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Abstract. Health risk analysis can predict and control the risks posed by heavy metals, especially in drinking water, which is a highly sensitive environmental receptors. In
order to evaluate heavy metal pollution in drinking water, the monthly average concentrations of As, Cd, Cu, Hg, Ni, and Zn were used to assess the health risk between
January 2015 and December 2018 in a drinking water source. Furthermore, Spearman rank correlation coefficient and the ARIMA model were used to analyze temporal
variations. The results showed that the monthly average concentrations of heavy metals exceeded the class Il values as specified by Chinese environmental quality standard for
surface water( GB 3838-2002) , especially Hg with a minimum monthly average four times more than that set by the standard limits. Overall, the order of carcinogenic risk of
As and Cd was decreased; the non-carcinogenic risk of Zn, Cu, Ni, Pb, and Hg was increased. Further, the comprehensive non-carcinogenic risk for adults was lower than
1 throughout the study period except February 2015, when the comprehensive non-carcinogenic risk for children was lower than or close to 1 after October 2017, and the
comprehensive carcinogenic risk for children was more than 10 ~*. Meanwhile, the children’s health risks are higher than that for adults, with the main health risk
characteristic factors of As, Cd, and Hg. The Spearman rank correlation coefficient were —0.714 069, -0.773122, and -0.622 34, indicating the significant downward
trend from 2015 to 2018. However, the children’s comprehensive carcinogenic risk, whose average value was 0. 000 234 much more than 10 ™, had significant upward trend
in 2018 with Spearman rank correlation coefficient 0. 902 098. The ARIMA(3,1,3)model was able to predict the comprehensive carcinogenic risk for children from heavy
metals in drinking water, and the result indicated the children comprehensive carcinogenic risk should be monitored to ensure levels between 0. 000 200 and 0. 000 302. The
study has positive significance for risk warning and environmental management compared to the analysis and prediction of health risk from heavy metals in drinking water
sources based on time series models.

Key words: drinking water source; heavy metal; health risk; Spearman rank correlation coefficient; ARIMA model
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Table 1~ Descriptive statistics of heavy metals in a drinking water source

