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Relationship between Heavy Metal Concentrations in the Soil with the
Blood and Urine of Residents around Abandoned Metal Mines
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ABSTRACT

Objectives: This study was conducted in order to examine the relationship between heavy metal concentrations
in the soil and the level of heavy metals in the blood or urine of 216 local residents living near abandoned metal

mines.

Methods: Residents around abandoned metal mines were interviewed about their dietary habits, including
seafood consumption, medical history, cigarette smoking, and drug history. Metal concentrations in the soil were
determined by atomic absorption spectrophotometer (AA-7000, Shimadzu, Japan). Lead (Pb) and cadmium (Cd)
contents in the blood or urine were analyzed by GF-AAS (AA-6800, Shimadzu). Mercury (Hg) contents in the
blood were determined by means of a mercury analyzer (SP-3DS, NIC). Arsenic (As) content in the soil and

urine were measured by a HG-AAS (hydride vapor generation-atomic absorption spectrophotometer).

Results: The heavy metal concentrations in the soil showed a log normal distribution and the geometric means
of the four villages were 8.61 mg/kg for Pb, 0.19 mg/kg for Cd, 1.81 mg/kg for As and 0.035 mg/kg for Hg. The
heavy metal levels of the 216 local residents showed a regular distribution for Pb, Cd, Hg in the blood and As
in the urine. The arithmetic means were3.37 ug/d/ for Pb, 3.07 ug// for Cd and 2.32 ug/l for Hg, 10.41 pg/! for
As, respectively.

Conclusions: As a result of multi-variate analysis for the affecting factors on the bodily heavy metal
concentrations, gender and concentration in the soil (each, p<0.01) for blood lead levels; gender and smoking
status (each, p<0.01) for blood cadmium levels; gender (p<0.01) for urine arsenic levels; gender, age and
concentration in the soil (p<0.01) for blood mercury levels were shown to be the affecting factors.
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EF AEAH 2 odE EAYHE EY 2
A FAA AL Fate] Paplon A gES
A9 FHe] AWE=E £ Pb, Cd, As, Hgol
STt Aset Hge= AAS-cold vapor generation'dS-
ojgstsion, 1 &e] ¥4 FE2 UAFTHEEF
=A](Shimadzu, AA-7000, Japan)E AH&-3}] flame
Hog At 7F BAHe dAE] HHS 8
oFshH Pb, Cd2 A& 10 g2 P &3] FH3ked 100 m/
£ el ¥a H4H8-(0.1 N) 50 m/E 9aL 3
2711003 A, FE 10 cm)E AHE-381
30°CE FAIsHEA] 1A1ZF XREE Tt AE-E°l(5B)
= ARgsle] oJEATE AsE AR 42 FL3I)
sl 100 m/ AZEZTpaol] Y PAEN(1N)
20 m/E B F2FHXE7](1003] A, F1Z 10 cm)
£ AMEEt 30°CE AIEHHA 307F Z1eet the
AEE°](SB)E AHE-ste] oAttt o3be Alge
10m/ falcon tube®] 1.0m/& F 3] 1m/ hydro-
chloric acid®} 1m/ HAE-AA|(5% KI/5% ascorbic
acidyg il X7 WXg & F/HFZE 10 m7HA|
A9 HEEAAER ST Al A4 AAE
33335 A (Shimadzu, AA-7000, Japan)S &3}
hydride vapor generation§ 22 A3}t Hge
AE 4g 0.001 g7HA AEsHA FH sl 250 m/ Bk
8710 ¥aL oF 0.5~ mie] EZ AEE A4 &
A2t 2l miE H7FEPHA 2 AL o A TmiE
7¥ste] & Aol &, F-8710l Z4H0.5M) 15 ml
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heparin®] 37}2l BD Vacutainer tubedl] AJF gt &
S7HR] UEE roll mixerZ2 2 4 & EA4 A
Al —80°CS! deep freezerdl R3S om, Q=
A9 odE WAE] flste] didAEolA A

ME SAAZ F QARE AASA AHT 2

=
A% 3,000 rpmell A 10587F G4l Egsie] d& A
A BAA A AR 20°ColA WE - =2

o 1=

A3k AFE A s AASAAE Este] &
& 5 B S AAEien €% Pbe Z-2700
(Hitachi, Japan)® 2 £415}19 9™ LODE 0.013 pg/
dl, €% Cd= SpectrAA240Z(Varian, U.S.A)Z &
A8l LODE 0213 pg/l, @5 Hge SP-
3DS(NIC, Japan)® #3152 LODE 0.09 ug/l,
8% AsE 5100ZL(Perkin Elmer, U.S.A)2 213}
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A3 LODE 0.05 pug/leo]ATh.

ARSI, Bt EsHA de Wrse] 45 At
RESI7]7] f)8te] AAhFHES AAlste] 718t

L p-value <0.05, 0.01Z SF3Ith.

