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Biological Monitorings of
Workers Exposed to Toluene diisocyanate
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Toluene diisocyanate(TDI) is widely used in the production of flexible polyurethane
foams, as well as in the formulation of polyurethane paints and coatings. The commercial
material is generally a mixture of 2,4- and 2,6-TDI, the predominant mix being 80% 2,4-
and 20% 2,6-TDL The 2,4-isomer is considerably more reactive than the 2,6-TDI at ambi-
ent temperatures due to steric factors involving the positions of the isocyanate groups rel-
ative to the ring methyl group. Because of this difference in the reactivities of the iso-
mers, it seemed probable that there might be an increase in the amount of 2,6-TDI off-
gased relative to the 2,4-isomer. Therfore a relative enrichment of the 2,6-TDI has been
found in industrial atmospheres. Toluene diamines, which are metabolites of TDI, in
urine have a linear relation with exposure to TDI, so that urianry TDA could be used as
a biological index of the exposure to TDL

This study was conducted to investigate the distribution of TDI isomer in industrial
atmospheres and to propose proper biclogical monitoring methods by identifying the rela-
tionships between the environmental TDI exposure and concentration of TDA in urine.
Concentrations of 2,4-TDI and 2,6-TDI in air were 4.38ug/m* and 25.43ug/me, respectively.
The Threshold Limited Value of 40ug/m* was exceeded for the 2,6-TDI in about 46.8% (22
samples) of the samples, while the 2,4-TDI was not at all exceeded. The ratio between
2,4-TDI and 2,6-TDI varied in air samples in the range of 2.4%:97.6%-51.0%:49.0%.
There was an enrichment of 2,6-TDI in air relative to the 2,4-TDL Concentrations of 2,4-
TDA and 2,6-TDA in urine were 1.31ug/g creatinine and 4. 16ue/g creatinine, respectively.
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The ratio between 2,4-TDA and 2,6-TDA varied in urine samples in the range of
1.49%:98.6%-99.9%:0.1%. There was an enrichment of 2,6-TDA in urine relative to the
2,4-TDA. No relation between the concerations of TDA isomer in urine and concerations

of TDI isomer in air was found.

Above results of this study, workers were more exposed to the 2,6-TDI relative to the

2,4-TDI in industrial atmospheres.

Therefore,

the establishment of TLV for 2,6-TDI

should be considered. Also, the further studies on biological monitorigs of workers exposed

to TDI should be continued.
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F4 t]o] iAol o] E (toluenediisocyanates,
°]5]' TDD = €33 #d&ge] A34E 7z A
E A A e =39 A2 2,4-TDIs}
2,6-TDIe] F71e] o] A7t &A%, 44§ TDI
2E 2,4-TDIZR=7F 242t 99.5%0°17%, 80%,
65%% A T A7 e olF AHgEHe &
o} oF 95%c°]4°] 2,4-TDI7} 80% /¥ Holtt
(WHO, 1987). olaAlopdlo|Ex} Adjigo = e
AHEE T 9l olRE olE Bl T e -

N=C=07]¢] ®-34geo] vj§ AX F2lfee AzA

o] 83 Z744 (intermediate) &< 317) W&
]Dq %a -T‘E“%‘C X}aok}\]-——, #‘—-) ‘-‘—j}') %Y’H, B

YAE, HEAA, E2tdE =8 5 tpidd ol %
=3 1ok (Bernstein, 1982).

Atz o 2 7]ZoA) TDIE Ade F= 2,4-
TDIZ F4=o JAY A& EFEAF Y7 v
€9 2,4-TDI ¥ 2,6-TDIZ TA=9] g a8
w HEr)el] g olaAlopdle| B9 ¢iX|¢} 2
AAZA 22ld] &t 71 %A 2, 4-TDI| ¥
ste] Z7)ZER Z1A38le 2,6-TDIS %] Bo
oz 7]FdA 2,6-TDI7F o B2 %] HEdEd
(Saunders 5, 1962; Rando 5, 1984). =z
TDI¥ =S = 34715% OSHA, ACGIHS %
gugts 2,4-TDI9] A9 40ug/m2.2 B33 9le
v 2,6-TDI= A&A 71¢el floh. 28y, NIO-
SHe 2,4-TDI$} 2,6-TDIel| diste 232t 40ug/me
o2 B3 3 GAHYEIZ FA32 o] TDIo]
A EZ 8875 ulg BgA A8 B