i H As cd Cu Hg Ni Zn

FHIE/mg- L~ 0.011 783 0. 000 783 0. 002 922 0.003 514 0.012618 0.017 813

KM/ mg-L~! 0. 097 670 0. 003 469 0. 020 028 0. 049 359 0. 042 920 0.088 510

%/ ME/mg-1.~! 0. 000 661 0. 000 309 0. 000 300 0.000 413 0. 000 300 0.002 574

PALE/ mg- 1! 0. 003 552 0. 000 601 0. 001 615 0. 001 325 0.007 437 0.018 791

FrifE2E 0.015 642 0. 000 496 0.003 172 0.007 423 0.010 493 0.017 817

AR ZB(CV) 1.327516 0. 633 159 1. 085 622 2. 112406 0.831 597 1. 000 246
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Fig. 1 Analysis of non-carcinogenic risk for adults and children from heavy metals in a drinking water source
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Table 2 Analysis of carcinogenic risk of heavy metals in a drinking water source
H i DN JLEEEUR X H DW=y 3 JLFEEUR K
(!F-H) As Cd As Cd (FF-H) As Cd As Cd
2015-01 0. 000 035 0.000 015 0.000260  0.000 116 2017-01 0. 000 028 0.000 017 0. 000 206 0. 000 127
2015-02 0.000019  0.000020  0.000 143 0. 000 147 2017-02 0.000046  0.000014  0.000 343 0. 000 106
2015-03 0.000018  0.000016  0.000136  0.000 124 2017-03 0. 000 048 0.000 018 0. 000 361 0.000 138
2015-04 0.000028  0.000018 0.000209  0.000 134 2017-04 0.000049  0.000016  0.000371 0.000 123
2015-05 0. 000 085 0.000047  0.000637  0.000 351 2017-05 0.000022  0.000 038 0. 000 165 0. 000 284
2015-06 0.000084  0.000024  0.000632  0.000 180 2017-06 0.000 011 0. 000 038 0. 000 080 0. 000 282
2015-07 0. 000 131 0. 000 041 0.000979  0.000 309 2017-07 0.000006  0.000052  0.000 044 0. 000 390
2015-08 0.000199  0.000011 0. 001 493 0. 000 083 2017-08 0.000012  0.000124  0.000 087 0. 000 932
2015-09 0.000200  0.000015 0.001502  0.000 114 2017-09 0.000012  0.000 028 0. 000 091 0.000 211
2015-10 0.000202  0.000020  0.001515 0. 000 149 2017-10 0.000009  0.000022  0.000070 0. 000 161
2015-11 0.000199  0.000017 0. 001 493 0. 000 126 2017-11 0. 000 007 0.000011 0. 000 050 0. 000 083
2015-12 0.000200  0.000026  0.001 503 0. 000 194 2017-12 0.000006  0.000012  0.000 049 0. 000 093
2016-01 0.000196  0.000032  0.001469  0.000240 2018-01 0. 000 007 0. 000 021 0. 000 053 0. 000 154
2016-02 0.000208  0.000014  0.001 558 0. 000 101 2018-02 0. 000 007 0. 000 015 0. 000 054 0.000 113
2016-03 0. 000 205 0.000016  0.001542  0.000 122 2018-03 0. 000 007 0.000016  0.000 055 0.000 117
2016-04 0. 000 195 0.000 015 0. 001 465 0.000 113 2018-04 0. 000 007 0.000022  0.000 052 0. 000 162
2016-05 0.000199  0.000030  0.001493 0. 000 224 2018-05 0. 000 008 0.000024  0.000 062 0.000 182
2016-06 0. 000 203 0. 000 017 0. 001 521 0. 000 131 2018-06 0.000009  0.000 025 0. 000 067 0..- 000 187
2016-07 0.000 182  0.000015 0.001 364  0.000 112 2018-07 0. 000 009 Q 000 028 0. 000 065 O.-0.00 211
2016-08 0.000 173 0.000011 0. 001 301 0..000 085 2018-08 0. 000 008 0.000024  0.000 061 O 000479
2016-09 0.000 180  0.000 033 0.001349 0. 000 250 2018-09 0.000009 ~ 0.000027 0.000065 0. 000 202
2016-10 0. 000 085 0. 000 053 0. 000 635 "000 398 2018-10 0. 000 009 0l 000 029 0. 000 069...--"".. 0;0{00 220
2016-11 0.000072  0.000039  0.000536 +0.000 291 2018-11 0.000608 _.-0.000 039 0. 000 059 6 000 294 o
2016-12 0.000 006~ 0.000022 0,000 045 0 000,169 2018-12 0, bOO 009 #0,000030  0.000 064 0. 000 225
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Fig. 3 Residual analysis of comprehensive carcinogenic risk of heavy metals in drinking water sources
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Table 5 Prediction results of the comprehensive carcinogenic risk of heavy metals for children

in drinking water sources based on ARIMA(3,1,3) model

H

Hi

) B bR 95% H{RIX I Sehre ez () B R 95% BEfRXIH Sebr{E B
W00 — — — 0.00376  — || 2018:01 0.000105 0.000241 ~-0.000367~0.000577 0.000208  (0.000 102
201502 0.000376 0000253  -0.000120~0.000873 0.000290  -0.000086| 2018-02  0.000176  0.000241  ~0.000296 ~0.000648 0.000 168 ~0.000009
201503 0.000298 0000252 -0.000196~0.000793 0.000259  -0.000039 || 2018-03  0.000228  0.000241  ~0.000244 ~0.000700 0.000171 ~0.000057
2015-04 0.000250 00002500 -0.000240~0.000740 0.000343  0.000093|| 2018-04  0.000067 ~ 0.000241  ~0.000405 ~0.000538 0.000214 0600 147
201505 0.000337 0000250 -0.000153~0.000827 0.000988  0.000651 || 2018-05  0.000326  0.000241  ~0.000 146 ~0.000797 04000243";__—94000082
201506 0.000951 0000250  0.000462~0.001440 0.000812 -0.000 138 (| 2018-06 ~ 0.000124  (:000241 -0.000348~0.0005% 0.00025 0.000 130
201507 0.000901  0.000249  0.000412~0.001390 0.001288  0.000387|| 2018-07  0.000359 0.000241 |-0.000113~0.000830 0.000276" -0.000083
20508 0.001212 0.00049  0.000723~0.001700 0.001 576" 0.000365]| 2018-08  0.000197 /0.000241 | ~01g00275 ~0.000668 0.000240 0000 044
IS0 0.001657  0.00248  0.000171~0.002144 0001616 -0.000042(| 2018-09  0.000286 | 0[000240 -0.000185 ~0.000757 ~0.000 268 0. 000018]
20510 0.000631  0.000248  0.001 146-0.002 {17/ 0.001 6635  0.000032|| 2018-10  0.000259 0.0002465 0000211 ~0.000730 0.000289] 0000030
2015-11 0.000610  0,600246 0001 187~0.000153 0.001619 * ~0°000032|[ 201811 0.000260 . 0.000240 %0.0002110.000730 0.000353 0700094
2015547 0001690 0,006 0.001209-0.002 172 /6001697~ 04000007 || 2018-12  0.000419" 0.000240.  -0.000057-0.000889 0.000285 -0,000131 -
201601 (0.000 64 _0.000245 0001 161 -0.002 122 000K £ 0.000067|| 2019-01 0000205 0.000236, <0, 000258 ~0.000 668 e T g
20602 10,001 807 0.000245  0.001327 ~0:002288 0.0016% 000048 || 2019-02 0000301 0000339 ~0,000363 ~0.00095 : -1
2016-05 [0.001597 0.000245  0.001 116 ~0.02077 0. 001 664 j 0:000 067 | 2019-02 0000300 701000424 0000 63] ~0.001 031 ' .
04604 0.0017385 - 0.000245  0.001255~0.02215 01001578 © £0.000157 | 201904 0000292, 0.000495  ~0.000 678 ~0..001 261 '
IG5 0001 48" 07000245, 0.001 068 ~0.002028 0001717 0.000 169|] 2019-05  0.000219" 0.000 562 ~0.000 883 ~0.001 321

