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— Abstract —

The Recommendation of Sampling Method for Airborne MWF in Workplace
- Correction for MWF Lost on PVC Filter -

Dong-Wook Park, Shin-Bum Kim#*, and Chull-Im Shin*
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Health, 169 Dongsung-Dong, Chongro-Ku, Seoul, Korea 110-791

Seoul National University, Department of Public Health,
28 Yunkeun-Dong, Chongro-Ku, Seoul, Korea 110-799*

The objective of this study was to determine if MWF(metalworking fluids) mass sampled on PVC
filter lose during flowing airstream and desiccating and to present direction to correct the underesti-
mated MWF mass. Flowing airstream caused MWF sampled on PVC filter to be breakthrough and
lost. Loss of MWF on PVC filter increased in proportion to time of flowing airstream. Meanwhile,
loss of MWF was observed during desiccating without flowing airstream. Vapor pressure of MWF is
so low that it would not normally be thought to evaporate. However, MWF mist sampled on PVC fil-
ter has so great a surface area that loss by flowing airstream and evaporation can be appreciable. Loss
between fresh and used MWF was also different. Those study results mean that NIOSH method(#0500
method) to take airborne MWF mist with PVC filter is not valid. Media to sample airborne MWF
accurately still have not been introduced. It seems to be needed to estimate how much MWF on PVC
filter may be lost during sampling. Regression model between sampling time including 1 day desiccat-
ing and total loss of MWF was “Total loss(%)=18.4%+0.06 sampling time(p=0.000, r2=49.6%)". This
model help correct MWF lost when one measures airborne MWF using NIOSH # 0500 method

Key Words : MWF, Breakthrough, NIOSH #0500 method, Flowing airstream.
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I. M B

22271 MWF(Metal Working Fluids,
MWE)d =254 Jvelfd + e d2443e 33
© 547 3EFAZE a8ln Ards e
g2{A UcH(Tolbert et al, 1992: Eisen et al,
1994; Park et al, 1988: Ameille et al, 1995:
AAMA, 1996). Tl ¥ dEFAlE MWF =
2ol A, A%, 7 22 AR ¢ dod +
otz FF43kn JAHNIOSH, 1996). MWF9
Fral Aol HlFolE w AYBANAM F7] F MWF
o dg =2H=E FE3] HYrista old wel
A3 die FYste Ao FARY Fastt 1
21} #a NIOSH(National Institute for Occu-
pational Safety and Health, NIOSH)Yt OS-
HA(Occupational Safety and Health Admi-
nistration, OSHA)IA AA)3ta e MWF
g3 FUdE 2L EAES SR Qo &,
PVC(polyvinyl chloride)*} MCE(mixed cellu-
lose ester membrane)dEd] AHE MWFujA
Ex 37199 A£AEJA HEHFoz 3 (break-
through)so] &4d¥de Aotk (McAneny et
al, 1995: ¥d4d 5, 1998: 952 %, 1999).
McAneny %(1995)& dudx MWFE 37
o2 FAAA PVCHHE nAEE A oL
FT7IE N BHAA o &4E JURE A, A
238 MWF(used)dlX+ 12 %, AHR8kA] @& A
2(fresh) 35 %2 Bndtgct. o] d7& W A
o2 dgd AAY MWE7E 48 & sge
7Hd& AAIRE dFoltt. ey @A 171A9
MWF#s tid e 371838 @A 4oz &
AT A LE &4do] FUIEH o Aoz 4
B3 Hoz QE HAl F7 F MWFE AHAS
o 2 &d8 By slede 848 £ g
o] ¥ Leith 5(1996)2 #Welx MWFE 3713
o2 EAMZ ¥ PVC, MCE, ESP(electro
statistic precipitator)2 2z qF3ln o £49
&< vwsHch. 7 AA 49 ulA (media)e
ESPetn 3tx 37153 MWFE A3 3ied o4
g At 2y ESPE olF d43lEHxA
X3t la A83tdr} st JA] &4o] doj

