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Correlation between toluene diisocyanate in air and winary toluene diamine

by air sampling methods

Keun-Chul Park - Chi-Nyon Kim - Hyun-Soo Kim - Hyung-Ryul Kim - Jachoon Roh’

Institute for Occupational Health, College of medicine, Yonsei University

Toluene diisocyanate(TDI) has been known the materials
which is induced occupational asthma, is mostly used by the
materials of industrial polyurethane, excreted as toluene
diamine(TDA) in case of occurring metabolism in the human
body when it inhaled. This research is demonstrated to make
a scrutiny into efficiency of two different ways of sampling in
comparison with the concentration after make use of the
open cassette holder and the modified 2-piece cassette
holder which are originally existing to doing sampling 2,4-TD!I
as well as 2,6-TDI in the air, and to present more adequate
way to TDI sampling in the air from comparing concentration
TDA in a worker's urine with concentration of TDI which is
being sampling each ways. And this study want to grasp the
influence for TDA excretion by exposing TDI from the general
character of workers.

The study was experimented on the 22 workers from the
factory where is operated painting work using by paints from
poly urethane. This study was performed to identify the
personal character of workers by using the questionnaire,
analysed TDI from 44 sample each in the middle of morning
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and afternoon and TDA from the 17 workers by take their
urine. Open cassette holder is manufactured to face the filter
with the outside by remove the upper section out of the three
division cassette holder and the modified 2-piece cassette
holder eliminated the middle of section and stuck the filter
which cover the middle and top of the upper holder.

As a result of analysis, the concentration of TDI in the air
is higher on the modified 2-piece cassette holder than the
open cassette holder for sampling. There was no different on
the concentration of urinary TDA by personal character. The
concentration of TDI in the air had a relation with the
concentration of urinary TDA no matter what kind of sampling
method used, but the sampling by modified 2-piece cassette
holder had more relation than sampling by open face cassette
holder. As a result of this experiment, the concentration of
TDI by sampling from the each cassette holder has shown to
us a significant relation with the concentration of urinary TDA.
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TDIS] =Zof] oI35t QIAel] WA= ke
AN 2, FA w3 Adams, 1975;
Butcher 5, 1976), 18] 24d 2o]
AT White 5, 1980). TDIE Q1Alof] 2]
EoE Aol tiAkEe] Hopr ez
F<l(toluene diamine; TDA)2] HE|=Z )
A= Ao® 4eA] Sl(Rosenberg
9} Savolainen, 1986), 2,4-TDAS] 749+
SEAYIA o] FH e Q1
A= frafist 2= dej#] ATHNTP,
1986). 7= AR EAE7H 2] 3] Ame-
rican Conference of Governmental Industrial
Hygienist, ©]3} ACGIH)%} YwsF-olMe
37| & 24-TD1S] $AIZH AT 7k 4t
Y%7 (Threshold  Limit ~ Value-Time
Weighted Average, TLV-TWA)S Sppb =,
WAIZE %75 (Short Term  Exposure
Limit, STEL)- 20ppbS Haratal Qlek
(ACGIH, 2002).

7] Foll EAkE o] |opdjo]EL]
212~ 1957\ Marcali o] A5 TDI]
Aol AR ol E B ATE0] ¥
7] % TDI A=9] WEL S0l s =
0]7] Y&f o]Fo15thMarcali, 1957). TDI
£ AFp] st R 2Ude &
FAEAE o)L o UMarcali, 1957),
A= -] AtellA AErkETE
¥ e olgskal  QItk(Scrimas}
Salvadori, 1976; Goldberg 5, 1981; Hakes
5, 1986; Mazur 5, 1986; Rosenberg®}
Savolainen, 1986). 7] 5 TDI2| 324 v
Ae] A9 2710l A HER
S ARS8 O i(Marcali, 1957; Goldberg
5, 1981; Skarping 5, 1981) Ztoll= 2
Elof| freAshroke TR IS
Zg3tal tiMao 5, 2000).

A} Q7oA TDAE 42 14
A AZvHE 729 (Synder 2} Breder,
1982) 9} 7}~=1 Z v 12|37 (Rosenberg 2}
Savolainen, 1985; Persson &, 1993; Rosen-
verg 2} Savolainen, 1986)& ©]-8-5F1L STt
TDA #4418 BAZEE olal Fofl <F
e FAA717] Fl8ke] heptafluoro
butyric anhydride(HFAA)$} 2 S=22018}
AR Ik 0w FeAst S AR
CH{Rosenberg 2} Savolainen, 1986).

