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Analysis of Quartz Content and Particle Size Distribution of
Airborne Dust from Selected Foundry Operations

Young Gyu Phee*, Young Man Roh, Kwang Mook Lee, Hyoung-Ah Kim,
Yong Woo Kim*, Jeoung Il Won**, Hyunwook Kim'

Department of Preventive Med:cine, College of Medicine,
The Catholic University

Graduate School of Occupational Health, The Catholic University*

Industrial Safety Bureau, Ministry of Labour**

This study was performed to estimate quartz contents in the both bulk and airborne dust samples
and to determine particle size distribution of airborne dust from the selected foundry operations.
Total dust sampies were collected by a 37mm cassette and respirable by a 10 mm nylon cyclone.
Particle size distributions were determined by a Marple' s 8-stage cascade impactor at the melting,
molding, shakeout and finishing operations. The presence of elements in the dust samples were con-
firmed by the scanning electron microscopy equipped with the energy dispersive x-ray spectrometry.
The quartz contents were estimated using the intensity of the absorption peak of quartz at 799 cm-1
by the Fourie Transformed Infrared Speciroscopy (FTIR).

The results were as follows:

1. The analysis of data from cascade impactor showed bimodal distributions of particle size at the
melting, molding and shakeout operations. Mass median aerodynamic diameters for the distributions
determined by histogram were 0.48-1.65 ym for small and 13.43-19.58 um for large modes. In the dust
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samples collected at the finishing operations, however, only a large mode of 18.89 ym was found.

2. The percentages of total (o respirable dust concentration calculated from the impactor data
ranged from 42 % to 66 %. The average concentrations of respirable dust by cyclone were 0.85-1.28
mg/m3 collected from the workers, and were 0.23-0.56 mg/m3 from the areas surveyed. Dust con-
centrations of personal samples were statistically significantly higher than those of area samples. The
highest dust concentration was obtained from the personal samples of the finishing operation.

3. The mean percentages of silicon and oxygen estimated by SEM-EDXA in the bulk samples
ranged from 35.83 % to 36.02 % and from 39.93 %-41.64 %, respectively.

4. The average quartz contenis estimated by FTIR in the respirable dust from personal samples
ranged from 4.32 % to 5.36 % and 4.54 % to 4.70 % in the bulk samples. No statistical difference ot
quartz content was found between foundry operations.

In this study, quartz content was quantified by FTIR. Although no statistically significant differ-
ence in quartz content between airborne and bulk samples and between different foundry operations
was found, it is recommended that quartz content in the individual sample of respirable dust be ana-
lyzed and the results be used either to select an applicable quartz limits or to calculate the exposure
limit.

Further studies, however, are needed to compare the results by FTIR and XRD since it is reported
that the quartz content determined by FTIR is different from that by XRD.

Key Words : Quartz, Crystalline Silica, Foundry operation, FTIR, XRD, XRF, SEM-EDXA

He 7S awxe AP fel e geele

MOB S EAFe2A #Hgd ARt doive 2

o2 wmA Aol xlo] HA ZHHox 1

FEAIRG AN d s FHidARE feldat, 2aMbgo) Ao 04 g AHF rhEdoid s wy

ditsterd:, 284 & Y zgEE 93X, & 9 ¥4l Y S Ao delA siv(ols

& A%, 1Y, AP Fol ded 2 F 2 1985). 2 F ﬁaizau}ao]gg} Eduulo]|EfE

dzte] Aol 73 BA7E He RAe BAHY fa9 0 Hdde B ?5@?’@- AR 3 7t wgl Fhﬁl
TS &R E3olcH(Burgess, 1995). E% & Zo 4¥ 4 2+ 93] =5 (Hogan, 1995),

A vEAY, A3 g Fger vy £
Am FdFY el dHt Helg N9 (quartz) 3,
Al ~Eutele) E (crystobalite), Eltinlole
(tridymite) 7} ok (Hogan, 1995).
TEA B3

FERENF
3 (respirable particulate)% 1’?314'!-’5, b
9 A&, 71283, JAY € ¥ed 4 U
(Perrault et al, 1992). F% FEARR A} o)
oA AP-E B EAo) 3 Ay agniete)
iy EdUolelE Fo 22" 4 A Occupa-
tional Safety and Health Administration,
OSHA, 1991},

L e 91d S5@3AGA W Fel
AA AP e] 43.3%F ARt U (ARG R
Ay, 1991). o|shzte] S8l vt Adwe] +4
THE ANHE AHF 7HEdl feldtate] HQle]

AgAF71# (International Agency for
Research on Cancer, IARC) <M< AFE =l
TS AAA dgEAZ (JARC, 1987), ZE b
FH P4 B AA 79 (National Institute for
Occupational Safety and Health, NIOSH) el
Ae gEd 2 7332 Ao (American Confe-
rence of Governmental Industrial Hygien-
ists, ACGIH, 1994).

