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- Abstract —

Simultaneous Determination of Isocyanates by
High Performance Liquid Chromatography

Seon Joo Lee, Kwang Mook Lee, Young Man Roh*

Department of Occupational Hygiene, Graduate School of Occupational Health,
Catholic University, Seoul, Korea
Catholic Industrial Medical Center; Catholic University Medical College, Seoul, Korea

This study was designed to identify and quantitate airborne isocyanate simultaneously by
HPLC. These samples were collected using 1-(2-pyridylpiperazine(1-2PP) coated glass fiber
filter from polyurethane painting works at & wood furniture factories in Kimpo and Inchun.

The results obtained were as follows

I "The most suitable mobile phase condition of simultancously analyzing isocyanates was
(.01 M ammonium acetate buffer ACN(70/30) adjusted to pH 6.2 from the beginning of the
analysis to 20 min and 0.01 M ammonium acetate buffer/ACN(50/50) adjusted to pH 6.2 from
21 min to 40 min using the gradient mode. The peaks of isocyanates were able to obtain within
30 min.

2. The recovery efficiencies tor 2,6-TDI, 2,4-TDI, HDI and MDI urea derivates spiked at the
target concentration on coated glass fiber filters were 91.00, 93.42, 91.31 and 94.21 %, respec-
tively.

3. The qualitative analysis of the isocyanates samples from polyurethane spray painting works
in wood furnture factories identified three isocyanates, 2,6-TDI, 2,4-TDI and MDI. And their
concentration ranges were 0-312.6, 0-56.3 and 1)-62.1ug/me | respectively.

A disadvantage of using the colorimetric method for isocyanate analysis is its inability of sep-
arating isocyanates. This study identified such three isocyanates as 2,6-TDI, 2,4-TDI and MDI
from polyurethane spray painting works in wood furniture factories. These isocyanates were
successfully guantitated by HPLC by modifying the mobile phase condition and switching to
gradient mode.

Key Words : 2,4-TDI, 2,6-TDI, HDL MDI, HPLC, 1-2pp.
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I.M B

FFHBERE 24U o)aAloRc|EVE
ysln e HHEER e a9 fAE 2gE
Hle Zgo|tH(RE §, 1985). Ejgdere A|
Z3te e WS, ANE, 121y olaAlohdol
E7} ARREHAT O FollA WS o)A ool E
7} BAHeln whgAdol AN bt f83HA 29
o}t 58] &5 tjo]iA|ol|olE (toluene diiso-
cyanate, TDD & °|4aM<QA 2,4-TDIE 80%,
2,6-TDIE 20%9 ¥ &2 T4 F$de £
(flexible polyurethane foam)4&el 714 ol
AHgETh dlEd vasd tio]dAlopdlo| E (met-
hylene bisphenyl diisocyanate, MDD % #&]$
gt & Az 2ol HAMEH tio]dAjoh o)
E (1, 6-hexamethylene diisocyanate, HDI +
FHA, vzgd tjo]iAlohdle] E (Naphtalene
1, 5-diisocyanate, NDDi= H2tAlo] A€}, o]
£ olaAlohdlo| EFF EE|9-HE AMgelA el A}
|5 e olfe oE Edo Tz v
—N=C=071¢] wh-gAde] uf-¢ AA EojLee A=
Alell 8% 2371 (intermediate) G8-E &7 o
oIt (Oertel, 1985). E&-Falghe AFFAE, F
£, 25, Jd, 2dAE, JEH, Y =
8 F thide] ol8Ex ik o] F Efye
=8& 3440 Fx vy, WEFYE 7Rz
QoM nF A7 =440z Wi olgHn
Ak A bEdAY Eel e EFARidAe
29% =87t F2 AMEHD gl (A
o AHEAR, 1992) Y& A1FEY] Ao Eelel
2H2 $£2E FU88 § TRWolAL ok}
HolEE FURE ¥ 34 433 vigs £
gld AMgERHA 2R Hel4d, 1993).

