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Appendix A: Methods 

A1. INTRODUCTION 

The purpose of this appendix is to outline the methodology supporting the findings of 
the Final Report to the Workers' Compensation Board of British Columbia 
(WorkSafeBC), entitled: ‘Preventing Occupational Disease: Designing a System that 
Works’. This project was supported with funds from WorkSafeBC through the Innovation 
at Work program.  

This appendix includes a detailed and comprehensive description of the overarching 
and the database-specific search strategies, as well as information on how the scoping 
review was performed (i.e., inclusion/exclusion criteria, and the process by which 
information was extracted into disease-specific matrices). 

A2. METHODS 

A2.1 Literature searches 

A2.1.1 Search terms 

In general, the starting point was a broad list of terms pertinent to the problem (e.g., 
"occupational exposure" OR "occupational diseases" OR "occupational medicine" OR 
"occupational health"), the intervention (e.g., "primary prevention"), and the outcome 
(e.g., "program evaluation"). These terms were combined with disease-specific 
keywords (e.g., "noise" OR "sound" OR "acoustic" AND "occupation*" OR "work*" OR 
"industr*" OR "job*" OR "employ*") in various permutations to create database-specific 
search strings.  

Search strings were built around the problem, the intervention, and the outcome. Many 
of the terms (i.e., the controlled vocabulary and keywords) used to structure the search 
strings were common to all searches, although they needed to be customized for the 
individual databases. Some, however, were terms that were specific to each disease of 
interest. The search strategy included both Meta Subject Heading (MeSH) terms and 
text words in case articles did not have MeSH terms associated with them. Table 1 lists 
the search terms used.  

Searches were conducted iteratively, allowing for search strategies to be refined based 
on review of the findings and for the refinement of inclusion/exclusion criteria. Electronic 
databases of the peer-reviewed literature were targeted first. The findings of the 
peer-reviewed searches were then used to inform searches of the grey literature. 
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To increase capture of relevant information, a snowballing technique was used to 
identify promising programs and strategies from the reference lists of key studies.  

Table 1: Search Terms 

Terms/Keywords Common Across Searches Terms Specific To Disease Of Interest 

TH
E 

PR
O

B
LE

M
 

Occupational Exposure   
Occupational Diseases   
Occupational Medicine   
Occupational Health 
Exposure 
Disease 
 
occupation*   
work*   
industr*   
job*   
employ* 
worker* 
workplace* 
work related* 

Noise 
Noise, Occupational 
Sound 
Acoustic 
 
Occupational Carcinogen 
Asbestos 
Asbestos, Occupational 
Diesel* 
Diesel Exhaust 
Diesel Engine Exhaust 
Silica 
Silica, Occupational 
Shift work 
shiftwork* 
shift* 

TH
E 

IN
TE

R
VE

N
TI

O
N

 

Primary Prevention 
Prevention and Control 
Mass Screening 
Preventive Health Care 
Health Screening 
Screening Test 
 
prevent* 
screen* 
detect* 
monitor* 
surveillance 
surveill* 
risk* 

Noise Control 
Hearing Conservation 
Hearing Loss Prevention Program Audiometry 
Hearing Protective Devices 

TH
E 

O
U

TC
O

M
E 

Program Development 
Program Evaluation 
Occupational Health Services 
Occupational Health Nursing 
Health 
Public Health 
Health Program 
Health Education 
Public Health Service 
 
program* 
strateg* 
intervention* 
intervene* 
initiative* 
implement* 
policy  
policies 

Noise Induced Hearing Loss 
Hearing Loss 
 
Occupational Skin Diseases 
Dermatitis, Contact 
Contact 
Dermatitis 
Eczema 
Hand Eczema 
 
 
Occupational lung disease 
 
Asthma 
Asthma, Occupational 
Occupational allergy 
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A total of 12 peer-reviewed and grey literature databases were searched (Table 2). 
All searches were limited to articles in English and French, published since 1996. 

Table 2: Databases Searched 

Peer-reviewed literature Grey literature 
• MedLine (via PubMed) 
• Embase 
• Web of Science 
• Cumulative Index of 

Nursing & Allied Health 
Literature (CINAHL) 

• Scopus 
• Public Affairs Information 

Service (PAIS) International 
• Health Policy Reference Centre 
• Cochrane Library 
• INRS 

• Google Scholar 
• Sites listed in Canadian Agency 

for Drugs & Technologies in 
Health (CADTH) Grey Matters 

• Canadian Centre for Occupational 
Health & Safety (CCOHS)* 

*Includes 7 databases: OSHLINE, NIOSHTIC, NIOSHTIC-2, HSELINE, CISILO, Canadiana, PubMed Subset 

A2.2 Consultation with key informants and other experts 

To supplement information collected in the literature searches and the scoping review, 
14 key informants and experts were consulted via email and telephone (Table 3). Key 
informants were first given some background on the project's objectives along with a 
very high level summary of what was learned in the scoping review. As each 30–60 
minute discussion unfolded, informants were prompted with questions about:  

• What was going on in primary prevention in their jurisdiction or area of expertise 
• Whether they were aware of any initiatives or major prevention strategies that 

may not have been captured in the scoping review 
• Which primary prevention strategies they considered to be particularly good 
• Whether they could suggest any regulatory, exposure control, surveillance, 

educational or multi-faceted strategies that should be included 
• Whether there were campaigns targeting vulnerable workers in their jurisdiction 

(was it an issue? how is "vulnerability" defined?) 
• What they felt to be key elements of a program to protect vulnerable workers 
• Whether they had been involved in implementing any primary prevention 

programs and if so, what were the lessons learned? 
 
At the end of the conversation, key informants were asked whether they would be 
interested in reviewing and/or receiving a copy of the final report. 
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Table 3: Key informants and experts consulted 

Topic Area Name & Affiliation Contact Information 
Noise-induced hearing 
loss 
 

Peter Rabinowitz, MD, MPH 
Associate Professor 
Department of Environmental and Occupational Health Sciences 
University of Washington, School of Public Health 

T: 206-616-0598 
E: peterr7@uw.edu 

Noah Seixas, MS, PhD 
Professor 
Department of Environmental and Occupational Health Sciences 
University of Washington, School of Public Health 

T: 206-685-7189 
E: nseixas@uw.edu 

Occupational contact 
dermatitis 

John Cherrie, Prof 
Professor of Human Health 
School of Life Sciences 
Heriot-Watt University 

T +44 7796261688 
E: j.cherrie@hw.ac.uk 

Diane Llewellyn, BSc CMFOH 
HM Specialist Inspector 
Field Operations Directorate (FOD) 
Occupational Hygiene / Noise & Vibration Unit 
Health & Safety Executive 

T: +44 (20) 3028 4777 
E: Diane.Llewellyn@hse.gov.uk 

Occupational cancer Dr. Lesley Rushton   
Department of Epidemiology and Biostatistics 
Faculty of Medicine, School of Public Health   
Imperial College London 

T: +44 (0)20 7594 1802   
E: l.rushton@imperial.ac.uk 

Leslie Staynor, MS, PhD 
Professor 
Epidemiology and Biostatistics 
University of Illinois at Chicago 

T: (312) 355-3692 
E: lstayner@uic.edu 

Occupational asthma Susan Tarlo, MB, BS FRCPC 
Professor 
Gage Occupational and Environmental Health Unit 
University of Toronto 

T: (416) 978-5883 
E: susan.tarlo@utoronto.ca 
 

Susanna von Essen, MD, MPH 
Professor 
Department of Environmental, Agricultural and Occupational Health 
College of Public Health 

T: 402 690-5757 
E: svonesse@unmc.edu 

mailto:nseixas@uw.edu
mailto:j.cherrie@hw.ac.uk
mailto:l.rushton@imperial.ac.uk
mailto:lstayner@uic.edu
mailto:susan.tarlo@utoronto.ca
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Topic Area Name & Affiliation Contact Information 
Mohammed Jeebay, MBChB MPH (Occ Med) PhD  
Head of Department and Director 
School of Public Health and Family Medicine  
Faculty of Health Sciences, University of Cape Town, South Africa 

T: +27 21 406 6309 / 6300 
E: mohamed.jeebhay@uct.ac.za 

Primary Prevention, more 
generally 

Dianne Llewellyn (see above) 
John Cherrie (see above) 
Margaret Quinn, Sc.D., CIH 
Professor 
College of Health Sciences 
University of Massachusetts Lowell 

T: 978-934-3196 
E: Margaret_Quinn@uml.edu 

John Oudyk, MSc CIH ROH 
Occupational Hygienist 
Occupational Health Clinics for Ontario Workers 

T: 905-549-2552 
E: joudyk@ohcow.on.ca 

Marc-Andre Lavoie, M.Sc., ROH 
President 
Risk Marcker Inc. 

T: 902-266-6664 
E: marcandre.lavoie@outlook.com 

Susan Stock, MD MSc FRCPC 
Institut national de santé publique du Québec 
et 
Professeure agrégée de clinique, Département de médecine sociale et 
préventive,  
Université de Montréal 

T: 514 864-1600, ext. 3206 
E: susan.stock@inspq.qc.ca 

Vulnerable workers Lisa Brosseau, ScD, CIH 
Professor 
Environmental and Occupational Health Sciences 
University of Illinois at Chicago 

T: 312-413-5185 
E: brosseau@uic.edu 

 

mailto:Margaret_Quinn@uml.edu
mailto:marcandre.lavoie@outlook.com
mailto:susan.stock@inspq.qc.ca
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Appendix B: Descriptive Results  
 

B1. INTRODUCTION 

This appendix presents results of the literature searches, broken down by disease and 
database, and provides descriptive summaries of the articles retrieved. 

B2. DESCRIPTIVE RESULTS  

B2.1 Results of the literature searches, by disease and database 

As noted in Section 2.3.1 of the Main Report, the searches of the peer-reviewed and 
grey literature databases generated over 40,000 hits. Approximately one-third 
(n=14,810) came from the peer-reviewed literature. The majority of the hits were 
captured in the English-language searches; however, the French-language searches 
turned up a number of promising strategies that might have otherwise been missed. 
Articles about NIHL accounted for nearly 40% of the hits identified in the peer-reviewed 
literature, while articles about asbestos accounted for just over 60% of the hits identified 
in the grey literature. 

