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Abstract
The purpose of this study was to analyse the association between blood heavy metal concentration (lead, mercury, cadmium)
and components of metabolic syndrome (Mets) in Korean male adults. Data were extracted from the 5th Korea National
Health and Nutrition Examination Survey (KNHANES) 2010. Participants were 965 Korean male adults aged 20 years and
over. The data were analysed by using SPSS/Win 20.0. The means of blood lead, mercury and cadmium concentration in participants were 2.94μg/dl, 5.98μg/L, and 1.10μg/L, respectively. The means of Fasting Blood Glucose (FBG), Systolic Blood
Pressure (SBP), Diastolic Blood Pressure (DBP), serum Triglyceride (TG), serum High-density Lipoprotein Cholesterol
(HDL-C) and Waist Circumference (WC) were 100.23mg/dl, 123.43mmHg, 81.23mmHg, 161.84mg/dl, 49.64mg/dl and
84.35cm, respectively. After adjusting for demographical characteristics (age, education, income, residential area, occupation, drinking, and smoking), increase of FBS and DBP were associated with the serum cadmium (OR = 1.465) and lead
(OR = 1.147), respectively. Mercury was associated with increase of WC (OR = 1.051) and Mets (OR = 1.048). Based on
the outcomes of this study, it is necessary to develop intervention strategies for reducing the lead, mercury and cadmium
exposure and monitor continuous blood heavy metal concentration.
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1. Introduction

The heavy metals lead, mercury and cadmium are widely
dispersed in the environment, and at excessive levels, are
toxic to humans1. Chronic exposure to these substances
may also be hazardous2. While most of the heavy metals
absorbed into the human body through diverse channels, such as the digestive organs and the respiratory
organs, might be excreted from the body during the process of metabolism or evacuation, some of them, which
are accumulated within several tissues, affect hormonal
metabolism and vessels, cause hypertension, diabetes, and
cancer, and damage national health3. Lead and cadmium
might be accumulated not only in nerves, the kidneys,
the endocrine system, and the genital organs to damage
organs and cause abnormal hormonal metabolism but
*Author for correspondence

also in the cardiovascular system to cause atherosclerosis
and hypertension4. Mercury, which is accumulated in the
body in the organic form not excreted easily from the
body due to the long half-life, causes malfunction of vascular endothelial cells, increase free oxygen radicals, and
induce proliferation of vascular smooth muscle cells5, 6.
Therefore, constant exposure to mercury may cause death
of myocardial infarction, coronary heart disease, and
cardiovascular disease2.
It has been reported that the risk factors of
cardiovascular disease include smoking, dyslipidemia,
hypertension, diabetes, old age, and obesity; while it was
defined as X-syndrome or insulin resistance because
each of the factors occurred due to insulin resistance and
caused metabolic abnormalities, many researchers found
that when they accompanied each other, they were more
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likely to cause coronary disease or cardiovascular disease.
These factors are more likely to cause coronary disease
or cardiovascular disease when they are accompanied by
abdominal obesity. In 2001, U.S. NCEP ATP III (National
Cholesterol Education Program Adult Treatment Panel
III) defined metabolic syndrome as a case satisfying three
or more among abdominal obesity (waist circumference),
hypertension, high serum triglyceride(TG) level, abnormal high-density lipoprotein cholesterol (HDL-C), and a
abnormal fasting blood glucose (FBS) level and tries to
prevent metabolic syndrome and reduce the incidence of
cardiovascular disease8.
While many researchers have examined the blood
heavy metal level and its effects on the human body among
workers from the perspective of occupational disease associated with industrial health, there is little research on the
effects of the daily exposure to environmental pollution
on health and its correlation with metabolic syndrome
among general people. Since low-concentration heavy
metals to which the body is constantly exposed are accumulated in the body and can damage health, it is very
important to examine the exposure level and assess its
risk level constantly.
Therefore, this study aims to examine blood lead,
mercury, and cadmium concentrations and determine
their association with Waist Circumference (WC), Systolic
Blood Pressure (SBP) and Diastolic Blood Pressure (DBP),
TG, HDL-C, and FBG among Korean adult males.

