gui el A sA A1 %
Korean Ind. Hyg. Assoc. J
Vol. 8. No. I. May. 1998

Az Aol 4] whlslE THFAEEAT |
XRD$ FTIRE o] &3t 248 feliit 559 vlaeA
A 1% - FEAYA

Asgetn dguadere, gaet desudT, wE AJBART
4

I

82 . ool - mgT - AFYT - UES

— Abstract —

Analysis of Quartz Contents by XRD and FTIR in
Respirable Dust from Various Manufacturing Industries
Part I-Foundry

Hyunwook Kim, Young Man Roh*, Young Gyu Phee,
Jeoung IL Won**, Yong Woo Kim

Dept. of Occuparional Hygiene, Graduate School of Occupational Health,
Depat. of Preventive Medicine™, College of Medicine, The Gatholic University of Korea
Industrial Safety Bureau®*, Ministry of Labour

This study was conducted to estimate crystalline silica contents in airborne respirable dust from
various manufacturing industries and to compare analytical performance of two methods of quantify-
ing crystalline silica, X-ray diffraction(XRD) and Fourie transform infrared spectroscopy (FTIR). For
this study, various manufacturing industries with a history of having pneumoconiosis cases and also
known to generate dusts containing crystalline silica were investigated. These industries include:
foundry, brick, potteries, concrete, and abrasive material, etc. Both personal and area respirable dust
samples were collected using 10 mm, Dorr-Oliver nylon cyclone equipped with 37mm, 5 um pore
size. polyvinylchloride (PVC) filters as collection media. In addition, total dust samples were collect-
ed side-by-side to the respirable samples. All samples were weighed before and after sampling and
were pretreated according to the NIOSH sampling and analytical methods 0500, 7500, and 7602 for
dust collection and quartz analysis. In addition, bulk samples were collected and analyzed by X-ray
fluorescence (XRF) for minerals.
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In this article, only the results obtained from foundry are reported. The results from various other
industries will be published in future articles. The respirable dust concentrations from personal sam-
ples by cyclone were 0.46-1.06 mg/m*® and those from area samples were 0.34-0.73 mg/ne. Dust con-
centrations of personal samples were significantly higher than those of area samples. The highest
dust concentration was obtained from the personal samples of the finishing operation. Total dust con-
centration ranged 1.24-3.40 mg/m®. The mean quartz contents estimated by FTIR and XRD in the
personal respirable dust samples were 5.12 % and 4.41%, respectively, without significant difference
between them. For quartz analyses, the two techniques were highly correlated with 2 ranged 0.803-
0.920. But the results by FTIR were mostly higher than those by XRD. In addition, cristobalite was
not detected by FTIR. Significant correlations between contents of crystalline silica and such miner-
als as Al,O;, Ca0, TiO,, and K,0 suggest possible interferences from these minerals.
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Table 1. Number of samples collected by selected
foundry operations

Cyclone 37 mm

Operations sampler cassette
Personal Area Area

Melting 6 6 6
Molding 18 19 17
Coremaking 6 7 )
Shakeout 7 6 9
Finishing 9 7 4
Total 46 45 46
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Fig. 1. Cumulative distribution of airborne dust concen-
trations by sampling methods.

8 F AMRE(P)0.05)E By od] BE B
=& 7131 (Geometric Mean, GM) # 7|3 § &
2 (Geometric Standard Deviation, GSD)=
ARG SANY A FEAYPS WFF =
FHRR 7S (71EZHAD L 0.58 mg/m
(1.89)clon, 7+ zxy mFe 83133 0.69
mg/m* (1.44), ZHF4 (.46 mg/m* (1.66), =}
3% 0.46 mg/n® (1.40), FelAFF 0.53 mg/m
(2.03), "H21 2 1.06 mg/m (2.19) 2.2 vepg

Table 2. Concentrations of respirable dusts by opera-
tions in personal filter samples

Concentrations (mg/m?)

Operations
N GM* GSD** Range

Melting 6 0.69 .44 0.40-1.03
Molding 18 0.46 1.66 0.16-1.18
Coremaking 6 0.46 1.40 0.25-0.66
Shakeout 7 0.53 2.03 0.18-1.22
Finishing 9 1.061 2.19 0.30-3.10
Total 46 0.58 1.89 0.16-3.10

t : significantly different at 5 % level(Duncan’s proce-
dure)

* GM : Geometric Mean

*# GSD : Geometric Standard Deviation
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Al, A2 ! Melting operation
C1, C2 : Coremaking operation
El, E2 : Finishing operation

Ci(personal)

C2(area)  Di(personal) D2(area)  Ef(personal) E2(area)

Bl1, B2 : Molding operation
D1, D2 : Shakeout operation

Fig. 2. Comparison of respirable dust concentrations between personal and area sampling by operations.
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Fig. 3. Cumulative distribution of quartz concentrations
in personal samples by analysis methods.

