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ABSTRACT

Objectives: The aim of this study is to investigate the differences in airborne TDI concentrations based on the filter collection
method and liquid collection method and to compare airborne TDIs concentrations by sampling method change when using the
filter collection method in the spray-painting process.

Methods: For the sample measurement, the filter collection method(OSHA#42) and liquid collection method(NIOSH#5522) were
used; for the sampling method, the full-period single sampling and full-period consecutive sampling methods were used. The
samples were collected in spray-painting and drying process locations.

Results: In all samples collected from the spray-painting and drying process locations through the filter collection and liquid
collection methods, greater amounts of 2,6-TDI than 2,4-TDI were detected. When the TDI collection concentrations based on the
sampling methods were compared, the concentrations of 2,4-TDI and 2,6-TDI collected by the consecutive sampling method were
higher than the concentrations of 2,4-TDI and 2,6-TDI collected by the single sampling method for both the filter collection
method and liquid collection method used in the spray-painting process. These differences were statistically significant.
Conclusions: When TDI collection concentrations based on the sample measurement methods were compared, the concentration
of 2,4-TDI and 2,6-TDI collected through the liquid collection method were higher than the concentrations of 2,4-TDI and
2,6-TDI collected by the filter collection method, and the differences were statistically significant. In the drying process, no
difference was shown in the collection concentrations of 2,4-TDI and 2,6-TDI with the two measurement methods.

Key words : filter collection method, liquid collection method, 2,4-TDI, 2,6-TDI, sampling time
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2, B A, Ay Al gos] Aswd
29 AP &, RA, Jwo] AYE Ao
Qlth(Littorin et al., 2007). TDIsE H|E3t 9]

o}4>.
>

e
e
Bl 2

HlolER 2482 AU HA9 M
Az dHA glem oliAJodo]Eo kEy
22k F 5~10%= A Alo] e Era 2
ItHBaur et al., 1994; Bernstein, 1996). =ujof| A=
TDIs= 294 H4o] fjzel dd=doly, 7|&
Htoll Al TDIsol| o3t A4 Ao 52 0.58
~21.6%°] I th(Park et al, 1992; Kim et al., 2004;
Kim et al., 2005).

TDIs+= = HE=A 3 2 73 (National Toxicology Program,
NTP)o| 4] Group B2 | A 3}3(NTP, 2005), =4|o+¢1
<-7]¥(International Agency for Research on Cancer,
IARC)o| A= Group 2BZ A sto] QAU 7Hs
=d2 EFste] #eskal AIHH(IARC, 1999).

=] TDIs =&7]ES A EH o= AR
AA(Occupational Safety and Health Administration,
OSHA)9] 35]-8&7]s(Permissible Exposure Limit, PEL)
° 24-TDI7} C0.02 ppmo2 FAET glom,
2,6-TDIo] that 88715 glck. vl2g5are 9
718 9] 3](American  Conference of Governmental
Industrial Hygienists, ACGIH)= 8A|7} A|ZF715% o
(Time Weighted Average, TWA)& 2,4-TDI2} 2,6-TDI
£ 47 Be Ed==24] 0.005 ppm 123l TAIZH
%7]|Z(Short Term Exposure Limit, STEL)-2 0.02 ppm
o2 PIska YrHACGIH, 2013). gjuaho] -2
7158 8AIRE AR ES A 2 0.005 ppm, THAIZE 5
£7122 0.02 ppm O & A A5}l 24-TDI= 3]87]%
AdEd=A v A4 =&575s 485k g
33l ITtH(MOEL, 2013).
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Method 42(OSHA, 1989), u|=t S Ak] b= AN
©(National Institute for Occupational Safety and Health,
NIOSH) Method 5521(NIOSH, 1994), NIOSH Method
5522(NIOSH, 1998), Methods for the Determination of
Hazardous Substances(MDHS) 25(HSE, 1999)%5-©] )t}
ol Wl 5% 1-2PP(1-(2-pryridyl)piperazine), 1-2MP
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O|E9] A9 Fw3] FEATE Wgo] Youh] Rl
2AEL BHawsh B % otk Bl vt
(Czamecki, 1992). T T2 TDIs Ao shz &
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Ho|gh= AT ATI} 2 E QI ckBello et al, 2002).
NIOSHO{AJ= 04AJofo] =52 2440 Dimerhyl
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<= AABFATHNIOSH, 1998). ©] ®#-2 DMSO9]
Tryptamine€: 359 048 ALg5}, S24] Alofo]
Py Holehe Aol k. A WA ol gt
HA LML A= S Qo] Aol U,
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= Uetd= dA 23S A ke gtk
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Journal of Korean Society of Occupational and Environmental Hygiene, 2013: 23(4): 341-347



