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Abstract

This study was performed to identify the state of the exposure and characteristics of pollutants by each process at 4 casting
sites located in Gyeongsang-do from April to November 2013. The concentrations of methanol, crystallized silica glass,
formaldehyde and phenol were analyzed by different process - casting process, molding process, core process, and shakeout &
finishing process. The highest concentration of methanol was found in casting and molding process, whereas the highest
concentration of crystalline quartz(Silica) was observed in core process. The most oxidized steel dusts and the highest
concentration of fume were found in shakeout & finishing process. As a result of this study, those labors working at the casting
site were found to be constantly exposed to various forms of hazardous chemicals; therefore, it is considered that this is the
time to manage and plan how to reduce them. In addition, it is required to thoroughly manage the local exhauster, and improve
the process and working environment to reduce various forms of hazardous chemicals.
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Ea1 QItJung et al, 2013; Jung et al., 2013a,
2013b).

TETS AE e 18S S9AA Bk A
A, 2 THIE A TR 28 B0l 8 T
UAPIAL, FEALE AlASHE BAR S AA AES
71g Aefok= nite] 3 oR offo|A Qirt. 53] 5
=UFE] A5 ARAslell FeRet GAkkdel wa,
UL ARRFo] 79 ARdQbA W wgE]e] Aert
At oA ol 717F G EAL Qlek 53] FEAE
P& A= Frehtil 258 21, 2548 &
F718A, Y, s, PARRE(CO), HeHAtA, =
d =<5 RS @k, PAHs, 249 APl 25
A= 5t FEje] Rt HiE ks o=
HEIcBurgess, 1995; Chen et al., 1992; Cooper
et al., 1993; EPA, 1999; Gomes et al., 2001; Guenther
et al., 1995; MoEL, 2012; NIOSH, 2003; Jung et al.,
2013; Jung et al. 2013a, 2013Db).

E5] 2EARIOIN 71 wol upyes ZERx
% 58/ E A (respirable particulate)> =, ©|Q]
A A b 71 B2 ol 58 49l
CH(Perrault et al. 1992). ©]2} A 39 GV |skekE
& 571%90] ot A 57 Fo' =, S w)
2} deldolut S¢wold e Fafo] vl W&
FroME A7IRE =E Al A7 Aol 24
T 2 QA TS Yol AoR A 2l
THGuenther et al). o213t kRt @ FE2o] Ay
Sollie Etelar FEs7golA Wk RefelskEd
5ol tiet == B PR AR os Rt A
golck. 1 g ete) AddidTte == et S 22
PAFEE 59 k2ol Wt A7 SHH 07 o]Fo]
AL, 71ef B A= 712 A S8 5%
3733 ke = A 0] o] I FE ATl Tt AlA|
Zlo]aL AP Q1 Apdely TejA|2Hlof thet dhe F
Z351 AA O] ACGIH, 2001; Alpaugh, 1988; Jung et
al. 2013; Jung et al. 2013a, 2013b). 3L, =] 2]%] o
B RO T RoR A7 FE IS S0k A
k=3 w1, S I f sk Sl thek A
2Hd 9 Q] =Sl thiet S B 7ol Rk vk
A7) tiFEOItHACGIH, 2001; Alpaugh, 1988;
Jung et al., 2013; Jung et al., 2013a, 2013Db).

wbA o] dtofits Faafiie] FEddel gt
SR AR deEllEe i B 2Ee 3
71EE v 91t 7| 2xAre] dke 2 £RiEgle
™, 53] o] Atolie Fasgold sk vkt
Feje] refelehad 9 Ve e dede] Sde 2AEH
ek E2h 2% FEARE
o] = AUHE vl 28 A4 s
UREEI(G/R) F7golA 9] 2
uelsiRit). e WA= FEUF
ZH o] 7|43k 2 sidEore]
updshy] $iet 71zAlee 8 5 =
ok

(o]