Table 3. Comparison of respirable and total dust concentrations by operations

Concentrations (mg/m?)

respirable dust total dust
Operations N N
GM GSD Range GM GSD Range

Melting 6 0.38 2.03 0.13-1.00 6 1.44 1.91 0.57-3.35
Molding 19 0.34 255 0.05-2.32 17 1.42 1.99 0.38-6.70
Coremaking 7 0.43 1.49 0.26-0.74 7 1.52 1.85 0.67-3.16
Shakeout 6 0.36 1.43 0.22-0.55 9 1.24 2.49 0.37-7.00
Finishing 7 0.73 1.67 0.32-1.59 1 3.40' 1.95 1.03-8.37
Total 45 0.40 2.11 0.05-2.32 46 1.60 2.14 0.37-8.37

T : significantly different 5 % level(Duncan's procedure)
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Table 4. Comparison of quartz concentrations by XRD and FTIR in personal filter samples (Unit : pg/me)
XRD FTIR
Operations N N P-value
GM GSD Range GM GSD Range
Melting 6 17.69 2.48 8.23-69.71 6 23.00 471 2.46-140.09 0.1130
Molding 13(5) 21.39 .34 11.08-33.13 13(5) 1585 3.20 2.06-60.72  0.5380
Coremaking 4(2) 1538 1.29 12.71-22.27 4(2) 10.84 1.77 7.66-25.34  0.5825
Shakeout 6(1) 1898 2.03 5.77-39.29 6(1) 2385 2.45 5.99-7543  0.2629
Finishing 7(2) 23.14 1.67 13.54-56.83 7(2) 3175 383 1.95-132.67 0.0608
Total 36(10)  19.88 1.71 5.77-69.71 36(10) 21.28 315 1.95-140.09  0.0079!
() : Less than Limit of Detection
T : P<0.01
Table 5. Weight percent of quartz by XRD and FTIR in personal filter samples Unit (%)
XRD FTIR
Operations N S —— N P-value
Mean(%) SD Mean(%) SD
Melting 6 353 293 6 5.94 6.61 0.1941
Molding 13 5.09 3.14 13 4.27 3.81 0.5666
Coremaking 4 4.31 1.85 i 2.78 1.43 0.3199
Shakeout 6 5.00 497 6 4.26 1.74 0.7532
Finishing 7 3.44 2.18 7 4.29 2.49 0.5351
Total 36 4.41 3.05 36 4.39 3.69 0.9745
Table 6. Comparison of quartz concentrations by XRD and FTIR in area filter samples (Unit : ug/me)
XRD FTIR
Operations N N P value
GM GSD Range ~ GM GSD Range
Melting 3(3) 13.87 1.16 11.81-15.76 3(3) 16.11 1.83 10.16-31.83  0.5369
Molding 13(6) 17.09  1.58 8.82-42.27  13(6) 22.63 2.62 2.96-94.92 0.0210
Coremaking 7 13.19 1.56 7.25-27.25 7 11.40 2.22 4.02-39.20 0.8508
Shakeout 5(1) 12.67 1.39 8.22-18.29 5(1) 17.10 272 3.17-56.27 0.3440
Finishing 6(1) 2084 1.78 8.07-37.95 6(1) 30.85 1.95  15.66-103.54 0.1365
Total 34(11) 14.88 1.60 7.25-42.27  34(11) 19.51 2.42 2.96-103.54 0.0021"
() : Less than Limit of Detection T : P<0.01
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on 7+ AW HYEEE FAHE $olg Aol
2 HolA ¥rh

£oA RS FTIRE ol&st] ¥4 A3k 4%
wxi XRDA wEl FAARE Aste A3}
A ze £2¢ BAh & AL F 2
o3t Madxe FAFHLE £eolgt xpo]E Ho|A

opstort i A 2E Hlay A3 FTIRE o Rl
A3y} XRDE 24 @ Azt viF oA =
greh (P<0.01).

