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Abstract

The purpose of this study was to investigate the effects of heavy metal concentration in the blood on allergic diseases in Korean children
and adolescents using the Korean National Health and Nutrition Examination Survey (KNHANES) data. For the study, a secondary
analysis of the data collected via the sixth KNHNES in the first year (2013) was conducted. The study subjects were 1,065 children. All
the data were analyzed through a two-sided test at a significance level 0=.05 using SPSS 24. As a result, the geometric mean
concentrations of lead, mercury and cadmium in the blood were 1.25+0.03 ng/dL, 1.95+0.08 1g/L and 0.35+0.03 xg/L. As for allergic
diseases, 6.2% of the children were diagnosed by doctors with asthma, 17.7% with atopic dermatitis, and 24.7% with allergic rhinitis.
When mercury concentration in the blood increased by 0.1 ug/L, the possibility of allergic rhinitis prevalence was significantly increased
by 1.31 times (p=.040). The above results indicate that heavy metal concentration in the blood of children affects allergic diseases.
Therefore, in the future, an analytic epidemiological study should be conducted to investigate allergic diseases and related factors
considering the characteristics of each heavy metal.
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1. Introduction

Air pollution warnings are frequently issued. In this regard, the number of items within big data related to fine dust increased by 2.65
times in two years, from 254,913 in 2015 to 676,312 in 2017 [1]. Fine dust, which is too tiny to be visible, stays in the air, flows into the
lungs through the respiratory organs, travels through the blood vessels, and ultimately, exerts adverse effects on our health [2]. Fine dust
contains diverse environmental pollutants, one of which is heavy metals [3]. In accordance with the severe increase in environmental
pollution, there has been an increase in the risk of exposure to heavy metals, which is in addition to the commonly conceived fine dust
pollution. According to a study by the US National Institute of Environmental Health Sciences (NIEHS), lead, a prime example of a toxic
heavy metal that can cause harm to the human body, was found primarily in dust and soil, but was also detected in the air via vehicular
emissions [4]. As such, heavy metals are contaminants to which we can be easily exposed during daily life.

The principal channels for heavy metals to flow into our bodies include inhalation, skin contact, and oral intake through food [5, 6].
When heavy metals are ingested, they bioaccumulate in the body without degradation and cause various negative health effects [7]. In the
life cycle, particularly, it is more hazardous in childhood and in adolescence. During these periods, immaturity based on growth and
development allows more exposure to heavy metals. Children are less able to filter out hazardous substances because they are more likely
to inhale air for their weight than adults and are characterized by mouth breathing. They have a higher gastrointestinal absorption rate
than adults and can be exposed to hazardous substances until adulthood; consequently, they show high rates of cumulative exposure [7].
It is therefore necessary to focus on children and adolescents in dealing with the issue of heavy metals.

The negative health effects of excessive exposure to heavy metals on children include developmental delays [8], asthma [9], learning
disorders [10], emotional behavioral disorders, and sleep problems [7, 11]. Further, the ever-increasing cases of allergic diseases and
heavy metal poisoning should be noted [11, 12]. In particular, allergic diseases among children and adolescents in Korea have been
increasing annually and should be of concern [13]. While various allergic diseases do occur simultaneously, cases indicate that atopic
dermatitis appears first, followed by asthma and allergic rhinitis in young children [14]. Therefore, to understand the characteristics of
allergic diseases, children should be examined from childhood to adolescence.

Many South Korean researchers have determined the association between the heavy metal concentration in blood and food intake [15-17]
and children's goods [18], among others. In other countries, there has been substantial research on the association between the heavy
metal concentration in blood and allergic diseases [11, 12, 19]. In contrast, limited research has been conducted on the association
between the heavy metal concentration in blood and allergic diseases for South Korean children [20]. The purpose of this study was to
investigate the effects of the heavy metal concentration in blood on allergic diseases in Korean children and adolescents using the Korean
National Health and Nutrition Examination Survey (KNHANES) data.
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2. Methods

2.1. Study design

This is descriptive research that involves a secondary analysis of the data from the sixth KNHNES in the first year (2013) to determine
the effects of heavy metal concentration in the blood on allergic diseases in children.

2.2. Subject and data collection

This study used the data from the sixth KNHNES in the first year (2013), and it was conducted with the approval of the Institutional
Review Board of the Korea Centers for Disease Control and Prevention (IRB No.: 2013-07CON-03-4C) [21]. The final analysis included
1,065 children participating in every test for heavy metal (lead, mercury, and cadmium) among the items in KNHNES.

