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High Influential Factor of Cadmium and Lead Exposure in Outdoor Workers

Chan-Seok Moon"

Department of Industrial Health, Catholic University of Pusan

ABSTRACT

Objectives: The study was evaluated exposure variation and daily absorption level of cadmium, lead
concentration of ambient air of monthly data from 1999 to 2017 for main exposure factor in outdoor workers.
Methods: Based on the monthly data from ‘The annual report of air quality in Korea from 1999 to 2018’ in ‘Air
Korea” website in the Korean Ministry of Environment. The monthly data of PMzs, PMyg, cadmium, lead
concentration of ambient air were recalculated to average, minimum, and maximum. And these data were
combined to Asian—-dust exposure data from ‘The annual report of Asian—dust + smog in 2017’ of National
Institute of Meteorological Sciences in Korea.

Results: Geometric mean(minimum-maximum) concentration in ambient air of monthly data were 0.0017
(ND-0.2015) mg/m? in cadmium and 0.0467(ND-0.8554) mg/m? in Pb from 1999 to 2017. Both of Cd and Pb
concentration in ambient air showed the highest concentration in January and the lowest in August among
annual variation from 1999 to 2017. PMio and PM,5 level showed the highest in March(PM1q) and February
(PM35) the lowest in August both of PMig and PMas.

Discussion: Based on exposure data and prior reports, daily Cd absorption was estimated to 0.013(ND-1.511)
mg/day from respiration and 1.89 mg/day from daily food(25.2 mg/day of daily Cd intake). In case of Pb, daily
absorption was estimated to 0.350(ND-6.416) mg/day from respiration and 1.38-1.71 mg/day from daily food
intake.

Conclusion: Cd and Pb with Asian—-dust have high influential factor to increase the Cd and Pb exposure at Winter
and Spring season in outdoor workers.

Key words: Asian dust, Cadmium, Exposure, Lead, Outdoor workers
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1996; Ryou et al., 2018).

e T2 THAE, S5 HieE 1LY, Bk F
7o FE A|q 5 opAor T2 STl YRt A
o FE A 22 B FEZL A7 T3
Alof] EAskE Higoly dRe] ddeR SEuEtd
olSHE T AT oIt o] HAHAE= FE 3~5
dof go] TAstaL, AT ASS B =2 AA o
Holut g AW Fot2F7tA] goRitt. HA

il

*Corresponding author: Chan-Seok Moon, Tel: 051-510-0633, E-mail: csmoon@cup.ac.kr
Dept. of Industrial Health, Catholic University of Pusan, 57 Oryundae-ro, Gumjeong—gu, Busan 46252, Korea
Received: March 5, 2020, Revised: March 29, 2020, Accepted: April 15, 2020

Chan-Seok Moon https://orcid.org/0000-0002-1310-8403

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.



164 234

< Bl SaR9] 4ARIYS ot A9+ Ol
A oA HAE A=A St o] Syt =Y
stA "o}, SEjuEtolA A= F2 22 JASsEHe=
A Hol oy o= 7R, ASE: YW
gt ok AL A AEH 0 R FTlok= A
oln], &35 TF AW SHO=E 7%t AP A Y
il T S22 4Gt 7hEE o] ol IS
o] o] EX1=1 lon v eP=4Ho] &
gupetel - A HoflA LAYsto] Atel A -
Utz o]ssla lE AAo|ti(Hashizume et al.,
2010; Lim et al., 2013). ZAF @42 S2u=te] A
SfQh ARt A Fof =A v Sl dFrlE, |, 7t
TH, 2, 38, ofd 5o] 2=+ Ao Hisha
o, BE% o FAZ Qg o FE52] 7]
T &2 59 S$2AE9 A%l fsi8ile] Har 9l
tHChung et al.,, 2001; MoE, 2002).

