June 15, 2020

Board Revised Recommendation: Jobs Presumed to have pre-1995 Asbestos Exposure

Recommendation

We recommend that the Department of Labor evaluate the job categories and associated
aliases for all DOE sites in the Site Exposure Matrices and revise its list of occupations with
presumed pre-1995 asbestos exposure (Exhibit 15-4) to reflect current knowledge as summarized
in the rationale provided below and associated data and references. Supervisors of the listed job
categories should also be considered for inclusion. A Committee of the Board should work with
the Department to conduct this exercise and achieve a consensus on a revised list of occupations
with presumed pre-1995 asbestos exposure.

Rationale

The Board previously recommended that the EEOICP expand the list of presumed
asbestos-exposed job titles as provided in EEOICP Procedure Manual (PM) 4.2, Appendix 1,
Exhibit 15-4 to include additional titles that can be reasonably presumed to have had asbestos
exposure prior to 1995. The current list is shown in Table 1.

The Board agrees that all of the job titles currently listed in PM 4.2 can be presumed to
be exposed to asbetsos. The list includes mostly construction and maintenance occupations. It
encompasses most, but not all, of the occupations listed as such under construction trades in the
Census 2000 occupational coding system (Census 2000). There are also several job titles on the
list that correspond to job titles under two other job groups of the Census 2000 occupatuional

codes: 1) Installation, Maintenance, and Repair Workers , and 2) Production occupations
(Census 2000).

For the purposes of this recommendation, we refer to the names of job titles used by the
Census 2000 occupational coding system , since they are standardized, are or were widely
utilized, and most closely reflect the job titles used in the published medical literature and
available databases. These job titles may differ somewhat from the categories used in the
Department of Labor’s Site Exposuire Matrices (SEM). We note that the job categories and their
aliases that appear in the SEM appear to vary appreciably by DOE site. The DOE Former
Worker Programs have encountered similar challenges: a large number of job titles, which vary
across DOE sites and evolve over time. We note that the claims evaluation process requires that
the claims examiners or others conform the job title(s) reported by the claimants to the
classification system used in the SEM in order to access the information about potential
exposures contained in the SEM.

The Board was asked by the Department to provide medical evidence for its proposal to
add job titles to the current list in Table 1. We found that available published medical studies
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and database information use job classification systems that generally corresponds to the U.S.
Census occupational coding system (or the related SOC) that is widely used, including by the
Census Bureau and the Department of Labor. Studies from other countries use different
standardized classification systems that bear substantial similarities to the U.S. Census
occupational coding system. Cross-walking job titles over system versions that evolve over time
or differ by geography can be challenging. We note that the SEM has undoubtedly spent
considerable effort deciding which job titles are equivalent (cross-walking), since the SEM has
matched job titles with aliases to facilitate use of the SEM in the claims evaluation process.

To identify job titles with presumed asbetsos exposure prior to 1995, we focused on
available research and database information that link job titles with the cardinal asbetsos-related
disease, malignant mesothelioma (MM). Since MM is very closely linked to a prior history of
occupational asbestos exposure, and since it occurs with relatively modest level of asbestos
exposure, MM is the best disease candidate for identifying at risk occupations for whom a
presumption of sgnificant prior asbestos exposure can be made, per EEOICP PM 4.2. Any
occupations that entail asbestos exposure and are associated with excess risk of asbestosis, lung
cancer, ovarian cancer and laryngeal cancer would very likely also be identified in studies of
occupation and MM, since the non-MM asbestos-related diseases generally require a higher dose
of asbetsos exposure. In addition, the three other asbestos-related cancers have other causes,
which can obfuscate the relationships between job titles, asbestos exposures, and these cancers.

National Occupational Mortality System (NOMS)

The National Occupational Mortality Surveillance System (NOMS) is a compilation of
causes of death (underlying cause) in the United States by NIOSH according to ICD codes 9 and
10, together with usual occupation and industry of decedents as recorded on the death certificate,
and coded according to the U.S. Census occupational coding systems (NIOSH 2019). NIOSH
has maintained this system for nearly three decades, collecting mortality data from 26 states,
according to a recent report (Robinson 2015) and the NOMS website
(https://www.cdc.gov/niosh/topics/noms/about.html). A succinct description of NOMS and its
recent application to occupation- and industry-based risk of leukemia and heart disease are
available (Robinson 2015). NOMS data have been used in over 140 publications since its
inception. NOMS calculates occupation- and industry-specific proportionate mortality ratios
(PMR) as a measure of risk. PMR is the ratio of the proportion of deaths caused by the disease of
interest in the specified occupation of interest compared to the proportion of deaths caused by the
disease of interest in the total population of decedents in the data set. A PMR above 100
represents an increase in the proportion of the disease in the occupation of interest relative to the
overall population.

In April 2020, Board member John Dement PhD queried the online NOMS data set to
obtain proportionate mortality ratios for malignant mesothelioma (ICD code C45) by usual
occupation of decedents for the years 1999, 2003-2004, and 2007-2014 in aggregate. Data
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included deaths for decedents aged 18-90 of all races and both sexes in 26 U.S. states, involving
550 occupational categories (NIOSH 2019). The total number of deaths due to malignant
mesothelioma (C45) in the NOMS data set was approximately 6,800. Note that not all
mesotheliomas are included in ICD code C45, because some cases are instead coded as
malignant neoplasm of the pleura or peritoneum (C384 and C48). However, ICD code C45 in
NOMS includes at least three-quarters of the deaths due to malignant mesothelioma in the
NOMS dataset.

Table 2 shows the 62 occupations (2000 Census codes) that had statistically significant
excess mortality (elevated PMR’s) due to malignant mesothelioma in the combined years of
1999, 2003-2004, and 2007-2014 in the 26 states included in NOMS. All occupations on the list
have increased proportions of deaths due to malignant mesothelioma (All PMR’s with a lower
95% confidence interval > 100 represent statistically significant excess PMR’s.) Table 2 shows
the occupations with elevated PMR’s in the order in which the occupational titles appear in the
2000 Census coding system. Table 2 color codes the occupations with excess PMR’s according
to standardized hierarchy of job groupings used by the coding system. Major occupational
groups (indicated in green) with excess PMR’s include: 1) Architecture and Engineering
Occupations, 2) Life, Physical, and Social Science Occupations, 3) Construction and Extraction
Occupations, 4) Installation, Maintenance, and Repair Occupations, 5) Production Occupations,
and 6) Transportation and Material Moving Occupations. It should be noted that census 2000
occupation classifications were based on the government-wide 2000 Standard Occupation
Classification (SOC) system. In the SOC system supervisors of professional occupations are not
coded separately and are assigned the same code as the occupation they supervise. Supervisors
of professional occupations are classified with the occupations they supervise because they often
need the same type of training, education, and experience as the workers they supervise.