ol&Aletlo]l Ex wl- £A3 xFAo] A B
ARA, 53] Z2)9u9 =33Rle eyt £74
{spray type)°©l7] ol o]idAjohi|o]E w|AEL
Aol ZFRH7| #$n, vz 77
Fe ZE e =ARAMCA dile FAYAe
2949 A4 Al 283 Y AR BopH
so23 w4, 1993) AU olrAlohilolE B
=9 A& A A, 1 dio] M) 87F

I UEE 4 5 sk

A7A] Bag oliAlopdlo]ES] 23 7 BA
W ele B4 (colorimetric analysis), 24
4% (infrared analysis), 7}~ ZZvlEay=
Y (gas chromatographic analysis), &% 3=z
ohE 22 3 (thin-layer chromatographic anal-
ysis), DEYNIZvtEIHZY (high perfor-
mance liquid chromatographic analysis)ol gl
o (Purnell® Walker, 1985), ol d4:3
Hlo] LR H (sequential tape monitor) & EAks
71 (diffusive sampler) & ©]-&% "hiEo] 9t}
(Rando %, 1987a; Rando %, 1989). ©] &= %
guztel A 7HY Bol AHgEH 3 e Ee vy
9] 349l Marcaligiolth, o] ¥ e JHAE A
$3he 44 TAHololA e BET ¥ ohm
Ao ollF Foll 9% e e P gt
< ¥ F ide 9HTY Azl oliAohilo|EE
THEER A9 & fdode 9¥3E IR Ao
{Goldberg %, 1981 ; Purneli® Walker, 1985).
nE APGRAATY (National Institute for
Occupational Safety and Health, NIOSH
1987) sl M= N-[(4-Nitrophenyl) methyl] propy-
lamine® glass woololl E¥A|Z] BEBE o] &4
E33e WHH 1-(2-methoxyphenyl) piper-
azine® ¥ BRAE FFYor e JuAE
&3 ¥33d HPLCZ #X3e= Whde Anstn
it} (NIOSH, 1987). wl= ARIEA (Occup-
ational Safety and Health Administration,
OSHA, 1980)¢lx+ ¢¥A s sl HPLCR
2,4-TDIst MDIE ¥eis) 3 + U= e dxn
8t AR E 1-(2-pyridyl) piperazine (°]8} 1-
2PP} Ffh o2 EXAIY] RAHR JFAXE AL
ol ¥ & HPLCE ol&sld 2A8n e
2,4-TDI, 2,6-TDI, HDIE Zz} 8a], A @
F e WYPE AAEa JeHOSHA, 1989a)
MDI+ d=x9 Wy & AAstn g9 (OSHA,
1989b). °] ielA o} REM3 BAR AR
¥ 1-2PPE 38+324 -NH 930 Aol 2Ag
7 & Aol (steric hindrence) &8 7IR3m sle
2R ojiAlohilo|Egl WA wdwee YoA
FHE FHOREAE UE & e AHE IR
3 % (Goldberg &, 1981).
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£ dfdae 71 PHEd ARHES 23
o Br} A PHY 1-2PPE =¥ /&
AR E AHR3l F7|F oldAloMIclEE AN
3 A&t ¥4 2,4-TDI, 2,6-TDI, HDI &
MDI %#ot f=XE& HPLCE o83l FAle|
gd F e PEE A, AdAZ B
39 FUe =FHY FAMolMe] F2F of
SAloHe|EE Bt Bzt s

[. ched ¢ S8

1. CHe

AE A AW AL 2 TE Gashe
g7 Bl Eo) e ERAYRAE o 3
Ak,

2, =Y

(1) HPLC olsatefalel =

ol F YA GLF opEHE #Z LY (amm-
onium acetate buffer solution)® olHEr}olE
4 (acetonitrile, ACN, Merck Chemical Co.,
U.S.A)E &8 248 A8t n, 713 AT
3 olEFAAE Y] Ast thedt o] dRE
olulElo]E H3&oU3 ACNIHS ZAH|go] the
ol F g E ATt

