/ %
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2 1.407 11.723 40.264 1.407 11.723 140.264
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7 0.802 6.682 82.317
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12 0.222 1.853 100.00
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Fig.4 Result of principal component analysis
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Characteristics of spatial and temporal distribution of heavy metals and health risk assessment of
surface drinking water sources in a province in the middle reaches of the Yellow River

Wang Lu''?, Li Chao', Chang Sheng®, Tu Xiang®, Wang Shanjun®, Dai Boyang®, Yang Yubo?

(1. College of Environmental Science and Engineering, Taiyuan University of Technology, Jinzhong 030600, China; 2.State Environmental Protection

Key Laboratory of Drinking Water Source Protection, Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: Based on the monthly monitoring data of 17 prefecture-level surface drinking water sources in one province in
the middle reaches of the Yellow River from 2018 to 2022, the Kriging interpolation, heavy metal pollution index( HPI),
Nemero index(NI), and degree of pollution(CD) were used to carry out the analysis of the spatial and temporal distribution
characteristics of the heavy metal indicators and the pollution level, and the correlation analysis and principal component analy-
sis(PCA) were used to study the heavy metal sources, and oral intake health risk assessment of heavy metals by Monte Carlo
simulation. The results showed that the average concentrations of heavy metals in the water sources were ranked as p =>p >
OO = Prte = O =0y =0, =0y =0 .~ 0~ 0. - The data of Fe, Mn, Pb, Mo, Co, Be, B, Sb, and V had high variability
( 111.66%-330.68%). The mean concentrations of Fe, Mn, Be, Mo, Co, B and Ni showed higher levels in the water sources
in the northern part of the province(Shuozhou City and Datong City) and the lowest in the water sources in the central part of
the province(Jinzhong City), whereas the mean concentration of Ba was higher in the water sources in Jinzhong City, and As
was basically the same for all the 17 water sources in the province. The average concentration of heavy metals in the province
from 2018 to 2022, the annual average concentrations of heavy metals changed in a small range(18.64 % —74.23%). The HPI
index(mean value 2.14) showed that heavy metals in the province were at a very low pollution level (HPI<(15). The results of
Pearson correlation analyses showed a strong positive correlation between As and Ba, and between Mo and Pb, Co, B, Ni, and
V(p<<0.01, and 0.27—0.63), indicating that they have common or similar sources. PCA results showed that human activities
such as industry, agriculture and transport were the main sources of heavy metals(28.5%) . followed by geological background
(11.7%) and mineral extraction activities(11.4%). The results of the health risk evaluation of oral intake showed that there
was no non-carcinogenic and carcinogenic risk of heavy metals, but the 95% quantile showed that As had some carcinogenic
risk for children(1.09X 10" "). Meanwhile, As, Co, Mo, Sb and V had low level carcinogenic risks for adults(0.02% —0.25%)
and children(0.51% —5.60%) under extreme conditions, which need to be focused on As, Mo, Sb, V and Co.

Keywords: drinking water sources; heavy metals; spatial and temporal distribution; Pearson correlation analysis; health

risk assessment
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