Table 2 shows a significant number of occupations in engineering, maintenance and
repair and production that are not included in PM 4.2, Appendix 1, Exhibit 15-4 (Table 1)

Table 3 shows the same NOMS occupations with elevated PMR’s in descending order of
the magnitude of the PMR. This listing provides the usual way that occupational risks are
illustrated. The top occupations in terms of MM risk are those that customarily demonstrate the
highest risk of MM in the scientific literature

Strengths of the NOMS data, especially for the purpose of updating the EEOICP
procedure Manual and the SEM include: 1) use of a national dataset; 2) inclusion of deaths from
a time period that is both broad (1999 to 2014) and recent (2007-2014); 3) use of a well-tested
methodology; 4) employment of a standardized and broadly used set of codes for cause of death
and occupation; 5) access to a large and geographically diverse data set. The latter feature is
important, because it provides increased statistical power and increases the representativeness of
the data, features that are important to a national compensation program such as EEOICP.
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Other U.S. Studies of Malignant Mesothelioma

Attachment A includes excerpted Tables from published studies of occupational risk of
MM. Copies of their source articles are also provided.

Mazurek and NIOSH colleagues combined a U.S. national mortality data set (CDC
Wonder) with NOMS data to describe basic demographics of MM in the U.S. during 1999-2015
and to evaluate occupational risk of malignant mesothelioma death (n = 1,830) in 23 states
during 1999-2007 (Mazurek 2016). Results from their 2016 publication are shown in the table on
Attachment A (p. 10). 17 occupations showed a statistically significant elevation in PMR for
malignant mesothelioma. These titles are also seen among the titles on our NOMS analysis of
MM deaths. The number of MM deaths in the dataset analyzed by Mazurek et al was one-third of
the deaths in our NOMS analysis and thus limited statistical power. Additional job titles with
elevated PMR’s may not have attained statistical significance.

In 2006, Bang and NIOSH colleagues performed a similar analysis of MM that occurred
in the U.S. during 1999-2001 (Bang 2006). Their overall data set was a smaller data set than the
one used by Mazurek. They evaluated MM deaths (ICD-10 code C45) that occurred in 1999 in
19 states for which occupation and industry data were available. The number of MM deaths
analyzed for occupation is not provided. Four occupations demonstrated statistically significant
PMR elevations [see Attachment A (p. 11)]. To gain a sense of the size and statistical power of
the Bang and Mazurek analyses versus our NOMS query, compare the number of deaths that
occurred among “plumber, pipefitters and steamfitters”: 18 deaths in the Bang study, 67 deaths
in the Mazurek study, and 219 deaths in our NOMS analysis.

Tomasallo and colleagues recently published a case control study, profiling occupational
and industrial risks of MM incidence and mortality in Wisconsin from 1997 to 2013 (Tomasallo
2018). They evaluated 1,083 deaths and 1,246 incident cases of MM. As indicated in the
attached table [see Attachment A (p. 12)], constructions trades; installation, maintenance, repair
workers; metal and plastics workers, and engineers showed significantly increased risk. The
analysis was constrained by a relatively small number of cases of MM.

International Studies of Malignant Mesothelioma

We identified large case control and PMR studies from Great Britain, France, Canada,
Spain, Germany, and Northern Ireland [see Attachment A (pp. 13-19)]. These will not be
reveiwed individually in this summary. A perusal of the key publsihed tables from the relevant
articles, as provided in Attachment A, pp. 10-20, indicates a relatively consistent increased MM
risk for construction, maintenance, engineering, and selected production occupations.
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Comments

Use of the NOMS results for the purpose of updating the list of job titles with
presumptive asbestos exposure in EEOICP has several advantages. NOMS and DOE are both
nationwide in scope and include many and varied facets of industry, so NOMS results may be
more illustrative and relevant than more specific studies that reflect a single dominant
geographic area or only one or a few industries. NOMS uses a standard classification system
(Standard Occupational Classification, SOC) that is broadly used by agencies in the U.S.
Government (U.S. Bureau of Labor Statistics, 2000). The SOC system includes detailed
descriptions of each job title, which should facilitate cross-walking the NOMS job categories
with SEM job categories and claimant-derived job titles. An additional Federal classification
system, O*NET, which is based on the SOC, can also be used to classify job titles.

The NOMS —derived list of occupations at high risk of malignant mesothelioma differs
from the current job list included in EEOICP, Exhibit 15-4 (Table 1) principally in adding titles
in engineering, maintenance and repair, and selected production activities. The NOMS analysis
represents an updated evaluation of the same type of national mortality data that was used in the
data source for Exhibit 15-4, which is a 2014 report by ATSDR. The ATSDR report relied on
NIOSH occupational mortality analyses; however, the ATSDR report had limited ability to
address occupational mesothelioma risk as occupational data were only available for calendar
year 1999. Advantages of the current NOMS analysis include 1) its inclusion of the most recent
data available, i.e, the 1999-2014 period; and 2) the size of the NOMS data set, which includes
many more mesothelioma deaths than previous analyses (and three times as many deaths as the
most recent analysis published by Mazurek in 2016). The ability to examine large numbers of
mesothelioma deaths adds statistical power, that is, the ability to understand the meaning of PMR
estimates (i.e., detect an effect) in a much greater number of occupations.

Interestingly, the SEM currently recognizes that many of the additional job titles revealed
by NOMS versus Exhibit 15-4 have potential exposure to asbestos. In the claims evaluation
process, inclusion of a link between a job category and asbestos exposure in the SEM initiates
consideration of the degree and extent of asbestos exposure by the claims examiner or industrial
hygienist. Adding job titles to the list in Exhibit 15-4 based on results of NOMS and other
studies recognizes that current scientific evidence justifies re-categorizing the asbestos exposure
from “potential,” as in the SEM to “presumed to be significant,” as described in the EEOICP
procedure manual.

