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<¥ 2-1> At 10d7F = 9| AH X (PM10) s=& 3}

(¢+9]: pg/m’)

AEg 9A A7 FA& dAF FF odAd & AA

2002 76 57 74 69 76 52 53 54 61
2003 69 61 67 55 63 36 43 40 56
2004 61 62 67 60 61 46 49 50 58
2005 58 61 65 58 58 49 48 50 57
2006 60 68 66 59 59 55 49 52 59
2007 61 64 64 o7 58 52 49 53 58
2008 55 57 59 51 60 50 45 54 54
2009 54 60 58 49 51 46 43 49 53
2010 49 55 55 49 52 45 44 48 51
2011 47 55 54 47 49 43 49 49 50
2012 41 47 47 43 44 38 39 46 45
2013 45 49 54 49 45 42 42 47 49
2014 46 49 54 48 45 41 41 46 49

X A9E A=

X 23] : http://www.airkorea.or.kr/airkorea/index3.jsp

1€ : http://cleanair.seoul.go.kr/air pollution.htm?method=average

)+ : http://air.daegu.go.kr/html/info/air period.jsp

FLXAF : http://heis.busan.go.kr/environmental/air002 1.aspx
A : http://www.daejeon.go.kr/dj2009/air/index.action
<%} : http://uihe.ulsan.go.kr/uihe/environment/environment01.jsp
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<} 2-3> APAFAHAE Ao Arted M=o PM2.5 st

ZAAE o= 9 HF PM25 5% (ug/m’) z A
1996 B ot 17.8 o] F& 9 (1997)
1996 a4k 183 o] F& 9 (1997)
1996 738 25.6 o] F& 9 (1997)
1997 F9 46.3 A sl 9 (2000)
2003 =3 24.9 A3 9] (2006)
2003 S 453 A3zt ¢ (2006)
2003 Sk 36.6 A3zt < (2006)
2003 Bk 30.0 Tab, 2afEaTds

(2004)
2003 EF(rgAA) 36.6 587 (2005)
2004 ]2k 34.0 ZEA 9 (2011)
2008 ) 39.8 z99 3 (2010)
2008 A F = 22.9 %27 (2010)
2008 ) 488 124 (2009)

1999-2001 g3z 20.8 &84 (2002)

2003-2004 FF 38.1 &m (2005)

2005-2006 A 31.6 A& 9 (2006)

2007-2008 Aot 45.7 ol@dm 9| (2008)

2007-2008 £l 49.0 o] 3¢ 9| (2009)

2010-2011 =T 40.8 FHF2 (2012)

A5k A 9] 48.21+18.60
2014 A g g A&7 A9l 36.81+17.60 - ol € (2016)
oj@ol 3] e 58.37+29.79
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AMeAe A 5z 98t PM259] FEE <HE 2-4>° Yehdh AlA
W Ao AE PMIOH o] Age] PM25 Bt oo s of 2u) we
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Lo & ¥zt gle o =E yepdel we PM259 R E Folv Wets B
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14 27 32 24 35 38 31.20
24 37 26 41 26 24 30.80
34 23 25 26 24 25 24.60
44 33 23 27 22 27 26.40
5¢ 27 26 26 26 31 27.20
64 26 30 27 24 25 26.40
74 25 20 18 28 22 22.60
84 18 20 17 14 23 18.40
9¢ 20 14 16 16 16 16.40
104 24 22 23 18 15 20.40
114 27 33 22 24 22 25.60
124 30 28 26 26 31 28.20

a3 191.33 190.08 189.83 189.08 190.08
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Ago] 7S 4 o
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- T
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Cd(0.0008 1
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°] Cd, Cr, Mn, Ni, Pb, Fe, Zn
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Hlj, 1.990, 1.4wH, 2,64, 1.24)



o

=S

=

=

of A e

A

FERT B YEor,
akgith. PM10% PM2.59]

ol

& =

)
!
3

el A PM10¥ PM2.5

Fei H

=
=

=2l OIME X

=
o

AA2E AL

=
=

A&
dEAge e EAE
9/]

=

2]

o

L
[e)

27-1250 pg/m’, A 34-152.2 pg/m’= L}E}

e 273 pg/m’, A 300 pg/m’= o] oF

ol 4% K, Zn, Mn, Cu, As, Pb

o

(2015)
=
(2014)

A

o

=
o

=N

-

T

w19
4]
514

L
a

A

o AL BAH Ph Fe, Aso FEE ofE 7}
K, Ca, Fe, Zn % tjio] %

2011 1€-2012d 12

T
I

o E N TR T T T RT T
M Ty M o o Be N W N
2OA Jo P o o . AR
%ONM_ZgLWLL#LMMﬂMMﬂ
=R e T B &5
T T Mo g LA WE T
R T o= 5 NE ST S
~ B —_— o -
o N OB o T o XA
@:Lugowrmmm_%mﬁmﬂ%m
ko) ° X — T o W
FRERAEFT S D0y
) ) . T
o| ﬂ.ﬁomaﬂrimmm%minv
A~ oT Y Gl 5 o B X N
o T . 5o B o B
iﬁ_tﬂ]eidﬂm&mmdroic.ﬁ Mp._m
BT = M my B° W ol s X
[T s B N A B 5
(SR TR R Ay I Nl
Eomo o G BT T N oy
A o M s oo = Ko fo m
T BT A R
i 0 o ¥ o 7 0 - Qo e
=230l Br 5%
m T W R ol o
! S T SE = N R
Y ETE M e T g TN
~ SVRVAN : roxO o) o= 2
TRt E R EER
N O [aN]
wog A n Z oo O . = gy
S < o] Ko oo B & 9o
PEEx o T EE e ”
o = A T %S % R g
oo X ET HE D Y

B} =9kt



= A

1

_,AO

F

(3

=

<A

ek H

= Aniat

RYAD~Z4
-

AeE, FA2E, drleA, v

Ho



. =2 OIS 2 280 @ N &4---29

o O|MHX| HZtdst

O O o

VAFEAS FY A BFA o= R A= A AP 7
ARAAE QA =7jolnt 2 ARk =, Be) ARt Fo Sl

Aoz 10 um ol3kel 975 7H Adke s 2%
o

it

g 2199l 7|HA9 TFo]l dojubis HE G HAFH o AR FAE
o718 4= JTHU.S EPA. 2008). Y= xke} o] Z717F vig 22 FHAEK
100 nanometers)< & T8l thE 7|#o] &S & 5 Uk vAUAE
3. 7] Al(respiratory system)2] &5 (thoracic region)7}4] I F& 4= A=
]9 28 &84 ) AHrespirable particles) 74 E&&tal gty A7) Qox ¥
v} 384 -4 (shape and chemical composition)®= =x}e] F}Ado)] o &ks

=
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H o

2% (depression), 21458 ZrA(cognitive decline), &&7|/ A8 A Asto
2 919 (hospital admission) =7}, A& #A o}
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(cardiovascular) 24 o]3h-&(morbidity)¥} B 49& 71

o AMEAA % ZF7|A AWI HAd(ung cancer)o.®E Q13 AlUE

(mortality) =7}

(particles in the 25-10 ym range) Bt Y7d0o] 22 Zn|MHXA| (P
Z717F =% (long-term exposure) ¥ &= #lo] o Z&Edk g el Aow oy

Aot

WHO Regional Office for Europe(2005)3} Samoli 5 (2008)°] w=w I
A& (All-cause daily mortality) mAWA F= 10 pg/m’ 2 02-06% 3
Vet Aoz FAHESIY Beelen 5(2008), Krewski 5(2009), 223l Pope
520029 AFol waw ZuAwAd 7|zt =% A 10 pg/m’ G A

=
(cardiopulmonary) A} EES 6-13% 71t Ao 2 ®usta Qi)
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- "okl ¢ w5 A (National Toxicology Program (NTP), International
Agency for Research on Cancer (IARC), U.S. Environmental
Protection Agency (EPA))

- EPA Inhalation Reference Concentration (RfC): 7] #j
- Agency for Toxic Substances and Disease Registry (ATSDR)
Inhalation Minimal Risk Level (MRL): 7%

- NIOSH Immediately Dangerous to Life or Health (IDLH)
concentration: |5 #j

- 71g} @ dAPE 4o =% H 7] AdHExposure to dusts
may to decrease pulmonary function, Shieh, T.S., Chung, ].J., Wang,
C.J., Tsai, P.J., Kuo, Y.C., Guo, HR.: Pulmonary function, respiratory
symptoms, and dust exposure among workers engaged in early
manufacturing processes of tea: a cohort study. BMC Public Health.
12:121, Feb 13, 2012).

- Literature Basis: ACGIH: Documentation of the Threshold Limit
Values(TLVs) and Biological Exposure Indices (BEIs) - Particulates
(Insoluble) Not Otherwise Specified (PNOS). 2001.