(2) &l5+=82H (recovery test)

Table 1. Condition of mobile phases

1-2PP2 =3d fedf AHAd BEFEA9]
ERGE vlojaz FAPIR dol=y dxAIR ¥
AN At £2L WYoz &3 HPLCE
EARA F 63 22X 34E& dolugict

(3 AlExHF

FEdHF d@AA) 0. 2mg/ml CH:CL9 1-
2PP(Aldrich Chemical Co., U.S.A.) €9 0.5
mE ZEAA JF dAFAolEY Wa Az F
three piece cassette holder®l support pad$t
A W3 ER0E 3TY S AN W3] 2@
ok Al8A3e 2E #HolX(open face) 2 ¥
xo F#E 1/ /mine23ld o 180-24083F 7
ol AEAHE st /M AlRAFHI} o3l g o
Me a2 NEHHE I oH, ARE ofe]anta

of ol &xrtatict,

@ Az

AF e AlBE cassette holder2%E LEE 7
ol ACNF vl M ZZAtol= (dimethyl sul-
foxide, DMSO, Sigma Chemical Co.,
U.S.A)E 90:109 H&E EFH HE 229
£ 2nl 7F8EEL OF FAAE WRE F Fo o
8t HPLC(Waters model 510, U.S.A.)&2 &
Aslt. BFEYS SUPELCOME(U.S.A)L
2 oliAjohdle| £ R EA (derivate) 9, 2,6-
bis (4- (2-pyridyl) -1-piperazinylcarbamyl)
toluene, 2,4-bis(4-(2-pyridyl)-1-piperazinyl-

No. Conc. of HPLC mode Ammonium acetate : ACN pH of mobile
buffer(M) buffer solution phase

] 0.01 isocratic 62.5:375 6.2
2 (1.01 isocratic 50.0: 50.0 6.2
3 .01 isocratic 70.0: 30.0 6.2
4 0.01 gradient A 70.0:30.0 6.2
B 50.0: 50.0 6.2
5 0.01 gradient A 75.0:25.0 6.2
B 50.0: 50.0 6.2
6 0.01 gradient A 70.0: 30.0 5.0
B 50.0: 50.0 5.0
7 0.01 gradient A 70.0 : 30.0 7.5
B 50.0 1 50.0 7.5
8 0.10 gradient A 70.0: 30.0 6.2
B 50.0: 50.0 6.2

A : First mobile phase
B : Second mobile phase
ACN : acetonitrile
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carbamyl) toluene, 1,6-bis(4-(2-pyridyl)-1-
piperazinylcar) bamyl hexane, 4,4 -bis{4-(2-
pyrdyl) -1-piperazinylcarbamyl) diphenylmet-
hane(l mg/ml) & AME3IHTE ©] W7} §4&
1:1:1:12 &3l 1wl E 10m t2Eelrz10)
Y3 ACN22 10m £37H] HYA4 BEE4E o
Q

2L,

E1 o|A& ACNLE FM&M ddtes 59 |
Y€ et # d¥dMde dd 3.9%150m
Nova-Pak Cus(dm) & AFHE-3M 3 H&7) (Waters,
U.S A)E A8 99 339 254mE AHEst9
1 flow ratex 0.8m/min®t}.

|

I & H

1. HPLC =AH

a8 12 o]EAAdA 19ME AHesn HPLC
modet isocratice® & we T E A
(retention time)® EA=E £ Aot} 2,6-
TDI, HDI, 2,4-TDI&} MDI®] 237 42
168t Uo7l fARE 2,6-TDI, HDI, 2,4-
TDI f=#7} U5 @] veiry Razr) $4 &
stth ¥ 2 ol¥Aedd 2WE A143dln HPLC
modet isocratice® & wfe] WEF Azl B
=g £ AU MDI #=AE AT 4o} A &
o] FelsA] Rt 1A o] FAAAE 70 :
3022 uiiold F B A3, g9 AEze| &
HEHAeY MDI =49 oE§F Algto] o &
Hol o] ARBEIY tofM= A& 4 Uit (2
4 3.

