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Differences of Chemical Exposure Levels according to Residential and

Personal Life-style Characteristics of Korean adult population
- from Korean National Environmental Health Survey

Moon-Young Hwang, Soo-Yoen Hong, Young-Min Kwon, Hye-Jung Jo, and Choong-Hee Park’

Environmental Health Research Division, National Institute of Environmental Research

ABSTRACT

Objectives: The aim of this study was to determine environmental chemical exposure related to residential and
personal lifestyle characteristics in the adult Korean population. The observations of this study can provide information
useful for developing reduction approaches for exposure to chemicals among the general adult population.

Methods: The second stage of the Korean National Environmental Health Survey (KoNHES) was conducted
from 2012 to 2014, with 6,478 persons participating. Using the results of the survey, the relationship between
exposure levels of heavy metals and organic chemicals and exposure factors, e.g. residential and personal
lifestyle characteristics, were analyzed.

Results: The exposure levels of VOCs and PAHs were significantly lower in participants living at a distance of
more than 100 m from roads versus living closer to roads. Home ventilation lowered VOC and PAH exposure
but did not lower chemical exposure from household products. Use of public transportation showed lower
exposure to heavy metals, VOCs, and PAHs. Current smoker was significantly higher for levels of heavy metals,
VOCs, and PAHs, and the exposure trend was similar for current drinkers. Physical activity was related with
higher exposure to phthalates and environmental phenols.

Conclusion: Our observations based on a nationally representative population for Korea show that exposure to
chemicals varies by residential and personal lifestyle, and this should be considered for developing appropriate
mitigation measures and policies. Given the health concerns surrounding environmental chemicals, it is
necessary to develop comprehensive measures to reduce chemical exposure.

Keywords: Biomonitoring, environmental chemicals exposure, residential and personal lifestyle
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Table 1. Measured chemicals and metabolites from blood and urines

Matrics Chemicals Metabolites
H -
Blood Metals g
(ug/L) Pb (ug/dL) -
Urine Cd -
(ug/L) Hg -
DEHP MEHHP+MEOHP+MECPP
Phthalate DBzP MBzP
DBP MnBP
BPA -
Phenol
TCS -
Insecticide Pyrethroids 3-PBA
Toluene Hippuric Acid (g/L)
Benzene Muconic Acid
VOCs . .
(mg/L) EthylBenzene Phenylglyoxylic Acid
Styrene, Ethylbenzene Manderic Acid
Xylene Methyl Hippuric Acid
Pyrene 1-OH-Pyrene
Naphthalene b-Napthol
PAHs
Phenanthrene OH-Phenathrene
Fluorene OH-Fluorene

1. g+&da o na

_ N Weighted
1. &7 geisy percent
B AT xRt 194] o) A<l 6,478 Total 6,478 100
SHELS 62.1%°]|tH(Table 2). FAz} T G4 Gender
2,774, &424L 3,7049 o|ich AEEZ 407} Male 2,774 492
21.4%2 7P Bgkom, 60t o)) :BEL 21.6% Female 3,704 508
B E 0] A= O © o Age (years)
2 vehsith 7 9 &5 € 3,600 USS?] 9 19220 537 177
7} 37.1%=Z 7P 2943, 1,300 US$S! 74971 19.5% 30-39 1,056 19.7
2 7 F9ht) Agrd-»dm)r e o s e A KB 40-49 1,226 214
_ 50-59 1,439 19.4
sty Sslk Alete 90 Ha) &2 3= B
gk SRE AFE 21.9%=, @A 55 f}* 60-69 1335 110
AR 64.7%21 3,824 ©l9dth. -5 A 70+ 485 106
ol & A= IYE 2Es 6}* ]' - 2,329% Monthly household income (US$/month)
(36.7%), A= &E= AL SHE AR 735 Low (<1,300) 1,797 19.5
F(113%)°1H 5 A8 a4 Fevty $gd Mid-Low (1,300-2,600) 1,626 236
AJRHE. 34147 (52,00 - Mid-High (2,600-3,600) 1,090 19.8
H (52.0%)= HERSITE. High (>3,600) 1,941 37.1

Folasel AR B ABHR) W2 BEE

Table 2. Characteristics of participants in KoNEHS2

Table 39 YERNATE. AFA NN =2711]2] Az

7F 50 m ol 9= 30.4%%
ololl AFsh= AlEHo] 38.0%% 7Y

J Environ Health Sci 2019; 45(2): 142-153
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Table 3. Weighted percent of residential and personal life style characteristics of the second round of KoNEHS