Toluene diisocyanates, Diaminotoluene, Biological monitorings

(NIOSH, 1978). TDI® tiAlgbd-& ol&7x]
25 A A ot TDIS HAREER] &
d tlolql (toluene diamine, ©]3t TDA)& 2R
FES daez 3 AFolA TDA °13A7 g
TAdE Za givke Aol ¥EA TDAC dig &
Aol FAHH(NTP, 1986). 2,4-TDAE FE24¥
A BdAe] YFHALH HolddAH (Ames
test) X FIATRE Heolm FHelA A7) =4
£ doAHTR(NTP, 1986). 2,6-TDAE ¥ 24
oA dtdo] diHE Aoz wEFey, &
dFeMe dzeH FHE Aolrt AT (Loe-
ser, 1983). 1Y AlelA € ©lE oA A
ol AFHAE AT 3l Aer FEHE
g & 2dde Z)ug ARTY ILEAES O
Fez ATl vEAANE R AFde] 9
o) 718 AL Rty (Hagmar &, 1993).

A FelveldM e ARy o5ty
TDIe) i3 S4a720a3 AABA2Y S b
AR 2 E2I2Ae dig #8g da AT
TEEdd g% 17t o] PP
#EZ22 9 {2AAE Zoped v FolHol,
5‘5, 71%oA TDIE &3l APQYZ2E Hrtst
= AL 2/ Do) ded dY AW Fe TDI
e AJZtF v go] dashy FRYHoR
2 %Z(random peak exposure)® &A=
o] B3R = o ol el FFPoRE
HREZZHE 381 § gle H Folth

ol HjZABlNA FollXe ZEAF 7Nl o
g E2H71e 93t TDIY diAMEEQ TDAS
WE YFHARUEF S fst] e A
o]-&& A7} o] FoiA 1 YUt 12y Syt
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A AlEUE TDITHE G difEo] AP
Aol #Ag FelED oldem (W F, 1991; ©f
N7, 1986), FA&A 7 BHst {7 TN
oy H7lwo] g FFEAL 18 AR (oA
F 5 1992 @A ATe Fejola AP
e 2AME ARJAEAZIE o83 MAZ2FE 5
A3 Aol ot F, o] BAL HFde 22
Ze] Z2E Aokl A% AEEE RUHAH #
g A77F AFE ol

o] dFoixe 7123 2utEad9 (Gas chro-
matography, °13tGC)¢t AA X8 ZH&7] (Elec-
tron capture detector, °[&t ECD)E& o}&3l
8% TDAE A 9 FFEMsn, 4% 9A
A=vlE g8 (High performance liquid chro-
matography, °13 HPLO) 9 A4 #&7](Ul-
tra-violet detector, °l& UVD)E& °}&3ld 715
2,4- 2 2,6-TDI T=& FHFENAG 715 2,4-
2 2,6-TDIs=st 2% 2,4-TDA 2 2,6-TDA
FEeote]l AAE Wele AEYEH BEUEHFHA A
ATFE AAEAr ok FA QA ATEHL,

AA, 1-(2-pyridyl) piperazine, °ls 1-2PP,
< =2¥F FEARAFAAE o83 AJVAF
TDIE EIF HPLCS UVDE ol&3td 715
2,4~ 2 2,6- TDISEE #4319 71%5 2,4- %
2,6-TDI ¥¥& %3},

€4, 715 2,4-TDI =% 8% 2,4-TDA%E,
71% 2,6-TDIFx=s 8% 2,6-TDAFE9e] #A
£ 9 HAT AESH 2UEY S AAEL
A} gt

IL o7 4y

-

1. A7

o}7] AagAdA TDIF Ege Zel%de =
BE o83l =AY S e A 224 4752
e A 2EAF 959 A Q=Y
oh 7} 20 2.2 AA ] 42.6%F A %}ﬁ‘:}.

2. NREZX g

MAXNBEZ7E o] 83l 22A2| TDI F23%
T2 2339t ¥4 dEe 1-2PPR =¥A7

FEldF AdAAE ol &3td =Y, 1-2PPEHE
OSHA®IA FHdts FHAEE 4290 <13t whie
2 gFEoH(OSHA, 1990).

