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S

& Wb, viebAle] AN Eg A3

AgEel ASTM
B S THASTM,

g

-
R

3](American Society of Testing Materials, ASTM)¢]

e ARE

2013). Mgkt AekAjel] g

353 A

D2013%  D2013M-20¢I

71(X-ray diffractometer, XRD,

=

L=A

0.02° 7+4

=
=

XRD-6000, SHIMADZU)E o]-&3}o] =47H20) 5-70° H9

oA

=
-

=z wet ot

|

A 2 150

bk Mgt AEAle) AAA Asitael 388 NIOSH 75009 4%l

5]

utel PVCo] Aol A3 e <2

AT

< ASTM

17](Inductively Coupled Plasma,

gt AeAel gHd

D6349-1301] et
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=

ICP spectrophotometer, Optima 5300 DV, Perkin Elmer)
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s

AP,

(Mn),

s

%

H(Fe), vkvlaMg),

Z+(Ca),

vl-&(Ba),

(AD,

K), A=&Sh, HEFNa), 2EEH(Sr), HEbE (T

5 477
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<HE |1-3> HIATY BMyY

EXEA 2435 249
AAQA Arsta T 4 gas NIOSH 7500 #&
SRS T 4 ae ASTM D6349-13(A 2 &4)
ASTM D6357-19(7| & F<5)
ASTM D6722-19(52)
ASTM D5016-16(3H)
7185 5 NIOSH 2549 &4

ASTM D2016-160 weh A& F5Ho=E ICPE A8t tHASTM, 2013;
ASTM, 2016). =25 A9g v 94 12%62 ASTM D 6357-199 whe}
ICPE BEAslglon 28 ASTM D6722-19¢] uwhe} 422343 7] (MA-3000,
NIC)Z 43 tHASTM, 2019; ASTM, 2020). A&y} Aekaje] Piaise
St A7) 2R dld EAEok]  tis] KOLAS(Korea Laboratory
Accreditation Scheme) AAE g5 APHoA A AT

=

Al
b} =
Aebol| A 3uky] = 2 AxHA &2 Mgk oF 1-2 g& Hlo|do

EEV

Hal gEsdo] A &3kl 150TeA fF718tg=s $¢A17A NIOSH
2549 =AM =83t Zb2A R ek E e 2 -A A 7] (gas
chromatograph-mass spectrometer, GC-MS, 7890A, Agilent Technologies,
PEGASUS4D, Leco)Z 418 tHNIOSH, 1994).
MR B AR Q% WAl Ak deAe] 4R 24
wob Aol AR Hg, ARl 348 Fa A 98 v

[e)
- =
5 HEE Aot & A2 vlalstit

D)

(o
B b
1o qifu

6) H]A(As), HlHEFBe), 7F=H(Cd), ZLE(Co), Z=(Cr), 78 (Cw), X d(Mo),
YZ(Ni), @F(Pb), SFE]E(Sh), vlbE(V), o} (Zn)
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P o2 AMEtof] 1% 9]
(Se), FF=H(Cd), SFEJE(Sh), F&(Hg), H(Ph), EF(Th),

H
L
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=
o

5

o

T

=7 (U.S. Environmental Protection Agency, EPA)
ghol] 3¢

(K), =&(Cr),

_]

~

A
Atk el A Hs 5(2013)

=
-

=

<

H(Pb), HI4(As), o} (Zn), YZND,

T
T

ATHUSGS, 2003).
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Al Akt
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= A=}
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7} 2mE
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37 mm 08 ym MCEZE+UFulF AlolE=
25 mm 0.8 ym MCEZEHIOMA 5415 7]

37 mm 0.8 ym MCE
S

25
2.0
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3 AN=AFH B E4EHE

Fehe)
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_ﬁ_a

37 mm FHAEC] ol &Fu|E Alo]
GK 269 Alo]ZE(GK 2.69, Mesa Labs)

25 L/min ¥ 42 L/ming F3o=2 &7
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=

T
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=
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=
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dFE AlFEoR AFeslon, A9 ss &FvE AelFE e GK
2695 AHESFTE NIOSH 0600 A=A 3 A ¥ wep A-2(XP2U,
METTLER TOLEDO)Z °]&dto] T5AExlo]l 2FHE PVCoHA 9] FAS
1 ng D744 S48, NIOSH 75000 whel A ¥ 238 9o 27 (7]
& 045 ym AE 25 mm)ol AHAAZ T AAA A4S XRDE 43
AFTHNIOSH, 1994; NIOSH, 1998). w44 v&5 H7lsl7] s T3 37
mm 7| Ee] Fzkd MCES #4](7]13 0.8 ym A5 37 mm)E, T
37 mm 7 EC] A2d MCEA#A(7]& 08 um A5 37 mm)ot &7
APl EE = GK 2695, STUAAES MCEA#A(08 ym A& 25 mm)<}
IOM A &x213710I0M, SKC)E AHg3te] 24+2F 2 L/min, 25 L/min, 4.2 L/min,
2 L/min®] fF#o= ABAFsIATE AR AHAE 52> NIOSH 7303
&t FEATgEZgAn-d S22 7] (Inductively Coupled Plasma-Mass, ICP-MS
spectrophotometer, PEGASUS 4D, Leco)% 213 tHINIOSH, 2003). 7}~
F2& 1A EZA(Anasorb C300, SKC)& o]&3le] 0.2 L/min® F#oz A
Fog o, NIOSH 60099 wheh ICP-MS=Z #2438} tHNIOSH, 1994). 3]
718852 1452 (Anasorb CSC, Coconut Charcoal 100/50, SKC)< 9]
435te] 0.1 L/ming] FR&e=2 AFAsH 2™, NIOSH 15010 wef 7tAa2ute
aE-EFo| 23 E7|(gas  chromatograph-flame  ionization  detector,
GC-FID, 7890B, Agilent Technologies)® 418} tHNIOSH, 2003). YAks}er
29} olatgl e A %2 7h2w E(MuliRAE PRO, RAE SYSTEMS)E ©]4-3}
of A9AEE SAsA ARAH A3 Fo A4 FEFRA X (Defender
510M, Mesa Laboratories) 2 Al Zx]F ol AF&-3F HZ o] (22 WA A3
7 ALkl ARgstATh AARA Abshata, 545, 3 /1S ES A
o A YA A 718 3] (American Industrial Hygiene Association, AIHA)2] &
A 07}01]/‘1 SR RS A T AR AATAY] AR

411

4>
rﬁd E
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ret

Aze|wer 0@ @7

o=

25 TALSSA7ISV 1041S, SVANTEC)E 2 Aol AZHFH 30 cm
ool Aol AFtsted M FHLZFEEFS SASIUY FAHLASSAT]
= 18- F #H aA9 wel criteria 90 dB, exchange rate 5 dB,
threshold 80 dB& At oH, Abdel =77 del A 478 e AgH
B712 wd 54 Aol BASt] AREak T8 x5, 2020).