Mz 2EAL o 2809 Pl EF3cd 22
e oF 159 o R IYAEL glen, HFo] =
Adle AgrPolis GA-&o] EXAT 19889 A
o Magteisiddez Meggq d2zke HAa
Zadte v, o]lE MM A Fo A8t
= H&o] A Fristed faEA EFAANGA
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7H8la sle Agelvh(elfA F, 1997). 19944
AzPold BT Ao Y B0E BE 25
AFE AZYAAN 7P B2 AF HPAFE Bo)
3 3len (e B, 1994b), 19951 AF RIS
e ag AR SPd s B39 seex 23
&2 Al 1A BH5409 A S 33.2%=2 of g2
F&& Holu UTHAPABAFZH ried I,
1995). oldl ARitABAYAM = AMF GEE
A8 B2y A i AYBFEIHE £
FHY=E YIES AHED e, 2 YplE
o2 AgHe #AERY e ez Rt
o FHgo ulel FEAE A 1, 2, 3F EIoR
PR3 ey d g8 Fitu Jdon, TEHE
oA ARY Reltite] A5 H9E 0. Img/me,
Z 2BvEelEx (.05m/m, ETrielEE
0.05mg/m o 2 HE&EEE AL U (=FF,
1994a). ACGIH® A% vzt Fdsin
(ACGIH, 1994), OSHAdJM& Moo A%
10/(%S10,) +2mg/me, A2 AEnlelo|Egt Ez|tint
olEx 10/(%S10) +2mg/me] 1/28 HB3H, &
88U A%+ 10/(%quartz)+2 (%crystobalite) +2
(%tridymite)+2mg/m2 A n UH(U.S.
Department of Labor, 1996).

aev WA QA S BAM AP F R
Ate] Y AFENa FEFJERY &30 FA
of o] x)#]| gq Yom, REF FHEMY E
= Aleeyes ZAng s FEA HE
Frol ALdn U (FAFERSA 7eda,
1995). &% n2&AM FEEAL AH YRt
Aol AgEng ol di¥ =MWrte AAFEF F
Aol Y 71 BT E DAR shoof s
% 387F e ol d¥ Adgo fdvkx
Y, 1994b). 83 Y APdAm Felitile]
FHE FAE FEANY FHFEHoR Hrlsdn
(AE4 5, 1986) TFGEA B AR I
o] fojx stovh(FEwial ZEt, 1993) el o
3 EXMo] olfojz)x] ggton], ¥ #I A
AFe faiTate $R-&o] 5% vkl MEads
e g AN (HEE §, 1987 99}
44, 1991; #9x9} AT, 1991 $A41ET o
5, 1994). 2H 22 FAFY i FEARA
A dite TRAe] AZEIE e 22

t 3EY B xEH e A= AFY felta
o TRE T wE INF FTE U=A] et
B3 ol me AAF Hrivh Yasitt

weha 2 A7 AL FEARIFAM AHT
BHANEE A8l 22AA x&3E F e B
Ao FH/e 4EE dotetn, FEZ, EEAHEA
R JABEXE AYTPEE B 3HE =3
Aeie} BAAZEEE dehdted on, HEH
o8 FEARIZY FAENA 28 AP Y F
TAE Agd dig FRFEHE S8k FES 7
QY7 sl feltat gl me HerlE o
Foll g 7|2 AR E AFstaal Al

3 o Mg A Fel A 59l
1009) olgte] ERWA A 13R0E 8
2 2A9 PYEE L AAFY @

o
¥& Aei Adde FEFHF &8, =

>~ 0
= =
v

713 ¥A¥E 247 THY ¥2 2 BAA
o HeTAL GHFE EARAL, TYAEE o
100 - 300%0IATHE 1).

Wk ot o

Table 1. Number of samples collected by selected foun-
dry operations

Cyclone 37mm  Impactor

Operations sampler cassette  sampler
Personal Area Area Area
Melting 2 2 2 2
Molding 9 15 13 14
Shakeout 7 6 7 7
Finishing 5 4 4 5
Total 23 27 26 28

22 Hd

1) 87, 25 27 54

ZRATYEY o 2= NIOSH method 05004
Mol 37mm closed-face cassette® ©]-83ld 37
wn, 5um pore A71e] PVC WA HEHE ALE
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e, TEAEZA-L 10m Doll-Oliver nylone
cyc-lonedl #ot T4 FEHE A&
(NIOSH, 1994). 7HJAAE 371 (SKC, Model
224-52, USA) & AHgstdien, #3& vy A%
HAA (Gillian, Model 713, USA)E& o]&3}
ZFEAXA £ 2.0 gH, TFPYEATHPA ¥
F 1.7 HEHE dF¥An, FF F £FE
F38ld A4Ed HIFRBFRE AMREH R
2 TFAAERY FHEHL &3 H-Fo| 0.01 m
742 #58 4 e AANAY (Ohaus, model
ap250d, Switzerland) 28 33] o}t AFe
Higs AHESAT. AJNBXHL SRR %
F99NA cyclone X718 FEHAA ARE =z
FAstHa, AGrRe] XL Exlo] WAt 3
Aol FAlste SRR HQ] AAZFE Hog
b AAE AFsk Fgt AA4OE ol &, A
A 1.5m #olollA cyclone ¥:37], 37mm closed-
face cassette, TFaAl YAEF7E FApsia] A
8F QA