& A7
b gl AEew 7

)

==
RS

3k 7l

178 4 9= WHOSH 7 dehde A4

5

=2l OIME X

=~
[

2| 7]

il
(s}

3. OJMZHX]|

04

2 (total particulate matter, TPM)o]1}

5

=]
RN

X

w

P Alae of

R

0|

o

==

7B 7lEe
WHOS| 7] 5 PMI0, PM259] ¥ 7]%S veEhfAth

1

-

2-7>0ll A

YA
aL

(1). A A ®A7]7(World Health Organization, WHO) 7] 4| 'H =] -]

548 94 2]
<

ofp
Z]E

477

T FERE TEskler, PM259] ¢

7b H9% e o,

3

m

T F%7F 11-15 ng/

g

I

ﬁo

o

ALE nlgoZ 10 pg/m’
]_

A8k Aok PM109] 79 PM2.5%Fe] Bl&(PM2.5/PM10=05)E& ¢

1

[
o

glﬂ
o] 3GAIE A4

[s]

APSES a7



e
-

uze)
~H
7k

2—7> WHO PM10, PM2.5 th7|374d Hiu7|F

<3t

< g
Np w7 <&
ﬂﬂdﬂ g N
Bo [° o o
o |23 3B
BT T
= L
px |26 e
Togo |~ 2 HX
‘Uﬂ_.._.:._ ﬂ&olegn/ug
TR o WO
X
N |m®ErE oS
M= Rem T
o KRR KDY
ao| TR
Emw| B & g
op| oM
E
of I
— o =) o S
M,mw = i) & N
A, | B-
I
Lo
Elmle 8 £|8
Al
(Num.oo
0| TR
m% S B
a| B
— [a\]
B
A mjr
®O &
CCIE e

: WHO, 2005; Air Quality Guideline

A

==

rJ

O

wl
N

(2). WHO ddis71d e 7

al

}

°
pal

ZFell o

]

8

3

3

[k
=

AR o] 18 w7 A el 1A

—_
fi%e)

off
i

o/
o
"I
;OH

il
o)
plo
~

W
H

J_AO
Ny

FA 5k 20061 WHO H.aiAfel wha s,

£ A7

(Threshold concentration)



|. =UHQl OINSX 2 231

I

0
>
n
HT
x

Kl

WHOair ﬁ.mlity guidelines and interim targets for particulate matter: annual mean concentrations®

PM,, PM,. Basis for the selected level
(pgm) (peg/m?)

Tinterim target-1 70 35 These levels are associated with about a 15% higher

(IT-1) long-term mortality risk relative to the AQG level.

Intenim target-2 50 25 In addition to other health benefits, these levels lower

(IT-2) the risk of premature mortality by approximately 6%
[2-11%] relative to thelT-1 level

Interim target-3 30 15 In addition to other health benefits. these levels reduce

(IT-3) the mortality 1isk by approximately 6% [2-11%] telative
fo the -IT-2 leyel.

Air quality 20 10 These are the lowest levels at which total, cardiopul-

guideline (AQG) monary and lung cancer mortality have been shown to
increase with more than 95% confidence in response to
long-term exposute to PM. |

(715 2-11] WHO ti7] 7hel=aflah sixbd =) 53 - A8t =

WHO air quality guidelines and interim targets for particulate matter: 24-hour concentrations®

PM,, (ug/ PM,. Basis for the selected level
) (ug/m?)
Intenim target-1 150 13 Based on published nisk coefficients from multi-centre
(IT-1) studies and meta-analyses (about 5% increase of shori-
term mortality over the AQG value).
Interim target-2 100 50 Based on published nisk coefficients from multi-centre
(IT=2) studies and meta-analyses (about 2 5% increase of short-
term mortality over the AQG value).
Interim target-3 75 375 Based on published nisk coefficients from multi-centre stud-
(IT-3)* ies and meta-analyses (about 1 2% merease m shoti-term
mortality over the AQG value).
Air quality 50 25 Based on relationship between 24-hour and annual PM lev-
guideline (AQG) els.
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<E 2-8> YAY BA D AojzEe] thr)@7A stel=gal
. Date of
Cogntry / Aerosol Levels Avera}glng Guideline type impleme e Ref.
Institution (ug/m°) period : law
ntation
Argentina | TPM 150 1 month Apr 1973 Ley 20.284 a
not to be exceeded Resolucion
260 24 hours imore than once per Jun 1978 No. 1215
TPM year
- Resolucion
Chile 75 Annual Jun 1978 No. 1215
24-hr standard not to Decreto
PM10 150 24 hours be exceeded by the May 1998 Supremo No ia
annual 98th percentile 59/98
120 (1), GB
288 Eﬁl)) 24 hours Jan 1996 3095-1996 a
TPM
30 (1), GB
ggg EEI)), Annual Jan 1996 3095-1996 a
China'
50 (1), GB
égg EEI); 24 hours Jan 1996 3095-1996 a
PM10
40 (1), GB
128 Eﬂl)), Annual Jan 1996 3095-1996 a
not to be exceeded Decreto No
400 24 hours 'more than once per Jan 1982 9 ‘
Columbia | TPM year
100 Annual Jan 1982 Iz)ecreto No.
not to be exceeded
240 24 hours ‘more than once per
TPM year Reglamento
sobre
90 Annual inmisién de
Costa Rica .
not to be exceeded contaminante
150 24 hours more than once per S .
PM10 year atmosféricos
50 Annual




. =2 DIMHX 2 28 0F 2 HE E4---41
. Date of
Cogntry / Aerosol Levels Avera'lglng Guideline type impleme Relevant Ref.
Institution (ug/m°). period ; law
ntation
not to be exceeded Registro
250 24 hours more than once per Jul 1991 (Oficial No. ia
Ecuador TPM vear 26
Registro
80 Annual Jul 1991 iOficial No. :a
726
not to be exceeded
50 24 hours more than 35 times a Jan 2005 ‘COUNCIL
EU PM10 calendar year DIRECTIVE b
1999/30/EC
40 Annual Jan 2005
PM10 200 1 hour May 1973 c
Japan - spyp)
100 24 hours May 1973 c
260 24 hours Not to be exceeded Dec 1994 NoM-024-
TPM SSA1-1993 @
75 Annual Dec 1994
Mexico Not to be exceeded
PML0 150 24 hours more than once per Dec 1994 NOM-025-S
year SA1- 1993 @
50 Annual Dec 1994
New 50 24 hours May 2002 d
Jealand PM10
calan 20 Annual May 2002 d
not to be exceeded The Air
50 24 hours more than 35 times a Dec 2004 Quality
UK PM10 calendar year (England) e
Regulations
40 Annual Dec 2004 2000
150 24 hours Primary & Secondary 1990
PM10
50 Annual Primary & Secondary 1990
USA NAAQS f
65 24 hours Primary & Secondary 1990
PM2.5
15 Annual Primary & Secondary 1990

1. (i) Sensitive areas of special protection; (ii) typical urban and rural areas

and (iii) special industrial areas.

a. http://www.cepis.ops—oms.org/bvsci/e/fulltext/normas/normas.html

b. European Commission Guidelines Website
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d. http://www.mfe.govt.nz/publications/air/ambient—guide-may02.pdf

e. http//www.defra.gov.uk/environment/airquality/airqual/index.htm

c. http://www.env.go.jp/en/air/aqg/aq.html
f. http://www.epa.gov/air/criteria.html
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9= EPAQS(Expert Panel of Air
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° Hem KU Quality Standards) 7}e]=2}¢l
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QA4 E Ast Environment
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<E 2-14> 2] SEol A nlAwA ATAZL (W9 pe/m)

ATAE A9dE | A7y S Z24%
ol | PMIOA 8327, 914143
T | PM25:2 W39.75,41 £143.30
g5 | PM10:2 W53.63,4 971,76
d 3T - A
a7 ool Ax PM2.5:411]28.06
5ol 4414 FAURA | e | PMIOI6314,2 915083
A FIE 2004.09 | Elmini TOT | PM2.5A24.02
w] Al =] 2 w9 - volume air o e
. <]
wAEA % 200702 | smapler, | ofao)y | PMIOEHSLTD 684
LH"—;T.&\_Q/] %_%]:% PM2.5: 246215, = 12566
- PM10:21106.04,4 ¢]54.9
Aol | 8
PM2.5:4 165,69, 9]92.44
oy | PMI0:21H98.25,2 219868
= PM2.5:411429.49, 41 £]95.83
%] & A}
Aetx | PMI0 - 658
37}
o273 | PMIO - 37.1
4 0 - 624
: PMI0 - 62.
= 31 =}
?LmL/min HT:LOH PMI10 - 44.7
o A= .
Zo] g A4 FABAA 08 | e 42 ot
5 8 = 5} 7 3 {r 2=, L B
A )27 A7) f;%iﬁ_; R I x| PM10 - 482
SRS Ao R 2292 201212 | AN el g
h g AHE | PMIO - 458
Al Z79
o] 3} ¥}
°.i;* PMI0 - 47.1
Farel )
o3,
ol | PMIO - 494
% = Eo]'
)‘]LH
- PMI0 - 69.2
. o . 2+
3} 2= 7] R A
e T ! 2009.03 | AT = 2&A4 | PMI0 - 537
o} 5 o] & A] A 9 BRASAA 3
- - | EAAEY| awe
A7 s et 9 00011 | P PMI0 - 47.5
CRICRES %7 AT R o
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e ) %i;} fl:ﬂiﬂ oo 3 5 -2 ﬁ;ﬂ]%i L
(PM10) &bz 307(33¢) - 276(d 8. Y)
T A A2BA | 20090011 | B ST i’
s 153 (W EF Gza | oP%
A53% - A& |
AR 5T | etor7 | ) o Asaen, | 12003 - 1002
LEREE . T U e
oA 0 ) ) 74(39) - 51(22.9)
JEE LT
FAA wAEA L - 2L 2008.02 A i 289
1 m A=A MOUDL ¢ 3 %
I o] 29 179-190, - A=A o) & (76-66.9 pg/m7t# &
=k
AAY T ¥ 2010 2008.07 =3 )
Agwy <
1] A e ] <]
FEWE o] &3 i _
FEMAE IET | SidePak e | 594 693 g/’
ot ol &A1 €] AM510
; ; 2009-07 2009 14704+
FAoz Q3 axa 9 Aerosol 2870 PO | 2914 295 pg/m?
7138 e AA e MonitorA+& ° | meE e e
37}
Arh Hig Micro Dust The association between
INDOOR PM]1, Rada Pro monitor indoor fine particle
PM2.5, PM10 AND Toksikol and a . concentrations (PM2.5
rimar
OUTDOOR PM25 | 2013:64:371- | 201111 | GRIMM P 5 ly and PM1) and outdoor
schools
CONCENTRATION | 377 - monitor . PM2.5 levels was
in
S IN PRIMARY Mohammad 2012.06 The Sari stronger than between
ari
SCHOOLS IN yan M, and Kolmogorov indoor PM10
SARI, IRAN Shabankhan -Smirnov concentrations and
i B. test outdoor PM2
average PM10
. concentrations at the
atomic .
. . entrance and at the exit
. . Particuolog absorption 3
Particulate pollution undergrou | were 101.3 g/m” and
] y 11 (2013) | 2011.05.08 | spectromete 3 ]
in an underground . nd 234.4 g/m’, respectively,
94 - 98 - r (AAS).
car park . car park and average PM2.5
. . Yaxuan Li 2011.06.31 | Beta . .
in Wuhan, China . in Wuhan | concentrations at the
9] attenuation .
entrance and at the exit
method

