L))

Check for
updates

pISSN 1738-4087 elSSN 2233-8616
J Environ Health Sci. 2022; 48(4): 227-235
https://doi.org/10.5668/JEHS.2022.48.4.227

Journal of Environmental Health Sciences

Original Article

HESEid ESREEEe 8 3 H L& o5 ity

e

Association between Soil Contamination and Blood Lead Exposure Level in
Areas around Abandoned Metal Mines

Jeong-Wook Seo', Jung-Duck Park’, Sang-Yong Eom”’, Hee-Won Kwon*, Minsu Ock’, and Jiho Lee®™

'Public Health Medicine Team, Ulsan University Hospital, *Department of Preventive Medicine, College of Medicine, Chung-Ang University, 'Department of Preventive
Medicine, College of Medicine, Chungbuk National University, ‘Department of Environmental Engineering, Andong National University, *Department of Preventive
Medicine, College of Medicine, Ulsan University, “Department of Occupational & Environmental Medicine, College of Medicine, Ulsan University

ABSTRACT Received May 24, 2022
Revised August 16, 2022

Background: Abandoned metal mines are classified as vulnerable areas with the highest level of soil Accepted August 16, 2022

contamination among risk regions. People living near abandoned metal mines are at increased risk of

exposure to toxic metals.

Objectives: This study aimed to evaluate the correlation between soil contamination levels in areas around Highlight
i s:

abandoned metal mine and the blood lead levels of local residents. Moreover, we assess the possibility of using
- Residents near abandoned metal

soil contamination levels as a predictive indicator for human exposure level.
Methods: Data from the Survey of Residents around Abandoned Metal Mines (2013~2017, n=4,421) and
Investigation of Soil Pollution in Abandoned Metal Mines (2000~2011) were used. A random coefficient

mines are at increased risk of toxic
metal exposure.
- About 20% of total variance of blood

model was conducted for estimation of the lower level (micro data) of the local resident unit and the upper lead levels in the residents (n=4,421)

level (macro data) of the abandoned metal mine unit. Through a fitted model, the variation of blood lead levels . . .
was explained with the mine exposure.

among abandoned metal mines was confirmed and the effect of the operationally defined soil contamination . el TH
evel q - Hierarchical linear models was useful
evel was estimated. ’

vew ma to describe effects from between-

Results: Among the total variation in blood lead levels, the variation between abandoned mines was 18.6%, regions as well as within-region of the

and the variation determined by the upper-level factors such as soil contamination and water contamination
was 8.1%, which was statistically significant respectively. There was also a statistically significant difference in
the least square mean of blood lead concentration according to the level of soil contamination (p=0.047, low:
2.32 pg/dL, middle: 2.38 pg/dL, high: 2.59 pg/dL).

Conclusions: The blood lead concentration of residents living near abandoned metal mines was significantly
correlated with the level of soil contamination. Therefore, in biomonitoring for vulnerable areas, operationally
defined soil contamination can be used as a predictor for human exposure level to hazardous substances and
discrimination of high-risk abandoned metal mines.

Key words: Abandoned metal mine, lead, predictor, soil contamination

blood lead levels.
- Suggestively, blood lead could be
useful for screening abandoned mines.
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Table 1. Blood lead concentration by characteristics of subjects