2) YHExe £

2ol JIBEEE S48 S8l 8 @Al vt
@A A 2 7] (Marple personal cascade
impactor, Anderson Sampler, Model 298.
USA) st AAAIE 247 (SKC, Model 224
PCXR7, USA)& AM&stdvt. #%& v¥AE
HAA (Gillian, Model 713, USA)E o] &slw
B 2.0 g2 Qs er e E mylar fil
ter& A8t A ZHA AT ol &4
He AL BAE7] s =FA| silicon grease

{5114

316 (Dow Corning, USA)E S=E§ JF 429
A 24A17 o1 AXAI F FAE AFsH o
£23 ¥z ZE 2P FAE JFsEG. 7
SA A FEH AFHEH e B FEPAUA
{effective cut-point diameter)2 ¥ 29} 7

o},

3 AR A
FA71E AR 22t AL sl FolA] B
A8 & o8t A

;18

3. 24 Uy

) SEN U BEY 270l 55 8D
229 T B2 R A8 BHe 4 3HY 2

d

2 2 3EY B yxdd dalMe gy AR
& A (Sapiro-Wilk test, SAS/STAT, 1988)%:
F, BAHEA (Kruskal-Wallis test, SAS/STAT,
1988) 2, 3&49 #3219 /dAI8e A YAlge]
STH]aE Wilcoxon rank sum test® AAlsbdc)
(SAS/STAT, 1988).

2 YZER

w2l A 9] A7 EEE I7] 98 Quattropro™
9] microcomputer spread-sheet® o]&&kd 0,1
100um 742 $319] 378 srgader s
I (Hewett & MaCawley, 1991), SAS B4 =&
Ig o] &3le] B2l wxo) v ay 7eEsEn
e Fatich

Table 2. Design parameters and cut-point diameters of the personal cascade impactor used

Stases Nozzle No. of Nozzle(cm) Slot length Cut-point

= shape nozzles Width Diameter (cm) diameter (um)
| slot ¢ 0.25640 0.953 21.30

2 slot 6 0.1:450 0.953 14.80

3 slot 6 0.0%13 0.953 9.80

4 slot 6 0.0432 0.953 6.00

5 slot 6 0.0254 - 0.953 3.50

6 slot O 0.0173 - 0.480 188

7 round 12 0.0457 - 0.93

8 round 12

0.031% = (.52
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3) Ralmit 24

(1) olidAx] B4t XM BHVIHE XIFEAIH0E
- Field Emission Scanning Electron
Microscope with Energy Dispersive X-
ray Spectrometer (SEM-EDXA)

EAX 8 Y94F A7) 98 SEM-EDXA
(Hitachi, Model S-4200, Japan)& AH$3l5e
W 71719) A& A 15 kV, BAAF 100 pico
AmpsE AMHE3IET BHE BAANEE 224 B
FAZE 0.5 g9 AIRE Ha3d €22 % &
o FRFE el

() X4 #% 237! - X-ray Fluorescence

Spectrometer (XRF)

EAANRY fETAERFY e FANES ¢
7] $18) XRF(Philips, Model PW1480, Nethe-
rlands) & AH83IA o 44 SHAEE A7) 9
g [k, AFe 427 40 kV, 30 mACYR AW
A2 950 TolA HE® A S di-lithium
tetraborate (Li2B407) & 1 : 5% &ihsld 4%
f2¥ 7] {automatic bead machine) 2 1,200
Tolld &8AIA F21H (glass bead) & A 2l
Al ol&stry. HAd o1 4% EFEAL n=
- ZAA (.S Geological Survey, USGS) oA
g FAFAEEFEA (Standard Reference
Material, SRM) 12718} 4&c2 Algses EF
4 1274019, o] A|8E9l ezl ¥t &
delel glo] 21 HeE &3A7)7] 8 BEEA
2 B Al ol g3 15719 HFAEE HES
B, o]E2 247} 950 CollAl 308 <) Fhalg %
BFABE Agsled Edr 82 R SREg
A,

(3 A HAM 28I| - Fourie Transform

Infrared Spectroscopy FTIR)

TEHERD EFANBY T TR sebe
A3 FTIR(BIO-RAD, Model FTS-155, USA)
2 NS 39on, M Algd EAYNYEE
V&3l FsgH(BAESE &, 1988; FEE &,
1989). MW E37)8 KBre &7 AA7
A8l 110 - 120 CcAM SFFY A2AZ & ALgst
A1, AEe AXEe 650 T PEE(muffle
furnace)ell*] 2A17HEt 422 9 F71EQE
BAFA S (Freedman et al, 1974). KBr& 200mg

o2 3t Algd] I} HAAPEE At EEA
Zon], 13mm die2 e (pellet) & THEQR, o
pellet& FTIR Spectrophotometer& o©]&&s
1,000’ - 400cm’ 712} Al BRwo AHE
dE& 4L ¥ 799N FFEEE 2
(Pickard et al, 1985). #274 EFEY (Min-
U-8il 5, U.8. Silica Company., Washington.
D.C.)#% Mo #F83(NBS, SRMs # 2679a,
U.S. Department of Commerce, National
Bureau of Standards, Washington, D.C.
20234) 2 AMS3 EEFAoE BU 9 BAANES
of fElHikE AEFEd,

