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1 4,4'-MDI PMDI
DFG, 1997 (US EPA, 1998) EU,
1999 4,4-MDI PMDI
MDI CAS
MDI
4,4'- 101-68 -8
2,4'- 5873-54-1
2,2'- 2536-05-2
26447 -40-5
9016 - 87- 9
4.4'- 250.26
101.3kPa 300 39-43 40 Differential
scanning calorimetry DSC (Kelly ,1997) 20 1 mPa
DFG, 1997
MDI (Chemical
society of Japan, 1989) 1 ppm=10.4
mg/ n#. International Chemical Safety
Card (ICSC 0298)
PMDI 0 20
1 mPa (DFG, 1997)
4,4
3
PMDI (Dharmarajan, 1979)
Marcali
MDI

Streicher ( ) MDI

05 U m

PMDI

MDI
87%

(HPLC)



(NIOSHmM 1985 IARC, 1986 Spanne ,1996 Tinnerberg ,1997) HPLC
0.01 mg/m3
15 05 08 4 /m3
4 fmol (Spanne , 1996; Tinnerberg ,
1997)
MDI
PMDI
1991
120 1993 150 1994 178 1996 195 (Chemical
Week, 1998) 1992 1996 20-27
(Chemical Daily, 1997)
MDI
(DFG, 1997) MDI
MDI
MDI
MDI Brochhagen
Keller (1983) Yakabe (1994) Heimbach
(1996) MDI
MDI NCO OH

MDI
(EU, 1999)



20 (Castro, 1985)

(Hegarty , 1975)

Yakabe (1994) MDI 2
PMDI
PMDI 2 4
56
) I 16
A 0.5%
PMDI
MDI PMDI
14
A
1994)
4,4~

(Yakabe, 1994)

Heimbach (1996) 1 10g
(Oncorhynchus mykiss)
2 1 10 g/l 3
MDA
112 3
MDA
10 mg/kg 0.5 1.4 mg/kg MDA
MDI

MDI

MDI

MDI MDI

MDI

(Yakabe,

4,4-



MDI MDA

(Appelman, 1986)

(Appelman, 1986)

MDA 90u g/
(0,0.2,1
A
80
A
(Giersig, 1989)
Mann, 1987)
MDI
MDI MDI  NCO
(EU, 1999) MDI
(0.25-8)
1238 138(11%) 0.0125 mg/ 8
31
Production Association (ISOPA)
20
319 273
2 0.2 mg/ e

m3 (Diller

31 (2.5%)

(Giersig, 1989)

5 mg/ns)
A
5 mg/m?3
10 mg/ me
A

MDI

OH

MDI

MDI
(ISOPA, 1998)
0.05 mg/ me

Isocyanate

0.05 mg/ n#®

0.2 mg/

Herbert, 1982)



Sepai  (1995b) MDI 20
MDI 20
17
3 mol/l 100 60 A
A 6.5
Liss , 1986
1986 1992 137 129 94%
8 60 U g/ e 1 50
Mg/ m3 Tarlo ,(1997) 1984 1988 20
MDI 40% 50u g/ n®
203 27%
8.4.2.
Reuzel
1994a,b
Day , 1997
, Sprague-Dawley
5Uum 15 96
4 70%
57% 13%
23%
1% 22%
MDI 3
12 5 1 17
PMDI/MDI
MDA Sepai , 1995a
Wistar 20 mg/m3  MDI 19
6 MDI
MDA
Bartsch , 1996 MDA



66/4% 42.4% 13.6%
MDA PMDI/MDI
(Schuetze , 1995; Sepai , 1995b; Skaping Dalene, 1995)
PMDI MDA 70 80 21
(Skarping , 1995) MDI
MDI (Sepai , 1995b; Dalene
, 1996) PMDI/MDI MDA
MDA (Schuetze
1995)
Sepai (1995b) MDA MDA
MDA
6.2 MDA 20
70 710 mol/g
MDA MDI
20% MDA 39 70
fmol/mg 120 fmol/mg
MDI MDA
(Skarping , 1995; Dalene |, 1996; Tinnerberg ,1997)
MDI
in vitro
8.1
MDI 25% PMDI
LDso 31.6 g/kg 10 g/kg (Mobay
Chemical, 1961)
( ) PMDI(O, 2.5, 3.9,
6.0 9.4 g/kg ) (Wazeter, 1964b)
PMDI
9.4 g/kg
MDI 0.6 350 mg/ n# 3
10.4 mg/ n#®
(Thor e , 1986)

10.2 58.5mg/nm® MDI
(Weyel Schaffer, 1985)



