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Occupational Hygiene Practice in Developed & 
Developing Countries

▪ How do you practice occupational hygiene when there are no 
established occupational health standards?

▪ OHS Hazard Evaluation in a University Setting

▪ Hazard and Control Approaches for managing chemical exposures

▪ Intervention effectiveness evaluation for Respirable Crystalline Silica

▪ Lessons learned and path forward



Occupational Hygiene Practice in US

▪ “that science and art devoted to the anticipation, recognition, evaluation, and control of those 
environmental factors or stresses arising in or from the workplace, which may cause sickness, 
impaired health and well-being, or significant discomfort among workers or among the citizens 
of the community.” 

▪ Landmark pieces of legislation related to safeguarding workers' health:

▪ the Metal and Nonmetallic Mines Safety Act of 1966

▪ the Federal Coal Mine Safety and Health Act of 1969, and 

▪ the Occupational Safety and Health Act of 1970 (OSH Act)

▪ Established Occupational Safety and Health Administration (OSHA), and

▪ National Institute for Occupational Safety and Health (NIOSH)

▪ the Toxic Substances Control Act of 1976

▪ The Federal Mine Safety and Health Act of 1977



▪ the role of NIOSH: 

- Recommending standards to OSHA (e.g., Develop Criteria documents with recommended exposure limits), 

- Develop toxic substances list,

- Conduct field investigations (e.g., health hazard evaluations - identify hazards and recommend changes in 
the workplace and changes in regulations to control hazards)

- Training and education of OHS professionals

- NIOSH created Education Resource Centers throughout the U.S. in total 17 housed in universities

- NIOSH ERC at the University of Michigan and at University of Cincinnati

- Within this ERCs there are research pilot projects

- Research investigations such as IAQ studies and publish current information bulletins

- NIOSH is thought as OSHA’s research arm.

- Testing and certification of PPE,

OSH Act of 1970 & Assurance of OHS Development



▪ Mandatory standards

▪ E.g., OSHA and MSHA regulations

▪ Recommended guidelines

▪ NIOSH Recommended Exposure Limits

▪ American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit Values 
(TLVs) for Chemicals Substances and Physical Agents & Biological Exposure Indices

▪ Consensus standards

▪ American National Standards Institute (ANSI); 

▪ American Industrial Hygiene Association (AIHA) Workplace Environmental Exposure Limits 
(WEEL)

▪ American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE)

OSH Act of 1970 & Assurance of OHS Development



Legal Framework of Occupational Hygiene and Safety in 
Mozambique

▪ Mozambique Constitution - “ Every employee has the right of occupational hygiene 
and safety protection”

▪ Mozambique Labor Law – 23/2007 & Law Nr. 10/2017

▪ Legal regiment for occupational accidents and occupational diseases

▪ The National List on occupational diseases is not updated & there is no accreditation of 
occupational physicians

▪ Legislative Diplomas 120/71 and 48/73 on Regulation of Personal Safety and 
Occupational Hygiene in Construction Sector, and Regulation for occupational 
hygiene and safety in industrial operations.

▪ Adopted International Labor Organization  Conventions
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AIHA Strategy for Assessing and Managing Occupational Exposures

• Risk based prioritization and                                    

management of IH programs

– Material substitution

– Engineering controls

– Work practice controls

– Personal protective 

equipment

– Medical surveillance

Ignacio and Bullock (2006)



Case #1: Background Information of the Case Study Site

▪ University setting – academic, research and administrative support activities

▪ About 13,000 people including students, faculty members and support staff

▪ 40 undergraduate programs covering most of basic college majors

▪ Engineering, human and natural sciences, social studies and languages 

▪ Research labs and centers for extension services in informatics, mechanics, agriculture, chemical, physical and 
biological labs

▪ Examples of Occupational Hazards with major threats

▪ ≥ 10 chemical storages

▪ ≥ 100 academic and research laboratories

▪ A good number of mechanical shops

▪ Construction, infrastructure maintenance and engineering operations



Objectives

▪ Identify occupational health and safety hazards

▪ Perform occupational hazard and exposures characterization in 
workplaces

▪ Perform rapid risk assessment

▪ Evaluation and rapid risk assessment;

▪ Recommend control measures feasible to achieve acceptable risks 
associated with work.