Table 4 presents the number of hits generated for each disease, by database/search 
engine. PubMed (MedLine) and Embase accounted for approximately two-thirds of the 
articles identified in the peer-reviewed literature. Google search engines accounted for 
over 90% of the articles/references identified in the grey literature. 
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Table 4: Results of the literature searches, by disease and database 

Database NIHL Contact 
Dermatitis 

Occupational Cancer (carcinogens) 
Asthma Total 

Asbestos Diesel Exhaust Silica Shiftwork 

Peer-reviewed literature 

PubMed 3,297 269 374 264 384 316 837 4,904 

Embase 1,332 132 794 1,280 691 663 1148 4,892 

Scopus  0 584 0 708 210 1302 1,502 

Web of Science  5      5 

Cochrane 29 1   3 8  40 

CINAHL 1,067 20      1,087 

PAIS 48 1      49 

Total: 5,773 427 1,752 1,544 1,786 1,197 2,331 14,810 

Grey Literature 

Google**  140 15,500 4,200 3,120 1,290  24,110 

CCOHS 762       762 

CADTH  0 3 0 7 2  12 

CISILO  58 248 51 93 231  623 

Total: 762 198 15,751 4,251 3,220 1,523 36 25,507 

Other Search Techniques 

Snowballing       233 233 

Peer-reviewed + grey literature + snowball techniques 

Total: 6,535 625 17,503 5,795 5,006 2,720 2,600 40,550 
**includes Google Scholar 

B2.2 Descriptive results about the articles retrieved 

B2.2.1 Primary vs. secondary prevention 

Although some of the articles identified in the literature searches reported on the 
findings of systematic reviews of the literature, the majority reported on individual 
studies. This was not the case, however, for some of the searches (e.g., noise-induced 
hearing loss, asbestos) where the majority of the articles retrieved were articles that 
synthesized the literature on the topic (systematically or otherwise). As noted earlier, 
although secondary prevention was outside the scope of the project, articles were 
included if there was evidence of a feedback loop informing primary prevention 
activities. Of the 404 articles retrieved for in-depth review, 54 reported on a secondary 
or a combined primary/secondary prevention initiative or strategy. 
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B2.2.2  Study design and evaluation of effectiveness 

The literature identified in the searches encompassed a variety of study designs (e.g., 
randomized controlled trials, other intervention studies, cohort studies, cross-sectional 
studies, qualitative studies, case studies/series, narrative reviews and systematic 
reviews) (Table 5). Just over half of the references retained for our scoping review 
described interventions that had been evaluated for effectiveness. 

Table 5: Study designs and proportion of studies that evaluated effectiveness 

Topic # references 
retrieved 

# evaluating 
effectiveness Types of study designs 

NIHL 120 69 

Cross-sectional, intervention, qualitative, quasi-
experimental, RCT, cohort (retrospective, 
prospective), review (systematic, literature), animal 
study, descriptive, comparative, secondary data 
analysis, modelling 

Contact Dermatitis 53 43 
Cross-sectional, intervention, experimental, 
modeling, qualitative, case study/series, 
longitudinal, descriptive, review (systematic) 

Asbestos 59 20 Intervention, qualitative, retrospective, secondary 
data analysis, review (systematic, literature) 

Diesel Exhaust 19 10 Qualitative, quantitative (exposure/emission 
measurement) 

Silica 27 19 Cluster RCT, qualitative, quantitative (exposure 
measurement) 

Shiftwork 22 6 Cross-sectional, qualitative, review 

Asthma 108 55 
Cross sectional, retrospective, prospective, case 
study/case series, intervention, systematic review, 
meta analysis, qualitative 

 

B2.2.3 Level of the intervention(s) described 

Articles were categorized by the level at which the described intervention was 
undertaken (i.e., national, regional, local, organizational). Of the 404 articles reviewed, 
74 reported on initiatives undertaken at the national level and 93 reported on programs 
at the organizational level. The majority of the national level interventions were found in 
the literature on asbestos (n=24), noise-induced hearing loss (n=16) and asthma 
(n=13). The majority of organizational interventions were found in the literature on 
dermatitis (n=24), asthma (n=20), noise-induced hearing loss (n=18) and silica (n=14). 
For approximately 30% of the articles retrieved, the research assistants were not able to 
determine the level of the intervention. Of the 72 articles where the intervention was 
categorized as "unknown", 54 were on noise-induced hearing loss. 
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B2.3 Descriptive summaries of the articles retrieved (by disease) 

This section expands on the information provided above by presenting a high level 
description of the articles retrieved for each of the four diseases. 

B2.3.1 Noise-induced hearing loss 

The 117 English-language articles examined fell into nine broad categories: hearing 
conservation programs (n=27), exposure assessment (n=8), educational (n=9), control 
measures (n=16), health outcome (i.e., hearing loss) assessment (n=10), ototoxic 
effects/susceptibility (n=18), drug interventions (n=7), program evaluation (n=3), and 
"other" (n=19). The numbers of interventions undertaken at the local, national and 
organizational levels were evenly distributed (n=20, 16 and 18, respectively). The level 
of intervention was categorized as "unknown" for just under half of the articles retrieved 
(n=54).  

B2.3.2 Occupational contact dermatitis 

The 38 English-language interventions identified fell into four broad categories: 
regulatory (n=5), educational (n=19), control measures (n=3), screening and 
surveillance (n=3) and "various" (n=8). This latter category primarily encompassed 
review articles, of which five were systematic reviews. The majority of the articles 
described interventions undertaken at the organizational level (n=24) or at the national 
level (n=9). Eight of the 15 French-language articles reported on secondary 
interventions. Studies were conducted in the United States, Australia and the European 
Union (specifically, the United Kingdom, Germany, Austria, Belgium and the 
Netherlands). All of the English-language and five of the French-language interventions 
incorporated an evaluation of effectiveness. 

B2.3.3 Occupational cancer 

Of the 125 English-language articles meeting the inclusion criteria, 56 reported on 
interventions to prevent asbestos exposure, 21 on diesel exhaust, 26 on silica, and 22 
on shiftwork. 

B2.3.3.1 Asbestos 

Review articles were the most common type of publication retrieved in this search. The 
English-language interventions fell into 6 broad categories: asbestos bans (n=5), 
surveillance (n=4), educational/awareness campaigns (n=1), worker engagement (n=2), 
asbestos registry (n=1), and multi-faceted interventions (n=16). Multi-faceted 
interventions consisted of multiple concurrent approaches and include one or more of 
the following: interventions based on the hierarchy of controls (elimination, substitution, 
use reduction, engineering controls, administrative controls, personal protective 
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equipment), bans1 (i.e., regulations prohibiting use of asbestos), reducing and ensuring 
compliance with occupational exposure limits, asbestos abatement and remediation in 
buildings, phasing out the importation of raw asbestos, worker education and training 
(especially for vulnerable populations), changes to product labelling, health surveillance 
(such as medical screening in non-symptomatic workers and biological monitoring), 
toxics use reduction legislation, national reporting systems and exposure databases, 
etc. Of the 56 articles retrieved, 33 reported on interventions undertaken at the national 
level. 

Thirteen of the asbestos interventions had been evaluated (7 English language, 6 
French language). All but two of the evaluations were informal2. Four of the informal 
evaluations examined: the impact of a regulatory ban in 5 different birth cohorts; the 
effectiveness of asbestos safety awareness training for building managers; estimates of 
how reducing exposure limits and improving compliance would influence attributable 
cancers and the proportion of population exposed to asbestos; and the effectiveness of 
the Finnish Asbestos Program between 1986 and 2005 in several areas (e.g., import 
and use of asbestos, asbestos abatement regulations, training and number of 
abatement workers, exposure limits, diagnosis of occupational diseases, compensation 
of occupational diseases, number of workers under surveillance and follow-up). The fifth 
informal evaluation was in a systematic review that examined the effectiveness of 
asbestos-related interventions (including dust reduction techniques, exposure-control 
policies, discontinuing use, and government bans). One of the formal evaluations 
evaluated the performance and effectiveness of the Finnish carcinogen registry. The 
other was a randomized, controlled trial with the worksite as the unit of assignment and 
intervention.  

B2.3.3.2 Diesel exhaust 

The 16 English-language interventions fell into 6 broad categories: reducing emissions 
through vehicle inspection and maintenance programs (n=1) and vehicle 
scrappage/retrofitting (n=2); mine ventilation (n=2); engineering controls to control 
emissions at source (n=1); emissions reduction programs like the Diesel Emissions 
Evaluation Program (DEEP) for underground miners (n=1); hazard/exposure 
surveillance programs (n=2); and multi-faceted interventions (n=7). Multi-faceted 
interventions include two or more of the following in combination: the hierarchy of 
controls (e.g., improving ventilation, enclosed cabins, personal protective equipment, 
administrative controls); regulatory changes; training for construction and transportation 
industries; controlling emissions at source (e.g., catalysts and exhaust filters, 
repowering vehicles, improving fuels, and vehicle maintenance); implementing and 

                                            

1 This is a type of exposure elimination. 
2 An evaluation was considered "informal" if it evaluated an intervention’s effectiveness to some degree, but did not 

formally evaluate whether the intervention actually had a measured (or statistically significant, if stated) impact on 
reducing exposures and cancer risk. 
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ensuring compliance with exposure limits, water-filled scrubber tanks, chemical 
decoking of engines, etc. Studies were conducted at the local (n=4), national (n=5) and 
organizational (n=4) levels in the United States, the United Kingdom, Australia and 
Mexico. 

Ten of the sixteen studies incorporated an evaluation of effectiveness. Evaluations 
consisted of assessing reductions in: air pollution after installing a local exhaust 
ventilation system in a mine; oxygen supply and hazardous gas emissions; atmospheric 
black and brown carbon using a source dilution sampling system; and emissions due to 
scrappage and retrofitting. Surveys were also undertaken to assess people's 
perceptions of vehicle-related emissions control policies (e.g., effectiveness, 
acceptability, cost, time, etc.). 

In contrast to the other carcinogens and diseases, the diesel exhaust literature search 
did not identify any stand-alone education and training interventions explicitly aimed at 
reducing the likelihood of disease. 

B2.3.3.3 Silica 

The 23 English-language interventions fell into 6 broad categories: engineering controls 
(n=11), substitution (n=2), personal protective equipment (n=1), international 
agreements to lower exposure limits (n=1), training (n= 2), and multi-faceted 
interventions (n=6). Engineering controls included: misting, local exhaust ventilation, 
and wet dust control. Multi-faceted interventions included one or more of the following in 
combination with each other: engineering control, training programs, personal protective 
equipment, enforcement of exposure limits, effective inspections and application of 
technical standards. The majority of the interventions were undertaken at the 
organizational (n=14) and national (n=6) levels. 

Nineteen of the studies evaluated the effectiveness of the interventions. Most were 
informal evaluations and examined the effectiveness of: various engineering controls by 
measuring respirable silica dust concentrations before and after their implementation; 
employee training workshops using surveys; and an educational/training program aimed 
at influencing worker perceptions on dust and ventilation technology. 