7] % toluene diisocyanate®] EAHH ] WS QF toluene diamine®] A 83

m] AP R (US.  Occupational
Safety and Health Administration, ©]3}
OSHA)ol|A= TDI 348 913l Marcali )
S et AAAL 1-2-pyridyl) pipe-
razine(©|3} 1-2PP)E IS 2l 2
B9 85 HAESSIOH, 0.1mgd
1-2PPE T3 S s A
& FHIE 219 ARo] 7] 5 TDIS}
O ukg/do] o AX w8} k=l A4
alctar ParslStOSHA, 1990). 18u
OSHACIIA Axst 7WE JMHE 24
AMZe)= e AdA017] il F 2]
o omTE ] AAQl A&} &
Aol o] 7hsstal A Qo=
4-91% TDI7} bottom filterol] St E A
Z 7o Be] Fatw= 52 o
2 AlE7E &4 7ol Qi wEst
TDIC] e A 5= 5719
efjel] whe} 2710l Qs W F-2 Fol
gt Aol Sl& 4 Slti(Puskar T,
1991; Mao -5, 2000). WFA Mao &=
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1) 37] % TDI A& &4

TDI ¥40l= 1/ A AZrkET
Z¥)(High Performance Liquid Chromato-
graphy, ©]3} HPLC)E ARS38ISILE T4
< 231XL autosample injector, 306, 307 2
the] A 805 manometric module, 811C
dynamic mixer, 401C dilutor® ©]50{%]
2tk Z18]al UV-VIS spectrophotometer
(160A, Shimadzu, Japan)E AF&-5}313L 4
Z7|%= UVIVIS  detector(119, Gilson,
France)E ©l&sI3lth  ZH polymer
C15(4.6x250mm, ALTECH, USA)S AR5}
ATt

AlZ+= OSHA Sampling & Analytical
Methods No. 42¢] 2J3}o] 1-2PP5 T3Esh
ZEZ ¥43 A|EE HPLC/UVDE ©]
g3to] A3k

2) 8% TDA A59] #4

2H19] A2 ARSI A ZE7 | (Electron
Capture Detector, ECD, Hewlett Packard,
USAY7} 529 7)3| 9 20 FE 129 (Gas
Chromatography, ©]3l GC, 6890 Series,

Table 1. 2F 24- & 26-TDA 242 2|8t GCECDe| =

ol

Open face casette holder

Filter

Modified 2—piece casette holder

Figure 1. 7HH FIME STt 4y 2ch FHME ZHo| o,

Hewlett Packard, USA)E ©]-&5l3ict A
82 Ultra T2 (25mx0.2mm,  0.33;m,
Hewlett Packard, USA)= AME-8Fit) &
HE7] Al (carrier gas)© HAE ARESIC
o EFA|E= 24-diaminotoluene 3} 2,6-
diaminotoluene SA]2HAldrich, USA)<
ARSI,

24-TDAS} 2,6-TDA 0.01g= 100ml
volumetric ZEFA~Fel ¥ 0.05M H,S0,
ARG 0F 100ml FE7HA YA X
FLq01gLE eI ozls 94
0.05M H,S0, AH-EHOZ 12,5, 10, 20
pg L2 A1) 1EEHE GCECDE
A AR
S8 AF et A BFE
Z¥2F A 5002 78kl
ol 1A7F E2t 313t 0.5¢ NaCl, 2ml
NaOH¥} 1.5ml toluenes 7}ske] 735l
EE3 ARl ERdES et
A} Z2lst E5-4lell heptafluoro butyric
anhydride 20402 7Fa}al E50)A] 10571
W8t & IM dihydrogen phosphate buff-
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Column Ultra II Column 25m 0.2mm, 0.33m
Injection volume 20

Injector temperature 170C

Detector temperature 300°C

Column-oven temperature 130C

Flow rate 1.0m¢/min

Split ratio 5:

1

er(pH7) ImlE 7Folo] £50] & 5 &F
A& Eelsled EASISIHE 1). €4

ke 2o dos RAs|SITt:
3. A B4

W FHIE Erieh WE 2 THIE
209 &S vlust] S8l paired
ttests AABI oM, FARE L2
AnkA 579 9l 371 5 DI =9 wipd
¥ TDA F59 HluE $3 wakEA,

paired t-test % YRS AT

M. A4z

1. AlEAE Wl 37] 5 2,4-TDI
2 9 6-TDIY) E%

M FHE ZE o)gal] X3
37] % 24- W 26-TDIS] FE} W 2
G IHE SUE o8l E% 24- 2
6-TDI &%=9] 37t} Ak & 3
2t

