CONTENTS

NOTETOTHEREADER .........iiitiititiiitttiieetteieeeetnneeeennessennsesennneseonnessannsessnnnsssnnnnnss 1
LIST OF PARTICIPANT S . itiiiiiiit i iiieeettieeeteneeeeenneeeanneeeennnesennneseannessannsesennnessnnnnnss 3
PREAMBLE. .......iiiiiiitttiiit ittt ttteeeetneeeeenneesenaneseanuesesnnnesennsesesnsesesnnsesesnesennnnnns 9
A. GENERAL PRINCIPLES AND PROCEDURES ... e 9

1. BaCKGIOUNG. ..o 9

2. ObJECHIVE AN SCOPE. ... ettt e 10

3. Selection of agents fOr reVIEW ....... ..ot 11

4. Dataforthe Monographs ...............oo i 11

5. Meeting PartiCiPaNtS . ... e 12

6. WOIKING PrOCRAUIES. . ...\ e e e et e 13

B. SCIENTIFIC REVIEW AND EVALUATION. . . ..ot 14

1. EXPOSUIE data. ... o 15

2. Studies of CanCerin NUMANS .. ... .o i 16

3. Studies of cancer in experimental animals.................... 20

4, Mechanisticand otherrelevantdata..................oo i 23

D SUMIMIAIY. e 26

6. Evaluationand rationale........... ... 27

0] 1= Y o Yl < 31
GENERAL REMARKS .....tittiiiiittttitiiieeieeteetteaeeaeseeetnnnseeessesssnnsssesssssssnnsssassssnes 33
4-AMINOBIPHENYL . ....iiittiiiiittttttiiieeeeeeeeeeennaeeeeeeenennssseessesnsnnnssessssssnnnnsssssssnes 41
1. EXPOSUIE Data ..o 11

1.1 Identification Of the agent. ... ..o i 41

0 U L 41

1.3 HUMI AN @XPOSUIE ettt e e e e e ettt et e 11

B @ o ol =Y g | N o 10 T 4= 1 42

2.1 DesCriptive StUAIES ... .o 42

2.2 QOO STUIES ..ttt e 42

2.3 SYNTNESIS ot 43

3. Cancerin Experimental Animals ...... ... 43

4, Other Relevant Data ......c.oiiiii i e e 43



IARC MONOGRAPHS - 100F

4.1 Aromatic amines: metabolism, genotoxicity, and cancer susceptibility.......................... 43
4.2 A-AMINObIPNENY . ..o 49

D EVAlUA ON 50
0] 1= Y o Yl < 50
BENZIDINE. ... ... .iitititiiittttiettttaeeeetanaeseanaesenanesesasesssnssesanasesssasesssnsosssnnsessnnnes 53
1. EXPOSUIE Data . oo e 53
1.1 Identification Of the agents. ... .o it 53

0 U L 53
1.3 HUMAN @XPOSUIE ..ottt ettt ettt e et e e e e et e et et e e 54

2. CaNCEr N HUMANS . . e e e e e e e 55
3. Cancerin Experimental Animals ...... ... 55
4, Other Relevant Data .......c.ooiii i e 60
D EVAlUAT ON L 61
RO OIS ettt e et e e e 61
DYES METABOLIZED TOBENZIDINE. ... ....ccuuiiitiiiittiieetttneeeeneerennaesenasessensesssnnsesennnes 65
1. EXPOSUIE Data . oo 65
1.1 Identification Of the ageNts. . ... it 65

0 A U L 66
1.3 HUM AN @XPOSUIE ettt e ettt e e et e 66

2. CaANCEr N HUMI NS . e e e et e e e 68
2.1 CONOIT STUAIES .. e e 68
2.2 Case—CONTIOl STUAIES .. ... 68
2.3 SYNTNESIS. . 68

3. Cancerin Experimental Animals ....... ... 68
4, Other Relevant Data .......c.oiiii i e 71
D EVAlUA ON L e 71
RO I ENCES . ittt e e e 72
4,4'-METHYLENEBIS(2-CHLOROBENZENAMINE). .. .....cotttiitttineeeenneerenneereenneseennsesennnnnns 73
T, EXPOSUIE Data ..o e 73
1.1 Identification Of the agent ... ... 73

