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ABSTRACT

Objectives: Children are more susceptible to heavy metal toxicity than adults. The purpose of this study was
to evaluate heavy metal concentrations in the blood of Korean preschoolers and investigate the association

between metals in blood and related factors.

Methods: A total of 512 subjects from 36 to 83 months of age were sampled. A questionnaire survey was
performed and the levels of lead, mercury and cadmium were measured in the blood samples of all
subjects. Their parents were interviewed in order to obtain information on basic characteristics, dietary
patterns, socio-economic factors, and indoor/outdoor environment of the preschoolers. Multiple linear
regression was used to analyze the association between the above factors and lead, mercury or cadmium

concentrations.

Results: The geometric mean concentrations of lead, mercury and cadmium in the blood were 1.45+1.58 ug/dL,
2.14+1.74 ug/L and 0.23%£1.91 pug/L, respectively. Results from multiple linear regression analysis showed that
blood lead levels were associated with birth weight and paternal smoking status. Daily mercury intake from food
and maternal education were also shown to influence mercury concentrations in blood. Also, blood cadmium
concentrations were associated with maternal age and having a bus garage near the place of residence.

Conclusion: This study suggests that smoking status, dietary patterns and the environmental status near the
residence should be considered as important factors for preventable sources of heavy metal exposure in

preschoolers.
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Fig. 1. Locations of the nine survey sites.
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Table 1. General characteristics of subjects
. N(%), Mean+SD
Variables
Male Female P Total
Gender 263(51.4) 249(48.6) 512(100.0)
Age(month) 58.1+12.1 58.9+12.0 0.443 58.5+12.1
Birth weight(kg) 3.3+0.5 3.2+0.5 0.012 3.2+0.5
Mother age(year) 34.3£3.6 34.6+3.9 0.382 34.5+3.8
Basic Birth order
characteristic 1st 123(49.4) 118(49.8) 1.000 241(49.6)
over 2nd 126(50.6) 119(50.2) 245(50.4)
Delivery method
Natural childbirth 154(59.2) 159(64.1) 0.299 313(61.6)
Cesarean section 106(40.8) 89(35.9) 195(38.4)
Daily metal intake**
Dietary Dietary Pb(ug/day) 8.2+5.6 8.0+4.8 0.011 8.1+5.2
Dietary Hg(ug/day) 2.6x1.4 2.6x1.5 0.139 2.6x1.4
Dietary Cd(ug/day) 52423 53425 0.162 5.242.4
Paternal education
< High school 78(29.8) 75(30.1) 0.996 153(29.9)
College< <University 167(63.7) 158(63.5) 325(63.6)
Graduate school< 17(6.5) 16(6.4) 33(6.5)
Maternal education
< High school 95(36.1) 79(31.9) 0.385 174(34.1)
College< <University 156(59.3) 161(64.9) 317(62.0)
Social  Graduate school< 12(4.6) 8(3.2) 203.9)
economic
factor  1ncome(10,000 won)*
T1 (<62.5) 77(31.1) 76(33.5) 0.271 153(32.2)
T2 (62.5 — 87.5) 65(26.2) 70(30.8) 135(28.4)
T3 (87.5<=) 106(42.7) 81(35.7) 187(39.4)
Total 248(79.7+36.6) 227(75.5+38.4) 0.228 475(77.7£37.5)
Residence area
Rural 91(34.7) 105(42.3) 0.094 196(38.4)
Urban 171(65.3) 143(57.7) 314(61.6)
Nurture place
Home 201(83.1) 187(83.9) 0.915 388(83.4)
Nursery 41(16.9) 36(16.1) 77(16.6)
Paternal smoking status
Indoor  Never 68(26.1) 66(26.5) 0.716 134(26.3)
environment Former 63(24.1) 67(26.9) 130(25.5)
Current 130(49.8) 116(46.6) 246(48.2)
Smoking exposure in indoor
No 203(78.4) 190(77.2) 0.840 393(77.8)
Yes 56(21.6) 56(22.8) 112(22.2)

