
 

 

FRAMEWORK FOR ASSESSING OCCUPATIONAL HEALTH RISKS OF 

MUNICIPAL SOLID WASTE HANDLERS FOR USE BY LOCAL 

GOVERNMENT STRUCTURES 

BY 

FRANCE NCUBE (14004284) 

A thesis submitted in fulfilment of the requirements for the degree  

of 

PHILOSOPHIAE DOCTOR IN PUBLIC HEALTH 

in the 

School of Health Systems and Public Health 

Faculty of Health Sciences  

   UNIVERSITY OF PRETORIA 

 

PROMOTER: Dr Esper Jacobeth Ncube 

 

CO-PROMOTER: Prof Kuku Voyi 

Submitted in fulfilment of the requirements for the degree in the Faculty of 

Health Sciences, University of Pretoria, October 2017 

 

  



ii 
 

Summary  

Past studies have reported various occupational risks to municipal solid waste handlers 

(MSWHs). However, no generic framework has been developed for assessing the risks. 

Therefore, this thesis’ aim sought to develop a framework that local government structures can 

use for such purposes. To accomplish this task, the following objectives were formulated. The 

first objective was to review available literature regarding human health risks associated with 

municipal solid waste management operations. The PubMed literature search was used to 

identify relevant articles, published in the years 1995-2014. Also, references of potential 

articles were assessed to identify additional papers that conformed to the criteria for inclusion. 

379 studies were found but only 72 met the concerned criteria. Methodological shortcomings 

such as usage of cross-sectional designs, small sample sizes, not enrolling reference groups, 

enrolling smaller reference groups, and not controlling possible confounders, were the major 

limitations of the studies. The proposed framework encourages local government structures to 

engage in or utilise methodologically sound studies that can yield valid and reliable findings.  

 

The second thesis objective determined the workplace hazards of MSWHs. Exposure 

assessments were done on various workplace hazards. Findings show that MSWHs are 

occupationally exposed to bioaerosols, chemicals, infectious material, physical and mechanical 

hazards. In light of the higher summer exposures of MSWHs to ultra-violet radiation and the 

reported health complaints, the study recommended: i) waste collection to be done at night or 

early morning and ii) regular breaks, rest and rehydration of MSWHs with oral fluids. A 

publication to disseminate these findings was made in an accredited open access journal. The 

findings partly constitute phase 1’ output 1 in the framework.  

 

The third thesis’ objective assessed the risky job actions of MSWHs. Postural measurements 

were performed using the Rapid Upper Limbs Assessment method. The findings indicate that 

MSWHs use unsafe work postures when performing the bin lifting, carrying and emptying 

tasks. The study recommended: i) mechanisation of refuse bin collection, where feasible, ii) 

training MSWHs on safe working postures and iii) supervision of waste collection tasks. Also, 

under phase 1’s output 1, the framework stresses the need to examine ergonomic risks of waste 

collection services. The findings on objective 3 were disseminated in form of a publication. 

  

Objectives 4-7 sought to develop, validate, refine and compile a framework for assessing 

occupational health risks of MSWHs. An SWOT analysis of available human and 

environmental risk assessment frameworks was done and the findings were used as a base for 

the draft framework. The developed draft framework validated and revised through iteration 

workshops in small, medium and large local government structures. This thesis proves that Mr 

Ncube is conversant with the nature and purpose of this relevant investigation. From his thesis 

Mr Ncube has published 3 articles in peer reviewed journals. 

 

Key words: assessment, framework, municipal solid waste handlers, occupational health risks, 

local government structures 
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Conceptual definitions 

Municipal solid waste: means materials collected for safe disposal or further processing by 

local government structures such as town councils, city councils and municipalities or 

companies contracted by such local government structures. Such materials may contain 

harmful physical, chemical, and biological components that may endanger the health of waste 

collectors. The sources of municipal solid waste include residences, institutions, the 

construction industry, the commercial sector and street and open areas sweepings. 

Municipal Solid Waste management: relates to practices and principles applied to the 

processes of generation, storage, collection, processing and disposal of waste. It is conducted 

with the central role of protecting human health and the environment from harm arising from 

the waste materials and characteristics such as infectiousness, toxicity, putrescibility. 

Risk means the likelihood that an accident, injury, ill-health, fatality or damage will occur in 

the workplace. 

Health: as defined by the World Health Organisation means a state of complete physical, 

mental and social well-being and not merely the absence of disease or infirmity.  

Occupational health entails measures aimed promoting and sustaining optimum levels of the 

physical, mental and social well- being of workers in the workplace. The crux of occupational 

health is preventing work related injuries, diseases and fatalities. Such occupational injuries, 

diseases and fatalities arise from workers’ performance of tasks which often entail interaction 

with the work environmental conditions and equipment. This suggests that a generic framework 

for assessing occupational health risks of waste handlers should not factors like negate the 

waste workers’ work environment, equipment and workers’ habits.  

Validation is a process performed to determine the correctness of information underpinning 

the proposed framework. In the validation process each element of the framework critiqued in 

an open-ended discussion so as to incorporate the richness and diversity of expert input. Review 

of available literature is done to identify areas that may have been overlooked by the proposed 

framework.  

Local government structures means are an arm of central government and perform various 

duties on its behalf. They include town councils, city councils, and municipalities and so on.  
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CHAPTER 1: GENERAL INTRODUCTION 

1.1 Introduction 

A growing body of epidemiological literature suggests waste management activities may 

contribute to various occupational health risks to municipal solid waste handlers (MSWHs). 