2016-06 0.001 7289 0.000244 0.001 249 ~0.002207.0 0001652 ~0-000077/( 2019-06  0.000263  0.000622  ~0.000955 0. 001 481

2016074 0/001682 0.000244  0.001204~0.002160 0.001476 “=6-000206(| 201907  0.000252  0.000680  ~0.001 081 ~0.001 584

2016-08 S0.001443  0.000244  0.000965~0.001920 0.001386 ~0.000056|| 2019-08  0.000229  0.000733  ~0.001207 ~0.001 665

2016-09 0.001430  0.000243  0.000953~0.001906 0.001599  0.000169 (| 2019-09  0.000283  0.000784  ~0.001 254 ~0.001 820

2016-10  0.001535 0000243 0.001059~0.02011 0.001033  -0.000502(| 201910 0.000204  0.000833  ~0.001 428 ~0.001 837

2016-11 0.001115 0000243 0.000639 ~0.001 591 0.000828  ~0.000287|| 2019-11  0.000299  0.000879  ~0.001 424 ~0.002023

2016-12 0.00729 0000243 0.000253~0.001205 0.000214  -0.000515(| 201912 0.000201 ~ 0.000925  ~0.001 612 ~0.002014

2017-00 0.000264  0.000243  -0.000211~0.000740 0.000333  0.000069 || 2020-01 ~ 0.000292  0.000967  ~0.001 603 ~0.002 188

201702 0.000233 0000243 -0.000243~0.000709 0.000449 0000216 202002 0.000219  0.001010  ~0.001 760 ~0.002 199

201703 0.000458  0.000242  -0.000017~0.000933 0.000499  0.000041|| 2020-03  0.000266  0.001050  ~0.001 791 ~0.002323

201704 0.000491 0000242 0.000016~0.000965 0.00049%4  0.000003 (| 2020-04  0.000252  0.001090  ~0.001 883 ~0.002 388

201705 0.000442 0000242 -0.000032~0.000916 0.000449  0.000007 (| 2020-05  0.000233  0.001127  ~0.001 976 ~0. 002442

201706 0.000508 0000242 0.000035~0.000982 0.000362  -0.000 146(| 2020-06  0.000285  0.001 164  ~0.001 997 ~0.002 567

201707 0.000266 0000242 -0.000207~0.000739 0.000433  0.000167|| 2020-07  0.000209  0.001200 ~0.002 144 ~0.002 561

201708 0.00053  0.000242  0.000039 ~0.000986 0.001018  0.000506(| 2020-08 ~ 0.000302  0.001235  ~0.002 119 ~0.002722

201709 0.000924 0000242 0.000451~0.001398 0.000302  -0.000622|| 2020-09 0000205  0.001270  ~0.002284 ~0.002 693

2017-10 0.000420 0000242 -0.000053~0.000893 0.000231  -0.000 189 | 2020-10  0.00029 ~ 0.001302  ~0.002 256 ~0. 002 849

2007-11 0.000115 0000241 -0.000358 ~0.000588 0.000133  0.000018(| 2020-11  0.000223  0.001336  ~0.002395 ~0.002 841

2017-12 0.000187 0000241 -0.000286 ~0.000659 0.000141  -0.000045|| 2020-12  0.000271  0.001367  ~0.002407 ~0.002950
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