NBEAHAC FFEAY7] (GilianAh) & o] &8}
HEZE 1L/min2 BEAsAC AZEIL oF J
o]~ (open face) 2 3P EFAIZME 297 =
899 AT oF Ztz 24to]l Y EA SR oH
A 2% L UHE AT "y e
FHAEA AABIA] g2 LBty =glo] o}
olzolA dd FEE APdz ket

AAANEERA7E 3G 22AE Qo s oF
Qo] AlRH I 24i3te] At £ RE] AWE o}
FA A HpSO4 (B} F7HTE 1142 EFT &
F) 1mE A)std AL WAstm, Tato] ofo]
2o d3 4k F AXE AZA -70CH YEET
sttt

3 AlEEM Uy

7k 21E MEEY

A3 Al #ZE acetonitrile® dimethyl sulfox-
ideZ 90:109) v)&2 Eds 9HE LW E 2m
7Vl o 1A1ZMESt WX E] F Foll oJFsie] B4
A8 2 AMESI T

A8E BAs7] Ao HPLCEE|H-& tx490
2 3o A gel F593E 200-400nm HH
2 29ERL pIlq Ao B2 s
% ANEERASTE Tolo HAAxA3 AL T
3tz HPLC(GilsonAh) ¢ UVD(GilsonAl, 119
UV/VIS Detector) & °©]83le A& #43A
o} BAzAL o3 ZoH(Table 1).

L, AHAIR &4
Rosenberg 5(1986) 2] wWel 23l A& A

Table 1, Operating conditions of HPLC/UVD

Description Condition

Column
Mobile phase

YUMC, 4.6%X250mm polymer Cyg, 6um
0.01M ammonium
acetate:acetonitrile (55:45)

1ml/min

248nm & 254nm

Injection volueme 204

0.05

Flow rate
Wave length

AUFS
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sty EFdo2 FE3e Heptaflurobutyric
anhydride HBFA) 2 #ZH A7) A8 & ] &3}
o Thgol WP o R BASITHTable 2).

Table 2. Operating conditions of GC/ECD

Description Condition

Ultra 25m 0, 2mm, 0, 33um
5% methyl & 95%
dimethyl polysiloxane
Injection volueme 2u

Column
Liquid phase

Injector temperature 170C

Detector temperature 300¢

Column-oven temperature 130T

Carrier gas, flow rate 99.9995% nitrogen gas,
1ml/min

Make up gas flow rate 30m!/min

Split ratio 30:1

4, EHHH 2

SPSS &4 #7lAE °l83td 715 2,4- &
2,6-TDI®] 71318 d# ol dAe EXu]E T3,
8% 2,4- 2 2,6-TDA9] 7sH a3 oA &
RS et 713 2,4-TDISF 8% 2,4-TDA,
71% 2,6-TDI 8% 2,6-TDAsIel #AE HU
9t AR g AASHT

1. o &

1. AEHEZE DI 5%

1-2PP HE o] &3l AAXHT MBS F&
477819 e 2,4-TDIS) BE& 4. 38ug/me
(NIOSH 3#&%x°] 911.0%)°I%x 2,6-TDI]
TEE 25.43ug/m*(NIOSH 3 85%=9 F 63.6%)
o]t 470 A 8% 2,4-TDIe &5 =E 2H43}

£ ZAo] gl 2,6-TDI= 2270 (46.8%) 7} &%
& 27355
715 2,4- 2 2,6-TDI9 v 2,4-TDI7}
2.4%-51.0% ©)1 2,6-TDI7} 49.0%-97.6%°11
o}, B¥o] AA HFHls 18.7%:81.3% = 715
A 2,4-TDI Bt} 2,6-TDIZHIZE S Beol| &3
At} (Table 3).

2. 2% TDA sk

a3adolEdez BAS 2,4- 4 2,6-TDAS] ¥
T 5 47 1.31ueg/g creatinine , 4.05ue/g
creatinine©| 1t}

2% TDAS] ol4xI<] 2,4- £ 2,6-TDAS] H&
g3adgoleder wHA 2,4-TDA7F 1.4%-
99.9%¢°13 2,6-TDA7}F 0.1%-98.6%°1%t}. X
o] A FF¥|e 29.2%:70.8% = 8504 2,4~
TDA Bt} 2,6-TDAFHZ d& Bol] EA3Ah
(Table 3).

3. S-HSTA

7L ZIE TDIo|MA d|Ent 2F TDAO|AA 4i
E1}o] AnkA

z}zte] Z2A A 715 A4 TDIF 2,4-% 2,6-
TDIe|AA] ZE2He vlgn 85 A TDAF
2,4- 2 2,6-TDA oA u]g&3e] #AE B7] 9
sk} 715 TDI o]4dAle] v]&3% 85 TDA |44
o] H]gAtole] BAE HABENE HAIS A F9
g AAA7 dAS(Fig. 1, 2).

