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Abstract

The objective of this study was to evaluate associations between airborne manganese and blood manganese in a general
population of South Korean adults. The concentrations of airborne manganese in total suspended particulate (TSP) were
calculated from data obtained from ambient air-monitoring stations (AAMSs) located in South Korea. Blood manganese data
obtained Korean National Health and Nutrition Examination Survey (KNHANES) using a rolling sampling design involving a
complex, stratified, multistage, probability cluster survey of a representative sample of the non-institutionalized civilian
population of South Korea. Airborne manganese geometric means was 46.10 ng/m’, blood manganese geometric means were
1.19 pg/d? for male and 1.40 pg/dl for female. In multiple linear regression analysis of log transformed blood manganeseas a
continuous variable on airborne manganese, after adjusting for covariates including gender, age, job, smoking and drinking
status, education level, BMI (body mass index). Airborne manganese was positively associated with blood manganese with
statistical significance. The present study confirms that airborne manganese is a possible contributor to the increase of blood

manganese in the adult general population.
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Table 1. Geometric mean and 95% CI of airborne manganese concentrations(ng/m’) in Korea between 2008~2009

No City Station Station Airborne Mn
area name N GM 95%CI
1 Seoul Mapo Daeheung 24 38.85 30.76-49.07
2 Sungdong Sungsoo 24 31.93 25.21-40.44
3 Guro Guro 24 51.27 41.82-62.88
4 Songpa Bangyi 24 31.58 25.60-38.95
5 Seocho Yangjae 24 31.79 25.20-40.09
6 Busan Sasang Gamjeon 24 112.35 90.63-139.28
7 Sasang Dukchun 24 45.51 36.66-56.51
8 Bukgu Junpo 24 62.72 51.16-76.89
9 Jingu Yeonsan 24 62.94 51.76-76.53
10 Yeonje Kwangan 24 39.20 31.76-8.37
11 Daegu Junggu Soochabg 24 44.17 36.68-53.18
12 Seogu Yihyun 24 52.53 43.84-62.94
13 Namgu Daemyung 24 36.69 30.72-43.81
14 Suseong Jisan 24 34.50 28.41-41.90
15 Incheon Namdong Guwol 23 54.69 44.69-66.94
16 Namgu Soongui 24 77.41 64.63-92.70
17 Namdong Gojan 21 82.11 72.85-92.55
18 Namdong Nonhyun 3 127.26 69.87-231.80
19 Gwangju Seogu Nongsung 24 31.91 24.89-40.91
20 Bukgu Dooam 24 25.12 19.44-32.47
21 Bukgu Elgok 24 50.22 37.80-66.72
22 Namgu Seo 24 22.22 17.57-28.11
23 Daejeon Daedeok Eupnae 24 53.00 40.79-68.89
24 Junggu Moonchang 24 18.83 14.50-24.46
25 Yuseong Goosung 24 21.38 17.70-25.82
26 Seogu Jungrim 24 18.98 14.86-24.25
27 Ulsan Namgu Yeochun 23 157.91 114.18-218.41
28 Namgu Yaeum 19 49.80 39.94-62.09
29 Namgu Sinjung 24 44.76 36.33-55.13
30 Ulju Dukshin 24 59.25 48.75-72.01
31 Suwon Paldal Shinpoong 24 26.51 20.84-33.72
32 Seongnam Joongwon Sangdaewon 24 36.54 28.09-47.53
33 Ansan Danwon Wonsi 23 36.11 29.39-44.37
34 Uiwang Uiwang Gocheon 24 38.53 20.74-39.23
35 Chuncheon Chuncheon Sinbuk 24 24.34 19.07-31.07
36 Chuncheon Okchun 24 29.32 22.30-38.55
37 Chuncheon Eunhasoo 24 36.03 28.30-45.87
38 Wonju Wonju Woosan 24 231.93 150.33-357.83
39 Cheongju Heungdeok Songjeong 24 39.86 31.62-50.26
40 Cheonan Dongnam Seonghwang 10 35.07 21.79-56.43
41 Seosan Daesan Dokgot 10 41.71 29.89-58.22
42 Jeonju Deokjin Palbok 24 39.82 33.89-46.78
43 Yeosu Yeosu Samil 24 31.90 23.15-43.97
44 Yeosu Ssangbong 24 34.65 27.56-43.57
45 Pohang Namgu Janghung 24 550.35 448.70-675.10
46 Bukgu Jookdo 24 37.37 27.84-50.17
47 Namgu Daesong 24 82.52 70.00-97.28
48 Changwon Uichang Myeongseo 14 99.33 68.23-144.60
49 Hwoiwon Bongam 14 118.71 88.35-159.49
Total 1,096 46.10 43.85-48.46
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Table 2. Summary of the general characteristics for the participants in ambient air-monitoring stations

