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ABSTRACT

Background: There are concerns about the health effects of various environmental pollution exposures
among residents living near coal-fired power plants (CFPP).

Objectives: This study attempted to compare the concentrations of heavy metals in blood and urine and those
of urinary volatile organic compound (VOC) metabolites according to the residential separation distance.
Methods: Participants in the study totaled 334 people who have lived for more than 10 years in areas within
10 km of a CFPP. The separation distance was analyzed in quartiles by dividing it into Q1 (88 people), Q2 (89
people), Q3 (89 people), and Q4 (68 people). We explained the purpose of this study to the participants and
collected blood and urine after obtaining signatures on a participation agreement.

Results: The study participants were 102 males (30.5%) and 232 females (69.5%), with an average age of
71. The average length of residence and distance were 43.8 years and 4,800 meters. The geometric mean
concentrations of Pb, Cd, and Hg in blood and As and Cd in urine were respective 1.35 pg/dL, 1.43 ug/L, 3.16
ug/L. They were 167.88 ng/g for creatinine and 1.58 pg/g creatinine. The metabolite concentrations of VOCs
were 50.67 ug/g creatinine in t, t-muconic acid (t, t-MA), 10.73 ug/g creatinine in benzyl mercapturic acid,
317.05 pg/g creatinine in phenylglyoxylic acid, 123.55 g/g creatinine in methylhippuric acid, and 190.82 ng/g
creatinine in mandelic acid. The concentration of Pb in the blood and Cd and t, t-MA in the urine of residents
within affected area of the CFPP showed statistically significant differences among distance groups.
Conclusions: The concentration of urinary VOCs metabolites, especially t, t-MA, differed according to the
distance groups of residents within the affected area of CFPP (p<0.05).
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Highlights:

- A health impact assessment was
conducted based on proximity to
coal-fired power plants.

- The blood lead and cadmium
concentration of residents differed
according to residential distance from
a coal-fired power plant.

- A difference in t, t-MA among the
VOC metabolites was observed
according to residential distance.

*Corresponding author:

Department of Preventive Medicine,
College of Medicine, Dong-A University,
32 Daesin Gongwon-ro, Seo-gu, Busan
49201, Republic of Korea

Tel: +82-51-240-2770

E-mail: medikim@dau.ac.kr

sho] 8 7] FEeoltt Huistede ol Ayato]

AL GA 52 olr= AR 7t

I ARE HYA U2 EL olEste AR ddas S35tk LU AR 2ol Aa7HA] ol2= A T

Copyright © Korean Society of Environmental Health.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
e Permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://e-jehs.org


https://orcid.org/0000-0002-6879-3399
https://orcid.org/0000-0002-1762-6320
https://orcid.org/0000-0001-8522-5820
https://orcid.org/0009-0002-6582-9007
https://orcid.org/0009-0005-1488-5289
https://orcid.org/0000-0001-6059-8073
https://orcid.org/0000-0001-7069-267X
https://orcid.org/0000-0002-3276-9450
https://orcid.org/0009-0003-5479-1776
https://orcid.org/0000-0002-9037-3761
http://crossmark.crossref.org/dialog/?doi=10.5668/JEHS.2024.50.1.25&domain=pdf&date_stamp=2024-02-28

rok

oN
of
r
r
ol
re
I
rok
)
oN
iy
of
o2
rok
M
o
of»
fob
Jo
ok
na
i
4>
pal
ojol
of
f>

A 2% F253 v AEA Aaitshs? 557 ehe 2
59 eH=4o] HAHA 9] FE= t7]e} Q1] A5t EY
7HA] QAAI717] Wizl QI 41 A% g0 kS mIA
r}.45

HH0 &2 FUE= 2(Hg), H(Pb), 7F=H(Cd), H4x(As)
T A =4S sk A7 A FA2 oheet AlA
223} 713 AL FEohY Aesiidsz gt o
7] QAEAT} A 9] vt FHEl et =& T A
FRI9 7] AFGES Eo]al, 557] Ag 9 Heh AEHA
18] Yae ALY Be] SETHLY e et
=427 W0 /1% 2 7l6agol] ol A Aol
o) F40] Het Ay BrHs X420 asin

3 -7-715+5HE (Volatile organic compounds, VOCs)= 2F
7l g 3ot i S22 WAl(benzene), EF<(tolu-
ene), o2l H (ethylbenzene), XY@ (xylene) 50| Ut VOCs
£ ABA w77k, 242, gulidy|0 ey AekskEdd
of oJ5f wiE=EH"Y F,"” 45,0 8 FFS B3 Al
FY=lo] THd H4d H ZHcopD), A4, Hok AEEE
& 53434 71% ol 9 o7 gt 59| IFE vt
VOCs9] QA W =& A HEE= A = tiARAQ t, t-muconic
acid (t, t-MA), hippuric acid (HA), mandelic acid (MA) 5=
o|g-3}o] sBrigict e