Variables Categories Count (%)
Distance from the roads 2500 m 440 (6.80)
100-500 m 2,463 (38.0)
50-100 m 1,606 (24.8)
<50 m 1,969 (30.4)
Ventilation time more than 1 hour per day 2,777 (42.9)
none or less than 1 hour per day 3,701 (57.1)
Use of public transportation Yes 3,364 (51.9)
No 3,114 (48.1)
Main transportation Etc 63 (0.68)
(except public transportation) Motorbikes 103 (1.59
Automobile 3,882 (59.9)
None 2,450 (37.8)
Smoking Current 1,392 (21.5)
Former 1,022 (15.8)
Never 4,064 (62.7)
Drinking Current 4,193 (64.7)
Former 360 (5.56)
Never 1,925 (29.7)
Physical activity High intensity 2,379 (36.7)
Low intensity 732 (11.3)
Never 3,367 (52.0)

IAIZE mltolgbar Seheh Ak 42.9%0] 31T}, o
&ote AR 51.9%2m, M| 3
& 0|99 FFEeRE AFAE ©
59.9%= 7§ BUTH

FAR L Gl wE sEEde] QA =
k] FEALS Table 4 2 Fig. 1-39] YFERAITH

o
OFO I ol

i

2. FHEEY SPEEE kE&ETE

AFA A E271A 9] AZ7F HEE 33771
SIRHE(VOCs)# thhla-=etsl 4 (PAHs)®] =&
F5e0] YItHFig. 1 A-C). AFA AN =274 9]
Ag7F 50 m w9kl Fodxh(reference)2} Bl A,
50-100 m Afololl A= AR BPA, mandelic
acid®] F=7F 27} 0.879 (95% CI: 0.746, 1.011),
0.923 (95%CI: 0.861, 0.989y §-2]81A wekom,
muconic acid, phenylglyoxilic acid= AATT
P<0.1elA ¥re =& Btk VOCse] A%,
100-500 m Atolol] AF3l= AFES muconic acid

http://www.kseh.org/

(APCs=0.917), phenylglyoxylic acid (APCs=0.802),
mandelic acid (APCs=0.845), methyl hippuric acid
(APCs=0.888)2] :=Z&<ro] o8l Wakom, PAHs
% 1-OH-pyrenene (APCs=0.905), 1-OH-phenanthrene
(APCs=0.931)= frolstAl= @dgtont v 50
Atk =27HAe] AZ7F 500 m o’ Holxl e
FAFake ARHS 100-500m Afolo] AFake Abg
3 733k vIS3199 21}, muconic acid, phenylglyoxﬂlc
acid ¥ 1-OH-Pyrene®t BAIH 2 ffsA] Wk

on @ F JI=F-LS 50 m ool AFE= AR
o =2(APCs=1.092) 0]t}

olgfgt Al ERoN IHETE =R O
F=2< VOCs¢t PAHs®| =&F0] e 7€
o] A7Azet dAlst=tl, FAR L} =Rl A
ZZ 100 mE 71F0E 100 mET 77 FAX]
AR= ARFe] PAHs 4%9] Hao] =YY =2
5o EAR Y] PAHS] F8 29U ® dHA Q)
om W pPMS xEFsl= Ankl71 e HEZ S VOCs
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Table 4. Adjusted proportional changes (APCs) of exposure to environmental chemicals with residence and personal life