Ll 71E TDIF 2F TDA STto| Antay|

712 2,4- 2 2,6-TDI Z=29} g3#olEde=
BAE 8% 2,4- 2 2,6-TDA%e A@@AAS 2
Astdct 713 2,4- 2 2,6-TDI Z29 85 2,4~
2 2,6-TDAFTEE ol A4aaAr gt &,

Table 3. Concentration of TDI isomer in air and TDA isomer in urine

unit: TDI, wg/m* ; TDA, wug/g creatinine

Isomer Sample Conc. of TDI in air Distribution rate of  Conc. of TDA in urine Distribution rate of
No. (Geometric Mean) TDI isomer in air (Geometric Mean) TDA isomer in urine

2,4~ 47 4.38+2.24 2.4-51.0% (18.7%) 1.31£7.11 1.4-99.9% (29. 2%)

2,6- 47 25.43+3.72 49.0-97.6% (81.3%) 4.05%£2.90 0.1-98.6% (70.8%)
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(2,4-TDA/TDA)*100

1004 Correlation coefficient=, 17803
701
351
0
35 70

(2,4-TDI/TDIL)=100

Fig. 1. Correlation plotting of 2,4-TDI rate in air
and 2,4-TDA rate in urine

71% AA TDI¥X=(2,4-TDI+2,6-TD]) & &% A
# TDA®E(2,4-TDA+2,6-TDA)Ateld = 2%t
AaaA7 YA Fig. 3).

TDIE= 2,4-TDI$} 2,6-TDI®] F7HA oAz
ZA8ted 99.5% 2,4-TDI £+ 2,4-TDI%} 2,6-
TDI®} 80:20, 65:35 EFER AM8Hz Ut} ¢
Aoz 7139 TDIE ALdle F2 2,4-TDI
2 FAH AU A EFEAS TYT v &9
2,4- R 2,6-TDIZ FA4Ho] it} 28y HEr]
of tigt oliAjohlo| Ev|e] Hx]¢} 22 AAH -
Qo] o3l 71F =4 2,4-o Hlsl] 714
2 71Aglske 2,6-TDIS o] Bornz 7|FdA
2,6-TDI7F o %2 %o] HEE(Rando F,
1984). B ATl 2,4- 2 2,6-TDI® F=H|7t
2.4%-51.0%, 49.0%-97.6% (B 18.7%:81.3%)

(2,6-TDA/TDA) %100

Correlation coefficient=, 17803

100

35

| |

70 30

&
(=3

(2.6-TDL/TDI)*100

Fig. 2, Correlation plotting of 2,6-TDI rate in air
and 2,6-TDA rate in urine

TDA in urine(pg/g creatinina]

100. 0 Correlation coefficient=, 09344

10.0—

| _ |
5.0 20.0 £0.90 220.0
TBI in air[ug/n’)
Fig. 3. Correlation plotting of TDI isomer con
centration in air and TDA isomer con
centration in urine
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2 29 g 28 PNste 3 22A4E gy
©°2 3 Persson ©(1993)9 ZA#AR] 5%-60%,
40%-95%% AAsIct. = 2,4-TDIY Bz} 33
+20%¢< Maitre 5(1993) ¢l AFZAFAdx g
Y3, ZRtdEe B8 Aiste 339 o 3
AL Yo g ¥ Rando F(1984)2) F oA
8]7} 1:10(2,4-: 2,6-TDD Q) Aot AX3ch

TDIE=S] E=2 3 87|5& OSHA, ACGIHS}
FeElvEre 2,4-TDIS 7% 40ue/mo 2 A3l
o, 2,6-TDI= A3 7lFEe] U (ACGIH,
1991). 223y, NIOSH= 2,4-TDI$} 2,6-TDIe
ot 22 40uwe/mo 2 B T GG ERER
At JTH(INIOSH, 1978). 2,6-TDI2) @Al
o] FEAYE B3 UFHAJUZNTP, 1986)
TDI® 71 &3 23727389 il A4 349
olEAo] ojiAlopi|o]EQ)] g3 dojvlmg 2,6-
TDIZE A7Z3E dedled slA d9e oY
o &, #A7A 2,4- 2 2,6-TDICIEAE £els
o A E AT JFH AUl fle BEelA
5 4715S 2,4-TDIo disfiAwt AA3 OSHA,
ACGIH % %gjvete] 7182 2417F ok o] &
TFAT] Fol TERELE FYT{AEFNA 2,6-TDI
o ¥ ®o] x%53 gleng TDIFEE &%A
2,4-TDIRHE Brlbehs AL 433 #4371 2 5
o] SEAE o B TDI £23 oz 2
T A7 dojvs Aol 1HE ok 1y
g, ol /9 oAt 44 ARAHE o
71zt o)A Zlodeterte Brkslkr] fekeq F o]
AANE REElete Al=dthe 977t 9asic) §47]
TE o] T ojAAle T e TSI dodle=
47788 i 48AT 2 43T AYEHD
ol& TAR 71Eo] AR ook st