2. Method
2.1 Research Design and Sampling
The current study used a cross-sectional descriptive
design. Data were extracted from the 5th Korea National
Health and Nutrition Examination Survey (KNHANES)
2010. Participants were 965 Korean male adults aged
20 years and over who completed the health examination survey, including blood lead, mercury, and cadmium
measurements.

2.2 Definition Metabolic Syndrome (Mets)
In accordance with 2005 revised NCEP- ATP III (National
Cholesterol Education Program-Adult Treatment Panel
III) and Asia – Pacific Obesity criteria for waist circumference, Mets was defined as the presence of three
or more of the following: (1) Systolic Blood Pressure
(SBP) ≥130mmHg or Diastolic Blood Pressure (DBP)
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≥85mmHg, (2) Fasting Blood Glucose (FBG) ≥100mg/dl,
(3) serum High density Lipoprotein Cholesterol (HDL-C)
< 40mg/dl (male) (4) serum Triglyceride (TG) ≥150mg/dl,
(5) Waist Circumference(WC) ≥ 90cm(male)9.

2.3 Data Sampling of Mets and Analysis of
Blood Samples
Blood pressure was measured while subjects were in a
seated position following 5 minutes rest period with a
mercury sphygmomanometer. WC was measured midway between the costal margin and iliac crest at the end
of a normal expiration. Blood samples were collected
in the morning following an overnight fast. The serum
concentrations of FBG, TG, and HDL-C were measured
using a Hitachi Automatic Analyser 7600(Japan). Blood
cadmium and lead were measured by atomic absorption spectrometry method (AAnalyst 800, PerkinElmer,
Singapore). Blood mercury level was measured by goldamalgam collection method (DMA-80, Milestone, Italy).
All blood samples analyses were performed by N medical
institute.

2.4 Data Analysis
Data was analysed by using SPSS/Win 20.0 using
descriptive analysis, ANOVA, t-test and binary logistic
regression.

3. Results
3.1 Lead, Mercury and Cadmium
Concentration According to General
Characteristics
T
h e general characteristics of the study population are
shown in Table 1. Of the participants, 38.3%, 41.3% and
20.3% ranged from 20 to 39 years, 40 to 59 years, and
over 60 years of age, respectively. As to residence type,
79% lived in urban and 45.5% lived in apartments. Of the
participants, 37.0% was smoker and 36.0% was alcohol
drinker (≥ twice a week).
The blood lead concentration was statistically
significant difference in age (F = 20.91, p<.001), education level (F = 4.22, p = .006), income (F = 3.84, p =
.010), house type (t = –2.97, p = .003), alcohol drinking
(F = 11.75. p<.001), occupation (F=5.12, p<.001). The
blood mercury concentration was statistically significant difference in age (F = 35.57, p<.001), education level
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Table 1.

Blood lead, mercury and cadmium concentration according to general characteristics (N = 965)

Variables

n (%)

Lead
(μg/dL)

t or F(p)

M(SD)
Age
(year)

a

20–39

370(38.3)

2,38(0.76)

40–59b

399(41.3)

3.28(2.25)

≥60

196(20.3)

3,31(1.29)

118(12.2)

3.63(2.05)

97(10.1)

3.46(1.52)

High schoolc

368(38.1)

2.95(2.12)

≥Colleged

371(38.4)

2.57(0.82)

c

Education
level

≤Elementary school
Middle school

b

missing
Income

t or F(p)

M(SD)
35.57
(<.001)
a>b,c

16.22
(<.001)
a, b > c, d
c>d

4.99(3.19)
7.02(5.38)
5.70(4.14)
5.96(5.07)
5.71(4.75)
5.41(3.79)

Cadmium
(μg/L)

240(24.9)

3.09(1.93)

249(25.8)

2.92(1.50)

Middle highc

238(24.7)

2.81(1.44)

High

229(23.7)

2.92(1.86)

b

d

M(SD)
20.91
(<.001)
a, c < b

4.22
(.006)
c<d

6.56(4.74)

0.87(0.49)
1.22(0.61)
1.28(0.62)
1.41(0.68)
1.27(0.53)
1.07(0.57)

1.11
(.345)

5.51(4.74)
5.70(4.29)
5.84(4.32)

3.84
(.010)
a, b < d

6.79(4.44)

1.19(0.67)
1.07(0.56)
1.05(0.55)

Residence
area

Urban

767(79.5)