2016¢ eHF9] AL ¥ 1 14
A Aol A A=) 1170 AL E o= 9B, B
F Y, A7l o A, A= AF9FE Soll et S84
QA A9 A4S Bof 7 A Aol gk AP
SHF o2 9k ST A QI EQFolut 7ol of
3 9 wo] BHEE| T Q|9 sleEbd A 10 km ©]U*Vo] A
ot WIAHE SAHCE A U S553 VOCs ==& 54
Tt A= RESH AHolh? 4 2 A AP @
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S 5% 15k S50 =E2HE FIAELE 4 km,” T
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Fig. 1. Residential area of 334 study subjects living within a radius of 10 km around coal-fired power plant in Korea

2. M| A= XHF

e Alge FSLAEDTA)7E 2 A= B
7](Vacutainer royal blue cap)E ©]-85t%] 3 mL @Y
I, 8 AEE YAk -8 Urine cup (Polypropylene)
o s 24 10 mL oM AF 5] Y = d5dH=

HAPIE7IA] o153t Al AH % HA] ZlAE 29l &
24 A7 &2 B(-70°C olshstal &4 Aloj= sfEdt
T A2oM 30 o1 & =A(roll mixen)Z F25] wRHRE &

AHg3hck

3. 534 24y
¥ 3 7loRa G 24719 84 BN F TIEE 0.2%

Palladium, 1% Triton X-100, HNO; 26 mL, @ & H: 0.2%
Ammonium phosphate, 0.2% Triton X-100)& A&} 1:10
H]-&= 5]4J5}0] Graphite furnace atomic absorption spectrom-
eter (PinAAcle 900Z, PerkinElmer, Waltham, MA, USA) &
A 71712 EASH. A4 Aol A9 22 579 =

£ W] B4 2ARS HSE flot] EE &
Z12 Whole Blood metals control level 1 (Serorm, SERO AS,
Billingstad, Norway), Whole Blood Control Clinchek Level 1,
2 (RECIPE CHEMICALS, Germany)S AH-8-5}0] o A} ojck
=79910] 44 sl

4 F 22 2L o £-24-8E471(Gold amalgama-
tion direct mercury analyzer, MA-3000, Nippon Instruments
Corporation, Japan)& 253.7 nm 7oA &AJ51ict. 4
FAL 1,000 mg/L 2 EFH(Kanto chemical, Japan)<
0.01% L-Cystein (in 0.2% HNO,) 3]4H 0 2 5]4s}o] £4
Stk o] 5 EZE Whole Blood metals control level
1 (Seronorm, SERO AS, Billingstad, Norway), Clinchek level II

(Recipe, Germany)& AF85to] Ealahict,

8 3 7I=w B4 B4 7]7]= ICP-MS (Agilent 7700x,
Agilent Technologies, CA, USA)E 0]-8-5}%tt. 2% 1-buta-
nol, 0.05% EDTA, 0.05% Triton X-100, 1% NH,OH (Sigma-
Aldrich, USA)E ©]-&5to] A2H 34 &AL 1:20 H[EE 3
Asto] EA5tItE 35 S22 Urine control Clinchek level
1, 2 (RECIPE CHEMICALS, Germany)S Ar-8-5lo] &4
2 slslglt 234 B4 IPBATLY WA AR F
HHedEd B4 vind EFEFYAA(Standard Operation
Procedure, SOP)""S whe} 8 =]Qlch. 234 AZ T (Limit
of Detection, LOD)}2 & 7=/, @59 @ 542 8
% 71=R, 8 HIA7F 242 0.069 pg/L, 0.063 pg/dL, 0.017
ug/L. 0.039 g/L, 0.061 ug/LATE. B 3 8 AzpAe] Rzt
2 0.999 oldollon, HLE= 96.1~111.5%= 71 w9
£20% o4, AEE+= 0.8~8.3%= 10% o= A Y <
gtk

4. 3|'L4HR7|8teE(VOCs) CHALH| 2414

VOCs tAH] 42 Sde47sted BAA R F 71715}
FEA B4 SoPVE F-83510] HPLC-MS/MSHLO. 2 H o]
$H=ATE VOCs HIAKA = t, t-muconic acid (t, t-MA), ben-
zyl mercapturic acid (BMA), phenylglyoxylic acid (PGA), meth-
ylhippuric acid (MHA) I3]3 mandelic acid (MA)ZE & thAl
Y5e BAstET 2 B4 8 EE 8L 7Y bER o
Sof AL BYIYT FEBIEARM)T} AZHER)
EZ(NIST SRM; National institute of standards and technol-
ogy, Gaithersburg, MD, USA)=S Al-&5}o] 5ujx]ufct B35}
o] ateg glelgict

LOD 36 BAMRIS olgste] 24 71717t 453 4 9
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Table 1. General characteristics of study subjects (n (%))

8 % Aot U(creatinine, cr) AHg-3t0] BASEYCE >
t, t-MA, BMA, PGA, MHA, MAS] LOD %2 7Hz} 0.280
ug/L, 0.030 pg/L, 0.310 pg/L, 0.800 pg/L, 0.600 pg/Lo|H
MHA (n=2)2} MA (n=5)°14] E7& A&7} AAch

Quaternary distance from coal-fired power plant

Characteristics Total Q1 3 1%?) e o4 9%?(’) . Q4 pvalue
(<3,100 m) . 4:9 00 m) g 6270 om) (>6,700 m)

