ONLINE SUPPLEMENTARY MATERIALS



Table S1. Linear mixed effects models on logged concentrations of rubber dust by department

Crude materials and mixing B S.E. p-value 95% CI

Year -0.065 0.007 <0.001 -0.078 -0.051
Sector (GRG=1; Tyre=0) 0.481 0.158 0.002 0.171 0.791
Sample type (Personal=1;

Stationary=0) 0.801 0.065 <0.001 0.673 0.929
Dataset (BRMA=1; HSE-NEDB=0) -0.287 0.510 0.573 -1.286 0.712
Intercept 128.430 14.043 0.000 100.906 155.953
Pre-processing and assembly B S.E. p-value 95% CI

Year -0.012 0.012 0.312 -0.034 0.011
Sector (GRG=1; Tyre=0) 0.434 0.178 0.015 0.085 0.784
Sample type (Personal=1;

Stationary=0) 0.657 0.116 <0.001 0.431 0.884
Dataset (BRMA=1; HSE-NEDB=0) -0.165 0.501 0.742 -1.148 0.817
Intercept 22.025 23.025 0.339 -23.102 67.153
Curing/Vulcanizing B S.E. p-value 95% CI

Year -0.010 0.009 0.260 -0.028 0.008
Sector (GRG=1; Tyre=0) 0.150 0.135 0.267 -0.115 0.414
Sample type (Personal=1;

Stationary=0) 0.803 0.087 <0.001 0.633 0.973
Dataset (BRMA=1; HSE-NEDB=0) -0.584 0.473 0.217 -1.510 0.343
Intercept 19.644 18.189 0.280 -16.006 55.293

Finishing, assembly, and

miscellaneous B S.E. p-value 95% CI

Year -0.012 0.014 0.396 -0.040 0.016
Sector (GRG=1; Tyre=0) -0.529 0.201 0.008 -0.922 -0.136
Sample type (Personal=1;

Stationary=0) 0.998 0.119 <0.001 0.763 1.232
Dataset (BRMA=1; HSE-NEDB=0) -1.302 0.605 0.031 -2.489 -0.116

Intercept 24.432 28.597 0.393 -31.616 80.481




Table S2. Linear mixed effects models on logged concentrations of rubber fumes by department

Crude materials and mixing B S.E. p-value 95% CI

Year -0.067 0.010 <0.001 -0.087 -0.047
Sector (GRG=1; Tyre=0) 0.004 0.118 0.976 -0.228 0.236
Sample type (Personal=1;

Stationary=0) 0.481 0.074 <0.001 0.336 0.625
Dataset (BRMA=1; HSE-NEDB=0) -0.751 0.224 0.001 -1.191 -0.311
Intercept 132.610 20.522 <0.001 92.387 172.833
Pre-processing and assembly B S.E. p-value 95% CI

Year -0.025 0.013 0.061 -0.050 0.001
Sector (GRG=1; Tyre=0) -0.149 0.127 0.240 -0.398 0.100
Sample type (Personal=1;

Stationary=0) 0.272 0.099 0.006 0.078 0.465
Dataset (BRMA=1; HSE-NEDB=0) -0.838 0.523 0.109 -1.863 0.187
Intercept 47.733 26.135 0.068 -3.490 98.957
Curing/Vulcanizing B S.E. p-value 95% CI

Year -0.024 0.007 0.001 -0.038 -0.009
Sector (GRG=1; Tyre=0) 0.335 0.086 <0.001 0.167 0.503
Sample type (Personal=1;

Stationary=0) 0.680 0.060 <0.001 0.562 0.798
Dataset (BRMA=1; HSE-NEDB=0) -0.620 0.349 0.075 -1.304 0.063
Intercept 45.770 14.762 0.002 16.836 74.703

Finishing, assembly, and

miscellaneous B S.E. p-value 95% CI

Year 0.005 0.014 0.714 -0.022 0.032
Sector (GRG=1; Tyre=0) 0.148 0.122 0.225 -0.091 0.388
Sample type (Personal=1;

Stationary=0) 0.594 0.105 <0.001 0.388 0.801
Dataset (BRMA=1; HSE-NEDB=0) -1.391 0.515 0.007 -2.400 -0.381

Intercept -10.946 27.232 0.688 -64.320 42.429




Table S3. Linear mixed effects models on logged concentrations of n-Nitrosamines Sum Score by
department

Crude materials and mixing B S.E. P-value 95% CI

Year -0.013 0.013 0.302 -0.038 0.012
Sector (GRG=1; Tyre=0) -0.070 0.220 0.752 -0.502 0.362
Sample type (Personal=1;