7IEET W2 FARE Aol o|=7|7HA] -2kt
ot ol ZAHCELE $TV|E 55 k& W AFL
Aol Qg &2 EAVL Ho & falEsaselt
(Moon et al., 2016). 7] & 7IE53 E2 355
ol HE AA 1 Aol SHEH FtEES EEA
= 7ML e, 57] A, ek, AFA 9 1t
A At 7]59= 73 S F= A= ¥
A Utk g2 REAE RS ABA, A 9 7
AETA, BA7A Tl H42 vehdth AU= &
H 7IEET 99 S35 A9 "ol & A gko

o, YA 97 dof Aol 53 o] golstth(Ikeda
et al., 1995; Moon et al., 1995).

59| FEA = A ok tFEEQ] AlEE ofQld
Al oHA Hoh I8 EE AL dAdo] AEEE 5t &
A F MR o] ALH o R EEH AEHE IFSH
Eo] AP M E= Holle A=At H|sf tj7]
T IR J9 BRIl Eo| W4T 4= Utk 1
HEE SIIEAY] 7IEEY Ho =E8R10=A T
APPZIE B9 kg AT E SRIcks A2 S9dE
A=9] Ay A9 SHOA Fa5tHLee. 2009;
Kim et al., 2017).

£ dFolAs vl A B E = FAReE] T
B A7 OE 7tEET He b s E E9EE X
Abote] &9 S2AE9] FIEwT |9 kE 3910
A ZAY] =g E4S TelstalA}l it

1. 97 L&

S-EuEtollA SLlolA ZAS Yol B2 A &
Hlote AARE(EEHE, sHoId &Aga, A4 &
At AR LAAL guE, vigd 5)2 20159
71% QAFAAMA EZAT AR L2 23,590,570
oltt. o]F ofRFEFAN TH Tl IEAE
10.1%%1 2,379,367%, oi7]° <& a7t & ¢
o] &S IISHH 14.1%20 3,319,217808 24

I

Table 1. Number of subjected monthly data for PM10 from 1998 to 2017 (Unit: n)
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. AM * ASD” Total
1998 56 56 58 538 57 67 66 69 70 69 69 71 63.8 £ 6.2 766
1999 77 101 100 104 103 104 110 107 103 108 111 110 103.2 £ 9.0 1238
2000 119 121 130 131 133 134 135 134 138 141 146 142 1337 + 79 1604
2001 135 136 134 136 140 140 134 144 152 150 150 141 1410 + 6.6 1692
2002 147 149 161 164 163 168 160 161 171 171 171 174 1633 + 86 1960
2003 212 216 215 223 226 229 224 229 233 236 241 234 2265 + 9.0 2718
2004 242 245 241 246 243 243 242 244 249 253 251 256 2463 + 4.9 2955
2005 255 265 269 267 268 265 266 264 263 269 269 280 2658 + 6.6 3190
2006 287 283 288 286 287 282 280 279 279 283 289 288 2843+ 37 3411
2007 296 284 303 304 306 303 301 302 300 300 309 306 301.2+64 3614
2008 262 263 206 277 278 277 275 278 278 279 282 281 2747 + 69 3296
2009 276 275 279 282 276 268 269 271 280 278 282 287 2769 + 56 3323
2010 287 289 289 289 288 278 282 282 285 2838 287 290 286.2 + 3.7 3434
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Table 1. Continuation (Unit: n)
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. AM + ASD”  Total
2011 288 294 297 297 296 293 297 296 297 305 300 301 296.8 t 4.2 3561
2012 303 305 306 308 308 309 306 302 307 304 305 305 3057 21 3668
2013 311 313 311 310 311 311 311 309 311 313 311 313 3113 + 1.2 3735
2014 308 314 314 312 312 310 308 310 316 308 291 266 3058 + 14.0 3669
2015 313 314 313 313 317 308 242 240 212 231 262 307 281.0 + 401 3372
2016 318 320 317 318 318 316 309 310 303 309 311 313 3135 + 5.1 3762
2017 318 319 321 320 320 318 307 304 312 320 326 317 3168 + 6.2 3802
Total 4810 4852 4912 4945 4950 4923 4824 4835 4859 4915 4963 4982 4897.5 + 58.9 58770

™. Abbreviations for arithmetic mean and arithmetic standard deviation are expressed as AM and ASD, respectively.

