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Abstract: While lead — zinc smelting is a significant source of soil thallium (Tl) contamination, its impact on
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nearby residential areas is insufficiently studied. This study therefore examined a residential area near a typical
smelter, employing spatial analysis,the Nemerow Pollution Index,the Potential Ecological Risk Index,and a hu-
man health risk assessment model to systematically determine the spatial distribution, extent of pollution, and
health risks posed by thallium in soils. The results indicate that 33. 7% of the soil samples exceeded the screen-
ing value for Category I land use. A significant negative correlation was found between Tl concentration and soil
depth, while moisture content and soil properties influenced Tl s vertical migration. The average single — factor
pollution index of Tl suggested an overall“clean” level , the soil in the miscellaneous fill layer has reached the a-
lert level ,while the soil below 2. 0 m remained clean. According to the potential ecological risk index , moderate to
strong ecological risks were identified within the 0.0 ~6. 0 m soil layer, primarily concentrated in the southern
part of the residential area,close to the smelter and roads. Health risk assessment demonstrated that the current Tl
content in the soils does not pose significant non — carcinogenic risks to human health , though long — term poten-
tial risks require further attention. Oral intake and inhalation were identified as the main exposure pathways, with
children exhibiting higher susceptibility to Tl than adults. To prevent further Tl contamination in the residential
area,we recommend comprehensive management measures focusing on source control, pathway interception, and
ground treatment.
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Fig. 1 Schematic diagram of sampling points
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Tab.1 Main physicochemical property parameters of the tested soil

AR BEAE i Kt

SH 0.5m2.0m 4.0m.6.0 m
HHUEHE (g - kg™") 7.92 ~18.90 2.03 ~3.56
pH fi 5.89 ~6.45 5.45 ~6.21
BEHE/ (mg - kg™") 0.55 0. 48
GIKE % 11.1~22.7 11.4~22.3
Wb/ A8/ Bk A L/ (% ) 16.2 ~39.0 8.3~22.6
WL L/ % 61.0~83.8 77.4~91.7
FLBRAR/ % 41.3 ~47.9 39.5~43.6
BBERE (em-s™") 2.71 x107* ~1.62 x10~* 2.90 x107° ~3.09 x 10~
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(HJ 962—2018) { -3¢ pH {EAYMIE A7) ' I 5E L3 pH 5 R4 AT A7 (NY/T 1121. 3—
2006 ) { Ok 45 3 H43 - IEHUBRZEL B I ) I b HERAR A A 5 2% [ bR UE (GB/T 50123—
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Tab. 2 Pollution index evaluation grade
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Tab.4 Exposure parameters

" PN . ISz bt e
SR &L Hf L Y A€ 3
IRS BHEA T mg - d”! 200 100 CHk[29]
EF RN d-a’ 350 350 HR[26]
ED TR AR a 6 24 SCHR[26]
ABS, 28 1 AMRRCR A 7 — 1 1 SCHR(8 ]
ABS, Rz 15 Ui PR — 0. 001 0. 001 SCHR[8]
2016 KA H
BW S kg 18.4 61.3 <<1 o, gm;;g[;lﬁ
AT 44 SR 1] (B0 d 2190 2190 g;‘;fﬁﬁﬁ
SAF BT LIENSER RS IR — 0.5 0.5 SCHR[26 ]
AF B R R mg + (em? - d) ! 0.20 0. 07 k[ 29 ]
SA 5k 8 J R R TR cm’ 2 800 5700 SCHR[29]
PM 28 AT A R A mg - (m’) "' 0.119 0.119 SCHik[26 ]
IRA £} [ 25 SR m - d”! 7.5 14.5 CHR[26]
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REEH HQ (RIS AT . B S A b RAD/ (mg - kg™ - d ™)

o 55
1.5 #iEAbiE ZHEA I B A B2 PR f
il SPSS 26. 0 52 575 U W1 1 1 5 M e 14347 I 0. 000 08 0. 000 08 0. 000 01

FARAE BT L SR S48 B3+ 35, AR S 1k 0 ik
Spearman FEAHSE R BHEATFIWT; ] Origin 2019 BEAT EIE 221, X BCa dE 47 rT AL 204 s T Arcgis #4725 18]
AL 738 B XAV 1] PRy 22 7]

2 ZBRE5HM
2.1 BRESESESITRHIFE

LIRSS R R, 108 SRR A 104 A RERVA K A 2 R (0.5 m 2 m) b 3EA R0 Oy
54 A4~ KHTE Y 0. 10 ~ 1. 50 mg/kg, PR KB 0. 55 mg/ke, HFRAR 42. 6% CRFRFE b B/ K 2L
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FEARM R (AR 2) , Bk BB 2R — 2 P AT RE (L, L2 (E A AR SE L 2 BB 0B B 8 1 2 B 4 /) 5 A 5
Yo AT s R R ek 2 B R R (P = - 0.85,P <0.05).
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Tab. 6 Analysis of pollutant content in residential areas near lead — zinc smelting plants

R g ORI M PR g g, TR g
(mg-kg) (mg-kg™) (mg-kg™) (mg - kg™")
0.5 27 1.50 0.20 0. 60 51.05 0.50 51.85
2.0 27 1.30 0. 10 0. 50 53. 16 0. 50 29. 63
4.0 24 1.40 0. 10 0.53 63.36 0. 50 29.17
6.0 26 1. 10 0. 10 0. 44 60. 05 0. 50 19.23
0.5~6.0 104 1.50 0. 10 0.52 56. 98 0. 50 33.65
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Fig.2 Thallium concentration distribution map

of each soil layer in the study area

*®7 PREEBELERELEFSHRERSITE
Tab.7 Statistical table of single — factor

pollution index of each soil layers

in the study area

- AR TIEG BETIEg BRI
FRWE/m e ek )
fefuoR . fREURME HRECT M
0.5 3 0.4 1.21
2.0 2.6 0.2 0.99
4.0 2.8 0.1 0.97
6.0 2.2 0.1 0. 86
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Tab. 8 Statistical table of potential ecological risk index of Thallium in different soil layers in the study area

+JZHE/m wAME He/MAE M e P 25 DRI 18 ST X (X o7 1 IR 20
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Tab. 9 Statistical table for non — carcinogenic risk of Thallium inresidential soil

B S| B SN EN F/ME FHME
ZOFA 9.39x10°° 3.13x1077 3.13x10°°
B W W A 2.17%x10°° 7.25x1077 7.25x10°°
J 5 fi 3.74x10°° 1.25x1077 1.25x10°°

HQ 0. 760 0. 025 0.250
ZOHA 1.56 x10° 5.21 x1077 5.21x10°°
Lk R TN 9.37x10°° 3.12x1077 3.12x10°°

==X

F 5 fi 4.38 x10°° 1.46 x10~7 1.46 x10°°

HQ 0. 750 0. 025 0.250

3 & ¢
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