Embedded in the list of job titles with elevated malignant mesothelioma risks in NOMS is
the inclusion of numerous job titles that primarily have bystander exposure to asbestos, rather
than direct asbestos exposure through manipulation of asbestos-containing materials. This is an
important finding, because claimants may not report such exposure in completing the
occupational health questionnaire as part of their claims submission. Industrial hygienists may
also not factor in bystander exposure in their claims evaluations.
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Conclusion

We recommend that the Department of Labor evaluate the job categories and associated
aliases for all DOE sites in the Site Exposure Matrices and revise its list of occupations with
presumed pre-1995 asbestos exposure (Exhibit 15-4) to reflect current knowledge as summarized
in this rationale and associated data and references. Supervisors of the listed job categories
should also be considered for inclusion. A Committee of the Board should work with the
Department to conduct this exercise and achieve a consensus on a revised list of occupations
with presumed pre-1995 asbestos exposure.
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Table 1

EEOICP Procedure Manual (PM) 4.2, Appendix 1, Exhibit 15-4

a. Asbestos exposure through December 31, 1995.

(1) CE is to consider the following labor categories to have had significant exposure
to asbestos based on their job tasks.

= Automotive mechanic; Vehicle mechanic; Vehicle maintenance mechanic

*  Boilermaker

= Carpenter; Drywaller; Plasterer

=  Demolition technician; Laborer

- Electrical mechanic; Electrician; Floor covering worker

= Furnace & saw operator; Furnace builder; Furnace operator; Furnace
puller;Furnace technician; Furnace tender; Furnace unloader

»  Glazier; Glass installer; Glazer

= Grinder operator; Mason (concrete grinding); Tool grinder; Maintenance
mechanic (general grinding); Welder (general grinding); Machinist (machine

grinding)

= Imsulation worker; Insulation trade worker; Insulator

= Tronworker; Ironworker-rigger

*  Maintenance mechanic; Electrician; Insulator;

= Mason; Brick & tile mason; Concrete and terrazzo worker; Bricklayer,
Tilesetter

= Millwright

= Heavy equipment operator; Operating Engineer

- Painter

- Pipefitter, Plumber steamfitter; Plumber/pipefitter; Plumbing &
pipefittingmechanic; Plumbing technician, Steamfitter

= Roofer

»  Sheet metal mechanic; Sheet metal fabricator/installer

= Welder; Welder burner; Welder mechanic

*  Uranmium Miner/Miller
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Table 2 Occupations with Elevated PMR’s for Malignant Mesothelioma according to
Major and Specific Census Occupational Titles, (NOMS, 1999, 2003, 2004, 2007-2014)

2000 Census Major Occupational Groupings & NOMS 2000 Census 1990 Census PMR Number 95% 95%
Occupation Title Code Code of deaths CI CI
Lower Upper
Architects, Surveyors, and Cartographers (17-1000)
Architects 130 43 337 19 203 526
Engineers (17-2000)
Marine Engineers & Naval Architects 144 58 1031 9 471 1957
Chemical Engineers 135 48 449 30 303 642
Materials Engineers 145 45 266 7 107 549
Industrial, Health, & Safety Engineers 143 56 259 30 175 370
Mechanical Engineers 146 57 253 50 187 333
Electrical & Electronic Engineers 141 55 207 43 150 279
Civil Engineers 136 53 176 36 123 243
Engineers, NEC 153 59 174 28 115 251
Drafters, Engineering, and Mapping Technicians (17-3000)
Engineering Technicians (except drafters) 155 214,215,216 228 38 161 312
Drafting Occupations 154 217 171 17 100 274
Life, Physical, and Social Science Technicians (19-4000)
Chemical Technicians 192 224 369 15 206 608
Supervisors, Protective Service Workers (33-1000)
Firefighters & Supervisors of Firefighters' 372,374 413,417 211 35 147 293
Law Enforcement Workers (33-3000)
Oﬁ]_lD;thctives, criminal investigators, police & sheriff's patrol 382, 385 418 140 49 104 185
Supervisors, Construction and Extraction Workers (47-1000)
First line Supervisors Const. & Ext Occupations 620 553-558, 613 215 97 174 262
Construction Trades Workers (47-2000)
Insulation Workers 640 593 3539 52 2643 4641
Plumbers, pipefitters, & steamfitters 644 557, 585, 587 642 219 560 733
Sheetmetal Workers 652 596 418 34 289 584
Drywall Installers 633 573 412 18 244 651
Electricians? 635,713 555, 575-577 405 197 351 466
Structural Iron & Steel Workers 653 597 299 21 185 457
Brickmasons & Stonemasons 622 553,563, 564 242 42 174 327
Carpenters 623 554, 567, 569 185 137 156 219
Painters, Paperhangers, & Plasterers 642-643, 646 556, 579-584 158 44 115 213
Boilermakers & Oper. Engineers 621, 632 643, 844 153 54 115 199
Supervisors of Installation, Maintenance, and Repair Workers (49-1000)
Supervisors of Mechanics & Repairers 700 503 275 47 202 366
Vehicle and Mobile Equipment Mechanics, Installers, and Repairers (49-3000)
Heavy Vehicle & Mobile Equipment Mechanics 722 516,517 190 21 118 290
Other Installation, Maintenance, and Repair Occupations (49-9000)
Precision Instrument & Equipment Repairers 743 535 472 12 244 825
In:?;?;ir;/gég;ifegnditioning, & Refrigeration Mechanics, 731 534 263 20 161 206
Maintenance and Repair: General and Helper 761-762, 734 865, 547, 549 199 54 149 260
Industrial & Refractory Machinery Mechanics® 733, 821 518 188 26 123 276