Methods and Materials

▪ Qualitative methods for data collection

▪ Use of checklist & guidance sheet during the walkthrough

▪ Observations & on spot questions

▪ Document analysis 

▪ Pre- and post- visit meeting with management

▪ Key information: Work process, workforce, means of work 
(equipment, materials), environmental conditions, and hazard and exposure 
controls available

▪ Rapid risk assessment/Preliminary hazard assessment



Summarized findings

▪ Verbal reported accidents and injuries, but no written reports or incident/accident 
investigations

▪ Occupational diseases

▪ There are no reliable registration (weak record system) week

▪ No studies done and /or published 

▪ Information exchange is very week

▪ Evidence of traditional occupational hazards

▪ Evidence of emerging occupational hazards

▪ Physic-social  and labor relation issues, work-related stress 



Findings

▪ Eighty departments and sections with more than 10 workers received checklist/questionnaires, sixty five 
of whom were visited.  

▪ About 260 people were involved in completing questionnaires, accompanying visits, and interviews. 

▪ The participation rate obtained in the study was 88.5%. 

▪ Besides generic chemical, physical and biological occupational hazards there were four top exposure 
hazard categories:

▪ Household and toilet cleaning products (i.e., chemical substances), herbicides and insecticides exposure to 
housekeepers and gardeners;

▪ Dust exposures from ground, infrastructures and building maintenance including remodeling projects (e.g., 
crystalline silica dust)

▪ Physical and mechanical hazards associated with inappropriate use of equipment and tools by unskilled workers 
(e.g., benzene and querosene from degreasing and hand cleaning

▪ Poor ground maintenance caused by non-categorized solid waste collection and disposal in open dumps



Laboratory Safety Hazards for Students

▪ The absence of records on school-related injuries such as burns from fire, chemicals, hot 
vapors and electricity

▪ Accidental chemical inhalation and ingestion due to the absence of laboratory safety 
guidelines 

▪ Soft tissue injuries from explosions, broken glass, falling objects, electric shock, 
poisoning caused by radioactivity and inhaling, ingestion or touching chemicals.

▪ The laboratory classes have limited or no safety information and no safety instructions 
from the lab faculty members



Conclusions

▪ The absence of administrative control measures (training, policy, regulations, safety 
procedures and PPEs) greatly increases the occupational health and safety risks at this 
site. 

▪ Recommendations:

▪ To gather additional data and use more sophisticated exposure assessment methods
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Case 2: Hazard & Control Banding Theory

Task

Brooke, M. Ann Occup. Hyg. Vol. 42. Vol. 6. Pp. 377 – 390. (1998), IPCS-ITG. 2004 & GOHNET. 2005; Hewett, P. (2006)

- GHS statements
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Occupational Risk Management (ORM) Toolbox

▪ Applied to chemicals and non-chemical workplace hazards

▪ Easy to apply

▪ Focus on best practices

▪ More than one toolkit

▪ UK HSE COSHH Essentials
▪ Generic

▪ Sector specific

▪ ILO International Chemical Control Toolkit 

▪ GTZ Chemical Management Guide 

▪ Physical and Ergonomics 

▪ Psychosocial risk management (PRIMA)
Muianga, (2008) ; Zalk et al. (2008)



Exposure to solvents and auumobile fluids in Automobile repiar  shops

– Gasoline mixtures and its vapors

– Automative oil mist

– Other health hazards: Ergonomics

19



Solvents health hazard information

▪ Epidemiologic & toxicological data

▪ Risk phrases (R-phrases)

▪ Global Harmonized System (GHS) statements

▪ Toxicokinetics

▪ Toxicity &Target organs

20

ATSDR (2015)



Risk Assessment and management of automobile solvents using UK 
HSE COSHH Essentials and ICCTK

Hazard group *a

classification

A B C D E

Least hazardous substances                      More hazardous substance Special cases 

Task/Process # 2: Greasing, degreasing and cleaning automobile parts 

Relevant 

chemicals

Hazard 

group

Exposure band 

(mg/m3)

Ability to 

be airborne

Scale of 

use 

Control approach COSHH Essentials 

Generic & ILO ICCTK

COSHH Essentials 

sector-specific 

guidance sheets

Gasoline E/S <0.05 High Medium Special advice. UK: G400, S100, S101

ILO: 400, SK100, R100

SR16

Lubricants 

oils

E/S <0.05 Medium Medium Special advice. UK: G400, S100, S101

ILO: 400, SK100, R100

SR19

Grease oil or  

low volatility 

products 

D/S >0.05-0.5 Low Medium Special advice UK: G400, S100, S101

ILO: 400, SK100, R100

SR2 and SR23

___________
*a The assigned R-phrases and GHS hazard statements are not shown due to the space.

21



Recommended Exposure Controls

Designation Control approach Category Guidance sheet title

SR16 General ventilation 1 Work with motor vehicle fuel – diesel, petrol, LPG

R100, RPE*c 1 Selection and use of respiratory protective equipment (RPE)