Table 2. Number of subjected monthly data for PM2.5 from 2015 to 2017 (Unit: n)
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. AM + ASD”  Total
2015 111 110 111 116 118 118 106 111 109 15 122 129 1147 + 64 1376
2016 141 144 151 156 167 166 171 170 181 183 181 190 166.8 = 15.9 2001
2017 200 208 224 227 226 228 219 220 229 237 250 255 2269 t+ 155 2723
Total 452 462 486 499 511 512 49 501 519 535 563 574 5083 + 34.7 6100

"™ Abbreviations for arithmetic mean and arithmetic standard deviation are

expressed as

AM and ASD, respectively.

Table 3. Number of subjected monthly data for Cd from 1999 to 2017 (Unit: n)
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. AM + ASD™ Total
1999 45 45 45 45 45 45 45 45 45 45 45 45 450 £ 0.0 540
2000 45 44 44 45 45 45 45 42 45 45 45 45 446 £ 0.9 535
2001 45 45 45 45 45 45 44 36 48 49 48 48 453 + 34 543
2002 48 48 47 48 47 47 46 43 47 47 47 47 468 £ 1.3 562
2003 50 49 45 48 48 48 48 48 48 47 48 48 479 £ 1.2 575
2004 48 49 49 49 49 49 49 49 49 49 49 47 488 £ 0.6 585
2005 50 50 50 51 52 52 52 52 52 52 51 52 51.3 + 0.9 616
2006 53 53 53 53 53 52 52 47 46 53 51 53 516 £ 25 619
2007 B2 53 43 49 48 51 52 45 50 51 51 48 494 + 3.0 593
2008 52 53 54 52 48 54 51 53 50 50 53 b4 520 + 1.9 624
2009 53 b4 58 56 58 56 58 56 57 53 57 57 56.1 + 1.8 673
2010 56 59 59 bb 5h 58 59 56 57 57 57 56 570 £+ 15 684
2011 39 45 46 47 50 51 51 47 438 45 46 45 46.7 £ 3.3 560
2012 51 49 48 48 50 47 46 45 48 41 47 38 465 £ 3.7 5568
2013 31 35 36 37 36 36 33 44 35 36 40 35 36.2 + 3.3 434
2014 39 39 41 49 44 50 41 45 44 40 44 44 433 £ 36 520
2015 44 34 35 38 42 40 41 45 44 46 40 44 411 £ 39 493
2016 46 47 46 44 46 46 46 48 43 39 45 50 455 £ 2.7 546
2017 51 50 48 49 49 49 51 41 48 40 41 44 46.8 £ 4.1 561
Total 898 901 892 908 910 921 910 887 904 885 905 900 901.8 £ 10.3 10821

"™ Abbreviations for arithmetic mean and arithmetic standard deviation are expressed as AM and ASD, respectively.
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Table 4. Number of subjected monthly data for Pb from 1999 to 2017

Jan.  Feb. Mar. Apr. May Jun. Jul

1999 45 45 45 45 45 45 45
2000 45 44 44 45 45 45 45
2001 45 45 45 45 45 45 44
2002 48 48 47 48 47 47 46
2003 50 49 45 48 48 48 47
2004 48 49 49 49 49 49 49
2005 50 50 50 51 52 52 52
2006 53 53 53 53 53 53 53
2007 52 53 53 51 52 53 53
2008 54 54 54 54 53 54 54
2009 56 56 58 58 58 58 58
2010 58 59 59 58 57 59 59
2011 49 51 51 51 51 51 51

2012 51 51 51 51 51 51 51

2013 31 36 38 38 38 38 38
2014 52 52 52 52 51 50 51

2015 52 52 51 48 48 51 48
2016 55 54 54 54 53 54 54
2017 55 53 55 53 52 54 55
Toal 949 954 954 952 948 957 953