W] W&ol ¥7] F MWFE si3sten 8837
de dAAL 7IA 2 3ok

a8 5(1999)2 PVCHEH u|$=44 MWF
€ "olzgln YA F7E B9 AAE 23 A3
W2 &4d9 go] daa AP M E &4 o
ofd F Utke AMIE 1P Y ol
d7Ade FEY] MWFE doj=g7] ofj&o) 7
d4e] F7l Fol HAEHE MWFHH E WA
o] HA #r} YA A HE] AHAEY MWF
FHe VZ2EZAN BHA A AT, ©x
MWF¢] Bz ug n2igichd 870 e
o AHE MWFe &4 Eo =zjgtn 4ze
Ut

AFAA] F7] o MWFE 383 A4E &
Ae WAle AEEHA g3 3 F2Hrtd gk
H (correction factor)AAE gle Adejoltl. o
g o]fZ F7] F MWFe dg 23 a4y
7} Ha 9ok a2l F7] Fol MWEFE 3 &3
AL + U= WA E Nd3taz 75 4AEY
ot 124leA FElE o] &3l MWFE A3sle
dl o718 & e EAFEE 23T v A (ES
%, 1999). o} ATHNE vigoz B dFqME
H48-4 MWEFE oA 37| Fog EAINA
MWFEH 3 A8A35982 MWFe &44
&g Hrlsidoh Bod pAHQ AFEHL O3
2o},

AR, F71EHAN £ AFAFE2 w584
MWFe] &473%3 1 %& Hrigid

EA, ¥484 MWF 7398 48 42 1y
mia= 3

AR, F71F9 ¥F84d MWFE 238 o &
A FE BA e 2dE A g

£ d7d3e 3] F9 e84 MWEFE A3
g o 715elE AR w225 E FHseE B
ZA8Z ol 88 F Us Aoz Hudd.

[. d7xje 3 e
1. Mz

AeAae 5% (19992 AFolr A&
A& Jdz oAt H¢Ed MWFE ¢
vetll A Alzd 2% F(AFY CINDOL 3401VN
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I CUTMAX 570L)2A A& A(used)d} A4
3R @& A(fresh)oz 2zt pE3H o] &3]
ot o] F7HA] AMFES AT o]f+= 3401VNe] A
4 mineral oile] 90 %, 570L< < 50 %9
mineral oilel 40 %9] chlorinated paraffine]
Rl o] ARAY Holrt & W FV|sex
zpol7} A=A E 7] HA¥elch AF, & &
AN AN FE7HFRH7 BE e S W A
g 24 fEgel AHINAT, AHEE Fele B

e 500 mm >

- D nebulizer

500 mm

il BastAct
2. 37| & MWF o|2E 4 3 =i

371 ¥ MWFRIZEE 3437] H3ld 29 1
I Ze Pv(chamber)E& AZ3IHTE Blo]H |
AE ¥FEAH MWFE 3719%71(20 psig 43)
€ o83 AuitelA FriF oz AL A
Bk w2E7} XIEHIE JYe FgE7E
nx, MWF w288 PVCEH (A7 37 m, 79

A7l 5 m, SKCAZF)=E o 523 A3
sttt

Zel7b AEE JMHEE Ay <o) 4
etn 322 v 3re] W (model :
Gillian) ¢} JZ3ct. Hxol 7|43
REFL 2 1 /R(£5 %)o2 syeH A
A Fo 47 vFAFEZ 2Y s
Rt

3. PVCEEo| Ha v|5+=84 MWF
9| &4 "ot

] A MWF

compressor

PVCHE Y A" MWFe) &40 o
@ Wrlgde a9 29 2ok oY B
e /1% MWFE 234 98 2

sampler
Fig. 1. MWF Loading Apparatus.
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Fig. 2. Experimental Procedure

desiccate PVC filters for 24 hrs

s 7% (NIOSH # 0500 method) 3

to weigh the mass of PVC filter itself

to disperse MWF into air and to load it to PVC filter with pump.