Stationary=0) 0.129 0.133 0.333 -0.132 0.390
Country (UK=1; Germany=0) -0.211 0.200 0.291 -0.603 0.181
Intercept 25.705 24.973 0.303 -23.240 74.651
Pre-processing and Assembly B S.E. P-value 95% CI

Year -0.069 0.021 0.001 -0.111 -0.027
Sector (GRG=1; Tyre=0) 0.301 0.210 0.151 -0.110 0.713
Sample type (Personal=1;

Stationary=0) -0.069 0.179 0.700 -0.419 0.281
Country (UK=1; Germany=0) 1.037 0.325 0.001 0.400 1.674
Intercept 137.269 42.309 0.001 54.346 220.192
Curing/Vulcanizing B S.E. P-value 95% CI

Year -0.197 0.017 <0.001 -0.230 -0.164
Sector (GRG=1; Tyre=0) 0.664 0.092 <0.001 0.484 0.844
Sample type (Personal=1;

Stationary=0) 0.465 0.077 <0.001 0.313 0.617
Country (UK=1; Germany=0) 1.699 0.480 <0.001 0.759 2.640
Intercept 390.973 33.437 <0.001 325.439 456.508
Finishing, Assembly,

Miscellaneous B S.E. P-value 95% CI

Year 0.019 0.015 0.201 -0.010 0.049
Sector (GRG=1; Tyre=0) -0.014 0.106 0.897 -0.222 0.194
Sample type (Personal=1;

Stationary=0) -0.594 0.126 <0.001 -0.841 -0.346
Country (UK=1; Germany=0) -0.164 0.249 0.510 -0.652 0.324

Intercept -37.820 29.995 0.207 -96.610 20.970




Table S4. Linear mixed effects models on logged concentrations of NDMA by department

Crude materials and mixing B S.E. P-value 95% CI

Year -0.009 0.019 0.655 -0.046 0.029
Sector (GRG=1; Tyre=0) 0.659 0.340 0.052 -0.006 1.325
Sample type (Personal=1;

Stationary=0) -0.030 0.203 0.881 -0.428 0.367
Country (UK=1; Germany=0) -0.518 0.306 0.091 -1.118 0.083
Intercept 15.218 38.260 0.691 -59.769 90.206
Pre-processing and Assembly B S.E. P-value 95% CI

Year 0.025 0.019 0.202 -0.013 0.062
Sector (GRG=1; Tyre=0) 0.219 0.201 0.275 -0.175 0.613
Sample type (Personal=1;

Stationary=0) -0.173 0.164 0.293 -0.495 0.149
Country (UK=1; Germany=0) 1.053 0.402 0.009 0.265 1.840
Intercept -50.684 38.232 0.185 -125.617 24.249
Curing/Vulcanizing B S.E. P-value 95% CI

Year -0.067 0.013 <0.001 -0.091 -0.042
Sector (GRG=1; Tyre=0) -0.328 0.068 <0.001 -0.461 -0.194
Sample type (Personal=1;

Stationary=0) -0.274 0.057 <0.001 -0.386 -0.162
Country (UK=1; Germany=0) 1.127 0.409 0.006 0.324 1.929
Intercept 131.139 25.258 <0.001 81.634 180.644
Finishing, Assembly,

Miscellaneous B S.E. P-value 95% CI

Year 0.010 0.018 0.566 -0.025 0.046
Sector (GRG=1; Tyre=0) -0.211 0.126 0.094 -0.457 0.036
Sample type (Personal=1;

Stationary=0) -0.259 0.142 0.069 -0.538 0.020
Country (UK=1; Germany=0) 0.799 0.360 0.026 0.094 1.504

Intercept -22.191 35.989 0.537 -92.728 48.346




Table S4. Linear mixed effects models on logged concentrations of NMor by department

Crude materials and mixing B S.E. P-value 95% CI

Year -0.007 0.025 0.771 -0.057 0.042
Sector (GRG=1; Tyre=0) -0.872 0.451 0.053 -1.756 0.012
Sample type (Personal=1;

Stationary=0) 0.358 0.265 0.177 -0.162 0.878
Country (UK=1; Germany=0) -0.300 0.436 0.492 -1.154 0.555
Intercept 12.819 50.542 0.800 -86.241 111.880
Pre-processing and Assembly B S.E. P-value 95% CI