2.89(1.78)

Rural

198(20.5)

3.12(1.25)

House
type

Apartment

526(54.5)

3.07(1.69)

Others

439(45.5)

2.78(1.67)

Smoking

Non-smokera

178(18.4)

2.56(1.43)

Past smoker

327(33.9)

2.94(1.68)

Smoker

454(37.7)

3.09(1.77)

112(11.6)

2.79(1.02)

≤ once a month

205(21.2)

2.48(0.92)

2–4 times a monthc

301(31.2)

2.86(1.82)

≥ twice a weekd

347(36.0)

3.32(1.99)

6.90(5.06)

1.24(0.66)

Manager,specialistsa

151(15.6)

2.59(0.85)

6.83(4.56)

1.02(0.56)

White-collarb

127(13.2)

2.79(2.26)

Service sales

123(12.7)

2.74(1.28)

90(9.3)

3.49(1.21)

196(20.3)

3.26(2.44)

69(7.2)

3.18(1.44)

4.72(2.81)

1.29(0.71)

189(19.6)

2.72(1.16)

4.70(3.72)

1.02(0.62)

b

c

Non-dinkera
b

c

Agriculture,fisheriesd
Techniciane
Simple labor

f

Unemployedg
missing
*

20.21
(<.001)
a, b > c, d

–2.12
(.035)

5.94(4.52)

2.70
(.007)

5.58(4.37)

6.22
(.002)
a < b, c

5.29(4.02)

11.75
(<.001)
a, b, c < d

5.12
(<.001)
a<e
a, b, c < d
d, e > g

6.12(4.41)
6.45(4.60)
6.10(4.20)

–0.50
(.615)

1.08(0.58)

–2.97
(.003)

1.17(0.63)

2.55
(.079)

0.72(0.32)

6.15(4.84)
4.86(2.91)
4.91(3.08)
6.05(4.84)

7.17(5.15)
6.63(5.37)
6.78(4.84)
5.38(3.80)

2.45
(.062)

1.08(0.58)

9(0.9)

Occupation

49.43
(<.001)
a < b, c

0.98(0.56)

missing

Alcohol
Drinking

t or F(p)

11((1.1)

Lowa
Middle low

Mercury
(μg/L)

1.17(0.64)
1.01(0.54)
0.96(0.48)
1.35(0.64)

11.45
(<.001)
a, b < c, d

7.69
(<.001)
a, b > e, f, g
c, d > g

1.05(0.51)
0.92(0.48)
1.07(0.58)

0.98(0.48)
1.10(0.58)
1.31(0.62)
1.14(0.57)

–1.70
(.090)
4.11
(<.001)
99.34
(<.001)
a <b, c
b<c
13.92
(<.001)
a, b < c, d
c<d

5.16
(<.001)
a, b < d, f
d, f > g

20(2.1)

Post hoc: Scheffe’s test
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(F = 16.22, p < .001), house type (t = 4.11, p = .007), alcohol
drinking (F = 11.45, p < .001), occupation (F = 7.69,
p < .001). The blood cadmium concentration was statistically significant difference in age (F = 49.43, p < .001),
education level (F = 20.21, p < .001), residence area
(t = –2.12, p = .035), house type (t = 2.70, p = .007), smoking (F = 99.34, p<.001), alcohol drinking (F = 13.92,
p < .001), occupation (F = 5.16, p < .001) (Table 1).

3.2 Blood Levels of Lead, Mercury
and Cadmium and Components of
Metabolic Syndrome of Participants
The means of blood lead, mercury and cadmium concentration in participants were 2.94μg/dl, 5.98μg/L, and
1.10μg/L, respectively. The means of FBG, SBP, DBP,
TG, HDL-C and WC were 100.23mg/dl, 123.43mmHg,
81.23mmHg, 161.84mg/dl, 49.64mg/dl and 84.35cm,
respectively (Table 2).