PMDI 99% 5um 384, 418, 500
523 mg/ ? 4

Appelman & de Jong, 1982
LC50 490 mg/ m3

8.2
8.2.1
0,2.5,3.9,6.0 9.4 g/kg
24 Wazeter, 1964b
7
8.2.1
MDI
(ear-swelling test)
4 5 MDI 0.6 187 mg/kg
Thorne , 1987 4
MDI 24
MDI
0.03 mm
MDI 0.6 37 mgkg
(TDI)
Thy-1,2 T
MDI (Tanaka
,1987) MDI 1%
24 MDI
MDI
T-
8.3
Wistar PMDI 6
(Reuzel ,1994a) 2.2,

4.9. 13.6 mg/ n# MMAD( ) Su



13.6 mg/ nB

1
4.9 mg/ n¥
2.2mg/m PMDI
MDI
8.4
8.4..1
(1994a) SPF Wistar
30 Bayer Desmodur 44vV20 52%
0,4.1,84 12.3 mg/ ms3 1 6
95% 5Um MMAD
25% 15/60
8.4 mg/ m3
13 10
5/10) 6/10
4.1 mg/ m3
4.1 mg/ m3
8.4 mg/ m3
13 0.35,14 7.2mg/ m?
(Reuzel ,1994a)
8.4 mg/ m3
4.1mg/ m3

8.4.2

30%
13



2 SPF  Wistar

60 0, 0.19,0.98,6.03mg/ m® PMDI

1 6 5 (Reuzel ,1994b)

10 1 95%
MMAD 5um MMAD

0, 0.684 M(2.93) 0.704 m (2.46) 0.74M m (2.31)

24
1
6.03 mg/ m3 (6/60)
(2/59) (0/120) 2 3mm
( 10mm)
NOAEL 0.19 mg/m3 LOAEL 0.98 mg/ nms3
0.98 6.03 mg/ m3
6.03 mg/ ms
0.98 6.03 mg/ n®
(Hoymann , 1995, 1997) 99.5% 4,4-MDI
Wistar ( 80 ) MDI 0.23,0.70, 2.05 mg/ n#
MMAD MHm 1 17 5 24
20 12
(BAL)
FEF25;
25% FVD
20 60% BAL
12 70% Reuzel (1994b)
PMDI
1

LOAEL 0.23 mg/ B



NOAEL

150 300mg

103

(Weisburger , 1984; NTP, 1986)
1000 mg/kg 19 ) 2800 mg/kg
N-bis(2-hydroxypropyl)-nitrosamine(DHPN)
DHPN
8.5
4,4 2.4-
DMSO EGDE 4
DMSO 30% S9 S9 mix
EGDE Andersoen, 1980;
Zeiger, 1987; Herbold , 1998 DMSO
Herbold, 1990a,b; Gahlmann, 1993 in vitro
DMSO
MDI DMSO Herbold , 1998 EGDE
DMSO
(Seel ,1999) MDI DMSO 99%
45
21-28% MD in vitro in vivo
Wistar 14C-
DNA (Vock Lutz, 1997)
10%
2p DNA
(Vock Lutz, 1997)
0,0.3,0.7 2.0 mg/ n# 1 17 5 1
Wistar 32p DNA
(Vock , 1996)
DNA

(1010 5-10 )



MDI
No,414
Wistar x 8 ) 028 12mg/m3 PMDI 1 6
6 15
Waalkens Berendsen Arts, 1992 21
6 9 8 12 mg/ ms
NOAEL
14% 12mg/ n# 8 mg/ n#
NOAEL 12 mg/ ns
Wistar OECD
No.414 BASF(1994) 25
1,4, 12 mg/ m8 (MMAD 28 U m) 6 15
1 6 2
12 mg/ m3 25
6%
10%
01
1,4,12 mg/ m3 38.9 48.7 478 63.2% (p 0.05)
24.6,34.7 (p 0.05),33.4 (p 0.05), 40.0%(p 0.0 ) 4 mg/
m3
NOAEL 4 mg/ m3 NOAEL 4 mg/ m3
Wistar 4.4 1,3, 9Img/m3
6 15 1 6 (Buschmann
, 1996) MMAD 11pPdm 20
(23%)
9 mg/ n8
NOAEL

9 mg/ m3



(Vandenplas ,
1993)

IgE
MDI
(Pezzini ,1984 Tse ,1985 Liss ,
1988 Cartier , 1989)

in vitro
(HRF) (HAS) HRF
(p <0.05) HRF
HRF
(Herd Bernstein, 19994)
(Sepai , 1995a) Lushniak (1998) 19gG
IgE
9 9
PMDI
-HAS
IgE 1gG radioallergosorbent (RAST)
19G
(p=0.044)
109G
HAS
1gG
9.1

NIOSH (1994a)
"rock glue"

NIOSH

Zandenplas (1993)