were 47.7 g/m’ and 62.7

g/m’,
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S.tudym.g the indoor Building the highest concentration
air quality in three A museum
nonresidential and European 4 vrinter values were recorded
environments of Environmen | 2007.06.22 | standard inlzjus o v on the bookbindery
different use: t 46 (2011) - methods and any section of the prlntery
A museum ;;1 2333e2341 2007.07.02 | EN 12341 office industry (151 mg/m)
. . D. Saraga. EN 14907 . whilst the lowest in the
printery industry in Athens
) et al. museum (20.3 mg/m”)
and an office
i2Dec P
Indoor fine particle .12)‘1129:36 monitor Eat=i RS da=t
1 : . Z o] 8 A]A]
(PMz5) pollution doit10.1002/ | 200001 | (Model Gol 8 S| PMes B
exposure due to . AMb510-SID | (A, =4, 117 3 2 o] -
secondhand smoke ajim.22040.F - EPAK 719 entert A9l 53-209
. . pub2012Apr 2009.03 . 2 o)+ 9] 18-83
in selected public 5 Personal ainmentve
places of Sri Lanka. : Aerosol nues)
Nandasena .
Monitor)
S. et al
TobControl.
A 32-country 2008]Jun;17( TSI PMz25 concentration
comparison of 3):159-65.do SidePak =3, Syria 372, Romama 366,
tobacco smoke :10.1136/tc. 2003-2007 AM510 At 33 | Lebanon 34(ug/m’)
derived particle 2007.020479. Personal retail Indoor public places :
levels in indoor Epub2008Fe Aerosol utlets Ireland 22, Uruguay 18,
public places. b26. Hyland Monitor NewZealand 8 ug/m
A. et al.
O PM109] 7%
IQR(30.1 pg/m’)Z7}F A,
AR Griel P
1.008(95%CI=0.873-1.039),
TE7IAAS Abe] S
PMI103} 1.045(95%CI=0.930-1.063),
PM25 AR Aol A5
A7 1.031(95%CI=1.028-1.063
2001.1.1. ’
PR A=7]el 1ex7 9 v ZuEd O PM259] A%
o A —
mhE F4 Al g . ER= AqeA | IQRUT3 ug/m*)ZE7HA,
el (2007d) | 2005.12.31 4 = ) co
AAH 2 e 59 7|7k QA o E
Al 1.045(95%CI=1.028-1.069),
57 A2 EEAAAS Aol A%
24 1.084(95%CI=1.033-1.106),
ARBAAS Age) A
1.062(95%CI=1.021-1.113).
BE Agslalel thatel
PM2.54 Zusd=rt o
%2,
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=5 {3 Ja _
TA7IEE A2 S A3} 1060 B
g S el HERS
Forty male ApoE—/—
Beijing .
. mice were exposed to
ambient . .
. untreated ambient air
particle
Cell (PM group, n=20) or
exposure Stress filtered air (FA group
accelerates ] ’ o] AT Aue FAA <l
. Society 201311 | n=20), 24 h/day, 7 ) i
atherosclerosis _ . ds wiAASY G A
) Internation - days/week, for 2 = _
in ApoE Hold 9 PM &4
| a 2014 201401 | months. ] e s
knockout mice ) . L& A%E HAF
b Qiang During the exposure,
v . Wan$] the mass concentrations
upregulating .
. . of PM2.5 and PMI10 in
visfatin
. the two groups were
expression

continuously monitored.
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Journal of concentrations of PM2.5
Hospital Respirator chemical components 0 whE, 94 Ba
Admissions y and for 2000 - 2005 3
. .. e a9 dEE Ao
and Che.l’II’IICcll Critical (2) BRS of o PM25 duE Ao
Composition Care 1999-2005 | cardiovascular and Bl B
i o . PM25 ©7] %A
of Fine Medicine respiratory Qs g Bege] mo
Particle Air Vol. 179 hospitalizations for Hos ZL _ :
Pollution 2009 persons 65 years or s e
Michelle older associated with a
L. et al. 10-mg/m”® increase in
PM2.5 total mass on
the same day for 106
U.S. counties
Broncho Alveolar
Lavage fluid, lung
arenchyma, heart
. Milano P y
Milano and brain were
S PM10 i1 k
ummer screened for markers _
: sum . . AT A= F2 2%
Particulate of inflammation (cell _ L
Induces ) A dd Alade £33
Matter (PM10) | . counts, cytokines, e wm we o
Tri Lung | VS| o008 | BTO1, HO-1, MPO BE % mm gl
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BEES IR Toxic o ) ogelel | whgel whE S ENE
Inflammation - iNOS), cytotoxicity _ _
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. Francesca . .
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Farina 9]
marker (CyplBl1) and
for TLR4 pathway
activation.
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71=<& Askal Atk

A A8}

<3 2-15> QA = A9

7]

2+ OSHA, NIOSH, ACGIH &elA AA
< Us <& 2-15>¢F 2 A94 =avles dAdEds

total particulate matter)¥} % &4+ 7 (respirable particles) &% -3}

M

Institution

Exposure Limit Values

References

OSHA Permissible
Exposure Limit (PEL) -
General Industry

OSHA PEL -
Construction Industry

OSHA PEL - Shipyard
Employment

5 mg/m’ (8 hour TWA)
(respirable particles)

15 mg/m® (total particulate
matter)

15 mg/m® TWA (total
particulate matter)

15 mg/m’ TWA (total
particulate matter)

29 CFR 1910.1000 Table
Z-1 (PNOR) and 29 CFR
1910.1000, Table Z-3
(Inert or Nuisance Dust)

29 CFR 1926.55 Appendix
A

29 CFR 1915.1000 Table
7Z-Shipyards

National Institute for
Occupational Safety and
Health (NIOSH)
Recommended Exposure
Limit (REL)

10 mg/m’ (8 hour TWA)
(total particulate matter)

7 mg/m’ (8 hour TWA)
(carbon nanotubes)

Appendix D

CAL/OSHA PEL

5 mg/m’ TWA
(respirable particles)

American Conference of
Governmental Industrial
Hygienists (ACGIH)
Guideline

3 mg/m’
(respirable particles)

10 mg/m® TWA (total
particulate matter)

- OSHA Standards Website,
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARD
S&p_id=9992), 29CFR 1910.1000 TABLE Z-1. - LIMITS FOR AIR
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CONTAMINANTS
- Particulates not otherwise regulated (PNOR)(f) : A3 E4o] o]Eo g
SAE A @2 v, 7], §7] ofFef #AGle] BE v e f8 S

H %] 7} Particulates Not Otherwise Regulated (PNOR)<].

=z O

T
== AT

A e =7 A8kl A=
o
p

)= 7153 USEPA, WHO SolA AA4sta Qe
oIz} Ay E PRI vl ARE <F 2-16>37 2t}

OSHA, NIOSH, ACGIH -s°lA #1%
dut 7] 273 7=

<3 2-16> vz FAsHE L dukstF o) d 715

ACGIH

USEPA

Averaging e
Letolltuifms times  PEL® TLV® TLV® NAAQS® WHO
. Annual
Particulate matter 2.5 (arithmetic 150 pg/m"
um or smaller in mean) ’
aerodynamic diameter
(PMs5) 24-h 65 pg/m>®
Respirable dust” 8-h 5 mg/m° 3 mg/m® 3 mg/m’
Respirable coal dust”
. Annual
Particulate matter (arithmetic 50 g s
10 ym or smaller in mean)
aerodynamic diameter
(PM0) 24-h 150 pg/m*"

% Occupational Safety and Health Administration Permissible Exposure Limit
(Occupational Safety and Health Administration (OSHA). Air Contaminants. Code
of Federal Regulations Title 29, Part 1910.1000, Table Z-1, 1999).

> National Institute of Occupational Safety and Health Administration Threshold
Limit Value (http://www.cdc.gov/niosh/pdfs/00-14075.pdf html).

¢ American Conference of Governmental Industrial Hygienists Threshold Limit
Value (ACGIH. Documentation of the TLVs and BEIs, Vol. III, 6th ed. Cincinnati,
Ohio, 1996).

4 United States Environmental Protectin Agency National Ambient Air Quality
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Standards (US EPA (1997). ’'National Ambient Air Quality Standards for
Particulate Matter; Final Rule.” Federal Register 2).

¢ World Health Organization Air Quality Standards
(http-/' www. worldbank.org/html/hbd/em/power/ standards/ airqstd.stm#who. ~ Source:
World Bank, Environment Department, ‘Initial Draft of Industrial Pollution
Prevention and Abatement Handbook,” Jan 1995).

P To attain this standard, the 3-year average of the annual arithmetic mean PMas

concentrations from single or multiple community-oriented monitors must not
exceed 15.0 jg/m’.

¢ To attain this standard, the 3-year average of the 98th percentile of 24-h
concentrations at each population-oriented monitor within an area must not exceed
65 eg/m’.

h Respirable dust and respirable coal dust includes particulate matter 10 um or
smaller in aerodynamic diameter.

" To attain this standard, the expected annual arithmetic mean PM;jy concentration
at each monitor within an area must not exceed 50.0 p'«g/mg.

I Not to be exceeded more than once per year.