) 2 gule|Ee] 3% FTIRES AZHA 9
gtoi} XRDE EAA AANEF =FAYAA
18.45 w/m (5.4 %] FHBH AANET FA
a2 10.31 we/m (411 %)°] AEHANLH, B
sltjulol e A FAIA FTIRI XRD ¥4 =5
dAM FEHA FRH.

£ 78 AdelA A TEFAEIH A g%
#oz XRDOIA 3.12-4.03 %, FTIRIA
3 50-6.87 %S 29t FTIR® XRDE +4€
xodgtake] paired t-test A 7 TR A9

Table 7. Weight percent of quartz by XRD and FTIR in area filter samples Unit (%)
XRD FTIR
Operations N N P-value
Mean(%) SD Mean(%) S$D
Melting 3 3.12 1.65 : 3.54 2.17 0.7519
Molding 13 4.03 1.96 13 513 2.46 0.1220
Coremaking 7 3.75 1.19 3.52 2.46 0.7625
Shakeout 5 3.89 1.01 S 6.87 Til9 0.3740
Finishing 6 3.30 1.22 6 5.09 1.67 0.0406*
Total 34 373 1.51 34 4.92 339 0.0364*
* p <0.05
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Mass of quartz by XRD/ug
Fig. 4. Comparison of quartz mass analyzed by XRD
and FTIR in personal filter samples from foun-
dries operations.

Mass of quartz by XRD/ug
Fig. 5. Comparison of quartz mass analyzed by XRD
and FTIR in area filter samples from foundries
operations.



FFEL vl 3YdH FTIR A7t folah) =
L (P0.05), Yrla] Bzl BAgoz &
% Aelzb gt AAA RG] g FTIR
477} XRD dA#Er} ExAoz frelshd =t
oHP0. 05).

2 ool

3) XRDe} FTIRZ EA{8t Meigtate| v)m

TEAEA AT AN RE Ydeno o
% XRD$} FTIR 48zte] ol Hlag AL o
4, 50 Yepigicy,

4
F oz vime] AbgE Mgy gapae

FTIRAAE 799 cm'e) maz o] &3¢ 2, XRD
M= HEY 1018 olgsldn, MesARM )
SHUTe A GEoa) weduxgt o)
g FEoaE vdyga oy & XRDe}
FTIRY 77t ¥ sg Syxusz Agaq =
M HARNE ANGYD § By g g
A4 8 48449} paired t-test <=aid Auie
i 8, 99 YEhRIC) QAR A gagE 8
2144 XRDE =gusz 3a, FTIR®e] 2]%
BT YRS TSV Yo W, = 1 =y
R FEALE w2 HPL g YAEE Yehl=

X oo CT=

Table 8. The results of linear regression analysis on quartz contents in personal and area samples by XRD and FTIR

methods
Regression S.Eof : S.E of Correlation No. of
Type . Slope® Intercept* . " ;
equation slope intercept coefficient data point
YonX 2.293 0.168 -10.053 2512 0.920 36
Personal
XonY 0.369 0.027 5.65 0.740 0.920 36
Ka Y on X 2.073 0.2782 -6.686 3.132 0.803 34
o XonY 0.311 0.0410 5.754 0.805 0.803 34

X i quartz contents by XRD

Y : quartz contents by FTIR ~ Y=bX+a

S.E : Standard error of estimate

Table 9. Two-tailed t-test applied on regression data from Table 7.

Type Regression equation t-value(slope) t-value(intercept)
o ] Y on X 4.85% -2.40%
creona XonY -18.56* 6.64*
& Yon X 4.57* -2.41%*
e XonY -20.43+ 7.65%
*: Significant at 5 % level
Table 10. Weight percent of quartz in bulk samples analyzed by XRD and FTIR
XRD FTIR
Operations N N P-value
: Mean(%) S.D Mean(%) S.D
Melting 2 8.18 1.39 2 6.23 6.23 0.3037
Molding 15 12.92 15.40 16 6.99 6.99 0.1486
Coremaking 3 13.19 7.11 3 11.01 11.01 0.6824
Shakeout 8.04 3.89 4 5.68 5.68 0.3677
Finishing 4 11.37 7.30 5 5.15 515 0.1232
Total 29 11.56 11.60 30 6.86 6.86 0.0401+
= P'<0.05




71e7) 1% y&7 0o tdll f2lTF a={), 05114
two tailed t-test 8% A=} 71871 1, yEH 0
2 239 79 2 Agage] 7|&7)% yHd Atol
o] EARCE o3 Aol7t Al F Y]
QA7 25t T T BT AAes
z}z} QA& 0.920, AGAIE 0.803F 2ich