&7| & Toluene diisocyanates S E0f| ME Z& = Hlw 343

1. O4CHA} QU EipiH

o [=N—|

1. ¢ C A

AT AABHIE U AN 2T
RTINS B2 AHAGNY A Fo) A
TDIs7 A s 7174|2543} 142552 A

Bk A AQY F 2zdlo] £FFHL v
4ol TR Ut AYPS ATYgoR
4% Agston

2. 0114k
DARAH L EY

(1) 2=

ez Y-S OSHA Method 420]4] A A8}
Ae S 9 EAEH % AHE-8EATE Al &R vl A
L frEAAS FET 37 mm FEAG AJTAE

g FEAAS T2 2 2o 1-2PP(I-
2-pryridyl)piperazine) S 0.2 mgmLE=2 Zg3t A
& Agstaon, 2 ojzel 05 mLE L
AZAA G ARHAE AR B
X (Model Escort Elf, MSA, USA)E AlE35I3oH,
EZX 42 1 L/min® 2 3}t
Azl ARERE el A= Al AIE

B 4 A7 dFulmade] A s X}EPB‘P
om, ARAF A - ol W melach 2
A AR BAL 29| H A EE 7| (UVIVIS) T}
Z2LE] HPLCE ARSIt o] 5431+ Acetonitrile
ACN)T} Eo] 8222 375 : 62.52 B3Fal AL ALE
steon, 24k A7hl pH 622 ko] AHgsHe

o} EZgoe Arelz o @ g gy 9J= SUPELCO
A& (Bellefonte, PA)E uljste] ACNeo|| 3]4]5}o]
AFE-5} A THTable 1).

AR (A AAR)
oA R HE-S NIOSH Method 5522004 #]A]}
A e &4 9 EAYEE ARtk ARl
A= DMSOo°|| TryptamineS 450 pgmLEsEg AR
gt 5 20 mLE ARESEATh AEAF = AHAA
FE2% HZ(Model Escort EIf, MSA, USA)S A&3}
Qon], ZYHHFE | Umino.s stk A3
/\}%@} B2~ Jj% A ZAHE EAH7FA] 20 mL cap
@42 ‘;:TI‘U]'EE °ﬂ A @H‘ﬁié Apetst

]4,

S
>
Mo
ot
otd
o
—|~ m.w
S
=)
#
E
=
=
a
ﬂl
_,t
op -
k)
32

EMEH 102 g8 wolea
= ng&% A7t pH 5.5 W

52 Egsio] Algslah BAo] A
ﬁcg% NIOSH Method 552201]A1 xﬂ/\]t‘s}

DANEAARH L =2

AR F = 7T A7 A2l A 5T
A 163 SHsrA o, AR A= 2z o
=AY 745#@(H1E”)°i -23Fe] TDIs7}
oA A A=
sER P Tl ol

oM FAlel =

Table 1. Operating conditions of HPLC used for filter method(OSHA Method 42, NIOSH Method 5522)