2. g7

HeH
od

sayElglon, Zjzt
o] 3 $08 wBEA 2 A i)
5 Telslgiet. o] oln 22T, £33, 5

e T} Bl F
(faran) 72 FBAJ] 47 E)31, 358 F3o] Byom
SoP/| iz 918 b Fgol 11do] WAl
slok. S Aol BAA|S] GH= Qlste] Lkt
EH(CO), Y5, ZEYTIS|=(HCHO) 5ol e
CH(Park et al., 2006; Park et al., 2005; Perrault et al.,
1992; Phee et al., 1997). T3t 2HFAHL A5 E<)
5l7] QIR 2 WHewe AR R Ao = s 9 HER)
& 23719 = W =AY Al A1l o3 a5
I FEAR o] A, HAAR AR AR
o 5] Al Sfs) PABA(CO)7L WY &
3 ohalAlY okl IR <ls) ofRl7RATt whysm,
A 2 Al vehE: 50 R 18 A A ETE TR
e E 20 3ot Y & TEA T o
& ololl sighs Fatoll 8ol S0/ (s 5]
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Qe 8 Holl e ARS SARKL 3 S
370k AR Al 318 7 12tekEat Shshatel]
H7hElo] gl o] AR Bl AT ks
SRk t7] So= viEEh 53] Ehd A Al A
el ThsRolMS chke JEle] ot wlich
T3 vRte] 7S e 2 ARl thsh A 2
w7497, A, 83 o) A4S Bo) ABL HE
How el goln, ABS] IS HHSH
shal AlE 23 W A7) S AlAsks 57801
o}, 5o 2oldle s FEgAY, AvkE dojd
) 2 9] Htlo] M|, $7 WY1/ ol g3t
of HAE AlAsks AU aZ= WS Hoh
(ACGIH, 2001; Alpaugh, 1988; Burgess, 1995; Chen
et al., 1992; Cooper et al., 1993; EPA, 1999; Gomes
et al.,, 2001; Guenther et al., 1995; MoEL, 2012;
NIOSH, 2003). E5F k2] Teely 54olA 84 &
o] Wyl

22, 37| 5 312 BY Y B

o] Aol M= T dolA WAek= TRt FEfe
frofeletEde A | flsld 571 5
5] T/l FEke mAlE IS SR
74 9 24 ARS st ol flsto] thdas
2 HgkE(MeOH), Z5YH|S|S(HCHO), 84 &, 25
A B2 9 ZAE G2l AKCrystalline quartz, Silica)
o= AR 3, AR 3 sl
E219] 43} 0] S Y] PSS RISt
7] 15t SEM(MIRA TILMH CS02, TESCAN, Czech
Republic)/EDS(Analyzer model 550i, TESCAN, USA)
£ ol-§3sto] SR AdEEA AdE Sasl

r

2.2.1. H|EHZ(MeOH)

FETHNA AEH o R AEEE WELS s
AR Asioict. vekEe] =271 Slal Aelzas
(226-51, SKC, USA)S Ag39lon, Hlime Aaly}
Z7(226-95, SKC, USA)S ARgalglon, 7iagznl
E19)(Clarus 680, Perkinelmer, USA)E Al8-5}0]
= E s Wkl

2.2.2. REAM|5|=(HCHO)
Z2oly3|= o] &2 W12 9J EPA TO-11A

2 NIOSH 2016 HH(EPA, 1999; NIOSH, 2003)2 2+
a15to] 2,4-DNPH7F FRE Ae|7 AT 7HQIA =AY
217](226-119, SKC, USA)o]| 912510 1 ¢/mine] 92k
O F A ARE AFeI) .21, HPLC(Ultimate3000,
Thermo, USA)E o|-&5}o] A|55 BA151%ck

223. 88 &

44 & BUERS 5P| $181e] AlE3232 Cellulose
ester membrane ©7}X|(37 mm, 0.8 um pore size)E ©]
8351990, 3-piece cassetteo]] LA T T8 A
FIEZ] F3Lo|| Aslo] °F2 ¢/ming] G502 360~
420 B 701 H 37 F AlEE AFIeRslch R Al
B IR SR o R 25T 2EEE
HXAOJEE o] 8ste] XA & ARFsisict. 84
B Shee ARER 39| o] SHAE 26k
O, ZR}A-E(Sartorius CP244S, Germany)-S ARES5}
of FEFEATR ol Ol =5 ARSIk E3L 8 &
% AL B UAFUUEA(AA 240, Varian,
USA)E o}g3le] 41915, WAto) FAIRE o] g3}
of A S RSl