June 15, 2020

Supervisors, Production Workers (51-1000)
Supervisors, production occupations
Assemblers and Fabricators (51-2000)
Millwrights, Engine Installers*
Aircraft & Structural Metal Fabricators
Food Processing Workers (51-3000)
Furnace, Kiln, & Oven Operators, exc. Food’
Metal Workers and Plastic Workers (51-4000)
Lay-out Workers
Molding & Casting Machine Operators
Welders & Cutters
Machinists
Extruding/Drawing Machine Operators
Tool & Die Makers
Plant and System Operators (51-8000)
Stationary Engineers®
Other Production Occupations (51-9000)
Separating, Filtering, & Clarifying Machine Operators
Mixing & Blending Machine Operators
Painting & Paint Spraying Machine Operators
Production Samplers & Weighers
Machine Operators, not specified
Water Transportation Workers (53-5000)
Ship Captains & Mates, Engineers exc. Fishing Boats
Material Moving Workers (53-7000)

Crane & Tower Operators

770

773,736
771,774

783,804, 873

816
810
814
803
792
813

861, 965
864
865
881
874
896

930-931

951

628

544
636

766

646
719
783
637, 639
755,777
634, 635

696
757
756
759
798
779

828, 833

849

207

440
186

374

752
262
250
196
193
151

453

315

291

202

148

124

293

183

138

50
15

15

10
98
110
16
27

55

16

11

14

38

122

19

15

174

327
104

209

244
126
203
161
110
100

341

180

146

110

105

103

176

103

245

580
308

617

1755
483
304
237
314
220

589

511

522

338

203

148

458

302

1. Groups 372 in Supervisors, Protective Service Workers 33-1000 & 374 in Firefighting and Prevention Workers 33-2000

2. Groups 635 in Construction and Trades Workers 47-2000 & 713 in Electrical and Electronic Equipment Mechanics, Installers, and Repairers

49-2000

3. Groups 733 in Other Installation, Maintenance, and Repair Occupations 49-9000 & 821 in Metal Workers and Plastic Workers 51-4000

4. Groups 773 in Assemblers and Fabricators 51-2000 & 736 in Other Installation, Maintenance, and Repair Occupations 49-9000

5. Groups 783 in Food Processing Workers 51-3000, 804 in Metal Workers and Plastic Workers 51-4000, & 873 in Other Production

Occupations 51-9000

6. Groups 861 in Plant & System Operators 51-8000 & 965 in Material Moving Workers 53-7000
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Table 3 Occupations with Elevated PMR’s for Malignant Mesothelioma in Descending
Order of PMR, (NOMS, 1999, 2003, 2004, 2007-2014)

Census Occupational Code Job Titles 2000 Census 1990 Census PMR  Number 95% CI  95% CI
As Used in NOMS Code Code of deaths Lower Upper
Insulation Workers 640 593 3539 52 2643 4641
Marine Engineers & Naval Architects 144 58 1031 9 471 1957
Lay-out Workers 816 646 752 5 244 1755
Plumbers, pipefitters, & steamfitters 644 557, 585, 587 642 219 560 733
Precision Instrument & Equipment Repairers 743 535 472 12 244 825
Stationary Engineers 861, 965 696 453 55 341 589
Chemical Engineers 135 48 449 30 303 642
Millwrights, Engine Installers 773,736 544 440 50 327 580
Sheetmetal Workers 652 596 418 34 289 584
Drywall Installers 633 573 412 18 244 651
Electricians 635,713 555, 575-577 405 197 351 466
Furnace, Kiln, & Oven Operators, exc. Food 783, 804, 873 766 374 15 209 617
Chemical Technicians 192 224 369 15 206 608
Architects 130 43 337 19 203 526
Separating, Filtering, & Clarifying Machine Operators 864 757 315 16 180 511
Structural Iron & Steel Workers 653 597 299 21 185 457
Ship Captains & Mates, Engineers exc. Fishing Boats 930-931 828, 833 293 19 176 458
Mixing & Blending Machine Operators 865 756 291 11 146 522
Supervisors of Mechanics & Repairers 700 503 275 47 202 366
Materials Engineers 145 45 266 7 107 549
Heating, Air Conditioning, & Refrigeration Mechanics, 731 534 263 20 161 406
Installers/Repairer
Molding & Casting Machine Operators 810 719 262 10 126 483
Industrial, Health, & Safety Engineers 143 56 259 30 175 370
Mechanical Engineers 146 57 253 50 187 333
Welders & Cutters 814 783 250 98 203 304
Brickmasons & Stonemasons 622 553,563, 564 242 42 174 327
Engineering Technicians (except drafters) 155 214,215,216 228 38 161 312
First line Supervisors Const. & Ext Occupations 620 553-558, 613 215 97 174 262
Firefighters & Supervisors of Firefighters 372,374 413,417 211 35 147 293
Electrical & Electronic Engineers 141 55 207 43 150 279
Supervisors, production occupations 770 628 207 138 174 245
Painting & Paint Spraying Machine Operators 881 759 202 14 110 338
Maintenance and Repair: General and Helper 761-762, 734 865, 547, 549 199 54 149 260
Machinists 803 637, 639 196 110 161 237
Extruding/Drawing Machine Operators 792 755,777 193 16 110 314
Heavy Vehicle & Mobile Equipment Mechanics 722 516,517 190 21 118 290
Industrial & Refractory Machinery Mechanics 733, 821 518 188 26 123 276
Aircraft & Structural Metal Fabricators 771,774 636 186 15 104 308
Carpenters 623 554,567, 569 185 137 156 219
Crane & Tower Operators 951 849 183 15 103 302
Civil Engineers 136 53 176 36 123 243
Engineers, NEC 153 59 174 28 115 251
Drafting Occupations 154 217 171 17 100 274
Painters, Paperhangers, & Plasterers 642-643, 646 556, 579-584 158 44 115 213
Boilermakers & Oper. Engineers 621, 632 643, 844 153 54 115 199
Tool & Die Makers 813 634, 635 151 27 100 220
Production Samplers & Weighers 874 798 148 38 105 203
Detectives, criminal investigators, police & sheriff's patrol 382, 385 418 140 49 104 185
officers
Machine Operators, not specified 896 779 124 122 103 148
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Attachment A

Case control and surveillance studies from various countries that identify occupations at
high risk for malignant mesothelioma

US — Mazurek (2016), Tomasallo (2018)
England- Peto (1995); McElvenny (2012)
France - Rolland (2010)

Canada — Teschke (1997)

Spain — Agudo (2000)

Germany - Rodelsperger (2001)

Northern Ireland - O’Reilly (1999)

AT D o e
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Maorbidity and Mortality Weekly Report

Malignant Mesothelioma Mortality — United States, 1999-2015

Jacek M. Mazurek, MDD, PhDY; Girija Syamlal, MBBS!; John M. Woad, MS!; Scott A. Hendricks, MSZ; Ainsley Westan, PhD!