3.3 Blood Lead, Mercury and Cadmium
Concentration by Metabolic Syndrome
and its Components
The group with Mets was significantly higher in the
blood levels of lead (t = 2.54, p = .011), mercury (t = 4.46,
p <. 001), cadmium (t = 3.77, p < .001) than non Mets
Table 2. Blood lead, mercury and cadmium
concentration and components of metabolic syndrome
(N = 965) in participants
Variables

M(SD)

Min–Max

Lead(mg/dL)

2.94(1.69)

1.0–27.0

Mercury(mg/L)

5.98(4.49)

1.0–41.0

Cadmium(mg/L)

1.10(0.59)

0–4.0

FBS(mg/dl)

100.23(26.34)

69–325

SBP(mmHg)

123.43(15.71)

85–189

DBP(mmHg)

81.23(10.53)

49–125

S-TG(mg/dl)

161.84(152.18)

22–2474

S-HDL(mg/dl)

49.64(12.40)

18–116

WC(cm)

84.35(8.89)

59–132

B-HMC

Components of Mets

B-HMC: Blood Heavy Metal Concentration, Mets: Metabolic
syndrome, FBS: Fasting blood glucose, SBP: Systolic blood pressure,
DBP: Diastolic blood pressure, S-TG: Serum triglyceride,
S-HDL:Serum High density lipoprotein, WC: Waist circumference
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group. As for the components of metabolic syndrome, the
blood lead, mercury, and cadmium concentrations were
statistically significantly higher in the group with FBS of
≥100 mg/dl than in that with <100 mg/dl, in the group
SBP of ≥130 mmHg than in that with <130 mmHg, and
in the group with TG of ≥150 mg/dl than in that with
<150 mg/dl. The group with DBP of ≥85 mmHg had
higher lead and mercury concentrations than that with
<85 mmHg and the group with WC of 90 cm had a significantly higher mercury concentration than that with
<90 cm (Table 3).

3.4 Odds Ratios (95% CI) for Components
of Metabolic Syndrome by Blood Lead,
Mercury and Cadmium Concentration
According to binary logistic regression analyses (Table 4),
increase of FBS and DBP were associated with the serum
cadmium (OR = 1.465) and lead (OR = 1.147), respectively. Mercury was associated with increase of WC
(OR = 1.051) and Mets (OR = 1.047) after adjusting for
demographical characteristics (age, education, income,
residential area, occupation, drinking, and smoking).

4. Discussion
The heavy metals as lead, mercury, and cadmium are
widely distributed in the environment where we live,
and human beings are exposed to heavy metals by air,
soil, water, food, and diverse products containing them.
Overexposure to heavy metals can not only does harm to
human beings but also are accumulated and act as toxins,
instead of being metabolized in the body.
In this study, the average blood lead, mercury, and
cadmium concentrations were estimated to be 2.94
(±1.69) mg/dL, 5.98 (±4.49) mg/L, and 1.10 (±0.59) mg/L,
respectively, among the participants. While the blood
cadmium concentration was slightly lower than the level,
1.55 mg/L, estimated by the Korea Centers for Disease
Control and Prevention in 20053, the blood mercury concentration was higher than the level in 2005 (4.34 mg/L)
and that between 2009 and 2011 (3.08 mg/L)10. The blood
lead concentration was lower than the average level
of 3.25 mg/dL estimated in males by Park11. The average blood lead, mercury, and cadmium concentrations
are about three times, six times, and three times higher
than the estimations by the U.S. Health and Nutrition
Examination (2009-2010): 1.12 mg/dL, 0.86 mg/L, and
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Table 3. Blood lead, mercury and cadmium concentration by metabolic syndrome and its components (N = 965)
Variables

n

Lead(μg/dL)

Mercury(μg/L)

Cadmium(μg/L)

Mean(SD)

t(p)

Mean(SD)

t(p)

Mean(SD)

t(p)

2.94
(.003)

6.75(5.27)

3.62
(<.001)

1.25(0.65)

5.46
(<.001)

4.77
(<.001)

6.66(5.26)

2.67
(.008)

1.26(0.60)

3.66
(<.001)

6.55(4.87)

2.87
(.004)

1.15(0.57)

2.84
(.005)

6.65(5.06)

3,67
(<.001)

1.19(0.61)

–1.13
(.258)

6.04(4.37)

.230
(.818)

1.14(0.61)

.332
(.740)

6.97(5.58)

3.96
(<.001)

1.13(0.56)

2.54
(.011)

6.53(4.94)

4.46
(<.001)

1.16(0.62)

Fasting blood glucose
≥100mg/dl

303

3.18(1.94)