4) TN

27t datar e A GelA
= Megate] BFYE XRD WHe 8.000A4
13.2 %9er A 11.56 %E B 71FARR
ge ze Agdiases 2ioh(E 10. 2y

1% SANE

Table 11. Chemical compositions of silica in bulk samples analyzed by XRF

FTIRS Aox= W# 6.9 % (49 52110 %)=
XRDel HlElAd ox v AnE =ik 2 FF
7te] MeJetage EAAcz §oF Aole S
o1} 2z M M =& FHFE Vel
Bx7)7)d] tieh Aedahgge vae 2t T
= foet Aolrt gAou HA AR HAAE
Exdoz god olzt AATHP.05). XRF
240 o8 Y 2 FTL] e =T
83.21 %, Fsid 2 vprelTA 74.06 %8 BA
op], 7 theez Be FAAES ¢FUV, A3
3 oz Jehygrh 83 AxelA 24-3.9 % A
x| Algé&Aoe] UATHE 11).

(Unit : % Mean £ SD)

Operations
Elements
n Molding n Shakeout & Finishing

Si0, 14 83.21+11.34 6 74.06+16.54

Al20, 14 5.81+ 3.90 (¢} 11.83+15.24

Fe20, 9 1.80+ 1.35 &) 2.89+ 2.04

TiO, 9 021+ 0.12 3 0.16x+ 0.09

MnO 9 2.04+ 0.04 5 0.04+ 0.02

Ca0O 9 0.82x 0.84 5 0.73+ 0.46

MgO 9 0.47+ 0.40 5 0.75¢ (53

K.O 9 1.60+ 1.01 5 1.02+ 092

Na,O 7 1.08+ 0.41 5 1.13+ 0.56

P.O- 9 0.03+ 0.01 5 0.03+ 0.02

LOI# g 3.89+ 2.71 5 2.43x 1.48
= 1.0l : Loss on ignition
Table 12. Correlation coefficients between elements in bulk samples and mass of quartz

XRD FTIR
Elements N : N
Correlation coefficients P-value Correlation coefficients P-value

AlO, 11 -0.554 0.0768 11 -0.768 0.0058"
Fe.0, 11 0.298 0.3736 11 0.096 0.7784
TiO, 11 -0.411 0.2091 11 0.812 0.0024"
MnO 11 0.176 0.6052 11 -0.340 0.3067
CaO 11 -0.335 0.3140 11 -0.616 0.0433%
MgO 11 0.169 0.6408 10 0.156 0.6671
K-O 11 -0.425 0.1921 11 -0.862 0.0006"
Na.O 11 -0.532 0.1137 10 -0.021 0.9547
POy 11 0.017 0.9598 11 -0.199 (.5581
= p<.05 1 :P<0.01



# 12= 2425w EA8ke ofa) B2 &
@7 XRD} FTIRZ $4¢k Ao gataje) S
AE eAste F2sigitk. XRD 4 Agdae
Folgt AaABAZ} sl 2o glglou Al,O51t
p=0.077 2 2 Lo HAPAS v o
A4 FTIR d3teide ALO; CaO, K,0 374
=40] FAHLE fo% 29 AnA=, TiO,=
T ko] ABRPAE B}

=

a #
1. Z84ETe| 55

Aol A 7H°1*1E—4 ZTEGER HAEE
0.58 mg/m & =H ole WA 3w 3
2AI] 9] I%’-"évz%l HE 5= 2 54 mg/me (B

ZA1d F, 1995) Hrohe Ags] %Eolr—}. °ol&
AR e Fau7) A o) Hx) & Zd 87 9]
e de, AT gaet So R}Ol o 7IIg Ao
BAET. AFelA S8 A7 vjms) vw
PIE FEARIE (0=205)9) AS PF FTAER
ThEe FYEeR 0.9 mg/melden (Oudiz &
Brown, 1983), %49 FEBARIZL ZTFAEA
FEOIAAE, n=75) 0.8 mg/mE He] B a7
o ¥l 9zt ¥ F=ATHIARC, 1987).