TABLE 2. Industries and occupations with significantly elevated
proportionate mortality ratios, 1,830 malignant mesothelioma
decedents aged =25 years — 23 states,® 1999, 2003, 2004, and 2007

Charactaristic MNo. of deaths PMRT (955 CI)

Industry

Ship and boat building 24 6.7 [4.3-0.9)

Petroleum refining 25 4.1 (2.6-6.0)

Industrial and miscellaneous 58 3.8 (29-5.00
chemicals

Labor unions 7 3.7 (1.5-76)

Miscallaneous nonmetallic minaral 5 16(1.2-84)
product manufacturing

Electric and gas and other 7 3.1(1.3-65)
combinations

Watear transportation 12 231.2-3.9)

Electric power generation 24 22(14-33)
transmissicn and distributicn

LS. Mavy 11 2.0(1.0-3.6)

Architectural, engineering, and 23 1.9(1.2-2.8)
related sarvices

Construction 280 1.6(1.4-1.8)

Unknown 42 —

All other industries 1212 —

Occupation

Insulation workers 19 269 (162-42.0)

Chemical technicians B 4.9(2.1-96)

Pipelayers, plumbers, pipefitters, &7 48(3.7-6.1)
and steamfitters

Chemical enginesars 12 40(21-1.1)

Sheet metal workers 17 35(2.0-55)

Sailors and marine cilers 5 3401180

Structural iron and steel workers 10 3.3 (1.6-6.0)

Milbwrighits 14 311752

Stationary engineers and boiler 15 2.9(1.6-4.8)
operators

Electricians 52 28(21-37

Welding, seldering, and brazing 30 2.11.4-3.0y
workars

Construction managers ET) 20(14-28)

Engineers, all other 12 20(1.0-3.5)

Machanical engineers 14 1.901.0-3.2)

First-line supervisors or managers 27 1.8(1.2-26)
of mechanics, installers, and
repairers

Machinists 39 1.6(1.1-21)

First-line supervisors or managers 40 1.401.0-2.0)
of production and operating
workars

Unknown 49 —

All other occupations 1,362 —

Abbreviations: Cl = confidence interval; PMR = proportionate mortality ratic.

* Multipla cause-of-death mortality files. https:'/webappa.cdc.gov/onds/morms-
iol4.htmil.

T PMR is defined as the observed number of deaths with malignant
mesothelioma in a specified industry/occupation, divided by the expectad
number of deaths with malignant mesothelioma. The expected number of
deaths is the total number of deaths in industry or occupation of interest
multiplied by a proportion defined as the number of malignant mesothelioma
deaths in all industries and/or occupations, divided by the total number of
deaths in allindustries/occupations. The malignant mesothelioma PMRs were
internally adjusted by five-year age groups, gender, and raca. Cls were
calculated assuming Poisson distribution of the data.
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Malignant Mesothelioma Mortality in the

United States, 1999-2001

KI MOON BANG, PHD, MPH, GERMANIA A. PINHEIRO, MD, MSC, PHD,
JOHN M.WOOD, MS, GIRIJA SYAMLAL, MBBS, MPH

Malignant mesothelioma is strongly associated with
ashestos exposure. This paper describes demographic,
geographic, and occupational distributions of mesothe-
lioma mortality in the United States, 1999-2001. The
data (n = 7,524) were obtained from the National
Center for Health Statistics multiple-cause-of-death
records. Mortality rates (per million per year) were age-
adjusted to the 2000 U.S, standard population, and
proportionate mortality ratios (PMRs) were calculated
by occupation and industry, and adjusted for age, sex,
and race. The overall age-adjusted mortality rate was
11.52, with males (22.34) showing a sixfold higher rate
than females (3.94). Geographic distribution of meso-
thelioma mortality is predominantly coastal. Occupa-
tions with significantly elevated PMRs included
plumbers/pipefitters and mechanical engineers.
Industries with significantly elevated PMRs included
ship and boat building and repairing, and industrial
and miscellaneous chemicals. These surveillance find-
ings can be useful in generating hypotheses and devel-
oping strategies to prevent mesothelioma. Key words:
mesothelioma; mortality; occupations; industries.

INT J OCCUP ENVIRON HEALTH 2006;12:9-15

Some cases of mesothelioma have been associated with
exposure to chrysotile.”

In the past, ashestos was used for many applications,
including building materials (e.g., insulation materi-
als), manufacturing products (e.g., ashestos cement
pipe), and automobile industry (e.g., vehicle brake
shoes and clutch pads). Asbestos use declined substan-
tially in the 1980s in the United States and is still cur-
rently decreasing.® However, legacy exposures still
occur during remediation and handling of existing
asbestos applications. For example, approximately 1.3
million workers were exposed to asbestos in the United
States in 2002,* including shipbuilders, miners, con-
struction workers (e.g., insulation workers, plumbers,
and pipe fitters), electricians, sheet metal workers, and
makers of asbestos products. Although asbestos was
eliminated in the manufacturing of some products
such as electric hair dryers, gas fireplaces, and wall-
board patching compounds, the product is still used in
the United States.