. . Blood Pb Blood Hg Urinary Cd Urinary Hg
Variables Categories
APC p-value APC p-value APC p-value APC p-value
2500 m 0.996 0.91 1.021 0.71 1.092 0.08 1.001 0.99
Distance from 100-500 m 0.996 0.85 1.013 0.67 1.033 0.30 1.014 0.69
the roads 50-100 m 1.012 0.60 1.000 1.00 0.985 0.67 1.010 0.75
<50 m ref.
L >1 hour 0.970 0.05 1.036 0.15 1.054 0.03 1.000 0.99
Ventilation time
<1 hour ref.
Public Yes 0.941 0.00 0.931 0.00 0.933 0.00 0.932 0.00
transportation No
. . Etc 1.016 0.82 1.109 0.25 0.925 0.54 1.127 0.36
Main transportation g4 hikes 0969 049 1242 001 1029 074 1238  0.00
(except public .
ransportation) Automobile 1.066 0.00 1228 <.0001 1.026 0.37 1.145 <.0001
None ref.
Current 1206 <.0001 1216 <.0001 1.133 0.00 1.083 0.03
Smoking Former 1.089 0.00 1.195 <.0001 1.003 0.92 1.129 0.00
Never ref.
Current 1.117 <0001 1.133 <.0001 0.972 0.26 1225 <.0001
Drinking Former 0.986 0.69 0.918 0.08 1.065 0.17 1.139 0.05
Never
) High intensity 0.999 0.93 1.077 0.00 0.973 0.19 1.009 0.70
};};tyfv‘l‘zl Low intensity 0955  0.02 1057  0.06 1.009 077 1035 038
Never ref.
bold: p<0.05, Italic blod: p<0.10
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3. 7F9e| E7|AZH SlEtEE T ETFE

skl X7 oY B1E Sl SHS fodx)
= R viRE $7]8ke ejatel] Hlste] VOCse]
AIAQD phenylglyoxilic acid, mandelic acid, methyl
hippuric aicd®} PAHs tJAFA|?1 1-OH-Pyrene®] =
Zg0] SITH(Fig. 1-D). WA, fluorene®] thARA
= AATENA Eokon, e o] E thALA|, BPA
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Table 4. Continued

. . DEHP DBzP DBP BPA Triclosan
Variables Categories
APC p-value APC p-value APC p-value APC p-value APC p-value
>500 m 0.929 0.181 1.026 0806 1.I151 0.082 0.868 0.068 1.069 0.654
Distance from 100-500 m  0.987 0.630 1.008 0.894 1.065 0.129 0971 0.601 0.867 0.062
the roads 50-100 m 0.986 0.635 0.933 0.302 0.959 0.293 0.879 0.012 0.924 0312
<50 m ref.
. >1 hour 1.048 0.035 1.183 0.000 1.310 <.0001 1.141 0.002 1.009 0.876
Ventilation time
<1 hour ref.
Public Yes 0971 0.136 0979 0616 1.002 0.934 1.034 0399 1.093 0.127
transportation No ref,
Etc 1.207 0.119 1378 0.046 1.438 0.001 1.078 0.611 0.867 0.403
M‘g;ia‘fpﬁgﬁgm Motorbikes ~ 1.131 0.048 0.891 0.330 1.101 0304 0.763 0.061 1.040 0815
transg)onl;tion) Automobile  0.999 0.984 0957 0.269 1.019 0.518 1.023 0.593 1.009 0.890
None ref.
Current 0985 0.625 1.050 0373 0986 0.701 0.973 0.660 1.068 0.459
Smoking Former 0.958 0.160 1.055 0329 1.021 0.593 1.020 0.745 1.071 0.462
Never ref.
Current 0.998 0.928 1.024 0.593 0954 0.105 1.000 0997 1113 0.059
Drinking Former 1.054 0.380 1.016 0861 1.055 0.335 1.024 0.766 0.993 0.948
Never ref.
) High 1.058 0.007 1.076 0.054 1.124 <0001 1.061 0.142 1.137 0.032
Zlc‘tylsvllcél Low 1.028 0485 1.035 0565 1.058 0194 1163 0.002 1251 0.022
Never ref.

&3] =2 FoZ et 3 Ak
o]9dl] AR AA T 7HEolA Y] VOCset PAHsS]

WEAS DR F7HH BA0) Basi

4. 1S0[8Y SEEE LETE

ozt F dFLEE ol &AL SHI AR
TRA Bl S Al vl d T g
2, 8 T k=gt 2] frelsiAl wekew, vOCs
A % muconic acid, PAHs WA % 1-OH-
pyrene, 1-OH-phenanthrene, 1-OH-fluorene®] =&
T fFolsHA SUTH(Fig. 2-A). EES ©183t
= AHE HEaES o83k %2 Abdel vlste
B Aol SA4E BE seede] mErEe] W
o HEalE olle] F8 WwErd T, wEr
185k 92 Al AFgAFE ol8-she Algel
speted =E4E2 Fig. 2-Boll UERASIH. 2
Aol A d TR TR . T T

o 32 ¢
[e]