00 U L 73
1.3 HUMIAN @XPOSUIE ..ttt ettt et ettt et e e et e e et e et e e et e e 73

2. CANCEN N HUMI NS . e e e e e e e e 75
3. Cancerin Experimental Animals .. ... 75
4, Other Relevant Data ... ..ot 79
D EVAlUA ON L 80
RO EIENCES ittt e e e e e e 80
2-NAPHTHYLAMINE . ...ttt titet e ttteeeenneesennesennnessennsssennsssennsssesnnssssnnsssennnnsns 83
T, EXPOSUIE Data ..o 83
1.1 Identification of the agent. ... ..o 83

12 U SS. ittt 83
1.3 HUMIAN @XPOSUIE ettt e e e et ettt ettt e e e et 84

2. CANCEI N HUMI NS . et 85

Vi



Contents

3. Cancerin Experimental ANimals ... ... 86
4, OtherRelevant Data ..... ..o 86
D EVAlUAT ON 920
0] 1= Y o V< 920
OFthO-TOLUIDINE .......ooiiitiiiiitiiitttiittttiteeetnteeeenneesenaneseennessonasesesnsssssnnsssenansss 93
1. EXPOSUIE Data .. oo 93
1.1 Identification Of the agent. ... .. i 93

0 U L 93

1.3 HUMI AN @XPOSUIE ettt ettt e et et e e e ettt ettt 93

2. CaNCEr N HUMANS . e e e et e 94
3. Cancerin Experimental Animals ....... ... 95
4, Other Relevant Data .......c.ooiiiii e e e 98
D EVAlUAT ON L 98
RO BN CES . .ttt et e e e 929
AURAMINE AND AURAMINE PRODUCTION ......uiiitiiitiiieeteneerernnereennessennsesennsasennnonss 101
1. EXPOSUIE Data .. oo 101
1.1 Identification Of the ageNt. ... ...t 101

1.2 ManUfaCtuIe and USE. .. ... vttt e e e 101

1.3 HUM AN @XPOSUIE ettt e e et et 102

2. CANCEr N HUMIANS . e e et e e 102
3. Cancerin Experimental Animals ...... ... 102
4, Other Relevant Data ........ooiii i e e 102
D EVAlUA ON L 104
RO I ENCES . ittt e e e e 104
MAGENTA AND MAGENTA PRODUCTION ......ccuuiiiiiinrirnrareennaerenanesernnessennsesennsessnnnes 105
T, EXPOSUIE Data ..o e 105
1.1 Identification Of thE ageNTS. . ... . i 105

1.2 ManUfaCTUIING PrOCESSES. ... .\ttt ettt e e e e 106

1.3 HUMIAN @XPOSUIE ..ttt ettt e et e e ettt e et e e e e e e e e 107

2. CANCEr N HUMI NS . e e et e e e e e 107
3. Cancerin Experimental Animals ... 107
70 I /= o 1= o | - P 107

3.2 CIBasSiC REA 0. i 109

4, Other Relevant Data .......c..oiiii e 109
D EVAlUAE ON L 109
RO BN CES . ettt e e e e e 109
BENZOIGIPYRENE. .......ciiuitiiiittttieeteneeeenaneseeanessenasesenasesennnsssennsssennsessnnsossnnnes 111
1. EXPOSUIE Data ..o 111
1.1 Identification of the agent. ... ..o 111