_E;N

T E5F o]83] paired t-testE A

At A WY ogk JHE BoE FHY
3 37] T 2,6-TDI 57} 7§ 714
E Sz A Fen s =
tKp<0.05). 24-TDI EE2] H2 H|
W3t A= FAACRE Fost A7t
aAsict
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Table 2 7HeHe S Wi 2¢h FIME 202 288 57| & TDIsk |

e e _ lugm) _
- - A3 FE B M3 24 FHIE B
24-TDI 44 3.170+4.074 3.198+4.822
2,6-TDI 44 48.337+29.710 55.225+43.087*

#<0.05 ; 71 JMHIE et WY o JHE EH 2] 210], mean+SD

2. 9% 24-TDA ¥ 2,6-TDAY &%

TEA] 0F TDAS FA3H Ay
24-TDAY] 75 307502l HEEA
o 2,6-TDAS] 79 27.7708 0l A&
%I}, Rosenberg 5(1986)2] el wh

S 24TDA ¥ 26-TDAY] 555
atal Z424e] 9 AglolEld grog ®y
d  FAk EAE s Hid
24-TDA7} 2.07uglg creatinine©| AL 2,6-
TDAL 4.12ugg  creatinine®] QTh  2,4-
TDA S} 2,6-TDA F59] A3 19 2
o} 2k
3. ARt XS
TDA &% W]l

2%

Rl AEEE ARRSE LREAL T ANS
AHS 1799 AAETE 2% 24- 2
26-TDAS] A= 3% 33} Pt} AHe
73 2% 2,6-TDA 557} 404 m|atolA

=311, 40tholl A= 3.58, 50thol A= 578
(g'g creatinine 0% AFo] =& 7Y &
= Z7lehs A Holou 807
ek skt FATe] ARlelA A
Z¥ 24-TDAS] FdE%7t 244ugg

creatinine 2 H]EATY HAFE 1.91
(tglg creatinine RUF O FAX O F
FaHA] egkor S5 BMISA] o]
£ DA 5N EAH oz folet
Zfol= STk

y =0.9998x + 2.046
. R =0.6813

—
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Concentration of 2,6-TDA
(ug/g creatinine)
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Figure 2. & 24~ ¥ 26-TDA =Tl &2k

Table 3. ATTfatAte] AAMELSE 2F TDASE Bl

HoF n(%) 2,4-TDA 2,6-TDA

) <40 4(23.9) 1.137£1.29 3.11£1.59
40~49 8(47.0) 2.59+2.96 3.5842.78

50< 5(29.4) 1.99+1.42 5.78+4.74

AR 4 5(29.4) 2444335 3.5542.64
HleA 12(70.6) 1.91£1.76 435+3.59

o =T 13(76.5) 1.62+2.29 4.46+3.68
Hl5 4(23.5) 3.53£1.39 3.00£1.07

BMI <35 10(58.8) 2.40+2.63 5.8+3.51
B35 7(41.2) 1.60+1.58 245£2.17

oLEAT <9 4(23.5) 0.40+0.60 3324173
10-19 8(47.1) 2.8742.72 446£3.41

0= 5(29.4) 2.1241.63 420+4.42

BMI AR5 Body Mass Index);

¥, uglg creatining; * p<0.05
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4. ¥7) % TDI %9} 25 TDAY]
FBA

Q% 24-TDA F=9} /I3 7HE &
U ¥4 24-TDI §E7+] Al
T 0.784(p<0.05), WHE 2tk FHE =1
2 38 24-TDI FE9] A=
0.888(p<0.05) 2 = “FHAE YER