ATl N 8% T4 = vXE 9
kg lell st thH=E 3] 7% (multiple regression
analysisy S15) A K B $E% Fwe 7
npS-o) 7l EHAHCE YT RE EA 8
A4S SPSS 18.0% o|&3&kith

441

n. &2 =

AR Zztel ARAH AGe) e EF FE 5
Est ARsk AAE EF 2ie] A ) FEE
FEE QAN o) H v sht 244
E9go] o Ao REalel rhuE Hit &

& T TEES A W FE5 =5 Vsl

1. HZ% o FH AEX|Q nigd EY S
34 55 Hn

a4 FAF TR e A2 EY F Pb, Cd,
As, Hg®l & BEXE 9Z07 927 71834
x5 skl UATh wEkA A AAS )
st 7k A mEAAYS)E FHse &
Fo] FEE TR g HA 9 FFEAA= V)
sl 2 7|stEFHAE 4P ske] Table 19 W
ERf AT

B AT A AAe] FFE5 TR 7eE
2 Pbo] 8.606 mg/kg, Cd°] 0.186 mg/kg, As7t
1.814 mg/kg, Hgol 0.035 mg/kgl 2 FAFH AT},

EY 5 PbI Cd e v 7ol F9E xjo]
7} flod, As FEe] vkl 7lepEtS D7t
5.740 mg/kge 2 F2J81A =A UERLSH (p < 0.05),
2 ool BEl, €2, Azl9 el Tt Heel 718t
Bt vk Zh) frolgh 2tolE B30 (p<0.01),
B2l7t 0.099 mg/kgZ 7HE E=9ke™, D7t 2 o
Lo EQTh
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Table 1. Heavy metals concentration in the soil by the vilage (unit: mg/kg)
. Pb Cd As Hg
Village No.
GM (GSD) GM (GSD) GM (GSD) GM (GSD)
A 42 7.491 (2.408) 0.173  (2.029) 1.412 (3.043) 0.029 (1.663)
B 14 10.471 (2.818) 0.185  (2.637) 2.144 (3.659) 0.099 (1.427)
C 41 9.138 (1.450) 0.193  (1.943) 1.923 (2.754) 0.029 (1.259)
D 5 9.752 (1.527) 0273 (1.535) 5.740 (1.901) 0.040 (1.115)
Total 102 8.606 (2.069) 0.186  (2.051) 1.814 (3.044) 0.035 (1.761)
F (ANOVA) 0.992 0.646 2.774% 40.534%**
Warning standard” 100 6 1.5 100
Counter-measurement standard” 300 15 4 300

* 1 p<0.05, **:

p<0.01, GM: geometric mean, GSD: geometric standard deviation,

Y: Following the criteria from weak acid (HCI) leaching method of Soil Environment Conservation Act in Korea (2009)

2. HZ5 24t FH oig FUo €A 25 F
F5 s 82X
Hag3s FAk FH vkl AFsle FREY EF
Pb, Cd, Hg, 8% As®] $& FXx= AR e
EE kAl Qo] AeHuoR FAYH HAHE T
? RNoBZ A FHERS 8] eadtt. 4 %
FH AFFRIY] ke Ho) 9F FEE TR

=
=

|

Table 29 YERA AT

AA R dF Ht Pb v=E
Cd B5E 3.07ugl, 85 As
% Hg 555 232 uglE Ao Frlse) o
% Pbe] Wit T vk bl folgh Aolg Bl
=8l(p<0.01), BE] FRIE9] ¥F <t Pb 5=7}

rc=

337 ug/dl, 8%
FEE 1041 gl 8

[y
3]

il

EXOEES
3.90 pg/di= 7P #=A e, 2 thee] CEl, A
g oI, DE7F 7Y HWekth EF Cd FEC
RS Ak BAITE felst Aolvt gl
th 8% Ase] it Ekes v fold AolE B
R0 (p<0.01), CA7} 1331 ngl= 7P4 =4on,
1 the] DE, Adl, B oIk FRIES] EF
Hg B#5sEs vREHE fog zjols Hoet
(p<0.01), C2I7} 2.63 gz 74 =A Vepton,
Bz, D], AZ] oIt}

- -
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=, o, = |
A 2F FFL 5=
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o144 ¢ 310 ugdiEtt Fo A A JErs T
(p<0.01). @F Cd Lo AEHFS A o2
AR frolgh xfol= YEREA] ekSkth 8% As
o] Bitsrl FAdo] o8kl =UTtHp <0.05). €%
Hg AHEEAE HAdo] 2.68 ugl= 3412 2.09 pg/ls
o} %946}71] =4 YERETHp < 0.01).