1.2 OCCUITENCE AN EXPOSUIE ...ttt ettt e e et et e e e e e e e e el 111

2. CANCEI N HUMI NS . et et et e 112
3. Cancerin Experimental Animals ... ... 112
3.1 SKIN APPlCatioN. ... 113

vii



IARC MONOGRAPHS - 100F

3.2 SUBCULANEOUS INJECTION. ... ..t 113
3.3 Oral administration. . ... 113
3.4 Intraperitoneal INJECTION. .. ... . i 130
3.5 INRalatioN . ..o 130
3.6 Intrapulmonary iNJECTION . ... ... i e 130
3.7 Intratracheal administration ......... ..o 130
3.8 Buccal pouch application........ ..o 131
3.9 Subcutaneous tracheal grafts transplantation...................cooi 131
3.10 Intramammilary administration. . ........o.oui it 131
3.7 Intracolonicinstillation . . ... o o e 131
3.12 Intravaginal application . ...t 131
3.3 Intrafetal iNJeCtion. ... ..ot e 131
4. Other Relevant Data .......c.oiuiii e 131
4.1 Metabolism. ..o 131
4.2 Diolepoxide MeChanisSmM. . ... ..o 132
4.3 Radical-cation Mechanism ... ... ... 133
4.4 Other activation mechanisms of benzolalpyrene. ... 133
4.5 Human exposure to PAH-rich mixXtures..............oooiii i 135
40 SYNTNESIS . .. 137
D VAU ON L 137
RO O ENCES . . .ttt 138
COAL GASIFICATION. . . ..ttt ittt ettt ettt ettt ettt assnsnnnsnnsnnnnnns 145
1. EXPOSUIE Data ..o 145
2. CaANCEr N HUMI NS . e et e e e e 146
2.1 Cohort studies of coal-gasification WOrkers. ...............oooiiiiiiiiii i 146
2.2 SYNTNESIS. . 146
3. Cancerin Experimental Animals ...... ... 146
4, Other Relevant Data ........ooiiii i e e e 149
4.1 Mechanistic evidence relevant to the carcinogenic hazards from occupational exposures
during €oal gasifiCatioN. ... ......ooiii i 149
AV 1 2 V=T [ 150
D EVAlUAT ON Lo 150
R I ENCES . .ttt e e e e 150
OCCUPATIONAL EXPOSURES DURING COAL-TARDISTILLATION .....ccitiiiiiiiieeneeeennnnnnaaananns 153
T, EXPOSUIE Data ..o e 153
1.1 ManUfaCTUIING PrOCESS ... .ottt e e e e e e 153
1.2 OCCUPATIONAl EXPOSUIE ...\ttt et e e e e e e et et e 155
2. CANCEr N HUMI NS e e et e e e e e e 155
3. Cancerin Experimental Animals ... 155
4, Other Relevant Data ........oiiiii e e 156
4.1 Mechanistic considerations relevant to the carcinogenic hazards of exposures during
coal-tar distillation ... ... 156
V] 14 V=T [ PP 158
D EVAlUA ON L 158
RO EIENCES . ittt e e e e e 159

viii



Contents

L0 Y I Y 2 o I - 161
1. EXPOSUIE Data ..o 161
1.1 Identification of the @geNnt. ... .. ..ot 161
1.2 HUMAN @XPOSUIE ..ttt ettt e ettt e e e e e ettt e ettt e e e e 161
2. CaANCEI N HUMANS . .t e e ettt ettt e 163
2.1 CoNOMt STUIES ... 164
3. Cancerin Experimental Animals ... ... 164
4, OtherRelevant Data ..........ooiii i 164
4.1 Mechanistic considerations relevant to the cancer hazards from exposure during roofing
and paving with coal-tar Pitch. ... ... 164
4.2 S NENSIS . . 165
D EVAlUAT ON . 165
L] 1= =Y o Vel =T 165
COKE PRODUCTION ....iiiiiiiiiitttttttiaeeeeeeeeeeannaeeeseessnnnseesssssssnnsseeessssssnnnsossssnes 167
T, EXPOSUIE Data ..o e 167
I O o e T 18 Tt T T o oYl <113 167
1.2 HUMAN @XPOSUIE ..ottt ettt et et e e et e e ettt e et ettt et e e e 169
2. CANCEr IN HUMANS .. e e e e 169
3. Cancerin Experimental Animals ...... ... 170
3.1 SKIN @PPliCatioN. ... e 170
3.2 INhalatioN . . 171
4, Other Relevant Data ........ooiiiii e e e 172
4.1 Mechanistic evidence relevant to the carcinogenic hazard from occupational exposures
during CoOKe ProdUCTION .. ... o e e 172
42 SYNENESIS. .. 175
D EVAlUAT ON L 175
RO OIENCES . . et e 175
MINERAL OILS, UNTREATED OR MILDLY TREATED. .. ....cuuuiiiitiiiiniaeeeeeeerennnneeaeeeeennnnnnnns 179
T, EXPOSUIE Data ..o 179
1.1 Identification Of the ageNt. .. ... i 179
0 U L 180
1.3 HUMIAN @XPOSUIE ...ttt ettt e et e e e e et ettt ettt e e e e 180
2. CANCEr N HUMIANS . e et et et e e 181
2.1 INTrOAUCTION ... e e 181
2.2 Cancer of the sKiN/SCrOtUM. ... ... i e 181
2.3 O hEr CANCEIS oottt 182
24 SYNTNESIS. . 183
3. Cancerin Experimental Animals ... 183
BT E@rlier STUAIES .o 184
3.2 Studies published since the previous evaluation ... 191
4, OtherreleVant data ... ...co.viii e 191
T o T 00 T - 191
4.2 EXPerimental SYs M. ... .ot 192
D EVAlUA ON L 193
RO BN CES . ettt e e e 193