% 4& HPLC mode& isocraticollA gradi-
ent® vHFOlA Al AIHRE 2087 934
H ACNe| vl &e] 70:309) o|FAAANE ALE
gl 218-5E 3587AE 50 : 508 ARgsllen
pHe 6.2, €3899 ¥=& 0.01M adiz 3
ALl MDI o} f=Ae] mz37} 308t Y
ga W7A Y 2ol REA 2 BoE HE B
F Atk a9 55 19 49 22 2HoA AR
ALRSte ol FAYA Y] @F&da ACNS Hlgo]
75:25%1 Ao uipol R L we] RE Azt
I E2EE B AQd 29 1, 28 2, 29 3, 2
d 4zt 29 5¥olA YeRd ulelzto] ACNE] )

&0] 58 BHE % Yove AL B 4 gle
H ACNSE] ¥l &o] WUF AU Rajzl & <se
Ag& & F Ut w2 g3gge] v go] Folx
A 93 (peak) 7} ¥ (broad) base line®23 4
A HA slenm plRE Alzbo] golA AL B 4
Aok,

I8 62 oA g ALEEl piRE AR
I =g 8 Aot} wA9] 2] (.01Me] o
29 HiwdA @723 (sharp) HFE A
ozt wepRle AL Bion Relxde A o
g uX A gt}

B 2€ oiAtdAlel pHel wA vl L& A)7knt
BYEE & AUy 9329 Bgolu} Y% glo
Me A Aoyt g, WFE Ake pHAF =
obfe] wah ot RolR|= A¥e] Hyoy 2 A
ol& At

Table 2. Retention time of isocyanates urea derivates by
pH of mobile phase

pH 2,6-TD1 2,4-TDI HDI MDI
5.0 6.24 7.67 9.52 27.96
6.2 7.25 8.71 11.14 30.14
7.5 7.65 9.10 11.84 37.04

TDI : Toluene diisocyvanate
MDI : Methylene bispheny! diisocyanate
HDI : 1,6-Hexamethylene diisocyanate

4

.2

A

k

0 10 20 min
HPLC chromatogram of 0.01 M
ammonium acetate buffer/ ACN
(62.5/37.5) adjusted to pH 6.2 with
acetic acid by isocratic mode.
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0 10 20 min
Fig. 2. HPLC chromatogram of 0.01 M
ammonium acetate buffer/ACN
(50/50) adjusted to 6.2 with acetic
acid by isocratic mode.

2. §|/\C’ ax{

EE‘] el fr TR "ojm o]
Lglo} FeAie] EEEYL 2401 9]
}1—] P& of 3Ewxel 0.5, 14, 2w 5
FER o}od\:} ¥ 30jxle} To] BE EAo)
S e 52 H58¢ 2YEd Rk 59
F S %Wl v AL C.V.4e ok

3. =X JHrEde FelTHet EF HolAMel
Ol=Alotdio|EL| B

45 8 d7oA 4 7 AEe B e
o] g3t 87} HA}TEAS] Fel e 2o
EAARARA M o AAFE] nE} 3=g 23
g Ageld) Addele Axeo] AR ),
dAuped ARRA, 7]EF BN OF 7R FEEY
T 3 4eflA B oube} o] B de) tjito]l | B
A e FEHE 23RN AEE
o] AlotlolEES] FEHYAE 2,6-TDI7 0-
312. 6ug/mPH 3L 2,4-TDI?} 0-56.3 we/m* MDIZF
0-62.3 w/mrSATh W Aup} ARGRAMAME
2,6-TDIZF 0-18.0ug/mv, 2,4-TDIZ} 0-8. Zug/nv,
MDIZ} 0.64-11. 08ug/meH o F-Folu} Hajs} g
< 7MY sedds 2,6-TDY 0.047 we/
m, 2,4-TDle #H&=A 43t MDIx= 0-8. 62ue/
A o ATE Hol EA sipgge] ]9y
B 2A4AR oA AEE olhAloldolEE 2,6-TDI
o MDIZF AL RE AFoA HEHJR 2,4-TDI
© AUACR A AEHAYH A A EFoA
HDIe A3 HFE=HA ggich

V.