http://mwww.kseh.org/

J Environ Health Sci 2014; 40(4): 279-293



284 MF3| - AW - R0 - ASY - YW - £YS
Table 1. Continued
. N(%), Mean+SD
Variables
Male Female P Total
Factory near residence
No 164(84.1) 158(89.3) 0.192 322(86.6)
Outdoor Yes 31(15.9) 19(10.7) 50(13.4)
environment Bus garage near residence
No 127(64.8) 112(60.9) 0.493 239(62.9)
Yes 69(35.2) 72(39.1) 141(37.1)
Note. SD: Standard deviation
*Income: Monthly income of households/family number
**Daily metal intake: calculation by apply to intake for 24hours and heavy metal median in food
Table 2. Distribution of blood heavy metal concentration o2 FEse dF TS v=E Ielsit. @
N _ GM__ SD Median Min MAX T " = 71e Hae 36-5909 ZEClA 145t
Lead(ua/dL 1.62 ug/dL=  60-83709 Z5(1.48+1.51 pg/dL)ol| A
Sex o =3d v, 8 5 £ 55 718 B2 36-
Male 263 148 158 151 014 389 57 ZEeIA 2.1941.78 pg/L= 60-837H% =
Female 249 145 158 148 014 589 (2.09£1.66 pg/Lyel H S9ITh & & 71=s F = 718t
Age(month) H-2 36~59709 LiollA 0.2241.95 ug/Li 60-8371
36-59 262 145 162 151 0.4 589 ¥ 25(0.25£1.91 ug/LyellA B =SthTable 2)
60-83 250 148 151 148 0.14 457
Total 512 145 158 151 014 589 3. CHE{EF 24
Mercury(ug/L) Apztoate] dukd Sxe wlg IF FIE
Sex PEg Mg 4%, 9% ¢ FEE ool @
Male 263 2.04 178 204 0.14 955 A A Z2 Ao 1.51+1.55 ug/dLE ©]He]|
Female 249 219 166 219 0.14 933 oy AFe 2 A9Ql 1.45+1.41 ug/dLet I
Age(month) & Ho] gl 79l 135+1.74 pg/dL B} §9)
36-59 262 219 178 219 0.14 9.5 54 o 3‘59}]\_5]_(1):0'043) AF xdo] Exol A
60-83 250 2.09 1.66 2.09 0.14 7.08 S(1.41+1.74 pg/dL)HTF EA1Q) ASo] B85 5
Total. 512 214 174 214 014 955 EIb 1484145 ng/dLE o =, A%A] 2o
S::mlum :'—cil o] um_ﬁﬂz—or](j.iilﬁz ug/dL)Roh Fgo] 9l
Male 263 023 186 023 0.07 1.12 iolz_ﬁ]o;fﬂ :}0] ]:7}0;111:]5-5;1_;]1—/Mi/%d1_i .
Female 249 023 200 024 007 224 oA AT AT e B
Age(month) Aoll iz BlA] o] gl (141 +1.62 g/
262 022 195 023 0.07 224 diLI):EE} iz AL el e Al OE%;%
250 025 191 025 007 158 gE=/b LA8ELSI pg/dL= o =tort frelsh
023 191 024 0.07 224 et
Standard deviation dF T T F FFELTE ool B¢
of 2.40+1.51 ug/L= {1 739 (2.09+1.78 ug/L)E
o §o8H B E(p=0.012), AFA] 2ol B
2 9] F40] §le 739-(1.9541.86 ug/L)E.th ¥
2t ga) FHo] g A%l ¥F e FEE
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Table 3. Blood heavy metal concentration according to related factors
Lead(ug/dL) Mercury(ug/L) Cadmium(ug/L)
Variables N GM p GM p GM p
(GSD) (GSD) (GSD)
Birth order
1.45 2.14 0.23
Ist 241 155 0.584 166 0.653 191 0.463
1.48 2.09 0.23
Basic  Over2nd 24 1.62 1.82 1.91
characteristic Delivery method
o 1.45 2.09 0.23
Natural childbirth 313 151 0.890 178 0214 186 0.671
. 1.45 2.24 0.23
Cesarean section 195 1.66 1.66 1.95
Paternal education
. 1.38 2.19 0.24
High school 153 178 0.082 158 0.588 200 0.517
.. 1.48 2.09 0.22
College University 325 1 48 178 1.86
1.66 2.29 0.24
Graduate school 33 138 178 204
Maternal education
. 1.38 224 0.24
High school 174 178 0.167 162 0.058 200 0.568
.. 1.48 2.09 0.23
College University 317 1.45 174 1.86
Social economic 1.62 1.70 0.20
factor Graduate school 20 155 599 174
Income
1.38 2.09 0.25
T1 (<62.5) 153 178 0.245 182 0.395 1.86 0.054
1.51 2.19 0.21
T2 (62.5 — 87.5) 135 148 L6 2.00
. 1.48 2.00 0.22
T3 8759 187 1.48 174 1.86
Residence area
1.41 2.14 0.25
Rural 196 174 0.148 162 0.710 1.86 0.017
1.48 2.09 0.22
Urban 34 145 1.78 1.95
Nurture place
1.45 2.09 0.23
Indoor Home 388 155 0.731 178 0.012 1,95 0.219
environment 1.41 240 0.25
Nursery 77 1.74 151 1.78