Y MUY ZFHER ¥EE faTH
0.69 mg/m, ZHFAH 0.46 mg/me, Z=A}3H
0.46 mg/m', FeNAFH 0.53 mg/me, o}ia)um
1.06 mg/mro 2 vhRa]gPely ot £ w24
T YEhiD T AT T vlRe)gge B
V=t ¥4 Ue A3 Adx84n. 92 B
V=S FH FEARIGAAM AAA RS 3t 5
FHEN FE7F 2YFF 0.27 mg/me, P2
0.42 mg/ne, oFP-E]EA 0.45 mg/mo g B Q3
Aol =2FE Hohe 3o AgS Hgor}, o
Al e A3E 2 el E el =L AFE By
o} (Siltanen et al, 1976). £ A7u4 Aljare

FE AR R A 2AdH ol ge
i‘*ﬁﬂ?l*l’éﬂ e 2971 g2 Eolglen g
712 AL FYIBE 319 v]ito] E FA )
Hla] wskch ol Aslz B o, g3y o
TATH 2 AYY FAE F48AY 23 2Ao

S =) A% 3A9F H2 59 By west

1

}m

M 53 2FusT 343 F4A ghaje) a7
=3

2 7ISNES ZEMETO AHY FalFat

TEHERF MY garo) ﬁéﬁ'% XRDZ B3
NANEAM 3.4 % ol 5.1 %2 vgon 91%
o] S Mg B _%A}Ef icﬂ ~gldl A
AR AAR (n=821) 2A}H 3} 13,0
(IARC, 1987)&3%, o= FEARI A A %
FHEA A8 (0=1743) o]l U@ ZA A odgre
= 7.3 %M 12.0 %= e} (Oudiz et al,
1983), € Aot €] 2o ¥e FH52e na
4. e FEARIZ dis) XRDE o] 834 A
dE BNT A glo] B A7 ving & s ool
o & ZAlelM 4L AR} ge Zrjoja] uwel
ABREG B ol 2 I FEAL =y 2
B, A0y 59 ol slolm HMom 2x
Hr},

ARY RelFade BAShs wyozs by
(colorimetric method), XAl -4 (powder
XRD), ZHi4A 944839 (FTIR), AAEFDY
(Atomic Absorption), #x17]ZwW (Nuclear
Magnetic Resonance), @97 (Microscopy
Methods) §°] slev, 2% 238 Rt =
FolAAE FEE & gl XA HPRNY Y 1y
RGP EF Y] ¥3H1 UAH(Pickard et al,
1985; Madsen et al, 1995; Lorberau et al,
1995). =& 3F, 9=, u]F oM Alme] HA
27 "e gl AFYE Y (Direct on Filter
technique, XRD & IR)Z Al&3l7)= @t}
(Madsen et al, 1995). A3 & faFire apla
Holl A R Agoz ZAste] Ag B AR okl A
= T2 AYd #F ¥x 922 du gdeud@ s
= 5, 1989), z®iRlaElxa 2o §F AR
1100 ©old9 28 fA&oktet o|Hd ne
d He FeaEgelolErl u¥ET 2T 5 9
He A77F lth(Janko et al, 1989). & Ao
Me Fe|2EYeolEe FEHUAT A =
¥ R ARAFE, AN 2% 170 ZGTHo)
ARt AEHAY ol 25 XRDAAM a9 o
2A Fe2gdelolEE FTIRZ M EN S 37
A Fege] thd "ol AYE B =2y

—hl




wpolEE ARl AEE ARE A EAEHA
¢rou] (Madson et al, 1995 & 97 ZIFIM=
Eztule|Ex AEHA 43ttt

Aem w224 2FY KA dd 24
IR #ha7 XRD #iel 71 453 )3 49
% %t} (Pickard et al, 1985, Madson et al,
1995). & a7e] ARY fAFE EA AHed
FTIRE Ad2l&3} 4tae] 93w AE AglH
A2 2R AozA A AYF T2 W
] A4 P AEA FEAL A AgE B
Moz Mg 2ho &2 Rite €58 22
o] Wa) IR ~2HERL AR st EFES T2
2 dasts A4 P o|FEHL FolSAT ¥
Ax# g2 74 (amorphous silica), ¥4 (cal-
cite), Fa)2EweolE, 1HE (kaolinite), E2
trlole S HAERC] J¥o HBVEHE e
flx ok @de] gith(Madson et al, 1995;
NIOSH, 1994; Pickard et al, 1985). & o o]
Ae H92 A28 4 e A TR/ #2799,
779, 695 cm’ FellAl AgxEwdee|ES ErlY
ololE7} 7R str] W&l Z=rt 7P Mo
U 799 cm’g Mdsted F stk WA 29
~Eullo|E9} E]tinle|Ee] ggke wAStEIRt
5 o2 229 ZHHPAL UL § o] AAH2
2 FTIRSIM XRDETHE & 5% 29 A2
AaEc, =3 wARY felTFAtel HAELLE 4
Qe AYGs JoEst g F e AR AT
2 v} 913 (Bye et al, 1980) & dFX= XRD
wHo} vk o= FTIRe] =7 Yeht A% ol
gae wAE 5 fed od i &AL ¥ F
A