IE 2EYAE A8 #H TAY wg F9S2%(wet-bulb
globe temperature, WBGT)E 54T 4 v WBGT=Z=A(QUESTemp® 34,
IME ©l&3te] 1.2-15 m =oldlA 70i o] SAATHILE =55, 2020).
WBGTZE=A= S84 -] vt SHA4olA PAE = Afto] A8 EHBER
o] mipdel] wel 2 SAAHAAN FA Ao ZRE 10 o] FHEH O A}
25 WBGT 4t&ol #8319th. WBGTE A+ 374 ol s7tisr|#es

FEH A w2 AnlE ARsklth

D BANE D W

A8 T Al =& A HUEE H8, AAAEY SAHEE
2020 1¥ 7MA4E 28R gstEd 2 =94 AqAe =E2U)H (g s
FE202003 202089 % W= ACGIHO A i7]%(Threshold Limit Value,
TLV)#} Blaste] FrbstAdth(F5 2 3x). A=AFH Al At A4 gl

AAATE ARAANNA AT, A F FAAGE A 2k
o Museiaad w4t AQ9AE e e e AN AR 4
RE st gonz, Mool AAAsh Aol WAY e wE4
Fol 2 Wol7h e Aow walth =@ WA AR A9 dF 5o ©
2A7ko] 12417k9] 19] 23] SR 2AA Aol ARG G %A
AT W A A0S shRe et AN AYAAE AAste] Al
0 AR) ek AR 2RARke] EPEgon A AAgte 2
BAZ W gelh AQE P vhRe A0 TFHel ZARL BAY
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3}
Al A@HAA D}?Sﬂxﬂ ) ~EEto] E(20=21.93°, 36.11°, 31.46°)9F ET]
no] E(20=21.62°, 20.50°, 23.28°)9] FaE G A FArh(Ld M-1). ARA
Abalatao] Bt &S FraE 20%(06%-4.3%), T 2.8%(2. 1%, 3.5%),
H) 2] 5.8%(2.0%-9.8%), BFE-Al 14.6%(5.6%-20.1%) ©] 21 TH( 3%

D 3%

Aetat AeAe] Fo da 1339 1F A2 1359 FHes BAF A
B O3 3-14H ¥ 359 293, HHARRE S Aue] daPa A
363 2odth AARA dsaradt wEg A F¥ &S fdd
2.23%(0.85%-4.33%), g 7.74%6(6.33%, 9.15%), H] 2]
20.95%6(15.21%6-26.33%), vFEAl 27.65%6(27.23%-28.08%) At A ekstedd 4

Ex97F Hrket 55 559 At @%E—Q HAE A8 8 ppm(2-15 ppm
A€ 18 ppm(10 ppm, 25 ppm), HI2FAl 36 ppm(25 ppm-43 ppm), BFEA] 26
ppm(25-27 ppm)°lAtt AEFL F9% 9 ppm@ ppm-21 ppm), FAE 81
ppm(52 ppm, 110 ppm), B]4FA] 59 ppm(21 ppm-87 ppm), BFE-A] 56 ppm(21

~
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@ 3000
o
2000
1080
0
10 20 kL] 40 &0 1] b
Theta-2Theta (deg)
(a)
& 3000
o
9
2000
1000
o | T T I T T T | I T | -
10 20 30 40 50 B0 70
Theta-2Theta (deqg)
g
(&) 3000

2000

1000

70

T
50 B0
hete-2 Theta (deg)

[O8 11-1] MEQ] HAMO|EBM IIE: (q) TFLH DBTFE, (b) ATHAORE

Q. 2N ARIRAS| SIMT(20)E MY 26.66°

HERE, (o) FLhAt POE: Qz=49. 2
20.85° , 50.16° , JAAELRIOIE 21.93° , 36.11°, 31.46° , ERCOPIE 21.62° , 20.50° ,
23.28° .
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(CFS)

T T T T 1
110 20 30 40 50 B0 70
Theta-2Theta (deaq)

g 2000 — Qz
1500 —:i QZ ./
1000 = } Qz
500 — I 'b l i '

)
10 20 30 40 50 &0 70
Theta-2 Theta (deg)

[O8 11-2] HIAHS| HAMEEEA IE: (q) DI2E HLYA LSO

2YE HIA, (b) $TT ALYA 2USOA 2YE HILH. Qz=4%. zuH

MO0 RIEILT(20)= MY 26.66° , 20.85° , 50.16° , FHAERIOE 21.93° , 36.11° ,
31.46° , ERICIOPIE 21.62° , 20.50° , 23.28° L.

ppm-84 ppm)°] ATt F&8 F-AE 0.045 ppm(<0.01 ppm-0.122 ppm), FAEr
0.252 ppm(0.068 ppm, 0.436 ppm), H]AFAl 0.451 ppm(0.113 ppm-0.736 ppm),
vhekal <0.01 ppmel itk U2 7% 11 ppm(2 ppm-30 ppm), FA& 46
ppm(33 ppm, 59 ppm), ]’&XH 57 ppm(44 ppm-67 ppm), HFEHA 33 ppm(27
ppm-41 ppm)ol At 2 FAE 4 ppm(<l ppm-9 ppm), T+ 23 ppm(17
ppm, 29 ppm), B]AHA 38 ppm(17 ppm-65 ppm), BFEA 9 ppm(<5 ppm-18
ppm) °] At
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30 +-- . MERSIZEHA BHY QAR kB YT BIF U HUBFTEIWO 013 ¥
<H [I1-2> MHO| F9 {4 238 EME
78 42 A=F B (%) EEHA(%) 1 91(%)
Fragt Al 7 1.16 0.68 0.46-2.28
Ba 7 0.02 0.01 <0.009"-0.03
Ca 7 0.36 0.19 0.04-0.60
Fe 7 0.61 0.47 0.15-1.59
K 7 0.12 0.06 0.04-0.22
Mg 7 0.10 0.04 0.04-0.17
Mn 7 0.01 0.003 <0.007-0.01
Na 7 0.07 0.06 0.01-0.14
P 7 0.02 0.02 0.04-0.22
S 7 0.15 0.09 0.02-0.33
Si 7 2.23 1.30 0.85-4.33
Sr 7 0.02 0.01 0.01-0.04
Ti 7 0.06 0.03 0.02-0.11
AR Al 2 5.53 1.07 4.77, 6.28
Ba 2 0.01 0.01 0.01, 0.02
Ca 2 0.44 0.38 0.16, 0.71
Fe 2 1.35 0.39 1.08, 1.62
K 2 0.58 0.61 0.15, 1.01
Mg 2 0.28 0.10 0.21, 0.35
Mn 2 0.01 0.01 0.01
Na 2 0.02 0.01 0.01, 0.02
P 2 0.03 0.02 0.02, 0.04
S 2 0.14 0.13 0.05, 0.23
Si 2 7.74 1.99 6.33, 9.15
Sr 2 0.03 0.01 0.03
Ti 2 0.25 0.03 0.23, 0.28
CeE AERA vwe =g