ZRE

1 3 2l ZZTIE ol&3t #Ele 37| Bu

E37M AL AEE 74 dAdEs
Yagd Fotd A SAxadel rskgFn
7S REUAE 23 os YeElgdn). Saaedel A
oAty FXE ¥ 4 slden Bxy Jagan
(718 EE&¥aH = small modedlA 1,50
(30.54), large modes}t 13.43m (1.36) o]tk (L
4 1), 23YelM e oY EXE 2 £ 9o
o Exd VR dd 73 FFEAE small
modell 4l 1.65um (10.09), large mode7} 19.40
am (1.90) o A FH (19 2),

A A E 014 EXE B 5 3lglen
x4 718973 713 E28AlE small moded]
4 0.48m (5.04), large mode”} 19.58m (1.90)
olRev (g 3) rhE-ElAeM e SUg B¥E
Bglov 718 19, 40m 7 SEEH 2 1,58
ATH2d 4),

1 A E

TEAAENFEY 7)EER (V1R EERD &
L. 06mg/re (2.09)0lR o™, 2+ FHUZ AU A8
9 TFAH AL 3T A JisEIY (7)EE
T e &AETH 0.96me/m (1.35), Z=HTFF
0.85mg/me (1.58), HAMFTH 1.20me/m¢ (3.11),
oH7el R 1.28mg/m (2.03) 22 vl FAY 3
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A FAHAN T e =EFFFES YR oY
AR czE FYsiAe FUHE 3). FEARIA
9] A% g3 FEeH(cupola) & o] &3l A

1
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Fig. 1. Particle size distribution in melting operation
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Fig. 2. Particle size distribution in molding operation

Aeta, &
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5&E ©

183te 2L 83fzsiol

U 23390E e AP A s, S8
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Fig. 3. Particle size distribution in shakeout operation
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Fig. 4. Particle size distribution in finishing operation

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

Concentrations (mg/m")

Cyclone 37 mm closed-face cassette
Operations  Method N N
GM* GSD** Range GM GSD Range
Melting Personal 2 0.96 1.35 0.78-1.19 - - - -
Area 2 0.45 2.62 0.23-0.89 2 2.40 2.85 1.14-5.03
Molding Personal 9 0.85 1.58 0.38-1.54 - - - -
Area 15 0.41 318 0.08-3.94 13 1.89 2.48 0.34-11.22
Shakeout Personal 7 1.20 31l 0.16-5.36 - - - -
Area 6 0.56 1.57 0.31-0.94 7 232 2.44 0.77-10.81
Finishing Personal 4 1.28 2.03 0.53-3.43 - - - .
Area 4 0.23 3.43 0.06-0.82 4 332 2.91 1.29-14.15
Total Personal 22 1.06 209 0.16-5.36 . - - -
Area 27 0.40 2.68 0.06-3.94 26 2.94 3.37 0.02-14.15

* GM : Geometric Mean

*% GSD : Geometric Standard Deviation
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23R L e B& /R g FEAE 7
ARl ey FEHY] tF-Eolirt. Fa
A Qe 725 B39 wiate] wgtes] fiFE &
o2 sl FE& AW ¥ 7IAR &33] dof
He U2 AhE sdx, Adlolog oléste
X2 R AR Al sHreade daA 3%
M Y& e F0 B, Ad¥He A
AT A4aglo] difgelden ¥zlo] Bl
2. AYdae WO TE duE 2
AR7IE ste Al ey @271 Alg
2 ojfojAA] gk, Fau|7|AEE o) &she A
& hARIFe] siev HEstAl AU A&
gojxle Xo] thi-Eolirt.

2) XHAlR

IEFAEAN s Vg H (|sEFHA &
0.40mg/me (2. 68) 1o, FHY 7ispgdan (7
StREFHAN & 318 F 0.45m/m (2.62), 2B
A 0.41mg/nr (3.18), F&ATAH 0.56mg/m
(1.57), vF¥E133 0.23meg/m (3.43) o2 i)

FAA 1Y e =EFES UMY £
Ho g o3| sttt FEA x=2¥%9 75H
% CIBRERD & 2 Mmg/m (3.37) 0103 2+
T3 71 ClElEEEA) & 833 2.40
mg/m* (2.85), FHFH 1.89mg/me (2.48), &)
T3 2.32mg/m (2.44), ¢FEAFH 3. 32mg/m’
29128 wRFHAN 7} B =25452
el oy BAHez foldta] @tohE 3).
cyclone X371 o] &% A FEEA Fro
7R Ee MUNER EFE Exo sl 23
AdellA 46.9%, ZHARYNA 48.2%, FaiA
dAlX 46.7%, vHREIARIS 18.0%3E @A X
AR} (F 3).