to weigh the mass of PVC filter and calculate net MWF weight

in a clean-chamber, to quantitate MWF losses caused by flowing air-stream for 10, 30, 60,

to calculate the net MWF loss caused by air-stream

to see loss caused by desiccating and calculate total MWF loss
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FYse, Ao (V1T R d2AR) A
£49 PR Az oA ey ¢
AER Tl A% 2dE BAs] Hs Als 3
2 Ne] FAEE EHAA 1At

1) Mol PVCEE{o| 43 El(loaded) TS
A MWFY

19 %<t A=x" PVCEESY FAE micro bal-
ance(ANALYTICAL Plus, accuracy : 10° g)
2 A g FHE FHABATG. oS AW F
Ztell AX3tm HIEE o] &3l ¥l Fo MWFH]
2EE AFAHaE 1 F=2). AF Foles HZ
g n3 JHEE % oS 2uk2 "EY T4
£ At} o] TAS AZ2E e FH 9] xolE W
Bl A8 FAZ At

2) 37|E0}ol| ol £AE 8T8 MWFZ(A)

MWE7F A3 9 HelE oA FHES A3t &
Hxd AAdsld clean bench(DVB 912, Daeil
engineering, ¥A4€3 14d% HEPAYE #3a})
oA A]ZH10 ¥, 30 ¥, 60 ¥, 120 &, 240 ¥)
dz Yxg 7ME3ld g 59 F 2us
gejo] BAE At o] FAE PVCHH A3
MWF oA w3dE Frigae o8 &49
MWEF(A)o] €tk

3) 37180 ¥ =AM £4E B|FEY
MWF2(B)

AIRME(10 &, 30 €, 60 ¥, 120 ¥, 240 ¥)=
F71EF 93 &4¥ MWF(A)E 73 ¥HE
19 $< Ad27)4M Ax3goh. Az F gHY
FAS 371%% F EFAQYNN FF et
9] Aozt AzFAFAA &4dd F(B)olH.
NIOSHS| #0500 oA g HoF71AH
500 ! & 7122 43U HNIOSH, 1994).

4) MHnY St A & 1584 MWFZHO)

F718 AMFHske T £48 F MWFS(C)2
F71ET 3 SdE FA)T M F 19 TU
AzHgAN £4° FHB)S FF Aot

Table 1. MWF Mass Loading on PVC Filter by Insolu-

ble MWF Type
MWF type Sample no. Loading range(mg)
3401 fresh 15 1.23-2.56
3401 used 15 1.15-2.26
570L fresh 15 1.03-3.13
570L used 15 0.5 -1.08
Total 60 0.5 -3.13

I. &3 % 33
1. Awelx el AHA ¥4 MWFS

AelA PVCHEZ AT v|484 MWFEH
H MWESS ¥ 13 o). AudA 338 MWE
%o W+ 0.5 - 3.13 mgo|Uet. ¥]4=8-4 MWF
Z7Y2 vind BH 570L used’t 0.5 - 1.08 mg
o2A & FTH v g2 o] AHHAUY. F
7] Fol MWE7F S871&(5 me/m?) FESE EA
gttt & o} NIOSHAAM dFstn de F714
e 20 194 500 ¢ o|H(NIOSH, 1994). °1¥]
T BF7AHES 71FeE o Al2F PVCHEEA
AHE MWFEE A 0.1 meolld 2.5 mgo]
"oh, z3)m MWF(oil mist)& &3 sk A gwd
#50002) =4 (working range)+ 1 - 20 mg/m®
24 100 [ & AR 71EeIA. °] FIIAHAF
< 71Eo2 AR e AFE doz F§iEd
0.1 mg - 2 mge] FTHNIOSH, 1994).