In 1999, the 10th revision of the International Clas-
sification of Diseases (ICD-10) was adopted by the

TABLE 3 Malignant Mesothelioma Proportionate Mortality Ratios (PMRs) by Usual industry and Occupation, 1999

(19 States)*
Census Industry Number
Code (CIC) Industry of Deaths PMR 95% ClI
360 Ship and boat building and repairing 7 595 2.39-12.27
192 Industrial and miscellaneous chemicals 19 4.81 2.90-7.51
200 Petrcleum refining 5 3.80 1.23-8.87
460 Electric light and power 10 3.08 1.48-5.66
60 Construction 77 1.55 1.23-194
Census
Occupation Number
Code (COC) Occupation of Deaths PMR 95% ClI
585 Plumber, pipefitters, and steamfitters 18 476 2.81-7.561
57 Mechanical engineers 6 3.04 1.11-6.62
575 Electricians i 12 2.42 1.25-4.22
156 Teachers, elementary school 13 213 1.13-3.64

*Colorado, Georgla, Hawail, [daho, Indiana, Kansas, Kentucky, Nebraska, Nevada, New Hampshire, New Jersey, New Mexico,
Morth Caroling, Rhode Islond, South Caroling, Utah, Vermont, West Virginia, and Wisconsin.
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ORIGINAL ARTICLE

An Occupational Legacy

Malignant Mesothelioma Incidence and Mortality in Wisconsin

Carrie D. Tomasallo, PhD, MPH, Krista Y. Christensen, PhD, MPH, Michelle Rayvmond, MS,
Paul D. Creswell, PhD, Henry A. Anderson, MD, and Jon G. Meiman, MD

Ohjectives: The aim of the study was to describe mesothelioma occurrence
in Wisconsin from 1997 to 2013 by usual industry and occupation (1&0),
includine occupations eenerallv considered low risk. Methods: Pooulation-

mesothelioma per year in the United States." However, previous
surveillance indicates that mesothelioma incidence rate per million
residents over 15 years in Wisconsin 1s elevated compared with the

- - . P - - . - A 1 s -

TABLE 5. Detailed Industry and Occupation Groups® With Significantly Elevated Adjusted Odds Ratios' (ORs) and 95%

Confidence Intervals (Cls) for Mesothelioma Death

Industry or Occupation Group Total (n) Cases (n) OR (95% CI)

Industry Group — Reference is Public Administration
Chemical manufacturing 20 15 392 (1.36-13.07)
Construction 240 160 293 (1.79-4.584)
Utilities 50 i3 2.66 (1.30-5.58)
Fabricated metal product manufacturing 34 23 265 (1.17-6.30)
Paper manufacring 59 37 238 (1.22-4.73)

OQccupation Group — Reference is (Wher Management Occupations
Construction trades workers 215 157 420 (2.78-6.42)
Operations specialties managers 35 21 237 (1.13-3.12)
Primary, secondary, and special education school teachers 49 28 210 (1.05-4.26)
Engineers 51 28 2,02 (1.07-3.86)
Orther installation, maintenance, and repair occupations 52 29 1.92 (1.03-3.62)
Metal workers and plastic workers 115 62 L77 (L.11-2.85)

“Limited to those industrics and occupation groups with at least five mesothelioma cases and five controls,
"'Model adjusted for frequency matched characteristics of age, mee and sex, in addition to athnicity, year of death, industry or oocupation group, and educational attainment.
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THE LANCET

Continuing increase in mesothelioma mortality in Britain

Julian Peto, John T Hodgson, Fiona E Matthews, Jacqueline R Jones

Summary Introduction

Mesothelioma is closely related to exposure to asbestos, Mesoﬂleli-:?ma_ i:s_ almost alwgys fatal; most patients
and mesothelioma mortality can be taken as an index of  affected die within a year of diagnosis. The majority of

LANCET 1995

Tabie 3: Proportional mortality ratios (PMR) of men aged
16-T4 from mesothelioma in England and Wales 1979-80,

1982-90
lob PMR (all Number Percent Cumulative
men=100) percent

Metal plate workers TO0-4% 110 25 25
Vehicle body buildars G187+ a5 -8 3z
Plumbers and gas fitters 442 B= 201 45 7T
Carpenters g5 7= 258 57 135
Electricians 290-5* 161 38 170
Upholsterers 283.3F 19 0-4 175
Construction workers nec 28h6* 187 4.2 216
Boiler operators 253-9% 3% (53 225
Electncal plant operators 253.5% 18 04 22-9
Chermical engineers & scientists 2454+ 18 04 23.3
Sheet metal workers 233 3% 48 11 24-4
Scaffolders 22581 11 0-2 24-8
Production Titters HE-3# 304 & 31-4
Professional engineers nec 2106+ 108 2.3 33-7
Plasterers 202 g% 27 -6 343
Welders 202-6* i 1-6 359
Managers in construction 196-5* 40 Q-3 368
Dockers and goods porters 195-1= 659 15 38.3
Electncal angineers 1870 a9 08 ag.2
TEChNICIENS nec 17151 24 05 3.7
Buldings and handymen 1644-9* g8 22 419
Laboratory techmcians 164-2% 27 06 42.5
Draught smen 160-64 28 G 431
Maching tool operators 133-0= 179 4.0 471
Painters and decoralors 13104 100 22 49-4
¥p<0-001, tp=<0-01, $p=0.05. Highest 25 occupational PMREs based on 10 or more
deaths
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Mesothelioma mortality in Great Britain from 1968

to 2001

Damien M. McElvenny, Andrew J. Darnton, Malcolm J. Price and John T. Hodgson

Background The Briosh mesothelioma register contains all deaths from 1968 to 2001 where mesothelioma was

To present summary statdstics of the Bridsh mesothelioma epidemic including summares by

mentioned on the death certificate.

occupation and geographical area.

Table 3. Highest and lowest fsk occupanons for males

Southampron Occupation description Deaths Expected MR 95% CI
occupation code” deaths
Lower Upper

Top 20 ranked occupations with PMRBs greater than 100
146 Metal plate workers 265 53 502 444 565
153 Vehicle body builders 23 16 526 419 652
144 Plumbers and gas fitters 619 150 413 381 446
104 Carpenters BT 229 388 362 413
137 Electricians 406 178 279 255 304
145 Sheet metal workers 144 il 235 185 275
138 Electrical plant operators 54 21 263 197 343
132 Production fitters B30 406 209 196 224
174 Construction workers nec 486 228 213 195 232
143 Electrical engineers (so described) 140 65 216 181 253
1694 Boiler operators 83 38 219 175 272
136 Electrical and electronic production fitters 27 10 260 171 378
39 Managers in construction 123 il 200 166 237
27 Chemical engineers and scientists 52 24 221 165 290
149 Welders 204 108 188 163 215
160 Builders ete. 338 195 174 156 193
30 Professional engineers nec 276 160 173 153 194
160 Painters and decorators nec 361 224 161 145 178
111000 Managers nec 212 138 154 134 175
148 36 19 188 132 260