=gAA 2R 8 9% TEA2 HdF
To] d%e FE oz A der I3 F8R

= A33L 4 Jded, ol AE

712 7te wAE BeFoR g F U &
zo] Fekold WAFEE ¥ HFe F=E €
wale AxE Btin ok (Pickard et al,
1985). ol@lgr BAo] PGS Lotrr] 3N
XRFZ 244 97e] 243 FTIRE $AT 49
o] ez} AJ|EAML FAF AFH} ALO; KO
(P€0.01) 2 CaO (P{0.05)9 Ede] MFe=e]
& EAReZ Ko &9 ARAAE, TiO,

(P0.01%E %] ATRVAE B A7 ol#HT F
o] ZAY AL HMAEES AFAIAY 252
e g3 )y & Yoz sk olst 2] o
2 MBS L HYesd e o> I IF
o A 4 glone old WE FF A&H AT
7t Agsitt B A7 dAPeze TR ¥
o #8% o2 BEAL BHsA RAAL o
saAA o] FERAS $Hale] o] Axsl TE
Aol dojx ANS wmsiFch 224 EF
FeMe 2AARUY B2 FFH 7T
o) B2A ko] kA A& FETT
Ashs gle) 2% QAPolME Lol FHE %
o 2gsa olg BEHo) ARY KAFNY ¥
A0 oAl A8S AFeior  Aelrk,

T3 QA4I7)E FTIRY F3=o) 9%& 013
4 Qed dAZ7) 2 melstd | 7 =S
+22 Yehizm QA ARFS Fee] AAA
ol a2 Bdl UAte] 37]7} 8 wmoldel™ 7999}
779 cm'e] °|EF 37} iz FAHAE S B2
9t} (Bye et al, 1980). & & &7l ol-2¢
Uol2 Ale]2Ee 8 meolide] ¥ EFEL 1
o Aez FPzd oA JIFE vAAE &2
Hoz Aztdcl

ZyoA] F3E FE2EA g dFelA FTIR
2 o|gdld TAW NAFBS AAY v ETH
1.68 %. Z¥2A 1.52 %, FHFTE 3.91 %=
woltkz oy, ¥ A7 AL £:ATH 594
%, 2R 4.27 %, BANARA 4.26 %, °H72
24 4,99 %< Bd npRFHeM i g2 &
Qe ehd AL dASFAT 4 FHFE FH
2] glolME Alol7h AN (BAA F, 1995).

XRDE BoA e 3 3A olshe] XAd& A
st 2REE 1R APFHNE S BAE
AL sz EFAA X4 AES RN FFE
Mg g 4 e ez FoME ol 2 A
2g ARY flTe BMale olgsHlA &
o} (Lorberau et al, 1995; Madson et al, 1995).
243 fARLT N9 rag 4 e #8138 XA
Zoj|4] =0 Zwo] uet 4782 #A4d (100, 101,
112, 211)e] EAH o2 yehted & A7y
718 et B 1012 o838l AT ded 2
olgt T AAEL WA IS 7R ¥ F ¢l

giid

i o

=)
s
i
=
=

o



A7] wWZelth, ey FEAIA M HAA
1012 A U&= 3lo) o) ) Ay 5
A AL 9Y 4 Y 7FP YA cil= iy
Ustz UG (Pickard et al, 1985).

XRD 3o 9% F+ H2A=E 2n
(mica), &4 (feldspar), 744 (sillimanite), ]
22 (zircon), &< (graphite), T34 (wollas-
tonite), *|F (leucite), ¢4 (orthoclase) o]
sledh, o] W wAYY felae O 744
< WAE + 3l (Bye et al, 1980; NIOSH,
1994). F& 23l 9 A g Y
827] flste XRFelAd 249 97)e] Edo] s
XRDZ 43t ¥9dsxs} Jarse 3 43, &
AR folstA = g2 ALOY 9 Aata
AE BATH(P=0.07). °] 8ade FTIR Ao M=
TAE &9 FUBAE 2o o) 2ol goyw
M9 GHFol B2urlsle FAE 9 Aow
TdEd. 284 ol AE P wAgExs
FF AT7ATNAN HEol F Aoz Bg gy
dF AT B8 AAY  (Toffolo &
Lockington, 1981) 4ts}Ho] @ow XRD £44)
e AEE e At DA Jer HAgo) g
3 ggov B Apee Asaa M gekAlo)
AME Rl FPWAE B 5 Ut .