45

36
43
48
49

53

(Unit: n)
Aug. Sep. Oct. Nov. Dec. AM % ASD" Total
45 45 45 45 450 + 0.0 540
45 45 45 45 446 + 09 535
48 49 48 48 453 + 34 543
47 47 47 47 46.8 + 1.3 562
48 47 48 48 478 + 1.2 574
49 49 49 47 4838 = 0.6 585
52 52 51 52 513 + 0.9 616
53 53 53 53 53.0 + 0.0 636
50 52 52 53 521 + 1.0 625
52 53 55 b6 538 + 1.0 646
58 57 58 57 575 + 0.8 690
58 57 57 57 58.1 + 0.9 697
50 50 49 50 50.3 £ 0.9 603
51 51 51 51 509 + 0.3 611
47 52 50 51 419 £ 69 503
52 52 52 51 516 = 0.7 619
51 51 51 52 504 = 1.6 605
bb b4 b5 bb 543 = 0.7 652
53 B3 b4 b4 b3.7 £ 1.0 644
944 964 969 970 972 9572 + 93 11486

™ Abbreviations for arithmetic mean and arithmetic standard deviation are expressed as AM and ASD, respectively.

skal JTHKOSHA, 2019). B7] & 7t=g 99 ko
20 8 T 300 =2A 7] F =R 99 5
T 9 PMjpdt PM;59] €8 FE4ES 1998604
2017@71A19] 2097 713 AR vehd 4 A
o tloEE o]&ste] Hwsleirh

2. A7 LY

DA S0 gt AREA PMo2] B-9= 19989
oA 201797kA19] 2087 di7|ed AR A 9E H|
o[ E HdoE Stom, PMzs9 B¢ 20154€fA
2017'971A19] dj7] Z dlolel7t fash] mZo 34
7t HlolE 7t ARG tK(Table 1, Table 2). 71 &
Cd, Pb9] &= 199994 2017E7H4] 19¥7He]
A7 AE e SAA ¥ 55 L9k Heleol
golEE AREste] 7|zHolHE #5353 tHTable 3,
Table 4). ©] 7]zHCIE 9] ALE A 9E Ho[HE °]
&3to] o] HI7HA =2 I HlolH 9| thegat, 24

A 5 A E AEOIAT. 7|z olE e 75 W =R
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9] ZHFL MS-ExcelMS Office Professional Plus
2016, California, USA)S ©]-835}9itt. HHX]9] vl
o= IBM SPSS Statistics(Ver. 25, IBM, USA)<]
t-testE& ARSI FoE2 p(0.055 ARSI

m.z it

1. ¥ PM10, PM2.52| tH5}
4719 19984oflA 2017Q97HA 20W%Fe] A=

Aottt PMio®] 71sPgAlolA & w, 39 69.2
ug/m’E 7HS = FEE ByloH, 9 HRHA
AF Yol 8¥ 36.2 wg/m’E 4% HAXE U
Rl 39 2iA= 8¥ FHAX|e} H]wsto] of
L7781 <ok ZIsPgatAlo] & AelE YA
(1€0.05). 173l 8doll HAAE HedH PMyy T
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Ao w Assto] A&t vieh go] 3¢of ol=7

HIAE YErHSITE PM2] 2087 9 X1
A9ol® 390 195 g/m’E 9 71 52 3
g Uebfla, HAE 890 104.0 ug/m’oE
E 7P W2 g UEto] dE 7IshE Al fA
dge HERHAIT.

PM,59] 4%- 201799 197F HloE7} ARE- 7Fsst
Act. 715HE A 399 36.2 w/m’E P B2 5
=5 BoloH, 899 133 g/m’E ¥F JAAE Y
ERfolch 39 23X 8¥ FHAAI} H|uwste] oF
2.7241 EoF 2 Aolg HEHIT. 349 HiAE 8¢
FA212}F Blasto] oF 1.774] &ot, 7IshgwAl] &
ZpolE WEIATH(pC0.05). EE PMys =2 3
A= PMio "RIZHAZ 30l 7MY =2 715Hd
w9 FEE HEHICH, 8¥o 7Y W2 7|5Hd
# 5EE e 1A% 390l 62 1g/m’E ¥
E 7MY w2 HIAE HEMAL, HAA= 8
22.0 pg/m°0 & W 7 e g YER
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2. &9 Cd, Pbsk o H3}