<100mg/dl

662

2.83(1.56)

≥130mmHg

229

3.40(2.16)

<130mmHg

736

2.80(1.49)

≥85mmHg

329

3.21(2.30)

<85mmHg

636

2.80(1.25)

≥150mg/dl

380

3.13(2.08)

<150mg/dl

585

2.81(1.37)

5.62(4.05)

1.03(0.56)

Systolic blood pressure
5.76(4.21)

1.05(0.59)

4.57
(<.001)

Diastolic blood pressure
5.68(4.26)

1.07(0.61)

1.83
(.067)

Serum triglyceride
5.54(4.03)

1.04(0.58)

3.92
(<.001)

Serum High density lipoprotein
<40mg/dl

198

2.82(1.41)

≥40mg/dl

767

2.97(1.76)

≥90cm

239

2.97(1.82)

<90cm

726

2.93(1.65)

Yes

547

3.06(1.89)

No

418

2.78(1.37)

5.96(4.53)

1.09(0.59)

1.038
(.299)

Waist circumference
5.65(4.03)

1.09(0.61)

.883
(.377)

Metabolic syndrome

0.32 mg/L, respectively12. These levels are also higher than
findings from the 2007 to 2008 Canadian Health and
Nutrition Examination, as reported by Suzy and Ellen28:
1.50 mg/dL, 0.91 mg/L, and 0.42 mg/L, respectively; in particular, the mercury concentration is significantly higher
than that of Germany: 0.5 mg/L10. The U.S. Center for
Disease Control (CDC) recommends the blood lead level
to be 10 mg/dL for children and has made no recommendation for adults. U.S. EPA(Environmental Protection
Agency) recommends the blood mercury concentration
of ≤5.8 mg/L as the level doing no harm to the human
body3; since the level of 5.98 mg/L in this study is above
the recommendation, intensive control and monitoring is
especially required for males. The blood cadmium concentration was lower than the WHO recommendation of
≤5 mg/L.
In addition, smokers had higher blood lead and
cadmium concentrations than non-smokers; the group
having alcohol intake twice or more a week had higher
blood lead, mercury, and cadmium concentrations than
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5.24(3.71)

1.02(0.57)

3.77
(<.001)

any other group in this study. This result is similar to
Batariova, Spevakova, & Benes14 that smokers had a 2.5 to
5 times higher blood cadmium concentration than nonsmokers. Among alcohol drinks, 101 mg lead is contained
in 1 L wine and 22 mg lead in 1 L beer and 0.70 mg/g to
2.01 mg/g in tobaccos13,29. As it has been reported domestically and internationally that drinking and smoking are
correlated with the increased blood lead concentration15–18,
smoking and alcohol intake, which can increase the risk
of e xposure to heavy metals, need to be restricted.
There are significant differences by age: the older,
the higher concentration of heavy metals due to the differences in their accumulation in the body and delayed
excretion caused by malfunction of organs with age19.
Besides, there were statistically significant differences
in the blood lead concentration by education, region,
and residence type, in the blood mercury concentration by education, income, and residence type, and in
the blood cadmium concentration by education, income,
region, and residence type; this result is consistent with
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Table 4. Odds ratios (95% CI) for components of
metabolic syndrome by blood lead, mercury and
cadmium concentration (N = 965)
Variables

Components of Metabolic Syndrome
p

Crude OR(95% CI)

Adjusted OR*(95% CI) p

Fasting blood glucose (≥100mg/dl)
Lead(mg/dL)

1.050(.968–1.140) .236

.991(.904–1.085) .838

1.038(1.006–1.070) .019

1.030(.966–1.065)

.087

Cadmium(mg/L) 1.616(1.270–2.058) <.001

1.465(1.086–1.978)

.013

Systolic blood pressure (≥130mmHg)
1.154(1.047–1.272) .004
Lead(mg/dL)

1.072(.983–1.169)

.118

1.027(.994–1.061) .106

1.025(.990–1.063)

.166

Cadmium(mg/L) 1.459(1.126–1.891) .004

1.111(.805–1.533)

.523

Diastolic blood pressure (≥85mmHg)
1.167(1.052–1.294) .004
Lead(mg/dL)

1.147(1.032–1.275)

.011

Mercury(mg/L)

