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Abstract The contaminated plot left by a typical illegal lead refining site for waste lead batteries was taken as the
research object. The pollution characteristics of lead and arsenic and health risk in the site soil were analyzed and
evaluated by using the comprehensive pollution index method, the potential ecological index method, and the human
health risk assessment model, and the children's blood lead levels were evaluated combined with the integrated
exposure uptake biokinetic (IEUBK) model at the same time. The results indicated that the mean values of lead and
arsenic in the soil at all sites in the study area were 4.67x10*and 2.64x10* mg/kg, respectively, which were
significantly higher than the soil background values in Henan Province and exceeded the risk screening values of
Soil Environmental Quality - Risk Control Standard for Soil Contamination of Development Land (Trial) (GB
36600-2018) for Class II land by 58.37 times and 4.41 times, respectively. The comprehensive pollution index and
potential ecological index in various points of the research area followed the order of waste lead battery dismantling
area>storage area>lead block molding area. Except for the lead block molding area where the soil arsenic was

lightly polluted, the lead and arsenic in the soil of other research areas were heavily polluted, and there was an
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extremely strong potential ecological risk. Meanwhile, the carcinogenic and non-carcinogenic risks of heavy metals

in three exposure pathways followed the order of ingestion of soil>dermal absorption of soil>inhalation of soil. The

total cancer risk index of arsenic at each point was found to follow the order of lead smelting furnace area>waste

lead battery dismantling area>storage area>lead block molding area>10"°. Lead and arsenic levels had a significant

effect on the maximum total non-carcinogenic risk indices, counting 25.00, 160.69, 1.73, and 11.71 for adults and

children, respectively, with the non-carcinogenic risk of lead to children being more obvious. Both were higher than

the US EPA's maximum acceptable level, and there was an extremely strong potential health risk to nearby residents.

In addition, the probability of children's blood lead concentration exceeding 100 ng/L was as high as 99.99%,
calculated by the IEUBK model, which was much higher than the safety probability limit of 5%.
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Fig.1 Distribution diagram of soil sampling points in the study area
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Table 1 Classification criteria of pollution index method
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Table 3 Statistical analysis of heavy metal content and main physicochemical properties of soils in the study area
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Table 4 Evaluation index of soil heavy metal pollution at

various points in the study area
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heavy metals at each point in the study area
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Table 6 Risk value of non-carcinogenic exposure to heavy metals by different pathways at various points in the study area

x6 MRARELMTAREREESRIFHERZENIGE

HQpy Hlp, HQx Hlag
Xi  REEEN AHEA R A ik BTN ZOA He ik fh )T ON
M JLE RN JLE RN JLE ORA JLE OmA JLE A JLE O OmA JLE WA JLE
249% 1.60%  6.63x 2.99x 438x 7.06x 2.50x 1.6% 138x 2.18% 1.72x 8.41x
T 100 100 102 100 10° 100 100 102 MELOTTO g2 T2 qot g0t 1220 782
%
X ™ 1'110“1* 7'13031X 31'%§2X II%ZX 21%15 31%3? 1'110“1* 7'13051X 151 973 11'2)%; 21'Z)§2X 21-2)55 11.%§3>< 153 976
207x  123x 554x  8.11x 131x 2.97% 110x  1.95x 3.09x 243x 1.19x 1L11x
. 46l S0 o2 o2 10¢ 100 492 T LT o o2 Tio2 104 100 M3 g
T4 138X BO0X 68X 166x 243x 392x 139x 892x . oo L4dx 208 LT9x BI8x o o
10 100 102 100 10° 10° 100 100 - : 102 102 10* 10* - :
BIIUR o S37x 220x 100x 147x 236x g 538x 340 o 388x 613x 483 236 344 oo
X ' 0 102 10 100 100 ® 0 100 % 10° 100 10° 10* 10" %
T6 egy 442 183x B26x 121x 195x oo 443x 484x 748x  552x 200x 200 807  490% 7.50x
: 0 102 102 100 10° © 10 10" 100 100 100 10*  10° 10" 10"
WA [ 519% 334x 138x 623x  9.13x 147x 520x 335x 680 | o T76x 294 204 LI3x 688x |
X ' 10 10" 10" 107 10° 100 100 100" 10° 10° 10 10* 10"
g 440% 283x L17x 528x  774x 125% 4Alx 284x  592x O.l4x 675 256 2.55¢ 98T 5.99x 9.17x
10 100 100 100 100 102 100 10> 10! 10" 10 10°  10* 10° 10" 107




55 2 3] KIS HEPR A B L TRt B S b T R T YRR R A R XU E AR 775

*7 MRRERUTRREESRBERENGLE

Table 7 Risk value of carcinogenic exposure to heavy metals by different pathways at various points in the study area
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