Z1E EEE FHoME 713 AP Saa
& 43k XRD ¥olu IR WEztls gk
He e zol7t A gle Aoz Buy A
7} & ¥hd (Pickard et al, 1995), XRD Az}
7F IRZ A% Aad¥cg 27 yege R
(Toffolo & Lockington, 1981)7} i}, & a7
Ave FAo AP FTIRE A A}
XRDZ A3 238 54 Jehdg olajs 2}
ol °F1d WAL olz B3I ¥ 4& )
Toffolo & Lockington (1981)& A&7} copper
targetdll A U X-H9] g3S oprja) wiAZ
7b EolAlE olZo] A RTE Wis= goly
2o Bt ey )@ Ao B dg w
Hike 2 BAA FAGE YL Agsiygo
B, z D3] ois) ¥AHo HYe & A 5, e
22l Aol & Ho] B AF FAs} A vlmE oy
th 71& dFoNE B AAY By 8e8
AE2E 5 Y (FTIR, XRD)o| s} dake

T = Sle Ao M g3y £ pamme
BRI 2YY R e 8y o P8
3 B7HE 5 e Aoz EBy

FTIR®YE AH2] Xk) YR 25 Sao)y
Aol el g Aoz Yuxm 28
Bl AHg3lA] @m Atk =R 244 7)7)9] A
Wl F1, #AUL, AMEEE WE So] XRD
ol vlE AAgo] Hely A W dx#
A ARSI AT AL L O Folay, o
of ¥k} XRDuge A$ A aA} FTIR*¥
HE Holum, AAY g Fare ¥l g9
B4E 848 ¢ 4 o wAYy Fre]atAtel
e IS A" 4 la, Y falFA 9
of dzloldl, TEHE AlWES 2o g BRH
EHES 89, #4948 4= 3lo| (Madsen et al,
1995), ¥ AJu A7 B)A A2" Row
AZE AR Ao AgEE vt st 712
ol Mixm, 77% 438 mrlebe vl .
et XRD ¥¥E Algats Axele ox) o=
A "EEAol AEso (Toffolo &
Lockington, 1981; Groves & Ellwood, 1985;
Lorberau et al., 1990) 9J=Z¢|M AAY a7
UE Wrkehsd glolA] oln] 9@ MR Ales
A3 ole] WE AFE BWa|uk Fujda e oz &
29 vk gtk o] Wge) Aye AbgsE e}
AzteldA AAelrt dagle Wiolng =y
H4E 5 UEE chivle) AFsgo) AAE W
a3},

3. ZTE welwato] st sRss

Lol o| v

Z Z7hE Mol gE =21z e sFHEAS
EM d@71el, Add, dela, =gka ojge], A
A9l o] 0.10 mg/m®, YRE 10 % o|Are] =}
el it (free silica) 2 @#3 22 sl
2.9/0.22(%free silica)+1 mg/m=z, n]=
NIOSH7F RELZA 0.05 mg/m& #|Alslx e
o, ACGIHY TLVE 24 #4733 2t
(IARC, 1997). z8lm ZEzoz:= OSHA7}
PELZ A  30/(% SiOm2)=2, 9 = 9
OEL(Occupational Exposure Limits) &
12/0.23(free silica)+12 AAlska Qe ojx =




2279 HE&71FE FETHYe] FFE Folok F
A7 Zbsseh 2y Fuel FEAd gt #&
slze ARY FelTFare] BAS 84 dolE HA7t
7t 7bsdr Aoty A 2 vt AJ 87454
JBelae o] A=PAAA EAHE 72s F
pxoz T flTAe] #FEHE 4= F4
s 1%, 2%, 3% BEAo® uyol BH7kstn S
o}, =3 FEEIe FNATHS ALslne BF
0z Bxoz BriEn ged o= & $37]
sojg} W7} Ao Zolrt Y& Ao AztErh I
A AAES suste AL FRANe ZFYE
Aojmz 227 g 38r1Ee B o7t gl
= Ao Ayztdch