1.038(1.007–1.070) .016

1.021(.989–1.055)

.202

Cadmium(mg/L)

1.024(.803–1.307) .847

1.246(.934–1.662)

.134

Serum triglyceride (≥150mg/dl)
1.090(.998–1.192) .056
Lead(mg/dL)

1.065(.973–1.165)

.174

1.045(1.013–1.078) .005

1.023(.990–1.056)

.171

Cadmium(mg/L) 1.309(1.036–1.655) .024

1.165(.881–1.542)

.284

Serum High– density lipoprotein cholesterol (<40mg/dl)
.885(.765–1.024) .100
.883(.754–1.034)
Lead(mg/dL)

.123

Mercury(mg/L)

Mercury(mg/L)

Mercury(mg/L)

Mercury(mg/L)

1.004(.968–1.040) .839

Cadmium(mg/L)

1.188(.896–1.576)

.781

.916(.649–1.292)

.616

Waist circumference (≥90cm)
.994(.906–1.091) .900
Lead(mg/dL)

.953(.856–1.063)

.389

1.054(1.021–1.088) .001

1.051(1.016–1.086)

.004

Mercury(mg/L)
Cadmium(mg/L)

.232

1.005(.967–1.045)

.998(.766–1.301) .991

.955(.695–1.314) .778

Metabolic syndrome
1.062(.969–1.164) .199
Lead(mg/dL)

1.012(.928–1.104)

.790

1.066(1.029–1.106) <.000

1.048(1.010–1.087)

.013

Cadmium(mg/L) 1.361(1.070–1.730) .012

1.130(.848–1.505)

.405

Mercury(mg/L)

*Adjusting for age, education, income, residential area, house type,
occupation, alcohol drinking, and smoking

the finding of many researchers that those who are
older, whose household income is lower, who are less
educated, and who are smokers have a higher blood
lead concentration11,18, suggesting the need of intensive
control for the susceptible population. The metabolic
syndrome group had statistically significantly higher
blood lead, mercury, and cadmium concentrations than
the non-metabolic syndrome group; overseas researchers also reported that lead, mercury, and cadmium
accumulated in the body could facilitate insulin resistance, hyperglycemia, hypertension, abdominal obesity,
and dyslipidemia20,22. They are risk factors that cause
metabolic syndrome and increase the risk of causing cardio- and cerebro-vascular disease with close association
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with each other in a group; for this reason, metabolic
syndrome having three or more risk factors is drawing
attention as a principal risk factor of cardiovascular disease than that having a single factor.
As for the components of metabolic syndrome, the
blood lead, mercury, and cadmium concentrations were
statistically significantly higher in the group with FBS of
≥100 mg/dl, SBP of ≥130 mmHg, and TG of ≥150 mg/dl
than other groups. The group with DBP of ≥85 mmHg
had higher lead and mercury concentrations than that
with <85 mmHg and the group with WC of 90 cm had a
significantly higher mercury concentration than that with
<90 cm.
Logistic regression analysis was made to identify
the risk factors of heavy metals affecting metabolic syndrome and its components adjusting for age, education,
income, region, occupation, smoking, and alcohol intake
and found that risk factors of heavy metals that might
increase FBS, DBP, and WC were cadmium, lead, and
mercury, respectively, and that the risk factor of metabolic syndrome was mercury, suggesting the special need
to control the exposure to mercury for Korean men.
This result was similar to Chang, Chen, Su, Liao, Guo,
and Lee20 that mercury was correlated with metabolic
syndrome. It was also similar to You et al24. that the waisthip ratio (WHP) associated with cardiovascular disease
was statistically significantly correlated with the increase
in the blood mercury concentration. A higher mercury
concentration leads to higher blood pressure, malfunction of vascular endothelial cells, increased free oxygen
radicals, and abnormal lipid metabolism5,25,26. The Kuopio
Ischemic Heart Disease Risk Factor (KIHD) cohort study
that followed persons in their forties or older until they
got older than sixty found that exposure to mercury could
cause death of myocardial infarction, coronary heart disease, and vascular disease and that it was particularly
associated with heart disease for the aged, not for infants
or children7, suggesting the need to train habits of reducing exposure to mercury in a daily life and to control the
exposure. As for the non-occupational exposure group,
the principal channel of exposure to mercury is through
food, which gets contaminated by heavy metals during
processing sometimes; meanwhile, the accumulation of
heavy metals in food mainly due to such environmental factors as the quality of water and atmosphere causes
the body to be exposed to mercury through eating27. The
Ministry of Environment in South Korea established the
First Comprehensive Mercury Control Plans between 2006
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and 2010 to identify the properties of mercury excretion
and take the measures to reduce mercury on the basis
of the excretion criteria and control plans. The ministry
announced the Second Comprehensive Mercury Control
Plans in December 2010 to make integrated management of the entire process for mercury, reinforce mercury
control in the discharge facilities, reinforce environmental monitoring, and prevent vulnerable and susceptible
populations from being damaged by mercury and to try
to achieve the goal of reducing the rate of exceeding the
national blood mercury concentration standard (5.8 mg/L,
as recommended by USEPA) from 26.2% in 2008 to 15%
by 201525. Efforts to reduce the national blood mercury
concentration through cooperation with lots of experts
should be made. Experts in the fields of environment
and public health need to provide the people with information about harmfulness of heavy metals, including
mercury, and to monitor them constantly. They also need
to establish and implement an environment and health
promotion plan to minimize the likelihood of being damaged by heavy metals by developing educational materials
about prevention of exposure to heavy metals and by
improving living habits, such as quitting smoking and
moderation in drinking.