Z} FREE VIR RS AdA 8 aFAHRA
TEY 7 HHE 24g8lgu (1Y 5).

3. weltitel s

0 2IBANE
HP9 Fow MANES AAAMRAM a8
3 gkl thel HFEEE BATH(P)0.05). E 490

6

5 B oL

R . Fig. 5. Comparison of respirable dust
concentrations between per-

3 sonal and area sampling by
operations

2
Al, A2 : Melting operation

! B1, B2 : Molding operation

0 Cl, C2 : Shakeout operation

Al{personal} Al(Ares) Bi(Personal) B2(Ares) Ct(Personal) C2(Area) D1(Personal) D2(Area) D1, D2 : Finishing operation

Table 4. Quartz concentrations by foundry operations

Personal Cyclone

Area Cyclone

Operations N - N
Quartz (ug/m’) Range Quartz {ug/m*) Range
Melting - - - 2 15.19 13.72- 16.84
Molding 11 27.75 11.00- 95.8) 10 20.32 9.96- 36.32
Shakeout 7 45.63 16.69-139.20 6 30.91 14.75- 50.41
Finishing 2 21.26 20,17+ 22.41 4 34.57* 10.28-113.33
*P<0.05
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Table 5. Weight percent of quartz in filter samples analyzed by FTIR

Personal Sample

Area Sample

Operations N N

GM*  GSD** Range GM GSD Range
Melting - - - - 2 3.36 2:27 1.88- 6.00
Molding 11 4.32 1.96 1.23-15.87 10 6.35 1.74 2.51-13.99
Shakeout 7 4.84 1.41 2.64- 7.53 6 4.39 1.35 3.50- 7.53
Finishing 2 5.36 ] 32 4.41- 6.51 4 14,69%¥=  1.50 9.30-22 (17
Total 20 4.60 1.7} 1.23-15.87 a2 2\"3 267

6.39 1.90

* GM : Geometric Mean
** GSD : Geometric Standard Deviation
#4% P < 0.001]

Table 6. Weight percent of element in bulk samplcs

Table 7. Chemical compositions of silica in bulk sam-

analyzed by EDXA (Unit : % Mean SD) ples analyzed by XRF  (Unit: % Mean SD)
Operations Operations
Elements = Elements
n Molding n  Shakeout & Finishing n Molding n Shdkcou( & anhm '
Si 3 36021571 7 35.8325.04 Si0, 14 83211134 6 74. ()(>+l(~ i-L
o) 1339911224 7 41.64£4.51 ALO, 14 S8lx 390 6 11.83£15.24
Mg 8 136 061 5 1782116 Fe.O, 4 180= 135 5 289+ 204
Al 13 1257+1445 7 10.15+8.41 TiO, 9 0212012 5 0.16= 0.09
Na 9 2.70£1.82 5 291£1.54 MnO 9 2042 004 5 0.04+ 0.02
K 9  2.58+2.46 6 1.20+0.42 Ca0 D 082+ 084 & 0.73x 046
Ca 8 293#3.22 6 | 234045 MgO 9 047+ 040 S 0.75+ 0.53
Fe 9 6.63x4.41 6 5.67+3.22 K.O 9o 160+ 101§ 1.02+ 092
Cl 3 0.75+0.30 1 05t Na,O 7108+ 041 S 113+ 0.56
Cu 1 3.62 2 421+].12 P.0; boo0.03 001 S 0.03+ 0.02
S 1 0.41 LOT* 4 389+ 271 S 243+ 148
?; l 1.52_ y SO *LOI : Loss on ignition

A B IA g e ME e MeEde 2
B}EA 27 T5ug/m’, BaAFH 45.63ug/m, v}F
234 21.26ue/m* 22 FAHe {FF Aoje ¢
Ron, AGA gl Wizt HPo] T 7T
fFR 15, 19ue/me, ZHEH 20, 32ue/nv, Fal
AFA 30.91we/m, PHFEIFE 34, 5Tug/mrolU e
o, 494 #AAFAY TAE EXxEFFEA SlelA
z¥2A, FaA TP FARCE Fo% 2
o] 7} %i"i_‘l\—} vl e e 23, HaA-FA
o uls) BAIA R [odtA ERHPLC. 05).

E e ZEAEAS HARREE U A2s
MoIA e 7latg e 232 4.32%, AR
] 4.84%, vHEElEA 5.36%o R FAT {4

@ Aol glglen, A9AR A3greel 715
Fe FAQY 3.36%, ALY 6.35%, FAAL
A 4.59%, cFRElEFY 14.69%E BAx FHT

Aoy ghgakel] gloir £3), =%, Yol FH o=
FAHE /A Aoyt g ey whHF-alF A A A

BARCR &dFA ¥ AolE JEHUC
(P<0.001).
2 2EANE
(1) ofix] 2& XM EZTI1TE RFAFEDE
(SEM-EDXA)
AthRael tigt SEM-EDXAY #2723,
31:‘; 2833 36.02%, BHA 3 R FTH



35.83%°1% e, die 2HFH 39.91%, HA
2 233 41.64% 2 SiO27t B & & Huy
K% F FAAAM F 70%°13& BATHRE 6).