224 SEH 27 4 WY Raladt

35/3EX1e- NIOSH 0600 37413 el wet 274
slHom, AAE A-2]fAH Crystalline quartz, Silica)2]
A 28l Pl AP R - (National
Institute of Occupational Safety & Health, NIOSH)<]
/gAY 76020 wEh FAlEel oA FTIR(Cary
640, Agilent, USA) & BA510] 245 Saws w2
B2 ol g3t Al Tilslel AES Atslei

225 MR JEENM

FEAIEY] S s 2 2] B4
10l R Y40 S Rlsl Hak) AP 7
Fol XS ol o & oF 2 ¢ /mindt HES A
2] 3+ 3 SEM(MIRA [ILMH CS02, TESCAN, Czech
Republic)/EDS(Analyzer model 550i, TESCAN,
USA)E 2H8510] 249519ick

¢

X

3

2.3. XI=2l 2N

EA AL version 20.0 SPSS Statistics 2 192
ol-g33.om, FFE A7 Tt HEA niRke=
A Ak ARAYE 8l 47 AEAY] 122
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X|gk5to] BA5199) Shapiro-wilk testES £3f X1=.2]

A ARL ANBIEon, TAT} SEREATe] Wit

H]_u_b kruskal wallis test=- o]-835}3t} EA14
29 <0.055 31Ick

hul ‘l‘l‘—l‘l‘

3. g+zu

o=

Zt k=3

«

3.1

-
.é_xi

=2]
o=

H2IXE & 5=

3.1.1.
Table 101]’R oxéo ZJPgofA EAYSk= |
G199] 1 B 24 9 e AT ehR
g, 298, B8 5 AR B 7
oto] el miekeo] 7|shE =gk ol
A14.5097 ppm, Z2FF70llA 0.1357 ppm, FA}57o
A10.0010 ppmO= SHIEIich ZET AN SHolg)
HEkE0] Feglo] A Uehster, o= A% =
FIaE Aol Lk fiTl(p<0.05).
312 Z¥Y Rt =E s
Table 2041 2E-20] 2ol WIS 2
Ad [2]7AKCrystalline quartz, Silica)?] =& 5%

IEfg( OH) &5

Eﬂ
=

Table 1. Methanol concentration by operation in foundry process

S99 - et - FER
2 27 9 Al S el FE38, 293
A, A, TR 5 AR SR AEst
o] YePH A4S G274 Crystalline quartz, Silica)
O] e T AR W 588X F 2P et

AKCrystalline quartz, Silica) FE=2] FAEXLEE AL
3 A3 Fig. 13} o] 7} v ghs0] AgE Hold
A TR S LRSI Fig. 2004= 3 66712
=3 /k] 2 A= E ;(]_;\ﬂg] q__lé_g].oq iz Kek=1 1/]-15]_
Uioic), 28 2ol 3w AAE Sl Crystalline
quartz, Silica)2] 7|31 B+ Er= %2374 0.0018 mg/
m, Z8F4 0.0047 mg/m 2254 0.0056 mg/nt, 9f
a4 0.0052 mg/m' OS2 YERE O™, Table 20)4] &
gt wje} 220 71 Holo] chat BAH FpL g A
O = UeRith

3.2. MUSYE RolRIxt & = R eIkt
321 FA2ZFY RAlUXE L& &
Table 3o 340l 3 2 el gl
felel 7Iefa e Slelsialth e 2

3 %ﬂ-ﬂ-ﬁ(Crystalline quaI’[z, rZ7|%& 0.05 mg/m’)