Distance (meter) Mean+SD 4,800.3+2,252.8  2,012.6+882.4 4,059.6+614.0 5944.9+550.0  7,879.4%1,011.4

Gender Total 334 (100) 88 (100) 89 (100) 89 (100) 68 (100)
Male 102 (30.5) 30 (34.1) 23 (25.8) 28 (31.5) 21 (30.9) 0.685"
Female 232 (69.5) 58 (65.9) 66 (74.2) 61 (68.5) 47 (69.1)

Age Mean+SD 71.0£11.1 66.7+14.1 75.31£8.5 70.9+£8.9 71.1£10.4 <0.001*
<49 16 (4.8) 12 (13.6) 0(0.0) 3(34) 1(L.5)
50~59 29 (8.7) 13 (14.8) 2(2.2) 6(6.7) 8 (11.8)
60~69 94 (28.1) 21 (23.9) 25 (28.1) 27 (30.3) 21 (30.9) <0.001"
70~79 121 (36.2) 26 (29.5) 32 (36.0) 40 (44.9) 23(33.8)
80< 74 (22.2) 16 (18.2) 30 (33.7) 13 (14.6) 15 (22.1)

Residence (year) Mean+SD 43.8+23.4 39.7+25.0 47.6+£24.5 44.8+21.9 42.6+21.0 0.141*
<20 77 (23.1) 22 (25.0) 20 (22.5) 20 (22.5) 15 (22.1)
21~40 76 (22.8) 31 (35.2) 14 (15.7) 15 (16.9) 16 (23.5) 0.024"
41< 181 (54.2) 35(39.8) 55 (61.8) 54 (60.7) 37 (54.4)

Smoking status  No 254 (76.0) 67 (76.1) 73 (82.0) 62 (69.7) 52 (76.5)
Yes 79 (23.7) 21 (23.9) 16 (18.0) 26(29.2) 16 (23.5) 0.420"
No response 1(0.3) 1(0.0) 0(0.0) 1(1.1) 0(0.0)

Drinking status ~ No 204 (61.1) 48 (54.5) 55 (61.8) 56 (62.9) 45 (66.2)
Yes 129 (38.6) 40 (45.5) 34(38.2) 32 (36.0) 23(33.8) 0.500"
No response 1(0.3) 0(0.0) 0(0.0) 1(1.1) 0(0.0)

Job None 171 (51.2) 41 (46.6) 61 (68.5) 44 (49.4) 25(36.8) 0.001"
Production job 138 (41.3) 34 (38.6) 23 (25.8) 42 (47.2) 39 (57.4)
etc 18 (5.4) 9 (10.2) 4(4.5) 2(2.2) 3 (4.4)
No response 7(.1) 4(4.5) 1(1.1) 1(1.1) 1(1.5)

Income (ten <50 164 (49.1) 36 (40.9) 51 (57.3) 39 (43.8) 38 (55.9) 0.012"

thounsand won)

50~200 110 (32.9) 24 (27.3) 29 (32.6) 37 (41.6) 20 (29.4)
>200 47 (14.1) 21 (23.9) 7(7.9) 10 (11.2) 9(13.2)
No response 13 (3.9) 7 (8.0) 2(2.2) 3(3.4) 1(1.5)

BMI (kg/m?) Total 331 (100) 88 (26.6) 89 (26.9) 88 (26.6) 66 (19.9) 0.578*
<18.5 13 (3.9) 4(4.5) 2(2.2) 4(4.5) 6 (4.5)
18.5~24.9 185 (55.9) 47 (53.4) 57 (64.0) 48 (54.5) 33 (50.0) 0.690"
25~29.9 109 (32.9) 31(35.2) 24 (27.0) 27 (30.7) 27 (40.9)
>30 24 (7.3) 6 (6.8) 6(6.7) 9(10.2) 3(4.5)

Mean: arithmetic mean, SD: standard deviation, BMI: body mass index.
*The p value indicates significance between subgroups using ANOVA.
"The p value calculated by 5 test.
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5. SAEZMYUHY

FAEA2 IBM SPSS (ver. 23.0) Statistics (SPSS, Chicago,
USAE o}golsich Sl ze ofal AN A2
(QI~Q4)ol Tt LHHHRl S AAsIen, A
ﬂzu A, R, A% A%, B, 95, AL B
3 ¥g= 71ol Al EH A (Chi-square test)= HAISHL A
é?‘ ‘Eﬂ‘/l\‘t A Hi A= AHE A (one-way analysis of variance,

ANOVA)Z AA|5I3lT

T7H95% Confidence interval, CI) ¥ &5 A5t
o4 Ad sk H|uoJA= ANOVAR F943& 5210]6]-05 7
AHE A2 B 2Y(Bonferroni correction)& AFE-0 S
Ad, A9, AF7IRE A, S 191 FAgs 5%
= A7sto] 479 24 5=l tisto] ‘:}vﬂ-ﬂ—ﬁv—j‘
Ak 4 AEL 9 5 Fdoted =7 WHO 3
21 0.3 g/L H|Rko]AY 3.0 g/LE ZH5t= 5 H&loﬂfﬂ Al
9J519thn=38).*” LOD u]gto] 2k LOD/V2=E Aeste] &