5. Conclusion
Blood cadmium and lead levels were risk factors of FBS
and DBP among Mets’ components. Especially, blood
mercury level was risk factor for WC and Mets. The blood
levels of lead, mercury and cadmium in Korea male adults
are higher than those of people in the United States,
Germany and Canada. According to this result, it is necessary to develop intervention strategies for reducing
the lead, mercury and cadmium exposure and monitor
continuous blood heavy metal concentration and educate
tobacco and alcohol cessation through life style change.
This study had some limitation. Because this result
was obtained by cross-sectional design, the associations
between increases in Mets or its components and blood
heavy metals levels require further study.

6. References
1.	Jarup L. Hazards of heavy metal contamination. Br Med
Bull. 2003; 68:167–82.
2.	Suzy LW, Ellen JD. Lead, mercury and cadmium levels in
Canadians. Health Rep. 2008; 19(4):30–6.

Vol 8 (S1) | January 2015 | www.indjst.org

3.	Korea Centers for Disease Control & Prevention; The study
of blood heavy metal concentration of Korean, Korean
Ministry of Environment. 2005.
4.	Nomiyama K, Nomiyama H, Liu SJ, Tao YX, Nomiyama T,
Omae K. Lead induced increase of blood pressure in female
lead workers. Occup Environ Med. 2002; 59(11):734–38.
5.	Kishimoto T, Oguri T, Ae, M, Kajitani H, Tada M. Inhibitory
effect of methyl mercury on migration and tube formation
by cultured human vascular endothelial cells. Arch Toxicol.
1995; 69(6):57–61.
6.	Lu KP, Zhao SH, Wang DS. The stimulatory effect of heavy
metal cations on proliferation of aortic smooth muscle cells.
Science China. 1990; 33(3):303–10.
7.	 Salonen JT, Seppane, Nyyssonen K, Korpela H, Kauhanen
J, Kantola M, et al. Intake of mercury from fish, lipid peroxidation, and the risk of myocardial infarction and coronary,
cardiovascular, and any death in eastern Finnish men.
Circulation. 1995; 91(3):645–55.
8.	Kang MS. The prevalence and risk factors of metabolic
syndrome in Korea [Unpublished master’s thesis]. Inje
University; Busan: 2005.
9.	Lee BK, Kim YH. Blood cadmium, mercury, and lead and
metabolic syndrome in South Korea: 2005-2010 Korean
National Health and Nutrition Examination Survey. Am
J Ind Med. 2013; 56(6):682–92.
10.	Korea Ministry of Environment. Mercury management
comprehensive plane (2011-2015). 2010.
11.	Park JH. The association of dietary intakes with blood and
urinary hazardous substances and health status among
adults in Taean [Unpublished master’s thesis]. KyungHee
University; Seoul: 2011.
12.	Central for Disease Control and Prevention. The Fourth
National Report on Human Exposure to Environmental
Chemicals, Updated Tables. Sep 2013.
13.	Hwang HJ, Moon DH. Park MH, Kim JH, Hwan, YS, Lee
YH, et al. A study on concentration of five heavy metals
in tobacco on the markets. Inje Medical Journal. 1998;
19(2):713–21.
14.	Batariova A, Spevakova V, Benes B. Blood and urine levels of Pb, Cd and Hg in general population of the Czech
Republic and proposed reference values. Int J Hyg Environ
Health. 2006; 209(4)359–66.
15.	Shaper AG, Pocock SJ, Walker M, Wale CJ, Clayton B, Delves
HT, et al. Effect of alcohol and smoking on blood lead in
middle-aged British men. Brit Med J. 1982; 284:299–302.
16.	Alessio L, Apostoli P, Crippa M. Influenza of individual
factors and personal habits on the levels of biological
indicators of exposure. Toxicol Lett. 1995; 77:93–103.
17.	Weyermann M, Brenner H. Alcohol consumption and
smoking habits as determinants of blood lead levels in a
national population sample from Germany. Arch Environ
Health. 1997; 52(3):233–9.