K
[

ol Alop[0]Ex whgAlo] wig & -N=C=0 7|
g 7In Bz ¥bgE3 (coreactant) §l 8]
(polyol) E& EZdaHz2 Z2]2 (polyester

[RIT]

ErE)

1

(any
({l:. b
—

RANTY]Y
31 .4

0 10 20

30 40 min

Fig. 3. HPLC chromatogram of 0.01 M ammonium acetate buffer/ ACN(70/30)
adjusted to pH 6.2 with acetic acid by isocratic mode,
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Fig. 4. HPLC chromatogram of 0.01 M ammonijum acetate buffer/ACN(70/30)
and 0.01 M ammonium acetate buffer/ACN(50/50) adjusted to pH 6.2
with acetic acid by gradient mode.
2
ij
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- |
: , : |
| |
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:<: - hd ll ’/ i \‘ -::‘-;*" .~
St /!\ ;’ 2 )Lj S
BT . | S
0 10 20 30 40 50 min

Fig. 5. HPLC chromatogram of 0.01 M ammonium acetate buffer/ACN(75/25)
and 0.01 M ammonium acetate buffer/ACN(50/50) adjusted to pH 6.2

with acetic acid by gradient mode.

polyol) ¥ w¥rg-3le] Za]¢agte] FHarst @t
(Oertel, 1985). Fal$dere A, AFag 3
HFE, WE WAAGdA, 7%, JTEA, e
+Hg =8, @A dH, EAOHA, T
¥ & Ao AA BEHsA AgHE Bl
(RPIFRAYS], 1992). ©]F Z9dd T8E

EF3gol Fol 2F BAY =803 da A}
S5 AHRFTARIH T A RAR 1992) .
olarleplo| Ex #87]F0] 0.005 ppme) &
22X (ACGIH, 1993)°] B39 79 nlaEd)] 7
FHor Z2d dde 4, 7E, TE, I 9
¥ A5, 3EFEF, FE UL 5o 27 9
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Fig. 6. HPLC chromatogram of 0.10 M ammonium acetate buffer/ ACN(70/30)
and 0.10 M ammonium acetate buffer/ACN(50/50) adjusted to pH 6.2
with acetic acid by gradient mode.

Table 3. Recovery efficiency(%) of isocyanate urea derivates spiked samples

Conc.{ug/m )N Mean SD C.V.
2,6-TDI 50 6 95.19 1.02 0.011
100 6 91.94 1.54 0.017
200 6 85.87 1.13 0.013
Total 18 91.00 3.86 0.042
2,4-TDI 50 6 98.12 1.34 0.014
100 6 94.79 1.39 0.015
200 6 87.34 1.47 0.017
Total 18 93.42 4.51 0.048
HDI 50 6 96.73 3.53 0.037
100 6 92.75 2.29 0.025
200 6 84.46 1.27 0.015
Total I8 91.31 5.11 0.056
MDI 50 6 98.86 .73 0.018
100 6 93.56 178 0.019
200 6 90.20 1.20 0.013
Total 18 94.21 3.56 0.038
Table 4. Concentration of isocyanates by worksites (unit : g /)
Group No. of 2,6-TDI 2,4-TDI MDI
samples
Mean Range Mean Range Mean Range
A 48 21.7 0-312.6 5.3 0-56.3 4.1 0-62.1
B 4 4.5 0-18.1 0.2 0-8.2 5.7 0.64-11.1
C 4 0.1 0-0.5 0.0 0 4.4 0-8.6