SR23 General Ventilation 1 Solvent degreasing (low volatility, small scale work)

G400, 400 Special advice 4 Mixtures or complex situations (e.g., known carcinogen/mutagen

components)

G300, 300 Containment 3 Handling, and cleaning particles not otherwise specified

CN4, CN5 Engineering controls 2 Crushing, concentrating, clearing and removing concrete based

structure

SR2, SR23,

SR19,

S100,S101

SK100,

R100,

PPE & RPE 1 Need for selection and use of personal protective equipment (PPE)

22



Breaking and Dismantling Concrete Structure

Tools used: Non-powered hand tools such as hammers, chisels

and picks shovel, hoe or scuffle, broom or other sweeping tool.
23



Demolition Worker With Dusty Nose 

24



Health hazards of dust generated demolition of 
concrete structure

▪ Dust composition

▪ Epidemiologic and toxicological data

▪ R-phrases

▪ GHS statements

▪ Toxicokinetics and health effects:

▪ Deposition in the lungs

▪ Silicosis (clear dose-response)

▪ Associations to various endpoints

▪ Increased risk of lung cancer

25

Bridge, (2009) ; Muianga, (2009)



UK HSE COSHH Essentials and ILO Chemical control Toolkit

UK HSE 

Respirable 

Crystalline Silica 

Essentials

(Specific)

Hazard group 

classification

A B C D E

Least hazardous substances           More hazardous substance Special cases 

Type of 

fractionsa

Scale of 

use

Dustiness Hazard

group

Dust exposure 

band (mg/m3)

Control 

Approach

Guidance sheet (general)

Tasks/Process: Concrete structure demolition tasks: breaking, crushing, clearing and cleaning concrete rubble 

Dust 

particulate 

(PNOS)b

Medium Medium C/S >0.5 – 0.5 Containment UK: G300, S100, S101

ILO: 300, SK100, R100

CN4 and CN5

Portland 

cement

Medium High D/S 0.001 – 0.01 Special advice UK: G400, S100, S101

ILO: 400, SK100, R100

CN4 and CN5

Respirable

crystalline 

silica

Medium High E/S <0.001 Special advice UK: G400, S100, S101

ILO: 400, SK100, R100

CN4 and CN5

Risk Assessment and management  of dust exposure

using UK HSE COSHH Essentials and ICCTK

26

___________
*a The assigned R-phrases and GHS hazard statements are not shown due to the space.
*b Particles Not Otherwise Specified



Recommended Exposure Controls

Designation Control

approach

Catg. Purpose of the control guidance sheet

G400, 400 Special advice 4 Mixtures or complex situations (e.g., known

carcinogen/mutagen components)

G300, 300 Containment 3 Handling, and cleaning particles not otherwise

specified

CN4, CN5 Engineering

controls

2 Crushing, concentrating, clearing and removing

concrete based structure

SR2, SR23, 

SR19, 

S100,S101 

SK100, R100, 

PPE & RPE 1 Need for selection and use of personal protective

equipment (PPE)

R100 RPE 1 Selection and use of respiratory protective

equipment (RPE)

27



Findings & Discussion

▪ Identified tasks differ by tools and work practices

▪ UK HSE COSHH Essentials sector-specific guidance sheets recommend:

▪ engineering controls (equipment fitted with water suppression system, local exhaust ventilation)

▪ vehicle fitted with HEPA filtered air supply to the cab

▪ respiratory protection equipment with at least 20 assigned protection factor (APF)

▪ Other recommended exposure controls

▪ Advice for managers (SRO and MRO)

▪ R3-UK Standard Assigned Protection Factor (RPE3)/ 29 CFR Parts 1910. 1915. 1925

▪ Health monitoring for chronic obstructive pulmonary disease (G401) 

▪ New and existing engineering control systems (G406)

▪ Exposure assessment: air sampling (G406). 

28
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Constraints in using CB-HB in Mozambique

▪ The absence of standard labeling system 

▪ No legal requirement for safety data sheets (SDS);

▪ Limited knowledge and information on SDSs

▪ Limited internet access to get health hazard information

▪ Language differences (English to Portuguese);

▪ Lack of specialized experts, printed, and internet resources in occupational hygiene

▪ Limited access of exposure control technologies
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How to apply HB in Mozambique

▪ HB approach can be applied successful for controlling occupational hazards in 
Mozambique

▪ The Small businesses are the drivers of the country’s  development

▪ The majority of companies use few and small quantities of chemicals 

▪ Informal sector contribute with 75% of the workforce

▪ Self-employed and small-businesses lack skilled personnel

▪ Participatory and short action training courses

▪ Basic concepts and framework of occupational risk assessment/risk management

▪ Tailored checklists

Muianga, (2007)
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▪Are these control guidance sheets 
applicable in a developing country 

like Mozambique?