Indian Journal of Science and Technology

473

The Association of Blood Heavy Metal Concentration and Components of Metabolic Syndrome in Korean Male Adults
18.	Park JU., Oh SW, Kim SH, Kim YH, Park RJ, Moon JD.
A Study on the Association between Blood Lead Levels
and Habitual Tobacco and Alcohol Use in Koreans with
No Occupational Lead Exposure. Korean J Occupat and
Environ Med. 2008; 20(3):165–73.
19.	Shin JY, Kim JM, Kim Y. The association of heavy metals in
blood, fish consumption frequency, and risk of cardiovascular diseases among Korean adults: The Korean National
Health and Nutrition Examination Survey (2008-2010).
Korean J Nutr. 2012; 45(4):347–61.
20.	Chang JW, Chen HL, Su HJ, Liao PC, Guo HR, Lee CC.
Simultaneous exposure of non-diabetics to high levels
of dioxins and mercury increases their risk of insulin
resistance. J Hazard Mater. 2011; 185(2–3):749–55.
21.	He K, Xun P, Morris S, Reis J, Guallar E. Mercury exposure
in young adulthood and incidence of diabetes later in life:
The CARDIA Trace Element Study. Diabet Care. 2013;
36(6):1584–89.
22.	Kolachi NF, Kazi TG, Afridi HI, Kazi N, Khan S, Kandhro
GA. Status of toxin metals in biological samples of diabetic
mothers and their neonates. Biol Trace Elem Res. 2011;
143(1):196–212.
23.	Schwartz GG, Il’yasova D, Ivanova A. Urinary cadmium,
impaired fasting glucose, and diabetes in the NHANES III.
Diabet Care. 2003; 26:468–70.

474

Vol 8 (S1) | January 2015 | www.indjst.org

24.	You CH, Kim BG, Kim JM, Yu SD, Kim YM, Kim RB
et al. Relationship between blood mercury concentration
and waist-to-hip ratio in elderly Korean individuals living
in coastal areas. J Prevent Med and Publi Healt. 2011;
44(5):218–25.
25.	InSug O, Datar S, Koch CJ, Shapiro IM, Shenker BJ.
Mercuric compounds inhibit human monocyte function
by inducing apoptosis: evidence for formation of reactive
oxygen species, development of mitochondrial membrane
permeability transition and loss of reductive reserve.
Toxicol. 1997 Dec 31; 124(3):211–24.
26.	Meltzer HM, Mundal HH, Alexander J, Bibow K, Ydersbond
TA. Does dietary arsenic and mercury affect cutaneous
bleeding time and blood lipids in humans? Biol Trace Elem
Res.1994; 46(1–2):135–53.
27.	Kim NY. Effects of Life-style on the blood mercury levels
in Korean [Unpublished master’s thesis]. Chung-Ang
University; Seoul: 2009.
28.	Suzy LW, Ellen JD. Lead, mercury and cadmium levels in
Canadians. Healt Rep. 2008; 19(4):30–6.
29.	Sherlock JC, Pickford CJ. White GE lead in alcoholic
beverages. Food Addit Contam. 1986; 3:347–54.

Indian Journal of Science and Technology