2 d7ox dEel AHE MWEFSe H9(0.5
- 3.13 m)c 387 FoNA 480 19 VB A
b S o 0.2voA 1.3v) A= A}, weA
NIOSHeIA Axng %0.1 m¢g - 2.5 mg)9) HAS
3A R tA g FFoltt. McAneny 5(1996)
o] Ao oJ3td " AHE MWF £
MWF%2 fo3tA] 9% XA ge Aoz B
2 Ak, kA &AM vFE4 MWFEF
d2 PVCHE AFHE Fo] A2 gt 3pel7} 9l
ou MWFe &4& grieted 938 nXx g4
< Aoz wadrh AndA MWFEF< Alzhd
g 723 AYdM vxF o] elof AFHH=E
Foytgich
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Table 2. Comparison of Average Loss(%) during Sampling by Straight MWF Type and Flowing Airstream

Flowing 3401 fresh 3401 used 570L fresh 570L used
stream(min) A B C A B C A B C A B c
10 9.2 3.2 12.4 139 39 17.8 144 74 218 7.6 8.1 15.7
30 212 3.7 249 157 24 18.1 199 57 256 1.2 27 139
60 234 32 266 178 35 213 203 58  26.1 126 45 17.1
120 26.8 1.3 28.1 239 2.1 26.0 273 5.1 32.4 239 20 259
240 297 0.7 304 24.1 36 277 339 36 375 260 49 309
Notice

- A : average loss caused by airstream during sampling

- B : average loss caused by | day desiccating after sampling
- C : total loss caused by flowing airstream and desiccating

2. NEHHSYLY S48 o

¥ 2 BN MWFEFEE A3
Zekol £4"Y MWFSE vlad Aold. F7en
AHe- 10 ¥, 30 &, 60 &, 120 ¥, 240 ¥
TR, AlEAHARLEE AueA ded AHH
? MWFE ddez 53t 3718 3012 o
2 (flowing airstream)¥ 2374 (desiccating)
oz PRI

olgA TEE 27K #FL AA HGPAAA
7% MWFE AFske B30 43t &, 3
7] 3o MWFE AF3tm &gk o2 19 2=
F TAE AA AzE geiete FAACIE AHE
MWF(2e 2 ke Aol F<08 Wgelnt

HEL =(1999)2 HEl) 94 ¥ Yo=Y F
AN AFF F BN 2F S4o] dojdr}
3 3o clEF FAo] TAE £ dFdM=
ANaAHREE V8 PR FEIY £49 ¢S
¥ 23 Aoltk. McAneny 5(1996)%9 979} gt
% 5(1999)9] A6l <3td HEH AFHE
MWFE MWEFZ&9 AL8-S5Ao wet £4€
oFo] Mg Hol7} drln FAEG. PVCHE
AHE MWE g £4733-8 F71FHAZL, Al
gAY a8a MWF2 $§ L AMHSAC o
2} Bt

1) 37183AiZHd Bl

g 38 IR} MWFSRE=2 &4
4 vag Aotk 4FF MWFIM 371%
HAlzte] A4E S&dEE = FVHle Aoz v

sttt PVCHEE A AHE MWF 10¥ < 3
718 BN F F £4%2 570L freshrt 21.8
%z 714 =%z 570L used?t 15.7 %. 3401
used7} 17.8 %, 28]l3 3401 fresh7l 12 %9]
£og2 Yehgtt, FE4e 37 FH3EE AlRle]
Aod & F7ksld 240 BEollAE 570L fresh7t
37.5 %= 7V& &3 570L used’t 30.9 %,
3401 fresh7} 30.4 %, 218]3 3401 used”t 27.7
%ATHE 2&2). 5% F(1999)°] TLF
MWFE& dtiid2o2 MWFE ¥Ee] doj=gln 7
ZNNERAZER F S4%E HoR 27 3401
fresh, 3401 used, 570L fresh, 570L used &2
2 3A Jveh} B d3FE3HET0L fresh ) 3401
fresh > 570L used ) 3401used)$} & &473%
£ Bgch olAL "eo] F3H(AFH)E MWFY
EAo] Mg tzr] fieg gddr 9wE2 §
(1999)2 HEo] FA|Z2 MWFE "oi=3l7] o
2o EWAo] Fe Jedn & A7e YHH A
Hd MWF3H7L nj2E2M FdH0] g & 4
7] o &Zojct.