. Q% 2,6-TDA F59} Z47+e) Wb o
2 R 2,6-TDI F3He] AdAG=
WE 2d JHE EHE 2% SR
7% 0.862(p<0.05)Z TPEIHEZH
 EFsh sEeke ATl 0829
(p<0.05) 2T} 352 7S Bl

ol

743
=

V. 1

TDI:= CoHN,0,9] 7325 2= 4
T @2 et dF=AM 24-TDIS
2,6-TDIE] 7714 o) dAAZ EASi):
oJAroRo]ERTE EHetal Gl N=
C=071= Hkg/do] vik§- Fof Eel e
Az Al F88 T 9EE slo] 44
g0z dg AMEHI QITKBernstein,
1982). TDI= A4 A4s kst
k)4 91O (White %5 1980), early-onset
asthmat= IgE7} vi7isk= Type Ihyper-
sensitivity reaction®), late-onset asthma®™
IgG7} #A¥ Type I hypersensitivity

reaction®] 121 Dual-onset asthmai= ©|
218k Type 13} IMIo] 2514 7|02 &
531 QlthBaur -5, 1996; Roark, 1990).
TDIS} #AE =T+ FelRandt 2
A3 slo] 357 S/l #7]
ol tigh AxAL 5ol tiF-Eolgirt
(©1"173 5, 1986; Wl & 1991; oJAIE
5, 1992). T3 ZEAE] JlvEs
B7¥sl7] Slete] 871 & TDI 57d0] of
W 71 gpkEQ] TDAS HAeh= A=
84 BUE ol sl 71 o] gkot
(Bronson 5, 1991; Maitre %, 1993; NTP,
1986; Persson 5, 1993; Rosenberg$}
Savolainen, 1986; Skarping &, 1991;

9 —
g * 7§88 aaa y = 0.3203x + 0.4603 .
B R=0.7835
7 F w3y — y=0.3991x +0.4318
o R =0.8880
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Al
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Figure 3. 371 & 24-TDl k2t 2F 24-TDA T2 2.
12
= o |88 caay = 0.0499x — 0.2869 . u
240t R =0.8290
= * ]
5 83—y =0.0406x +0.1018
5 8t R =0.8621 "
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Figure 4. 37| & 26-TDl 5T 2F 26-TDA X2 A .



Tinnerberg 5, 1997; AT 5, 1995; ©|
TY 5, 1998). Rosenberg?} Savolainen?]
AT(1986)0lM= 571 & S 2,4-TDI
2F 24-TDAZIE ZJATAE vl3]
2 Ea1, WA 2,6-TDIS} 2,6-TDATT
SEE-2] AN FHEEiit) E2
Sk Ay L2 9@ A4S o
3 Aol M= ERAE g o R
48A17F S ol TDI =Zof uhe
TDA 9] FAu sk BAE wglo
™(Persson 5, 1993), Maitre 5°] &2]$-
get & WY SRS tPoE
TDIS} TDA £}] 73S 4] 5 Afe]]
A= ARAE7E 091012 W =4 U
K (Maitre 5, 1993). Tinnerberg o
DI % ¥ 225 o v&
% ofy] GAlelA AHTE S A gE
Ay}, 24 A% AF st 254 TDA &
S7F om ARto] Aol et 71 s %
7b Eolt WsE Hth St
(Tinnerberg 5, 1997). 181} =uj|¢] A+
oM = 37 T TDI ¥ 2% TDA &
T 20 AABAY SARCE folskA
F3 ARt UsithRids 5, 1995; ©]
T 5, 1998).

244 DI oF 95% oAk 24-TDI
7} 80% 3= o] IAIRHWHO, 1987), ++
Aol F7] = TDI B2 848 4
Y= 2,6-TDI 57} 2,4-TDI S XL 3
A2l #AKe] tiFo] 10u] o
AEHQL, 71 AT Aexe
2,6-TDI7} ] o] AZEE|SIT) o3 v
E7]ol| tgt o]AAJopdlo]E7]S] $1X 9}
22 QAA 2”le g8 37] F 2%l
A 2,4-TDIl| H]8}e] 2,6-TDI7} 571 el
& o Zo] 7Iglel7| wiZo|thSaunders,
1962; Rando, 1984; FA= 5, 1995). 18]
U TDIO] Tt %758 K OSHAC
Me 24Dl gt wE7|EThE
(Ceiling 0.02 ppm) A3l glow,
ACGHSH v wEioli®
24-TDIC] TSl Y TWA  0.005ppm,
STEL 0.02ppm 0.2 A743taL ek
ACGIHOIM=  2,6-TDIO Ui :
24-TDIS} 53t w27 os AvE
721 ARkl on, ojn] SF, U&E, v

+7] % toluene diisocyanate®] XAWH| WE 2F toluene diamine®] T4 87

gt Zge 9 Agulo| = 2,4-TDI
S} 2,6-TDIC thel] B o7 les A%
&kl QATHACGIH, 2002). B=3F NIOSHO]
A= 24-TDI19} 2,6-TDIO] T3] 25 715
3 =S FHAKreduce exposure to
lowest feasible)stetal daskar  Qlrk
(NIOSH, 1989).