) X4 3% 247

XRF 4 4% 338 feltitel FREge
%373 83.21%, YA R oFFATH 74.06%
& Eeon, I thges ¥& FHHES %1
Uz veistth. 833AYA 2.4-3.9% = A
B&4dol AMTHE 7).

@) ZHIA HAM ZHT|

FTIRE ol &3l ¥AF EAA8e HIFHF
< ZYPAAF 2N AT BYL 4.54%, HAA
2 R R AA R d M AT EHL 4.70%
olUcH(E 8).

Table 8. Weight percent of quartz in bulk samples by

FTIR
Quartz (%)

Operations n

Mean SD Range
Molding 13 4.54 4.45 0.15-18.10
Shakeout& 00 469 033 883
Finishing

o

1) ZEMETY 5%

AN 7] e (AP BAY e FHE
THOE dFPAFEEE fcn o (ydy,
1995), & 979 AEENEHN TEHENHA 7
e g 747 g HEsHE o FAEEE
BAHPY0.05). MAARSY ZTHAHENY HiEF
e 1.06mg/me ol ol BY o8 FEANR]
ol A 7570 A RS TEFAEINER 0.8
mg/mT} FANG FEE BATHIARC, 1987). =3
Perraulte] Q7 5 4742 FEARIAE giAoR
B ARA RS TEFHED BoEE 1. 08mg/modE
2182 B} (Perrault et al, 1992).

FTAHE MAAMNRY FEYRAFZE &N TH
0.96mg/me, ZHFAH 0.85mg/nr, FIAMIFTH 1.20
ng/me, PRl 1. 28mg/mro 2 R FAN Y
HHAZHAM At F& =2FFEE eI, o]

< E7telotel ZAFBARIG Ay FHE 3§
RN MRAxeEFEos 2YFH 1.2mg/m, ¥
AAFE 1. Tmg/re, 0}5-2]FF 1 5mg/m2 s
2% 2 ReFYeA B 50t 2o AR
FAHEHE 292 (IARC, 1987), d@=e Z3FE
AIRQZN A AQIAI B i TEANERNFET} 2
#% 0.27mg/m, HHAMZTH 0.42ng/me, vHEF
g 0.45mg/mro 2 £ AFMY xBFE Hre
we A%E Bov, 94 #AFRHA oy F
ol 2 d34EF 2 (Siltanen et al,
1976). & A7 ARdFeNA HejA A a) ole
2 gL tiF-Fo] AulEieldm, Fhulr] &
b AAY A 7HEo] <tEe AHE AYE B
o, gRE 5Eg 8] 3] glo] Ad@r e 3}
HE FHsEE 39 v)itel @ttt oA A
2 M FAY v FH3FL BE FFHe 9
JHE AR Rert 270 s

FEENY QIZPEE BNY 4% opR2A0E
P ZEFA oA large modest small mode
28 B 4 Ut £2 large moded X
& H9lthE Perrault®] A+ (MMAD 6.8, 12.6,
2.1, 7.8m) v s ou £ dFely BA
Arizk W & A BHTY(Perrault et al,
992). =3I IA R IEA7 AN 3F7V B
TR ste HEe 28 FY 66.11%, 2¥AY
48.58%, A=Y 46.06% oo o)z
o] 41,77% ©i5, YAFTH7 2 XJ3 B3E §
FAAEF 0] AR ¥ &3 cyclone2 2 XFF &
FAAERL M Al PAEHZI EFHEAN vl go]
i A vEiged, 29T (Groves 5 1994,
BAA F 1995) oA Bl A7AAe} thi &ols}
AU °ole Groves Fo] M2 HE] (pore size
i), 8m, membrane filter)s ¥ AFo|A AEF
HH (pore size 5um, PVC filter) 7} 22} THHE
Holl A zpol7t A LA Ao Algd,

3 gaAMzel Ralt B

R, olUix B XM 3713 AaEAbEs)
4(EDXA) & UEBRH Sebgnx Teq®ol
golzoz BAol shsaitt. 1Y, §EALEY
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Zn} (Inductively Coupled Plasma-Mass, ICP-
MS)E2 Na, K, Si 5% WiEate 7ty
2 743% &+ e (Bark, 1992), EDXAE F
Aol BFAAR 449RE Adshed A
AR Algadch 4, X4 ¥FENZ (XRP)YY
9] BFAAEF FuTAT ERFLS R i vely
2R =4 Jebdoh ol XRF9 Az oA
AN R 2o E JIEHAN v AR Y gt
o] ARYFATE (MY, 2 LEueE, Ey
HololE, ElEe)oz WM Arle 2§ v
273 Y #el#4t (diatomaceous earths, pyrogenic
silica, colloidal silica, precipitated silica, sili-
ca gel) &= ol Erlsdte FReliile] e
2 vy Aozt 8 Res Yz, Au
AEoklN BHARS BAA He 2HY a4t
el ghfgol s FEF FAEAE el o
Sle Rog AtRET AlA, T4 oA B3
(FTIR) & o163 HAd#FFIFE 7F5ABNTG B&
A TFFE Btk oly EFARS A$ A4
BHO o feqae gfEe] @A veElhdos:
Janko®] A7 A% A2HE EArH(Janko et
al, 1989).