w2ty 7] Foz FAtd MWEZF Sd8e §
AL 37 Foz HAENMEHE MWFY - (Y
A271)7F F88A 9%E uXe Aoz Bdd
th. &, oA Fido] o8lg Aol st
F71F0) EHAHC] & nAER YAHT A ¢
o] & <4 tHRaynor et al, 1996). wekx TH
o MY vFEAd MWEZ £45E E4L2
MWFe] FHEcde & S4(4AZ7] 5ol 4
gg niAe Aoz B 5 g}

— 190 —
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flowing airstream time (min)

2) *F Ay djw

a3 4 AEAFPEE &4d9 MWFY 3%
£ vad Aol Hed HfFHE v5F8A4 MWF
7} 3217 B3ke #3 e EEolm dARTGFHA
T &4o] dold AL B} AA &4 F
A vl-84d MWEZE &4o] go] dojve 3
3717 B8t AIZERMOIUTHE 29) ARR).
°o]AL EHHe| § v|AEAE A HEd AHE
MWF| 3717} A& FasnsA dajso] &4
o] ot Aeolgtn AztE 4 gk, "Weld AHE
MWEF7t 3717} S3tgd ue &4dof e %
& 2 2 dFA ojn &Y v JH(Me-
Aneny et al, 1996: Leith et al, 1996: ¥W3d¥
5, 1997: 9t%L 5. 1999). 538 Kenyon(1993)
2 3717 HEYE 234 A drog gHE
B33t Atd o Fge 93 $&4de] o] Ade
g 45T vk Ut

=g & dFdMe A AHE v F44
MWF7l 37171 A& 354 ghe A4
T &4o] dojve AL ERIBIIHE 29 BR
Z). Az A dojd £49 HHE 3401
fresh7} 0.7 % - 3.7 %. 3401 used’} 2.1 % -
3.9 %, 570L fresh’} 3.6 % - 7.4 % €1
570 L used7} 2.0 % - 8.1 %24 F715H<] 9
g &Rt A B Fo 1A B e 3de A
< FP1EHAITN0] AEFE FHo 7 S4o]
738g HArtl= Aoltl 570L used’t 108 F7]
23 F AdzAHoN &4 e &Y F 51.6
%2A B 9F &4Eg EUTHE 29 B

Fig. 3. Variation of Total Loss
by Flowing Airstream
Time and MWF Type.

—&— 3401 fresh
—8— 3401 used P
—t— 570L fresh
—%—570L used §

180 210 240

Ax). AL /TR AEFE FHA F
Tol HE o] ob delgle] AxFHF A &4
S3, 37183zl AAAAE ALHA FNEH
2 3 Sl ¢ R EEolx oL HEE
AH A7t HAY S4o] AL BHE WFe] H
of AzAH A &4H7) ez dddnt,
Zeld A" MWFE 37171 8334 ¥+ &
R ol dazIPPoA Fdsle &dE Aolgte
FEL oA AZIE Aol ok ukahd ul
44 MWFE 42dA $go] ojzi¢ 232 49
A 7] WEelth. WES F(1999)2 Hejd] u$
44 MWFE Zol=d F Az AN Fusd
SdddE AME 8d3tn v2EZ FEd A3
¥ HF8d MWEFE dzapgdA &4do] dojd
7Fedel ke ZME AAERT. & d7dn
eld AFHE vieed MWEF7E dzagda &
B Sdol AU, olR2R Hol M
o] doid 7hede] S Ao AddEn.

