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ABSTRACT

Objectives: The purpose of this study was to analyze the factors affecting Bisphenol A (BPA) exposure in
children and adolescents using the results of the Korean National Environmental Health Survey (KoNEHS) cycle
3.

Methods: A total of 2,380 subjects (n=571, 887, and 922 for 3-5, 6-11, and 12-17 years of age, respectively)
were analyzed using an environmental exposure survey and environmental chemical substances concentration
levels. Univariable linear regression analysis was performed to determine associated variables such as sex, age,
income level, housing type, secondhand smoke time, cup noodles and canned food consumption, seafood
consumption, new furniture (within the previous six months), drinking water type, and consumption of herbal
medicines. Variables with p-values of less than 0.2 were extracted from the results and a multivariable linear
regression analysis was performed using stepwise selection.

Results: Univariable linear regression analysis showed positive associations between BPA concentration levels
and variables including sex, age, secondhand smoke time, new furniture (within the previous six months),
renovated living space (within the previous six months), fish and shellfish consumption, plastic-bottled drink
consumption, and herbal medicine. As a result of performing multivariable linear regression analysis, the lower
was the age the higher was the concentration of BPA levels. Additionally, women showed higher BPA levels than
those of men. The more frequently fish was consumed, the higher was the BPA concentration. Moreover, higher
BPA concentrations were observed when taking herbal medicine.

Conclusions: The main factors affecting BPA concentration levels were age, gender, and consumption of fish
and herbal medicine.
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Table 1. Basic and living environmental characteristics and BPA levels of participants
Variable n % GM** (SE) of BPA p
Sex
Male 1,167 49.0 1.34 (0.09) 0.085
Female 1,213 51.0 1.57 (0.09)
Age
3-5 years 571 24.0 2.87 (0.23) <0.001*
6-11 years 887 373 1.57 (0.10)
12-17 years 922 38.7 0.86 (0.07)
Household income (/month)
Low (<3,351 US$) 563 23.6 1.40 (0.13) 0.21%*
middle (3,351-7,819 USS$) 1,401 58.9 1.49 (0.09)
High (27,819 US$) 307 12.9 1.45 (0.14)
Unknown 109 4.6 1.08 (0.15)
Secondhand smoke time (/week)
No 1,876 78.8 1.52 (0.09) 0.020*
36 hours 307 12.9 1.08 (0.15)
84 hours 96 4.0 1.20 (0.11)
132 hours 29 1.2 0.76 (0.22)
168 hours 72 3.0 1.47 (0.27)
Building type of house
Detached dwelling 364 15.3 1.45 (0.17) 0.15
Apartment 403 16.9 1.49 (0.12)
Row/Multi-Family house 1,599 67.2 1.43 (0.09)
Other types 14 0.6 1.02 (0.34)
Renovation work (last 6 month)
Yes 1,840 77.3 1.62 (0.16) <0.001
No 540 22.7 1.40 (0.08)
Buy new furniture (last 6 month)
Yes 1,720 72.3 1.60 (0.13) <0.001
No 660 277 1.39 (0.08)
Distance to nearest road
<50 m 635 26.7 1.35 (0.12) 0.12%*
<150 m 1,560 65.5 1.47 (0.09)
>500 m 185 7.8 1.64 (0.21)
Road traffic
Many 1,068 449 1.42 (0.10) 0.27*
Normal 1,022 429 1.48 (0.09)
Less 290 12.2 1.42 (0.14)
*p for trend
**Urinary BPA concentrations (ug/L)
J Environ Health Sci 2021; 47(1): 87-100
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Table 2. Food, water, and medicine intake characteristics and BPA levels of participants

Variable n % GM** (SE) of BPA p
Taking prescription herbal medicine
Yes 318 13.4 1.79 (0.16) 0.015
No 2,062 86.6 1.39 (0.08)
Currently taking herbal medicine or taking it for one year
Yes 320 13.5 1.80 (0.14) 0.020
No 2,060 86.5 1.39 (0.08)
Period of taking herbal medicine
None 2,061 86.6 1.39 (0.08) 0.49
<12 month (1 years) 319 13.4 1.82 (0.14)
Refrigerator food storage container
Glass bowl 1,493 62.7 1.45 (0.09) 0.47
Metal bowl 23 1.0 2.18 (0.65)
Plastic bowl 703 29.5 1.36 (0.10)
Zipper bags 79 33 1.72 (0.21)
Porcelain & others 82 35 1.57 (0.27)
Frozen food storage container
Glass bowl 75 32 1.55 (0.31) 0.53
Metal bowl 7 0.3 0.83 (0.34)
Plastic bowl 333 14.0 1.30 (0.13)
Zipper bags 1,959 823 1.46 (0.09)
Porcelain & others 6 0.2 2.16 (1.19)
Drinking water (inside the house)
Tap water 599 25.2 1.32 (0.11) 0.025
Water purifier 1,408 59.2 1.49 (0.09)
Bottled water 330 13.9 1.51 (0.14)
Mineral water 14 0.5 1.34 (0.47)
Ground water & others 29 1.2 1.05 (0.41)
Drinking water (outside the house)
Tap water 335 14.1 1.17 (0.14) 0.59
Water purifier 1,808 76.0 1.48 (0.09)
Bottled water 227 9.5 1.62 (0.15)
Mineral water 1 0.1 2.44 (0.00)
Ground water & others 9 0.3 1.79 (0.66)