> rE

mlo

|~J
N

FTEE5Y VOCs HAH] 5= LEEC R A3 25 A APstalon, B4 AR 4004 AQlstith Ee
Hol A =71 WSk & 7} SietEdo] ditt A& ), Abe BA1A A52 patol 0.05 H[RHl A& FofR Ao = Hek
<t (arithmetic mean), 7|5} (geometric mean), 95% 41=| =4
Table 2. Concentration of heavy metals by quaternary distance from coal-fired power plant

Element (distance) n (%) Mean+SD GM (95% CI) P25 P50 P95 p*
Blood Pb (ug/dL)

Total 334 (100) 1.59+1.19 1.35(1.28, 1.44) 0.98 1.33 3.11

Q1<3,100 m 88 (26.3) 1.44+0.81" 1.28 (1.16, 1.42) 0.94 1.29 2.69 0.027

3,100 m<Q2<4,900 m 89 (26.6) 1.90+1.74" 1.55 (1.39, 1.76) 1.06 1.51 5.25

4,900 m<Q3<6,700 m 89 (26.6) 1.43+0.65" 1.30 (1.18, 1.42) 0.98 1.25 2.78

Q4>6,700 m 68 (20.4) 1.57+1.18" 1.28 (1.11, 1.50) 0.81 1.29 3.8

Blood Cd (ug/L)

Total 334 (100) 1.55+0.65 1.43 (1.36, 1.49) 113 1.42 2.71

Q1<3,100 m 88(26.3) 1.42+0.70 1.28 (1.17, 1.41) 0.92 1.31 2.81 0.061

3,100 m<Q2<4,900 m 89 (26.6) 1.66x0.62 1.55 (1.44, 1.70) 1.21 1.5 2.89

4,900 m<Q3<6,700 m 89 (26.6) 1.60+0.66 1.49 (1.37, 1.61) 1.23 1.44 3.15

Q4>6,700 m 68 (20.4) 1.50+0.59 1.38 (1.25, 1.52) 1.12 1.41 2.64

Blood Hg (ug/L)

Total 334 (100) 3.70+2.25 3.16 (2.97, 3.35) 2.08 3.07 8.02

Q1<3,100 m 88(26.3) 4.16+2.54 3.52(3.12,3.98) 2.90 3.26 9.5 0.065

3,100 m<Q2<4,900 m 89 (26.6) 3.80£1.95 3.35(2.99,3.72) 2.34 3.38 7.6

4,900 m<Q3<6,700 m 89 (26.6) 3.47+2.37 2.97 (2.67,3.35) 2.01 2.8 7.81

Q4>6,700 m 68 (20.4) 3.2741.99 2.75 (2.35, 3.16) 1.86 2.69 797

Urine As (ug/g cr)

Total 296 (100) 225.58+262.26  167.88 (153.93, 182.50) 102.77 166.57 505.37

Q1<3,100 m 78 (26.4)  214.72+154.06  163.44 (137.46, 193.74) 96.14 170.81 511.94 0.452

3,100 m<Q2<4,900 m 77 (26.0) 217.16£137.25 180.19 (156.70, 206.22) 128.25 182.53 475.22

4,900 m<Q3<6,700 m 81 (27.4) 264.38+403.18 179.90 (152.15, 213.94) 106.93 162.95 653.43

Q4>6,700 m 60(20.3)  198.12+255.30  144.59 (120.89, 175.05) 80.66 140.16 449.12
Urine Cd (ug/g cr)

Total 296 (100) 1.85+1.05 1.58 (1.48, 1.68) 1.10 1.55 3.95

Q1<3,100 m 78 (26.4) 1.48+0.80" 1.26 (1.10, 1.44) 0.88 1.32 2.89 0.002

3,100 m<Q2<4,900 m 77 (26.0) 1.99+1.02 1.74 (1.54,1.97) 1.29 1.62 4.10

4,900 m<Q3<6,700 m 81 (27.4) 2.07+1.23° 1.77 (1.58, 1.98) 1.15 1.72 4.81

Q4>6,700 m 60 (20.3) 1.8621.01° 1.60 (1.37, 1.84) 1.18 1.49 3.90

Mean: arithmetic mean, SD: standard deviation, GM: geometric mean, CI: confidence interval.

abc

Bonferroni post-hoc grouping; estimates with the same letter are not significantly different.