3) HI=B4 MWFS] ARSSAY £4F Ao bl

a8 55 MWFE FAA AHEs SA(3%)d
w2t SHE MWFS] Z4& ¥ad Aol ojxe
MWF tigt ARg713tel (A R7]) &4dd Ja-S vl
A 4 dtde 7Mo% Aol (McAneny et al.
1996. W55 5, 1999). 2379 vl+=84 MWF
2roAl FReA AL83 Ho] gle MWF(fresh)
7F AHS-3 Ao] gl MWF (used) 2o} £40] o] &
& Aoz Yehgrl. freshe] £44e W= 570L
o] 21.8 % - 37.5 %, 3401°] 12.0 % - 30.4 %Z
A used(570L : 15.7 % - 30.9 %, 3401 : 17.8
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total loss

Fig. 4. Comparison of total loss(%)
caused by flowing airstream

(%)
40

and desiccating during sam-

35

pling.

0

25

Flowing airstream time (min)

total loss (%)

(1. 3401 used, 2. 3401 fresh, 3. S70L
used, 4. S70L fresh ; i average loss
caused by airstream during sampling,
M average loss caused by 1 day des-
iccating after sampling )

7} 30.9 %24 McAneny 5(1996)<]

a7A 12 %ET WA k. ol
© & AA FAAA AL A T Fol
% Bl Roz WAL, oY A7A
- HE B o QRN 2% MWFe)
30 — = FEE MWFY AH7ItE 998 ma
o5 - Hoz WUEd = MWFE g A
SeuE 2usE AL Bolln FAo|
2 AYsIWA Zwo] ol JEEL 27
15 = o) MAEZ ZAY Roz WeED.
10 L — ot MWE7E #38E 28
R MWFT~E 25 ohjad MWFIA =

5 TE YRS W o Bk
used  fresh used fresh 3. 87| & MWFDIAE ZBFA| 5%

570L 3401 HH
MWFs type

Fig. 5. Comparison of total MWF loss(%) Between Used and Fresh

MWF

% - 27.7 %)yt ESth. McAneny 5(1996)2
] MWFE v2E Fe2 dPAA 4 AT F
St I8 BRI Bt S4E FE e 2
3} AR 92 MWF(fresh)& PVCREZ A3
Fede 40 %, FEEHEEE 30 %At olHF
Ade ¥ A7d39(3401 fresh : 30.4 %, 570L
fresh : 37.5 %)t & ztel7t AUt FHAM At
4235 v} gle B8 MWE digh &8 v za)
B B A7+E 3401 used’t 27.7 %, 570L used

E 32 MWFARS BAJd wet F7)
AR E4E F9E Jehd A
olt}, 2%FF/(3401% 570L)Y) MWFE&
TFEA g3 92 AMLEAT FES AL AR
dixe] MWFS] AR8-43E meigl 3otk &,
AR ALgsle MWFe $2 233Ul o
3 FFE B AMgste Awrt g9 a8 2
2AEL o9 FF MWFr|2Ed BE¢xez
2dtdn & F Ut 283 MWFE AMedhs
BgelA FA Bad LS oo we FA=
H7kel7) Wie] =254 AH8-% A(used)H At
2317 e FH(fresh)ez s R AL
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Table 4. Correction Factor and Comparison of Average Total Loss(%) by MWF Type and Flowing Airstream

Flowing fresh MWF used MWF Total
stream(min) average range n average range n average range
10 6 169+6.2 7.8-23.8 6 16.7+2.8 12.2-20.1 12 168+4.6 7.8-23.8
30 6 25.3+1.7  22.7-274 6 16.0+3.2 13.6-20.1 12 206+5.4 14.0-27.4
60 6 264+19 23.8-29.6 6 192441 11.6-22.1 12 228448 11.6-29.6
120 6 30.3+3.5 27.4-365 6 259425 21.6-29.0 12 28.14+£3.7 21.6-322
240 6 339450 30.4-41.8 6 280+48 19.9-344 12 31.0+56 19.9-418