ﬂl
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Table 4. Continued

. . Hippuric Muconic  Phenylglyoxylic =~ Mandelic =~ Methyl hippuric
Variables Categories
APC p-value APC p-value APC p-value APC p-value APC p-value
>500 m 1.044 0.526 0.809 0.001 0.820 0.019 0.909 0.176 0.990 0.893
Distance from 100-500 m  1.038 0.433 0917 0.029 0.802 <.0001 0.845 <.0001 0.888 0.020
the roads 50-100 m 0978 0.727 0.934 0.073 0.926 0.082 0.923 0.024 1.043 0.462
<50 m ref.
. >1 hour 0973 0.573 1.014 0.640 0.781 <.0001 0.821 <.0001 0.860 0.000
Ventilation time
<1 hour ref.
Public Yes 0971 0457 0935 0.012 0952 0.192 0997 0912 0.994 0.892
transportation No ref,
Etc 1.085 0.715 0.912 0377 0.685 0.035 0.908 0.404 0.773 0.025
M‘Igiaffpﬁgﬁgm Motorbikes ~ 0.945  0.638 1.011 0905 1.031 0.753 1.029 0.692 1.097 0.408
transg)onl;tion) Automobile  1.100 0.042 1.078 0.026 1.004 0.904 0975 0.375 1.002 0.958
None ref.
Current 0.846 0.020 1.959 <.0001 1.646 <.0001 1.716 <.0001 3.182 <.0001
Smoking Former 0.999 0.995 1.037 0471 1.059 0.215 1.025 0546 1.103 0.087
Never ref.
Current 0914 0.048 0.978 0481 1.053 0.098 1.012 0673 1.001 0.976
Drinking Former 0912 0377 1.021 0.691 1.099 0.108 1.030 0.582 0.984 0.800
Never ref
) High 1133 0.009 1.003 0923 0974 0410 0990 0.720 0.960 0.279
Zlcli]ii/lictil Low 0.988 0.864 0.981 0.638 0.888 0.008 0.909 0.015 0.860 0.002
Never ref.
st wEddE 9EHEe TS Y By ofy B). B &8 Ak A% 5 % A= &F
g}, 534 9 VOCs, PAHsS] =&45S Zo| o8 st 58S ke ¥ AFEHY] =EFE
Henss o887l flste FFele AAEE < HWEtH(Fig. 3-C, D). ZAE 52 3h= Al
oJg A7 ol Utk He 8 T o ZEYolE tiAAl 2 triclosan
3} hippuric acid7} 55 SFA] %= Abgtol] Ml
5. Mgaan SR EE LETE =%oH, e 55 sk AFRES 8 F 9
HAzke] FA, &+ 2 25 A" 47 3} 42, BPA, triclosan®] =&5E2 %94, VOCs

S wE3S A3 23E Fig. 30 JERSITH

FAAE HFAR ] Hlste] ZEo|ES} 347
&5, hippuric acidE A9 ZE 554 2 VOCs
3 PAHs thAR] B5Fell o] w9kt 59
PAHs tAFAIQ] B-2-naphtol (APCs=5.322)3} 1-OH-
fluorene (APCs=5 012)°] iy o=z ufg- =Skt
(Flg 3-A). A HleTA HlEte] @ g 3

Fo. 2 ¥ =&, PAHs AR 1-OH-pyrene©]
FostA =ko ™, triclosan® VOCs thARA] ¢
phenylglyoxilic acid= ATl =UTHFig. 3-
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Table 4. Continued
. . 3-PBA 1-OHP 2-Naptol 1-OH 1-OH Fluorene
Variables Categories Phenanthrene
APC p-value APC p-value APC p-value APC p-value APC p-value
>500 m 0.956 0.516 0.859 0.005 0.954 0.528 0.946 0.286 1.050 0.421
Distance from 100-500 m  1.059 0.154 0.905 0.007 1.028 0.595 0.931 0.025 1.013 0.730
the roads 50-100 m 1.041 0391 0954 0.150 0979 0.649 0.956 0.124 1.018 0.645
<50 m ref.
Ventilation >1 hour 1.111  0.001 0.905 0.002 1.005 0.892 0.959 0.121 1.063 0.093
time <1 hour ref.

Public Yes 0.944 0.051 0.927 0.004 0.962 0.259 0.941 0.006 0.947 0.036
transportation No ref.