*The p value indicates significance between subgroups using ANOVA.
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3 Q0] Holgh tagAte] Auha AL Table 13} 2ok
AL AERE AT ol FANAAY B Aele
4,8003 mAo¥ B4R S Qlo] 88, Q27 89, Q3
7 899, Q47F 682 2 % 33470I9ick, 48 Hut ol
102%(30.5%), @4e] 232%(695%) 2.8 o149 Hl&o] &9k
o, A W ol 71L0Mels BEE 404 ofsh A
16'4(4.8%), 50t17} 29%H(8.7%), 60tH7}F 9478(28.1%), 70t

7} 121%(36.2%), 80A] o)l 7478(22.2%) 2.2 70T] <] w3
A7t 7V wsteh RS A FANCIA ) Bt A% 712k
2 43.840I0T FAT S o el F3t FARE 798
(23.7%)°13L IR 254%H(76.0%) 0.2 v FAALS] H&
o] Eom 3= 129(38.6%)011 HI-FAHE 204
(76.0%) 2. & H]-S-F2}0] H|go] &=9tth

2. M2 01A HEE AL S35 &4
g F AROA9 |, 7IEs, +29 AA 7stEd s
(95% CD+= Z+2F 1.35 pg/dL (1.28, 1.44), 1.43 pg/L (1.36,

Table 3. Concentration of VOCs metabolites by quaternary distance from coal-fired power plant

Element (distance) n (%) Mean+SD GM (95% CI) P25 P50 P95 P
t, -MA (ug/g cr)
Total 296 (100) 69.62+70.49 50.67 (46.47, 55.63) 29.50 50.48 185.76
QI<3,100 m 77 (26.0)  71.29+51.17° 55.43 (46.92, 65.25) 33.64 60.16 159.67 0.015
3,100 m<Q2<4,900 m 78 (26.4) 66.15+72.30" 47.14 (39.83, 55.76) 29.79 41.14 220.30
4,900 m<Q3<6,700 m 81 (27.4) 54.35+40.36" 42.69 (36.42,49.99) 24.59 43.60 163.31
Q4>6,700 m 60(20.3)  92.61+107.53"  62.54 (51.40,77.30) 33.12 56.20 310.02
BMA (ug/g cr)
Total 296 (100) 18.36+27.84 10.73 (9.63, 11.96) 5.18 10.18 67.10
Q1<3,100 m 77 (26.0) 16.51+16.88 11.53 (9.60, 14.01) 6.29 11.49 50.19
3,100 m<Q2<4,900 m 78 (26.4) 19.57£31.85 10.91 (8.80, 13.59) 5.34 9.93 90.99 0.811
4,900 m<Q3<6,700 m 81(27.4) 17.34+28.80 10.08 (8.06, 12.34) 445 10.24 45.64
Q4>6,700 m 60 (20.3) 18.36+27.84 10.42 (8.05, 13.95) 4.27 8.15 86.32
PGA (ug/g cr)
Total 296 (100) 383.714245.67  317.05 (293.94, 341.84) 229.06 327.53 806.47
Q1<3,100 m 77 (26.0) 426.55+200.41  382.84 (345.58, 426.40) 371.84 386.14 792.14 0.333
3,100 m<Q2<4,900 m 78 (26.4)  379.71£253.42  310.30 (265.81, 359.35) 235.67 307.65 923.73
4,900 m<Q3<6,700 m 81(274) 360.99+269.31  284.95 (237.53,334.38) 207.32 307.13 930.93
Q4>6,700 m 60(20.3)  383.71+245.67  295.66 (248.69, 353.97) 198.85 286.22 800.13
MHA (ug/g cr)
Total 294 (100) 258.91+439.56  123.55 (107.47, 142.69) 63.07 103.74 992.33
Q1<3,100 m 77 (26.2)  305.43+300.49  193.98 (154.53, 243.10) 91.95 186.34 1,007.07 0.436
3,100 m<Q2<4,900 m 77 (26.2)  256.41+406.91  132.84 (103.71, 169.17) 66.16 107.20 1,264.42
4,900 m<Q3<6,700 m 81(27.6) 196.60+335.88 88.43 (63.92, 119.01) 53.01 90.84 921.89
Q4>6,700 m 59 (20.1)  287.00+689.99 98.74 (71.72, 140.73) 50.17 86.68 1,294.15
MA (ug/g cr)
Total 291 (100)  284.41+312.33  190.82(170.33, 214.70) 119.20 205.26 847.56
Q1<3,100 m 77 (26.5)  331.01+403.84  200.22 (153.11, 258.68) 108.31 204.43 1,162.06 0.385
3,100 m<Q2<4,900 m 72(24.7) 288.83+346.54  170.85 (127.65, 222.02) 121.98 190.23 1,114.33
4,900 m<Q3<6,700 m 81(27.8)  246.18+256.64  184.51 (157.31,220.45) 119.43 187.03 624.77
Q4>6,700 m 61(21.0) 271.41£173.30  213.94 (176.40, 263.83) 132.04 258.77 616.75

t, -MA: t, t-muconic acid, BMA: benzyl mercapturic acid, PGA: phenylglyoxylic acid, MHA: methylhippuric acid, MA: mandelic acid, Mean:
arithmetic mean, SD: standard deviation, GM: geometric mean, CI: confidence interval.

abc

*The p value indicates significance between subgroups using ANOVA.

