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Health Impact Assessment for Cadmium Exposure: Comparison of
Residents around Abandoned Mines with the General Population
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*Environmental Health Center, Dong-A University
**Department of Preventive Medicine, College of Medicine, Dong-A University

ABSTRACT

Objective: We compared the level of blood cadmium exposure with health impacts by using data from a survey
of residents near an abandoned mine and a national health survey.

Methods: For this study, we used data from 7,046 individuals who participated in the Health Effects Survey of
Abandoned Metal Mines (AMS, 2008-2011) and 6,871 individuals who participated in the Korea National
Health and Nutrition Examination Survey IV-VI (KNHANES, 2008-2013). To evaluate the health impacts, the
quartiles (S1 to S4) were classified according to blood cadmium concentration, and then the odds ratios of S2
to S4 over Sl for exceeding the reference values of renal function, blood pressure, and bone density were
compared. Similarly, the odds ratio of AMS over KNHANES was confirmed.

Results: In the AMS, adjusted for general characteristics, the geometric mean of blood cadmium concentration
was 1.34 pg/L, which was statistically significantly higher than that of the KNHANES 1.22 pg/L (p<0.001). In
the integrated data of AMS and KNHANES, the estimated odds ratio of S4 over S1 for exceeding the reference
value was found to be 1.70 for serum creatinine, 1.71 for hypertension, and a T-score 2.02 for the tarsal bone.
They were all statistically significant.

Conclusion: Residents around abandoned metal mines had a higher blood cadmium concentration than the
general population, and the odds for exceeding the reference values were higher for some health indicators.
Continuous biomonitoring should be conducted for vulnerable areas such as around abandoned metal mines, and
measures to reduce cadmium exposure and management of chronic diseases are needed.

Key words: Cadmium, health impact, abandoned metal mine
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2.1. AMS

AMSE] A ANE R TFE B4 A[E
RE Hx}E= KNIERY ¥F AHL EF3uh”

gl AlFE+= 332 (Heparin)2 EDTA (ethylene-
diaminetetraacetic acid)7} *|2]¥ X (vacutainer)ol
5mL o)’ AFASA. FALHA] Bes F A2 F
Wg Baste] o]Fsiia, Y # & -80°C =
A2 WEael BaEget @ ¥ 7k=%2 Dong-A
university clinical trial centero|A] 33} AL,
Subramanian & Maeranger (1981)¢] WH-E ©]-83}
o] graphite furnace atomic absorption spectrometry
with Zeeman background correction (Perkin-Elmer
Model AAnalysist 600)2 ==k UF & B3
9 #elE slal, 483} EFE7 Lyphochek Whole
Blood Metals Control (Bio-Rad, Hercules, CA, US)
= ARSI #E AR WHE AT 2.9-42%
ol o A B gl ] FEoR #4 A
A= Friedrich-Alexander University®l] 23] 23 %
+ German External Quality Assessment Scheme
(G-EQUAS)# 2+ ord 8 A3 THKOSHA, Korea
Occupational Safety and Health Agency)ollX <%
E]= Quality Assurance ProgramllA] 158 oot
ok AA A AR HETA olsk= fITh

2.2. KNHANES

KNHANESOIH & 5 7l=% F& 52 37)st
7] 93, EF sladS E3ete A8 2 A
¥ FH (vacutainerll 3 mL 8-S FA3IATE AMS
9} FYU3IA graphite furnace atomic absorption
spectrometry with Zeeman background correction=
24523, Neodin Medical InstitutedllA 3=
omw, HAEX]F (Korean Ministry of Healthand
Welfare)ell el 32 A =HATH W7 2 B3 9
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V=g FEe] Bl A= Table 1 ¥ Fig. 23 7t}
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g, A9, 9 7 Y, FA8H, S78H- ol
oJg o7t Jorz ¥ F =g TE A
Al olE gk 891 54 & H(main effect) B A=
HA3}e] 28HA] W E 2 (interaction) EI-E XG5l
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(1.19-125) ug/Lell s BAFLZ FoshA =%k
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Table 1. Geometric means of blood Cd (unit: pg/L)