7] & 7tewe] 7 dxel 4 7|stEd, 7|5k
FHA}, 4R, FhR]|E Akleto] Figure 33 Figure
40 etz 45 S g TSk Cd2 14
o 0.00216 ug/m’L2A AF 1 L 7ISHETA
= Yehgiglon, A X= 8¥o] 0.00107 ug/m’E 7}
9o Hro 7S FAE YEIT 1€ 7|51
A= 8€Y 7|otEd A9t HlwotaS o 44.79) =2
S Yeifo] 9% di7] & 7lstEax e & Z9| A}
ol& UEHHAITHp<0.05). t7] & 71=F 7Iot BdA|
o] G HglolA & uf, 199 7MY =2 =5 YE
Yot ARA o2 57 Wolk= A3 UEtdo] 8
Hofl 7P Fe =S YeRfort oA 998 E St
sto] 1499 1 3EE Usfs @42 Euth €
71812 HuRofAs, 699 0.06720 ug/m>L.
2A €Y sZHoly F 7MY 2 5L E YEUSl,
393} 499] 0.06380 ug/m?, 0.06320 ug/m?, & 9¥
o] 0.06100 ug/m’C.2A Yd 129 F= WHE

T 165.0
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Figure 1. Monthly GM, Min. and Max. of PM;o concentration in Ambient air from 1998 to 2017
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Figure 3. Monthly GM, Min. and Max. of Cd concentration in Ambient air from 1998 to 2017

www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(2): 163-173



29| 2229 JIEEN H & FR2 169

0.9 0.065
08 0.060
0.7
0.055
s 3
S 06 @
oo Ty
8 0050 @
‘G —
~ 05 2
2 o
E 3
= 0.045 <
=2 Ed
c 04 =
2 2
= 0040 £
S €
g 03 <
o Q
S 15
© (8]
g 0.035 o
0.2 o
o1 0.030
oo 00200 00385 00187 0.0215 0.0217 0.0385 0.0347 00102 0.0445 0.0855 00209 0.0222 0025

Jan.  Feb. Mar. Apr. May Jun.

Jul.  Aug. Sep. Oct. Nov. Dec.

Figure 4. Monthly GM, Min. and Max. of Pb concentration in Ambient air from 1998 to 2017

o] AlstRaL
(Figure 3).
7] & 99 dxo 94 7|shEdt, 7IstEEHAL
4], JYPAE A4Sl Figure 40 e 9%
=7 WslE WESIth Pbe 19€9] 0.0609 ug/m?
o82A AT 7P =2 7IstEHAE UErAL, A
A= 8Yof| 0.0302 wg/m’E 7P W =19 7]5Hy
#AE UEHo] CdollA}t 5Yet B UEhiSith
1¥ 7oPgdXE= 89 7|oHEwA|9t HlwstdS o 2
v 52 =8 Yol A% 7] F 7IshEwA 9
21o]E YEMATHp<0.05). 715t w3]2] HsloA &
o, 1€ 7F 52 55 UeEhtzF 29(0.0526 ug
/)] BE7F WolA Tzt 39(0.0533 ug/m)T 4%
(0.0551 wg/mP)ll Z7HaAS B & FHZHoZ &
T7t Yol 33e vERo] 8¥€(0.0302 ug/m?)el
7P R sEE UEtrt ohA] 9¥RE JApdos
Z7kete] 1€ i s=E Yehdo] € et
AR 47 197} 8Yol| YER} CdofAet g+ &

ARE #7134 @S EA €2 HIAE 1¥9

AdE S48 Wsle TEEA i
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=2 38 Yeglow, A 119 0.2828 ug/m’
= Uehgon, 7lstEdA9 JAAE Eel 899 F
L= 03245 wg/m’E UERY 1199 10€(0.3239 ug
/mA)of] o]o] 3WA e Zhe eyt

