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INTRODUCTION

Increasing environmental pollution has given rise
to concern about the accumulation of heavy metals in
humans. The main route of exposure to these metals
is ingestion; however, in an urban environment, atm-
ospheric particulates originating from automobile
exhaust and industries may make a significant contr-
ibution. Both lead (Pb) and cadmium (Cd) accu-
mulate in the human body with lengthy biological
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half-lives, causing the continuous increase in the
target tissue concentration (WHO, 1995).

The toxic effects of lead on humans have been kno-
wn for centuries. Although occupational exposure to
lead occurs in many industries, the principal source of
exposure for the general population is lead in foods-
tuffs. However, lead is contained in low~-dose expo-
sure (Elinder et al., 1986). The Cd and Pb concen-
trations in the blood mainly reflect recent exposure,
but are also influenced by the body burden, particul-
arly after a long exposure (Berglund et al., 1994).
Toxicological studies in occupational and environ-
mental medicine have shown adverse biological
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effects from Cr during long—term exposure. Triva-
lent Chromium compounds Cr (IIT) are less toxic than
those of hexavalent chromium (Cr (VI)], but they
have been shown to be carcinogenic in human and
animal models. Cr is not rapidly eliminated, but
accumulates in the tissues and in red blood cells. Suf-
ficient nickel (Ni) refinery dust from pyrometallur-
gical sulfide nickel material refineries is believed to
be a human carcinogen when inhaled. The evidence
of carcinogenicity includes a consistency of findings
across many countries (Clydach, Wales; Copper Cliff,
Ontario; Port Colborne, Ontario; Kristiansand, Nor-
way; and Huntington, WV) in several epidemio-
logical studies, the specificity of the tumor site (lung
and nose), the high relative risks particularly for nasal
cancer, and a dose-response relationship according to
the length of exposure (EPA. 1986). The objective of
this study was to describe the metal distribution in
the blood of adults who were not occupationally
exposed in Seoul.

MATERIALS AND METHODS

1. Subject

During 2001, 144 blood samples were obtained
from volunteers (66 male and 78 female who had

Table 1. Characteristics of the subjects in this study

Subjects
Total 144
Gender (persons) (%) Male 66 (45.8%)
Female 78 (54.2%)
Total 144 (20~75)
Age 1d
ge (years old) Male 66 (20~75)
{min ~max)
Female 78 (20~69)
20~29 31 (21%)
Age distribution 30~39 32(22%)
40~49 46 (32%)
(persons) (%)
50~59 21 (15%)
above 60 14 (10%)
Smoking habit Smoker 32(22.2%)
Non-smoker 106 (73.6%)
(persons) (%)
No response 6(4.2%)
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lived more than 5 years in the Seoul) who had given
informed consent. The participants in the study were
aged between 20 and 75 years and had no occupatio-
nal exposure to the metals (Table 1). The participants
answered a detailed questionnaire on the sociodemo-
graphic variables such as gender, age, smoking ha-
bits, lifestyle, place of residence, and possible expo-
sure through occupational and non-occupational
contact as well as their present and former locations.

2. Collection samples and analytical method

Approximately 5cc of blood were collected using a
6-mL vacutainer tube with an anticoagulant and kept
frozen at -20°C until the analysis. The metals (Pb, Cr,
Ni, Cd) concentration in the blood were determined by
atomic absorption spectrophotometry with a graphite
furnace (GF-AAS, Varian GTA-96, Australia). The
calibration curve used a standard addition method and
hydrogen phosphate was used as matrix modifiers. An
internal quality control was performed using the certi-
fied Standard Reference Materials of blood-lead
(SRM: 955a-1 and 955a-2, NIST in USA). SRM
Means were 43.3 pug/L, 117.9 ug/lL compared to 50.1
+0.9, 135.3.1+1.3 for 955a~1 and 955a-2, respecti-
vely. The detection limit were 10ug/L for Pb, 0.01 ug/
L for Cr, 0.1 ug/L. for Ni and 0.5 pg/L. for Cd.

3. Statistical method

The distribution of the blood metal (Pb, Cd, Cr, Ni)
concentrations was fitted to a log-normal distribu-
tion and accordingly the results are expressed in terms
of the geometric mean and standard deviation. The
statistical calculation was performed using the SPSS
software. P values < 0.05 were considered signifi-
cant.