¥ Not to be exceeded more than three times per year.
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L. %9 #43 vAdA =& A4
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1. =2 A DMEHX 2d =& 2

L9 A mARA =F g iE 7)o Bid w9 =i % B
AE &It 9 =% % B E Science Direct, EBSCO Host,
Pubmed, Google t=7AS o]833tt. Key Words® ‘outdoor worker(S-2]
<22, “fine particle(P] A A]), ‘exposure(:=F)'S YHIJ L, 1L F=

1),
‘construction(ZAA4) o] 21 FAL}
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<# 3-1> P vAMHA =E5F AT

A= AZAC#) | =7t
Tuck-point 1 (=E= A7) A Al &F54 A7t 224 Mdx=E: v 499-10.90
On-tool to reduce exposure to | HSE mg/m® $%< ey
respirable dusts in the Pocock & G W a2ld () FA 5F5A B =EF e 487 mg/m’ £ UERY
construction industry (2012:4) Cutting(ZZE, B¢, ¥E) YA 3 50 mg/m’ FFoldow, 480-82 mg/m’ +F&
ey
A4 A dEGelA TREE =E Jhed s FASAY 100 2dEdE =5 VtsAde
2, Y AQA, Al AR, AW, gAdy vMEEA, 9 2 i SgHE, A5 xeA,
WA, ZF671 A S
Figure 1: Top 10 Prevalent carcinogen exposures for the construction industry, CAREX Canada Database, 2006
Carcinogen
Salar radiation ||
silica, crystalline | —— ]
. CAREX 00d dus |
Construction industry et e —
(2014]51_ ) 5 N 0 Exposure Concentration
Diesel engine exhaust _ Low
Lead and lead compounds, inorganic | - .Medium
Bitumens _ -High

Uttraviolet radiation, artificial I
Benzene | |

[ Data unavailable

Chromium VI compounds |

o 25000 50,000 75000 100,000 125000 150,000 175,000 200,000 225000 250,000 275,000 300000 325000 350,000

Number of workers exposed
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A A7) #)

=7}

b}
K
=
X
A

N

2
A4Y 222 AgFdA AMEE 28% A B4 7teAel =& 5 Atk od =E2
#7115 FAARE oF7| 4 Atk 16089 225 dldoz 14 222 6093 dnk 34 o
Cement dust exposure and | . A eEA 1008e e W 34 0 BAsar. a9 249 s71SFEEVL
pulmonary function tests in (20164) L= Maximum voluntary ventilation)& @yF $7e] ZmaRT vgtow A=, 4 (gender), BMIE
construction site workers wAseE A7)0 wakth web] Adg 2eAe 4714 R $AR Vs ks wolel
st Z27]e] oW W X5 F JEE Fof drh EFET AASA Fsttt
At AAY TEAY A FE
A &8 A Bz =i
Gas and dust exposure in 20254 vl == )
. & Ade o 554 27 wEET 309 161+ :
underground construction is Ulvestad = woa 1) Ask AdYg 222 284 EFRSP) =5 % 309 : 1.61+1.43 mg/m )
a~—= A = .S i 5O A] B RS ) oo o
associated  with  sings  of | (2001) N 2) A9 di7lelA ZAYE AHd S22 354 EXRSP) % 40 : 0.21£1.69 mg/m
<} A2l 1 = 5 A7 = =1 F] = o= 3 29 hav =
airway inflammation 3. 7\:104 EH A B H])ﬂ I_X}-O]U:], 07]»4— = 01'7]4— = oo] Z] 0]— Z:]_Eﬁ Lix]'oﬂ7ﬂ ;:_74] L]'
SR8
=)
Monitoring of daily integrated %9 FEA(WFAFE, E2H A 2R 5)S R 3FA X (cut-off diameter 5 um)
o =3
exposure of outdoor workers Kulkarn = 578
ulkarni & _ = . - o : =
to respirable particulate (1999) ° lax FEH A wEF yrl 29 22X/ Hi 322 pg/m’ oo, 7 e el ur)EA
o] PM10 5% Hs|A 2254 =okt)

matter in an urban region of

india

o]# wZ09] 90% A1F 7oA RSP % %< 283-368 mg/m® ©] 2 th.
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A& ARNR) | =7} L AFJ(MAHRA =EFF)
Occupational ~ exposure  to 299 1AM 2225 ddez 3 =& 222(176,309%)% FAd Hlx=E 2 AH(71,778
particulate air pollution and Toren & ol thell fal A AHFE71A R (AW mineral fiber, AWE, 23 E AY) Z4 2, F &
mortality due to ischaemic (2007) 29 d s 7F2~)S 113 Job-exposure matrix 712E FEA AA d3y Hd@ A BHAS %
heart disease and Abetd ok F714d 233 A wEEde 53] o 84 A Z3S of7| SR THRR 1.07,
cerebrovascular disease 95% CI 1.03-1.12)
A4 SEAE AFFAA AMEE X33 dAY £4 7Hsdel =& 7 Utk o =E2
H7s HAAE o718 = Avh 16089 <225 oz, 149 222 6082 duk 34
Cement  dustexposure and | i = AowRA 1009e daew A 34 9 BAedrh A4y 2wae] 975 FEVL,
pulmonary function tests in A%

(2016) Maximum voluntary ventilation)> 4yt 7o T2ZAHT} wgkom A&, A(gender), BMIE
BASAE H7|Fo]l vt wetd A4 F2As A7E 9 FAR 7T HAFE Wolof

l, 2719 g R ARG & Y

construction site workers

JHU
ol
=
[
-
b
i)

Emerging risk in the

construction industry :

R dations f Diaz-Soler R A ARG EEAY Y wF ,
ecom.men ations for 5 (2016) = a8 Aot oMo Awel Ao RE AXPY Judx =FE AAFY 9
managing exposure to )

g & (principle of precaution)g L&A =& Hrista T st= Aol ALH o2 Fed

nanomaterials
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A A7) #)

= =~ =
=7} T2 AHMARA =EFF)
A% 99 =9 A4 ceAYt = EE 5 e ARs B4 ACgnE =il 498
3 2ol AN (V1EEH)
TABLE I. Occupational Exposure Limits for Crystalline Silica
Organization or Agency Form of Crystalline Silica Limit (mg/m*)
NIOSH" Quartz REL = 0.05 10-hr TWA during a 40-hour workweek
Cristobalite REL = 0.05 10-hr TWA during a 40-hour workweek
Tridymite REL = 0.05 10-hr TWA during a 40-hour workweek
OSHA®Z Quartz PEL = 250 mppcf = (% Quarlz + 3)
Cristobalite PEL = 1 (250 mppef) + (% Cristobalite + 5)
Tridymite PEL = 1 (250 mppcf) = (% Tridymite + 5)
Evaluation nd ntrol f ACGIH Crystalline silica TLV =0.025
valuatio a co 0 0 Quartz 2006-Combined into one TLV. Crystalline Silica
: 1 Cristobalite 2006-Combined into one TLV. Crystalline Silica
respirable  silica  exposure | Copper & )
b b bD © u] {.31'— Tridymite 2005-Withdrawn due to insufficient data
during lateral drilling of | (2012)

concrete

ANIOSH Publication No. 2005-151.
BThe PEL for silica in OSHA’s Safety and Health Regulations for Construction, 29 CFR 1926.55(a). is an 8-hr TWA expressed in terms of millions of particles

TABLE Il. Respirable Silica While Drilling Concrete with a Pneumatic Rock Drill

Mean mg/m’® (range)  Standard Deviation  Percent Reduction®  Hazard Ratio®

Drilling with jig and dust control 0.04 (<0.02-0.05) 0.01

94.3 0.80
Drilling with jig and without dust 0.30 (0.09-0.64) 0.24 553 6.0
control
Drilling without jig and without 0.68 (0.42-0.84) 0.19 NA 14

dust control

ACompared to drilling without the jig or the dust control.
BSilica hazard ratio equals mean exposure divided by 0.05 mg/m?, the NIOSH REL.