B2.3.3.4 Shiftwork 

The 21 English-language interventions identified fell into 5 broad categories: 
organizational interventions/administrative controls (n=3); circadian rhythm adjustment 
using melatonin or light treatment (n=2); education and training (n=1); sleep 
interventions, including research on sleep aids and stimulants (n=3), and multi-faceted 
interventions (n=12). Administrative controls included flexible working arrangements, 
increasing the number of teams on shift to reduce the number of shifts other than day 
work per person, and organizational interventions like shift work scheduling and 
rotations. Multi-faceted interventions included two or more of the following in 
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combination: napping, stimulants (i.e., caffeine), sleep aids (e.g., melatonin, hypnotics), 
reducing consecutive night shifts, consultation over shift scheduling, nutrition programs, 
light-darkening shades, self-scheduling shifts, employee training and sleep disorder 
management, light exposure during night shift, rotating shift work, educating workers on 
dangers of circadian disruption, matching of shift work to employee preferences and 
their ability to cope, and suitable lighting. Of the 21 articles, 9 reported on interventions 
undertaken at the organizational level and 1 reported on an intervention undertaken at 
the national level. The level of intervention of the remaining 11 was categorized as 
"unknown".  

Six of the studies evaluated the efficacy of the interventions. Four were survey-based 
and involved: workers completing questionnaires after additional teams of workers were 
added to ease rotating shift schedule; workers filling out surveys pre- and post-
intervention (training and self-scheduling); nurses surveyed after being voluntarily 
exposed to brief periods of bright light at scheduled times during every night shift; and 
police officers on shift work responding to a survey about sleep behaviour, use of sleep- 
and wake-promoting drugs, mental health, work-related performance and safety. In the 
other two studies, experimental subjects were given controls or no controls and their 
effect on fatigue, mood and performance was evaluated; and shift workers' sleep quality 
was evaluated at baseline and at 6 and 12 months after receiving a telephone-delivered 
sleep hygiene intervention. 

All of the primary prevention activities to modify shift work were reported to have a 
positive impact on the intermediate health outcomes studied; however, none of these 
studies measured impact on cancer outcomes, which is the focus of this project.  

B2.3.4 Occupational asthma 

The 90 English-language articles were categorized into 3 broad intervention 
categories3: industrial hygiene risk assessment (n=1), the hierarchy of controls (n = 34) 
and administrative measures (n=75). This latter category included the following types of 
interventions: education and training, medical/health screening and surveillance, hazard 
identification, exposure monitoring, exposure modelling, control banding4, 
questionnaires and surveys, removal from exposure, regulatory frameworks (includes 
regulation setting and assessment/enforcement of compliance). Of the 90 papers 
examined, 54% included an evaluation of the effectiveness of the intervention. 

                                            

3 Note: some articles described more than one intervention. As a result, the numbers add up to more than 90. 
4 Control banding is defined and described in Appendix C3.1.1. 
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Appendix C: Findings of the Scoping Reviews 
 

C1. INTRODUCTION 

This section presents the findings of the scoping reviews. Information is organized and 
presented by broad category of primary prevention activity or intervention (i.e., 
legislation and regulation, control of exposures, surveillance of exposures or health 
outcomes, education and training, and multi-faceted approaches). Under each heading, 
the findings move from the general (i.e., strategies aimed at preventing 'occupational 
disease' more broadly) to the specific (i.e., promising strategies identified for each 
disease). See Appendix D for tables listing the articles retrieved for review. 

C2. LEGISLATION AND REGULATIONS 

C2.1 General strategies 

We found few studies evaluating the effectiveness of regulations at preventing 
'occupational disease'. The relatively few articles identified in the scoping review 
focussed on either (a) evaluating the impact of specific regulations on specific 
occupational disease outcomes or (b) examining the impact of inspections and 
enforcement on compliance. Examples include: a UK study that demonstrated that the 
introduction of workplace exposure limits (WELs) coincided with a significant reduction 
in the incidence of work-related short latency respiratory diseases associated with 
agents having a WEL vs. those that didn't (1); a UK study which found that some 
targeted interventions undertaken by the regulatory agency were more effective than 
others at reducing short latency respiratory diseases reported to the Health and 
Occupation Reporting network (2); a Cochrane review that concluded inspections as an 
enforcement tool have inconsistent effects on decreasing injuries in the short term, but 
appear to decrease injury rates in the long term (i.e., after more than three years of 
follow-up) (3); and a systematic review that found strong evidence that actual citations 
and penalties reduce injuries (4). 

A recent evaluation of the practical implementation of the European Union's (EU) 
Occupational Safety and Health (OSH) Directives assessed the effectiveness of the 
EU's 24 OSH directives (referred to as the "OSH acquis") at improving the health and 
safety of workers (5). Based on available data5, the core evaluation team concluded the 
following: there is limited evidence that the Chemical Agents Directive has markedly 

                                            

5 The report noted the lack of available data and the limitations of the data that were available (e.g., lack of 
quantitative data). 



Research Project RS2014-IG26 14 

improved skin and respiratory outcomes; no firm conclusions about the efficacy of the 
Biological Agents Directive can be drawn; it is not possible to draw any clear inferences 
at this time about the impact of the Asbestos Directive on asbestos-related diseases 
(because of the long latency period between exposure and onset of disease); there are 
no quantitative data on the impact of the Carcinogens and Mutagens Directive on 
relevant work-related cancer outcomes (however, longitudinal data on exposure to 
carcinogens show a slight reduction, suggesting little or no effect of the Directive); there 
is no clear indication that the Noise Directive has resulted in lower exposures and in a 
decreased incidence of noise-induced hearing loss; and it is not possible to ascertain 
the impact of the vulnerable worker directives (i.e., the Young Worker Directive6, the 
Temporary Agency Work Directive7). The evaluation also concluded that all of the 
evidence indicates that enforcement significantly influences compliance, particularly 
when inspectors have combined enforcement and advisory roles. Factoring in the 
limited data sources available, the evaluation concluded that, overall, the OSH acquis 
has not been effective at targeting occupational diseases, despite a generally high level 
of reported compliance. 

C2.2 Disease-specific findings 

For each of the diseases, the scoping review identified a number of published studies 
that evaluated the impact of legislation and/or regulatory interventions. However, 
relatively few of them met the "gold standard" of evaluative research (i.e., a randomized 
controlled trial).  

C2.2.1 Noise-induced hearing loss 

All but one of the studies examining the impact of legislation and regulation were 
focussed on exposure outcomes (i.e., noise levels). Findings were mixed and appeared 
to be dependent on context. For example, studies in multiple industries (including 
manufacturing) found that regulations were ineffective because of over-reliance on 
hearing protective devices (HPDs) vs. engineered noise control (6-8); and studies in 
foundries and mines found that measured noise levels routinely exceeded permissible 
levels, sometimes despite the presence of engineering controls (9-11). In contrast, 
another study (examined in a systematic review) found that stricter regulations showed 
a favourable effect on measured noise levels (12).  

                                            

6 The Directive on Young Workers (94/33/EC) sets out minimum requirements for the protection of young people at 
work in the European Union and provides legal definitions of the following terms: child, adolescent, young 
person, light work, working time and rest period. More information can be found at: 
https://osha.europa.eu/en/legislation/directives/18. 

7 The Directive on Temporary Agency Work (2008/104/EC) sets out a general framework that applies to the working 
conditions of temporary workers in the European Union. Its aim is to guarantee a minimum level of effective 
protection to temporary workers and to contribute to the development of the temporary work sector as a flexible 
option for employers and workers. More information can be found at: 
https://osha.europa.eu/en/legislation/directives/directive-2008-104-ec-temporary-agency-work. 

https://osha.europa.eu/en/legislation/directives/18
https://osha.europa.eu/en/legislation/directives/directive-2008-104-ec-temporary-agency-work
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A comparison of noise legislation in 22 countries in the Americas, published in 2014, 
found notable differences between jurisdictions in the permissible exposure limit and the 
noise exchange rates (6). The authors noted that although most countries have adopted 
"mandatory" noise legislation, there was limited information available about the degree 
to which the noise standards and regulations are actually enforced. They conclude that 
millions of workers across the Americas are potentially at risk of losing their hearing 
because (a) regulations do not exist; (b) the regulations that do exist are not protective 
enough; (c) enforcement of the regulations is insufficient; and/or (d) a lack of information 
or will, or a combination of the two, on the part of employers, workers and governmental 
agencies. 

C2.2.2 Contact dermatitis 

Studies examining the impact of legislation and regulation on health outcomes (i.e., 
urticaria, dermatitis) found, for the most part, that these interventions had a positive 
impact. For example, studies in the UK demonstrated that after the implementation of 
regulations restricting exposure, cases of latex-related urticaria and dermatitis among 
health care workers decreased (13) and the incidence of dermatitis attributed to 
chromate exposure among chromate workers declined (14). Another study documented 
that France's 2005 ban on the use of cement with chromium VI was effective at 
reducing the incidence of occupational dermatitis and the number of workdays lost due 
to this disorder in the construction industry (15).  

European directives on personal protective equipment (PPE) provide standards of 
manufacture and use of protective gloves to prevent contact dermatitis and information 
that must be provided about the allergenic components of gloves (16). Data generated 
by a contact allergy surveillance system in the EU indicate a decrease in chromium 
allergy prevalence among the building trades, suggesting that the chromate regulation 
has been successful (17). Conclusions regarding the effectiveness of the EU Nickel 
Directive are mixed. The contact allergy surveillance system identified heterogeneous 
trends in nickel allergy among the building trades (suggesting a partial failure of the 
nickel regulation) (17), while another study concluded that the regulation is starting to 
change the epidemiology of nickel allergy in the EU (18).  

C2.2.3 Occupational cancer 

Review articles found that legislation (i.e., bans) and regulations (i.e., lower 
occupational exposure limits combined with increased enforcement of compliance) 
reduced asbestos-related diseases (19) and decreased the risk of cancer from 
exposure to diesel exhaust (20). One primary research study found a reduction in 
mesothelioma risk in Swedish workers who started working after Sweden implemented 
a ban on exposure to asbestos in the mid 1970's (21). A Finnish study found that levels 
of respirable silica decreased after a new occupational exposure limit came into effect 
and after the signing of an international agreement/social contract creating the 
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European Network on Silica (NEPSI)8 (22). No studies examining the impact of 
legislative or regulatory interventions were found for shiftwork. 

C2.2.4 Occupational asthma 

Positive outcomes (i.e., reduction in exposure levels, prevalence of symptoms and/or in 
the incidence rate of cases diagnosed) have been observed following the introduction of 
legislation or regulations to prevent exposure to allergens and asthmagens. Examples 
include: a decrease in the number of occupational asthma cases after the introduction 
of the Control of Substances Hazardous to Health (COSHH) regulations in the UK; a 
reduction in exposure levels, accompanied by reduced symptoms and the number of 
cases, following the introduction of regulations to control latex exposure in Germany, 
the EU, the UK, and the US. In the latter case, these interventions also resulted in glove 
manufacturing improvements (i.e., they were a driver of product innovation). 