V.1 #

28] FEAHASAT, =4, FA4, F9] of=Ht
O|EA 59 A= BAF Bl A&E= 11¥€A
o3l 5E7HA9] 71t 59t Akl =g JHE 2
oM Etk(Figure 5). & Aol Uehd -2yt
o FAPIZE 11E7H Hadl 587124, o] 7|13
&oll= PMyo, PM,s 89 ofyz} Cdy} Pbe| 459
M BIZAZIZER] 69-10E EHt &2 5=E HEH
Aot A7l F A= S AHE At At
Aol #A ety ZAle F=2 dF0E, &, 7t
TH, 2, 37, ofd 5ol Z3E ] = ACE Bl
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Monthly culmulative graph of Asian dust days
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Figure 5. Monthly cumulative days of Asian dust in Korea

o= t7l 59 7I=EH J9 kEo] ZAF 821 9
AT e Ao 2 H 15kt MoE, 2002). 18
L 11 o]%9] oA = AL THER|Ql 9] S5%t
AFJEIE Qs AMHAI = A (4ol Bl FEA|H
= AA(EFulg)o] 98011 FHEE ol TFE
o] A=t 3] |, 71=F 5 79l sa50] ZEE=
A7 Atk o= 99 THI A e g
7Aool SAst Qv Hi" ALk
(Hashizume et al., 2010; Lim et al., 2013) ¥X.9]
HioA= @AY wgolv A& 5 =Y A9
2 dRlof| oJgt Ao g BHiE FLE ltHLee et al,
2006; Ko et al,, 2016). oI5 F7H4] 8202 B5% G
FRIAE WA FAS] B9+= YT =2 A
o|tiSternberg & Edwards, 2017; Onishi, 2017;
Ryou et al., 2018).

A B Al HIAHA] Bk @AS] STRRIT
(Ko & Yang, 2018). = yg/nf9] 15EE HEH7]
T 3ok Adeie] A, A EAY Al A9 BAHA|
Hidsre 141 /= AT 45 ug/m'oll BlsH )
ol =Stk A TSI Sa5HAT Hots: 9
Filsr 183 AHFAZME QIA d7ou 2750 1
A= FFoNA F85HA e =ofof gk PMy, ¥
PM,sH 9] A A=l A%, IAAY PM oY Ha4d

AL

www. kiha.kr

T 7 AEE AL AL A5,
HAolA, YAFEE2Si ) Na ) Fe ) Al
»>Ca)»K)>Mg>»Zn)»Pb ) Ni)» Mn ) Ti ) Cr)»
Cuy)Mo)»Coy)V)Ba)Sr)Cd<+lg g2 5%
£ YeEii B39 tHKim et al., 2014). &€
WAoo g A4 JEE FolAE Si Al K, Na, Ca, Fe
9} v]EF2] Ba, Sr, Rb, Li 5°] l#3Q A 4=4=2 =+
B ZYYAe] EXEok=s AT Hole ZoE Hils
At ol Y4 0]99] YAE QIS 7Yoo R WA
o Y7ol wet oeRet JdFEEE UEhdn E3t
Al, Fe, Cu, Cr 52 F& ZUIYA Yo Exsl1
Jout, B AT ARl Cdy}t Pb I8 olQ]o: V,
Ni, Mn 2 vA|YR}F FYof| EXx5k= AR Hil
5}l QItHKim et al., 2004; Lee et al., 2012) gk,

o]o o
A==t

Pbe| A= =7 A0l w2 ¢S HEHSl=T
H71Ee ZATt BAIAZ 9 SR A4S T 9

o2 Bl om(Byun et al, 2018), I 59 AT
AMLE 7] F Pbe A7 BEOEA TSI
(Ko et al., 2013).

PAE 5T FES5 FYY 1A HEE SFVIR V)
g Bl B0 52 HE AA T A%
AFsHA "oy gAY F710] v FtEES XAl
1441, E-2 128 71 52 A2 IdA FAZ A
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A =S HEshe 80l HaL ATHMoE, 2002:
Ko et al,, 2016). o=t 552 FA2 7 AA 7]
oA Tte] S 7L o AFAICIE
et FF= HErd 5 Aot g2 A =gl whet
ZEAE WIS ABA, A% H 2 AEEA, A4
7IA SOl 545 HEHT V=2 2871E S5
£ &l FrEed Aol S0t 7HEE2