*p for trend
**Urinary BPA concentrations (pg/L)
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Fig. 1. BPA levels according to [A] food or beverage intake variables [B] use of pest control chemicals variables [C]
seafood intake variables. Numbers in parenthesis indicate p for trend.
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Table 3. Univariable linear regression model for human exposure of BPA

Reference

Variable or unit n B 95% CI p
Sex: male Female 1,167 -0.153  -0.296, -0.010 0.036
Age year 2,380 -0.104  -0.125, -0.084  <0.001
Household income (/month)
Low (<3,351 US$) 563 -0.028  -0.265, 0.210 0.82
middle (3,351-7,819 USS$) 1,401 0.031 -0.147, 0.209 0.73
High (>7,819 US$) 307 Ref
Secondhand smoke time hours/week 2,380 0.001 0.000, 0.002 0.044
Building type of house
Apartment 364 0.014 -0.228, 0.256 091
Row/multi-family house 403 0.042 -0.127, 0.211 0.63
Detached dwelling 1,599 Ref
Renovation work (last 6 month): yes No 1,840 0.143 -0.040, 0.326 0.12
Buy new furniture (last 6 month): yes No 1,720 0.142 0.004, 0.280 0.044
Distance to nearest road
<50 m 635 -0.193 -0.465, 0.079 0.16
<150 m 1,560 -0.113 -0.354, 0.127 0.35
>500 m 185 Ref
Road traffic
Many 1,068 0.002 -0.202, 0.206 0.99
Normal 1,022 0.035 -0.140, 0.210 0.69
Less 290 Ref
Herbal medicine
Taking prescription herbal medicine: yes No 318 0.241 0.072, 0.409 0.005
Taking herbal medicine currently or for 1 year: yes No 320 0.260 0.112, 0.408 0.001
Refrigerator food storage container
Glass bowl 1,493 -0.168  -0.426, 0.091 0.20
Plastic bowl 703 -0232  -0.497, 0.033 0.09
Zipper bags 79 Ref
Frozen food storage container
Glass bowl 75 0.055 -0.325, 0.435 0.78
Plastic bowl 333 -0.123 -0.307, 0.061 0.19
Zipper bags 1,959 Ref
Drinking water (inside the house)
Tap water 599 -0.132  -0.303, 0.039 0.13
Water purifier 1,408 -0.010 -0.166, 0.146 0.90
Bottled water 330 Ref
Drinking water (outside the house)
Tap water 335 -0.314  -0.593, -0.035 0.028
Water purifier 1,808 -0.089 -0.280, 0.101 0.36
Bottled water 227 Ref
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Table 3. Continued
Variable Reference n B 95% CI p
or unit

Food or beverage intake variables

Delivery food packaged in wrap /month 2,380 -0.002  -0.004, 0.000 0.06

Cup noodle /month 2,380 0.005 -0.001, 0.011 0.10

Can food /month 2,380 -0.001 -0.001, 0.000 0.12

Plastic bottle drink /month 2,380 -0.001 -0.001, 0.000 0.19

Disposable paper cup drink /month 2,380 -0.001 -0.002, 0.000 0.10
Seafood intake variables

large fish and tuna /month 2,380 0.001 -0.001, 0.002 0.57

Fish /month 2,380 0.002 0.001, 0.003  <0.001

Crustacean /month 2,380 0.001 -0.001, 0.002 0.40

Shellfish /month 2,380 0.001 0.001, 0.002  <0.001
Use of pest control chemicals variables

Mosquito repellent /month 2,380 0.001 -0.001, 0.002 0.85

Other insecticide /month 2,380 -0.001 -0.001, 0.001 0.97

Pesticide /month 2,380 -0.001 -0.003, 0.003 0.84
Table 4. Multivariable linear regression model for human exposure of BPA (n=2,380)

Variable Refererfce B 95% CI p
or unit

Sex: Male Female -0.152 -0.261, -0.044 0.006

Age year -0.100 -0.121, -0.080 <0.001

Consumption of fish /month 0.001 0.001, 0.002 0.004

Taking herbal medicine currently or for 1 year: yes No 0.150 0.016, 0.284 0.029
(Mann-Whitney U test: U=58, p<0.001) 2 7} 23] S nF Zleow FAuHETh Iy sjAkEe] MP
(Mann-Whitney U test: U=232, p=0.006) AZ<]|A] =

BPA =7t =4 YERTHY ol ofF Al o
£ MP$} BPA §& Atele] 984S YERAL Q)
o} 3R A3 9wel BPA 59 AS, e AdE
AN A= FRPATHp<0.001) T AE
AN Foudt HAE T 5 gl
T AL A S IO R S IAFTE ATl
= IIRE Aol WY dFHsks IS ZME A
FsA k= A ET BPA G0 EUTHB=0.341,
p=0.04)2 HEFPTH? g Apore ZMF 2 7]
e} dlYg AES MPE 43k gloH, siikE &
H 2 HAS B8] MPY =% riar LR
o 5mm V|RF A7)0 2R ZEfrE 2791 MP
£ Zg2E =30 2 BPA 559 FA8F 3%
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