Paternal smoking status

http://mwww.kseh.org/
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Table 3. Continued

Mercury(ug/L) Cadmium(ug/L)
GM

P (GSD) P

0.24 0.667

GM
(GSD)
2.04
0339 L6
0.23
1.86

g0 -
Variables GM
(GSD)
1.35 .
Never 134 174 0.043 178
1.45 2.04
130 1.41 1.82
1.51 2.19 0.23
246 1.55 1.66 1.95
1.48 2.09 023
0.591 178 0.142 191 0.603
2.24 0.22
1.62 1.86
0.22
0.751 191
0.22

Former
1.51
2.09
2.04

Olor
02
il

o

g -
Lead(ug/dL)
P

0.986

393
1.45
1.58
1.82

Current
Smoking exposure in indoor
Yes 112
Factory near residence
1.45
No 322 162 0.104
1.55 2.14
50 1.41 1.70
1.41 1.95 0.20
239 162 0.389 1.86 0.001 191
1.48 2.34 0.26
1.51 1.62 1.95
=g 20
!
==
K3

0.001

Indoor
environment
No

ro

Q
o

>,
to
r |
o

<7t

141
& 1014 of=lele] 7]
ol Eoek A, 2A4A A
&

Outdoor
No
2y
B 3
RS
2 1.1608) (p=0.003), Gr} FAH o)
= 09858 = UEFHTHp=0.036). =& 2014
1_ Z O]:IT Z]—
T =

environment Bus garage near residence
Yes
Note. GM: Geometric Mean, GSD: Geometric standard deviation
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Table 5. Factors related with the heavy metal concentrations in blood

I;Ine;g Period Study population Related factor Reference
318 Children aged 6-84 . Lutz et al.
1992-1998 months Environmental tobacco smoke(ETS) 2012)"

March 1998 212 Children aged 3 years paternal smoking indoors Frle((il(r)lggl);} al.
Fall 2004-Spring 2005 1>+ Children aged 3-5 ?ﬁithfuii?:sverri??;?fﬁ; faf,lﬁﬁis) Liu et al.
-Spring years up: p worker), (2012)?”

parental smoking at home

200 Children aged 3-12 Low socioeconomoc status, proximity of Ahamed et al.

2003-2006 years home to traffic density, mother's illiteracy ~ (2010)""
Lead 2007 379 Children aged 2 Length of residence, milk consumption, Lin et al.
months to 14 years parents’ education (2011)'®
Gender, age, generational status, home
1988-1994 3,325 youth aged 1-17  language, family income, education of head Moralez et al.

years of household, age of housing, source of (2005)"
drinking water

154 Children aged 1-7 . . Zheng et al.

May 2006-June 2006 years Residence area (e-waste recycling town) (2008)"”
477 Children aged less than Distance from the industrial area to the Heo et al.

2003-2010 . 20)
20 years residence (2012)°
1240 Women aged 16-49 . . Vupputuri et al.

1999-2000 years Dietary fish intake (2005)°

May 2004-February 2006 544 newborns Fish consumption during pregnancy R?l;z)%;o?l'
235 Adults aged 20-73 . Ho et al.

May 2002/September 2002years Smoking, Alcohol (2006)
779 mother-infant pair,

Mercury i
1989-1990(enroll)/ when the children were 6
When the children age months old(enroll)/ Ocean fish consumption Myers et al.
& development assessment in P (2003)"®

were 9 years(follow up) 717 children at age 9

years(follow up)

118 Women who gave birth Number of sufaces with amalgam Drexler and

August 1995-May 1996 . 4 2041 years (in breast milk) Schaller
(1998)
154 Children aged 1-7 . . Zheng et al.
May 2006-June 2006 years Residence area (e-waste recycling town) (2008)"”
CadmiumJuly 2007-August 2007 150 Adults Rural Iiggogt)j,l'
2003-2010 477 Children aged less than Distance from the industrial area to the Heo et al.
20 years residence (in urine) (2012)*

60-8370Y ZE-E 025191 pg/L oItk FulolA] 0.88 ug/LEM B Ao &% 7=8 Frnt) 3u)

FE FFot U AFMOCEHKIN 5 7= o =9ttt WHA ml=ie] =177 YEAHNHANES,
E FEE 9Fol 36/1€S 0.89ug/l, 607 €& 2009-2010)% 53 ofdole] BF 7I=F s A
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