57] Agh, 1Y} Aol glow ERt #, 7t
of &8 F= Aog R QUtKlLindber &
Vesterberg, 1989). 7I=&3 H2 g5, A4
24, =277 59 oFo] et vzet §FS
o] FAE QIgt &9 S B7Isk= Aol S8
stti(Moon et al., 2014). FAF 717F &<t &2 50
SARE 2GR €5 sk AW SFA R}l
Hot E9tt. gubdo g 3349 % vhv AFA
A} FAfe] =E2FE, FANE, ¥ 5 8%l ot
o g8 AA =cklkeda et al, 2000; Lee, 2009;
Lee et al., 2012).

P gt 557 deke fdth 42 o
ol QAR A-EIITHChung et al., 2001). ZA}
S A4S 557 =&52 Bot A7), 7I-, & =
o] &5, "1, 7HY, Ty 22 54 Sl Y
g 4= St} o]f S4e] U2 HASAIY <27
= HAF BE 7IEY 55, S8Rt FHol A
AU = w9 75, T8 o T2 & A= Y
Yol = AFRECIAA =A Yeidt st 5%
7] Agke] AHA HRlo] H= oo AlA HY7s
Aolo| = Toislal ItHong et al., 2010; Watanabe
et al., 2014; Kyung et al., 2015; Yang et al.,
2015). o]&jol Aol ot HET & & FerEgo]
T g2 vAE Aor HIEIT rHKojima et
al., 2017). vl&IEA] oJgt A3 Agte] LAY v
£ ABIAEG A 9 JFHhEe] ket It RS
7HA 2L AT &A1 A Q] oot o] SarsEo
T #AAGE vepdth mqERE S99 o H 52
oA FElE= Aol E7IRIo] SargIRtet 7oA &
Sl 540 Ao FFE v|FS AeE Hi Qlth
55 2717t A25E HE2E Ay BA6iA @A &
o AAAQl %S & 4= Q7] "iZe] A8 4
o] A3} A2 HHAE 7HTt. vAAR| o] L& E
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W ¥ g4 AZy AuAETE dojste] 34 dS5=
A 07|31 AR7IRIo|L} A EFIQI Fo] £H|=]o] AH
Hoo]] #ofgitt, 3, LT E= ¥ HHE 5 SolA
AAA o Hizof] B2 vlqHAlE SAHY ©
ST, FAANIE 5ol AEE 7= A% A4S A
g S7HAA H F2RS IS mlA] WA= A
3} B9 #AAE ZHcta Ao EPAAE FTHA
A ABIAEG A0] o3t 52 fdotal 7| W ¢
A &4 dYEA RS fdote] Halo 92
o}, 7| mA o] ulqHA7 eEE 9] o
A SEH vA] HA] 22 ABIAEH AV STt
of Ho|7|d, MEEAGS, ME FRe; Ay dulol
Z7}. E35] @4 AZ(migration-inhibitory factor) 1
A7} Ao A ddo] F7kskal 71EA] HE Al
A, ¥ 2204 Hulo] F7tsto] ¥ HFS S7HAIXIH
(Higashisaka et al., 2014; Kim et al., 2015).
FevEoA= 199589 PMio2 7122 A
Asto] AW 100 pg/m?, QB 50 pg/m’E B
skl 9lal, 2001dHE FF-F¥A(Total Suspended
Particulate, TSP)E 7|24 71% FEANA A LJstAR
ot 2831 2011499 SEPY7|EH AFFAH2R)
< W85t ZuAEA(PM,5)2] 47|52 A5k
1, 2015958 EAZHoZ Algsiict. Zu|A|HA|
(PM25)9] B¢ 47122 BT 35 pg/m’, ABLE
15 pg/m’Z A3k Qed], ol AAIRAZH(World
Health Organization, WHO)2] 4B 25 ug/m?’,
ABF 10 pg/m’ AI7|EHTH= 7t dshE 7]F0]

[©)

AN

o]