RESULTS AND DISCUSSION

Table 2 shows geometric means (GM), geometric
standard deviation (GSD) and the range of the blood
metal (Pb, Cr, Cd, Ni) concentrations according to
gender. The geometric mean concentrations of B-Pb
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were 70.27 ug/l (range 47.3~142.1ug/L) formenand D).

59.1 pug/L (range 40.6~87.3 pg/L) for women. The
geometric mean concentrations of B—Cr were 0.13 pg/
L (range ND~0.61 pg/L) for men and 0.10 ug/L (range
ND ~0.88 ug/L) for women. The geometric mean con-
centrations of B~Ni were 0.21 ug/L (range ND~6.88
pg/L) for men and 0.27 pg/L (range ND~9.39 ug/L)
for women. The geometric mean concentrations of B~
Cd were 1.21 pg/L (range ND~16.56 pg/L) for men
and 1.66 pug/L (range ND~ 17.24 ug/L) for women (Fig.
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One study reported the lowest mean value of B-Pb
(23.2 ug/L) in the general population of Japan, while
Swedish population had mean B-Pb concentrations
of 27 ug/L (range 5.6~ 150 pug/L) (Watanabe ef al.,
1996; Maria et al., 1999). The wide variation in the
blood lead concentrations observed is due to nume-
rous factors, such as age, gender, drinking and smok-
ing habits, hobbies, season, the year of sampling, and
the residential area (P. Apostoli et al., 2002). One
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Fig. 1. Distribution of metals levels in blood.
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Table 2. Concentrations of blood metals according to gender (unit : pug/L)
Blood Total Male Female WHO

-metals (n=144) (n=66) (n=178) guideline"
B-Pb GM +GSD 63.2+1.23 70.27+£1.27 59.1+1.15 100
(Min~Max) (40.6~142.1) (47.3~142.1) (40.6~87.3)
B-Cr GM+GSD 0.12+£4.04 0.13+3.51 0.10£4.50 |
(Min~Max) (ND~0.88) (ND~0.61) (ND~0.88)
B-Ni GM+GSD 0.25+6.82 0.21£5.99 0.27+7.53 10
(Min~Max) (ND~9.39) (ND ~6.88) (ND~9.39)
B-Cd GM+GSD 1.431+6.68 1.21+7.06 1.66+£6.36 5
(Min~Max) (ND~17.24) (ND~16.56) (ND~17.24)
YWHO-Environmental Health criteria (2001)
0 Pb-blood (ug/L)
200
WHOcriteria
150
(2001)-general
100
50
0
\@ \0 \'/ \f \& \O \O \O \0 \}‘ \J' \/'
T T
2 %, % © % 2 K7 9% %, <, <, %,
& @ & < © “ < (59 2 % % &
© > < g ‘o @ < = Ce (A S
< %, b 9 PR i Y,
M, Sy 0 T, 9 %, S % K. 4
T T A A T N A
%y % B P e, Ty, %, % Y%
2, “ 4 %
% “0,
%Y (//é ) (/{? )
’/Oo f/oo

Fig. 2. Trend of blood-Pb levels for population in Korea.

study performed in Sweden showed a means B-Cd
level ranging from 0.05 and 6.8 pg/L (median 0.36
ug/L) (Maria et al., 1999). A comparison with another
study (Qu ez al., 1993, Chen et al., 1996, Zhang et al.,
1999b, C. Prohaska et al., 2000, Patrick J et al., 2001),
where a similar analytical method was used for metal
analysis, showed that the B-Pb and B-Cd levels in
our study (63.2 ug/L B-Pb and 1.43 ng/L B-Cd)
were lower and higher, respectively. Two papers inve-
stigating the B~Cr levels of the general population in
Austria (Schaffer et al., 1999, C. Prohaska ef al.,
2000), showed mean values of 1.8 (0.3~2.5) and 1.6

pg/L, respectively. In South Korea it is assumed that
the blood lead concentration has reduced since the
1990s as a result of unleaded fuel, and discharge gas
regulations (Fig. 2).