(Unit : ppm)
Classification N' GM**(GSD" ) Mean+S.D.F Min Max p-value
Casting process 6 4.5097(64.3002) 24.4095423.1216 0.0010 67.2796
Molding process 14 0.1357(54.7335) 3.5945+6.8085 0.0010 24.4264 0.004
Core process 6 0.0010(1) 0.0010+0 0.0010 0.0010
N : Number of samples “GM : Geometric Mean
" GSD : Geometric Standard Deviation *¥S.D. : Standard Deviation
Table 2. Crystalline quartz concentration of the respirable dust by operation in foundry process
(Unit : mg/m°)
Classification N GM**(GSDJr ) Mean=S.D.* Min Max p-value
Casting process 2 0.0018(1.7276) 0.0019+0.0099 0.0012 0.0026
Molding process 39 0.0047(3.0787) 0.00800.0089 0.0004 0.0505
Core process 6 0.0056(2.6642) 0.0085+0.0082 0.0022 0.0209 048
Shakeout & finishing process 19 0.0052(2.5888) 0.0078+0.0079 0.0006 0.0297

"N : Number of samples
" GSD : Geometric Standard Deviation

"GM : Geometric Mean
*S.D. : Standard Deviation
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Fig. 1. Cumulative distribution of crystalline quartz Fig. 2. Effect of sampling number on crystalline quartz
concentration in respirable dust. concentration in respirable dust.
S 0.0018 g/, EEASIE(eE/1E 0.5 ppm) Sl Vsl s BRlsl) GalelAp 7]
&A= 0.00001 ppm, WER(2=E7 1% 200 ppm) F5= ShEt F=5 SISt Al ARE fehti s
+4.5097 ppm O 2 FRITACE FFA oA ZF 530 0.05 mg/m’) 0.0047 mg/m’, ESLHS|=(==7]E 0.5
2 xR w2 |ES 3.%0}01 B =72 8w ppm) 0.00001 ppm, HER(=57]5 200 ppm) 0.1357
ok A, mieheo] Frt =7 UER e, ol A4 ppmo= ‘%EP)’E} 25370l 2 falled iz
O 2 FoRE 2tolE e 2AT(p<0.05). eE7)5S Agslo] Wit HEghS vlwdt A vet
322 ZHTMo| SFOIRE LE = 29| st =/ e o, o= BAReRE fogt

Table 4ofAl= 2T A oA 212 2 HHIsHL e ZpolE e $ItH(p<0.01).

Table 3. The concentration of environmental hazards contaminants in casting process

(Unit : mg/nr’, ppm)

*

Classification N GM**(GSD? ) Mean+S.D. Min Max p-value
Quartz(mg/n) 2 0.0018(1.7276) 0.0019+0.0099 0.0012 0.0026
HCHO 6 0.00001(109.5588) 0.0016+0.0026 0.00000052 0.0059 0.028
MeOH 6 4.5097(64.3002) 24.4095+23.1216 0.0010 67.2796
* N : Number of samples “GM : Geometric Mean
" GSD : Geometric Standard Deviation *S.D. : Standard Deviation

Table 4. The concentration of environmental hazards contaminants in molding process

(Unit : mg/m’, ppm)

Classification N* GM**(GSD' ) Mean+S.D ¥ Min Max p-value
Quartz(mg/r) 39 0.0047(3.0787) 0.0080-0.0089 0.0004 0.0505
HCHO 21 0.00001(81.6864) 0.0029+0.0072 0.00000052 0.0306 p<0.01
MeOH 14 0.1357(54.7335) 3.5945+6.8085 0.0010 24.4264
"N : Number of samples “GM : Geometric Mean

" GSD : Geometric Standard Deviation *S.D. : Standard Deviation
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Table 5. The concentration of environmental hazards contaminants in core process
(Unit : mg/m’, ppm)

*

Classification N GM**(GSDJr ) MeantS.D.} Min Max p-value
Quartz(mg/'m’) 6 0.0056(2.6642) 0.0085+0.0082 0.0022 0.0209
HCHO 10 0.0002(449.3662) 0.0475+0.0728 0.00000052 0.1596
MeOH 6 0.0010(1) 0.0010+0 0.0010 0.0010 01
Phenol 10 0.0004(48.8948) 0.1665+0.5103 0.000042 1.6185