https://doi.org/10.5668/JEHS.2024.50.1.25

Bonferroni post-hoc grouping; estimates with the same letter are not significantly different.
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1.49), 3.16 pg/L (2.97, 3.35)%tt. Ausi2dds 4 W
FH AR & F =X Qlo] 1.28 pg/dL (1.16, 1.42),
Q27} 1.55 pg/dL (1.39, 1.76), Q37} 1.30 pg/dL (1.18, 1.42),
Q47F 1.28 pg/dL (1.11, 1.50)2 A skl 28t 2fo]
7} AAATHp<0.05), LELOo 2 HE A7} Hold4E 55
7} Ao AFAE HolAle Eotth @ F 29 F9 A
27t oA E s AASHE Aol Yo o]F A
H BAY f982 gt & F HA%} FtER-E FdlotE
Ho g HASE 7stEwt s 27 167.88 pg/g cr (153.93,
182.50), 1.58 pg/g cr (148, 1.68)& UEldth 8 % 7§
9] Adjoteld B Bi= o4 A AFE9ol4] Ql°] 1.26
ug/g cr (1.10, 1.44), Q27F 1.74 ug/g cr (1.54, 1.97), Q37F
1.77 pg/g cr (158, 1.98), Q47F 1.60 ug/g cr (1.37, 1.849)Z
et BAIAR1 ZFo]7F 131tk (p<0.05) (Table 2).

3. A2 014 A" ALl VOCs CHALA| 24

A AAof gt 8 F VOCs A 7|stEd 5%
(95% CD+E= t, t-MAZ} 50.67 pg/g cr (46.47, 55.63), BMAZ}t
10.73 pg/g cr (9.63, 11.96), PGAZ} 317.05 ng/g cr (293.94,
341.84), MHAZ} 123.55 pg/g cr (107.47, 142.69), MA7}
190.82 pg/g cr (170.33 214.70)t}. AetstEHds JF

A FUEQ AHEY AHE t, t-MA 7|5HEF 5E71 Qlo]
55.43 ng/g cr (46.92. 65.25), Q27} 47.14 pg/g er (39.83.
55.76), Q37} 42.69 ug/g cr (36.42, 49.99)°13 Q47 62.54
ug/g cr (5140, 77.30)2 A2 0] 2Rt 2fol7} algict
(p<0.05). t, t-MAS A|2J3t BMA, PGA, MHA, MAQ] 79
Aeteleird A2 RE AHEY o]d A 7 s BAHC
2 9015} 2}o]= g19ITH Table 3).

4. M| M2 St &3 CHHE 3|HEM

Aeetdda Qe FUSY YA AR T 5850 8 F
VOCs A &= A AFA] AZE 1582 U
o] Q1 7|#2.& 5t Q2~Q4of teliA E4E zizto] Hist
of /g, A%, AF7IRE AYE, 59, F9Y 5= Y5t
23] AR AL AASHAT Table 404 224 Hwo} #el
H8QIES BT o E F H2> Q2olA, @ T =2 Q4
oA, 8 F 7I=w2 Q304 BAZLE AFA AE 1F
Zroll F-2JsHA| 2tol7t Q= A 2216k tH(p<0.05). Table 5
£ 8 F VOCs tAA IS TAH QR1E5E BA3t AfolH &
Ao & FOlgt Adt= LERLER] gttt

Table 4. Relationship between heavy metals levels and various independent factors

Blood Pb Blood Cd Blood Hg Urine As-cr Urine Cd-cr
B* SE' p-value B SE  p-value B SE  p-value B SE  p-value B SE  p-value
Distance
QI (ref) - - - -
Q2 0.579 0183  0.002 0.021 0.099 0.834 0.157 0.350 0.654  -6.753 44.409 0879 0.230 0.157 0.143
Q3 0.006 0176  0.972 0.057 0.095 0.548 -0.410 0.335 0.222 45.614 42.553 0.285 0456 0.150 0.003
Q4 0.073 0191 0.700 -0.072 0.103 0485 -0.843 0.364 0.021 -27.536 46.162 0.551 0.287 0.163 0.079

*B: Regression coefficient.
TSE: Standard error of regression coefficient.
Adjusted by gender, age, residence, job, smoking and drinking status.

Table 5. Relationship between urinary VOCs metabolites levels and various independent factors

t, t-MA BMA PGA MHA MA
B* SE' pvalue B SE p-value B SE  p-value B SE  p-value B SE  p-value
Distance
QI (ref) - - - - -
Q2 -0723 11755 0951 -1946 4610 0673 -70476 41180  0.088 34.063 454546 0940 47907 53793 0374
Q3 -14130 11264 0211 -1065 4417 0810 -64436 39459 0104 -86.677 435549 0842 -87536 50762 0.086
Q4 22941 12219  0.061 1664 4792 0729 -69135 42806 0107 757706 472492 0110 -67706 55052 0220

*B: Regression coefficient.
TSE: Standard error of regression coefficient.
Adjusted by gender, age, residence, job, smoking and drinking status.

https://e-jehs.org
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v.2@ F

AT}

7o a5 5L VOCs A 5=E 45t A

2 5 HIA 5

At X9 2] AL A710] Sigohe D B B4 1.3 m/sec
o]H(2010~20209 71A44), 20219 v} Au|(wind rose)S
ARE R B4 A} 71-20]= 1. 23HClam, 3% 0.4 m/sec
o]} A7} 24.5%01H TF(14.1%) 7 S'E5(13.7%)°] F=
UERGTEY Aol AE A R uige] wiko] t=
o B FEHL 1.1 mfsecOE B3} Qlof) FHTIE= 7
g 38 Fi B4 skt