One study examined the impact of special preventive medical check-ups for employees 
exposed to experimental animal dust as required by law in Germany. The authors 
confirmed the necessity of regular medical check-ups, but noted that the check-ups 
must be part of a comprehensive prevention strategy involving education, engineering 
controls, administrative controls, PPE and vocational integration (23). 

A recent review commented on the fact that very few standards have been set for 
workplace sensitizers and it specifically notes that the REACH9 legislation exempts 
several groups of known occupational asthmagens from registration (e.g., enzymes in 
food and in animal feed and agents that have ‘no owner (producer)’ such as animal 
allergens) (24). This means, they argue, “that several major allergens with major public 
health impact are not covered by REACH, especially high-molecular weight (HMW) 
sensitizers, and that conventional standard setting under existing policies is crucial”. 

C3. EXPOSURE CONTROL MEASURES 

C3.1 General strategies 

Numerous studies have examined how effective the hierarchy of control (and in 
particular, specific elements of the hierarchy) is at preventing exposure and subsequent 
disease outcomes. It is outside the scope of this project to review and summarize this 
literature in detail. However, in the course of the literature searches, several useful 
resources were identified, including a searchable Engineering Controls Database 
created by the US National Institute for Occupational Safety and Health (25). 

                                            

8 Information on NEPSI can be found at: http://www.nepsi.eu/. 
9 REACH is the acronym for the EU's Registration, Evaluation, Authorisation and Restriction of Chemicals legislation. 

http://www.nepsi.eu/
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C3.1.1 Control banding 

In searching for exposure control approaches that could address the challenges faced 
by small employers, a number of articles were identified that either described systems 
of control banding or examined their effectiveness. Control banding is a qualitative 
assessment and performance-based exposure control technique developed by the 
pharmaceutical industry (26). It is primarily used to determine control measures when 
occupational exposure limits are not known (27). Chemicals are grouped according to 
similar physical or chemical characteristics, how the chemical will be handled or 
processed, and what the anticipated exposure is expected to be. The method then 
determines a set of controls chosen to help prevent harm to workers. Generally, there 
are three types of bands that represent: health hazard or risk (e.g., carcinogen), 
potential for exposure (e.g., quantity used), and recommended control measure (e.g., 
containment, ventilation, etc.) (27). A number of control banding systems exist in the EU 
and elsewhere (28-30). The most widely known are the UK's COSHH Essentials10 (31) 
and the ILO's International Chemical Control Toolkit11 (32). 

The scoping review identified several studies that had been undertaken to determine 
the level of agreement between measured concentrations of hazardous substances and 
the exposure ranges predicted by the COSHH Essentials model. Examples include 
studies of exposure to: three volatile organic chemicals at a small printing plant (33); 
five chemical components in a mixture (acetone, ethylbenzene, methyl ethyl ketone, 
toluene, and xylenes) at a medium-sized plant producing paint materials (34); a range of 
liquids (e.g., volatile organic solvents) and solid substances (e.g., dusts, powders) in 
various German industries (e.g., printing, textiles, chemical, plastics, rubber) (35); nine 
volatile solvents in 12 chemical handling tasks in refineries, a petrochemical plant, oil 
terminals and the laboratory of a petrochemical company in Japan (36); and seven 
volatile solvents in vapor degreasing and nineteen chemical substances in bag filling 
operations (37). Despite inconsistent levels of agreement between the model and 
measured levels in the first three studies (i.e., good agreement was found for some 
tasks/processes and moderate or poor agreement for others), the authors concluded 
that the COSHH model worked reasonably well. In contrast, the fifth study (by Jones et 
al.) found a high prevalence of both "under-controlled" and "over-controlled" 
misclassification errors12, leading the authors to conclude that their findings do not 
"support the view that COSHH Essentials will accurately identify operations in need of 
                                            

10The Health and Safety Executive (HSE) developed COSHH Essentials following the implementation of the Control 
of Substances Hazardous to Health (COSHH) legislation. Information is available online at: 
http://www.hse.gov.uk/coshh/essentials/. 

11The International Chemical Control Toolkit was designed to assist small and medium sized enterprises in 
developing countries prevent exposure to hazardous chemicals in the workplace. Information is available online at: 
http://www.ilo.org/legacy/english/protection/safework/ctrl_banding/toolkit/icct/. 

12Under-controlled errors occurred when the airborne concentration exceeded the upper limit of the chemical’s 
exposure band in the presence of control technology; and over-controlled errors occurred when the airborne 
concentration was within or below the chemical’s exposure band in the absence of control technology (although 
conditions of use prompt COSHH Essentials to recommend controls). 

http://www.hse.gov.uk/coshh/essentials/
http://www.ilo.org/legacy/english/protection/safework/ctrl_banding/toolkit/icct/
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control technologies, and that the control technologies will, in practice, adequately 
control exposures". In comparing their findings to the German study (by Tischer et al.), 
the authors acknowledge that the contradictory conclusions may be due to differences 
in available data or to systematic inter-jurisdictional differences in OHS performance. 
The Japanese study also found a high prevalence of "over-controlled" judgments (but 
no "under-controlled" ones) but concluded that control banding is feasible in Japan. 

To determine whether control banding would be useful in the US, the National Institute 
for Occupational Safety and Health (NIOSH) reviewed and critically analyzed the 
literature on control banding (38). Factoring in available evidence about control banding 
(CB) strategies, NIOSH observed that they "...cannot provide appropriate solutions for 
the assessment and management of all occupational hazards. There are situations in 
which CB cannot provide the precision and accuracy necessary to protect worker 
health; alternatively, there are undoubtedly situations in which CB will provide a higher 
level of control than is necessary" [page 71]. Despite these limitations, NIOSH 
concluded that control banding is a potentially valuable tool for assessing and 
controlling exposure to some, but not all, occupational hazards13. Based on its potential 
utility and the fact that most chemical substances do not have established exposure 
limits, NIOSH recommended that additional research, development and validation be 
undertaken before control banding was widely implemented in US workplaces. To 
facilitate the implementation of control banding strategies in the US, the following 
recommendations were made: improve awareness about control banding among end 
users and develop user-specific dissemination strategies; standardize control banding 
concepts14; validate control banding methods15; expand the model to address additional 
hazards (e.g., complex or mixed exposures, dermal hazards, and physical hazards, like 
noise) and to incorporate economic analyses; and foster national16 and international17 
collaborations. 
 
                                            

13 At the time of NIOSH's review, most control banding strategies were limited to controlling inhalation hazards, 
although work was ongoing to expand the technique to other hazards (e.g., dermal hazards, airborne crystalline 
silica, asthmagens, and asbestos). 

14Specific recommendations included harmonizing terminology and adopting the Globally Harmonized System of 
Classification and Labelling of Chemicals (GHS), which defines and classifies the hazards of chemical products and 
communicates OHS information on labels and safety data sheets. Canada has implemented the Workplace 
Hazardous Materials Information System (WHMIS 2015), a national chemical classification and hazard 
communication standard for workplace chemicals. While WHMIS 2015 incorporates the GHS for workplace 
chemicals, only the elements of GHS that have been explicitly adopted by Canadian legislation are enforceable. 
(Source: http://www.ccohs.ca/oshanswers/chemicals/ghs.html). 

15Specific recommendations included: ensuring that the effectiveness of a given toolkit and its controls is evaluated, 
validating and comparing various implementation methods, validating each step of the control banding strategy 
independently (i.e., exposure prediction, hazard prediction, control recommendations, training, and control 
implementation), and assessing errors (with, for example, hazard classification, exposure assessment, and control 
recommendations) to determine the accuracy of the model. 

16To develop, for example, task-based toolkits, as well as a participatory process that engages workers in control 
banding strategies. 

17Specific recommendations included: coordinating the development and creation of an integrated system for both 
national and international databases; adopting the ITG implementation strategy to coordinate occupational risk 
management concepts with international collaborative efforts, to harmonize efforts and build capacity; and linking 
control banding strategies to an existing system of Occupational Safety and Health Management Systems for 
implementation. 

http://www.ccohs.ca/oshanswers/chemicals/ghs.html
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The literature highlights the strengths and weaknesses of control banding. Its 
advantages include that it provides an easy to understand and easy to apply approach 
to controlling hazards in small- and medium- sized workplaces that have limited 
expertise in workplace health and safety, industrial hygiene, or chemical control (38-40); 
and that it allows for control recommendations to be made for products that do not have 
occupational exposure limits (27, 38). The limitations of control banding include that it 
has not been fully validated (38) and that there is not a universally adopted approach 
(i.e., hazard bands vary by jurisdiction (41) with each jurisdiction's method having its 
own limitations (27)). Detractors of control banding note that it (a) does not recommend 
control technology on the basis of quantitative data (i.e., it is occupational hygiene, 
without the numbers) (42); and (b) may recommend expensive control technology in 
situations where the actual exposure levels don't warrant it (i.e., the "over-controlled" 
misclassification scenario) or (c) may recommend insufficient protection, resulting in 
inadequate protection of worker health (38, 42, 43). A recently published commentary in 
the Annals of Occupational Health noted: "Control banding works in dire circumstances 
where any control measure will improve the situation. However, in the ‘grey bands’ 
where most European workers operate, simple guidance for control measures can be 
either insufficient (leading to unnecessary health risks for workers) or too extreme 
(resulting in skyhigh operational costs for employers). Furthermore, moving away from 
numbers creates the threat of ‘hygienists without numbers’ who will be ill-prepared to 
interpret an abundance of numbers from unsolicited measurements that workers and 
consumers eventually will collect themselves" (42). 

C3.2 Disease-specific strategies 

None of the studies identified were designed to evaluate how effective the entire 
hierarchy of controls was at preventing any of the four occupational diseases of interest. 
Rather, studies were designed to examine specific aspects of the hierarchy in relation to 
exposure outcomes, health outcomes, and/or behavioural outcomes at the individual 
level. 

C3.2.1 Noise-induced hearing loss 

Of the exposure control studies identified in the NIHL literature, most focussed on 
examining the impact of engineering controls on noise levels at the workplace. Studies 
in hospitals and the steel industry found that engineering controls reduced noise levels 
(44), while a study in the tire manufacturing industry found that engineering controls 
coupled with monthly inspections led to a reduction in noise power level (45). Only two 
articles about the effectiveness of personal protective equipment were reviewed. One 
study in the construction industry found that the use of a single form of hearing 
protection (i.e., earplugs or earmuffs) resulted in significantly more audiometric 
abnormalities than the combined use of earplugs and earmuffs (46). The other study, 
conducted in South America, found that if women perceived their workplace to be safe, 
they were more likely to use hearing protective devices (47). 
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C3.2.2 Contact dermatitis 

Three exposure control studies and one systematic review were identified in the scoping 
review. Of the exposure control studies, one examined the impact of exposure 
elimination on health outcomes, one assessed the impact of personal protective 
equipment on health outcomes, and the other examined the relationship between 
improved glove use and exposure outcomes. In the first, a decrease in the number of 
suspected skin and respiratory diseases was observed in German healthcare workers 
after exposure to latex was eliminated (48). The second study found improvements in 
the skin status of German metal workers with skin care and skin protection (49). In the 
third study, improved glove use reduced exposure to paratoluenediamine in Belgium 
(50). 