“GM : Geometric Mean
*S.D. : Standard Deviation

N : Number of samples
" GSD : Geometric Standard Deviation

Table 6. The concentration of environmental hazards contaminants in shakeout and finishing process
(Unit : mg/m’, ppm)

Classification N' GMM(GSDf ) MeantS.D.} Min Max p-value
Quartz(mg/ m’) 19 0.0052(2.5888) 0.0078+0.0079 0.0006 0.0297
Iron oxide 67 0.5434(4.5857) 1.1698+1.4110 0.0019 6.7270 p<0.01
Manganese 8 0.0019(3.0365) 0.0030+0.0025 0.0005 0.0060

"N : Number of samples
" GSD : Geometric Standard Deviation

“GM : Geometric Mean
¥S.D. : Standard Deviation

323, SABHY| RallUAE & 55

Table 5oA= 5 }-J—Pﬂoﬂ/q 212 W wRlElT Qe
S3leApE 715 =g SISkt gl 7|
PR S 30IEH Ayl AAY Sl eET|E
0.05 mg/m’) 0.0056 mg/m’, EELHS|=(==7]E 0.5
ppm) 0.0002 ppm, HEFE(=E7 ]| 200 ppm) 0.0010
ppm, HE(=Z7|32 5 ppm) 0.0004 ppmOE ure}u
o}k Aol 7t el PR 2T 2
%6P1%%%ﬂa&%ﬂbﬁkéﬁséﬁﬁ~wﬂ%&

(Crystalline quartz, Silica)®] &4 VEREOH, 11 2}o]
of] thet A FodS gl Al o= YERsit,
3.2.4, OFF2| 20| REHIXME = s

Table 6ol vFRelE Ao 313 AlslaL 2]
= GalRIAN FJogE SIS SRSk aliAp
7|6FEet FeE 2RIt Au), A4S felA (=]
20.05 mg/m) 0.0052 g/, ABFHEAT} (1275
5 mg/m’) 0.5434 ng'm’, W H ==71E 1 ng/m’) 0.0019
ngr o2 SIFIC). vl Aol 7 faiEa ol

Wl Scale 189 cts Cursor: 0.000 ke

Fig. 3. A shape of dust sample by SEM/EDS in shakeout process.



FEARYY W 3715 Sk frafelat e 7} 705

AR B 7S 28610 et weghe vt A
AR & Tt A UEeH, o= A1
22 Fogt 2jol 5 LERRITK(p<0.01).

QhH, o] Atolxt=EARsAollx] 2 A=) B/
= BRI ffsto] Nt} fAVdE-S wefslal, Z)
2] BT ShRlae] WSS EkjIsk] fiste]
SEM(MIRA [ILMH CS02, TESCAN, Czech Republic)
/EDS(Analyzer model 550i, TESCAN, USA)E o]&
Sjo] SR U0} PARAE Salisicick Bl
& 4ot 23} Fig. 30Hek o] F(Silica, Si)7} 7}
7 = vl e, 718k H(Iron, Fe) g} U5l
(Al) “gZo] FRI=IRIT, Fig. 4oflx= mhrelsgolA
SR A= i AwS ERIgt Aat, H(Fe) Aol
2 RS ARSRL Q= 2k ERIE ek A
ool A[ZHe] GMdEAl gf4ax(Silica), UFHkE
(Al), H(Fe) 502 o|Fo|A Q3= 2RIsIgiom, uf
FEEA(GR)ON= 85 B3t o] w9 AR L=l
719] JRZ A= AT

FEod A TEAE U FEle] =uS
L HEH =g E 5 Qltk o] Aol T
APE dHe = Refelehad ea S 9 a7 <18l
Wt 71z2ARE AR A, FEEA0IA HiE2ol
e 37l vl SAM SR FofsiAl = HEldTh
(p<0.05). 53] F==57g9] 747 FE42 A dA=
M FEAE ARdEdT A Bl w2 o] A
oA vESsto] Theket FeEfe] 7 |eletaS EAstal 9l

T T T
1 2 3 4 5 B
Full Scole 188 cts Cursor; 0.000 it

Fig. 4. A shape of dust sample by SEM/EDS in finishing(G/R) process.