APt ZEAEL MWFY AHE7|zte) daglol
Ao xZ2Edy B § U weA I F
o] MWFE &£38 o A1 se MWFS] 89 A}
717t i BEF FEL oY EE 1379
MWF3HS A& A $olle 2 70 e &4%
Q3] Hr1g e Ut

g2l £ dFdMe vlFEAd MWFE A5
Aot Fioll wel FEYo] glo]l MA ARE F
Fated &49 MWE Fdol did 23S 243
ot B FEAL F71EHAIZN] 10 &Y o 16.8
% , 30 BolAe 20.6 %, 60 BolA= 22.8 %,
120 B di& 28.1 % 18]1 240 Y 9+ 31.0
%2 velsth "Eed AFHA vl84 MWFY
&4 F1EHAE viEEeg Folstac. 2
oMz AHAALE LPYFF HFE MWES
&£4de Ad Aoz JyAEg. 828 FF9 84
o e} F7] Fol YAHHE v2E FH(A=
7] B)e] A olE§ A Eo] &4 FFPHS
2 9% vd Aoz gadt 1 B¢ IAF
2 Q3" NIOSH # 05003 ozt &A%
MWF x=Z%%7} 89 387I&(5 m/m)E A
e TAXRRR o/ &5t FU3A NIOSH=
o] W wie} FHE MWFd thgt 22213
£ 7|E2o 2 Fo A LI (5 m/m)E 0.5 me
/g2 & A& AAINAHNIOSH, 1996). &
H NIOSH7t v|3elAd dxd 37 F MWFE:
£ vlugt AL BA 0.5 mg/mo| 37} 19803 9]
Aol 36.7 ¥R, 19803 1984 Ajool=
42.5 %, 19853d3} 19901 Alelol+ 64 % 18)aL
1960\ olFolle 73 %E N Aoz Jehgt
(NIOSH, 1996). ¥7] & MWF&x7l F3A4
9 A, MWFAAE 913 F8HQ AAde AM
9 8z A& HolXm Udtm Zz3Ach

(NIOSH, 1996). Z13iv} F83HA n ¥ AL
MWEFe Ad&diste] & &3] B iz o
0] glvke Helth. &, &3A 7 fagstd Aol
7] W2 A= MWFY tig S F5=E 93
0.5 mg/mrz} AjH oz Hlwald Holhtin FF
g s oz gadd. SudMe gt} g
5 5(1997)°] = AFR}3| Al MWEe gk
223 =3%%E NIOSH # 50008 ez =33
A7 849 MWF(1087] Al&8)<] 7|8t <] 0.35
mg/m* 183 W84 (14370 A&)2 0.40 mg/me
o2 BF 0.5 mg/ne Ugte 2 Uehgt}, o] AR
o] FEAQ Alde] wlFatn Aol wi71AA
o] AAHYA EAFo] UNFoI= EF3IL ©|H
d F71F MWFY 52 2ith oA #td
Re e ¥ MWEF7F 335307 d&Ee
BaE ¢ ot A v E Ay diRE
9] 2 P73 &3 7]®o] NIOSH # 05003} # 50261
He o83l Fr] Fo] MWFE 333tz Ut
o] Wyd] o EFHAAE AL F(5 /m)S 2
Hate A4 vi$ =8 Aoz fAddn. ggo)
ABAHAILE A4 AR ) B & Aol
© Hayrirt 6o AR Y4do. oL
MWFE #gsle AIdAA AAE Hol g2 d
T B3 TS 2H3A] ot AMe] Hx
%= 497t 44 F . wE MWFE 333
 ARFMM e 3 dBgle]l AL W
§o] Ut HA3] Qdsol g},

NIOSH= #0500 <3l &4¥ Z2xx=3
TE9 qgzAld 4§ 2AZ HE8VES 0.5 ng/
g A3t JJeHNIOSH, 1996). 23y & A
e 278 188 W BAHrlE 2EAREEE
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