IARC MONOGRAPHS - 100F

1] o 0 0 ] | 197

1. EXPOSUIE Data ..o 197

1.1 Identification Of the @geNt. ... ... ..ot 197

12 U SBS. ottt 197

1.3 HUMAN @XPOSUIE ..ttt et ettt e e ettt e e e 198

2. CaANCEI N HUMANS . . e e et e e e et e 198

3. Cancerin Experimental ANimals ... ... 199

3.1 Rawandspentoil-shale.......... ..o 199

3.2 Crude shale oils from low-temperature retorting .............ooooeiiiiiiii i, 202

3.3 Crude shale oils from high-temperature retorting ..o, 202

3.4 Shale-0il fractions ... ..o 202

3.5 Shale-oil distillates, blends and other commercial products ....................ocociiinn. 203

306 SYNENESIS . . 203

4, OtherRelevant Data ..... ... 203

A HUMI NS Lo e 203

4.2 EXPerimental SYSTeMS. .. ... 204

4.3 S NTNSIS . .t 204

D EVAlUAT ON . 204

] 1= =Y V=T 205

SOOT, AS FOUND IN OCCUPATIONAL EXPOSURE OF CHIMNEY SWEEPS ............ccovvviivvnnnnn.. 209

T, EXPOSUIE Data ..o e 209

2. CaANCEr IN HUMANS . e e e e e 211

3. Cancerin Experimental Animals ...... ... 212

4, Other Relevant Data ........ooiiiiit e e e 212
4.1 Mechanistic evidence relevant to the carcinogenic hazards from occupational exposure

AS A ChIMINEY SWEE . . e 212

42 SYNENESIS. .o 213

D EVAlUAT ON Lo 213

R I BN CES . ettt e e e e 214

OCCUPATIONAL EXPOSURES DURING ALUMINIUM PRODUCTION .......cccvviieeiriiinnnnnnaaannnns 215

1. EXPOSUIE Data .o oo 215

1.1 NATUIAl OCCUITENCE .. e e e e e et 215

1.2 ManUfaCTUIING PrOCESSES. . ... vttt et et 215

1.3 HUM AN @XPOSUIE ettt e et e e e et e e 217

2. CaANCEr N HUMIANS . e e et et e e 217

2.1 Canceroftheurinary bladder. ... ... 219

2.3 YN SIS, . 219

3. Cancerin Experimental Animals ...... ... 219

4, Other Relevant Data ........ooiiii i e e 220
4.1 Mechanistic evidence relevant to the carcinogenic hazard from occupational exposures