5 Pb T AEH T2 AT mE fo
gk 2ol & MJtl(p<005) AF717F 65 o)
¥L°l 3.67 ug/di= 7H¢ =7 vElsth. €% Cd, Hg,
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Table 2. Heavy metals concentrations in blood or urine of residents by village, age, gender, and lifestyle

Blood Pb Blood Cd Urine As Blood Hg
Variables No. (ng/dl) (ng/h (ng/h) (ug/h
Mean  SD Mean  SD Mean  SD Mean  SD
Total 216 3.37 1.17 3.07 122 1041 625 232 1.16
Village
A 47 3.14  0.88 2.81 0.91 928 422 1.69 1.07
B 66 3.90 1.35 3.01 078 887 537 2.62 1.06
C 40 3.21 0.99 3.16  0.99 13.31 830 2.63 1.18
D 63 3.10 1.12 327 128 11.08  6.33 227 1.16
Significance p<0.01 N.S. p<0.01 p<0.01
Gender
Male 85 3.79 1.32 290 1.28 11.70  6.06 2.68 1.25
Female 131 3.10  0.98 319 118 9.59 6.26 2.09 1.04
Significance p<0.01 N.S. p<0.05 p<0.01
Age
<65 58 3.51 0.92 2.93 1.06 1040 5.72 2.67 1.22
65-69 47 3.50 1.41 291 0.88 10.05  6.03 2.54 1.06
70-74 57 3.23 1.11 328 130 10.57 6.54 2.12 1.13
>75 54 3.27 1.27 3.14 152 10.59  6.83 1.96 1.10
Significance N.S. N.S. N.S. p<0.01
Duration of residence
<40 50 3.42 1.09 3.02  1.10 10.14  5.90 221 1.07
40-49 42 3.18 091 285 0.78 1091 7.78 2.36 1.15
50-64 52 3.09 095 340 1.6l 891 531 222 1.29
>65 64 3.67 1.47 3.01 1.21 1137  6.10 243 1.09
Significance p<0.05 N.S. N.S. N.S.
Smoking status
Smoker 54 3.68 1.22 3.35 1.58 10.03 475 248 1.20
Non smoker 161 3.27 1.15 299  1.07 10.55  6.71 225 1.14
Significance p<0.05 N.S. N.S. N.S.
Drinking status
Drinking 78 3.57 1.14 3.01 1.10 10.84  5.66 2.54 1.21
Non drinking 137 3.26 1.18 3.11 1.29 10.18  6.60 2.18 1.12
Significance N.S. N.S. N.S. p <0.05
Self support type of foods
Rice: Self-sufficiency 41 316 093 310  1.09 11.64 6.72 2.39 1.15
Other" 174 3.42 1.22 3.07 126 10.13  6.14 229 1.16
Significance N.S. N.S. N.S. N.S.
Cereals?: Self-sufficiency 95 3.33 1.11 3.07 094 11.15 585 2.35 1.18
Other 119 3.42 1.23 3.09 142 991 6.54 227 1.15
Significance N.S. N.S. N.S. N.S.
Beans: Self-sufficiency 102 3.34 1.09 299  0.93 11.16  5.88 241 1.19
Other 113 3.41 1.25 3.16 144 9.76  6.55 222 1.13
Significance N.S. N.S. N.S. N.S.
J Environ Health Sci 2011: 37(5): 348-357 http://www.kseh.org/
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Table 2. Continued
Blood Pb Blood Cd Urine As Blood Hg
Variables No. (ug/dl) (D) (D) (ug/h)
Mean SD Mean SD Mean SD Mean SD
Favorite food
Mainly vegetable diet 117 322 1.04 316 126 10.68  6.97 223 1.11
Others” 98 3.50 1.32 2.98 1.18 10.11 532 2.40 1.21
Significance N.S. N.S. N.S. N.S.
Drinking water
Ground water 137 3.46 1.19 3.11 1.28 10.05  6.04 2.40 1.16
Others? 78 322 1.15 3.02  1.14 11.06  6.64 2.16 1.15
Significance N.S. N.S. N.S. N.S.

 p<0.05, ™: p<0.01, SD: Standard deviation, N.S.: Not significance.

D: Others were buying a part or the whole.