Variable 2008, n(%) 2009, n(%) Total, n(%)
Total 454(49.9) 456(50.1) 910(100.0)
Gender
Male 229(25.2) 225(24.7) 454(49.9)
Female 225(24.7) 231(25.4) 456(50.1)

Age group(years)

20-29 115(12.6) 96(10.6) 211(23.2)
30-39 89( 9.8) 93(10.2) 182(20.0)
40-49 81( 8.9) 85( 9.3) 166(18.2)
50-59 79( 8.7) 92(10.1) 171(18.8)
>60 90( 9.9) 90( 9.9) 180(19.8)
Smoking

Current smoker 133(14.6) 121(13.3) 254(27.9)
Past smoker 90( 9.9) 84( 9.2) 174(19.1)
Non smoker 231(25.4) 251(27.6) 482(53.0)
Drinking

Drinker 273(20.1) 270(19.8) 819(60.2)
Non Drinker 188(13.8) 188(13.8) 542(39.8)
Education

Less than high school 140(15.4) 145(15.9) 285(31.3)
High school 167(18.3) 168(18.5) 335(36.8)
College or higher 147(16.2) 143(15.7) 290(31.9)
BMI

BMI < 18.5 kg/m’ 36( 4.0) 20( 2.2) 56( 6.2)
18.5 < BMI < 25.0 kg/m’ 280(30.7) 293(32.2) 573(62.9)
BMI > 25.0 kg/m’ 138(15.2) 143(15.7) 281(30.9)
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Table 3. Geometric mean and 95% CI of the blood manganese concentration(xg/d{) in the Korean population aged > 20 years

in AAMSs from Korean National Health and Nutrition Examination Survey performed in 2008-2009

Geometric mean(95%CI)
N Crude Adjusted®

Total, age > 20 910 1.29(1.26-1.32) -
Sex

Male®* 454 1.19(1.16-1.22) 1.20(1.14-1.25)
Female 456 1.40(1.36-1.44)** 1.40(1.32-1.47)**
Age group(years)

20 - 29° 211 1.23(1.18-1.29) 1.24(1.18-1.31)
30 - 39 182 1.31(1.26-1.37) 1.32(1.25-1.39)
40 - 49 166 1.33(1.27-1.40)* 1.34(1.27-1.42)*
50 - 59 171 1.26(1.21-1.31) 1.26(1.19-1.33)
60 < 180 1.32(1.27-1.37)* 1.30(1.22-1.39)
Smoking status

Current smoker” 254 1.19(1.15-1.24) 1.26(1.19-1.33)
Past smoker 174 1.25(1.19-1.30) 1.31(1.23-1.39)
Non smoker 482 1.36(1.33-1.40)** 1.31(1.25-1.37)
Drinking status

Drinker” 539 1.28(1.24-1.31) 1.31(1.26-1.37)
Non drinker 371 1.31(1.27-1.36) 1.27(1.21-1.33)
Education

Less than high school 285 1.33(1.29-1.36) 1.29(1.22-1.36)
High school 335 1.27(1.23-1.32) 1.28(1.22-1.35)
College or higher 290 1.28(1.23-1.33) 1.30(1.23-1.37)
BMI

BMI < 18.5 kg/m™ 56 1.34(1.23-1.46) 1.32(1.21-1.44)
18.5 < BMI < 25.0 kg/m’ 573 1.27(1.24-1.31) 1.25(1.21-1.29)
BMI >25.0 kg/m’ 281 1.32(1.27-1.37) 1.31(1.26-1.35)

*Reference for comparisons of mean in each classification variables
b Adjusted for all demographic and lifestyle variables in the table
** p<0.01; *p<0.05; CI confidence interval
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Table 4. Coefficients of the independent variables from the multiple regression model of blood manganese(log-transformed)

Mn(R*=12.3)
Independent variable
Coefficient+=SE p-value

Intercept 0.1722+0.0627 -
Sex

Male Ref.

Female 0.1598+0.0287 <0.01
Age group(years)

20 - 29 Ref.

30 - 39 0.0577+0.0294 0.05
40 - 49 0.0712+0.0333 <0.05
50 - 59 0.0086+0.0324 0.79
60 < 0.0463+0.0390 0.24
Smoking status

Current smoker Ref.

Past smoker 0.0435+0.0329 0.19
Non smoker 0.0385+0.0299 0.20
Drinking status

Drinker Ref.

Non drinker -0.0299+0.0204 0.15
Education

Less than high school Ref.

High school -0.0116+0.0313 0.71
College or higher -0.0111+0.0332 0.74
BMI

BMI < 18.5 kg/m’ Ref.

18.5 < BMI < 25.0 kg/m’ -0.0599+0.0391 0.13
BMI >25.0 kg/m’ -0.0140+0.0449 0.76
Airborne Mn 0.0009+0.0004 <0.05
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