during aluminium producCtion. ... ... ..o 220

V1 1 2 V=T 1 221

D EVAlUA ON Lo 221

R OIS . ittt e e e e e 222



Contents

N I 0 ) ] 225
1. EXPOSUIE Data ..o 225
1.1 Identification Of the @geNTS. ... ...t 225
1.2 SOUMCES AN USES ...\ttt et ettt e e e e e e e e 226
1.3 HUMAN @XPOSUIE ..ttt et e ettt e e et ettt e et e 227
2. CaNCEr N HUMANS . . e e e 229
2.1 Hepatocellular carcinoma ... ... 229
2.2 SYNERESIS . 230
3. Cancerin Experimental ANimals ... ... 230
3.1 Previous eValuations ...... ... 230
3.2 AflAtOXIN BT e 235
3.3 AflatOXIN G oo 235
34 SYNENESIS . 235
4. Other Relevant Data ... ..o e 236
4.1 TOXICOKINETICS ..o 236
4.2 Metabolism . ..o 237
4.3 Aflatoxin—albumin adducts ... ... 239
4.4 AflatoXin=DNA addUCES. ... 240
A5 MUBAGENICITY ...ttt e 241
4.6 MOIECUIAN [8SIONS . ... 241
A7 SYNENESIS. .o 243
D EVAlUAE ON 243
0] (=T =Y o V< 244
BENZENE. .......ooiiiiitiiiiiiittittiiiieit ettt et s s ettaaaaeeessaaeaaaseesssesssannssssssesssnnnnnes 249
1. EXPOSUIE Data .. 249
1.1 Identification of the agent. ... ... 249
00 U 249
1.3 HUMI AN @XPOSUIE ettt ettt ettt e ettt et e et 250

2. CANCEr N HUM NS . . e e e 257
2.1 Leukemias and lymphomas.... ... ..o 258
2.2 Cancer Of the IUNG . ... 261
2.3 Cancerofthe Kidney ... 262
24 O her CANCEIS o 262

3. Cancerin Experimental Animals ... 262
4, OtherRelevant Data ..........ooiiii i 276
4.1 Geneticand related effects. ... 276
4.2 Leukaemogenic potential of benzene............. ... 276
D EVAlUAT ON 285
(] 1= =Y o V<1 285
BIS(CHLOROMETHYL) ETHER AND CHLOROMETHYL METHYLETHER .........ccccciiiiiiiiiinnnnn... 295
1. EXPOSUIE Data . oo e 295
1.1 Identification Of the @geNTS. ... . ..ot 295
00 U 295
1.3 HUMI AN @XPOSUIE ottt e e ettt e e ettt e e et 296

Xi



IARC MONOGRAPHS - 100F

2. CaANCEr N HUMANS . . e 296
3. Cancerin Experimental ANimals ... ... 297
B BOME 297
3.2 CMIMIE . 305

4, OtherRelevant Data ..........ooiiiii 305
4.1 Toxicokinetics and tOXICITY ..........oeinii i 305
4.2 Geneticand related effects .. ...ovvriiii i e e e 305
4.3 Mechanistic CONSIAErations ....... ... 306
44 S NTNESIS . .. 306

D EVAlUA ON ... 306
RO O EINCES . . ottt 306
T,3-BUTADIENE ...ttt ittt ittt ttteeeetaeeeeeneeeennnssesnnesesnnssesnnnssssnneeesnnenenes 309
1. EXPOSUIE Data .. oo e 309
1.1 Identification Of the ageNt. ... ... i 309

12 U St 309

1.3 HUMAN @XPOSUIE ...ttt et e et e et e e et ettt e et et e e e e e 309

2. CaANCEI N HUMANS . .t e et e e e 311
3. Cancerin Experimental Animals ...... ... 313
3.1 1, 3-BULAdIENG . 313
3.2 DIePOXYDULANE ... 313

4, OtherRelevant Data ..........oooiiii 327
4.1 Metabolism of butadiene. ... ... ... i 327
4.2 Haemoglobin adduUcCTs .. ... 329
43 DNA AdAUCES ... 330
4.4 Mutagenicity of butadiene and butadiene metabolites .....................cooc 331
T V] 1 2 V=T 1 332