Year -0.044 0.018 0.014 -0.079 -0.009
Sector (GRG=1; Tyre=0) -0.124 0.183 0.500 -0.482 0.235
Sample type (Personal=1;

Stationary=0) 0.271 0.150 0.070 -0.023 0.565
Country (UK=1; Germany=0) 0.284 0.281 0.314 -0.268 0.835
Intercept 85.364 35.358 0.016 16.064 154.664
Curing/Vulcanizing B S.E. P-value 95% ClI

Year 0.004 0.012 0.757 -0.020 0.027
Sector (GRG=1; Tyre=0) 0.196 0.065 0.003 0.068 0.324
Sample type (Personal=1;

Stationary=0) -0.252 0.055 <0.001 -0.359 -0.145
Country (UK=1; Germany=0) 1.284 0.358 <0.001 0.582 1.985
Intercept -9.208 23.954 0.701 -56.157 37.742

Finishing, Assembly,

Miscellaneous B S.E. P-value 95% ClI

Year -0.031 0.018 0.089 -0.067 0.005
Sector (GRG=1; Tyre=0) -0.200 0.125 0.109 -0.445 0.045
Sample type (Personal=1;

Stationary=0) -0.204 0.144 0.156 -0.486 0.078
Country (UK=1; Germany=0) 0.109 0.368 0.767 -0.612 0.831

Intercept 60.370 36.356 0.097 -10.886 131.627




Table S5. Number of Rubber dust Measurements by Year and Department

Crude Pre-
Materials processing Finishing,
and and Curing/ Assembly, and
Year Mixing  Assembly Vulcanizing Miscellaneous Total
1977 2 0 1 0 3
1978 6 3 2 3 14
1979 0 0 0 0 0
1980 8 9 8 0 25
1981 14 15 14 2 45
1982 2 5 3 1 11
1983 13 4 7 1 25
1984 23 13 14 17 67
1985 32 0 27 0 59
1986 58 18 40 11 127
1987 106 15 29 12 162
1988 71 12 63 5 151
1989 86 36 40 31 193
1990 52 33 28 53 166
1991 203 90 124 77 494
1992 46 55 50 121 272
1993 91 20 54 18 183
1994 119 23 52 7 201
1995 136 43 94 30 303
1996 252 97 166 70 585
1997 252 42 40 46 380
1998 139 29 17 34 219
1999 86 26 17 25 154
2000 106 13 21 17 157
2001 51 5 12 11 79
2002 51 10 7 14 82

Total 2,005 616 930 606 4,157




Table S5. Number of Rubber fumes Measurements by Year and Department

Crude Pre-
Materials processing Finishing,
and and Curing/ Assembly, and
Year Mixing  Assembly Vulcanizing Miscellaneous Total
1977 2 0 1 0 3
1978 6 3 2 3 14
1979 0 0 0 0 0
1980 2 9 6 0 17
1981 6 7 12 2 27
1982 2 9 3 1 15
1983 4 1 7 1 13
1984 6 10 14 15 45
1985 4 2 46 2 54
1986 17 14 136 9 176
1987 29 27 229 64 349
1988 16 24 158 44 242
1989 42 49 139 40 270
1990 43 39 53 36 171
1991 102 46 133 54 335
1992 28 43 106 21 198
1993 25 18 58 6 107
1994 44 17 88 1 150
1995 79 37 94 16 226
1996 215 82 251 47 595
1997 217 33 103 47 400
1998 68 20 21 25 134
1999 50 14 17 13 94
2000 61 5 21 7 94
2001 29 1 15 7 52
2002 10 5 3 4 22

Total 1,107 515 1,716 465 3,803




Table S5. Number of Nitrosamines Measurements by Year and Department

Crude Pre-
Materials processing Finishing,
and and Curing/ Assembly, and
Year Mixing  Assembly Vulcanizing Miscellaneous Total
1983 9 21 12 19 61
1984 4 0 15 8 27
1985 10 7 13 10 40
1986 0 0 21 14 35
1987 7 27 92 22 148
1988 3 44 266 22 335
1989 8 3 266 9 286
1990 2 3 88 8 101
1991 6 28 214 36 284
1992 3 35 165 45 248
1993 1 13 76 31 121
1994 1 4 0 8 13
1995 2 6 52 21 81
1996 1 9 6 3 19
1997 8 3 54 37 102
1998 9 25 19 13 66
1999 8 19 7 10 44
2000 0 0 0 0 0
2001 3 3 5 1 12
Total 85 250 1,371 317 2,023




Table S6. Annual changes in exposures to rubber dust, rubber fumes, and nitrosamines