The distribution in men, compared with that in
women, has a broader range of values probably due to
the differences between sexes in term of their smok-
ing and drinking habits (Schuhmacher et al. 1992).
Significantly higher B-~Pb levels were observed in
smokers than in non—smokers (Table 3).

The association between the smoking habit and the
B-Pb level for subjects is already known indeed sm-
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Table 3. Distribution of blood metals levels for smoking habit (unit : pg/L)
Blood Total Smoker Non-smoker _
-metals (n=144) (n=32) (n=106) p-value
B-Pb GM +GSD 63.23 72.23 60.79 <0.01
(Min~Max) (40.60~142.09) (47.27~142.09) (40.60~93.95)
B-Cr GMiGSD 0.12 0.12 0.11 >0.05
(Min ~Max) (ND ~0.88) (ND~0.88) (ND~0.88)
B-Ni GMtGSD 0.25 0.19 0.28 ~0.05
! (Min ~Max) (ND ~9.39) (ND~6.88) (ND~9.39) ’
B-Cd GM+GSD 1.43 1.57 157 ~0.05
(Min~Max) (ND~17.24) (ND~16.56) (ND~16.56) '
Table 4. Concentration of blood metals by gender in non-smokers (unit : pg/L)
Blood Non-smoker Male Female _
- metals (n=106) (n=35) (n=71) p-value
B_Pb GMiGSD 60.92 60.92 58.49 <001
(Min ~Max) (40.60~93.95) (40.60~93.95) (40.60~77.71)
e GM £ GSD 0.12 0.15 0.10 >0.05
f (Min~Max) (ND~0.88) (ND~0.61) (ND~0.88) )
. GMxGSD 0.26 0.23 0.30
B-N - >0.05
' (Min ~Max) (ND~9.39) (ND~6.69) (ND ~9.39)
B-Cd GM=xGSD 1.40 1.01 1.66 ~0.05
(Min~Max) (ND~17.24) (ND~15.40) (ND~17.24) )

oking is sometimes the principal factor involved in
increasing blood-lead levels (Morisi et al., 1992).
This study found an association between smoking
and the B-Pb levels among men, but this association
was not significant among women (Table 4).

A similar effect linked to smoking among both
men and among women has been reported (Liou et
al., 1996; Yang et al., 1996). The differences obser-
ved between each study can be attributed to differen-
ces in the tobacco used in each country (Ariane Lero-
yer et al., 2001).

An increase in the blood-metals levels with age
among men and women has been observed by most
authors (Berode ef al., 1991; Liou et al., 1996; Takao
et al., 2000), although not all studies have observed
significant increases in the blood-metals levels acco-
rding to age (Kamal et al., 1991; Yang et al., 1996).
Maria et al.(1999) provided evidence for an age-rel-

ated increase in B-Pb and Cd after 70years of age.
This study, found no significant association between
the blood —metals levels and age (Fig. 3).

There are few documented in creases in the B-Pb
levels for adults and in some case, there have either
been no changes over time, or a decrease in the B-
Pb levels (Watanabe et al., 1985; Meyer et al., 1992).
Other studies from the Northern Hemisphere have
found no significant difference in the B—Pb between
seasons (Zarembski et al., 1983; Delves et al., 1984).

CONCLUSIONS

The GM levels of metals in the blood of the men
were 65.88 ng/L, 1.01 pg/L, 0.23 ng/L. and 0.15 pg/L,
for Pb, Cr, Ni and Cd, respectively. The GM levels of
metals in the blood of the women were 58.49 pg/L,
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Fig. 3. Relationship between age and blood metals levels.

1.66ug/L, 0.30 g/l and 0.10 pg/L,, for Pb, Cr, Ni and
Cd, respectively. The B-Pb concentrations were
significantly higher in smokers than non-smokers,
whereas those of B-Cr, B-Ni, and B-Cd were
unaffected by the smoking habit. In this study, the
blood metal levels of the subjects were fairly low,
but there was considerable inter—individual variation.
Although these exposure levels have not been proven
to cause serious adverse health effects, they may
exert additional stress on the tissues and might con-

tribute to premature aging (Grandjean, 1991). From
this point of view, the existence of a dose-response
relationship for metal exposure in the general enviro-
nment is believed to be very important and suggests
the urgent need for another study to evaluate the sig-
nificance of this relationship.
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