D EVAlUA ON ... 333
R O ENCES . ettt e e e e e e 333

2,3,7,8-TETRACHLORODIBENZO-para-DIOXIN, 2,3,4,7,8-PENTACHLORODIBENZOFURAN, AND

3,3",4,4",5-PENTACHLOROBIPHENYL. . ......iiittttitiiiiieeeeeettnneeeeeeeennnnnneeesesesnnnnnasasaens 339
1. EXPOSUIE Data .. oo 339
1.1 Identification Of the ageNtS. . ... vt 339

1.2 OCCUITENECE @NA USE ...ttt ettt ettt et e ettt et e e e e et e e et et e e eneaes 340

1.3 HUMI AN @XPOSUIE ettt e e e et e e e e 341

2. CaANCEr N HUMIANS . e e et e et e e 344
2.1 Description of the most informative studies..................oooii i 345
2.2 Al cancers Combined ... ... i 347
2.3 Cancer Of tNE IUNG . ... 347
2.4 SOft-iSSUE SAICOMA. .ttt ittt ettt e et e e e e et e 348
2.5 Non-Hodgkin lymphoma. ... ... 348
2.6 OtNEr CANCEIS ..ttt e e 348
2.7 SN SIS . . 348

3. Cancerin Experimental Animals ...... ... 349
3.1 2,3,7,8-Tetrachlorodibenzo-para-dioxXin. .................ccooii i 349

Xii



Contents

3.2 Dioxin-like COMPOUNS ... ..o 365

4, OtherRelevant Data ..... ... 365
A1 ARR ACHIVAtION. ... 365
4.2 Mechanisms of CarCiNOGENICItY. ... ..cuuiui i 366
4.3 Dioxin-like COMPOUNGS ... . i e 367
44 S NTNESIS . .. 369

D EVAlUAT ON 370
] 1= =Y Vel =T 371
ETHYLENE OXIDE .....ooiiiiiiitiittiiiiiittttttnaeeeeseeenannnaeessseeenannseessssennannsssssessnsnnnnnes 379
1. EXPOSUIE Data ..o e 379
1.1 Identification Of the agent. .. ...t 379

0 A U L 379

1.3 HUMI AN @XPOSUIE ittt ettt ettt e ettt e e e e 380

2. CANCEr N HUMANS . e e e e e e 382
2.1 Lympho-haematopoietic malignancies .............ccoiiiiiiiii e 382
2.2 Cancer Of the Breast. .. ... 384
2.3 OthEr CANCEIS .o e e 384
24 SYNTNESIS. .. 384

3. Cancerin Experimental Animals ...... ... 384
3.1 INhalation @XPOSUIE ... . i e 384
3.2 Other routes Of EXPOSUIE . ... ... i 388

4, Other Relevant Data ........ooiuiii e e e 388
4.1 Absorption, distribution, metabolism, and excretion.....................ooo 388
4.2 Geneticand related effects. . ... 389

D EVAlUAT ON L 395
R OIS . ettt e e e 396
FORMALDEHYDE. . ... ....uiiittitttiieeeeeeettenneeeeseeenennneesseseeannnsssssssensnnnsssssssensnnnnnes 401
T EXPOSUIE Data .. oo 401
1.1 Identification Of tNE AagENt. ... ...t i 401

0 2 U L 401

1.3 OCCUITENCE AN EXPOSUIE .. ...ttt e et 402

2. CANCEr N HUMANS . e e ettt et e e e e 404
2.1 Cancer of the NASOPNAIYNX. ...\ e 404
2.2 LUK . .ot 406
2.3 Cancer of the NAsal SINUSES. ... ..uii i e 408
24 O NI CANCEIS ottt e e e 409
2D SYNTNESIS . .t 409

3. Cancerin Experimental Animals ...... ... 410
BT INNalat 0N . L 410
3.2 Oral administration (drinking-Water) ..o e 410
3.3 SKIN apPliCatioN. ... oo 410

4, Other Relevant Data ........oiiii i e e e 417
4.1 Absorption, distribution, metabolism, and excretion........................ 417
4.2 TOXIC O ECES .o 419