He
ry
oy
H
fol
0%
e
=
r
e
4

64---SAXMAHE 22X OIMSHX = SAIEH

A & AR1#) | =7 T2 AR (MARA =EFE)
AE AG9 BY HAAA e WAe} 3 EFA At =AW, A wE7
¢ 2Rk W AR SAelA TR A ko 0 agdE westd Fod
g3 2 gA £4 AMEeE AT wE2& FAaAAF S
Exposure assessment
for roofers exposed Hall = GM (sample size) and Range of 8-Hour Respirable Dust and Silica Concentrations
- . all &
to silica during =
. . (2013) Company A Company B Company C Company D
installation of roof
tiles GM (n) Range {mgam") GM (n) lege(mg.-'m:“] GM (n) Range (1nge:n3) GM (n) Range (mgf|n3)
Respirable dust?  0-83 (16) 0222 086(8) 02-18 119(7) 0736 089(7) 03-29
Respirable silica  0.12 (16)  0.04-032 0.14(8) 004025 0.16(7) 0.07-0.44 0.14(7) 0.04-044
A4 222 dig 23 R Ad 225 5. dHdT =2 A5 wef 348 (ZZAIZE 6-8hr)
= WdeR A EFAH wEs 4T
Pneumoconiosis and exposure Nii =
.. . 1] & _
to quartz-containing dust in yaa=
.. (2002)
the construction industry
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A<
A& AR | =7) T8 AHR(MARA =EFF)
Table 1. Respirable dust (mg/m’) and respirable quartz (mg/m*) by construction worker sub-group and within and between worker
variation
Group N n Respirable dust (mg/m?) Respirable quartz (mg/m-)
AM GM o Ros wwRos AM GM owRos wwlRas
(min—max) (GSD) (GSD) (GSD) (min—max) (GSD) (GSD) (GSD)
Total 34 68 22 1.1(3.5) 31(24) 38(25) 0.35 0.086 (6.6) 600 (5.1) 47(2.7)
(0.1-11.5) (0.002-3.77)
Tuck pointers 4 10 35 22(2.9) 1{1.0y 69(29) 0.56 0.35(2.8) 1(1.0y 110(3.3)
(0.6-8.0) (0.089-1.65)
Recess millers/ 8 14 28 1434 12(19) 62(29) 0.84 031(5.3) 47(27) 174(3.7)
concrete workers (0.2-11.5) (0.028-3.77)
Demolition 10 22 24 1.4(3.1) 25(23) 21(2.2) 0.25 0.14(2.7)y 1420) 20(2.1)
workers (0.2-9.4) (0.038-1.26)
Inner wall 2 4 2.1 1.5 (2.5) 1(1L.0y 57(2.8) 0.043 0.036 (2.0) 1(1.0) 25(2.3)
constructor (0.64.0) (0.016-0.084)
Construction site 6 12 1.0 0.5(3.7) 8(L7y 114(34) 0.032 0.017 (3.6) 55(2.8) 29(24)
cleaners (0.1-2.5) (0.002-0.097)
Background 4 6 03 0.2(1.8) 10(L8) 3(1.3) 0.005 0.003 (24) 22(2.2) 8(LT)
exposed group (0.1-0.4) (0.002-0.015)
N.number of workers measured: n, number of measurements: GSD. geometric standard deviation: ,, Rys, between worker ratio of
the 97.5th and 2.5th percentiles of the log normally distributed exposure: . Rqs, within worker ratio of the 97.5th and 2.5th
percentiles of the log normally distributed exposure.
L . # A3 M (guidance)i= TrHlSE ob/lets AAY s T TFA SO A4 =4
Controlling silica exposures in | OSHA - o ) I _ - . B
. )= =F AaE dEshs dolth B3 o] XM= AR 2EAL] mEE A7) AR
construction (2009) - o s
8 A S Ale
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A& AZCN#) | I7} T2 AFMAEA =ETF)
5 hazards that out BLR L9 ZEARE 1EER A, oY 22 55 AASHY, 57HA A2 E A (weather; %
outdoors workers at (2016) w] = %, ¥, F%), X (on and off road vehicles), &% °FAEE S AESHH <Qx, FTx F,
risk A =E& AAE
A2 ddgge AdE, e e, 2y, A B, FU8 opua el FEu) AL
€ S o2 YxYA(nano-particle) =3°] F2A Hi Y&
AAEFZNA, 222 Yedat =52 A, Y, =88 oA =52 5 jlon, Axy o
A, dlol2E B4 Y FolAE wEE & U
Guidance on health Table 2. Personal exposure assessment and source identification measurements carried out at
1 . at: construction sites (van Broekhuizen et al. (2011))
surveillance m relation Scaffold Work situation Nanomaterial Measurement location Workers’ exposure to NPs
to MNMs for workers in the (2014) aae Min Max AM
construction (Np/em?®)  (Ng/em?®)  (Np/cm?)
: 1. Company 1: TiO; (anatase) Personal exposure
industry
Spraying during spray activities iz B 22212
Self-cleani
SFOCRInG Background 7195 15696 11898
Coating
2.C0rlnpany 2 5102 Personalexpolstfre: 45429 641074 199 508
Location 1 {(amorphous) (NanoCrete mixing)
Mixing mortar NanoCrete R4 Background 6177 73928 20763
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Table 2: AWES construction workers estimated to have probable or possible
exposure to carcinogens—by carcinogen [number (per cent)]

Probable exposure Possible exposure Total
Carcinogen n (%) n (%) n (%)
Solar UV radiation™ 396 (86) 4] 396 (86)
ETS" 272 (59) 0] 272 (59)
Silica™ 174 (38) 1 (0) 175 (38)
Diesel engine exhaust”™ 172 (37) 0 172 (37)
Wood dust* 163 (36) 5 (1) 168 (37)
Lead™ 112 (24) 72 (16) 184 (40)
Chromium Vi~ 82 (18) 50 (11) 132 (29)
Formaldehyde™ 68 (15) 5 (1) 73 (16)
Benzene™ 66 (14) 1 {0) 67 (15)
Other PAHs™ 34 (7) 0 34 (7)
Arsenic” 26 (6) L] 26 (6)
Nickel™ 19 (4) 17 (4) 36 (8)
Trichloroethylene™ 19 (4) 2 (0) 21 (5)
Asbestos™ 17 (4) 183 (40) 200 (44)
lonising radiation™ 10 (2) V] 10 (2)
Shift work 8 (20) 0 8 (2)
Adrtificial UW 5(1) B2 (14) 67 (15)
Acid mist 310(T) 0 3(1)

Cadmium 1 (0) 15 (3) 16 (3)
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=
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4x] 302744 12

X
N
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i

_EH

Hr

Jvmo
N

SAEE

%

il

_EH

B

il

2}
i

M

0
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G

3-9>¢F 2ot B #

<3t

P

=
=

A Z1A] T},
T 154.32 pg/m’oz M =

1
1, A AA 12975 pg/m’, C AA 9875 pg/m’ol ).

;OH

, =9 ARl E R SujolM o] ZedulEe] ¥ ol ¥

o

5t

°] 7]

Bl

BR

oj
N

9 FEE 3692 ng/m'= 7t

E A4

2l

Al 3= 3t (p<0.05).

fol8

3 masre] EAdoz

Bl

3-10>3 2ot 749l

o 7472 pg/m’oe.2 M =

o] 3998 ug/m’, E 7240] 30.12 pg/m’o)

. A3(ANOVA

Na SAHAFTEE <%
Al B Aol 7]

S

B

=

5

Wb

A

sl

(e}
X

kIl A



Al =4 THp<0.05). HAHA = 2 F
ShE T 3017 pg/m’e® W BAA Y ALdAART ERAT,
ot AfolE Holx stk B 74 TFAHE HAhghS 27021 pg/m’oz,
24904 ooz gxed, Asx 5o 4} Nws

o=

A Qe
#4590

o
S
_\|l_‘
N
v
o
A

Ay

B

=479 f;j T’ HeAE ﬁdf} 7o 7 7];}‘3}% Hag A9R
A= A AA 16 149.53 103.09 129.75" 1.67 54.63 502.02
A7 = B 44 14 165.42 63.09 154.32" 1.48 83.03 268.43
44 C A4 12 106.39 48.83 98.75 1.47 61.79 240.57
g4 D 74 7 73.43 27.51 63.44 1.52 39.24 98.17
H+-44 E A4 12 62.62 79.00 36.92 3.18 2.19 299.00

Al 61 118.86 82.69 92.86 2.25 2.19 502.02

=479 zj éf AEAE fj 758 7 ”gff Jagr FA@
A= A AA 8 45.59 21.99 39.98 1.81 12.29 76.63
A7 = B A4 8 96.76 86.27 74.72" 2.07 40.91 270.21
234 C A4 6 29.70 13.21 27.00 1.64 12.64 4752
g4 D A4 4 29.41 6.46 28.89 1.24 23.36 37.25
44 E #AA- 6 30.58 5.69 30.12 121 22.60 38.32
f+-Add F 2% 6 32.16 13.17 30.17 1.46 21.02 50.07

Al 38 47.66 47.45 37.89 1.84 12.29 270.21
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AMAT OASK = MEHEAL---93

<% 3-12> ALIF SN EE T3 =T s (w/m)
= on o = o 7SEE N
3¢ Aewd L ST gag Ag@ T-test
Hak A 2}
AAAE 61 118.86 82.69 92.86 2.25 2.19 502.02  p<0.001
A AANE 38 4766 47.45 37.89 1.84 1229 27021  (p=0.000)

ZA8A 90 e ZFAAEL T AYT MINE SAFEE <& 313>
o], iAo Ao ZatEHE 00015 mg/m'eE 7MY =L FE
FES B 475 A9 A4EELS 00009 mg/m el QA ARG E
)l Z3HANOVA #4) EAHoR {93 2o]= Holx| &dtHp>0.05,

o

%71% HlvreR e

= A)9e] A BAAS 7813
0.0018 mg/m’, 00016 mg/m’= iAo AMY ) Frur B

UEREAR, EAAOR Fold AolE Hold BATHp>005, p=0214).

for
i
o,
i
™
olN
FUZ
v
N
>
12
>
il
12
off
k1
ki
o, Hﬂ
~N
F

—

ol FxAgo A7} FEE 00014 mg/m'= H7AGe C, D, E A4 Hr} =
2 FEE HIANE FAAHCRE {23 2polE HolA] FUTHP>0.05).
<# 3-13> SAX Y & ST = A7 NN E =E5E(ng/m')
) I AEE _
= fo:] =z 2= 2= = = o
$AXA9 . F4F 4T EEEd sww 0T 423 A9z
A= A AA 16 0.0013 0.0010 0.0009 2.68 0.0001 0.0031
A% B A4 14 0.0011 0.0012 0.0010 2.91 0.0001 0.0039
A C AA 12 0.0016 0.0010 0.0013 2.04 0.0003 0.0033
44 D AA 8 0.0021 0.0022 0.0015 2.12 0.0007 0.0073
A4 E 1A 12 0.0015 0.0011 0.0010 2.84 0.0001 0.0035

7l 62 0.0015 0.0012 0.0011 2.52 0.0001 0.0073
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e
=
[

<3 3-14> SAA o w2 TFHEN T A7 AR mEFF=(mg/m)

5479 3345 345 AeRT EEUA JAsdz o00 Axd A
B7)% A AA 3 0.0019 0.0006 0.0018 14 0.0011  0.0027
A% B 14 8 0.0018 0.0008 0.0016 1.8 0.0006  0.0028
o7 C A4 5 0.0017 0.0017 0.0008 49 0.0001  0.0039
o7 D 1A 4 0.0015 0.0007 0.0013 1.6 0.0009  0.0024
-7 E A4 6 0.0009 0.0006 0.0007 2.0 0.0003  0.0017
A% F 224 6 0.0015 0.0006 0.0014 15 0.0007  0.0022

7l 37 0.0016 0.0009 0.0013 2.1 0.0001  0.0039

AR/3FA we ZFARA T AUske <& 3-15>9 2l A4y 4%
T AgeE, A FEAVL /e 00017 mg/m'e® TP Ee FE P
L UEY, BEY EEAY 224 00014 mg/m’, T2 AT FEFZE
27 00013 mg/m’, AFAeuE 8 e Ae F24 00013 mg/m’, AFY A9
222 00010 mg/m'ol k. AFE FHEH|wATHANOVA #4) FAH o
o3 Atol& wolA] ek Skth(p>0.05, p=0.111).