o] AT 8% TDACIEAY Fxvdle 2,4-
2 2,6-TDA7} <F 30:702.2 7% 2,4- € 2,6-
TDIeldA e} Fxr]Ql 20:800] v]gle] Auizoz
8FA 2,4-TDA¥IZ} F71ekel, 854 7t
H 2,4-TDAY|e] d¥+ oibgAd2 mig+d
2,4-TDA°Y 2|5 ez B ¢ glth, &, 2,4-9]
AA e A vE&R Bd V5o Bk 934
o} "lgol &3 2,6- oA AfE 850N B
o 71509 Hlgo] Esir) olEd AdAe 7F
TDIe) g2} 71A3 2 whg-Ae] zpol2 QU7 7|F

AAe] P} TDA oldAe] HREEFF 2 ukg
el ol U7 LFAe] FAUZE Mol 7te
3t} &, 2,4-TDIE 71ZFA 7]A sl8ke o] &
I, B 2 oIS wgAde] ABR 2,4-TDI &
71ehg EZ3ste ARl FFPAA 7IFoA aF
o] AZHH, 2,6-TDIE ol¢ AutsEe 54L& 7}
Aoz 71FqA o] AEEG. 23y, Aol
Ae F5¥ 2,4-TDIY 2,4-TDAZ9] A ¢ o
vg 2,4-TDI(FE7] 53 whgakal 4L 2,4-
TDD & HREFFE 53 2,4-TDAZ AFE ol
FAA oA 715 vlsid g2 H|EE F&H
v Aoz AP} (Holdren 5(1984)2] A9
o5k 71434 TDIe #5718 whe3le) TDAS
ARE & gvk, 2 BR FFdA 7)Ao 2
dojtte 2,6-TDIE} v|¥kg- 2,4-TDI7} 9 5¥-&<
7t © & dojdth).

£ AFelA 715 TDI ol/dA¢+ 85 TDA °l4
A, 2=E32 AA 215 TDIEMNSY TDI oA
el AA 8% TDA(F7/H9] TDAcCMdAI9 3
Atelel= §-og AaARAN gle AR YE 7]
£9o] ToMe] dFAze} Zolst AU ]G A
g Byl SF-NSTAE A B ABEANY
F oldAE Tl Al d@EN oY BF Ko
3lA] gfol =i A e st EAS 2w A4
3tS). v, @A7Al TDIS A& 2UE
ol A3 A7y 2 Hol| Expsie] AFdat 22
Az 10 o|Z o4 Ho| AFAAE Untsls}r]
oJgn AFe] A18E Y= AEAE Qe <
Ad 23& HEAY 48N B8 /A3 & dF
7} 80% (A8 E JH) 2 B A7 o)d uhye
Aol AT} Aolrt vEhd R 2. EYLEw
Ao 22 2 AHAE dAdoz I
Rosenberg® Savolainen (1986) 2 FolM+&=
2,4-TDIs} 2,4-TDA<}e] #Ale ¥W3x] Estn
1079l 220N 2,6-TDIs} 2,6-TDAS}S] &3
yhg-o] AR vE 3T Persson 5(1993)
< ZPue A2TY 222 2 A9AE gie
E 48743 &g ol TDATAWAEZT TDIE=Z
Zato] PAES ¥yl Aolmg A¥E A3y o}
239 @poR JAV/AE WelE & B A=
te 258 29 A 2ok Maitre(1993) ol &
g & Yashes T 93] 22AE O
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Aoz 3t dxdde 4 TDARES 7IF TDI
FTE7} AVBACY S 23T (FEAS=9101).
Maitre 59 d+7F AAFES JFH A7 74
T NS dAoR AR JIFARE L
AAFTHE 4¥E Wgtoy B dFe TEAE
TDIY FAFHoz2 ZEIHe 4] o|Fox
AZHE #EF E aEsle ANAEE XY
stajof gl olaig /pEAE HIol oY 4B
F FRAANE dF A sRenz 22 ZEA
A AESH BUHF Alzte] A FAASGE A
2o}, 28y Skarping 5(1991)3 Brorson §
(199D ol Zz+ 597 29Wo AUxE ez
TDIo| A CE EZA|A 4L A72A#AE Y
25 TDA7 #e] Hi&He Algte] A o1FF
4} (biphasic pattern)& Holi 28A17F F<te] uj
AFE TDIFU Fe] 8%-18%° £33z Y&
A ZUEZE A% HAS A dEre F o
B d97t dasojor & A #oh. &, Brorson
F(1991) 2 FRA AWM TDA oA & A
Az Ao 7H57) (rapid phase) 8 ¥7lE 2-
5AIZH18l 1, A7) (slow phase)® 6¥oldez
HZFoA TDIE of¥l 2 F4sy| 9 ddstA 2
st JhrRael ofs Zall7t A DolukAl fobA
7)1 7d A7) W&ol (F 250417 AR AFH A7t
AA L A 3 P Z2E BT 5 3
cva AEE ZUEH AYside FHE 3
Aok &, TDME A& 2UHY digd A
Azt YA RS TH L AR AFHAZL] ofF2
o go] dFHolof & FEolt),