ek ESL ARSd AAE feliiK Crystalline
quartz, Silica), 3Z5UH|5|=(HCHO), Hek;, s
71e} frofeletEdel e 54 9 A S ikt
23}, T AP ZEARS =EEE felekskE
2 9l 7]E} 2 AER0] rT} tha & o 3R
=ik E8] AuBlR 2 S SRR 5
718%0] wob elAl 371 S0 FdE, Sdof weh
dolut B 2 Fafol LEu, B s
oM A7 =E Al A7 Aol 4] St
22 QA A7sE Yol Ao® Bk Qlal,
2AF felatite] e XS s, Hlo) ARsk
7= 2L g 52 8 & 4= th(Park et al., 2006;
Park et al., 2005; Perrault et al., 1992; Phee et al.,
1997). webA % o]2gt thelst Fej o fafetehaz
9 Z1E g0 ek AbIEE W 7 B
= ARFsl] flete] sy 1P e] Zi T 3| Bl
Ao e 254 0 2 Z7fsl7] ffsto] vkt e
378714 2Qlo] o] Fojafok g Aoct.

T3l o] A Rt A} T oA migkEo
skl the 370l vlsl A yEhten, sAE S
2 foJ3t AJol5 UeERlth(p<0.05). ol= F2 2Hde]
Tu5782 A HARA FEAE H2H =2 2t
AL 52 o] aL2of|A] wkgsto] Tt el £7]
slekEo] A E o] veht Anke ek, Kim(2003)
Aol = Bl ke ste GA| 2o SER <l
U7l 71 = A Vel Harskar Qlek

TSN =EEe ZEYUISI=(HCHO)Y] -5
= 0.0002 ppmo &2 e} 18 -FH 2%
0.5 ppm} Hw6}of W2 0 = Lelhton, sl =
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310.0005 ppm O & w=-&7|Z Sppm} B w513 uj] Af
T3] Fe 207 HEEJUTHMOoEL, 2012). F3L

Zhang et al.(2010) G704 5 ARIAollA] 1.20]]
ot 2| ez Uehd (25UH|5| =(HCHO) 5=
0.60 mg/m'2} Fkz 1.73 mg/mrell BIshA e o W2 4=
Z0|2ItHZhang et al., 2010; MoEL, 2012). 7123}

T U AP ISIE JEF] UREYL O B

£719 A5} 120] S0l AL §8siu(Son
etal., 1995) HE, e L 7hA ool olujol H7|=

TE, 78, A78A Aol 52 Qg REE 2k Ao
2 Ruskl °1E](Harley and Cass,1995; WHO,2002).

S BT BEASAR e el Jdai

29 $7|sHE ARl g Hrka sjrieh pee
2 A $lste] S PgRIe] o] aEick
=5 ujaixe] wae A 0w Aksl] Sfslel

>

2 ];fafqﬂ' de Bk Bl Fopgule] A7t 85
o, Thet B S7IA 2Hde] ofFoiAor & Zlo]
= Eﬁ} TEAE =EEe sekEde] Al
gt W8-S AlESls S X&0] A as Ao
= vt
hH, AAY G274 739 Phee et al.(1997) oI+
oM & siAlet E’P—rﬂ SN T3 1 B 4G
l"‘57} B TElE ERIEeH, ofet F
AT = FX]—LX*J—} nREEEgollA 2% F
EFH_H S oE 2 Blel v w2 o R
UeRdT E=3h vhrelede @ Al 5 718t Ay
goz Tal| g ) A2 24 Al B o] 2
= WY, 53] nhie] g7go] HiF Avikdeld
)0}l gleme rig FAm wlstalo] Wk WAt
#9jag )7} ol 2ojor 3 Zolck
ojet el vl s gelxe] ekl Aol 84
Fol PAyab] Epov] SE/EDS 4780} Lol 4=
T PAMFEAo] ERlEgler, 53] o= 1=kIY
ARbgollA a1do] ML le= S =
She Al3olB R, Fef4 QIxlel iasto] Al ol o
3 wels Wask Ao WekEr), et Bl vy
2 A2 04 ol S v A g e 2k
’2545]01‘# shH, eEEe SRk fd/del diRt
S& ARSdhs 5 A2 HePE ad Jlor
el