A A AW a4 B 5= 8 5 H 1.35 pg/dL,
8 2 7158 143 pg/L, 8 % 42 3.16 pg/L, & & ¥4
167.88 pg/g cr 122 8 & 7I=F 1.58 pg/g cr& & UERSY
I gt s AW ekl w S AR S B4t 5
=9} Wttt B EA7|ZFAHKoNEHS) o] il duk
AFAHS] FF4 Ut se=E S5 H 151 pg/dL, @ 5 5
2296 pg/L, & F 7I=H-2 0.39 pg/g crolw 20179 =41
7YY ZAHKNHANES, Wo]=404)79] S AREQIT3
o] & F 7I=H W 5 110 pg/LZ 2 AT AR
T g9 ORI B Wokom E S lER, @ 5 5
, 8 5 7I1Ewe Bt e =4 HEbgTh AdeA] i
A9 AW F54 5ot vlws] B B A3 tiAd=te] @
T B2 2 F7HAAEA (1 5 km o|W) TR @ F E
(2.48 pg/dD)EDE ¥okor g 5 71=8(1.20 pg/g ool 5=
E B0 FHEE AU EL @ 5 9(2.33 pg/dL)3}
7FE5(1.65 pg/L)2 2oy 8 F 7F=HE(0.69 pg/g e
L0kt P - o5 THAYG WY 5 km oW AFAR] & F
FIEE 552(1.27 pg/g cr, 0.97 pg/g cr)@Heh B A7 iR}
9] =7t =A Uetdt. FAAAEHE 4 km o]W) 3=
9] & % $2(4.90 pg/DETH= WA Yebgth? AadA|ea
= T BEFHAYY FAAY 9T dige S84
B FF4 wEo] o BuEo] gk Tt E F
29 A9 e AFH 5 2 UE =&Y JFE HiA
T QolA =& F=O) u|E Fofsh| ofER AR oA
;ﬂ\:]',ﬂ)

2 A7 gARES 8 F 7IEF9 s Ukl
Bk AFATA] QI ARt Bt s ET = e
o, ofof gt YRlof| tieiAl= the o] HEZF B asHA|
Tk Lee 5299] 917o] W2 g A9 EYoAM FH=g9] &
T7F Sg7|E0 2 2519tk Bt 9lod, BEY Y vt=
B2 &A= A =& T FE0] A7 AU dFS

=)

flo ngt
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FH B3 VI A =2 T4, ¥, A 5ol A =
A& UE7] dizel & A5 A= s 4 T
Z a5}t

A Aol A 2 29| JF=S e =7HA A9 A
BT GL =ELoIARE 1~15 kmZHA 2 2tel7} 9l
Ack AsEEdda S A2 t7] 0dS 5% & =
Zo] == AYolH Ao & F5& =& BHE 9
S AR AFAE AFERIE U0l EA7F Z3H(Table 2)
4 3 H 7tEw 123 2 F B4 QoA T 2 B
£ HolH € F £22Ql, 8 F7IEFY] 55 Q3914 7t
T =S SEE YoM QoAM= AAH & it AR
SHIG EHE S @542 1HL 8 FUEwY 5
T=Ad, A9, AFTIRE 5 olF 9 o7 59 A
[N BT Fo| = Aesle a2 58 10 km W 4
A0 AFA A IFTo| SAHCE FoJstA e
H(p<0.05).

Aetaledda e Ay AFolA eFeat FARIeke] A
2 & HIgO. 2 g AT ES B v|=9] FH¢- s Ao
A2J7} 30 km 02} Gofl o]l A= AbgtEol vl S
A2:0fA 5 km OJfo]l A= HAGARS] BF 7]sol o U A
HE B, Q=9 AL SEEHALRRY tigAL FAA] 2
A=E w9 ZAA km 1R, ZAZ(1~3 km vTh), LA
(3~5 km)& W0l 387] Ak I 27], A St
RS B AT 5 AT AHTA S Akt
o] A AtolM L THALERE AFA] Azl ©HE A
=94 AR H|WL 2423 5 km oW AFAK(1.39 pg/g cr)7t
10 km OJWf AFAH1.23 pg/g etk AW $29] F&=7}
|5 BA e th(p=0.017).° $HEE AFdeA] Q12
FH9] EF 7I=EY gol k& AJorRE Ao gt 1
km B9 A=A} 1 km O] AFA A f-2J9t Zfo] & Ho|
o, L& Uol|A Aot SFE =ET0] APAS B

TUollA= e =49 23 8 24 890 A
s7] 913t 3= F SHHE 8 F VOCs HIAHIE RASH
g AT Mk BEE AASkL Uk voce] tEAR] E49
benzene, styrene, toluene, xylene-> Aol Al THARGES AA
7tk t, +-MA, MA, HA, MHA® JEi2 A0 2 vi&sHo g,
8 F ARNA A9 SEE S75t0] & AR AHERE
o} 1977~2021714] $-2uhet 4 2 A= Ry ol w2t
ZAME ST & A HEE HH 8 F VOCs tAA = Aet
sS40 Big AtglE obz] glo? B s =y
Al 29 9] 4=2] 9} H] w5k QiT