AMS (08~'11) KNHANES (°08~13)

= I

Total 7,046(50.6) 1.34(1.30-1.39) 6,871(49.4) 1.22(1.19-1.25) <.001
Sex
Male 2,808(39.9) 1.23(1.19-1.28) 3,417(49.7) 0.98(0.96-1.01) <.001
Female 4,238(60.1) 1.47(1.41-1.53) 3,454(50.3) 1.51(1.46-1.56) 0.343
p-value <.001 <.001

Age (yr)
18-39 200(2.8) 1.13(1.04-1.23)° 2,613(38.0) 0.81(0.78-0.84)° <.001
40-49 554(7.9) 1.35(1.28-1.42)® 1,401(20.4) 1.24(1.19-1.29)° 0.012
50-59 1,335(18.9) 1.42(1.36-1.48)" 1,413(20.6) 1.37(1.32-1.42)" 0.166
60-69 1,927(27.3) 1.43(1.37-1.49)" 1,095(15.9) 1.40(1.35-1.45)" 0.431
=70 3,030(43.0) 1.42(1.36-1.48)" 349(5.1) 1.40(1.32-1.49)* 0.717
p-value <.001 <.001

Region
Busan 321(4.6) 1.82(1.70-1.95) 799(11.6) 1.23(1.18-1.29)™* <.001
Gyeonggi 285(4.0) 0.95(0.88-1.02)¢ 2,676(38.9) 1.10(1.07-1.13)° <.001
Gangwon 1,430(20.3) 1.27(1.22-1.33)° 357(5.2) 1.16(1.09-1.24)™* 0.020
Chungbuk 851(12.1) 1.42(1.35-1.50) 353(5.1) 1.15(1.08-1.22) <.001
Chungnam 1,653(23.5) 1.53(1.47-1.60)™ 501(7.3) 1.26(1.19-1.32)* <.001
Jeonbuk 177(2.5) 0.99(0.91-1.08)° 416(6.1) 1.23(1.16-1.30)™* <.001
Jeonnam 808(11.5) 1.36(1.28-1.45) 460(6.7) 1.43(1.35-1.51)° 0.263
Gyeongbuk 758(10.8) 1.56(1.48-1.64)™ 655(9.5) 1.15(1.10-1.20) <.001
Gyeongnam 763(10.8) 1.43(1.36-1.51)* 654(9.5) 1.27(1.22-1.33)™ 0.001
p-value <.001 <.001

Month income (¥¢10,000)
<50 4,097(58.7) 1.44(1.39-1.50) 412(6.1) 1.26(1.20-1.34) <.001
50-<100 1,301(18.6) 1.44(1.38-1.50)™ 652(9.6) 1.23(1.17-1.28) <.001
100-<200 943(13.6) 1.31(1.25-1.37)* 1,271(18.7) 1.21(1.16-1.25) 0.009
200-<300 355(5.1) 1.35(1.26-1.44y"  1,317(19.4) 1.21(1.17-1.26) 0.005
>300 284(4.1) 1.20(1.12-1.30)° 3,142(46.2) 1.18(1.14-1.21) 0.578
p-value <.001 0.099

Smoke
Currently 926(13.2) 1.56(1.48-1.64) 1,722(25.6) 1.72(1.66-1.78)" 0.002
Former 1,144(16.3) 1.20(1.14-1.26)° 1,328(19.8) 1.09(1.05-1.13)° 0.002
Never 4,950(70.5) 1.30(1.25-1.35)" 3,671(54.6) 0.96(0.93-0.99)° <.001
p-value <.001 <.001

Drink
Currently 2,652(40.4) 1.31(1.27-1.35) 5,096(75.8) 1.19(1.16-1.22) <.001
Former 213(3.2) 1.38(1.27-1.49) 887(13.2) 1.23(1.18-1.27) 0.013
Never 3,693(56.3) 1.35(1.31-1.40) 740(11.0) 1.24(1.18-1.29) 0.002
p-value 0.098 0.123
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Table 1. Continued (unit: pg/L)
AMS (°08~’11) KNHANES (°08~’13) p-value
I