o] AT 859 TDATES tvlEo] F33 A
2313 A8 ¥F9 TDARLEE &H 715
TDI's=%e] &3-v-&o ZJAAAE B3] R
fom ¢A ARG BrA AgHel AP e}
S2hete] APRANA TDIY FLA= E73t
3, TDI olgAle] 84 2 294 Bxo A o
T, A U] @3 AF7F AF o] Fo]
AR B3 JeelA 715 TDIeIAA e EXE WY
381 AE U AdE & AT eFelA
TDAE AZFEAs 715 TDIske] AAE W3l
3 He m$ Asign #d"t, g% TDIeA
Ao N5 BExel BAstg YAFF L AT
Aol zpol, o)A FFHo A% 1G] AY

4% @7 Fol o|RlA HEIIE 4Hel W
A7} vhagolol A, TDIS AE8H wuE
Pol Ui 2AE AWE + U A B
AT, 7134 Z718ede] TDI 22 oliz} do]
2%% TDL W¥E2 $¢ 1eisld Frie A7
% 9% 5 O ABAH ARE ol8F A7)
ofolA AA% YRAY BUHY YU wlo}
sk,

V.28 E

o] A& TDI HF AR 224 d4dez
715 TDI ©lAdA9 BEE ZAE] 71500 E2
He oldAle A& weax Nt &, 71F
TDI A8l ¥%9% 8% TDA ol FEsle)
BAE Wile 478 24X TDI £2 22x4E
o gk AR AETE RUEP YL AAS
2 &g, drAgs oS A

1. 713 2,4-TDIS} 713M9 T =& 4. 38uw/m
(NIOSH 8 ¢5%9] o 11.0%), 2,6-TDIS 713
HEFEEE 25.43u/m (NIOSH 3 &559 o
63.6%) o1t} 470 A8Z 2,4-TDIE 3&%%
2 233l Aol YT 2,6-TDIE 2271 (46.8%)
7} 358 2Pt 715 TDIPIAAR 2,4-
9 2,6-TDI2) HlE& 2.4%: 97.6%-51.0%:49.0%
o)yt B¥eo AA HHAYE 18.7%:81.3%= 7]
Zo|A 2,4-TDI Rt} 2,6-TDIFEZ T & o] &
Ak,

9. 82 2,4- 2 2,6-TDASEE S3dclEde
g2 BA% A% 242t 1.31uw/g creatinine, 4.05ue
/g creatinine°lth. 8% TDAS} o)A 2,4-
9 2,6-TDAS Hl& 1.4%:98.6%-99.9%:0.1%°]
Ut B¥o AA BE¥le 20.2%:70.8% 2 8%
|4 2,4-TDA Bt} 2,6-TDAZHE T Bo] &
Ast o},

3. 712 2,4- 2 2,6-TDI £z a3 olE|de
2 HAY 8F 2,4- 2 2,6-TDASS] AanBAS
BE¥g A% 713 2,4- 2 2,6-TDI £2¢ 8%
2,4- 2 2,6-TDABEE fod AaaAsE A
=3

ol4e] Aol ZEAE L |FoA 2,4-TDI
¥kd 2,6-TDI] © Be] Zzdz Atk
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3ol 98 S2AEL 2,6-TDIY F2 Z2gd
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