Analytical conditions

Parameters
OSHA Method 42 NIOSH Method 5522
Instrument HPLC(High performance liquid chromatography) HPLC(High performance liquid chromatography)
Detector UV/VIS 254 nm Fluorescence: ex 275 nm; em 320 nm
. . . 3.9-mm IDx150 mm atainless steel packed with 10-im

Column Alltima, C18 5 /m particle size, 15cm x 4.6 mn uw-Bondapak C18

Injection

volume 25 pl 25

0.01 M ammonium acetate in 37.5/62.5 ACN/water

Mobile phase adjusted to pH 6.2

Flow rate 1 Z/min

ACN(50%)/0.6% sodium acetate buffer(50%)

1 Z/min
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Table 2. Comparison of TDIs concentrations by the sampling methods in the spray painting process

(Unit : ppb)
Filter collection method Liquid collection method
TDIs Derivatives  Process N " p-Value
Mean+S.D. Mean+S.D.
Spray 80 0.463+0.191 0.660+0.253 <0.0001
2,4-TDI
Dry 80 0.034+0.033 0.037+0.031 0.1988
Spray 80 0.726+0.198 1.046+0.250 <0.0001
2,6-TDI
Dry 80 0.068+0.052 0.061+0.044 0.1027
"MeantS.D., Arithmetic meantstandard deviation; p-Value by paired t-test; statistically significant at p<0.05

Aelsieh ArA 2R shte] AREHAAZ AL 7] 91519 A Y(Paired ttesyS AAFIAT p<0.05
SohE AT 13 A S A Y Fullperiod, single 9] 29 FANCE $07 Ao BN,
sample) 7} S7+4 02 AR EAAES Rl 2]

AlZE A< A E 2] F|(Full-period, consecutive samples) Im. o2 o}

S AR A& S AR ZGAIRE 13]

AN B2AHHTHE o]8etlE o= F%F 1 L/mine 1. A| 2|5 g o]l 2 TDIs Z &&= H|

2 200801 AT, YA 5 AZATY  FAU Lol Aol AU 23F S4B
= ol-&ske = Tv‘Ek 1 L/min© 2 600ttt A| Al HA ZHHH S o]-§5ke] A g TDIs 527} 3
Eiﬁﬂﬁxﬂg ngsl|F F 24057 A F T E|ZAHH S o] 8-35te] F3t s EHT EAHoR

gojal7] Eh AzTANME A=Yy

3) EATH EAHY dej 2o wg TDIs X5 %E9 Aol= &4
=Z4AT 4RO HES Soluy] Slste] RS mom 9ojakA ogkTH(Table 2).

7F A& o gwtA o g AFR5}= Shapiro & Wilk 7

7371‘?3% AHESETE AR 24 SAS(Ver 9.2, 2. A 2R FEE}of| 2 37| TDIs s H|

Institute Inc., Cary, NC, USA) 7] T2 1S ALE e ZA Y M ERH o g Ao =3}
skl Sl wE TDIs 3529 2fole} Al S Ax37golA A TDIs 235 == Table

FAH G| w2 TDIs £3sEe zlo]E HA3} 33} 2tk A HE mE A 7oA 2,6-TDI7} 2,4-TDI

Table 3. Comparison of airborne TDIs concentrations by the processes and sampling types

(Unit : ppb)
Filter collection method Liquid collection method
Process Der??aﬁves N Single Sample* Cg;;lepcll:;ve p-Value Single Sample C%r;ﬁgll:sve p-Value
Mean+S.D.} Mean+S.D. Mean+S.D. Mean+S.D.