<E I1-3> MEWS F2

=TT ==
T 44 g B (%) EFH2H(%) H (%)
H] A A Al 4 11.73 3.07 3.48-14.80
Ba 4 0.11 0.04 0.02-0.14
Ca 4 7.02 7.09 0.70-17.14
Fe 4 4.59 2.51 2.75-6.88
K 4 1.00 0.16 0.61-1.17
Mg 4 1.36 1.35 0.60-3.36
Mn 4 0.03 0.03 0.03-0.07
Na 4 0.32 0.22 0.04-0.50
p 4 0.19 0.14 0.02-0.38
S 4 0.99 1.22 0.08-2.67
Si 4 20.95 5.45 15.21-26.23
Sr 4 0.09 0.02 0.05-0.13
Ti 4 0.63 0.22 0.14-0.81
A Al 3 10.57 6.21 3.48-15.02
Ba 3 0.06 0.05 0.02-0.11
Ca 3 3.80 4.30 0.70-8.71
Fe 3 3.84 1.81 2.75-5.93
K 3 1.35 0.72 0.61-2.03
Mg 3 0.88 0.35 0.60-1.27
Mn 3 0.05 0.04 0.03-0.09
Na 3 0.18 0.13 0.06-0.31
P 3 0.05 0.04 0.02-0.09
S 3 0.91 1.39 0.08-2.51
Si 3 2765 0.42 27.23-28.08
Sr 3 0.06 0.01 0.05-0.07
Ti 3 0.49 0.32 0.14-0.77




b

o

iy

g fellAx =& gz

Ho

<H [I1-4> ME©| OfF ¥

H ¢ (ppm)

}(ppm)
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% 7 (ppm)

Ags

TP

H

2-15

As

m

1

oF

<1

Be

<1
1-18
4-21
2-20

<0.01-0.122

Cd

Co

Cr

10
0.045

Cu

0.039

Hg

<1-3

Mo

2-30
<1-9

11

Ni

Pb

<1
9-26
4-45
10, 25
<2, <3

<2, <3

Sb

15
16
18

14
11

Zn

As

e
s

Be

Cd

9, 17

52, 110

34, 55
0.068, 0.436

13
81

Co

41

Cr

15
0.260

45
0.252

Cu

Hg

<2, 4

Mo

33, 59

18

46
23

Ni

17, 29
<2, <3

Pb

Sb

35, 85

35

60

31, 63

23

47

Zn




<E III-5> NEXQ| 07 ¥: 2ed ENZEL

BES Az %3 7 (ppm) ¥ F9 A (ppm) ¢} (ppm)
As 4 36 5 25-43
Be 4 - - <5
Cd 4 - - <5
Co 4 35 9 22-44
Cr 4 59 20 21-87
Cu 4 70 26 19-104
Hg 4 0.451 0.257 0.113-0.736
Mo 4 - - <5
Ni 4 57 10 44-67
Pb 4 38 24 17-65
Sb 4 - - <5
\% 4 125 30 98-162
7n 4 91 36 59-143
As 3 26 1 25-27
Be 3 - - <5
Cd 3 - - <5
Co 3 27 4 23-31
Cr 3 56 32 21-84
Cu 3 37 17 19-52
Hg 3 - - <0.01
Mo 3 - - <5
Ni 3 33 7 27-41
Pb 3 9 8 <5-18
Sh 3 - - <5
\% 3 90 43 41-118
7n 3 50 31 21-83
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Cd
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<0.01-0.12
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3.55
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0.04
4.08
20.52

Cr

13
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<5
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Cr
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<E lI-7> MEB&H G TEPEX E T

A Az A= xF 713} 7] 3} 9 >ed >ixE
F 2 e #xk b R (mg/mf) 71&" 7l &
(mg/m®)  (mg/m®) (mg/n) AR}
(mg/md)
Z A 81 0.303 1.125 0.089 3.759 <0.012-9.996 4 7
9 49 0.444 1.432 0.137 3.704 <0.012-9.996 4 7
71 Al & 9 0.093 0.126 0.051 3.016 <0.016-0.394 0 0
A7 F 7 0.152 0.184 0.070 4.223 <0.016-0.475 0 0
71+ x 4 9 0.074 0.069 0.050 2.691 <0.015-0.231 0 0
+9E=4 7 0.028 0.014 0.025 1.669 <0.019-0.053 0 0

<E III-8> MEt&H] XHX ZPH LUFL £E T

A7 Az AE xF 7] 8t 7] 8t B 9 >xE >ixs
T o H= g s (mg/mf) e 71
(mg/m®) (mg/m®) (mg/nd) AR}
(mg/m?)
A 81 0.018 0.063 0.008 2.450 <0.005-0.554 4 8
*+9F 49 0.025 0.080 0.009 2.841 <0.005-0.554 4 7
7] Al & 9 0.008 0.008 0.006 1.798 <0.006-0.028 0 1
A7 F 7 0.008 0.005 0.007 1.800 <0.006-0.017 0 0
T71+A4 9 0.005 0.002 0.005 1.372 <0.005-0.008 0 0
*F97A=E4 7 0.004 0.001 0.004 1.218 <0.005-0.005 0 0
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H fafolxt wE 9|
<E IlI-10> ME&H %

>85 dBA* >90 dBA'

9
(dBA)

Azt

(dBA)

=97 X
(dBA)

A
Qi

A 55

e

74.8-83.5
81.5, 83.5

74.8-794

3.0
14

21

79.4
7.9
82.5
T

08 QLK

9l = A= 87, Wzt 2/, vhE 1) AlBA
o)

=

l

A

A

7N

=0
=

90 dBA

_L
=

A
.