Main Etc 1.223 0.128 0.766 0.104 0.972 0.805 1.052 0.634 1.155 0.476
transportation Motorbikes ~ 0.802 0.053 1.061 0.403 1239 0.044 1.096 0248 1.045 0.560
(except public Automobile  1.000 0989 1.011 0.665 1.020 0.636 1.010 0.668 0.949 0.130
transportation) None ref

Current 0979 0.682 2.122 <.0001 5.322 <.0001 1.650 <.0001 5.012 <.0001

Smoking Former 1.038 0405 1.144 0.000 1.158 0.008 1.023 0.515 1.112 0.022
Never ref.

Current 1.007 0.850 1.091 0.002 0.955 0.218 0.994 0.774 1.007 0.807

Drinking Former 0.962 0.549 1.048 0.314 0.923 0.263 0.998 0.966 1.049 0.361
Never ref.

) High 1.082 0.024 0976 0290 1.043 0204 1.031 0.152 0.946 0.051

I:C‘tyfv‘lcél Low 0.999 0980 0936 0.114 1006 0912 1.033 0333 0978 0.616
Never ref.

She Al VOCs T QR7h Gelsbll weke. B wigsid) Raleiths 4ol itk awlel B

U 9 e 9 ZgE|E, @A dsRe = o] 77 g sietede] wES HEs] vk

ETES AE 58 she AFEF Aol B FetAl FetE FE Atk Y tierRe] Q1

SR A1 B s Aol BA R S ez 3 2A= fejuet el o

Ffrolgh ddgde] glom zeuolEgt FHlER W1 A -8t (body burden)s tEshs Aol

=g 3 St AREEOM AAIEEAL SVl 98 Ao Audn. B4, Skl

AT W7 55 sk AR 7 38 = =9 el 23s g Zlew, e F83%

587 9 &% AW s34 & ;_% | == =2 83020 Aolo tigh XHE kA dthe Ao

ol S & 7ol Utk S BE 99 ok 7], A 5 S Qoo AFAFHAT

APEE G 719E Sk 9le] 0 B A A stelade] =3 T3 adds yHg o, &

Fot AAGt] B wf, 2EEANN 28T 871 B ATAAE sk Fog Darvt vk

APgAe] e AFs] sfehd 1S A=Ak ol2]gt A E Batal vkt AT

ALB)e] SRR AFE el Tl 2 Zlojnt ses titi 7T n=6,478) gz o

B AT A sl lojx R 7R Al o] AEe], FAAE 5 7iRle] sl wE 3ot

Atk A, B A= AT (cross-sectional study)
2 Zgg=lo] JHI €]

HX}(intra-personal variation)
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Fig. 1. Association of environmental chemicals with residential factors. Distance from road (A=500 m, 100 m<B<500 m,
50 m<C<100 m, reference: <50 m). Ventilation time (D: more than lhours, reference: less than 1 hour)
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Fig. 2. Association of environmental chemicals with use of public transportation. Use of public transportation (A: yes
reference: no). Use of automobile except public transportation (A: car, reference: none)

J Environ Health Sci 2019; 45(2): 142-153

http://www.kseh.org/



T 9 K0l dERsaio] ME SRIEE E4F Aol IRBEEAI|EZAL 151
6.00 A *¥ sr
5.00 i i
4.00
’ %
3.00 '5
*%
2.00 T + %%k tét 4 %
*%k k% % ] ]
1.00 - SR N S
= 0.00 — . .
E‘U . *l* -
E 1.20 ,,.i,,. { 1 - *E
= i
E 1.00 1 % '! 4 l % ** i .} ,% 1 % +
2 B ! - | 'i
g 0.80
%‘ 1.30 ———— % S—-—
5 C #{# . E 'I i i *{* i
*
2 100 | — [ Ao I S S N } --------- .f -------- +— { vvvvvvvvv .f-~-—~~-~ i --------- - 1
2
3 0.70
%
130 D &% |
*% | I |
** 4 { { i { + |o%% %% xx |4
1.00 },} S S T (R — | ! } { { I JI 'i
0.70
£ £ 3 £ £ % 8 £ B 5 £ £ £ £ £ § §E £ 8
= = g 3 5§ ® - 3 & % £ : 2 B : £ %
£ = 3 = i § =
z = &
E %z £

Fig. 3. Association of environmental chemicals with personal lifestyle factors. A: current smoker, B

current drinker, C:

high intensity physical activity D: low intensity physical activity (references: never or none)
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