4) JIZANEE EEHETS NAERR

felTdE BAde o Re vy (colori
metric method), #% XA3HEH (powder
XRD), THHAHqHEZ7] (FTIR), 4x&E3Y
(Atomic Absorption), #zl71F%H¥ (Nuclear
Magnetic Resonance), #v]7% (Microscopy
Methods) 01 slovt #a) =ZA| 4 Ag7Age
XRD "ol 7H 4 9o gled, IR whyel
I 2 A8 A Ea vy e A9 ALes)
2 A ¥} (Madsen et al, 1995). E£§ Ao
A7t g8 gle HFHEE Y (Direct on Filter
technique, XRD & IR)& AMgdle d537E
AtHMadsen et al, 1995). #8742 A gelol
A R oz EAle AgRdRcINE F
2 Mgd B FE H/E 1 dnFHIS F
1989), A x&2A Relate] BB o H
7be IR s XRD whe] 74 Agsio
(Pickard et al, 1985), & 9+9 {3 ILRZ
Ao A€ RS AHogA AMze By &

AR €4 220 W IR 29 ERS Hug
Bl ERHES] FTZE &3 PR Ee BolF
v, ¥Z2AH Y F2)F4H@amorphous silica), #8iA
(calcite), Te]2EutelolE, 13 E (kaolinite), E
gtulelE F A ERY dPo FPEHE s
d gt ©@Ho] Uk (Madsen et al, 1995;
NIOSH, 1994; Pickard et al, 1985). XRD+ &
2 (mica), A4 (feldspar), T4 (sillimanite).
A1 22 (zircon), &4 (graphite), FEA (wollas-
tonite), |74 (leucite), 834 (orthoclase) s th
3 RS g 5 UXT, uEFY K] TFikol
A& L wiAE 4 JHNIOSH, 1994). 13
1 715 AR ¥ ReibE EAsked XRD whyol
IR el o Kl A R3] Aok ajolrt
Z o (Pickard et al, 1985), IR Wi XRD %
WUk el 8 o APYjeltate 58 o A
B7vg = A (Toffolo & Lockington, 1981).
RO A3 & Aol 2HA|ge] Aals
Ev 88 15 19w/m, ZHAR] 20, 32ug/m,
i AAd 30.91ug/m, vFREFAH 34 57ug/mr &
B ol M9 FEARIGE dAdoE AgA s
9] HedEzol E Perraultd] I7283 50u/mv,
20ug/m®, 40ug/me, 30wg/met HAIRE R
(Perrault et al, 1989).

TEAERY AR FFS AUAFA
4.60%, AHAEANM 6.39%F, Boone®d Hou-
ten®] A-+d HAgRFo) MAMNESAA 6.0%,
AAQAzoNA 6.8%8 B A fAEIHes BE
ARNA BB = A AR 28 2 AL 8
¢Itk (Boone & Houten, 1976). Z7Pd Aeighar
o AFHXALE B x2dde] A 1968WdRH
19719702 AFEAIRI AN 821702] Algel] g
AJA & 2AMER} 13.0%2 Verged (IARC,
1987), 1976%E 198171 pi=o] UYe FEHA}
A& OSHACIM 1743709] 7HQNESF ZFAE
ol gt ZAMEAR 7.3%014 12.0%2 Yebge
™ (Oudiz et al, 1983), SY& o] FEAYZ
A QT 7570 AAA Bl HF FelFAre g
F2 13-19%°1U9HTARC, 1987). =94, vl
Ao A¢ M99 F/KFol 10%E dded £
dAFste 28 F0 22 THFE HAAD o 7
F7PE FEAM] @R%E Mz, IFhuriade)
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5, A 59 Aol ZIdE Aoz Almd
o AR A FAE TEAHERANS Hd9EH
2o 23] 4.32%, A 4.84%, iR
T 5.36%2 ol BAA Fo A7 g3
1.68%. Z¥33 1.52%, ¥zl 3.91%¢} vlmA|
w22 F oA T #2 FAAE JehdAY dx
g FRFl ol Aozt YA (A
%, 1995). 8|3 Janko & FETAAA =g
2Eulgo|Ex §H-&e viFeFHA 3.2%~
7.8%, BHANFHAM 19~41%F TFatn U
2 T8l ldk(Janko et al, 1989). olv FEA}
AAelAl dojukes m2oAe Aol FEFIF
e Hdo] ZelaEulglolER WA o] dasl
v e FF gzagslgelEd qi§ FFAT
7} olFolxo} &n] FEEZS HriA A AEn}
ZlolEx §7 olFojzol & Aoz AlmEn) 7
F7Pd ZFAAERS MG A =275 Wy
o, deuia, Zaga oy, 244, F=F, n
(OSHA, MSHA, ACGIH), Sa&dmcl o
0.10mg/mre 2 P em exEzlol 0 10me/
me, B7}glo} 0.07mg/me, =9} w2eo] (.20
mg/me, EY, WBHAE, 282 0. 15mg/nv,
NIOSH~7} 0.05mg/m2 A A& slt}(IARC,
1987). BA vl e HEE5E U JA3) o}
ke 7ol B3irh, olo] B AFdME EA
Feluet AAEA S 7 HAN FERF 1, 2, 3F
o2 R Hrlghe whyez Hrise sige
W FgEzle) 3 Fog BEFHHo deR ¢ 4 ¢
A3, EF fEAte] fael wtE BARFA} 7]
FARY fe)TdgEed e BRI EEAMNEY
Frel gt ma EEAE 7EE ¢ gt
olo] fEute} 71ER ZEFAFAF Mg 3l 7
T 0. 1mg/rmeel] 2 G3te] B A} 2
130] ZIstge), g OSHA 7150 &4 &
FHahe 22 2YAY 22, FaAAzY 4E0|Q0
™, NIOSH 71&o 284 2¥3olA 22, &3
HRPol A 3] HEVEE ZH3IYT) ol
AR Kol @A FEHos 2L slgMe FE
Aol LAz BEXEEE gulE #Hrisy)
Erhssith oo ¥ ¥AE Ase 2YNE
ARGt HA Y R TE FEARIAANA 2aE
© M7 A xEnlglo|Ee] Ui EFEe) o