A gollM HEHA

&7+

KeX
T

Z7159 0.04%, WELS

A

o}
3t
o]

ZAdd 0.15

Fold. wel x

°©

e mgdaz 48

o]

H] 1z

% oushhlEo R

0.12 pg/sample,

24

’

3t

)

2 A3

LN

3203

ng/sample, =234k 0.16 pg/sample
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M A7 <00 41

<H lI-11> AEZH|O| 11¥ AEFHA X 53 it
A=A A9 WBGT HF7TRE ATLE Z7LE  AUEE  IRLex

() (‘C) (0) () (%) (C)
SCB W% A 25.7 24.0 29.3 29.6 49.8 20.7
BB 1% A 21.9 21.0 23.7 23.9 67.8 20.7
BB 2= A 23.1 22.2 25.0 25.1 68.5 20.7
TT WH#* B 20.3 195 22.1 22.2 69.4 176
S ARG A 215 20.3 24.0 24.3 62.4 20.7
S A B 25.3 24.2 274 28.0 61.3 17.6
S o A ek A 23.6 20.9 235 33.1 48.3 20.7
Egy yy A 22.6 21.2 25.4 25.8 52.9 20.7
Egy Ui D 30.2 30.1 30.1 30.3 97.8 20.0

P14 BEAE UE X g 3l Ht vl
TR (EFEAS 1R ASFY 267C, AR 75% 2 25% 4] 28T, WAIZE 50%
2k 50% F24 294°C, WA 25% A 5% F4) 31.1T

e % HNlAdn e w3 AR, ASAIEA, Z1AEN e A3
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0.022 1945  <0.015-0.084 0

0.021

0.028

28

A

0.021 2.028  <0.015-0.062 0

0.019

0.026

7

71 A&

0

0.007 0.019 1442 <0.015-0.031

0.020

6

<0.018-0.084 0

0.035 0.030 0.025 2.322

8
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X
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m A2 <00 43
<H II-13> 23 X EHPlgH| XHXY 28 8 &
2 5 Az AeRd EZEER H 9 >85 dBA* >90 dBA"
(dBA) (dBA) (dBA)

A A 37 71.1 8.9 475-88.9 0
NAE 10 71.2 6.7 59.5-81.6 0 0
A7 11 69.0 95 475-79.4 0 0
7% 8 789 56 69.2-88.9 0
A= 8 66.0 9.4 48.0-76.9 0 0

© >85 dBA = 503

<E II-14> 23 % HEAHY

2 AEYA X+ ST 2

$1A AdF  WBGT F72% ZAF2E I AHgs Ry
(C) (C) (C) (C) (%) (C)
Yo A
?’Eaﬁ@ﬂ] 15 5 29.2 25.3 379 385 401 20.7
11 A
g%ﬁf“l "TaA 249 22,6 284 30.1 4438 207
Rde | B 37.2 29.9 47.2 54.1 12.4 17.6
1) A
—“g%w‘j—“] ) 356 29.7 468 494 19.0 200
o
g‘ﬂﬁg*ﬁ“‘ 3 A 287 248 36.4 379 985 20.7
R B 208 25.2 39.4 407 238 176
g 3% D 28.8 258 354 363 363 200
4R BEARd B2 APARe T Pt
TEEVR(ESEY 71F) C ASHS] 267C, WA 5% 2 25% F4 28°C, wAIZE 50%
2o} 5006 Fa] 294C, WAIZF 25% 29l 75% FAl 311°C



EREH BA7EY, $REY, AT, 717 EolAT
| Abslras AHE W9 AE F 27A EAZI9Eg o A
1 AHE e A ZelA 0.006 mg/m’e]l AZEH

DX
dlo
rlo

o

=)
2
P
w
=
B>
=2,
>
w
Q
=
Lo,
W
i
5|\
ol
_0|L
2
Au)
[2n
ly
e
ol
£
flo
b
o
N

< HHA R Bl Rl TAH e AL
SHAtHE M-14). B FRA é?ﬁ% N = 4 ]
Al ZE 25% A} 5% F4 71=(3L1TC)E 2R, 17l wiAzE 5% &
d 25% 2 71 (28T)S 2stslom, Ur‘ﬂx] = 71 mRkol v Bl
TN S I AR T = wfAIRE 50% 2 50% 4 7155(29470),

270 wiAIZE 5% A 25% 2 7)1 (28C)S 2 3EFiTh
3) &3]
(1) == EA
gebdn] o] A A3 st o, d71A], 7%1%—1110%*‘1, 71 A1
Hlol A 2@ Au] Al H3)A B3 dujo A BT = Agol| =EE 7HeA
o] Stk tiF&9] FdA= Xé% A W 24 o}Xl %—%ﬂ T ZAAA

(2) == S84
erebdn) o] Aol A 5709 SEAER AN EE AFHSATHGEE -15).

19) =34 : 0.0043 mg/sample



<H lI-15> 298| XY FPEYRE LE 5F°

R Ar s xF 7138} 7] &} H >xE >ixE
F ¥F  #HAx  B®F  EF (mg/mr) 7NE NE
(mg/m®)  (mg/m®) (mg/md) WA}
(mg/md)

Z A 5 0.040 0.041 0.028 2.503 <0.016-0.110 - -
9 2 0.061 0.069 0.037 4581 <0.018, 0.110 - -
7] A& 1 0.038 - 0.038 - 0.038 - -
A7 F 1 0.029 - 0.029 - 0.029 - -
sgEd 1 - - - - <0016 - -

Cggdn At wEEE BAe A5 B9
e AZEA wuks =g
PR e RN R BFEo] nEeERo TR =27|ES A8 A 10 mg/m’Y.