The systematic review examined the evidence for the use of personal protective 
equipment and personal hygiene measures. The reviewers concluded that there were 
some positive effects of barrier creams, moisturizers, after work creams, and complex 
educational interventions in the primary prevention of contact dermatitis (despite a lack 
of statistical significance in the studies published) and that there was a lack of 
evidence to support or refute the use of protective gloves to prevent contact dermatitis 
(51). 

C3.2.3 Occupational cancer 

No studies were identified in the asbestos literature that specifically examined the 
impact of the hierarchy of controls on disease, exposure or behavioural outcomes. All of 
the exposure control studies identified in the diesel exhaust literature focussed on 
evaluating the impact of engineering controls, like local exhaust ventilation, on levels of 
exposure. The majority of these studies were conducted in the mining industry and in 
underground mines in particular. Findings included: engineering controls (e.g., local 
exhaust ventilation) or controls at the source (e.g., engines fitted with particulate filters) 
decreased emissions and were effective at reducing exposure to sulphur dioxide, 
hydrogen sulphide and dusts (52-54); engineering controls combined with preventive 
maintenance and regular emission testing decreased exposure levels (55); and diesel 
exhaust emissions decreased with the use of modern engines (56), low emission 
engines (57) or retrofitted engines (58).  

Exposure control studies identified in the silica literature examined the impact of 
elimination/substitution, engineering controls, and personal protective equipment. None 
of the studies retrieved for review evaluated the use of administrative controls to prevent 
silica exposure. The one study examining a silica substitute (i.e., a non-silica abrasive) 
found that it contained low levels of crystalline silica and as a consequence, its use 
could unexpectedly contribute to airborne silica levels (59). The use of engineering 
controls, either individually or in combination, was found to positively impact the levels 
of silica exposure in firing ranges (60), foundries (61), and a range of activities in the 
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construction industry (e.g., brick cutting, masonry cutting, mortar removal, concrete 
cutting and grinding)(62-69). Examples of engineering controls that were found to be 
effective at reducing silica exposure included: water controls (e.g., misting, wet 
suppression), vacuum cleaners, and local exhaust ventilation (LEV) in combination with 
other controls (e.g., a jig). Two studies in the construction industry reported that, 
although LEV reduces personal exposure levels, it provides incomplete dust control (70, 
71). In a study of Swedish foundry workers, actual measured levels of silica exposure 
exceeded the occupational exposure limit, suggesting that the potential for over-
exposure exists despite the use of personal protective equipment (such as respirators) 
(72). 

A task-based silica risk assessment tool has been developed by researchers in British 
Columbia (one of whom is a member of our project team), in collaboration with the BC 
Construction Safety Alliance and the local regulator (WorkSafeBC). Although not yet 
evaluated for effectiveness, this tool, which combines quantitative methods with a 
control banding approach, appears to be a promising solution for assisting small 
enterprises in the selection of appropriate control measures and the development of 
exposure control plans (as required by regulation) (73).  

The majority of the exposure control articles in the literature on shiftwork focussed on 
the impact of administrative controls on either exposure outcomes or short-term health 
outcomes. One study examined the impact of an engineering control on nurses working 
nightshifts. It found that controlled light exposure resulted in decreases in subjective 
distress associated with nightshift work (74). Other studies found that administrative 
controls had positive impacts on exposure and health outcomes. In the former, rotating 
shift schedules and increasing the number of teams reduced the number of shifts 
outside day work (i.e., reduced the exposure), but it produced more irregular schedules 
(75); in the latter, flexible working arrangements and three types of organizational 
interventions (i.e., switching from slow to fast rotation, changing from backward to 
forward rotation, and self-scheduling of shifts) improved health outcomes (76, 77). 

C3.2.4 Occupational asthma 

Engineering controls were found to reduce levels of exposure to flour dust in South 
African bakeries (78) as well as symptoms of bakers' asthma in both the UK (79) and 
South Africa (80). In the former, the greatest reduction in exposures was observed 
when five control measures (mixer lid, divider oils, gentle bag handling, low level bag 
handling and rubbing of surfaces) were implemented together. Similarly, studies have 
documented that changes to ventilation, equipment and work practices are effective in 
reducing exposure to glutaraldehyde in disinfecting (81). The authors of a study cited in 
the OSHA Best Practices publication (81) indicated that the changes that appeared to 
have the most impact on reducing mixing exposures were the addition of a waste pump 
and new filters in the ventilation hood. Studies conducted on farms in the US and 
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Finland found a reduction in asthma symptoms with the use of personal protective 
equipment (82). 

C4. SURVEILLANCE OF HAZARDS AND/OR DISEASES 

C4.1 General strategies 

In the context of hazard and disease surveillance, "general" strategies were those that 
had been implemented at a national level. While a number of surveillance systems were 
identified in the literature, few had been evaluated for effectiveness. Examples of 
hazard surveillance systems included: the Canadian National Dose Registry (a radiation 
exposure registry); the Ontario Asbestos Workers Registry; the Finnish Information 
System on Occupational Exposure (FINJEM); the Finnish Register of Employees 
Exposed to Carcinogens (aka the ASA Register18); CAREX Canada; and the Thesaurus 
on Occupational Exposures created by ANSES, the French Agency for Food, 
Environmental and Occupational Health and Safety. 

The scoping review identified studies evaluating the National Dose Registry (83), and 
the ASA Register (84). In both instances, the authors point to declining trends in 
disease over the time period for which data have been collected, concluding that the 
registries had contributed to protecting workers from exposure. Similarly, a review 
article examining the impact of FINJEM concluded that the registry was useful for 
monitoring trends in exposure over time and for predicting potential exposures in the 
future; for generating national level estimates of exposure (e.g., prevalence of exposure 
and over-exposure, as well as average levels) that can be used to compare with 
existing exposure limits and to inform prevention policy and practice at the jurisdictional 
level; for assessing occupational exposure for epidemiological studies; and for 
assessing health risks and the burden of disease (85). FINJEM has also been used as 
the model for the creation of similar systems in the EU (e.g., the Nordic countries, Spain, 
France) and New Zealand. 

A recent survey identified 33 occupational disease surveillance systems in 20 countries 
across the EU (86). Some are compensation-based (e.g., the Belgium Compensation 
Fund for Occupational Diseases (FBZ), the German Statutory Accident Insurance 
(DGUV)), while others are based on physician reports or household surveys (e.g., the 
Health and Occupation Research (THOR) Network in the UK and the Republic of 
Ireland; the MALPROF19 system in Italy, various disease-specific registries (e.g., the 
French National Program for Mesothelioma Surveillance) and a network of registries (le 
Réseau National de Vigilance et de Prévention des Pathologies Professionnelles 

                                            

18This is the Finnish abbreviation. 
19'MALattie PROFessionali’ (or, ‘occupational diseases’ in English). 
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(RNV3P)) in France). Many of these systems are also members of MODERNET20, a 
collaboration founded in 2008 between academic centres investigating occupational 
disease and work-related ill-health incidence in the United Kingdom, Netherlands, 
France, Italy, Finland and the Czech Republic. It has now grown to include 12 more 
European countries and 1 institute from Australia.  

Several of the systems, including MODERNET, have been evaluated (86-93). The 
findings of a study examining trends in the EU between 2000 and 2012 included: an 
overall decline in the incidence of shorter latency diseases (e.g., contact dermatitis, 
occupational asthma) across the EU; and inter-jurisdictional variability in the incidence 
of noise-induced hearing loss (e.g., the incidence was increasing in Belgium, Spain, 
Switzerland and the Netherlands and decreasing elsewhere) (89). A study assessing 
the prevalence of uncompensated work-related diseases in France observed 
differences over time by gender, age and disease (88); while another examining the 
MALPROF system in Italy determined that over the period 1999 to 2012, noise-induced 
hearing loss was the most frequently reported disease (n=4378, accounting for 32% of 
the reported diseases) (93). All of these studies concluded that the surveillance systems 
had been useful at identifying the incidence of known occupational diseases (and in 
some cases, at illuminating emergent diseases (87)), at stimulating occupational health 
research, and at informing the development of preventive measures (including the 
setting of priorities and targets). Surveillance data were also used in another study to 
illustrate the positive impact of legislation on chromate allergy in the UK (14).   

Linked administrative databases21 are promising approaches for occupational disease 
surveillance among vulnerable workers. Linked databases are considered to be 
invaluable because they give insights into what is happening in the entire population, 
they facilitate interdisciplinary and policy-relevant research on the social determinants of 
health, and they are far more cost-effective than traditional methods of data collection. 
There are many linked (or linkable) datasets in Canada and elsewhere and occupational 
health researchers have used record linkage on an ad hoc (i.e., project-specific) basis 
to explore questions of causality, to evaluate the impact of interventions, and to target 
prevention activities. Examples include: research conducted in the United States linking 
state-level workers' compensation data with data from the US Bureau of Labor Statistics 
(94, 95) and research conducted in Canada by the UBC Partnership for Work, Health 
and Safety and the Institute for Work and Health. Population Data (PopData) BC is the 
only Canadian linked dataset that includes workers' compensation and firm-level data, 
in addition to multiple other data sources (e.g., hospitalizations, emergency room visits, 
prescription usage, education, etc.). This has enabled a number of research studies to 

                                            

20MODERNET is the acronym for Monitoring trends in Occupational Diseases and tracing new and Emerging Risks in 
a NETwork. 

21Linked health databases are centralized repositories of population-based, longitudinal administrative records from 
multiple sources that enable linkage of data across sectors (such as health, education, workplace and the 
environment). 
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be undertaken examining occupational health in a broader social context and has 
fostered the development of a unique research partnership on work and health at the 
University of British Columbia (the Partnership for Work, Health and Safety).  

C4.2 Disease-specific strategies 

Relatively few articles evaluating the effectiveness of disease-specific surveillance 
systems were identified. The ones focussing on hazard surveillance were predominantly 
found in the literature on noise-induced hearing loss, while the majority of the articles 
focussing on disease surveillance were found in the literature on noise-induced hearing 
loss and contact dermatitis. 