2 zAloA] AGA R e 71FEEE FEA
o] HLEEE olfs ZAGRE WIF AR 3
g2712g z7s5E Alge hE i 24
sEAEAoeA Hgd g 7182 0.1 mg/n
o Aestad Hrle P AR}, XRDYHSEE
278t TR0l ey FTIRWES 2% £
A, QxR ZAz 1% 2#HATG. =T
OSHA PELsel A& Zz, XRD¥HE FA7
zAqA 1%, FTIRYHE &3 2X, Z37 3E,
Zzje] 132o] 2#HULH, NIOSH RELsel #
24 XRDHuMES g8, FAHAFHA 1%e] ¥
g7)=8 zusigen FTIRYHE &3 2, =3
5, A} 2, Az 4Fe] A wWEA T
2] ekl e F2A51% 22AE0] =E5E =
26 el B HrrE 2R Fohe A2 FH
=

oj2e] 712% S R¥A NIOSH RELs2 7H8 %*
o Apxsoln, WA 719 OSHA PELsZ A
T E ACCGIHS TLVEH 9 7 5o}
(Williams et al, 1995). %2 deteld &F #2
Ftate] Ul 7132 WA, TFHEI A
71z2e aWz §AstEA Brhde OSHA &%
2o gat AL wolEolE o] FEARIAA
ulgsls 2ale] tal gntE FE ¥ F AT A
oz Aztgth E3 g2 Tratel e 2ol A
4 wrax) @ gleng ZEAHEC] i feigdel o
3 wse 3 Zsjsieiol ¥ Aotk T A=
OSHA2] Hazard Communication Standardel
A ARR gelTFite] 0.1%2 e A4

paEacde d4e BIE: 87HI AT
(Bhaskar et al, 1994).

o)Aty e Az Hop AAMAH 9 R
e zEAcz 23E ldMe FEAYTAA
W slE BASES 6z 971E 5 A,
AR 2 BPA7 = AL THFAENLS
g 2B Q@ e HEVEL o
o7} gk, 2o 3 E&Ere 24% T
2o wa ZFAEAC A FETEE A A3
3 Qx| Hrbsle WEoRE BE EIE T
Baw (MREAS F)S fHeR st 2]
(=Fx, 1997). 23 FFEMUV2EE 7
o] Mod, Zz|AEWE | E, EURIOE 5 %
2R g 4 gone gy I HEVELS AR
guzAsith weA A9EE Y T de
2Rxe ¥FHaia o] Mzgeld 2dH=
e guzA Hrleteld EFAEEVE X3
& 9 7|78 ol &3ld olF ERT F 239
g FAre TR AT F AE FTIReIY
XRDe] EAHubgE o] gsidel 233 Frel At
o] #}akel] wE gulE Hrjrt olFold F e
Zolt}.

R

f 4
o oy lo 0 o

¥

N
o £ of

L
o M

v.&8 £

Bz 964 49elA 973 TE7HA 21 T
ARlAe gaes gsl, =3, 2, FIA R o
Ba] zglA] WAHE FEENY FEAH ZEY
uxe J|2xss dotsln, TFARAF 2FY
g2 FA(AY, FAEudelE, Eitule]E)g
=w o} zhzte] 32 €7 S8l XRDe FTIR
nyg g Avte o2 2o

1L 239 AQARe ZFHEAE=E 0.46
mg/meel A 1,06 mg/m, AHAEE 0.34
mg/m* - 0.73 mg/m, =T AGA B RA
2872 1.40 mg/m-3.40 mg/me2 Z
7t sl Aol FARcR felstl %k
tHPC0. 05). FEAe) ujs) THFAE] V]
e o 25 AEHen @AY YWHT FE
Ao A7 =F7|ES ZIste AEE
gisid.



2. FTIR "o

fot

2 BNE HYr=(ldag) s
718 7FE Byoen 10.84 ug/m-31.75 g/
e, AGARE 11.40 w/m-30.85 g /me .
2t IR FAHCE 898 ol i
T ookRE 3ol 71 ge ddsEE ug
i1, TUARCIYAR)E XRDgEos BA
StdS ™ 15,38 ug/m-23.14 ug/me, ] Al
EE 1319 wg/m-20.84 wg/ms Ho] 94
THEEEHAA JH £e $58 Bgeoy
AXe R felslx] Qgich, =3 sFHYR9
237188 2We Aae 44, uleeey

oA ztzh 1707} IATHETIRYY).

- MAA RS HggFe FTIRWEe A
9.67 %-11.20 %= &81F40) 714 7,
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