A4 SAAMRC HE 23N T A7k <& 3-16>3 o), A
7ke] 718 e QAR 00015 mg/m’, AR 00016 mg/m’e] w=EFFE
& B sk Aol gislern, AR o7 AolE HolA &ttt

(p>0.05, p= 0423)



. SAEAE DMHXN == AEHEAL---95
<3 3-15> A¥/FFol & sFAEX T A7 =55 = (ng/m')
e e ey Y L AREE :
AF/TE EAF AAEPT EFHR 7|HT ax Harzgk Hag
XA E 8 0.0017 0.0010 0.0013 2.46 0.0003 0.0029
2] g &4 5 0.0011 0.0009 0.0008 2.31 0.0003 0.0025
Ay 2 0.0004 0.0001 0.0004 1.35 0.0003 0.0005
W 2 0.0005 0.0003 0.0004 1.91 0.0003 0.0007
s 3 0.00004 0.0001 0.0001 - 0.0001 0.0001
2 g g 2 0.0007 0.0001 0.0007 1.08 0.0007 0.0008
EE EEZY 8 0.0015 0.0003 0.0014 1.23 0.0010 0.0018
2274 € 12 0.0016 0.0010 0.0013 2.00 0.0003 0.0033
AFH 12 0.0015 0.0011 0.0010 2.84 0.0001 0.0035
e, AEn
. _ 8 0.0028 0.0022 0.0017 3.69 0.0001 0.0073
Fno%, A% 29
<E 3-16> DAY SAARE SFALN F Aelsh B (ne/m)
- xF 7|t EE | -
244+ We¥ZE ST Jayz OOT Hag A% T-test
a7 o
Q1A 62 00015 00012 00011 25 00001 00073  p>0.05
A A = 37 0.0016 0.0009 0.0013 2.1 0.0001 0.0039  (p=0.423)
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(Fe), HZNi), H]

&l

2o WH(Ph), FFB(CA), ZE(Cr), F(Cu), F7HMn),

2(As), HIEE([Be)o|th

-

3-17>2 A
05 pg/m' ©]

<3

S
=

o

A

s
7

A2
Hl, ©l

Kol
=

welth WH&(Be)

bl BEge

5]

T
T

T
T

=7 vebd

Bl 5¢ Afo]9] sIgtol

A

B

<3 3-17> W44

Be

As
0.0035
0.0029
0.0088
0.0026
0.0035
0.0027
0.0007
0.0021

Ni

Fe
0.4187
0.4352
0.7487
0.8496
0.6448
0.4787
0.3218
0.3772

Mn

Cu
0.0160
0.0144
0.0143
0.0199
0.0137
0.0129
0.0100
0.0132

Cr

Cd
0.0022
0.0012
0.0049
0.0003
0.0011
0.0005
0.0004
0.0007

Pb

i

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000

0.0019
0.0019
0.0020
0.0025
0.0032
0.0033
0.0018
0.0026

0.0173
0.0211
0.0255
0.0316
0.0264
0.0246
0.0137
0.0206

0.0022
0.0020
0.0020
0.0043
0.0036
0.0025
0.0020
0.0019

0.0277
0.0341
0.0296
0.0230
0.0197
0.0201
0.0157
0.0226

14
24
3¢
44
5¢

6

2
=

74

84
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Solxe

22X 0MSX =

M

<3# 3-18> SAA A BE FEEH =F F=(ug/m)
3 A= SAXG-A4Y € v ALY
s B A4 C 14 D 74 E A4 F =%
(Detected n)/n 8/8 8/8 6/6 4/4 5/6 6/6
Pb AM=SD 0.046£0.070 0.049£0.230 0.157£0.184 0.254£0.260 0.071£0.088 0.245£0.316
GM(GSD) 0.025 (3.02) 0.041 (2.11) 0.081 (4.17) 0.112 (7.02) 0.038 (3.54) 0.073 (7.38)
Range 0.008-0.217 0.008-0.080 0.008-0.506 0.007-0.620 N.D-0.238 0.008-0.807
(Detected n)/n 8/8 8/8 6/6 4/4 6/6 6/6
Cr AM=SD 0.008+0.008 0.133£0.230 0.030£0.016 0.018+£0.013 0.038+0.076 0.030£0.036
GM(GSD) 0.005 (2.56) 0.027 (3.42) 0.026 (1.88) 0.015 (2.02) 0.011 (4.53) 0.015 (4.05)
Range 0.002-0.021 0.002-0.624 0.009-0.050 0.007-0.037 0.002-0.192 0.003-0.096
(Detected n)/n 6/8 8/8 6/6 4/4 6/6 6/6
Cu AM=SD 0.0350.027 0.039+0.024 0.013£0.013 0.005£0.003 0.156£0.367 0.015£0.018
GM(GSD) 0.019 (4.90) 0.027 (3.42) 0.009 (2.71) 0.004 (2.12) 0.011 (10.06) 0.007 (4.00)
Range N.D-0.0073 0.002-0.070 0.004-0.032 0.001-0.009 0.001-0.905 0.002-0.048
(Detected n)/n 8/8 8/8 6/6 4/4 6/6 6/6
Mn AM=SD 0.056+0.033 0.259+0.270 0.037+0.051 0.016+0.009 0.086+0.170 0.018+0.013
GM(GSD) 0.048 (1.77) 0.167 (2.61)° 0.018 (3.91) 0.015 (1.68) 0.025 (4.58) 0.013 (2.80)
Range 0.019-0.124 0.066-0.735 0.003-0.137 0.009-0.028 0.005-0.433 0.004-0.035




SAMAT DA =5 MEHEAL---99

24A9-249 2 Waud

3 QA=

A A4 B A4 C 14 D 14 E A4 F Z=3

(Detected n)/n 8/8 8/8 6/6 4/4 6/6 6/6
F AM=SD 1.788+1.316 5.496+5.016 1.218+1.203 0.512+0.189 2.219+4.776 0.583£0.282
© GM(GSD) 1.379 (2.28) 4058 (2.22)° 0.816 (2.73) 0.481 (1.53) 0.499 (5.52) 0.536 (1.54)
Range 0.311-4.535 1.734-16.233 0.215-3.482 0.265-0.724 0.100-11.964 0.360-1.101

(Detected n)/n 3/8 5/8 2/6 2/4 4/6 3/6
Ni AM=SD 0.022+0.003 0.033+0.033 0.018+0.008 0.010+0.003 0.043+0.086 0.017£0.002
GM(GSD) 0.022 (1.14) 0.022 (2.58) 0.016 (1.62) 0.010 (1.38) 0.012 (4.88) 0.017 (1.16)
Range N.D-0.026 N.D-0.102 N.D-0.032 N.D-0.015 N.D-0.219 N.D-0.021

(Detected n)/n 8/8 8/8 6/6 4/4 6/6 6/6
AM=SD 0.005£0.003 0.006+0.005 0.006=0.004 0.004£0.003 0.004=0.002 0.006+0.003
Cd GM(GSD) 0.004 (1.89) 0.004 (2.78) 0.005 (2.24) 0.003 (2.01) 0.004 (1.50) 0.005 (2.50)
Range 0.002-0.008 0.001-0.014 0.002-0.012 0.001-0.008 0.002-0.007 0.001-0.009

(Detected n)/n 8/8 8/8 5/6 4/4 6/6 6/6
AM=SD 0.433+0.554 0.746+1.230 0.515£0.484 0.023+£0.010 2.508+5.522 0.301+0.343
Zn GM(GSD) 0.127 (7.11) 0.136 (9.00) 0.246 (4.97) 0.021 (1.58) 0.195 (14.17) 0.122 (5.48)
Range 0.010-1.595 0.012-3.501 N.D-1.143 0.014-0.033 0.013-13.763 0..016-0.783
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SAXRFE 22X OIAIHX == AEH

o gk
(=27]1=dH %)

502.02 (16.73%)

7189
(=271=dH %)

129.75 (4.33%)

154.32 (5.14%)

16
14
12

268.43 (8.95%)
240.57 (8.02%)
98.17 (3.27%)

98.75 (3.29%)
68.44 (2.28%)
36.92 (1.23%)
92.86 (3.10%)

299.00 (9.97%)
502.02 (16.73%)

12
61

7

Hof 3%
(=271FdH %)

76.63 (2.55%)

7) 394 o
(=271FdH %)

A
N

«

N

Br

=37

39.98 (1.33%)
7472 (2.49%)
27.00 (0.90%)
28.89 (0.96%)
30.12 (1.00%)
30.17 (1.01%)
37.89 (1.26%)

270.21 (9.01%)
4752 (1.58%)
37.25 (1.24%)
38.32 (1.28%)
50.07 (1.67%)

~

H]
M

270.21 (9.01%)

38

7

B HogS 1455%=

o
=

=~z
=T

A

4-3>F=%).