▪What about developed country 
such as the U.S.?

Findings & Discussion
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Constraints in Using Hazard/Control Bands in Mozambique

▪ The absence of standard labeling system 

▪ No legal requirement for Safety data sheets (SDS);

▪ Limited knowledge and information on SDSs

▪ Limited internet access to get health hazard information

▪ Language differences (English to Portuguese);

▪ Lack of specialized experts, printed, and internet resources in 
occupational hygiene

▪ Limited access of exposure control technologies
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Motivation of Using Hazard Banding in Mozambique

▪ Better than nothing 

▪ The Small businesses are the drivers of the country’s  development

▪ The majority of companies use few and small quantities of 
chemicals 

▪ Informal sector contribute with 75% of the workforce

▪ Self-employed and small-businesses lack skilled personnel

▪ Participatory and short action training courses

▪ Basic concepts and framework of occupational risk assessment/risk 
management

▪ Tailored checklists
Muianga, (2009)
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How to modify existing task-based control guidance sheets to contain practical and 
accessible good work practices for reducing silica dust exposures in small-scale 
demolition operations?

Specific aims:
▪ To develop task-based good work practice control guidance based on existing good 

work practice strategies;

▪ To train workers to use information in the guidance; 

▪ To evaluate any changes in work practices and exposure after the training 
intervention.

Case 3: Intervention Effectiveness Evaluation 

Research Question 



Before intervention

- Pre-testing and 

refinement of intervention 

instruments in the US and 

Mozambique

- Data collectors/observers 

training

- Pre-assessment of work 

practices and silica dust 

exposure levels

Exposed population

-Supervisors and 

employees in small-scale 

demolition operations

Post-intervention 

- Reporting and data 

analysis

- Evaluate the impact 

of the intervention

Stakeholders

-Management at UEM

-Demolition contractor 

management

- Employees and supervisors

Research team

-Investigator

-Data collectors

-Dissertation committee

Intervention implementation 

&Data collection for intervention 

evaluation 

- Task-based interactive and hands-on 

worker training for 

- Supervisors

- Employees and supervisors

- Post-assessment of work practices 

and silica dust exposure levels

- Data collection for worker training 

evaluation

Methods and Materials - Logic Model for the Design, 
Implementation and Intervention Effectiveness Evaluation

Adapted from Goldenhar et al, 2001; Robson et al, 2001; Brosseau et al, 2002; Brosseau et al, 2007

Sampling and Analytical Methods: 

- NIOSH 0600 (respirable dust): 37 mm PVC filter with cyclone

- NIOSH 7500 (respirable crystalline silica): X-ray Diffraction

Meteorology data:

- Local station & Swing vane anemometer at the site  



Methods and Materials

The logic framework for developing 

exposure checklist control guidance 

Muianga et al. Int. J. Environ. Res. Public Health 2012, 9, 343-361
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Results – Good work practices (I)

▪ 26 study participants from two demolition crews

▪ Task-based control guidance sheets (TB-CGSs) used for 
relevant tasks:

▪ Task # 1: Breaking-up concrete/masonry structures

▪ Task # 2: Collecting and cleaning debris in one area

▪ Task # 3: Removal and transport to the disposal or salvage point



41
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Observed pre-training work practices
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Workers’ knowledge of silica dust exposure hazards prevention and 
controls

Questions
aS: Supervisors; bM: Masons; 
cAM: Assistant masons (labors)

Before After training 

# of Participants Indicated some 

knowledge

# of participants Indicated some 

knowledge

Sa M b AM c S M AM S M AM S M AM

What are the hazards of dust in

demolition activities

4 9 13 1 2 0 3 9 13 3 9 13

How dusts generate hazards of

silica exposure?

4 9 13 1 2 0 3 9 13 3 9 13

How do you keep dust exposure

as low as possible during your

work?