o}k

718l 71Ee2 dA) vF OSHAANA AlgHe v
3 2L o 93 Hrizk EuiE Ao AlaHy,
FAUSE old wE Hrpr|Fe] Ajo] A H ol
2utE Hrlrl o] Rojol & RoE AW,

10mg/m®

(% quartz)+2(% crystobalite)+2(% tridymite) +2

€ d7AHAY SMA AaSTE AR 3 A
B #Aol IR WPoE o|Fojxl Hog ¥ XRD
Yo FEARIF T 71FH9gRga 2y
2gdigolEe] WARFFE ThA &l B »avl
Ui, ez fejuztel wFe wago] shs
Azl el AR F R FIEHEE ot Y
7h glen ol me griel A7yt Wit}

aH
=

'}

ojo

£ ZAhs 1996 49A 129712 137) 84}
e ez &3, =¥, FaAA 2 oYy
A EHe FEEIY JAREE gefstn, &F
AR wEo MAFFEE 4] 8 IR 4
= ¥ de g 2o

I FEARIGANA 29 JAREE oL
small modeol|*l 7138 # 1.50un, large mode®l
A 13.43m2] MMADE 7}Al& oA BXE B
R, ZFAYPANME o4t BEXE Holn] 7|sty
o] small modeslA 1.65um, large modeslA
19.40ms Eom, HajAg s o)y By
g E F U%en 2slE o] small modedA
0.48um, large modeoA 19.58molgd oL} v}Ee]
APellre Y8 2XE Hyon rawge
19. 40um ]t}

2. F3d NYNEY TEHENEEE R
0. 96mg/rr, =AY 0.85mg/ne, MY 1.20
mg/m?, PHEEIRE]] 1. 28mg/mrE wlRa]ZQielA 7}
T ES FRE Hon, NdAny 3FHAEANE
= 88 0.45mg/me, 22 0. 41mg/me, 3
A= 0.56mg/me, v FRL 0.23mg/mr 2F
FeAAgolM N e F2E BATY =3 R
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A2 2B FARY 2 40mg/ne, ZHZ}
4 1.89mg/me, FalAE 2 32mg/ne, vFE-E A
3.32mg/mr o 2 vpi-ela}iolA 74 ). |

3. IR ¥goz AT MUAERS] sFEAHEAS
qYgee 71skg o] 2] 27 T5ug/me, B
A2 45.63ug/m, WHEE}FF0] 21 66m/mE H
qem, AdAge IFHEXNFT HAdeze 718
Fao] &33A 15 19ue/me, ZHAY 20, 32u/
we, A 30.9lw/me, oFFBA A 34.57
pg/mrd M om, niREFRHNM BAHCER F9
sHAl et (P0.05).

4 TR PHoz $HY FANR HYERYL
29373 4.54%, FAA L ohRAFHA
4.70%% B AQAE Bk Ae BHAS e
g,

5. AQARS 339 NAPRFE 2YAY
4.329%, AN 4.84%, cHPElBH 5.36%2
ofRE RN h Ee ARE e Ao
Asel A SAYNA 3.36%, ZHAANA
6.35%, BajMAdANM 4.59%, vHFR{EA A
14.69% 8 Bew mpejgyds EAALE &
s otk (PA0.01).

olst e
2719 &30

Ao B o A AMEHDL e F
S2E FE ¥3& BEe] Hrisk) o
Hoh 28ng 384 RS AR ¢ de
cyclone ¥37E ARgskd z} Y oix-g
stedot ahw ool tiEk HAY Relvatel FRE
3k FEe Hriot o) Fojof g, olol FEA}
Ao RS = MY Aagulelo]Eof W3l
T Hrie nFEer 98 Wiyl o] Fo)

Aok & Aolch

._4
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