Mr = o\

WHOOA= PMy A Hi17|eE A8 20 #
g/m3, YBHF 50 pg/m’E AASIE 9T, SHAG |
Me 27 40 pg/m?, 50 pg/mPE Skl St w|=2
199790 PM,s 71&Z F7Fotem, @A PMie
150 pg/m’0lal, PMyse= ¥+ 15 pg/m’, LB
35 pug/m’o2 TSI Qltt. ul=2 150 pg/m’S]
Aot A2 SEvetET 34 43k AAE Hol
u, 2 34 7F 2447 s ot 150 pg/mPE 19]
ol zisld vjgAdo R B Qo] ey Bt o
LEg 7ok Agketa Qlrkal Hopok FITHEPA,
2013; Park et al., 2016; WHO, 2018; MoE, 2020).

v 7] F 559 tr1eE 712 = Pbrt
AZHEHA 0.5 pg/mPolH, WHO o A IAE
LT AZMEHA] 05 pg/m’E Bk Qltk o=
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A= 370Y Bt 015 pg/m’E #ESIL QUoh
WHOS] mA|HA] Zho|EgiRlol= AR7|E 7 2ol=
PM,sol 98l 3719 &7t EX(Interim Target, IT)7}
9] =of Slt}. o]AEZ A&A0]al A&KAR] A% &
A5 Bl @40l 7hed kEFFoE Hi Qi
IT-12 35 pg/m’9] A7+ W PMys B 52 &
71291 A7 d3Fel digt dolA Ba H 7P =2
B 5ol sfigsi, é 3= &5t 174 Gl drt
U 71 =AE B 4 e 5’—5;5—-4 A s
g & = Qlth o] BE 2 AZFoA vAE
Aol ofgt AZet AFgERt J&aj_o] A= ASE ek
o} IT-2% 25 pg/m’Z AAEoH 7] & d A
BEo] it Atoll 71&sta k. o] g2 1Ee A
TolA TEE BIRO] P FEHETE FO1 PM,so]
gt G717 4 4 &2 Qe AZs A7)
Heo] Q& & Ut o] IT-2 #S A5k IT-1 &
of vl A7l &9 A% AEZ < 6% (95% CI,
2-11%) & & Y= 7oz G "t [T-3% 15 ¢
R

g/mols] A7) wt PaE A A0 S
%S 51 9k o] WL A7I7t wEo] st A
A g Bg SEo] AL IT-2 @ Blaste] A

T HEE 6% T HAAE S Stk vt A
ZAgHo] o] Cdol k=&71&S 8AIZt 7}3nﬂ:.tx]
(TLV-TWA)ZA 3]-87]1%2 0.01 mg/m’(10 pg/m)
old, T84 o BA9] 587152 0.002 mg/m’Q2
g/m)og AAsty Qth. Pbo AL LE7|F0]
0.05 mg/m’(50 pg/m’)el™ Lut thr|gHg 7|E
0.5 pg/m’E A=l Qlct. IV FA|te =z
== 119004 59741]9] 717t Fol= Pbel 14|
£ 19 08554 pg/m?’, ¥ 39 0.7191 pg/m’ZA 7]
22 z2ulskal Q129 0.4384 pg/m?, 49 0.4549 u
g/m’, 59 0.4681 pg/m’2A st 47183 7152
0.5 pg/m’S ZHIL Y= FF0|22 Cd} PbY
ZAR w&7|F0] A= WMigfReE & 40| Pb
9] A% d7I71eS Aokl o ER ojof gt A=
<+ =& B 9393t AFgoltt.
V.28 B

[—

rio

SEuEtoA 1998404 2017¢l &1 7]
7 BIA9] thdzte] Y do|HE Z7to & slo] ¢
¥ PMo, PM;s, Cd, Pb ¥ A9 7|51E 4]

it
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Uetdilth. &9 22459 Cdt Pbe =&oll= A
Aol & PMiodt PM259) L;Z/\ZO] I3RS UERY
0w, o] PMo¥t PM;59] & ¥ gate] g
o e 7P kAl wAE QI IR At
7F =7 Uehde 34, 49, 599 849 Ffole &
QoA Z=she AGAES] B 2371 % Agd
o] o] ZPEet fopvt -"‘J_Q_o]—t}
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