BT ZAge TR Rl

206 ACGIH TLV<el 7]1EREZ (Particles
159 3 mg/m*¥} vlaste] H7beklS

A

<H III-16> HYH YUY 28 £E £

2 5 Amy AEBE  XEAR 9 >85 dBA* >90 dBA'
(dBA) (dBA) (dBA)

A A 5 712 11.8 53.9-82.7 0 0
AT 3 79.1 38 75.2-82.7 0 0
7% 1 64.6 - 64.6 0 0
L= 1 539 - 549 0 0
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<E I1-17> YK &H AR TEYEL LE 5

AR Az A= xF 7138k 7] &} 9 >ed >ixE
F by HA g EE (mg/m) 7] & 7%
(mg/m?)  (mg/nd) (mg/nd) B
(mg/md)
Z A 20 0.041 0.032 0.031 2.171 <0.014-0.122 0 0
*+9F 11 0.038 0.031 0.038 2.180 <0.014-0.105 0 0
71 AlE 4 0.070 0.039 0.062 1.765 0.031-0.122 0 0
A7 F 2 0.035 0.018 0.033 1.730 0.022-0.048 0 0
71 +AY 1 - - - - <0.016 0 0
Tdg=d 2 0.021 0.013 0.019 1.997 <0.016-0.030 0 0
*AEREZ Y =27]2(1 mg/md)S A&
T A veke =3
<H II-18> ¥IXg&H] XIS & =5 5&°
a5 55 e xE H4 >EE >ixE
BT b (mg/rd) 71" 7%
(mg/nf) (mg/m?)
2%(Cr) 6 0.0004 0.0002 <0.0002-0.0007 0 0
CERAoR AT FH FEY
"wE7)%E = 28 05 mg/m’
FAag 9 34 10 2L RE ARdA EHEHAS. HEFAE v 2(As) 053 ug/sample,

FF=8(Cd) 0.35 ug/sample, ZFE(Co) 0.16 ug/sample, Z&(Cr) 0.10 pg/sample, <&
(Hg) 0.69 upg/sample, ¥3HMn) 0.14 ug/sample, U2 (Ni) 0.33 pg/sample, (Pb) 0.18
ug/sample, Z&(TD) 016 ug/sample, $-2FwU) 019 ug/sample, ¥ }FE(V) 0.08

ug/sample
Ve HAESA mw

[s]

c 3}
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o
b
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V. 2%

al

1. ME MEHf9l wil=2

A2 7ol B3t 3 AdE dIdd frlsd Frles 4
Hrh USGS(2003)= Aol M 1205 o2l Feol glHglen o T 33 &
< e Heeld FlEA=d, 2 ToME A, ThEEvolE, defo]
E 5 8% Udutdor Fo A¥om 5 4 & vk EA3ta 319
THEE V-1, 8 dellA] 243 9F9 e & A=dlrjopit A E FeH0.6%)
= Al93 8F2 Aol M AAA At A(HF)7F 1% o] A= EH AT

<H |V-1> AMEtof| &

| k) L P Hl z
A o4 (quartz) SiOy
7}& 2] o] E(kaolinite) AlLSi,05(0H)4
< g}o] E (illite) KAl (AISi702)(OH)4
#2 3 = 1}o] E(montmorillonite)  (1/2Ca,Na)o7(AlL,Mg,Fe),[(Si,Al); Mn(HEF+= Mn, Be,

=1 4 (chlorite)

34 A (pyrite)
13|

54 4 (siderite)

2] (calcite)

O10)2(OH),nHO

(Mg, AlFe)1s[ (S1,A1)s02](OH)16

FeSg
CaCOg

FeCOg

Cr, N1 _J_“ = v
A% 5 s

As, Cd, Co, Hg, Nij,
Sh, Se 3+ 7Fs

233 A

: USGS(2003)
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HIAEA] 2.0%-9.8%, v}

A 5696-201%2 o]l ula} A wskeh ASTMe] Aol wel At
et das 4 Ade A5 A920©GDs BF S0, ez Hitst
of BAEE, of At B AYA Ahtad FHES JvlSAE Bk
HicksSh Yager(2006)= o= o) 67) ko] Nu 3 244 skt 3

=
S BASYEY, faRe

ARE ARgshe Ao AMeAle] 244 At
Shta &S 23-61%2 £ AFATY & Aol HolA gtk
Borm(1997)2 A&k ml2bAe] LA Avke] WElo] E(3ALO, 251009k A
gol il vAAY A2-gFvE-reEd o 60-80%, +%° H, A+t

ol
ol
&
1
mus
=
=
ot
Hdo
i
>
AC)
rH

o ARsh ARA A

e F(2013)> ol ) At sl veA] F 55 EEAES
g} +d A9 5% &+ 749 108 ppm-456 ppm, 7}
TH 22 ppm-140 ppm, ¥ 0.8 ppm-315 ppm, ¥4 14 ppm-54 ppm, °}A

1 ppm-31.2 ppm, Y#A 299 ppm-1035 ppm, 54 20.8 ppm-52.4 ppm, Wi}
399 ppm-51.7 ppm, Z& 50 ppm-134 ppm, A&+ 1.3 ppm-4.5 ppm, ==
25 217 ppm-2489 ppm, =2 EH 06 ppm-21 ppm, SEE 128
ppm-1.85 ppm, B} 41.4 ppm-1044.6 ppm, 2 0.29 ppm-1.53 ppm, F<
0.07 ppm-4.61 ppm, ZF 0.04 ppm-0.05 ppm, &F"|&H 2640.3 ppm-10693.4
ppm, A 4905.7 ppm-28273.2 ppm, ¥7F 1015 ppm-381.0 ppmo.&, H|A T 1
FUA9 e AR E A FAARe) AR wmEFFe] frong

Aolg wY WF 2 Fol§ wolA W WEY o BYA}E wpgor
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o 2 ATl Hax el EAeHA 42 gEI ¢ drel T
ppm °lat FEY AoE FAHHITE & AFoA ZAGAre] =E3HE AA
g =55 11 29 A Hd ghe&s HAE w22 $Htstd AF 0.011%,
W 0.01%, viuE 0.0085% wolflar, Aekale= W7k 0.09%, vhsE 0.0162%,
SE 00087% w=o2 Ardh Aol A 0.1% ol A& F42 otk w
oA 7] T 5H5Y HE vEE 1L o
o= Qs AHgAe] Fong AP T =ES YA &
ot
H w52 BdedAM Y dAadAdN =& AseE b
Atk T FolME AFH HPbES Absd whel 57499 Apol7t 9tk Stam
5(2011)& X-A S48 X-ray absorption fine structure, XAFS)o.2 &
Mgk A3, vAAel e AF T AR 67H67HLE) 9] vl 5-9%°]
thal Baggith & A9 AF el 6712 EY A 5 HAL e