4 9 13 1 2 0 3 9 13 3 9 13

Total 26 3 (11.5%) 25 25 (96% all  

participants)
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Skills performance

All participants mastered the use 

of task-based good work 

practice guidance sheets.
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Observed post-training work practices observed

Wetting concrete wall before  breaking up  

Using garden hose for water sprinkling 

before breaking up
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Summary of Pre-and-post good work practice controls results

+ Used

- Not used



Summary Results for Silica dust exposure assessment (II) 

Item description Values

Total personal dust samples 43

Bulk samples 6

Alpha quartz content range (%) 30 – 40

Respirable dust concentration (mg/m3)/percent reduction after 

intervention (%)

0.43 – 5.9/

40-78

Alpha quartz concentration (mg/m3)/percent reduction after 

intervention (%)

<LOD – 0.93/

18 - 87

Daily average wind speed (m/s 10

Average indoor air velocity (m/s) 0.13

Daily average Ambient temperature (°C) 22

Daily average Relative humidity (%) 80



48

Strengths and limitations

▪ Strengths 

▪ Complete sequence of intervention effectiveness evaluation study

▪ Combination of qualitative and quantitative approach for data collection

▪ Integration of psychosocial and physical-environmental factors & theory and 
practice

▪ Limitations

▪ Work organization and demolition projects size limited the collection of task-
based dust measurements at the same worksite

▪ Short time period to complete the implementation and evaluation

▪ Small sample size - difficult to perform inferential statistics/compute percent 
reduction measures

▪ All the steps of the intervention designed and carried out by the same 
investigator 

▪ Short sampling time & 8 hr TWA exposure assessment approach
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Conclusions
▪ Following training  substantial changes in work practices were observed, 

including:

▪ Preplanning;

▪ Use of wet methods;

▪ Natural ventilation and

▪ End-of-task review.  

▪ Consistency in inter-observer ratings and observations suggest good reliability 
and validity of the instruments.

▪ Workers in small-scale demolition of concrete and masonry buildings/structures 
are exposed to dusts including quartz  generated during small-scale demolition 
operations.

▪ Respirable dust and respirable quartz exposure levels indicated a reduction after 
the use of good work practices. However, these differences were not statistically 
significant due to the limited number of samples and sampled time duration
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Path forward

▪ Additional air sampling over a longer follow-up period to improve exposure 
estimation 

▪ A better understanding of work organization will maximize evaluation of 
task-based exposure controls

▪ Worker training follow-up over time and an extension to other workers with 
similar exposures

▪ Replicate the study in more demolition tasks and construction activities

▪ Evaluate the impact of exposures to bystander and adjacent communities.



Summary: 

▪ Among 4510 university workers, we identified various similar exposure groups 
potentially exposed to hazardous chemicals. 

▪ About 23% of workers were potentially exposed to various cleaning products, herbicides 
and insecticides. About 18% were potentially exposed to silica dust. Very limited controls 
were observed. 

▪ Dust clouds, eye and nose irritations were considered a normal part of the job. Three 
control banding toolkits were useful to assess and recommend controls.

▪ Thirty people received on-the-job training and used task-based control guidance sheets to 
reduce silica dust exposures. The intervention showed a maximum reduction of 78% and 
87% of respirable dust (≤5.9 mg/m3) and respirable quartz (≤0.93 mg/m3), respectively. 



Lessons Learned Developed & Developing Countries
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Important points Developed countries Developing countries

Occupational hazards Exposure limits & enforcement agencies Occupational plus environmental exposures 

without controls

Drivers of economy Small businesses Informal sector

Exposure control strategies Complete hierarchy of controls Very limited resources and know-how –

random purchase of PPEs

Workers health status Healthy in general, cardiovascular diseases, cancer and 

overweight  

Poor, high infant mortality and  low life 

expectancies (infections and nutrition)

Accessibility of OSH 

information/research 

Readily available and with mechanisms to translate the 

scientific findings to actions

Very little, stuck by the need of quantitative 

measurements 

Indicators for progress in 

OSH??????????

Both qualitative and quantitative (fatal and nonfatal 

work-related injuries and diseases, exposure levels are 

reduced (less)

Training of professionals, theories, 

methods, programs, advocacy, research and 

partnerships

Barriers to 

OHS?????programs

improvements

resources for exposure measurement, plentiful 

workforce and cheaper replacement

High, overburdens the inadequate 

infrastructure (health, education services ) 

and high employment  



Lessons Learned Developed & Developing Countries

▪ The strategies used in this study are part of current occupational hygiene practice in the 
US, but none of these are widely used in Mozambique. 

▪ A need to engage businesses in all levels and other stakeholders

▪ Need for step-by-step systematic approaches from the simple to more complex and 
sophisticated tools (hazard/control banding toolkits) for non-chemical exposures

▪ Globally Harmonized System (GHS) and Registration, Evaluation, Authorisation and 
Restriction of Chemicals (REACH) will encourage science and technology transfer 
between countries

▪ Extend the concept to the protection of general public and the environment.
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Additional details at:

Muianga et al. Int J Environ Res Public Health. 2012; 9(2): 343-361. 
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