2.3. Instrument

2.3.1. General characteristics

The data concerning gender, age, income, quartile (household), 16 cities, and housing type among the items in KNHNES were used to
analyze the general characteristics [21]. Age groups in the raw data were divided into categories of 7-12 years (elementary school
children), 13-15 years (middle school students), and 16-18 years (high school students). For economic status, the quartiles (household)
for income in the raw data were classified into high, middle, and low levels. For residential districts, the 16 cities in the raw data were
divided into five areas: the Metropolitan area (Seoul, Incheon, and Gyeonggi Province), the Chungcheong area (Daejeon and North and
South Chungcheong Provinces), the Daegu, Gyeongbuk, and Gangwon area (Daeju, North Gyeongsang Province, and Gangwon
Province), the Busan, Ulsan, and Gyeongnam area (Busan, Ulsan, and South Gyeongsang Province), and the Honam and Jeju area
(Gwangju, North and South Jeolla Provinces, and Jeju). For housing type, the 'apartment division' in the raw data was used.

2.3.2. Allergic disease

Of the items in the survey on health, those regarding doctors' diagnosis status and time for asthma, atopic dermatitis, and allergic rhinitis
were analyzed for allergic diseases [21].

2.3.3. Heavy metal concentration in the blood

The concentration of lead and cadmium in the blood was measured using PerkinEImerAAnalyst600 (PerkinElmer/Finland) to perform
graphite furnace atomic absorption spectroscopy (GFAAS). The concentration of mercury in the blood was measured using PerkinElmer
ICP-MS (PerkinEImer/USA) to perform inductively coupled plasma-mass spectroscopy (ICP/MS) [21]. The recommended concentration
of heavy metal in the blood was based on the CDC criteria [22] for lead and cadmium and on the HBMI criteria [23] for mercury.

2.4. Data analysis

All the data were analyzed using an SPSS 24 program with a two-sided test at the a=.05 significance level. The data drawn by complex
stratified sampling were statistically analyzed by applying weight, stratified variables, and cluster variables. Since applying integrated
weight, stratified variables, and cluster variables can produce estimated frequency and values generalized for the whole nation, this study
generated examined and estimated values. As for the statistical methods, complex sampling frequency and percentage were used to
analyze the general characteristics and allergic diseases, and complex sampling descriptive statistics (mean and standard deviation) were
used to analyze the heavy metal concentration in the blood. Complex sampling t-test and ANOVA were used to analyze the differences
in the general characteristics and the heavy metal concentration in the blood, and complex sampling logistic regression analysis was used
to analyze the effects of the heavy metal concentration in the blood on allergic diseases.

3. Results

3.1. Subjects' general characteristics

Among the respondents, 52.2% were male and 47.8% female; 52.9% were aged 7-12 years (elementary school children), 30.4% 13-15
years (middle school students), and 16.7% 16-18 years (high school students). With respect to economic status, 61.5% were at the middle
level, 27.3% at the high level, and 11.3% at the low level. Among the respondents, 48.9% resided in the metropolitan area; 58.4% lived
in apartments, and 41.6% in general houses (Table 1).

Table 1: General characteristics of subjects

(N=1,065)
Characteridtics Categories Weighted % n
Male 52.2% 563
Gender
Female 47.8% 502
7-12 (elementary school students) 52.9% 641
(ﬁe%f) 13-15 (middle school students) 30.4% 201
16-18 (high school students) 16.7% 133
Economic status” Low 11.3% 116
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Middle 61.5% 632

High 27.3% 309

Capital area 48.9% 553

Chungcheong area 11.2% 109

Residential area Daegu - Gyeongbuk - Gangwon area 12.2% 145
Busan - Ulsan - Gyeongnam area 15.4% 114

Honam- Jeju area 12.2% 144

i House 41.6% 403

Housing type —

Condominium 58.4% 662

* Excludes no reply

3.2. Allergic disease

As for allergic diseases, 6.2% of the children were diagnosed by doctors with asthma, 17.7% with atopic dermatitis, and 24.7% with
allergic rhinitis. Asthma and atopic dermatitis were diagnosed at the age of three years, and allergic rhinitis at the age of six years on

average (Table 2).

Table 2: Diagnosis of allergic disease”

Variables Categories Weighted % n
No 93.7% 982
Yes 6.2% 63
Asthma
None 0.1% 1
Age (yr) at diagnosis Mean£SD 3.03+0.27
No 82.2% 864
i . Yes 17.7% 181
Atopic dermatitis
None 0.1% 1
Age (yr) at diagnosis Mean+SD 3.50+0.29
No 75.2% 780
L Yes 24.7% 265
Allergic rhinitis
None 0.1% 1
Age (yr) at diagnosis Mean+SD 6.82+0.20
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* Exclude no reply
3.3. Heavy metal concentration in the blood

The geometric average of concentration in the blood was 1.25+0.03 pg/dL for lead, 1.95+0.08 wg/L for mercury, and 0.35+0.03 pg/L for

cadmium. As for the rate of heavy metal poisoning in the blood, poisoning (> 5 pug/L) was 2.2% in the concentration of mercury in the
blood alone (Table 3).