Education level
Below elementary 1,410(21.0) 1.25(1.21-1.29)*
Middle 749(11.2) 1.30(1.25-1.36)°
High 2,569(38.3) 1.18(1.14-1.22)°
Above college 1,980(29.5) 1.13(1.09-1.17)°
p-value <.001

Job history
Yes 380(9.0) 1.51(1.45-1.57)
No 3,859(91.0) 1.15(1.11-1.20)
p-value <.001

Distance from mine
<3 4,427(62.8) 1.60(1.49-1.72)
>3 2,619(37.2) 1.34(1.29-1.39)
p-value <.001

Blood Cd
<Ql1 (0.831 ug/L) 454(10.3) 0.55(0.54-0.57)° 2,518(36.6) 0.58(0.57-0.59)° 0.007
>Q1-<Median (1.283 ug/l.) 787(17.8) 1.04(1.02-1.06)° 2,020(29.4) 1.08(1.07-1.10)° 0.003
>Median-<Q3 (1.901 ug/ll) 1,214(27.4) 1.56(1.53-1.60)° 1,515(22.0) 1.56(1.54-1.59)° 0.975
>Q3 1,972(44.5) 2.71(2.65-2.77)" 818(11.9) 2.45(2.40-2.50)" <.001
p-value <.001 <.001

Adjusted: all model is adjusted by sex, age, region, month income, smoking status, drinking status

GM (95% CI): Geometric Means (95% Confidence Interval)

e Bonferroni post-hoc; estimates with the same letter are not significantly different

(propensity score matching, PSM)S A5t} o]
W ¥ F 7lEE Fo 8% dF 82lo= A,
A", A, 4 7H YL ol&dEdth. 1 A
AMS, KNHANES 7z} 2,01682] tlid=7t A4 5
AL, 29 WE S AETHLS Fig. 23 2tk AA
o] BRI AMS?] FE7F B &2 Zlog vo}
H9om, 71813 95% A7) GA] AMS7}
1.37 (1.33-1.41) ug/L= KNHANES 1.21 (1.18-1.24)
pg/Lell Hlsl FAIM SR FolsHA =R, TR
AMS 1.48 pg/L, KNHANES 1.24 pg/L= LFEFSETH
T3 WHO 8 F 7l=F 715 Sugl 234}
o] H]&(95% AlETZH) 9A AMS7F 0.75 (0.40-
1.18) %= KNHANES 0.30 (0.06-0.54) % ¥t} &
AXoR FolstA =UTh.
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2. 8 5718 S0 e 88X 74 % A
7|&EX =32l OrR
ARESIFR RS € F =R wEe FHE
T7HS1)E F2 4 (reference leve) o2 3 wjj, A
9 FZRA ] AR s, AEEA, FEE A3 7
T2 Z2IAR] 3R 54S EAE OR (95% A
7S 743 A= Table 29+ 2t}
T ARAAM AT s A% T EF
% g9}l (Creatinine) 71X (F4>1.3, 44
>1.1)"? Z3oll dis] S29] OR (95% AlZF7He
1.28 (0.85-1.93)2 =<l Siol Hlal] odds7}
1289 S7kske Ao® vehsou SAHCR &
9JEHA]= 9hohh 832 S13 FARSE 03 (1.06
(0.69-1.62)), S49] 739 1.70 (1.13-2.54)2 FTAH L
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Fig. 1. Locations of the 38 abandoned metal mine areas

2 Fosita & SES ZAV AT avh <
4 RES9] oddse 7t wWEF BAIKSE fofgt
ztol7b gtk @ #AH xR T FF7] Y
(systolic blood pressure, SBP)>140 mmHg, ©]$7]
Y (diastolic blood pressure, DBP) >90 mmHg, &
o Aol 9% 3™}, Y 4 e 21 A3
Az oz AHojd 1y
=7t S7VEE &, ARSI 31
9l F7ke] ORe] F7kske
Atk &3], Y 43 B3R 23 @4 e
AYd wdete] 79, S1el vs] S2 1.20 (1.07-
1.35), S3 1.31 (1.17-1.48), S4 1.47 (1.30-1.66)C.2
RE FHA7E FAASE Folsiait
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