(FEV1: 31%; 23 40%

FVC (23%; 17 35% )

-HAS 19G IgE

167

(4.8%)

( 154 g/ m?)
(Littorin , 1994)
-HAS
1gG1 1gG4
IgE
In vitro MDI-HAS

(Woellner , 1997)

25
MDI
(Carino , 1997)
(Reidy Bolter, 1994)
MDI

MDI



9.2.1

Bermstein  (1993) MDI

243
50 ¥ g/ m3
5 246
International Contact Dermatitis Research Group(Mncuso
, 1996)
2
2
78
372
(Johnson , 1985)
PepSet
FEV: toFVCno25 75 FEFx.75
FVvC
PMDI
(Group
)] 6 (Groupll) (Group I11) (Liss
1988) MDI 86 (groupl) 1.1 (Groupll) O
(Group I11) Group | Group I
0 MDI MDI
1gG IgE Group |
MDI-HAS RAST (25%)
Musk (1982) 107 TDI (17 ) MDI
25 ) 6 5
MDI
FEV1 94 5



FEV1

MDI
0.05 mg/ m? 25
TDI 0.05 mg/ n#
MDI
MDI
1976 1981 Pham (1988) 318
104
1981
114 45
FEV1
FEV1
DFG 9 Cavelier
(1977) Pham (1978, 1986, 1988) Martin(1982) Diller Herbert(1982)
Sulotto  (1990)
PMDI 0.87 mg/ m3
0.2 mg/ ms
0.1 mg/ m?
0.9 mg/ n®
1 0.05 mg/ r#
800
1989 1992 SWORD
Meredith McDonald, 1994 1989 1991 5541
28% 1989 1991 1528
336
9.2.2
1

4154 (Hagmar , 1993a)



TDI MDI 1

6 7 24 TDI 0.1u ¢
m3 0.02 y g/ n® 001 p g
m3 Mgl s 0.35
10
TDI MDI
(Hagmar
1993b)
(Sorahan
Pope, 1993) 1 n=8288
TDI MDI TDI 5%.
1978 1986 8 0.04p g/ m3
01 pg/ms
SMR
10.1
MDI
51 MDI
MDI
MDI

500-3000 mg/l  MDI

(Rhone-Poulenc Chimie, 1977; Nakata, 1983; Capers , 1986)
1000 mg MDI/I 24

(Rhone-Poulanc Chimie, 1977; Capers ,1986) PMDI 10



mg/l 21

Daphnia magna

(Caspers ,1986) Blom Oldersma (1994) 1640 mg/l PMDI
Scenedesmus subspicatus
PMDI 100 mg/l
Escheichia coli (Fujiwara, 1981) ( Caspers
1986)
Heimbach (1996) PMDI 0,1, 10 mg/l
51
PMDI
120
MDI
MDI
7 14
2
2 8
6 3 MDI 1
10.2
OECD No.207 OECD
No. 208 —
MDI
MDI a
b
14 LCs0 1000
14  NOEL( ) 1000
14 NOEL 1000
NOEL 1000
NOEL 14 1000
NOEL 14 1000

’



NOEL 1000

NOEL 14 1000
NOEL 14 1000
a van der Hoeven  (1992a,b)
b. LC50=50 NOEL=
11.1
11.1.1
MDI
MDI
MDI
MDI
MDI
11.1.2 MDI
US EPA Intergrated Resk Information System (IRIS)
i
Benchmark Concentration (BMC) (Reuzel , 1990,
1994a)
TC
Reuzel (1990, 1994a) 10% BMC10 BMC
95% BMC10  US EPA(1994)

Regional Dose Deposited Ratio (RDDR)
R



Reuzel (1990, 1994a) BMC10

RDDR (0.453) 0.06 mg/ n®  BMC10(HEC)
BMC10 3 10
1012
1012 6 x 10-4mg/ n$
11.1.3
0.2 mg/ nB MDI
MDI
0.05
mg/ MDI  MAK
0.05 mg/ n#
11. 2
MDI MDI
MDA
MDI
MDI
MDI
MDI
IARC (1999) MDI
MDI
MDI



MDA IARC (1986)

2B

JSOH (1994)

NIHS
NIHS
1-18-1
JSOH
JSOH The Committee for the Recommendation of
Occupational Exposure Limits
OEL OEL
OEL JSOH JSOH
OEL OEL
JSOH Japanese Journal of Industrial Health
OEL
OEL
OEL (Sakurai, 1997)
MDI CICAD
US EPA (1998)
EPA EPA
Methylene diphenyl diisocyanate (MDI)
IRIS Integrated Risk Information System
IRIS Program Manager Office of Research and
Development Office of Air and Radiation