B of o= Mao 52 Aol Al
Al W\ ook T E 29t i 7t
AE ZTIE o]&sto] TDIE 248810
™, Rosenberg 52| 17-ol|A] AJAISH TDA
FAHS 0] 831 CHOSHA, 1990; Mao
5, 2000; Rosenberg$} Savolainen, 1986).
5715 2,6-TDIS] 735 W 21k 7 E
SHZ TR FE7F UNEA 0 2 ALEE]
1 Q= NS THIE EHE 2%
o vlaf 15% A= v Bko™ Mao 5
o] AFIME Y 21k FHE EHE
ol g3l EA FEI}21% =ob FARSE
A JeRsith olgfst o> TDI7}
7] TOF oojR2EE WAE= -
A7) a7t AX S S] Wd ol -
2+ 5 7hsAo] glof JEe] A 24
g 7FsAdel Q71 whto|thMao, 2000).
DAY QIAEAI 0 TDA FES
A Al Aol SIS 2
TDA 57t S7Fhe 432 HeloH
LA} vlgAAtel| vls 2% 2,4-TDA
SE7F ESkoU BAIK O R oA
AHp<0.05). JVAEA 9 371 F TDI
SE9} 2F TDA §E| AT elA
= 37] £ TDI 5= 2% DA 5%
SARSRE fejst AyE Hlou
(p<0.05), TZAS] JAHEA Folx A
o7 QF TDA w58 2ol A=
UERE 21 9Ilek 12l W o 7}
AE Zoi9h e JHE SHE 7
& TDI 559 2% TDA 5% Alo]2] 4
A Aol A WY 2dt FHHE SHE
AMEBE 7397F 2% TDA S TAlo] 7
t} 01712 37] Z TDIE ¥4 o) 22
L0 TDIE 48k eke DI ¥4y
e 5 5719} 1A 9 vlgol| wet 2
o] FaE = sl 2jo)7) A717]
wzol, WE JHE St1E ARSI
& 7R s gl IEE A

N
o,

B

o FTHE EHE ARSSISS
0] o] A Y& Zlow
o} Aoll= AXEHA] AR
&S, BMI A7) 571 5 TDI
o} 9% TDA 55 Alo]o] of# gk
2] =A4] 24K S1el thadl A
INeSi=t 7] & TDI 24l <
TDA Hde] glo] T&2Ape] o] 2
TEAT BMI T4 Fol mRE G
SAAOE FoeHA Skt

AEHow AAEA 9 TDI w58}
TDA 50| RN AafefA| TDI 3
el QoA AR FHE & el ]
o] TDI §59 TDA S5+ EAKL
2 o3t A= ¥317]9] TDA7} DI
=F FUHE Sl e AiE AE
o] 7Fedka & itk 181 W ok
FHIE 2499 49 71E8] W8S 714
E Zrd vg) D19 ¥H&EE0] 9 =
%I 2% TDAS} Hdo] &2 AvE
Bo] 7] F TDI ¥4 glo] o] Agket
WS gl & 4 gl

o] IFtellX= AdEgelx] AAYsk=
TDIS] Ay efel tall et 2AL7} o]
FolA| 7] J3t57] ol TS E 7F
AE E1°] Fejol wpet - a-&of 2}
o7} Ak g5 ]el= 27t 9l
t}, whebr] oko 2 TDI A Sefof wh=
712 FHE Er9} WY 2 JHE
U9 IHEES I & et gle
], QIAEX o] TDA HjAdo| )2 ok

o sl AR ot Best

N
- g

O K ot
o2

o o o off
m%

TDI7} 3t ¥ 2] ¢-dlet 55 ¢
a0 Aol FARH: LEAF 28-S
oz W ok JHE 29} 7189
M FHE SHE o83l 371 &
TDI F9] Aol& wlwslieh 181
<A 1789 JIAEAd 2 37] 5 TDI
SR 85 TDA §E AUAE
wAsle] ot 22 Aaks 4olrk

L /4 FHE SHE 24 37
% 24-TDI 9] 2 0.45£0.57ug £,
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2,6-TDI 58] 3t 6.79+4.170g 0 ©]
A, WY ik JMHE BuE RS
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