Xiii



IARC MONOGRAPHS - 100F

4.3 Geneticand related effects. . ... 419
4.4 Mechanistic CONSIAEIatioNS ........o.oitii i e e 427
45 S NTNESIS . . 430

D EVAlUAT ON 430
(] 1= =Y V=T 430
SULFUR MUSTARD. ... .iitttititiiieit et etttaitete et etttaneeeesseasenaneesssssssnanssssssscsssnnnnnes 437
T, EXPOSUINE Data . oo e 437
1.1 Identification of the agent. ... ... 437

12 U SS. ittt 437

1.3 HUMI AN @XPOSUIE ettt ettt ettt ettt et et e e e 438

2. CaANCEr N HUMANS . . e 438
3. Cancerin Experimental Animals ... ... ..o 440
4, OtherRelevant Data ..........ooiiii i 442
4.1 Absorption, distribution, metabolism, and excretion......................... 442
4.2 Geneticand related effects. ... ..o 443
3 SYNENESIS. ..t 446

D EVAlUA ON 446
] (=T =Y V<L 446
VINYL CHLORIDE. ...ttt ittt ettt ettt ettt e et ttateeesseeatanneesseessnnnsnesssoassnns 451
T, EXPOSUINE Data ..o e 451
1.1 Identification of the agent. ... ... 451

12 U SS. ittt 451

1.3 HUMIAN @XPOSUIE ettt e et et e e ettt et e et 451

2. CANCEI N HUMI NS . .o e 454
2.1 Angiosarcoma of the liVer ... ... 455
2.2 Hepatocellular carcinoma .. ... ..o 455
2.3 Cancerof the lUNgG ... ..o 456
2.4 Malignant neoplasms of connective and soft tissue..................oocoiiiiiiii i, 456

2.5 O NI CaANCEIS ..o 457
2.6 SYNENESIS. . 457

3. Cancerin Experimental Animals ... ... 457
3.1 INhalation @XPOSUIE ... .. 458
3.2 Oral administration. ... ... 458
3.3 Subcutaneous and intraperitoneal injection. ... 458
3.4 Transplacental administration and perinatal exposure.................oociiiiiiiii i 458
3.5 Carcinogenicity of metabolites ........... ... 467

4, OtherRelevant Data .........ooiiii i 467
4.1 Kinetics and metabolism —studiesinhumans. ... 467
4.2 Kinetics and metabolism —studiesinanimals...................co 469
4.3 Reaction with cellular macromolecules .................oi i 470
BA  SYNENESIS. .. 472

D EVAlUA ON 473
(] (=T =Y o V=T 473

Xiv



Contents

ISOPROPYL ALCOHOL MANUFACTURE BY THE STRONG-ACID PROCESS...........ccevvvveivnnnnnn.. 479
1. EXPOSUIE Data ..o 479
1.1 ManUfaCtUNING PrOCESSES. ... .ttt 479
1.2 HUMAN @XPOSUIE ..ttt ettt et e ettt e e e et et et e et e e e e 479
2. CANCEr N HUMANS . e e e 480
2.1 CONOE STUAIES ..o 480
2.2 Case—CoNntrol STUAIES ... ..ot 481
3. Cancerin Experimental ANimals ... ... 481
4. Other Relevant Data ..ot 481
4.1 Absorption, distribution, metabolism, and excretion.......................... 481
4.2 Geneticand related effects. ... ..o 483
4.3 Toxicity relevant to CarCinOgENICItY ........ouini it 483
44 S NTNSIS . .. 483
D VAU ON L 484
R I ENCES . . .ttt e 484
MISTS FROM STRONG INORGANIC ACIDS .....uuiiittiitiiiiietteetttnaaeeesseesananeesssecssannnnnns 487
1. EXPOSUIE Data .. e 487
1.1 ManUIaCTUNING PrOCESSES. ...ttt e e e e 487
1.2 HUMI AN @XPOSUIE ottt ettt e et ettt e e ettt ettt 487
2. CANCEr N HUMANS . . e e 489
2.1 QOO STUIES ... 489
2.2 Case—control StUAIES. ... ... 491
3. Cancerin Experimental Animals ....... ..o 493
4, OtherRelevant Data ..... ... 493
D EVAlUAT ON 493
] 1= =Y g V<L 493
OCCUPATIONAL EXPOSURES DURING IRON AND STEELFOUNDING .........cccciiiiiiiiiiniiiinnnnns 497
T, EXPOSUIE Data . oo e 497
1.1 ManUFACTUNING PrOCESS ... vttt e e e e e e 497
1.2 HUMAN @XPOSUIES ettt ettt et e ettt et e e e ettt e et et e e e 497
2. AN N HUMI NS . .o e e e e 504
2.1 QOO STUIES ..o 504
2.2 Case—control StUAIES . ... ... 504
2.3 SYNTRESIS . 505
3. Cancerin Experimental Animals ... 505
4, OtherRelevant Data ... ..ot 505
4.1 Mechanistic evidence relevant to the carcinogenic hazards from occupational exposures
during iron and steel founding......... ... 505
4.2 SYNENESIS. ..t 505
D EVAlUAE ON 505
(] (=T =Y o V=T 506