C4.2.1 Noise-induced hearing loss 

Across a range of industries, monitoring of noise levels was found to positively affect 
exposure, health and behavioural outcomes. For example, reductions in noise levels 
and noise-induced hearing loss were observed in a variety of industries, including 
manufacturing (96) and aluminum smelting (97), with daily or continuous monitoring of 
exposure. Another study found that noise audits and reports were effective at changing 
behaviour (e.g., increased awareness and noise management) in farmers in Australia 
(98). Screening for noise-induced hearing loss (through audiometric testing) was found 
to have a positive impact on behavioural outcomes in musicians (99). Specifically, their 
use of hearing protective devices increased after NIHL was detected. Another study 
detected an increased prevalence of NIHL in farmers through audiometric testing (100). 
Three studies identified exposure surveillance strategies for identifying ototoxic 
exposures at work that contribute to NIHL (101-103). 

C4.2.2 Contact dermatitis 

No studies were identified that examined the effectiveness of hazard 
surveillance/exposure monitoring in preventing contact dermatitis. Two articles were 
identified that examined the effectiveness of disease surveillance systems and 
symptoms screening tools. Their findings/conclusions were mixed. A review article 
developing evidence-based guidelines for the prevention, identification and 
management of occupational contact dermatitis and urticaria concluded that there was 
no direct evidence (a) that health surveillance is effective in the early detection of 
occupational contact dermatitis or occupational contact urticaria or (b) of the 
comparative effectiveness of different screening methods (104). In contrast, a study of 
German metal workers found that a tool to screen for work-related eczema was 
effective, increasing awareness and the use of protective measures (105).  

C4.2.3 Occupational cancer 

No articles were identified in the silica or shiftwork literature on whether hazard or 
disease surveillance systems were effective at preventing cancer outcomes. One article 
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was found in the diesel exhaust literature that discussed a hazard surveillance system 
(the Diesel Emission Evaluation Program (DEEP22)) (106) and one article was found in 
the asbestos literature about a mesothelioma registry in Italy (107). The diesel exhaust 
article highlighted an organizational level example of a Montana mine that effectively 
controlled diesel exhaust exposure by emissions testing and engine maintenance 
testing every 28 days. The Italian study described the creation of a mesothelioma 
registry, documenting its usefulness for identifying cases and informing prevention 
efforts through the development of exposure histories.  

The only other article that addressed the topic of surveillance was found in the asbestos 
literature. Although not an evaluative study, it was included because it provided 
information on a strategy that was shown to be effective at influencing policy makers to 
adopt legislation creating an asbestos exposure registry in Saskatchewan. The 
"Empathy in Advocacy" campaign created a public awareness campaign based on an 
individual's personal cancer experience (108). By integrating it with a comprehensive 
strategy to mobilize research/policy/knowledge into action and a collaborative process 
of stakeholder engagement, the issue was kept in the public domain.  

C4.2.4 Occupational asthma 

Very few, and no concurrent, comparison studies have been reported of the efficacy of 
periodic health surveillance for occupational asthma. This type of surveillance aims to 
identify sensitised workers or cases of asthma at early and reversible stages of disease. 
A recent evidence review by the British Occupational Health Research Foundation 
concluded that pre-placement examinations should be used to establish a baseline for 
periodic health surveillance rather than to detect and exclude susceptible individuals 
from high-risk workplaces (109). A study by Brant et al. (which was considered in that 
evidence review) compared a standard cross-sectional survey with routine surveillance. 
Its findings suggest that health surveillance can underestimate the frequency of 
occupational asthma. A UK multi-centre hospital study revealed a mean delay of 
approximately four years between the onset of symptoms and a confirmed diagnosis 
(110). This contrasts with a mean of nine months in those whose symptoms were 
detected by health surveillance and who attended for subsequent investigations (111). 
Kopferschmitt-Kubler et al. describe a wide range of active asthma health surveillance 
programs in England, France, Italy, Finland, Germany, and the US, based on specialist 
physician reporting (112). Some programs focus on measuring incidence; others are 
associated with medical follow-up of identified cases; still others link case identification 
with follow-up preventive interventions in the workplace (112). 

In a Canadian study, regular health surveillance of isocyanate-exposed workers was 
linked to a mandatory workplace exposure control program (113). Cases of isocyanate-
                                            

22A consortium between government, industry, labour, research, and the manufacturing sectors in mining, DEEP is 
focused on controlling diesel exhaust emissions in underground mines. 



Research Project RS2014-IG26 26 

induced asthma were diagnosed sooner after the onset of symptoms, had better lung 
function and a better outcome than asthma attributed to other workplace agents not 
subject to the control program. It is difficult to dissociate the effects of health 
surveillance from the effects of other risk management procedures and the authors 
acknowledged that the improved outcomes in the isocyanate workers might, at least in 
part, be attributable to the concomitant reduction in exposure.   

A 2016 study found that health surveillance for occupational asthma can allow early 
case identification and remediation of the causative exposure (114). In that study, health 
surveillance was more common in larger enterprises; health surveillance had been 
carried out in 19% of workplaces that had reported exposures to occupational 
asthmagens; and there appeared to be significant variation in how the requirement for 
health surveillance was decided, how it was subsequently developed and carried out, 
and in communication between workplaces and their occupational health service 
providers. 

Several additional articles were identified that examined asthma surveillance systems in 
the context of more comprehensive prevention programs. They are described below in 
the section on multi-faceted primary prevention approaches. 

C5. EDUCATION AND TRAINING 

C5.1 General strategies 

A recent systematic review published in the Cochrane Database of Systematic Reviews 
assessed whether behavioural interventions (directed either at organizations or at 
individual workers) had an impact on workers' observed or self-reported use of 
respiratory protective equipment (RPE) (115). Based on a review of 14 studies meeting 
their inclusion criteria, the authors concluded: "there is very low quality evidence that 
behavioural interventions, namely education and training, do not have a considerable 
effect on the frequency or correctness of RPE use in workers". Acknowledging that the 
included studies had methodological limitations and that there were no studies on 
incentives or organisational-level interventions, the authors identify a need for further 
research (specifically, large randomized controlled trials with clearer methodology) and 
note that further studies should "consider some of the barriers to the successful use of 
RPE, such as experience of health risk, types of RPE and the employer's attitude to 
RPE use". 

The scoping review also identified another systematic review that was published in 2010 
by the Institute for Work and Health (116). In that review, 16 researchers examined the 
findings of 20 unique randomized controlled trial studies to determine whether OHS 
training has a beneficial effect on workers and firms and whether higher (vs. lower) 
engagement has a greater beneficial effect on workers and firms. The reviewers also 
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considered the methodological quality of the available research literature. The reviewers 
drew the following conclusions: there is strong evidence supporting the effectiveness of 
OHS training on targeted OHS behaviours of workers, but insufficient evidence on the 
effectiveness of OHS training on: (a) knowledge and attitudes and beliefs (because 
there are too few studies of sufficient quality), and (b) injuries or symptoms (because 
the effects are inconsistent and small). There is also insufficient evidence that high (vs. 
medium/low) engagement training is more effective on targeted behaviours (either 
because there are too few studies of sufficient quality or because the observed effects 
are very small). The reviewers concluded that there is a lack of high quality randomized 
trial research examining the question of OHS training effectiveness. This lack of useable 
evidence impeded their ability to draw conclusions in some areas. 

C5.2 Disease-specific strategies 

C5.2.1 Noise-induced hearing loss 

Studies in the NIHL literature documenting the impact of education and training on 
behavioural outcomes had consistent findings: education and training interventions 
were effective at increasing awareness about NIHL as well as the use of (or the intent to 
use) hearing protective devices (HPD). For example, studies in agriculture and 
construction indicated that, following education and training, the intention to wear HPD 
doubled and the percentage of time that workers wore HPD nearly doubled (117-120) 
(although in one study of construction workers, the intervention had no effect on intent 
to wear in the future (121)).  

One key finding of the NIHL scoping review was that the effectiveness of educational 
interventions appears to depend on the context in which it is delivered. For example, 
studies evaluating uptake in construction or among carpenters found that generic 
programs do not work (122, 123). Tailored, multi-media, computer-based programs 
were found to be more effective than basic programs at changing behaviour in a variety 
of industries and occupations, including the military, firefighters, and factory workers 
(124-127). These studies found that (a) computer-based training was no more effective 
than video training and (b) while tailored interventions increase the use of HPD in the 
short-term, there is no difference (between intervention group and controls) in use after 
one year. 

C5.2.2 Contact dermatitis 

Educational interventions delivered to workers in a variety of workplaces in the United 
States and the European Union were effective at improving measures of skin condition, 
reducing the frequency or incidence of skin diseases, and in changing behaviour (i.e., 
increasing knowledge and the use of personal protective equipment, decreasing the use 
of hand disinfectants). The majority of these interventions (7 of 11) were based on the 
Danish 'Skin Protection Programme'. 
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Studies in Denmark (hospital cleaners (128, 129), wet workers (130), hairdressers (131, 
132)), in the US (hospital workers (133)) and in Germany (high school students (134)) 
found that educational interventions increased knowledge about skin hazards and 
improved work habits. Examples of improved work habits identified in the literature 
include: increased use of protective measures among German nurses and baker 
apprentices (135, 136); decreased use of hand disinfectants by nurses in Germany 
(137) and Denmark (138); and decreased use of latex gloves by Australian food 
handlers (139). 

Studies also demonstrated that educational interventions resulted in improved health 
outcomes. Examples include: improvements in multiple skin condition measurements in 
US manufacturing workers (140); reduced skin disease frequency or symptoms in 
Germany (nurse trainees (141), hairdressers (142)) and in Denmark (wet workers, 
swine slaughterhouse workers (143), and hairdressers (131, 132)); and decreased 
incidence of new cases of occupational dermatoses in UK chemical workers (144).  

A systematic review concluded that there is evidence that employee education and 
training programs help to reduce the incidence of occupational contact dermatitis and 
that educational interventions induce important behavioural changes in latex glove use 
among healthcare workers (145). 

C5.2.3 Occupational cancer 

The literature on whether educational interventions are effective at preventing cancers 
associated with the four carcinogens of interest is sparse. This is not surprising given 
the long latency between exposure and outcome. No articles were identified in the 
diesel exhaust literature. The few studies identified in the asbestos and silica literature 
focussed on evaluating knowledge uptake, while those identified in the shiftwork 
literature measured the impact of the interventions on self-reported short-term health 
outcomes (like sleep disturbances) (146-148). A study of building managers in Ireland 
found increased levels of awareness among "Asbestos Safety Awareness" trained 
managers about their legal obligations towards workers potentially exposed to asbestos 
(149). Similarly, educational interventions in construction in the Netherlands and 
elsewhere were found to increase levels of awareness, as well as trust and readiness to 
adopt a ventilation tool (150). 