&34 Axkstd AeAe) 67tAF &2 HARA 1.9 ppm-9.4 ppm,
9

CER gFsa GC-MSE 4] 6‘}04 otz g 7lg stk of A A whel A ot
WAl 725 ug/g, =5 1231 ug/g, AL 467 ug/g, AE2WA 186 ug/g, =
Eldl 7 ug/g 5 WEES vatraot ek 423 pg/g, ST 1221 ug/s 5 ANE
gB3lras dEedon, 2L GH sl Hit WAl 14.83 ug/g, &4
18.86 ug/g, AL # 521 ug/g, NEwA 121 pg/g, 2~El9 119 ug/s 5 W=
webeaet g8 302 pg/g, S 070 pg/g 5 AWE SIeaE HEsth
AgoX e 71847 Agtnt we Feos AEHA 2 A9



7t &

4

piE
o

g fellAx =& gz

il

puyl

o At

=S
o

Fernandez—Martinez

23t

_"

S
~

Fo wheba b ge] 2

R

0|

afjoF

)

< 19

o

=

ok
=<

B g7 Foll s
= AdAe] w1 F

<0

I3
o

_x==
H

ol
o

e

A3} Ayl ol we

0 2Fd AR el A v

I

4

ol

il
o
e

xr

H
rvzel

X

o]
afst

i

N
Az

o

ﬂv_wo

X
0%

0

o]
By

—

ol

!
o)
Nk

B!

il g

_EH
;O*

A
axl

V-2, 719 V-1, 19 IV-2).

AT

g

o] éx

ol
z]T_

N
H



.. 61

PR
r E
.H— A
ar.%_zfm_wp&%
), il [RgE w
B — gt NI
T;iﬂu“é ar o =
ﬂm]ndﬂs,ﬁ?/mg%}
z;AﬂmWﬂMﬂkmmﬂqui%
o N ol H_Tgroulj. op
ol ~r B % = X Y i
zIXﬂ_ﬂOAO U.uﬂOmeC‘.ﬁmo ,mlq‘mﬂﬂwl;ﬁ
]Lc_zg J%]?Q@zﬂo]iwﬁ = =
%ZUL:;@@.M&}%L gﬂ@ﬁ@ ml_:@
— it% Qi% _ o X ooy W ° i
o —_— MIX xﬁﬂo _ S X
ztoeﬁvw\m@ﬂLcT%HﬂAoJIIMM&!MO.%WH& m#ﬁewﬂw_ﬂ*mh
?Wﬁnﬂﬁf&]ooﬂngW&mEufﬁ@ Au]ﬁyl]Eﬂ%o:.i
JﬁLﬂ_A/_lmLi,ﬂom_lz_.ﬂ,_ﬂrf.duﬂth dlnmﬂm.m_iao#dl._,ﬂu
#Mﬂwﬂ]ruml.&lﬂ,wc OAJIE‘UI‘%M_W JjﬂJIOX‘AIUﬂ]LMAH@l
AU%XOGL]WMWTZEMUAHWMMU%AEET Jlxﬁadﬁﬁ»é
M;noﬁeﬂﬂw7ﬂ%§iOH%H&UQE Wﬁs,w%m}ﬂﬂ
) —_— ‘I.AJi xr ! HOS;.A
ﬂwrﬁo_e T YK B B e u;m@ 1o 5
ﬂﬂ771rﬁoo,ﬁzzr_xﬁwﬂalmﬁw£|mA %]mﬂﬂu%@
ﬂoﬁﬂﬁnﬂff%ﬂﬁxﬁ%}%ﬂ&ﬂ u%M;O.WaﬁEM%
g%wlyagmﬁ@tgm@t@% iﬁﬂﬁwaw
LC,.I*A_U.‘_H.M,._%W‘WAH“_U/H \_,IAEWEEJIILO)H_PH,EW‘I.VI ,mWLX_l,ﬂq_OI_EOﬁU__%
Ei%ENJMLLEﬁuA;HEAﬁ " Momnor.ﬁug
E?ﬂ&%%%mﬂgé#%?ﬁﬁﬂ 1%5MH%M
: ~ = X = T
utﬂ%%fulﬂﬂmwﬁTqﬁwLinquexMﬂbﬂrq}m.tﬂmﬂu,ﬁﬂﬁ
@@_@_g Lwo;}:fmﬂgaﬁﬂﬁwﬂowmww_%
ﬁoiqaﬁm%g%%sgfw;%ﬁ%iHZLa
ﬁ]?oqu@/ooﬂa}?d;% xﬁﬂlﬂx o
BN _03 _o S = 0 ,UJA/.JHUW
oLumMz < W N Lo e mm;_ﬂ .
o W E = ™ — N _ELMQIQMHE xLﬂOﬂL
EﬂmeﬂHiSwaLg%iﬂﬂoﬁﬂﬁtiofﬁmu
ol ) = oF X 2o g %0 o N mm%_ = = %
obt]mhﬁorg ooqwbt;omﬁoﬁﬂﬂ
xmﬁfkmozxqa@ 3
Lcar]_/rmﬁg?geémﬂgnﬁ
Eémﬂ%wg 7%33
Muﬂﬂwiﬂuleim.l_lMAJl
xﬂLﬂMQW%W
qaﬂlﬁrﬂqomurﬁ
ﬂﬁﬂummﬂ
0

-
w=7F A v
il O]