This finding was similar to that of the environmental exposure and health status survey for children and adolescents 1V (KorEHS-C IV):
The geometric average of lead concentration in the blood was 1.20 ug/dL [24]. In contrast, the National Health and Nutrition
Examination Survey (NHANES) in the United States and Canada (Canadian Health Measures Survey; CHMS) presented a lower
geometric average of lead concentration in the blood: 0.84 wg/dL for children aged 6-11, 0.68 ug/dL for adolescents aged 12-19 [22],
0.90 wg/dL for children aged 6-11 and 0.80 wg/dL for adolescents aged 12-19 [25], respectively. The geometric average of mercury
concentration in the blood was similar to KorEHS-C 1V 1.84 pg/L [24] and was higher than the NHANES finding: 0.42 wg/L for children
aged 6-11 and 0.54 pg/L for adolescents aged 12-19 [22]. The geometric average of cadmium concentration in the blood was similar to
KorEHS-C 1V 0.38 pg/L [24] and NHANES 0.33 pg/L for adolescents aged 12-19 [22].

Table 3: Blood heavy metal concentration

. Poisoning rate
Variables GM SD Weighted %
Lead
0,
(eldL) 1.25 0.03 0.0%
Mercury 1.95 0.08 2.2%
(ug/L) ) ) '
Cadmium
b b .0%
(ug/L) 0.35 0.03 0.0%
Note. GM: Geometric mean, SD: Standard deviation
Lead: Blood heavy metal poisoning (> 10ug/dL)
Mercury: Blood heavy metal poisoning (> Spg/L)
Cadmium: Blood heavy metal poisoning (> 5ug/L)

3.4. Differences in heavy metal concentration in the blood by general characteristics

The heavy metal concentration in the blood differed significantly by gender, age, and economic status among the general characteristics
of the respondents. Males showed significantly higher concentrations of lead (p<.001) and mercury (p=.002) in the blood than females.
The high school students aged 16-18 showed a significantly higher concentration of cadmium in the blood than middle school students
aged 13-15 and elementary school children aged 7-12 (p<.001). As for economic status, the respondents at the 'middle' level showed a
significantly higher concentration of lead in the blood than those at the 'high' level (p=.007), and the respondents at the 'high' level
showed a significantly higher concentration of mercury in the blood than those at the ‘'middle’ and 'low" levels (p<.001). In contrast, no
statistically significant difference was found in the heavy metal concentration in the blood by residential area and housing type (Table 4).

These results were similar to the findings of the literature review that males showed higher concentrations of mercury and lead in the
blood than females [26] and that the younger, the higher the concentration of cadmium in the blood [16, 26]. It was also similar to the
finding that the greater the household income, the higher the concentration of mercury in the blood [15].

3.5. Effects of heavy metal concentration in the blood on allergic disease

A 0.1 g/l increase in the concentration of mercury in the blood led to a significant increase of 1.31 times in the risk of allergic rhinitis
(p=.040) (Table 5).

4. Conclusion

This study was conducted to analyze the effects of heavy metal concentration in the blood of children on their allergic diseases by
performing a secondary analysis of the KNHANES data. As a result, the blood lead concentration in this study was 1.25+0.03 pg/dL,
which was higher than that of foreign countries (NHANES 0.84 pg/dL, CHMS 0.80 ug/dL) [22, 25]. Furthermore, the blood mercury
concentration was 1.95+0.08 wg/L, which was higher than that of the United States (NHANES 0.54 ug/L) [22]. However, the
concentration of cadmium in the blood was 0.35£0.03 xg/L in this study and was similar to that of NHANES (0.33 rg/L) [22].
Interestingly, in this study, a child’s blood mercury levels affected allergic rhinitis. That is, when mercury concentration in the blood
increased by 0.1 pg/L, the possibility of allergic rhinitis prevalence was significantly increased by 1.31 times (p=.040).

The concentration of both lead and mercury in the blood of children in South Korea was still higher than in neighboring advanced
countries. It is concerning that poisoning (> 5 pg/L) was 2.2% in the concentration of mercury in the blood of children. In addition, the
concentration of mercury in the blood increased the risk of allergic rhinitis among allergic diseases. The literature review found that one
of the principal causes of increases in the concentration of mercury in the blood was fish intake [15, 27, 28]. The representative fish with
a high content of mercury include shark, swordfish, king mackerel, and canned tuna [28].
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Table 4: Blood heavy metal concentration according to Characteristics