Blood lead (ug/dL)
Factor Level n (%)
Curde GM (95% CI) Adjusted GM (95% CI)
Total 4,421 2.27 (2.24~2.30) 2.45 (2.39~2.51)
Sex Male 1,736 (39.3) 2.70 (2.65~2.76) 2.70 (2.63~2.77)"
Female 2,685 (60.7) 2.03 (2.00~2.06) 2.2 (2.15~2.29)
p-value <0.001 <0.001
Age (yr) <59 936 (21.2) 2.39 (2.32~2.45)" 2.51 (2.42~2.60)"
60~69 1,166 (26.4) 240 (2.35~2.47)" 2.54 (2.46~2.62)"
70~79 1,634 (37.0) 2.19 (2.14~2.23)b 2.40 (2.33~2.46)bC
>80 685 (15.5) 2.11 (2.04~2.18)° 2.36 (2.27~2.45)°
p-value <0.001 <0.001
Period of residence (yr) <40 1,623 (36.7) 2.30 (2.25~2.35)" 2.45 (2.37~2.52)
41~60 1,547 (35.0) 2.19 (2.14~2.24)° 2.46 (2.38~2.53)
>61 1,251 (28.3) 2.35(2.29~2.40)" 2.44 (2.37~2.52)
p-value <0.001 0.955
Drinking water Groundwater 2,355 (53.3) 2.34(2.30~2.38)" 2.52 (2.45~2.58)"
The others 2,066 (46.7) 2.20 (2.16~2.24) 2.38(2.32~2.45)°
p-value <0.001 <0.001
Intake of locally grown rice Yes 2,206 (49.9) 2.24(2.20~2.28)" 2.40 (2.34~2.46)a
No 2,215 (50.1) 2.31 (2.27~2.35)° 2.50 (2.44~2.57)°
p-value 0.021 0.001
Distance from mine (km) <1.0 1,857 (42.0) 2.28 (2.24~2.33) 2.51 (2.44~2.58)"
1.0~<3.0 1,611 (36.4) 2.27 (2.23~2.32) 2.43 (2.36~2.50)°
>3.0 953 (21.6) 2.25(2.19~2.32) 240 (2.33~2.48)b
p-value 0.796 0.01
Mining work experience Yes 569 (12.9) 2.59 (2.50~2.68)" 2.53 (2.44~2.63)"
No 3,852 (87.1) 2.23(2.20~2.26) 2.37 (2.32~2.42)°
p-value <0.001 <0.001
Smoking status Currently 555 (12.6) 2.82(2.72~2.93)* 2.58 (2.48~2.69)"
Former 718 (16.2) 2.65 (2.57~2.74)" 244 (2.36~2.53)
Never 3,148 (71.2) 2.11 (2.08~2.14)° 2.33(2.27~2.39)"
p-value <0.001 <0.001
Drinking status Currently 1,699 (38.4) 2.56 (2.51~2.61)" 2.63 (2.56~2.70)"
Former 457 (10.3) 2.34(2.25~2.44)° 2.36 (2.27~2.46)°
Never 2,265 (51.2) 2.06 (2.03~2.10)° 2.36 (2.30~2.43)
p-value <0.001 <0.001
Soil contamination level (tertile) Low 1,118 (25.3) 2.16 (2.11~2.21)" 2.37 (2.29~2.45)"
Middle 1,818 (41.1) 2.22 (2.17~2.26)° 2.39 (2.32~2.45)"
High 1,485 (33.6) 2.43(2.38~2.49)° 2.60 (2.53~2.67)"
p-value <0.001 <0.001
Water contamination Yes 1,156 (26.1) 2.42 (2.36~2.48)" 2.51 (2.44~2.59)"
No 3,265 (73.9) 2.22(2.19~2.25) 2.39 (2.33~2.45)°
p-value <0.001 <0.001

GM: geometric mean, CI: confidence interval, adjusted: sex, age, period of residence, drinking water, intake of locally grown rice, distance from

mine, mining work experience, smoking status, drinking status adjusted least squares mean estimate by linear model.

®Bonferroni post hoc grouping, estimates with the same letter are not significantly different.
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Fig. 1. Blood lead concentration by abandoned metal mines according to soil contamination level
GM: geometric mean, adj.: adjusted, adjusted: sex, age, period of residence, drinking water, intake of locally grown rice, distance from mine,
mining work experience, smoking stasus, drinking status adjusted least squares mean estimate by linear model.
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Table 2. Random coefficient models to logarithmic transformed blood lead