Scaffolders

16
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AMERICAN JOURNAL OF INDUSTRIAL MEDICINE 53:1207-1219 (2010)
Occupations and Industries in France at High

Risk for Pleural Mesothelioma: A Population-Based

Case-Control Study (1998-2002)

Patrick Rolland,"? Celine Gramond,* Aude Lacourt,® Philippe Astoul, mp, php,*

Soizick Chamming’s,’ Stephane Ducamp,'? Catherine Frenay, mp,*
Francoise Galateau-Salle, mp,2'® Anabelle Gilg Soit llg, pho,2'7 Ellen Imbernon, mp, '

Nolwenn Le Stang,? Jean Claude Pairon, mp, php,*® Marcel Goldberg, mp, pho,”
and Patrick Brochard, mp* for the PNSM Study Group

1212 Rolland et al.
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MAY — JUNE 1997 CANADIAN JOURNAL OF PUBLIC HEALTH 163

ABSTRACT Mesothelioma Surveillance to Locate
To dacrmine whethee these were o= S 11rces Of Exposure to Asbestos

ly unrecognized sources of asbestos exposure
in British Columbia, incident mesothelioma

cases (n=51) and population-based controls Kay Teschke, Phn,! Michael S. Morpan, seD? Harvey Checkoway, PhD
Ly g ey L)
(?12154}_“"’“_’ interviewed about their occupa- Gary Franklin, MD? Jobn J. Spinelli, oD, Gerald van Belle, Php?
tional histories and ashestos exposures. The i 2
following oceupations were at elevated risk: Noel S. Weiss, MD, DrPH

sheet metal workers (OR=9.6, 95% CI: 1.5-

TABLEN
Odds Ratios* Showing Associations Between Occupational Groups and Pleural Mesothelioma, All Cases (n = 51) and
Controls (n = 154) Included
Ever Employed Most Recent 20 Years Removed
Number  Odds Number  Odds
of Ratio 95% of Ratio
Cases/ Ever Confidence Cases/ Ever Confidence
Controls Employed  Interval Controls Employed  Interval
Occupational Groups with OR = 3.0
Sheet metal workersM 6/2 9.6 1.5-106 6/2 9.6 1.5-106
Plumbers and pipefittersM 72 83 15-86.3 6/2 7.1 1.2-75.1
Shipbuilding workers, nec* 75 5.0 1.2-22.7 714 6.9 1.5-37.1
Painters 6/4 4.5 1.0-23.7 53 54 0.9-39.3
Welders® 5/4 19 0.8-218 53 49 0.9-34.5
Gardeners" 5/4 3.9 0.8-21.9 34 25 0.3-16.8
Bricklayers, plasterers, & cement workers™ 7/6 15 0.9-14.0 7[5 4.5 1.1-19.8
Miners, drillers, & blasters™ 717 34 09-13.1 717 34 0.9-13.1
MachinistsM 88 3.2 1.0-11.1 87 3.9 1.1-14.2
Construction foremen™ 87 11 0.9-11.0 7/5 17 0.9-16.0
Flectricians & electrical equipment installers¥ 6/8 3.0 08116 6/7 3.7 0.9-15.6
A Priori Suspect Occupational Grou
|ndu%‘lriaIl;'l'lleilﬂechar‘iit:!:«:"f"mml & 7/9 24 0.7-8.2 6/9 2.1 0.6-7.3
Stationary engineers, boilermakers 6/11 1.8 0.5-5.9 6/11 1.8 0.5-5.9
Construction labourers 11/22 1.5 0.6-1.8 10119 1.5 0.6-39
Transport engineers & firemen™ 2/6 13 0.1-83 2/6 13 0.1-83
Vehicle mechanics* B/20 0.8 0.2-2.3 6/20 0.8 0.2-2.3
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AMERICAN JOURNAL OF INDUSTRIAL MEDICINE 37:159-168 (2000)

Occupation and Risk of Malignant Pleural
Mesothelioma: A Case-Control Study in Spain

TABLEIV. Risk of Pleural Malignant Mesotheliomator Dccupations withRisk of Ex posure to Asbestos, According fo
the Expert's Evaluation®

ISC0 code Job title Cases/controls OR Cl1-95%
G0 Launderers, dry-cleaners, and pressers &M 179 (2.08—135)
g Machinery fitters 6/ 3.59 (108-12.0)
849 Machinery fitters and assemblers n.e.c. 98 407 (144-115)
851 Blectrical fitters 52 910 (168—49.4)
855 Electricians 79 287 (0.97—8.45)
871 Plumbers 472 749 (1.30—-433)
872 Weelders 6/8 245 (0.78—7 63)
873 Sheet metal workers 87 2.53 (0.74—8.64)
943 Manufacture of non-metaliic products 122 207 (4.45—101)
a51 Brickayers 20/36 199 (101-3.95)
4974 Driverof material-handling and related equipment an 076 (108-107)
Amy occupation with high riskof exposure toasbestos® 81109 259 (160—4.27)

5 ee et for definition of oooupations with risk o1 asbestos exposure Only o coupstions with at eas 5 cases or asignificani0 Rare presented in the bl In add iion o
thasa inthe table, other occupations with sk of 3 sheviosexposurears lised belowwith e corresponding I5C0 codeand job file (in parentheses, casesoontroksy:

(0349 Draughtsman | 1/2), 043 Shipsofiicers (1), 079 Nurses, medical assistants (-/3), 322 Card-and type-punching machneoperaiors|- 1), 3990 herclencal
and rekated warkersne.c.(-" 1,430 Warking proprietors (who b saleand stal trade) (1/2), 200 Managers caterng and lodgng semices (1/-), S89Proective services
warkers nec. (2/6), 722 Metal pracessars, ralling mil {71, 723 Metal processors, smebers (377), 724 Metal processars, cxsting (37, 726 Metal processors,
freating and coating (1-), 741 Chemical processars, crushing and mixing (2.3 ), 744 Chemical processors, stil operator (1/-), 71 Food processors, milker(14), 833
Maching-1oal fitters (1'-), 834 Machne-tool aperators (34, 839 Blacksmiths, machine-iol opeators ne.c. (@10), 843 Mechanics, motor vehicles (114), 874
Structurd metal workers (2/-), 891 Glass fomers (35), 893 Glass workers, fumace opestor 2/7), 932 Paniers, vehicles 1), 959 Constuction wodkers
nec (37-), %60 Stationary engineand retsted equipment aperators (14), 973 Driver of matenal-handling and elevator equipment (2/4), 981 Saibr dockhand and
foEman (1.1).