2 A AA "R 8 F VOCs tAK Bt sEE t,
t=MA 50.67 pg/g cr, BMA 10.73 pg/g cr, PGA 317.05 pg/g cr,
MHA 123.55 pg/g cr 12131 MA 190.82 ng/g cr= YUEL
o S LRI EE] VOCs A Bt S5 t, t-MA7}
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64.6 pg/g cr, BMA 5.02 ug/g cr, PGA 214.0 ug/g cr, MHA
318.0 pg/g cr 12]31 MAZ} 210.0 pg/g o B AF g}
9] 8% t, t-MA, MHA, MAE dukl7-3]cho] vja] Wopa
BMAS} PGAY &7 YERHTEY 2 A7 SRt ¢, t-MA
= o5 A A9 ¢, t-MA (49.82 pg/g c)Eot =9k MA
(303.16 pg/g cr)Brhs wroton® Bk Al . 2 Alck 2]
9] t, -MA, MHA, MA (86.96 pg/g cr, 39151 pg/g cr, 201.36
ug/g co) 2ot 2k BMA (3.43 pg/g )2t PGA (163.25 pg/g
) ECH= okt H3 AT 3 km oW AFAR] VOCs
Yt F== t, t-MA 51.17 pg/g cr, PGA 159.59 pg/g cr, MA
209.89 pg/g cr® & AT HAFAY 1, t-MAE FF ARRIEA]
oF FARE FEH o MAE WA UEHRIL PGAE =4 YE
Woh? A371(2018~2022') =7F Al A9 1 S 0w
& Y U FFRAVONA A}, of 5 AL T4 Al A]
9] PGAS} BMAKTH & I A|99] Fr 7} #=9kow T2|11
B, 24 4] ©A]9] PGA Bk, 2AF AFITA]9] MHA &
T, AF A9 BMA FEED 2 A9 FrEo] &7
UERg et

2 Aol A AetetEdd 4 QI A9 AFARS] VOCs HHAk
A& Abio] o4 AZERE AR Aol A Hetk 7he] {24
S Hol= A2 8 F t, t-MA (p<0.05)9.2H tHE thAA o]l
e frolAdo] QIith BMA, PGA, MHAE Q1914 71 =2
FEE YEHAL Q42 245 57T HolR= FAIE Holw,
t, t-MA2} MA9] 3% Q47 7HE =& =5 Ho tiAA] &
= A ARRSIoIA kol ZHol7t Y Tth 8 5 BMASL
PGA:= S-2juhet gRt QI Hhsk Bt &4 Yehgow o
£ ARG Bl M A YERE T VOCs k&2 &
LT ofyg}t FAX Y] AUB71E, AF 79, Y A=,
Z8, A998 5 71022 891E0] YFL ulE 4= Qo0
% VOCs A 55 FA1A of2] 811 A4, A%, 7
717k AhY, 58, 398 522 st tEIAEN
1A 3 A3t FAA 0 & {003t Adt= YERLEA] gtk
2 A7 AFHe 2= A A =FE ol it
= oo Azjo] whE 3 weEof thgt E4]o] BREEA]
2ot &3 =& QA eE ES A Bl EASHA] XS
k= Hojo, WYL C 2 RE K A o] ARelE gt
Aol Y1A|5k= Zo] ot} vh Feje] £ F40 & AT
of Mt 2 =F Am o] FF At B Blw Tt asit E
St A T} A o] 1 o] EA5t= HHE Aty T

> N bo o o

i

e R

¢

JFS P3| AT 4 Qglom TH AFEA e o
L BT ATHOE AT o] §F 271 4TS B A
FRE9] A vOCs B SES H7] F VOCs B UL,

ZA9 Aejd B4, Aol UCsE 4, I D) A7

iE Y
fo
ik
N
o
U
8
N
N

A,

v.2 =

A3 E Hesigids QS AF Y FUE 3349
ol d 3 7lER £ 181 & F A, JIERY %
£ =2435}9th VOCs 8 & YA EE t, t-MA, BMA, PGA,
MHA, MAE Z 57 & Q04 EA4sto] AAstct & A
T Ao A HetstEird s T W U9 o4 AE F
25 sie AYER @ S5 9 AotEd B £ 8 F 7
TEo| Zol7t AALH(p<0.05) E F lI=Ed 2, 2 F
H|&= Zpo)7} =R ottt thAAI= t, t-MAYE 0|4 A
2 zpo|7} TAE A (p<0.05) UHA] hAA| = 2ol 7F &
2|2 ket o] Auto A Mutateiids JFd Wl 5
dlofAlA 3474 QFEZ tEAQl JESHY A HS FF&
I VOCs9 A ieZ T 7Hs8S FRIstlon, Ed o
ERE FAR ZHAT TRIsto] AZE AFRE U] &
Aotz HEE AASIS) T Aasleds S edEd
HjE o] ohigt A|9ALe] o] &4 Q1 HUYEEo] e/ )
A9 FHE o2 g A 29 R o =2 wkdrh

TNLIE
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