T
3t

o] o 5} £ et (<

Fwrt B vehkor], Ao 364%9] wEFES Btk Y

A

L

H
M



V. OIAISA X0 CHst 2l 24 HE---103
Z5TE 2T6%E A7%E A9 A4 wEFTsRog Uk g AR Y
A8 ST RY =AY §AEH e (K 4-4> 3Fx).
<} 4-3> ARG WE s ZAHEZ T AYIF VA E mEFE v
(FF3A71=)
] ] i 7189 7 A @
FAR F4%2 FAF . .
A9 SAEE AT azgqu %) (=27 20 %)
A= A AA 16 0.0009 (1.88%) 0.0031 (6.23%)
A7 = B A4 15 0.0010 (1.98%) 0.0039 (7.85%)
-7 Cc AA 12 0.0013 (2.52%) 0.0033 (6.67%)
- A A D #AA 8 0.0015 (3.09%) 0.0073 (14.55%)
|8 R Ry E #AA 12 0.0010 (2.03%) 0.0035 (7.00%)
Al 62 0.0011 (2.19%) 0.0073 (14.55%)
<} 44> SHA G HE TFAAEZ T AT A9 s = 2FE v
(A7)
] ] ] 71898 7 A @
= o = A _f_ 2= _ _
=BAE FAFE SAS waEg %) (27120 %)
A7 = A AA 8 0.0018 (3.64%) 0.0027 (5.32%)
A7 = B A4 8 0.0016 (3.12%) 0.0028 (5.66%)
g3 C dA 5 0.0008 (1.62%) 0.0039 (7.78%)
-7 D A4 4 0.0013 (2.69%) 0.0024 (4.84%)
o+ A E A4 6 0.0007 (1.49%) 0.0017 (3.34%)
f+A F =3 6 0.0014 (2.76%) 0.0022 (4.41%)
Al 37 0.0013 (2.53%) 0.0039 (7.78%)
SAA A e FTEE 2 AP vuge w, BT 7
2] olste] e HALE w=E7|F Z2IH|EL AdEA ¥ V|stEHTS 1%
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V. OIMISXION CHEr 2] BRM HE---105

SAANY-A4Yd 2 ALY
FAa A4 B a4 c a4 D a4 E a4 F 257
(Detected n)/n 8/8 8/8 6/6 4/4 5/6 6/6
Pb 7139 (=&71&9H %) 0.025 (0.049%) 0.041 (0.082%) 0.081 (0.162%) 0.112 (0.244%) 0.038 (0.076%) 0.073 (0.146%)
AUF (=710 %) 0.217 (0.043%) 0.080 (0.161%) 0.506 (1.011%) 0.620 (1.241%) 0.238 (0.477%) 0.807 (1.613%)
(Detected n)/n 8/8 8/8 6/6 4/4 6/6 6/6
Cr 7189 (&7 %) 0.005 (0.001%) 0.027 (0.005%) 0.026 (0.005%) 0.015 (0.003%) 0.011 (0.002%) 0.015 (0.003%)
AU (=271FWH %) 0.021 (0.004%) 0.624 (0.125%) 0.050 (0.010%) 0.037 (0.007%) 0.192 (0.038%) 0.096 (0.019%)
(Detected n)/n 6/8 8/8 6/6 4/4 6/6 6/6
Cu 7139 (=&71E04] %) 0.019 (0.002%) 0.027 (0.003%) 0.009 (0.001%)  0.004 (0.0004%)  0.011 (0.001%) 0.007 (0.001%)
g (=&71F94 %) 0.0073 (0.007%) 0.070 (0.007%) 0.032 (0.003%) 0.009 (0.001%) 0.905 (0.090%) 0.048 (0.005%)
(Detected n)/n 8/8 8/8 6/6 4/4 6/6 6/6
Mn 7139 (=&71E94H %) 0.048 (0.005%) 0.167 (0.017%) 0.018 (0.002%) 0.015 (0.001%) 0.025 (0.002%) 0.013 (0.001%)

g (=F71FHH %)

0.124 (0.012%)

0.735 (0.074%)

0.137 (0.014%)

0.028 (0.003%)

0.433 (0.043%)

0.035 (0.003%)




nx

24A9-149 2 Waud

A ZAA

B A4

C a4

D AA

E 734

F =%

(Detected n)/n

8/8

8/8

6/6

4/4

6/6

6/6

7188 (=&71F9H %)

1.379 (0.028%)

4.058 (0.081%)

0.816 (0.016%)

0.481 (0.010%)

0.499 (0.009%)

0.536 (0.011%)

Qg (=271FHH %)

4.535 (0.091%)

16.233 (0.325%)

3.482 (0.070%)

0.724 (0.014%)

11.964 (0.239%)

1.101 (0.022%)

(Detected n)/n

3/8

5/8

2/6

2/4

4/6

3/6

7188 (=&71F949 %)

0.022 (0.002%)

0.022 (0.002%)

0.016 (0.002%)

0.010 (0.001%)

0.012 (0.001%)

0.017 (0.002%)

g (=271EdH %)

0.026 (0.003%)

0.102 (0.010%)

0.032 (0.003%)

0.015 (0.001%)

0.219 (0.022%)

0.021 (0.002%)

Cd

(Detected n)/n

8/8

8/8

6/6

4/4

6/6

6/6

718 (=&71FdH %)

0.004 (0.038%)

0.004 (0.045%)

0.005 (0.052%)

0.003 (0.034%)

0.004 (0.039%)

0.005 (0.049%)

A (=271FHH %)

0.008 (0.082%)

0.014 (0.136%)

0.012 (0.125%)

0.008 (0.080%)

0.007 (0.067%)

0.009 (0.089%)

Zn

(Detected n)/n

8/8

8/8

5/6

4/4

6/6

6/6

7188 (=&71504] %)

0.127 (0.006%)

0.136 (0.007%)

0.246 (0.012%)

0.021 (0.001%)

0.195 (0.010%)

0.122 (0.006%)

Qg (=271EWH %)

1.595 (0.136%)

3.501 (0.175%)

1.143 (0.057%)

0.033 (0.002%)

13.763 (0.688%)

0.783 (0.039%)
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0x

(2). 714712 vl
= ATlM SAE SFAEER] == PM2.5 t7]8H4 7153} Halsksd

<GE 47> SAA G e TEFAAER NIAE wEs e Blal(tr)$E7]%)

FAAY FAHAZL: FAF 7EHET (=F71FdH %) HdH (=F71FdH %)
A71E A A 16 129.75 (259.50%) 502.02 (1004.04%)
471 B A 14 154.32 (308.64%) 268.43 (536.87%)
W84 C A4 12 98.75 (197.51%) 240.57 (481.15%)
44 D dA 7 68.44 (136.89%) 98.17 (196.34%)
g4 E A4 12 36.92 (73.85%) 299.00 (597.99%)
Al 61 92.86 (185.72%) 502.02 (1004.04%)
<3 4-8> SAA Aol Wk TFAHEX AGA R =FFE Ha(H7]1$H7]E)
FA3AY  FAZLE FAF V| EI(=F7|EUM %) HA g (=271FdH %)
7% A A4 3 39.98 (79.95%) 76.63 (153.25%)
7% B A4 8 74.72 (149.44%) 270.21 (540.42%)
H+dd  C A 6 27.00 (54.01%) 4752 (95.03%)
W44 D AA 4 28.89 (57.78%) 37.25 (74.50%)
44 E A4 6 30.12 (60.25%) 38.32 (76.65%)
4% F =24 6 30.17 (60.33%) 50.07 (100.14%)

Al 38 37.89 (75.78%) 270.21 (540.42%)




EL

SOIRIR 22X 0| MK

E

o)

(). A&7 #erE

1A

o]l =
A

ol A7 = o]

Al Al 2015-45% ‘AFFA F71EE] A

W2 (PM10)2] #a]7]% 150 pg/m’ o2 &
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Aol whe

=
=

<3t 4-9>

HAAF (=571 %)

71819 (=&7]=dH] %)

245

R

SA4A 9

502.02 (334.68%)
268.43 (178.96%)
240.57 (160.38%)

129.75 (86.50%)
154.32 (102.88%)
98.75 (65.84%)
68.44 (45.63%)
36.92 (24.62%)
92.86 (61.91%)

16
14

98.17 (65.45%)
299.00 (199.33%)
270.21 (540.42%)

12
61

Al
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0x

<3 4-10> F78AFel| 1 TR AGAE mEsE v v T 37 E)

FAAY SFAZL FAF 7ET (=271FdH %) AdF (=271FdH %)
7% A 4 8 39.98 (26.65%) 76.63 (51.08%)
7% B 14 8 7472 (49.81%) 270.21 (180.14%)
A4 C A4 6 27.00 (18.00%) 47.52 (31.68%)
A4 D dA 4 28.89 (19.26%) 37.25 (24.83%)
744 E A4 6 30.12 (20.08%) 38.32 (25.55%)
W84 F a=x% 6 30.17 (20.11%) 50.07 (33.38%)

Al 38 37.89 (25.26%) 270.21 (180.14%)
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So) 1Y 2] vAEA] A7l FE45Y =237 AEE EU=E
249 YA H 7HRisk Assessment)S AA|SHA T YA HrtaAd L a4
gl &F-0kg Hrl =297t AdAd A4S wETh EPA IRIS(Integrated

Risk Information System)Z} RAIS(Risk assessment information system)elA]
ok 2 oHpEeky SAAEE s 7Y SA4AAEE oY <%

4-11>3} 2t

<3 4-11> gA-dHG 7 AREE = =2 SAAE(EPA RIS, RAIS, 2016)

T S5
: I o A1
Mol Al o Inhalation unit risk (&+9: mg/m°) ")
=10 == o] - -1
Cancer slope factor (&9: mg/kg/day)
. . . ol 3
Mol 22 Inhalation chronic reference concentration(RfC) (&+9: mg/m”)

Inhalation chronic NOAEL (%$]: mg/m”)

B ATt weEQS W Edon PRael AR Asd
A= Ty <3 4-12>9F 2T} EPA IRIS9F RAISHIA Edd= HAs 2
oh BY(Feist Qs A 01 on, MAER APk AFE
e BAL AFCn), YAND), AERCIOIAt MEFEdel Agshs 7
S22 RS PMelgon, %% ARpEoE AGt g BAe
SHPY), F2(Cu), ohed (Zn)olgitk



e
fol
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e
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112 2QIXQIT 227 DMK EAE ©

<X 4-12> B2 I H o) ALE-HE= AlS(EPA IRIS, RAIS)