C5.2.4 Occupational asthma 

No articles were identified that specifically evaluated the effectiveness of educational 
campaigns aimed at preventing occupational asthma. However, several were identified 
that examined education in the context of more comprehensive prevention programs. 
They are described below in the section on multi-faceted approaches to primary 
prevention. Three educational interventions were identified that were specific to the 
Canadian context. The first concluded that educational interventions related to OHS 
knowledge and practices to prevent exposure on farms are feasible (151). The second, 
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published in 2013, described the development of a web-based tool designed to educate 
adult asthma patients about the possible work-relatedness of their disease (152); the 
third, published in 2016, evaluated that tool and concluded that the educational tool's 
effect was positive (on knowledge about work-related asthma and on the apparent long-
term retention of that knowledge (153). 

C6. MULTI-FACETED APPROACHES TO PRIMARY PREVENTION 

C6.1 General strategies 

Few studies have been undertaken to evaluate the effectiveness of multi-faceted 
approaches to preventing "occupational disease". Most of the literature identified in the 
scoping review identified multi-faceted approaches to dealing with specific diseases. 
Examples of multi-faceted prevention models that are more general in scope include the 
Finnish Institute for Occupational Health, the Québec occupational health model, and 
the NIOSH Total Worker Health model. By recognizing that work is a social determinant 
of overall health, all of these models place occupational health in the broader social and 
public health context.  

C6.1.1 The Finnish Institute of Occupational Health 

The Finnish Institute of Occupational Health (FIOH) is a national organization, which 
specializes in wellbeing at work, research, advisory services and training23. As 
illustrated by a number of articles identified in the scoping review, the FIOH has created 
and implemented several national level surveillance systems that have been effective in 
tracking the prevalence of exposure and disease, in identifying workplaces that could 
benefit from targeted prevention activity, in raising awareness about occupational 
hazards and occupational disease, and in reducing exposures and disease outcomes. 
Although Canada is a federation of provinces, a national model, like the FIOH, can be 
adapted to the Canadian context. For example, CAREX Canada24, a national 
surveillance project that estimates the number of Canadians exposed to substances 
associated with cancer in workplace and community environments, evolved out of and 
improved upon the Finnish carcinogen surveillance model.  

C6.1.2 The Québec Public Health Network in Occupational Health 

Québec's approach to occupational health is unique within Canada. Unlike the other 
provinces, which tend to separate occupational and public health, Québec has 
integrated occupational health services into the broader public health framework. Three 
pieces of legislation govern the delivery of OHS and occupational disease prevention 

                                            

23Information on the FIOH's programs can be found at: https://www.ttl.fi/en/. 
24Information on CAREX Canada can be found at: http://www.carexcanada.ca/en/. 

https://www.ttl.fi/en/
http://www.carexcanada.ca/en/
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services in the province. The Public Health Act25 and the Health Services and Social 
Services Act26 fall under the governing authority of the Ministry of Health and Social 
Services (Ministère de la santé et des services sociaux, MSSS). The Occupational 
Health and Safety Act27, adopted in 1979, falls under the jurisdiction of the Ministry of 
Labour (Ministère du Travail) and is regulated by the Commission for Labour Standards, 
Pay Equity and Occupational Health and Safety (Commission des normes, de l'équité, 
de la santé et de la sécurité du travail, CNESST). The OHS Act mandates doctors in the 
public health system to carry out occupational disease prevention.  

The CNESST is the regulatory body that oversees OHS prevention and workers' 
compensation in the province. It delegates responsibility for implementing occupational 
disease prevention services in each region of the province to the Public Health Network 
in Occupational Health (the Réseau de santé publique en santé au travail, RSPSAT28) 
through a contract with the MSSS. (154) 

In each region, local teams of occupational health physicians, nurses and hygienists or 
hygiene technicians and sometimes ergonomists visit workplaces in high priority sectors 
to identify risks to health and negotiate prevention strategies with the employer and/or 
occupational health and safety committee. They carry out risk identification and 
assessment, information and training sessions on work-related risks, their 
consequences and the control measures to protect against worker exposure, 
occupational disease screening activities and worker health surveillance as well as first 
aid and emergency response support activities. They are supported by regional 
occupational health professionals, a provincial OHS coordinating committee 
(TCNSAT)29, provincial discipline-specific coordinating committees and the 
Occupational Health Unit of the Québec Institute of Public Health (Institut national de 
santé publique du Québec,30 INSPQ) who provide back-up expertise, develop 
prevention protocols, analyze and disseminate surveillance information and/or provide 
training to the RSPSAT professionals. Collectively these local, regional and provincial 
resources make up the Québec Public Health Network in Occupational Health 
(RSPSAT). Although each organization has its own legislated mandate, they share the 

                                            

25chapter S-2.2, Public Health Act can be found at: http://legisQuébec.gouv.qc.ca/en/showdoc/cs/S-2.2. 
26chapter S-4.2, Act Respecting Health and Social Services can be found at: 

http://legisQuébec.gouv.qc.ca/en/showdoc/cs/S-4.2 
27chapter S-2.1, Act Respecting Occupational Health and Safety can be found at: 

http://legisQuébec.gouv.qc.ca/en/ShowDoc/cs/S-2.1. 
28The RSPSAT activities include health assessment and monitoring, health promotion, surveillance and research, as 

well as the development and maintenance of core occupational health competencies among its professionals. 
29A tripartite committee, the TCNSAT develops and tables opinions and positions on issues related to occupational 

health in Québec and works strategically to promote more coherence across the province in occupational health 
actions and to harmonize practices. 

30The INSPQ is Québec’s public health expertise and reference centre. 

http://legisquebec.gouv.qc.ca/en/showdoc/cs/S-2.2
http://legisquebec.gouv.qc.ca/en/showdoc/cs/S-4.2
http://legisquebec.gouv.qc.ca/en/ShowDoc/cs/S-2.1
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common goal of reducing risks31 and preventing occupational disorders among workers 
across a range of industry sectors32 in Québec. (154) 

C6.1.3 The NIOSH Total Worker Health Model 

The NIOSH Total Worker Health approach to prevention is built on the recognition that 
work is a social determinant of health33. It prioritizes a hazard-free work environment for 
all workers and is designed to integrate organizational-level interventions that protect 
workers’ safety and health with activities that advance and enhance their overall 
wellbeing. The model adapts and expands the traditional hierarchy of controls (HOC) to 
include controls and prevention strategies that advance worker health and wellbeing 
more broadly. In the Total Worker Health approach, the five levels of the HOC become 
(in decreasing order of effectiveness):  

1. Eliminate working conditions that threaten health, safety and wellbeing (includes 
organizational factors related to supervision, etc.). 

2. Substitute safer, health-enhancing policies for unsafe, unhealthy working 
conditions or practices (in order to improve the culture of health and safety in the 
workplace) 

3. Redesign the work environment, where necessary, for safety, health and 
wellbeing (e.g., enhance employer-sponsored benefits, provide flexible work 
schedules). 

4. Educate for safety and health (i.e., provide safety and health education and 
resources to enhance individual knowledge for all workers) 

5. Encourage personal change for improvements to health, safety and well-being 
(i.e., assist workers with individual risks and challenges and provide support for 
healthier choice-making).  

This hierarchy is meant to supplement the traditional HOC, not replace it. 

NIOSH has funded four Centres of Excellence for Total Worker Health. Research 
measuring the effectiveness of the Total Worker Health model is still emerging. 
Guidelines for implementing integrated programs are available on the NIOSH website, 
along with a comprehensive range of resources and a database of best or promising 
practices in small, medium and large businesses. 

                                            

31Risk factors include occupational exposure to chemical, physical, biological, ergonomic, organizational, 
psychosocial, and accidental hazards. 

32The RSPSAT’s interventions are in those workplaces targeted by the CNESST and typically include priority groups 
identified by legislation and in management agreements. 

33Detailed information on the Total Worker Health model, as well as a range of resources, is available on NIOSH's 
website at: https://www.cdc.gov/NIOSH/twh/. 

https://www.cdc.gov/NIOSH/twh/
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C6.2 Disease-specific strategies 

These types of interventions represented the majority of the studies identified for the 
four carcinogens and a small proportion of the NIHL interventions. 

C6.2.1 Noise-induced hearing loss 

The majority of the NIHL studies retrieved for review were about hearing 
conservation/hearing loss prevention programs. The evidence is mixed on how effective 
hearing conservation/hearing loss prevention programs are at preventing NIHL. This is 
illustrated by the results of a systematic review examining the effectiveness of hearing 
loss prevention programs (HLPPs) (12). The reviewers considered whether there was 
evidence that:  

a) interventions (e.g., engineering controls, legislation) had an impact on noise 
levels 

b) the use of personal protective devices (e.g., earmuffs vs. earplugs) reduced the 
incidence of NIHL 

c) the implementation of HLPPs had an impact on NIHL34 or on noise levels35   
d) being in a HLPP or use of hearing protection (vs. non-exposed workers) had an 

impact on NIHL. 

Of the 19 studies examined in the systematic review, three reported no impact of 
HLPPs on NIHL, four reported that the risk of NIHL decreased with better use of hearing 
protective devices, four reported that workers in the program had 0.5 dB greater hearing 
loss at 4 kHz than non-exposed workers, and two concluded that a substantial risk of 
NIHL exists despite HLPP (12). The scoping review also identified one primary research 
study that showed that hearing conservation programs decreased the risk of NIHL in 
musicians (155), while another reported no evidence of a reduction in agriculture (156). 

The research shows that multi-faceted programs have a positive impact on behavioural 
outcomes (e.g., the use of hearing protection). HCPs have been shown to increase the 
use of hearing protection in agriculture (119, 120, 157) and construction (117) but had 
no effect on the intention of construction workers to use hearing protection in the future 
(121). Similarly, multimedia interventions have led to increased use of hearing 
protection in manufacturing (124). The scoping review also identified two promising 
interventions that were undertaken with apprentice carpenters and with construction 
workers. In the former, apprentice carpenters showed improved attitudes, beliefs and 
behaviour regarding the use of hearing protection following an intervention that 

                                            

34Specific comparisons included: HLPPs vs. audiometric testing only, HLPPs with daily noise exposure monitoring vs. 
audiometric testing only. 

35Specific comparisons included: hearing loss prevention training with noise level indicators vs. training only, 
programs with extensive information vs. information only, well-implemented vs. less well-implemented programs 
(long-term vs. very long-term follow-up), 
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combined training and audiometry with a survey (122, 123). Similarly, the use of hearing 
protective devices increased among construction workers following an intervention that 
combined training and real-time information about measured noise levels with 
reminders to wear hearing protection (118). 