A : polyuretane spray painting parts
B : grinding parts
C : others
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3 AT A A, N1EAYE, AR Kdsh
dAgefe] olkAlohflo]lEe E2E wdle ¥FH
Hyo iy Fa3, HEAY SFHe] HAT
+ dx dF FAGdAAe HEARE e
(Woolrich, 1982 ; Bardana %, 1992).
FHH olhAloldlo]EL & 9 BA P o
ATEe]l A LREHIL Yed oliAoholE

slatd o2 BEAEe Wie rEe] He dde HP
2xj0] 748l FAYAE ¥Hsln Qe B3R, of
'ﬂ, ¢ 5% /A3 e 8§ P%Alﬂ

LU ALE FHsA ofuiFU ot &
i‘é"é & Aot} (Purnell®} Walker, 1985).
A feivEtelA 7MY BRHAeg Algstn 3l

WHE FRBTAE o 8% Marcali Wyl

e FRiA AFr) vl EolFom ik o}
1A E 23 PHEAAE A Jdgrte] -7t
ek T HAE ol&¥The FHol A9 s
S Folw TDI, HDI, MDI ¥ o|&Alohic|EE
I FREE EEsld A9E 5 flvke @l 8l
HEAAL F, 1992).

NIOSH (1985, 1987, 1989)+ UER3}HE (N-
[ @-Nitroph-enyl) methyl] propylamine) € glass
wooldll Z=XEAIZ] FHE o] &3t AZAHE e
Wial 1-(2-methoxyphenyl) piperazine§ £3)
A7l BFAE FrYer sl JUAE B 23
3le] HPLCE #A3te 9y& dusin vk Y
EZIRFEL ARG d900M ZE FFE Y
el Aol AR B ska WS o)kAlof
o] Eohut Hhgdle) A& vEW, HPLCY 4
2]7t ¥ (silica column) & 43HA e Bnrl
Aok E FFYge s Aty 2L v &
o] B2 ojiAlol|o|E ool &L ARHeE ¥
A & givte d3o] Ut (Purnell® Welker,
1985). UEZFEY @3- RE3] falM 1-
2PP7F At At (Hardyst Waller, 1979). o]
B2e o sgrziel 5302 whgyol AA B
B AWE o] hA|opdlo]E BEofA] ul-$- kY
¥ ol F2AE 84T & dn A w5 o
el F2x wdHPurnell®d Walker,
1985 ; Goldberg &, 1981). OSHA (1980)six &
UEZIFTES T3¢ B4 FFdez oy
E olgdld TFHE 12 HPLCE 2,4-TDI&}

rﬂ.,rir

o

MDIE #338 ¥ 4 Je $HL Azt 2
F 1989l JAAE AMREA 9k3 olAAlohd]e)
EE ¥ & e WEE AN o] Wye
1-2PP2 =XAIZ #Eld#43%X (glass fiber
filter) & AH83ld EPE & HPLCE ol&3td
2715 &A%t e 2,4-TDI, 2,6-TDI, HDI
& Z7} e, FFEa(0OSHA, 1989a), MDIE
Aaste MHe WEZ AAsdn QI (OSHA,
1989b). 18] Lesage %-(1992)& oliAiohi|o]
E 2719 2R S 2% REEE AHE F 9
£ olF "9H 3] (two filter system)-& 319H51Y
=, cassette holderell support pad® ¥x 2
ol F7)4 oliAlopdolEE AFHsElr] fl&l 9-
(N-methylaminomethyl) antracene® %¥3 &
GadF AFAE F 2 He do2E I E 9
&4 Teflone filterg ¥ol F71¢ o2& =
F XPSFEF ke i, ole TDI, HDI 2
231 MDIE 7ztz} @2 BA3le] st a#l
o 2 a7 e 1-2PPE X8 fEM R o
Aol 11 /ming %o 2 A8E HHE T oln
2,4-TDI, 2,6-TDI, HDI 28] MDIs} @A
o] ZAlop|o| E f-Hlot f =M E HPLCE °] 4314
BAl ABE 4 Avhe FHe] U