Office of Prevention, Pesticides, and Toxic Substances
Office of Solid Waste and Emergency Response Office of Water
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APPENDIX 2— CICAD PEER REVIEW

The draft CICAD on diphenylmethane diisocyanate (MDI) was sent for review to institutions and
organizations identifiedby IPCS after contact with IPCS national Contact Points and Participating Ingtitutions,
aswell asto identified experts. Comments were received from:

A. Aitio, WHO, Switzerland
M. Baril, Institut de Recherche en Santé et en Sécurité du Travail du Québec, Canada
R. Benson, US EPA Region VIII, USA
T. Berzins, National Chemicals Inspectorate (KEMI), Sweden
R. Cary, Health and Safety Executive, United Kingdom
Chemical Industries Association (CIA) Isocyanate Producers Sector Group (1PSG), United Kingdom
M. Collins, Gilbert International Limited, United Kingdom
P. Edwards, Department of Health, United Kingdom
T. Fortoul, National University of Mexico, Mexico
R. Hertel, Bundesinstitut fir Gesundheitlichen V erbraucherschutz und Veterindrmedizin, Germany
J. Lesage, Institut de Recherche en Santé et en Sécurité du Travail du Québec, Canada
H. Nagy, National Institute for Occupational Safety and Health, Cincinnati, USA
D. Willcocks, National Industrial Chemicals Notification and Assessment Scheme, Australia
P. Yao, Chinese Academy of Preventive Medicine, Peopl€e' s Republic of China
K. Ziegler-Skylakakis, GSF-Forschungszentrum fir Umwelt und Gesundheit GmbH, Germany
APPENDIX 3— CICAD FINAL REVIEW BOARD
Stockholm, Sweden, 25-28 May 1999
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Mr H. Abadin, Agency for Toxic Substances and Disease Registry, Centers for Disease Control and
Prevention, Atlanta, GA, USA

Dr B. Akesson, Department of Occupational & Environmental Health, University Hospital, Lund, Sweden
Dr T. Berzins (Chairperson), National Chemicals Inspectorate (KEMI), Solna, Sweden
Mr R. Cary, Health and Safety Executive, Bootle, Merseyside, United Kingdom

Dr R.S. Chhabra, General Toxicology Group, Nationd Ingtitute of Environmental Health Sciences, Research
Triangle Park, NC, USA

Dr S. Dobson (Rapporteur), Institute of Terrestrial Ecology, Monks Wood, Abbots Ripton, Huntingdon,
Cambridgeshire, United Kingdom

Dr H. Gibb, National Center for Environmental Assessment, US Environmental Protection Agency,
Washington, DC, USA

Dr R.F. Hertel, Federa Ingtitute for Health Protection of Consumers and Veterinary Medicine, Berlin,
Germany

Dr G. Koennecker, Chemica Risk Assessment, Fraunhofer Institute for Toxicology and Aerosol Research,
Hannover, Germany

Dr A. Lof, National Institute of Working Life, Solna, Sweden

Dr A. Nishikawa, National Institute of Health Sciences, Division of Pathology, Tokyo, Japan
Professor K. Savolainen, Finnish Institute of Occupational Health, Helsinki, Finland

Dr J. Sekizawa, Division of Chem-Bio Informatics, National Institute of Health Sciences, Tokyo, Japan

MsD. Willcocks (Vice-Chairperson), Chemical Assessment Division, National Occupational Health and
Safety Commission (Worksafe Australia), Sydney, Australia

Professor P. Y ao, Institute of Occupationa Medicine, Chinese Acadeny of PrevertiveMedicing Ministry of
Health, Beijing, People's Republic of China

Observers

Dr N. Drouot (representing ECETOC), EIf Atochem, DSE-P Industrial Toxicology Department, Paris,
France

Ms S. Karlsson, National Chemicals Inspectorate (KEMI), Solna, Sweden
Dr A. Poole (representing CEFIC), Dow Europe S.A., Horgen, Switzerland

Dr K. Ziegler-Skylakakis, GSF Forschungszentrum fir Umwelt und Gesundheit, Institut fur Toxikologie,
Neuherberg, Oberschleissheim, Germany

Secretariat



Dr A. Aitio, Programme for the Promotion of Chemical Safety, World Health Organization, Geneva,
Switzerland

Ms M. Godden, Health and Safety Executive, Bootle, United Kingdom

MsL. Regis, Programme for the Promotion of Chemical Safety, World Health Organization, Geneva,
Switzerland

Dr P. Toft, Division of Health and Environment, World Health Organization, Regional Office for the
Americas/Pan American Sanitary Bureau, Washington, DC, USA

Dr M. Y ounes, Programme for the Promotion of Chemical Safety, World Health Organization, Geneva,
Switzerland