=N
©
o

©

o] oIl Ao R & ARJA oA tiokslA wt
A= 47 13RHE 5 sl 3fiol x]._ =X 0 23]
3} A3} AR 220] Agto 7 =B ARIAF HAe] &
7|3HEe] =S gFs]oll= 1:} st gl 1
b 25 AR ol slskeirle] kE S
ANgEeRA diik TRAES] AR EE 9fet 7]
ZARE E8E 4= S A0 A

s Ea)z W ARk Sa|olxe} §) ke
A= 22 A A AFle] urjo] &R 07 ZTlele =
Hlojmz A7 Aghe] ok $J5h thakst Fejel
TR A Eofof & Aol

5 48

o] Aol E FEE7Y TEARSS] TAHEE B A}
2 AW Sl el dEE =B L QiR =
ARE $385190) o] A= 20136 4HojA] 11€ °J77]—7<]
T om, e Ao AR FEAE 455
MAsI, TAE QEZ LEAlee) EAL -’4‘11]# o3|
o, ool e e s e A 2

BAlPge] A TAME FHsle] vEhe]
8 LA 2 Sl D SR Casting
process)OJA] 4.5097 ppm, Z&-37(Molding process)
of|4] 0.1357 ppm, ZAF5-7(Core process)of4] 0.0010
ppm O = BRI o, 2370l A FLrt A Lt
HEHp<005). ol BAZ0 91 Aol ek
ok o, EART] B Thelel 24
274K Crystalline quartz, Silica)?] F=& 4%t 7§
¥, 718F8et e FEE7g0lA 0.0018 mg'm', £
0] 4 0.0047 mg/mr', SAFSZNA 0.0056 mg/mt', TF

Fa] 54 (Shakeout & finishing process)of|4] 0.0052

mg/ ' O& LERSiT

2. oA g D IAYEIAL Sl iR 7]
S B = BRISH Av), AAY G244 Crystalline
quartz, Silica) 0.0018 mg/m’, EZES5Y 5| =(HCHO)
0.00001 ppm, HERS4.5097 ppm O 2 SRR\ %|QIc} Z}
TP k7S 2-85l0] Bt Feghe Blugh
23}, wehEo] Tt A UeRdth ol AR R
FrPRE AlolE RS (p<0.05), F237dolA 5=
AR 2 B SRkl =8 o] arRojlA
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HhSSk= TPgoll A thelst e ol fofietehad 9 S
d 718RHEe] s A oR ket E1l £
5789 FolIAPE =5 eIt A}, AAE et
AlCrystalline quartz, Silica)®] 7|sPEw HTe=
0.0047 mg/m’, 25 =(HCHO) 0.00001 ppm, 1|
Bk 0.1357 ppm O 2 IRIE|Q] o, Hek2o] srr}
=7 HeRdth o= TAR SR FofRt olE YR
Atkp<0.01).

3. 34399 falRIAE SES BR1g Ak 27
& A Crystalline quartz, Silica)2] 7|5} &
F0.0056 mg/m, EEEE|S(HCHO) 0.0002 ppm,
ek 0.0010 ppm, = 0.0004 ppm O & Q1] 911:}
7} QjolAP 27|28 Aol Bt HEgke
5t A}, A4Y S-2]7FA K Crystalline quartz, Slhca)O]
o] Ut mhealE ol SRl 9l fralelnt
o] 7elEwt =5 =RIg Ay, AdE et
(Crystalline quartz, Silica) 0.0052 mg/m’, ARSFEEZ
3} 5 0.5434 mg/my’, 71+ 0.0019 mg/m' S BRI},
7} Qajjo1p i§7]z o A Q3lo] B EEgkS vl
S A}, AR & s A UETE ole 5
AR o2 {23t Aol S LR IEH(p<0.01).
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H
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AR 2
B A 2012W% AR(w-83l8lr 145 0] Zjglo.
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