: Cereals except rice.
: Others were mainly a meat diet or a mixed diet.
: Others were bottled water or water purifier.
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£ g9o82E A¥olen(p<0.01), AHHR)S
7%Rem, BF Hg 5=o EAgHoR {23 o
&S X 2o 2= A, Yo], BEY F Hgo
2 Uehgth@, p<0.01). o5 SHHFER T
AE 3] AR (RS 16%ATH

V.o #

B AT 72 HEE Y] B E
= A W F25 wE W S g /AR
7 AL A7) o] FoiXl Ao] oz} AA| EdsE
oF AA W FE&Fe] ARAEE vaste] FHle]
A7 vAe TS Bristed 548 7R 9
oh S A3 9 Q1 549 xo|= lgh
AgHd- AA|RE 712e] AAFe} HlnE s3It

B AFAA 9] Fgs FAF FRIAYG] AR B
& % Pb, Cd, As, Hg®l ¥% X5 EF A

[0

EE K Fgkorw HFAE VAR 4=
g vl AAA L] F5E T+ Pbol 8.606 mg/kg,
Cdo] 0.186 mg/kg, As7} 1.814 mg/kg, Heol 0.035 mg/
kg0 2 2ALET vt T Bl Fas A
A e 2ask A0 Pb 4.165 mgkg, Cd
0.157 mg/kg, As 0.49 mg/kghth B A7A4z7) 3
A =R, 20079 3N B S99 49
re] BEY F A= et F55 F=2] Pb 5.068 mg/
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Table 3. Multiple regression analysis for the affecting factors on heavy metals concentration in blood or urine

[ coefficient SE 8 t-stat R?
Blood lead
Constant 3.105 0.882 3.521
Gender -0.722 0.168 -4.284"
Age -0.011 0.008 -1.451
Smoking status 0.075 0.199 0.376
Drinking status 0.050 0.170 0.292 0.16
Self support type of rice -0.217 0.194 -1.114
Water source 0.174 0.161 1.081
Pb concentration in soil 0.220 0.070 3.138"
Blood cadmium
Constant 0.655 0.770 0.851
Gender 0.433 0.182 23747
Age 0.016 0.008 1.917
Smoking status 0.523 0.218 2.402"
Drinking status -0.120 0.185 -0.645 008
Self support type of rice -0.031 0.211 -0.147
Water source -0.003 0.175 -0.020
Cd concentration in soil 2.771 1.993 1.391
Urine arsenic
Constant 12.145 3.489 3.481
Gender -2.614 0.944 -2.769"
Age 0.030 0.042 0.706
Smoking status -1.968 1.123 -1.754
Drinking status 0.695 0.955 0.727 0.07
Self support type of rice 1.998 1.085 1.842
Water source -0.847 0.900 -0.941
As concentration in soil 0.290 0.237 1.224
Blood mercury
Constant 4.292 0.628 6.833
Gender -0.647 0.167 -3.884™
Age -0.022 0.007 2.951™
Smoking status -0.096 0.196 -0.490
Drinking status 0.170 0.168 1.015 0.16
Self support type of rice 0.157 0.193 0.815
Water source 0.205 0.158 1.299
Hg concentration in soil 6.752 2.520 2.680™

*

: p<0.05, *: p<0.01. Sex; 1=Male, 2=Female., Smoking; 1=Yes, 0=No. Drinking; 1=Yes, 0=No

Self support type of rice; 1=Self-sufficiency, 2=Others. Water source; 1=Ground water, 2=Others

kg, Cd 0.063 mg/kg, As 1.064 mg/kg, Hg 0.053 mg/
kgt HIASHH HgE AlQslale 2 ARG B
F F FEE Tt o) DS Yo PP
= Aoz AAX.

s B FU AT DA e BF HE P

J Environ Health Sci 2011: 37(5): 348-357
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Cd 59 ZA$= 20073 335 A9 239 ug//
Hop B AT tigREe] o A4 JeRdh ol

o Aol g Wik opjel, W3
A e 7102 AT, Sakong?e] 9
F& PAAY FRL o § AT 1o o3}
U‘_:]_
Bl
B

=}

b7t 537 ug/di= B A7
3, 8% Cde 33 uylEA
A7}l BN oY, 8F AssEE 8.08 uy/lE
Byste] B o] Atk Yoket ol 24
o] zpo]ef 7118t YERd = Tt
el w2 FRle] g 9T TEE v ¥
% Pb Aol fFelaAl ==t ol wHEA
Fekgle] B399} Chung 529 AT A}t §A}
3 Agolth. 5 Cd T FHSAAEA]
BN E GA 0.92 ug/l, <4 1.08 pug/lE A
o] 7t B2 FES HY B Ardye) e A
FE YEROH, 85 As, Hg= 9373 38re <]
B Yol ke AekS e

g% Cd, Hg, 8% As &2 AF77hE ik&d
& FATA] frolgh Apolzt itk EF Pb &
29 Akt AT wE fos 2olE B
21 (p < 0.05), AF717F 65 014 o] 3.67 ug/dl
2 7P =4 YebkEtl Song 599 ATl M= o
RS S] HFA ol M &) AT 10d T9I= o
o] Wit PbeEE Hluwdk Ax, AF7IZke] 504
o]l A=l Hat Pbsrr) tha B2 IS
R 1=

FH1e] EF Pb, Cd F=9 8F As T2 AR
w2 BAEA feldk zlel7t iy, 9% Hg &
Te dAgo] Skl wet FeleiAl WAl ekt
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