=3 Inhalation Inhalataion Inhalation Cancer Slope
;}E unit risk RIC NOAEL UF = MF Factor Ref
B (ug/m') (mg/m’) (mg/m') (mg/kg/day) *
EPA IRIS,
Pb Not Calculated
RAIS
EPA IRIS,
Cr 0.012 41
RAIS
el 2R EPA IRIS,
Cu
e RAIS
EPA IRIS,
Mn 0.00005 None 1000 1 Not Calculated
RAIS
Fe
Ni 0.00024 0.84 RAIS
EPA IRIS,
Cd 0.0018 6.1
RAIS
wehd AR EPA IRIS,
Zn
= RAIS
Silica

(2). M EAdEHA 9] &) % 4= (Hazard Quotient) 3 7}
o2 el ZAA o2 WHe =FH7F dAdA FeH =E
(mg/kg/day)= RfD(mg/kg/day)= Urol5+ Aot

Exposure Estimate (mg/ kgl day)
RfD(mgl kgl day)

>,
—~
—
SN—"

HQ=

ot
-,
L
z
oz

A om A4 1014 HQDY Agol A Fold
9e Aoz s, A7 1o]3 (HQ<)Y 7
% Qgjel 54 549 A9 FATB) e Ao S
RIDZF EAsks G Mo el 9ai-5 371e 415

=
Toll g =4 Fk(exposure estimate)> AZAtF o] ¢ 2h&EH

—{o
o,
N
)
=2
=]
An)
i,

e

5
oo H
e 2

8 rl.g:
3 off = B

el
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om wmEAGE] el wk AZP7F R Eske] Alttsklt

<3 4-13> WA Y H31F ==9] vt Ed YR 4 Hot

A4
HQ = e e Ag
(3-589)  (6-89)  (9-119)  (12-29)
< 9] 2H 2} 1.02 0.72 0.90 0.82
e < U 2H ) 2} 0.97 0.69 0.85 0.78

A HIF=ZHLADD, lifetime average daily dose, mg/kg/day)¥} H<
(Cancer Slope Factor, (mg/kg/day) )& mzjsto] Z3puerejsi® (Excess
cancer risk)E oS3 o] 3 4 3l

Excess Cancer Risk = LADD (mg/kg/day) x CSF (mg/kg/day) " -2 (2)

EAUPAACE 4GP nTYL ATEA G G2 100" Fe
L
-
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=

037

S5 Sror Ofet o3

<3 4-14> OFA G v A A= FAA

o

A

of WehE EAURNE Ht

(&, U2, 7l=%)

AA
ECR B o & 7+ A&
(3-54) (6-84) (9-11¢) (12-24)
Ni o < o] 2 2} 0.0000815 0.0000815 0.0000110 0.0000890
< Ul = A 0.0000011 0.0000011 0.0000007 0.0000012
cd o =9 = A} 0.0000159 0.0000040 0.0000104 0.0000121
< Ul = A 0.0000064 0.0000016 0.0000020 0.0000049

w3 2o ATelM SERA
oA or Qg FrheE Aol tiEh vlaoln ¢

RiLN
o FAANYAA e BEo
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116--2NQT 227} DML SAH @ 2A2ES ot Ot o3
o ¥ZEF(stroke)
« %2 (asthma)
o vk HMHA #H AsHchronic obstructive pulmonary
disease, COPD)
« A vi|(heart attack)
o ¥ ZF49lung infection)
o  #H(lung cancer)
« =8 A AHHZ(congestive heart failure)
(2). A7l g ==7+ AE
vt L& mERolA s AshrA(ERA AR7hed el ot 2ol
A = %To}oq TWA #22 01-005 mg/m(EFA) S AAsta ger &
Ao A BT JAREANA T EdAd SV de EA)E st

Hu
%0,
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0x
0w
all
=

<3 4—15> §]_6]—§7\] 9 B2y A olzte] w7 |F (A8 T 3A]) = AAA]

Ahghatasel tid mEvIE

s R =271E W 1
o - 31812 TWA STEL (CASHIZ =
EE7] TR ppm | m/mw | ppm | mg/m e
Al a(AA A1%) Silica(Crystalline quartz) Si0, -L 005 - - |[14808-60-7) g 1A,
(Respirable fraction) 354
Abgta Silica(Crystalline cristobalite) Si0, - 0.05 - - ([14464-46-1] O 1A,
(B7A Ae|2Enle}o]E) | (Respirable fraction) 354
Abghta Silica(Crystalline tridymite) Si0, - 005 - | [15468:32-3] HekA 1A
(AAA EgUiulo|E) | (Respirable fraction) 334
Al Silica(Crystalline tripoli) Si0, - 0.1 - -|[1317-95-9] oM 14,
(34 EgEy) (Respirable fraction) 534
2013 W=7 AFFPA B A (OSHA)S iy 160049 FHSS AW &

T F e At HAo] dE A2E Z‘loéz—q] = 7

gl olo] w=ZH A7} the PEL(permissible
exposure limits)S 40 3 vkl 2& A= Aoz AGSAd thel &F 8
ARt 71FoR 50 pg/m’s 7]Eo R Al tHOSHA 2014). 12jt} W=k
M= HAAY LEAEY 60% ool 7 Fk o] =EFdHvs AT
(Grossman, 2013)% 9lojA o]gdt 7]&Eo] AFAo] Y& Ao Yafjrs =g
ol AUtt. m=re W AL opA X1 Folt

H
I=]
FeEvteke] A Aejgtell dg =E71F N8 AA5
7 A8

o o 554 Bk ok 445 glo] B4R 5o B4n
71 B ARE zhe YRR
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FFog FERIEE AAA &R (http//www.cde.gov/ncedphp/dnpa/physical/
pdf/PA_Intensity_table 2 1.pdf)E& <A= st Atk ACGIHAIA = g4 o =
S wE2HE Vee 27 SAA kol wet tEA AAlsta Stk 4
g 59 F(H) 5% (heavy) AHS ste 49+ 005 ppm, d5%(light) 2
Al 010 ppme 7IEe AlASEAL gtk eyt A= miAlE A o] e e 2

E3 g WS 483 5 Aol deAE HEe 477} Basjh ol
AT WP e SR Aegol Aol et v 1S
) 59 AQIAE F5w Aglo] FF olErhe Aol meise] g
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ARZE(RTT AT F)

A33F (R F o] #a)

AME(HAE BET F)

A7272(F-=)

AT3=(HE)

A 74z (A ZF 7))

A 752 (M 7] )

A76Z (71 8] A 2)

ATTZE(AA 7] =)

A6053(4 <)
CERAFALE, A3, AbE, ATE, AHBF)

A6062(2-8 = 9])

A607Z (= 22w 7172 o] AdA])

AI608Z (A A g7 =] 2] A A)

A 6092 (= 2w 71 7F2] 2] A5 )

A610x [o]lF 7]

A6L1Z (o 93 7] fA)

A6122(AHE A 2H F)




IV. OIMISIXION CHSt el 24 HE---147

€ #d =3 F4dA

BAR A1z, A&, A53, A7, A8zl 6HD*54U4 :<1614§<f734 3043
e ZX]) Xﬂ615§(ﬂlzi/\l‘é %), Ab6R(ZEF7|HE T2l AlY %), A

T OE)E AT olgstelor sul, Mmel F7b
A E%

—



Selvetel 4% BAel AR ol G MR wE7F0l ARHA @
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2o =70 e AEe gk FAMeE TFY A B 71FE Aol
Z74sHa o7l whiel et o2 melslRuaa oAML 5EY #11
of U 71 SoAY vANA BeE TG oel Poll 488 5 9
2 Aoz o)

EFH 2 BF 7120 APl Y AAE unn ved g f
RAT 2T w2dlo] R 294E EFE 04T F IOATAA EFA
26 W wE71F0] Mg5e] YTHIMA Europe, 2010 H3E 71FE

3-10 mg/m’e. 2 veheiet vhgsieh vl 49 ACGIHAA 3 mg/m’S A
otslar  JTHACGIH, 2006). Cherrie 5(2013)> Annals of Occupational
Hygiened] 24l commentarylA] 1 mg/m*S Altetelty. a39] 2 x 719
39l Australian Institute of Occupational Hygienists(AIOH)o A+ 201610
Position Paperel A 1 mg/m*& #lotaleic}.

TEA X td =F7]we] AR fEis Hee] AUt dashy
o A 1o W& AFIFEA o] s oJoF & Aotk

7) & WA om JEERNS 5 F 93, uFoAE inert or nuisance dust, TFAE
dusts nototherwise specified (£ dusts NOS) &< &8It}
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AN 7T vAHAE ARG T E = Aol obd AR Q-
e Falclrte] 7] wiitel 1 wE:dE AUS AFGFTE AoksteA o Fo
thate] ZAFSEAT

75 mARA L FAFSA Al A B E A e AR S9
oA Q= A2 dxZ(occupational heat exposure)S & & Atk A
A deFee 835 194 T A9 @A Aol EHAIRE o
IH ol ZApgA olgfol A o] Foj X = o] 2k} (outdoor operations)E E$HE
ok ok A Al mE:EHE A2 ARYAPE BRI o] of ) o]l gk Ao
= okEAL A, ARu ke AIFAY, 2AAY, AEHSAY

(emergency response operations), A& 9 FEZE] AH]A §X24 o] X

ke o}
nj= OSHAJAE 33 o] A (https://www.osha.gov/SLTC/heatstress/) ¢ =}
B 52 59 FYH dwuF(Z32 9<&4 heat stress)ol tiste] F23H

FaL vk FElol A Harell= A9 %‘z‘_lz%ﬂl gk Hele] #glo] tisto
‘How do I find out about employer responsibilities and worker rights? &+

A& skl tHFAL dk ofoll thEk OSHAS e ofgfe} Zth

Workers have a right to a sate workplace. The law requires employers
to provide their employees with safe and healthfil workplaces. The OSHA
law also prohibits employers ffom retaliating against employees Ir
exercising their rights under the law (including the right to raise a health

and safety concern or report an imjury).
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