2,4 - TDI 16 0.373+0.141 0.485+0.172 <0.0001 0.644+0.192 0.671+0.188 0.0250

Spray 2,6 - TDI 16 0.616+0.141 0.754+0.146 <0.0001 1.023+0.164 1.053+0.153 0.0130
2,4 - TDI 16 0.024+0.016 0.037+0.017 <0.0001 0.032+0.018 0.039+0.017 0.0075

Py 2,6 - TDI 16 0.048+0.023 0.073+0.029 <0.0001 0.055+0.023 0.063+0.020 0.0198

Total 2,4 - TDI 32 0.198+0.203 0.261+0.258 <0.0001 0.338+0.339 0.355+0.347 0.0063

2,6 - TDI 32 0.332+0.306 0.413+0.361 <0.0001 0.539+0.505 0.558+0.514 0.0027

: Full-period, single sample(240min);
: Full-period, consecutive samples(4sets, 240min);
: Mean+S.D., Arithmetic mean+standard deviation; p-Value by paired t-test; Statistically significant at p<0.05
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= Avael FUst
o) g Aol T ol 2Aloko]
g Aol B gl ule) AviHom &

Tﬂlﬂ(Kang & Kim, 1999) 2xzgo] =4E4
Is7P ol Y HE = Ay d-ANE vige s
= ?i—_rLoﬂ/\i% 2xzgo] =g oll A o]axAohd|o]
ERY zya o] ria I AA 2y &
A TDIs 250 F2 AM-H= TEZAYHS 0|85t
of ARE AT 1 S vmEy seich B
EXHHOE OSHA Method 42, BA|EHHHOZ
NIOSH Method 55222 A3}tk A4y} ALy
o] EABHNN AAEAYYE o) 83 AlRo| 23
FEoh WEZYLNE ol8T AR TWFERT)
Eorom, dxrgoAe F Wi e =Y
Zpo| 5 HolA] okt FAHS AN Lxdo] =EEA
of| A 2,4-TDI(p<0.0001), 2,6-TDI(p<0.0001) X% 9B 3E
Adiwlo] de i Et 2H =7t wokon &
AR oz Folsisltt Hx37golAl= 2,4-TDI (p=0.1988),
2,6-TDI(p=0.1027) =& AA =R uH 7} 2 & Z 3=
of g ZFEo Afo|7t FARCE [FostA] ¢kok
o} o]} e AL Aif= o]&Alofo]ERS &
goll lol dE =R A2 o] 2=
£ vt 7]E AT Aot U ARE Bl 7]
9] Lol A] Institute of Occupational Medicine(IOM)
WEZ ol 8T WHEYLUT FolL 0|8
AEAPUE Aol A5A Amdo|2AE Aol
HDIS 2.7@]3].0:1& 'IH, oﬂxﬂ @HOP@
3 HDI' =7} HE ZYHS ALE-
SRt =¢the A7 AT U er(Bello et al.,
2002), AFsA} Gu)gAre] Axgo] =T A oA F=
A AleF 1-2MP(1-(2-methoxyphenyl) piperazine)2 I
3 WS o) g3 W XU TS ol 8g o

£ o] g3tol HDIS 2Ho11S o, o4
AUHS o] §3tel EUT HDISEA} o SqThe o
T A7t Qlch(Maitre et al., 1996). & AL A mo} A
%M% ATE WS U, Axdo] EFFTHIA of
aACO|ERE 24T A5 AAZ Yol A
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P a2 A7k ﬂi A B2 F Y HS shoict A
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AEARAF PHOE ZHA BT gol Bkow,
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2,6-TDI(p<0.0001) BF A&A| 23 HHon =3
3 B gro] gton, BAHow geojaqir). oA
RS ARSSHS AT, 2 o] =g ol A
2,4-TDI(p=0.0250), 2,6-TDI(p=0.0130) T5F 1<% A| =
AH WEoE 2% FE gol Belon], FAZL
2 golstgity. ARTAJAE 2,4-TDI(p=0.0075),
2,6-TDI(p=0.0198) %= ALA|2Z 2 wroam =4
gt E= ol Een, sAXCE fostith AR
@ Hofl w2 TDIs :‘—EX‘%&EQ Afol= A
HEoh S ARESHS wf o A Yeks:
th 7] Aol AR EZHYHS AFES off f-= A4
AleFo] QtAslth= AFAT7E %L H(Czamecki,
1992), 2 Aol A HA| 23 H o] FE ZYHR o
H|al Az FH g eo] whE TDIs 35 %= 2] Zfo]7} v
Al vepd AS e Kok fEA Aok oF
517] wzoletal e 4= Qo o]ef 22 2 A9
A= AR E Beste] o]aAlotdo] EF9