The reference categqory is always fomed bythe 51 cases and 148 controls who had neverworked in anyo fthe Isted oocupations
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AMERICAN JOURNAL OF INDUSTRIAL MEDICINE 39:262-275 (2001)
Asbestos and Man-Made Vitreous Fibers as Risk
Factors for Diffuse Malignant Mesothelioma:
Results From a German Hospital-Based
Case-Control Study

Klaus Rodelsperger, psc,'* Karl-Heinz Jéckel, pHp,2 Hermann Pohlabeln, msc,?
Wolfgang Romer, ma,' and Hans-Joachim Woitowitz, mp'

Background This study examines the role of occupational factors in the development of
diffuse malienant mesothelioma with special emphasis on the dose —response relationshin

[TABLE V. Number of Cases and Controls and Odds Ratio from an Ever/Never Evaluation of 22 of 32 Occupations Where At Least Five Cases or Five Controls
were Exposed. Within Each of the Occupations the Job Periods are Characterized by the Percentage of Jobs with an Asbestos Exposure and by the Arithmetic
Mean of the Fiber Concentration

Jobs periods of cases and controls
Dnily periods with an
All periods asbestos exposure
Key" Occupation” Cases Controls R’ % of all Fiber concentration
Na. No. n periods GM 5 fiml
1443 Farmer 17 25 0.60 92 ] 0.00
21-32, Forestrywaorker, fis herman,
4452 Animal husbandry worker 4 ] 067 15 133 010
1251 Gardener, vineyard worker 2 5 0.40 i} ] 0.00
71-91 Miner ] 8 075 21 ] 0.00
141150 Chemical processor and related worker 13 1 118 48 604 139
181184, 501 -504 Joiner,wood processing worker 9 8 112 79 215 0.34
191252 Metal production and processing worker 26 L] 2.09* B1 457 0.80
261-306 Mechanician,fitter, plumber B2 21 28z 359 721 079
3n-315 Electrician 15 5 3.00° B8 375 04
391433 Food production and processingworker 3 ] 060 47 0 Q.00
441-453 Carpenter, bricklayer, roofer B ] 078 96 34.4 069
461472 Road constructionwarker, pipe layer, well digger, 17 7 1.00 96 156 073
Unskilled construction worker
481-492 Tile setter, plasterer, paviour, uphol ste rer n 3 367 30 63.3 294
531 Unskilled workernat elsewhere classified 5 8 057 19 36 014
541-549 Stationary engine and heavy equipment operator 9 7 340° L 659 070
601635 Technicianengineer 19 9 225 B9 46.1 028
681-706 Sales assurance agent n 26 0.38" BO 38 006
711744 Transportation & store worker 48 39 132 227 229 020
751-784 Administrafive & organizationclerk 34 49 0.57° 2m 40 nov
791805 Protective service worker 59 [ 0.56 240 75 nos
BE1-893 Teacher, scientist, social worker 4 7 0.57 4 146 040
90937 Housekee per,cleaner, hairdresser, bartender 5 7 0n 28 "3 062

* A prion definedoccupational groups, see [Jockel etal, 1994, 1998] codz accordng tostandar delassification ol industries [ Statistisches Bundesamt, 1975, 19749].
" Oddts ratiomat: hed for ageand ragion of residence.
“ Cases, population cortrols ard control patisns.

Y e
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Journal of Pubdic Health Medicine

Vol, 31, No. 1, pp. 95=-101
Printed in Great Britain

Asbestos related mortality in Northern Ireland:

1985-1994

D. O'Reilly, J. Reid, R. Middleton and A. T. Gavin

Abstract

Background The association betwean Belfast and research
into the hazardous effects of asbestos exposure goes back
many years. This paper aims 1o update prévious papers and
review the burden of asbestos related disease in Northern
Ireland today.

of asbestos exposre goes back mamy ].'em.'r A cluster of three
cases of pleural tumour had been reported as early as 19355 and
in 1950 a pathological description of 135 pleusal rumours was
collected and subsequently reposted.’ However, the lmk
betneen mesothelioma and asbestos exposure was made by
Wagner ¢f al. m a study of crocadolite maners m South Afncam

1960.° Elmes in 19657 ssmablished the sssocistion bemwess

occupational exposure to asbestos and plevral cancer m Belfast
shapyard workers. He also showed that about 20 per cent of

Mathods A study was carried out of all deaths in Northern
Ireland between 1985 and 1954 inclusive, in which an
asbestos related disease was mentioned anywhere on the
death eartificate.

Table 3 Proportional mortality ratios for pleural cancer and asbestosis by occupation: Northern Ireland 1985=1984 (inclusive)

Pleural cancer Asbestosis
Occupation No. % PMR LL uL Na. % PMR LL UL
Builder =4 6 585 98+ 366 2172
Builder's mate =4 4 36 1863* 508 4772
Building labaurer =4 7 6.4 5h4* 223 1143
Carpentar or joiner 21 6.8 3\ 245 G607 12 109 G26* 329 1095
Docker 5 1.6 108 12 253 <4
Electrical fitter 18 58 BR5* 329 a7 <4
Fitter a7 1.9 403* 284 556 [ 55 2m 74 437
Fitter's mate 8 29 T i) 1378 =4
General labourer 21 6.8 lte] 43 108 12 10.9 109 57 110
Painter ar decorator 7 23 170 [t 350 <4
Plate metal worker 15 48 E75* 378 1100 14 127 1648% a01 2765
Plumbar 10 3.2 480* 230 agz 6 55 B25* 302 1796
Sheat matal warker 4 1.3 85+ 105 986 <4
Storeman 5 1.6 38 7 555 <4
Welder 4 1.3 41 a1 618 7 6.4 1231* 495 2533
All othar 154 496 36 327
Total cases 310 110

=All confidence levels are at 5 per cent level.
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