u =T}

IE

HOIRE == 23
£ fle=

o
T

62 oo

e -
0 —_— o T
oo o T H N
ﬂﬂ;lde 701_ Jdidﬂdﬂos_
fe m M . & 55 5 G - ,
ey <) Mo LﬂoLlL_qlo,ﬂ in —_—
T T _Z:fﬂ,wmmvig% rTrEELR®
o %@@E@LM&W ﬂ@m%_d@_zﬁoﬂﬁ
N i ﬂ.%]h_AomoA ﬂ;@%@%ﬁaﬂ_zﬁ_cﬂ
énu - Z.E .E T N A nmE E_L O_H ‘u' Zi ‘D' o o lo O# =
L.y:.L W . D W i ) Ny Be ‘_,_lrylA
et .i)y%zo9,_m;ﬂw EdlamMiangogoﬁeﬂ
ééEdl X g T T o— = S T a_s%ﬂéi
s EHE ETEY T y PLERAELTER
a9 o ,ﬂ,7 o M Eﬂm Ny & RO WX w o= Nr
ﬂﬂiﬁiL:mﬂM%M%mfm H T ﬂ_mﬁﬂwq@ﬂ
ﬂﬁﬂgg.mﬂﬁ_ﬂﬂlﬂag —om Mo m%%ﬂ%
%@%ﬁﬂmﬂyﬂﬁ%ﬂy sm_%/mﬁvwlmﬂmmo?
oomor b N A 1zou%./ﬂg_wﬂﬂA ©
Lofmﬂﬂﬁm H9%J%1@5§r5ﬂ77£ﬁb
3 ;9N w A X 8 R Hﬂ]_smﬂ
Ni%%ﬁwﬂwé d.uﬂqou&ro.io.ﬁo%o&mmﬂﬂo_u
yl%lmoh% lomm..@%_lﬂw%ioﬁagm o Mo
T m?luiﬂg%dr% ﬁ]ioﬁ/%ﬂ'ﬂ s
ﬂ_0|o lxoﬂrﬂM OEN;@M i 7E€__o gl.iloiﬂ.
FEE SRR -3y
Hll!ﬂ.%ﬂ]../lﬁﬂmﬂ,_mrmﬂw iﬁdo_aii7 Bﬂoogapt,u_._r N
= X w o 2 & & N gm B
wﬂz;AE @ﬂr.éwzmﬂ o ol H S0 ET T X
uﬁLdN}LL oy P.ﬂlﬂaﬂﬂi@ = ~r T
4%71x;@ﬁ N B 4w RS g ERpas
T o e o bﬂgogiaﬁl & L%Vmﬂ T o
o W %saﬂ(%d@o% ﬂ%ﬂqro%ao@q
anﬂjﬂzﬁaT_%ﬂﬂ mmﬂue Mo@ﬂhﬁﬁﬂ:l%ﬂmﬂﬂzu
%%ﬁ@%iAEﬂrm}%Hﬂro"_éﬂ%aﬂﬂ@o.@ﬂﬂ%
w K K E.fv e Oﬂwu EE oF o 11 | ,HL o= o % —~ HL =) __él _— ‘ul
N "R Lﬂ%woZEﬂ] ?,Lﬁomu X oo N o X R
»xAT_zg]ooUﬂnhﬂﬂi;%z EWHM.Z]IJlmq
iﬂﬂL&mﬂ% o Eﬂﬁeﬂg&Gn&7W§¥¢.
wﬁgﬁwomafmofog@%o_%%ﬁ%ﬁm&ﬁﬁuwuwg
7%@5vmwmaﬂgu%Aonm;mﬂmalm w3
A%_ziﬁ7%4_.;omanuzn LUﬂAnmﬂ_zEauaoua
?%5%%%0 %.}ﬂif%1l
9_63|E|Ao€ﬂﬂmqﬂ e qoo
oW S oo o 5 W
ST WK @ o



*

w=7==1 mg/m*

A e ]
i RS R IR Eil
el - E

L=
=
x|

(B

=]}
|__.|
=]
o2

-5

= e - E
—¥Neldu-2 3 E
mE A HE AR E
- Y- s
—EHa R E
e El- A E
- EE -2 E
= el R k=TT
— bt e A - R
— bt 2 R E |- 2
mi et Rl k= I PR B e
|LM__I—|.P_E_ EULMD_

2
_1|

X
#

|';L

£3
=
=P

|'j_

- A e -E e T
A el |
- A7) 2|8
A e R

10

0.001



b

o

7

e

g RYAX == A

~
(=}

Ho

= =72=0.05 mg/m®

A e -
e e B TR
&

- 3% 2] 4 H]-7 7|

=||'-|’J
oR
o
A

-2l 2l g u)-7|7) 8
TR o

- EAHE AR AR
pEE LR F
sEE LR

- el 7|78

- a2 o

o s

4.

| et
- e -2 @
- HEd R Y S
- e -E| g E e
- A e )8

A e -2|7 8

- A28

[O8 V-2] SALCEZE ZFM LAL £ E B



e e 65

.

H

TN MUUFL LETT ¥H

SEREY

-

5 = (mg/nf)

23
A3t 2

X =
_HM_.L

1
4

@A), B9 47(TTT-T
N S0l ALA 24
B ol

ERg] Wl 24,

FROE

0:554

9.996

0.115

1.398

0.029

1.315

0.016

1.083

=&

=1
=
3}
.

a2
“heof e}

o] =
AT

LB F
=&

0.085

0.835

0,032

0.877

i

0.075

0:795

Of o

TN
RO E
ﬂ@r X
GRS
—

a Ha :.L
T ol
gk
TRORT

Ho

0.017 7]

0.475

H
«

B/

v A g

1=}
24,

g A 2]

TTOSA wlo & w2,

¢

0.402

71 AF

0.028

0.394

[e) ey
+9F

0.023

0.380

a2

3

A

7]

<

EgH 9 10

L
[eNe)

0.030 &

0.363

0.021

0.247

i
Ho
<
H
X0 —
oH
v__OWO#u.—u O%O
=
- &
5w
o oo
Mo Ap
~ R
moR
X =
< B
~ <
No 7!
m
~ 1y
XI™ 5
T g™
S Ty
[aN]
wm =S
. 3z
P
woN
=
S
g
%o oE o
W BR -
R
Mg
XL o
HE X7 X ~
70 o N
._O#H Oﬁ N 11



3 Felx =& 9

2l E7F &

AHOi B}

—

3

prul

)

t2|get ot

=

—

@

<EH IV-3> JAILEZE YEYEL LE 55 UTYAEE 4 2

25 N AM 95th Percentile UTLgssosss % >OEL UCL1,95%
(mg/mf) (mg/nf) (mg/mP) %>0EL

2 kA )

R Aoy 49 0.444 1.181 2.062 6.453 12.182

7 A& 9 0.093 0.311 1.434 0.342 7.479

A7E 7 0.152 0.746 9.342 3.231 22.790

F7l+dd 9 0.074 0.256 1.008 0.125 5.052

T30 54 7 0.028 0.059 0.145 0.000 <0.111
Hde/E A

71 A& 7 0.026 0.067 0.232 0.000 0.281

A7E 6 0.020 0.035 0.074 0.000 <0.263

A& 8 0.035 0.100 0.367 0.001 0.964

9 =s4d 7 0.028 0.071 0.247 0.000 0.330
=3k

R Ay 2 0.061 0.458 - 1.548 63.960

71 Al & 1 0.038 - - - -

A7 1 0.029 - - - -

TR EY 1 0.012 - - - -
i R

AlZEAA 10 0.081 0.280 1.346 0.378 6.886
3] A4 2] A H|

9T 11 0.038 0.102 0.255 0.000 0.211

71 Al & 4 0.070 0.159 1.164 0.000 6.087

A7E 2 0.035 0.081 - 0.000 <43.065

F7leHd 1 0.011 - - - _

*9054d 2 0.021 0.058 - 0.000 44.031

N = A5, AM = AF&H 1, 95%th percentile = 95% upper confidence limit, UTLogses 950
= UCLigss for 95th percentile, %>0EL = 1 mg/m® %3 %, UCL1gs.>OEL = 1 mg/m® %
I} %<l 95% UCL
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(mg/nt) (mg/m) (mg/nd) %>0EL