C6.2.2 Contact dermatitis 

Studies evaluating multi-faceted approaches to preventing contact dermatitis 
consistently found that multiple combined interventions had a positive impact on health 
outcomes (i.e., decreased symptoms and/or prevalence of disease) and behavioural 
change. Generally, these multi-faceted interventions combined education and training 
with another prevention activity. Examples include: a decreased prevalence of 
dermatitis in German food processing trades apprentices with training and UVB 
hardening (136); a reduction in symptoms and severity in UK print workers with 
screening and training (158); a decrease in symptoms in Danish dairies with a top down 
(i.e., the implementation of a skin risks occupational health and safety management 
system) and bottom up (i.e., local project group) approach combined with gloves and an 
educational campaign (159); and improved awareness, knowledge, work habits and 
symptom self-reports in Dutch hospital workers with a program that combined 
education, participatory working groups and role model training (i.e., "Dermacoaches") 
(160, 161). 

C6.2.3 Occupational cancer 

Examples of promising multi-faceted primary prevention activities were identified in the 
literature on all four carcinogens of interest. Of the two references identified in the 
asbestos literature, one was a systematic review, which concluded that the combination 
of a government ban, the elimination of asbestos, and the control of exposure resulted 
in a decreased incidence of lung cancer and mesothelioma (19). The other article 
concluded that the Finnish Institute of Occupational Health's (FIOH) Asbestos Program 
had reduced exposure but that its impact on disease incidence was not yet measurable 
(162). A cooperative effort that began in the late 1980's, the FIOH's program 
incorporated the following components: regulation and enforcement of asbestos 
abatement companies, a ban on the import of asbestos and health monitoring. 

Reductions in exposure to diesel exhaust were observed for programs combining (a) 
inspections and preventative maintenance (163) and (b) scrappage and implemented 
early emissions standards (164). A review article concluded that the risk of cancer 
decreased with the combination of regulatory change, exposure control and training. 

Two studies in the silica literature, both in the mining industry, examined the impact of 
multi-faceted approaches on exposure outcomes (70, 165). Reductions in miners' 
exposure were observed with approaches combining risk communication and video 
assessment or dust assessment technology. The latter study also found that the 
combined intervention led to behaviour change.  
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Most of the interventions identified in the shiftwork literature were multi-faceted and 
focussed on assessing the impact of the interventions on short-term health outcomes. 
Improved health outcomes were observed in various occupations/industries with 
interventions combining (a) napping, nutrition, and flexible shifts (166-168); (b) training 
and self-scheduled shifts (76, 147, 148); (c) fewer consecutive night shifts, bright light 
during night shifts, sleeping in a dark room, use of melatonin, and on-duty naps (168-
170). One study reported negative outcomes (e.g., poorer mental health, work-related 
performance and safety outcomes) in police officers with the use of sleep and wake-
promoting drugs (171). A review article concluded that approaches using a combination 
of interventions (such as changes to shift scheduling, controlled light exposure, healthy 
diet and physical activity, and sleep aids like melatonin) had positive effects on chronic 
disease outcomes (172).  

C6.2.4 Occupational asthma 

Several examples of promising multi-faceted approaches to preventing occupational 
asthma were identified. A prevention program in Ontario that combined information for 
employers and workers with exposure standards and systematic monitoring of workers 
resulted in a reduction in accepted OA compensation claims due to isocyanate 
exposure from 1990 onwards (173). The authors concluded that primary prevention 
alone aimed at reducing exposure to sensitizing agents might not be entirely effective, 
noting that there is also a need for education and medical surveillance of exposed 
workers. Multi-faceted interventions in bakeries in the Netherlands (that combined 
education, engineering controls and medical surveillance) reported total benefits 
resulting from a reduced disease burden valued at 44,659,352€ (174). 

Both Switzerland and Québec have developed a multi-component strategy to 
occupational asthma prevention. The Swiss "STOP" strategy proposes medical 
surveillance, as well as follow-up and advice by occupational medicine physicians. Its 
principles for prevention are based on: Substitution (of sensitizers); Technology 
(improved ventilation at the source, closed systems, etc.); Organization (information and 
training of workers); Protection (PPE, such as masks) (175). The French-language 
searches identified two publications that describe a multi-faceted approach developed 
for the Québec Public Health Network in Occupational Health. The Québec approach 
includes identification of workplaces with sensitizers and irritants that can cause 
occupational asthma or rhinitis, education of workplace actors, case finding of 
symptomatic cases by questionnaire, a referral and evaluation process for symptomatic 
workers, support with compensation cases if needed, and elimination and control of 
exposures that can cause occupational asthma through preventive measures in the 
workplace (176). 

A recent UK study in the motor vehicle repair (MVR) industry reported positive 
outcomes with the use of a combination of pre- and post-safety health and awareness 
days (SHADS), questionnaires and biological monitoring (177). The success of the 



Research Project RS2014-IG26 35 

program was attributed to the use of a staged approach, supported by a research phase 
as well as targeted support for behavioural change. Another study in Switzerland 
reported that reductions in isocyanate exposure levels, along with the use of respiratory 
prevention equipment and health surveillance over a 5-year period, resulted in only 4 
individuals out of 5000 being diagnosed with occupational asthma in a large company 
(178). 

Laboratory animal allergy (LAA) and OA incidence have been reduced by addressing 
routes of exposure, developing and implementing appropriate policies and practices, 
and education. Fisher et al., for example, reported that the implementation of a 
comprehensive LAA prevention program (that combined education, engineering 
controls, administrative controls, use of PPE, and medical surveillance) reduced the 
prevalence of LAA from 12-22% to 0 during the last 2 years of observations (179). A 
2003 review article concluded that the incidence of LAA, which can reach 30% among 
exposed workers, can be reduced by effective, integrated health risk management, with 
the conscientious use of engineering, procedural and personal control measures (180).  

Perhaps the most success in preventing OA has been reported by studies undertaken in 
the health care sector. In that sector, a much lower incidence of occupational asthma 
has been achieved by replacing natural rubber latex (NRL) gloves with powder free 
latex gloves and latex-free alternatives, in combination with education and health 
surveillance. The management of NRL and substantial reduction in the risk of OA in the 
health sector can be regarded as a model for the reduction of other types of OA such as 
baker’s asthma and OA caused by isocyanate exposure, although it is not possible to 
substitute for flour in bakeries.  
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Appendix E: Potentially Useful Resources 

E1. PREVENTION BY DESIGN 

• Toxics Use Reduction Institute (Massachusetts, US): http://www.turi.org/  
• Registration, Evaluation, Authorisation and Restriction of Chemicals (European 

Union): https://echa.europa.eu/regulations/reach 
• Prevention Through Design (NIOSH, US): https://www.cdc.gov/niosh/topics/ptd/ 

E2. CONTROL BANDING/EXPOSURE CONTROL 

• COSHH Essentials (HSE, UK): http://www.hse.gov.uk/coshh/essentials/ 
• International Chemical Control Toolkit (ILO): 

http://www.ilo.org/legacy/english/protection/safework/ctrl_banding/toolkit/icct/ 
• Control Banding (NIOSH, US): https://www.cdc.gov/niosh/topics/ctrlbanding/ 
• Chemical Exposure Management and Assessment System36 (EU): http://cefic-

lri.org/lri_toolbox/cemas-database/ 
• European Centre For Ecotoxicology and toxicology of Chemicals' Targeted Risk 

Assessment (TRA) tool: http://www.ecetoc.org/tools/targeted-risk-assessment-
tra/ 

• SOBANE (Screening, Observation, Analysis, Expertise) (Belgium): 
http://www.deparisnet.be/DeparisEngl.htm 

• NIOSH Engineering Controls Database (US): https://wwwn.cdc.gov/niosh-ecd/ 

E3. HAZARD AND/OR DISEASE SURVEILLANCE 

• CAREX Canada: http://www.carexcanada.ca/en/ 
• The Health and Occupation Research Network (THOR, UK): 

http://research.bmh.manchester.ac.uk/epidemiology/COEH/research/thor/ 
• Worker Health Surveillance (NIOSH, US): 

https://www.cdc.gov/niosh/topics/surveillance/program.html 
• Health Hazard Evaluation Program (NIOSH, US): https://www.cdc.gov/niosh/hhe/ 
• Monitoring Occupational Diseases and tracing New and Emerging Risks in a 

NETwork (MODERNET, EU): http://www.modernet.org/ 
• Netherlands Centre for Occupational Diseases (Netherlands): 

http://www.occupationaldiseases.nl/ 

                                            

36As noted on the CEMAS website, the aim of the database is to enable organizations, particularly SMEs, to collect 
information that is relevant for the control of workplace risks in a manner that is both user-friendly and is consistent 
with prevailing regulatory expectations. 
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E4. EDUCATION AND TRAINING 

• Occupational Health Clinics for Ontario Workers (OHCOW, Canada): 
http://www.ohcow.on.ca/ 

• UCLA Labor Occupational Safety and Health Program37 (California, US): 
http://losh.ucla.edu/ 

• Centers for Agricultural Disease and Injury Research, Education, and Prevention 
(NIOSH, US): https://www.cdc.gov/niosh/oep/agctrhom.html 

• Canadian Centre for Occupational Health and Safety (CCOHS): http://ccohs.ca/ 

E5. MULTI-FACETED APPROACHES 

• Finnish Institute of Occupational Health (Finland): https://www.ttl.fi/en/ 
• French Agency for Food, Environmental and Occupational Health & Safety 

(ANSES, France): https://www.anses.fr/en 
• Institut National de Recherche et de Securite (INRS, France): http://en.inrs.fr/ 
• Health and Safety Executive (HSE, UK): http://www.hse.gov.uk/ 
• Total Worker Health (NIOSH, US): https://www.cdc.gov/niosh/twh/centers.html 
• Population Data BC (British Columbia, Canada): https://www.popdata.bc.ca/ 
• Partnership for Work, Health and Safety (British Columbia, Canada): 

http://pwhs.ubc.ca/ 
• Institut National de Sante Publique (INSPQ, Québec): https://www.inspq.qc.ca/en 
• Institut de recherche Robert-Sauvé en santé et en sécurité du travail (IRSST, 

Québec): http://www.irsst.qc.ca/en/ 

E6. MISCELLANEOUS 

• European Network on Silica (NEPSI, EU): http://www.nepsi.eu/ 
• Haz-Map38 (US): https://hazmap.nlm.nih.gov/ 
• Institute for Work and Health (Canada) OHS Vulnerability Measure39: 

http://www.iwh.on.ca/ohs-vulnerability-measure 

                                            

37As noted on its website, LOSH training and education emphasizes interactive activities, worker and group 
leadership, collective problem solving, and the development of joint labor-management health and safety programs. 
Through its community outreach (education, training, research and policy), LOSH strives to reach young workers, 
recent immigrants, those in traditionally underserved or high-risk occupations, and small businesses. 

38Haz-Map is an occupational health database designed for health and safety professionals and for consumers 
seeking information about the adverse effects of workplace exposures to chemical and biological agents. 

39The OHS Vulnerability Measure measures the extent to which a worker may be vulnerable to occupational health 
and safety risks at work. 
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