Goldberg $(1981)& 7z} old:Aloldlo]E o}
TEAES FAE7] ABA ol AH el g3

937 ACNe Z24d81&E va2A dhe e A
Al ed 2,4-TDI, 2,6-TDI, HDI =24+ ¢
EyolreolE &89 ACNE #1&< 69: 31
2 393, MDI =24 60: 4022 BAE 3
£ sHrh. OSHA(1989a) M= 2,4-TDI, 2,6-
TDI, HDIF=ME E&, FFde WHes ol
ZAAAE 0.01M EEFE ofMElolE #3393
ACNS ¥ €& 62.5:37.582 AUstg ot &
a9l HPLCRACAM e 2,6-TDI, HDI®F 2,4-
TDI ®=A7F vUF @] oA 27t g £
A1, MDI fF24lE 16890 94& 5 AU 2
21 OSHA (1989b) ol A Aletata sle MDIg +#
A2 h3gam ACNe 2A4u)&L 50:50
o7 3 A drkrle] oliAlopdlolEr 58 oy
o VA9 2,6-TDI, HDISF 2,4-TDI fx=#7}
EelsA] ool o] ¥R ulylx] olailohdlolE &
TAE Eejshe die £39d Aoz Az,
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A ol Ae] dF8de & ¢ Y g3
{7k ACNE H]&& 70:3028 § A%, 2,6-
TDI, HDI$} 2,4-TDI f=A7F 2 Ea=Egon
MDI f=A2] HFF AlZte] wij$ ZojA] 700
AGE sl37 GehA] gkt wheba B A
Az 2,4-TDI, 2,6-TDI, HDI 28]x MDI §%
Azl 25 Foso FFdahe IPS v A8
HPLC gradient mode® A=8%c. & gradi-
ent A& o] 438l AlZEE 2087 A8
42 ACNe| ¥]&o] 70: 309! &4& A3} 21
56 3587 501 50 vl&e] 29 ALY
Uy 308 <holl Ak HaE 2€ £ YAy §
Hoolggadlel ACNS o] B&42 dgotdlA
o) F1ztgo] Hol M RE A7t} WEAA E4E0
F8e BUlEA] gstey whfe @& 8o oo

wowl FemoMe Fgeo] gAY BEtelM
B 28 Ajzho] Aojxla # iy} Hlolx= Aol w3
gk,

<>]%’“°“i1]9] HFgde} == Goldberg %

(1981) & 0. 10M-&, OSHA (1989a, 1989b) oA+
0. 1)1M° Haska 3’1 =H] HAR B gte] 2o
Ay FE7F 5E24E 93] Rge] 27 © ¥7)
F31 W F-E Alzte) °F7} A B Hgsde &
7 ATk ok 2 Aol ARRE 01M 93
899 pH7l A&HE oo pHE 6,28 2
F7) 9l oMM EANE Fol shslok s Zlol v
o8 Azhgcy,

A W AP ghEde] pHAY FolASE
HIEE Allo] Folale AL Koy Eaxd
Miz & abolz §lla pH7Y 5.0 olsk: uieizbd

Y= Aslet

Hyu e 3 9><1“’>‘Omm Nova-Pak Cis(4 m) & AR
i Aol bt g3 Belsd ate]7t Q)
& 7bedel sleng CRlEd AHON B A g
HYE o83 ¥4 AN HESe Aol nigad
Ao Azt A&7 AYH Fouae oln
Goldberg &(1981)¢] 83lul 2l 254mmi 3 shod
A =y, Warwick $(1981)-& A|A #HA&
718} electrothermal H€7|7} OV“’*}‘DMI o]
Eoll mizetta Bndtm ¢l evt NIOSH (1985 ;
1987 ; 1989) &} OSHA (1959a ; 1989b) o] X %= =}2)
HAZ78 Anstn glon], HPLOE ol fdfd &

A3 =EE2 dRE 294 A&7 2 Agsgn
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