Aggregated BRMA

Rubber Dust

Rubber Fumes

Departments
Crude materials and Mixing -6.3% -6.5%

[95% CI: -7.5 to -5.0] [95% CI: -8.4 to -4.6]
Pre-processing and Assembly -1.2% -2.4%

[95% CI: -3.4t0 -1.1] [95% CI: -4.9t0 0.1]
Curing/Vulcanizing -1.0% -2.3%

[95% CI: -2.8 t0 0.8] [95% CI: -3.7 t0 -0.9]
Finishing, Assembly, and -1.2% 0.5%
Miscellaneous [95% CI: -4.0 to 1.6] [95% CI: -2.2 t0 3.2]
Aggregated BRMA n-Nitrosamines Sum NDMA NMor
Departments Score
Crude materials and -1.3% -0.9% -0.7%
Mixing [95% CI: -3.7 t0 1.2] [95% CI: -4.5 t0 3.0] [95% CI: -5.6 to 4.3]
Pre-processing and -6.7% +2.5% -4.3%
Assembly [95% CI: -10.5t0 -2.7]  [95% CI: -1.3 t0 6.4] [95% CI: -7.3t0 -0.9]
Curing/Vulcanizing -17.9% -6.4% +0.4%

[95% CI: -20.5t0 -15.1] [95% CI: -8.7t0 -4.1]  [95% CI: -2.0 to 2.8]

Finishing, Assembly, 1.9% 1.0% -3.1%
and Miscellaneous [95% CI: -1.0 to 5.0] [95% CI: -2.510 4.7] [95% CI: -6.5t0 0.5]




Table S7. Lifetime Cumulative Exposure (LCE) by Sector and Department (Rubber Dust in

mg/m?/career length)

N Mean Median  sD.  Min  Max

GRG Sector

All departments 21,536 69.4 18.7  186.8 15 2,068.1
Crude Materials and Mixing 2,588  439.9 3138 3657 46.8 2,068.1
Pre-processing and Assembly 3,670 26.4 25.0 111 33 63.4
Curing/Vulcanizing 3,322 18.4 17.5 71 15 415
Finishing, Assembly, and Miscellaneous 11,956 16.6 15.6 7.4 1.8 40.0
Tyre Sector

All departments 14,907 48.8 249  108.3 24 16608
Crude Materials and Mixing 1,164  320.3 2456 2621 384 1,660.8
Pre-processing and Assembly 4,253 19.2 18.9 63 26 41.0
Curing/Vulcanizing 1,388 17.1 16.6 55 24 34.8
Finishing, Assembly, and Miscellaneous 8,102 30.7 29.5 115 3.4 67.2
All Sectors

All departments 36,443 61.0 212 1597 15 2,068.1
Crude Materials and Mixing 3,752  402.8 290.8 3415 384 2,068.1
Pre-processing and Assembly 7,923 225 211 96 26 63.4
Curing/Vulcanizing 4,710 18.0 17.3 67 15 415
Finishing, Assembly, and Miscellaneous 20,058 22.3 20.0 11.6 1.8 67.2




Table S8. Lifetime Cumulative Exposure (LCE) by Sector and Department (Rubber Fumes in

mg/m?/career length)

N Mean Median sSp.  Min Max

GRG Sector

All departments 21,536 17.0 1.2 39.0 0.6 796.3
Crude Materials and Mixing 2,588 77.8 48.5 89.9 7.2 796.3
Pre-processing and Assembly 3,670 75 6.5 4.0 0.9 25.1
Curing/Vulcanizing 3,322 20.4 17.8 10.1 1.7 65.0
Finishing, Assembly, and Miscellaneous 11,956 5.7 5.8 2.2 0.6 10.6
Tyre Sector

All departments 14,907 13.8 6.8 30.8 0.6 698.0
Crude Materials and Mixing 1,164 84.2 62.6 80.6 9.5 698.0
Pre-processing and Assembly 4,253 9.9 9.3 4.2 1.3 29.2
Curing/Vulcanizing 1,388 16.0 14.7 6.8 2.2 44.6
Finishing, Assembly, and Miscellaneous 8,102 5.3 5.3 1.7 0.6 9.0
All Sectors

All departments 36,443 15.6 7.0 35.9 0.6 796.3
Crude Materials and Mixing 3,752 79.8 51.9 87.1 7.2 796.3
Pre-processing and Assembly 7,923 8.8 8.0 4.3 0.9 29.2
Curing/Vulcanizing 4,710 19.1 16.8 9.5 1.7 65.0
Finishing, Assembly, and Miscellaneous 20,058 5.5 5.6 2.0 0.6 10.6