XV



IARC MONOGRAPHS - 100F

OCCUPATIONAL EXPOSURE AS APAINTER......cciiitiiiiiiiitiiiiiiiiiieteeiitieeeeteeeeenanaaaaseees 509
1. EXPOSUIE Data ..o 509
1.1 Description of paint ProdUCES. .........ouiii i 509

1.2 HUMAN @XPOSUIE ..ttt et et e et e e e e e ettt e e ettt et e e e 518

2. CaNCEI N HUMANS . .t e e ettt e e ettt e 519
2.1 Cancer Of the IUNG ... 519
2.2 MesOthelioma. ... ..o 521
2.3 Canceroftheurinary bladder........ ... 521
24 Childhood leuKaemia ....... ..o 522
2.5 Lympho-haematopoietic CaNCers ... ......oiiii it e 523
2.6 O NI CANCEIS ..o 523
2.7 YNNI . 523

3. Cancerin Experimental ANimals ... ... 524
4, OtherRelevant Data ..... ... 524
4.1 Toxicokineticsand metabolism........ ... 524
4.2 Geneticsand related effects. ... ... 526
4.3 Susceptible popuUlations. ... ... 530
44 SYNTNESIS . .. 531

D EVAlUAT ON 531
] 1= Y Yl =T 531
OCCUPATIONAL EXPOSURES IN THE RUBBER-MANUFACTURING INDUSTRY .........ccvvveinnnn. 541
T, EXPOSUIE Data ..o e 541
1.1 ManUFACTUNING PrOCESS .. .. ettt ettt e 541

1.2 Chemicals used in the rubber-production process ..o 542

1.3 HUMAN @XPOSUIE ..ttt et ettt e e e ettt et et e e e e 543

2. CaANCEr IN HUMANS . . e e e e e e e 546
2.1 Cancerofthebladder. ... ... 546
2.2 LeUKAEIMIA . .o 547
2.3 Malignant lymphoma including multiple myeloma and other lymphopoietic cancers....... 548
24 Cancer Of the IUNG ... .o 549
2.5 Cancer Of the arynX . ... .o 550
2.6 Cancerofthe stomach ... ... ..o 550
2.7 Cancer of the 08SOPNAGUS. ...\t 551
2.8 ancer Of the ProState ... .t 552
2.9 OthEr CANCEIS ..ot e e e e e 552

3. Cancerin Experimental Animals ...... ... 552
4, Other Relevant Data ........ooiiiiit e e e 552
D EVAlUAT ON L s 559
RO OIENCES . . et 559
LIST OF ABBREVIATIONS ...ttt tiiieeee et ttteeaeeeseeeeeenneassseennannnssssssesnnnnnnes 563
CUMULATIVE CROSS INDEXTO JARCMONOGRAPHS ........uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnes 567

Xvi