Model 1 Model 2 Model 3
Factor Level Coeff. (S.E) Coeff. (S.E) Coeff. (S.E) Adj. GM (95% C1)
(exp transformed)
Fixed effect
Intercept 0.3548 (0.0084)**  0.2563 (0.0193)*** 0.2572 (0.0195)*** 243 (2.32~2.55)
Sex Male 0.0806 (0.0071)*** 0.0806 (0.0071)*** 2.67 (2.54~2.80)°
Female 0 (ref. Iv.) 0 (ref. Iv.) 2.21(2.10~2.33)
Age (yr) <59 0.0068 (0.0097) 0.0068 (0.0097) 243 (2.31-2.57)"
60~69 0.0213 (0.0084)* 0.0213 (0.0084)* 2.52 (2.39~2.65)"
70~79 -0.0040 (0.0077) -0.0040 (0.0077) 2.37 (2.26~2.49)b
>80 0 (ref. 1v.) 0 (ref. 1v.) 240 (2.27~2.53)®
Period of residence (yr) >61 0.0053 (0.0075) 0.0053 (0.0075) 2.46 (2.34~2.59)
41~60 -0.0056 (0.0062) -0.0056 (0.0062) 2.40 (2.28~2.52)
<40 0 (ref. 1v.) 0 (ref. 1v.) 2.43 (2.31~2.56)
Drinking water Groundwater 0.0144 (0.0059)* 0.0144 (0.0059)* 2.47 (2.35~2.59)"
The others 0 (ref. Iv.) 0 (ref. Iv.) 2.39 (2.27~2.51)°
Intake oflocally grown rice Yes -0.0033 (0.0058) -0.0033 (0.0058) 242 (2.30~2.54)
No 0 (ref. 1v.) 0 (ref. 1v.) 2.44 (2.32~2.56)
Distance from mine (km) <1.0 0.0015 (0.0084) 0.0013 (0.0084) 2.44 (2.32~2.57)
1.0~<3.0 ~0.0042 (0.0083) ~0.0042 (0.0083) 241 (2.29~2.53)
>3.0 0 (ref. 1v.) 0 (ref. 1v.) 2.43 (2.31~2.57)
Mining work experience Yes 0.0172 (0.0085)* 0.0171 (0.0085)*** 2.48 (2.34~2.62)"
No 0 (ref. Iv) 0 (ref. Iv.) 2.38(2.27~2.49)°
Smoking status Currently 0.0529 (0.0088)™** 0.0528 (0.0088)*** 2.59 (2.45~2.74)"
Former 0.0215 (0.0085)* 0.0215 (0.0085)* 241 (2.29~2.54)b
Never 0 (ref. 1v.) 0 (ref. 1v.) 2.29 (2.19~2.41)°
Drinking status Currently 0.0445 (0.0058)*** 0.0445 (0.0058)*** 2.61 (2.49~2.74)"
Former -0.0042 (0.0089) -0.0042 (0.0089) 2.33 (2.20~2.47)b
Never 0 (ref. Iv)) 0 (ref. Iv.) 236 (2.24~2.47)°
Soil contamination level High 0.0478 (0.0212)* 0.0468 (0.0214)* 2.59 (2.43~2.77)"
Middle 0.0097 (0.0202) 0.0085 (0.0204) 2.38 (2.23~2.53)ab
Low 0 (ref. Iv) 0 (ref. Iv) 2.32(2.14~2.52)°
Water contamination Yes 0.0245 (0.0189) 0.0248 (0.0183) 2.50 (2.31~2.70)
No 0 (ref. 1v.) 0 (ref. 1v.) 2.36 (2.26~2.47)
Random effect Cov. Est. (S.E) Cov. Est. (S.E) Cov. Est. (S.E)
Level 1
Intercept 0.0291 (0.0006)™** 0.0249 (0.0005)*** 0.0249 (0.0005)***
Level 2
Intercept 0.0067 (0.0010)***  0.0055 (0.0010)"** 0.0057 (0.0009)***
Water contamination 0.0009 (0.0022)
Fit Statistics
-2RLL -2841.3 -3402.4 -3402.2
AIC -2837.3 -3396.4 -3398.2
BIC -2832.0 -3388.5 -3392.9
Pseudo R-square 0.151 0.144

Coeff.: coefficient, S.E: standard error, GM: geometric mean, CI: confidence interval, exp: exponential, Cov.: covariance, Est.: estimate, adjusted:
sex, age, period of residence, drinking water, intake of locally grown rice, distance from mine, mining work experience, smoking status, drinking
status, soil contamination level, water contamination adjusted least squares mean estimate by linear model, Level 1: within-region effect (among
subjects in a specific region), Level 2: between-region effect (among regions), —2RLL: restricted log-likelihood, AIC: Akaike Information
Criterion, BIC: Basyean information criterion, all models assume banded main diagonal covariance structure.

*p<0.05, ***p<0.001, *Bonferroni post hoc grouping, estimates with the same letter are not significantly different.
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