Table S9. Lifetime Cumulative Exposure (LCE) by Sector and Department ( n-Nitrosamines Sum

Score in pg/m®career length)

N Mean S.D. Min Max
GRG Sector
All departments 21,536 2,826.2 8,296.4 0.5 67,047.5
Crude Materials and
Mixing 2,588 16.1 13.1 1.0 71.2
Pre-processing and
Assembly 3,670 542.5 833.8 14.8 6586.7
Curing/Vulcanizing 3,322 17689.1 13565.9 1206.5 67047.5
Finishing, Assembly, and
Miscellaneous 11,956 5.8 3.7 0.5 15.7
Tyre Sector
All departments 14,907 1987.6 6894.6 0.5 62934.1
Crude Materials and
Mixing 1,164 19.4 13.4 1.1 72.1
Pre-processing and
Assembly 4,253 580.2 672.3 13.4 5948.7
Curing/Vulcanizing 1,388 19511.9 13035.2 667.2 62934.1
Finishing, Assembly, and
Miscellaneous 8,102 6.9 3.6 0.5 16.2
All Sectors
All departments 36,443 2483.2 7764.6 0.5 67047.5
Crude Materials and
Mixing 3,752 17.1 13.3 1.0 72.1
Pre-processing and
Assembly 7,923 562.7 751.6 13.4 6586.7
Curing/Vulcanizing 4,710 18226.3 13436.0 667.2 67047.5

Finishing, Assembly, and
Miscellaneous 20,058 6.3 3.7 0.5 16.2




Table S10. Lifetime Cumulative Exposure (LCE) by Sector and Department (NDMA in pg/m?3/career

length)
N Mean Median sSD. Min Max

GRG Sector

All departments 21,536 18.2 81 443 0.8 780.1
Crude Materials and Mixing 2,588 6.7 6.4 25 09 14.8
Pre-processing and Assembly 3,670 8.7 8.5 3.5 1.0 18.0
Curing/Vulcanizing 3322 775 458 924 45 780.1
Finishing, Assembly, and Miscellaneous 11,956 7.2 7.3 2.7 0.8 13.7
Tyre Sector

All departments 14,907 19.0 88 50.1 0.6 9488
Crude Materials and Mixing 1,164 3.7 3.6 1.2 0.6 7.6
Pre-processing and Assembly 4,253 7.6 7.4 2.6 1.0 14.1
Curing/Vulcanizing 1,388 12.1 834 1221 120 948.8
Finishing, Assembly, and Miscellaneous 8,102 9.4 9.5 31 10 16.7
All Sectors

All departments 36,443 18.6 8.4 46.8 0.6 948.8
Crude Materials and Mixing 3,752 5.8 5.3 2.6 0.6 14.8
Pre-processing and Assembly 7,923 8.1 7.8 31 10 18.0
Curing/Vulcanizing 4,710 90.9 55.1 1041 45 9488
Finishing, Assembly, and Miscellaneous 20,058 8.1 8.1 31 08 16.7




Table S11. Lifetime Cumulative Exposure (LCE) by Sector and Department (NMor in pg/m?3/career
length)

N Mean Median sSD. Min Max

GRG Sector

All departments 21,536 12.9 106 101 03 1107
Crude Materials and Mixing 2,588 2.5 2.4 0.9 0.3 54
Pre-processing and Assembly 3,670 20.1 150 157 22 1107
Curing/Vulcanizing 3,322 17.4 17.5 59 14 30.4
Finishing, Assembly, and Miscellaneous 11,956 11.6 9.6 7.2 1.2 45.2
Tyre Sector

All departments 14,907 18.0 151 121 1.0 1253
Crude Materials and Mixing 1,164 6.4 6.3 2.1 1.0 12.7
Pre-processing and Assembly 4,253 26.1 222 161 30 1253
Curing/Vulcanizing 1,388 15.1 15.3 4.3 2.1 25.2
Finishing, Assembly, and Miscellaneous 8,102 15.9 141 83 16 54.9
All Sectors

All departments 36,443 15.0 124 112 03 1253
Crude Materials and Mixing 3,752 3.7 2.9 2.3 0.3 12.7
Pre-processing and Assembly 7,923 23.3 190 162 22 1253
Curing/Vulcanizing 4,710 16.8 16.7 55 14 30.4

Finishing, Assembly, and Miscellaneous 20,058 13.3 11.3 7.9 1.2 54.9