EYSES vuY |E ATEY FAG TS BY
o 71 EATAA SAGTHY TDISE ZHT 7 A
2N B SR oR v S ), 187 £
3t TDIs 5 X=7} 15587F 3235t TDIs =Rt} =9ttt

= A ANT} QAo H(Tsai et al., 2006), o A
lﬁ Az F et AEA R F WS o]§sto] 23]
%t TDIs =& wuwst Zi} 24-TDI(p<0.001),
2,6-TDI(p<0.002) 7= ASA| 2] F Y-S o83t Al
7oA 2 TDIs 27 55 Eithe dA7+-477}
It (Christian et al., 2008).

2 Atolx= Axmeo] A olA AR

http://iwww.kiha.kr

o] EEAWH R %L TDIs EYHEE Bl
£ A HAT 5 gom, ARAHFH uaE
sto] WelZAAY THE BT 4 ek A

ol Aol 219l7h qlek. 2 eATolA] AR
gol w2 TDIs EYHEO| Bab} BAHOR §
a4 3}

ebout BEwste] duA 4TS 39

o E oK op Qoo o (o ot o oft fLogE
N
Y

g A3 57t b BEAACHE AT
of Itk T the] AR R FEvlRE §
smdlo] BN BEEGPY R A E
W2 AHgS 1 TDIs EY5 st ek A
A TP A A ASARAIPHO] B
of WY FWSE AT/t FHHoR Bas
ol 9I3} TDIs7h HAYsHe & o chepek 340
e ZY AT BTG I EYSES

HlEsks A7t Wad Aolet Azt
v.d B

AU A
& 3ttt ALE3SE =AHH e
A= eI, AT 3

w297 A% A R A
Pjolth. 2744 HAuT 271K ARAHPE S
o gstel AFa 2ol HES waBAT B AT

%J Jl)v
—|—‘ OJ..

1.

sm8 s o éEﬂﬂOI PN
e olgstel AAT Arel FEst

2 A AR FEnn BAHoR

A wgrom AZFRIAE £ S

__>‘.1_|“
"

oL
L

ABAF I YA A%
2 gsto] =33 TDIs F =S u|wa}
AL v BHEPPUT AHEYIY BE A%
= w43 TDIsS] SEgko] FAHO
=

J#E 2 TDIsE e ZAWHoz A &
NGNS a% ARAHATHL Ao

»Y o,
L o

Journal of Korean Society of Occupational and Environmental Hygiene, 2013: 23(4): 341-347



&7| & Toluene diisocyanates SAE0f| ME ZX = Hlw 347

=

O EPYHEE WYo] wet Axdo] =T
3} TDISZE A & o Shpe BROIA F 5
Wo] 2 TDIs EYHES st

o® Basihn Yz

References

ACGIH. Threshold limit values for chemical substances
and physical agents & biological exposure indices,
Cincinnati. Ohio, ACGIH; 2013

Baur X, Marek W, Ammon J, Czuppon AB, Marczynski
B, Raulf-heimsoth M, Roemmelt H, Fruhmann G.
Respiratory and other hazards of isocyanates. Int
Arch Occup Environ Health 1994; 66:141-152

Bello D, Streiche RP, Liu YC, Sparer J, Youngs F,
Woskie SR. Field comparison of impingers and
treated filters for sampling of total aliphatic
isocyanates with the MAP reagent. J Occup Environ
Hyg 2002;63:790-796

Bernstein JA. An overview of diisocyanate-occupational
asthma. J Toxicol 1996;111:181-189