. . Lead (ug/dL) Mercury (ug/L) Cadmium (ug/L)
Characteristics Categories
GM SD p GM SD p GM SD p
Male 1.35 0.03 2.18 0.11 0.39 0.04
Gender <.001 .002 .074
Female 1.16 0.04 1.81 0.07 0.31 0.02
7-122
(elementary school students) a2 D 28 Ol oLl ool
G5 YL 179 .559 <.001
(year) (middle school students) L8 i L By e e
Leslcl 122 | 004 207 | 012 044 | 005 | c>bva
(high school students) ’ ’ ’ ' ’ '
) Low ? 1.19 0.07 o 1.82 0.13 ool 0.37 0.06 e
EC;Q&T'C Middle ® 131 0.04 ' 188 | 0.08 ' 0.36 0.04 '
High © 1.16 0.04 b>c 2.31 0.18 c>a,b 0.30 0.02
Capital area 1.26 0.04 1.94 0.10 0.33 0.02
Chungcheong area 1.16 0.07 108 1.89 0.19 882 0.33 0.04 334
. Daegu - Gyeongbuk -
Residence S 1.17 0.07 2.08 0.28 0.27 0.03
area
2 Ul S g 1.32 0.05 209 | 021 0.49 011
area
Honam- Jeju area 1.33 0.08 2.13 0.21 0.32 0.06
. House 131 0.05 1.99 0.10 0.38 0.03
Housing type — 118 .941 71
Condominium 122 0.03 2.00 0.11 0.32 0.04

Note. GM: Geometric Mean, SD: Standard deviation

Table 5: Influence of blood heavy metal concentration on allergic disease

B OR 95% ClI p

Asthma

Lead (ug/dL) 0.36 1.43 0.53 ~ 3.85 A72

Mercury (ug/L) -0.32 0.73 0.48 ~ 1.09 124

Cadmium (ug/L) -0.15 0.86 0.33 ~ 2.23 751
Atopic dermatitis

Lead (ug/dL) 0.39 1.33 0.69 ~ 2.58 .388

Mercury (ug/L) 0.67 1.06 0.82 ~ 1.35 .667

Cadmium (ug/L) 0.93 0.96 0.38 ~ 2.44 .925
Allergic rhinitis

Lead (ug/dL) 0.10 1.10 0.56 ~ 2.18 .783

Mercury (ug/L) 0.27 131 1.01 ~ 1.70 .040

Cadmium (ug/L) -0.41 0.67 030 |~| 148 315

Fat may accumulate lead in the body. In contrast, vitamin C, calcium, and iron may reduce lead in the body [7]. It is therefore necessary
to help children consume small amounts of food with a high content of fat and fish with a high content of mercury, and to provide them
with a balanced diet full of vitamin C, calcium, and iron with the objective of lowering the concentration of mercury in the blood.

The government needs to make regulatory efforts to minimize the use of lead in vehicle fuels—particularly, gasoline—with the objective
of lowering the concentration of lead in the blood. The Korea Food and Drug Administration needs to take the lead in the reinforcement
of lead content monitoring in canned food and drinks. It is also important to avoid using paints containing lead and to change the
plumbing fixtures of aged buildings in schools where children and adolescents spend substantial time. Parents need to keep their houses
clean, preventing dust from flowing in, and to avoid using toys and school supplies made of paints containing lead. In addition, parents
exposed to lead either during their work or while enjoying their hobbies need to take care by changing their clothes and by having a bath
before returning home [7].

In addition to these efforts to lower the concentration of heavy metals in the blood, it is necessary to manage allergic diseases. Recent
research found that those residing in areas with more green spaces were less vulnerable to allergic diseases, such as asthma and atopic
dermatitis [29]. Therefore, one of the ways of managing allergic diseases can be to increase greens in urban centers at the level of local
governments. Hong et al. [30] indicated that using household items (toothpastes, soaps, hand sanitizers, dishwashing detergents,
fungicides, laundry detergents, deodorants, aerosol cleaners, wet wipes, and household pesticides) with the term ‘antimicrobial’ or
‘antibacterial’ could help to reduce asthma and allergic rhinitis. It would therefore be desirable to use antibacterial goods at home when a
fine dust warning is issued or when severe environmental pollution occurs.

The above results indicate that heavy metal concentration in the blood of children affects allergic diseases. Unfortunately, this study did
not reflect various factors related to heavy metal exposure and allergic diseases such as dietary or internal/external environmental factors
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(e.g. parents and environment) as the KNHANES data were used. Therefore, in the future, an analytic epidemiological study should be
conducted to investigate allergic diseases and related factors considering the characteristics of each heavy metal. Of the items in
KNHNES targeting the whole nation, there has been no measurement of the heavy metal concentration in the blood for children aged >10
years since 2013. To make matters worse, even the Korea Youth Risk Behavior Web-Based Survey, which can represent South Korean
elementary, middle, and high school students, fails to measure heavy metal concentrations in the blood. As the changes in the
atmospheric environment and environmental pollution are currently becoming serious, it is urgent to monitor and manage heavy metal
concentrations in the blood of people at the national level [31].
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