Al e H]

R Aoy 49 0.025 0.051 0.080 5.255 10.466

71 A& 9 0.008 0.017 0.038 0.023 2.630

A7 7 0.008 0.018 0.051 0.038 5.202

F7l+dd 9 0.005 0.009 0.014 0.000 <0.027

T30 54 7 0.004 0.006 0.008 0.000 <0.111
e/ B

71 AlE 7 0.005 0.005 0.006 0.000 <0.111

A7 6 0.004 0.005 0.005 0.000 <0.263
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T30 E4 7 0.005 0.006 0.008 0.000 <0.111
g

+9F 2 0.004 0.006 - 0.000 <43.065

71 AlE 1 0.005 - - - -

A7 1 0.005 - - - -

T30 54 1 0.005 - - - -
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3] A 2] v
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71 AlE 4 0.005 0.007 0.014 0.000 <2.532

A7 2 0.004 0.005 - 0.000 <43.065

714 1 0.004 - - - _

=4 2 0.005 0.005 - - <43.065

N = A5, AM = AF&H 1, 95%th percentile = 95% upper confidence limit, UTLogses 950
= UCLigss for 95th percentile, %>0EL = 1 mg/m® %3 %, UCL1gs.>OEL = 1 mg/m® %
I} %<l 95% UCL
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0.008 - O As(32%) 0.008 4
O As(z84E7)
00071 | X a(mesmm) 0.007
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& &
€ 0.005 i 5 £ 0,005 o
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0.001 | A 0.001 n
0.000 . ; ‘ ; 0.000 — B : ‘
0 1 2 3 4 0 1 2 3 4
SEMET (mg/mP) SE4E7 (mg/md)
0.008{ O CrE2d) 0008{ | O Mn(zE£7) R
O Cr=s427) O Mn(=84E7%)
00071 A crzuser) 00077 | A mn(zgser)
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dB %
120.0 ‘ 79.379
g 100.0 M .| . . 66.208
% s00 LN - 1 ! g ! A 52,682
Sl ST i ) T e, o WA
= 60 e Y i U YN W ) v VN R 39511
E}
3
2 40.0 ‘ 26.341
20.0 [ 13.170
0.0 0.000
8:00:00 8:30:00 9:00:00 9:30:00 10:00:00 10:30:00 11:00:00 11:30:00 12:00:00 12:30:00 13:00:00 13:30:00 Time
7:32:26
Start Duration LAeq (TH) [dB] DOSE (Leq based, TH) [%] DOSE_8h (Leq based, TH) [%] LAV (Leq based, TH) [dB] TWA (Leq based, TH) [dB]
Info - - P1 (A, Lin) P1 (A, Slow) P1 (A, Slow) P1-OSHA HC (A) P1 (A, Slow)
Main cursor 2020-07-14 7:32:26 - 74.0 0.000 - - 0.0
Whole data 2020-07-14 7:32:06  06:18:52.000 104.4 85.430 108.490 90.6 88.9
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A 1
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< /
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Start Duration LAeq (TH) [dB]  DOSE (Leq based, TH) [%] DOSE_8h (Leq based, TH) [%] LAV (Leq based, TH) [d8] TWA (Leq based, TH) [dB]
Info - - P1 (A, Lin) P1 (A, Slow) P1 (A, Slow) P1 - OSHA HC (A) P1 (A, Slow)
Main cursor 2020-06-23 13:00:14 - 61.8 42.380 - - 83.8
Whole data 2020-06-23 8:28: 09:33:15.000 90.8 69.270 58.030 86.1 87.3
Inside blocks ~ 2020-06-23 12:00:14  01:00:00.000 62.3 0.000 0.000 - -
Outside blocks ~ 2020-06-23 8:28:14 08:33:14.999 91.3 69.270 64.810 86.9 87.3
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Abstract

Evaluation of occupational exposures in coal-fired power plants

Objectives:
This study evaluated occupational exposures during routine nonoutage
works in coal-fired power plants to establish a baseline dataset and

suggested good control practices to minimize health hazards.

Methods:

The data were collected from 4 facilities that were selected to be
representative of coal-fired power plants in the Republic of Korea. At each
facility, an industrial hygiene survey was conducted including an assessment
of control measures and exposure monitoring for coal dusts, coal fly ash
dusts, respirable crystalline silica, minor and trace metals of coal, volatile
organics, gases, noise, and heat stress. A total of 212 personal samples and
78 area samples for were collected. Coal and coal fly ash bulk samples were
collected from facilities and subjected to analysis of crystalline silica, metals,

and volatile organics.

Results:

4 out of 144 personal respirable dusts and respirable crystalline silica
samples at coal facilities exceeded the occupational exposure limits(OELs),
respectively. All 15 personal samples for 11 minor or trace metals in coals

were below 1% of OELs of each metal species. Benzene, toluene, Xylene,
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and n-hexane were not detected from all 7 area samples collected from
indoor coal storage hazes and tripper areas. CO and SO, were not detected
from 2 measurements at a denitrification facility and indoor coal storage
haze. 2 out of 53 noise measurements exceed 85 dBA. Heat stress
measurements showed that 1 out of 9 coal facilities and 6 out of 7 boiler
and turbine facilities exceeded 1 hour OELs. Differences of engineering
control and management control between facilities were identified and

benchmarks of good control were suggested.

Conclusions:

The results show that overexposure to coal dusts, respirable crystalline
silica, noise, and heat stress may be encountered during routine nonoutage
work activities in coal-fired power plants. Following advices and
recommendation suggested in this study, appropriate actions should be taken

to reduce future health outcome from occupational exposure in the industry.

Key words: coal-fired power plant, coal dusts, respirable crystalline silica
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