Christian M, Christian HL, Hakan T. Underestimation of
toluene diisocyanate concentration using long-term
sampling with 1-(2-methoxyphenyl) piperazine
impregnated filters. Int J Hyg Environ Health
2008;211:458-462

Czamecki B. Polyisocyanate aerosol sampling using
coated-filter vs. impinger collection system. Poster
presented at AIHCEs, Boston; 1992

Maitre A, Leplay A, Perdrix A, Ohi G, Boinay P, Romazini
S, Aubrun JC. Comparison between solid sampler and
impinger for evaluation of occupational exposure to
1,6-hexamethylene diisocyanate polyisocyanates
during spray painting. J Occup Environ Hyg 1996;
57:153-160

HSE. Methods for the determination of hazardous
substances #25/3 organic isocyanates in air (MDHS
25/3). HSE, 1999

IARC. Monographs on the evaluation of carcinogenic risk
of chemicals to humans; Some chemicals used in
plastics and elastomers. IARC 1999; 71: 865

Kim DI, Kim HR, Park HS, Park SG, Lim JH, Roh JH,
Kim JG, Yoon BK, Kim CW. TDI-induced Asthma
and Immune Responses in TDI-exposed Workers.
Korean J Allergy Clin Immunol 2005;25(4):75-85

Journal of Korean Society of Occupational and Environmental Hygiene, 2013: 23(4): 341-347

Kang HK, Kim HU. Assessment of total isocyanates by
OHSA and NIOSH analytical methods: accuracy and
precision and airbone concentrations by process.
Korean Ind Hyg Assoc J 1999;9(2):1-18

Kim HR, Kim CW, Hong YC, Chun HJ, Kim CN, Kim
HS, Lee JN, Shin JY, Koh DH, Roh JH. The
Prevalence of Occupational Asthma in TDI-Exposed
Workers. Korean J Occup Environ Med 2004;16
(2):191-199

Littorin M, Axmon A, Broberg K, Sennbro CJ, Tinnerberg
H. Eye and airway symptoms in low occupational
exposure to toluene diisocyanate. Scand J Work
Environ Health 2007;33(4):280-285

MoEL. Exposure limits for chemical substances and
physical Agents(MoELPublic Notice No. 2013-38);
2013

NIOSH. NIOSH Manual of analytical methods(NMAM).
4th Edition, Method 5521, Cincinnati, OH, NIOSH;
1994

NIOSH. NIOSH Manual of analytical methods(NMAM).
4th Edition, Method 5522, Cincinnati, OH, NIOSH;
1998

NTP. Report on Carcinogens. U.S. Department of Health
and Human Services, Public Health Service, NTP;
2005

Nordqvist Y, Nilsson U, Colmsjo A. Evaluation of
denuder sampling for a mixture of three common
gaseous diisocyanates. Anal Bioanal Chem
2003;375:786-791

OSHA. Code of federal regulations. part 1910, 1000, table
z-1 Limits for air Contaminants; 1996

OSHA. Diisocyanate analytical methods. Method 42,
OSHA; 1989

Park HS, Park JN, Kim JW, Kim SK. Clinical and
immunological evaluation of isocyanate exposed
workers. J Korean Med Sci 1992;7(2):122-127

Rando RJ, Hassan M, Hammad Y'Y. Isomeric composition
of airborne TDI in the polyurethane form industry. J
Occup Environ Hyg 1984;45:199-203

Sango C, Zimerson E. A new regaent for determination of
isocyanates in working atmospheres by HPLC using
UV or Fluorescence detection. J Liq Chromatogr
1980;3(7):971-990

Tsai CJ, Lin HC, Shin TS, Chang KC, Hung IF,
Deshpande CG. Measurement of 2,4-toluene
diisocyanate concentrations by different samplers. J
Hazard Mater 2006;137:1395-1401

http://www.kiha.kr/