However, to date no generic framework has been developed for assessing such risks. Therefore, 

the ultimate aim of the current thesis was to develop the concerned framework for use by local 

government structures. 

The foundations for the development of the concerned framework appear to have been laid 

down by existing environmental and human health risk assessment frameworks [1-6]. A 

question deserving attention is, “Can such frameworks be utilised for assessing the 

occupational health of MSWHs?” In chapter two of this document, the strengths and 

shortcomings of existing frameworks were assessed. The findings on the assessment were used 

as a base for the proposed framework. Also, the proposed framework is heavily influenced by 

findings from the primary investigations conducted in line with the thesis’ objectives [7-9]. 

1.2 Background of the study 

The link between poor municipal solid waste management and ill- health has long been 

established [10-12]. The bubonic plague, also known as the Black Death, which claimed many 

lives of the 14th century Europeans, has been widely attributed to improper waste management 

practices [13]. Most local government structures in cities of both developed and developing 

countries now have waste management services focused on safeguarding the health of residents 

and the environment. Such services are provided by MSWHs whose job tasks may expose them 

to diverse work related risks [14-17]. These risks entail but are not limited to work related 

musculoskeletal disorders (WRMSDs) [18-29], respiratory problems [17, 19, 30-40], 

dermatological conditions [19] and gastro-intestinal complaints [19, 31, 35, 41, 42].  

Even though the existing body of research has provided valuable insights on the risks [14-17], 

two main challenges still remain unresolved. Firstly, the methodological shortcomings of the 

studies seem to limit the capacity to conclusively provide a cause-effect relationship between 

waste management tasks and the occupational health complaints of MSWHs [7]. The usage of 

cross-sectional designs, small sample sizes, enrolling of small control groups or completely 

non-enrolling of a reference group and the failure to control for possible confounders, are some 

of the factors limiting the capacity of the studies to demonstrate causality issues. 
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Secondly, despite the health risks of waste management and suggestions on how to address 

them [14-17], according to the author’s best knowledge, currently there is no framework that 

has been developed for assessing the exposure of MSWHs to occupational risks. MSWHs 

safeguard public health from various sanitation related diseases by collecting various waste 

streams generated in households, businesses and institutions. The thesis provides a generic 

validated framework for use by local government structures in assessing occupational health 

risks of MSWHs.  

At this point it is crucial to detail some potential benefits of developing a generic framework 

for assessing occupational health risks of waste handlers. Three fundamental developments are 

discussed. Firstly, in the waste management industry like in other industries, there are 

technological disparities between industrialised and developing countries. Previous studies 

have already ascribed that whilst industrialised countries have automated hydraulic waste 

collection trucks, developing countries rely on manually operated waste collection systems [30, 

33]. The automation of waste collection systems may to reduce the prevalence of 

musculoskeletal disorders. Furthermore, some industrialised countries now use large 

underground waste depots which are mechanically emptied using a crane and residents simply 

put their waste in bins that direct it to such depots [27].  Such a system may reduce the amount 

of waste physically collected by MSWHs and the associated the musculoskeletal disorders. 

Ciocoiu et al [43] asserts that differences between countries regarding waste electrical and 

electronic equipment management are notable in the European Union. Consequently, given 

these technological disparities with regards to waste collection technologies among European 

countries, between industrialised and developing countries, methodologically sound 

epidemiological studies can better unearth the much needed evidence-based interventions that 

local government structures can use for designing initiatives for promoting waste workers’ 

health. Such studies are envisaged to address the novel risks associated with the state of waste 

management technology in each country, as well as new occupational health risks ushered in 

by the adoption of emerging technologies. 

Secondly, some studies have reported increasing amount and types of hazardous waste in 

municipal waste streams [44-47]. Such waste streams may contribute new occupational health 

risks to MSWHs. This suggest the need to develop a framework to assist local government 

structures to comprehensively assess the health risks to MSWHs. Thirdly, even though a lot of 

valuable research has been generated in industrialised countries regarding occupational health 

risks of waste workers, very little of such studies have been conducted in developing countries 
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such as Zimbabwe. Given the fact that the nature, characteristics, management practices, 

capacities and environmental conditions in industrialised countries are not necessarily the same 

with those of developing, MSWHs in developing countries may be exposed to substantially 

different occupational risks than their counter parts in industrialised countries. Sabde and 

Zodpey et al [48] elucidate that in developing countries, there is little, if any, protection to 

waste workers from direct contact and injury and virtually no dust control exist at the work 

places. The uniqueness and value of the proposed generic framework is applicability to these 

existent different scenarios of industrialised and developing countries.  

1.3 Problem statement 

An emerging theme in available epidemiological literature is the notion that municipal solid 

waste handling is a job heavily laden with various occupational health risks for waste workers. 

Yet various methodological flaws in the current body of research limit their capacity to 

demonstrate causality issues. The proposed generic framework provides mechanisms for 

addressing these limitations. Additionally, the recent developments in the municipal solid 

waste management industry such as the adoption of emerging waste collection technologies 

and methods, emerging hazardous streams like e-waste may come with new work-related risks 

for MSWHs. Such developments and realities of new occupational risks suggest a need for the 

scientific community to revisit approaches for assessing the occupational health risks faced by 

MSWHs. Consequently the crux of this study is to develop a generic framework for use by 

local government structures in assessing the occupational health risks to MSWHs. 

 

1.4 Aim and objectives 

1.4.1 Aim 

The aim of thesis was to develop a generic framework for assessing occupational health risks 

of MSWHs.  

 

1.4.2 Objectives 

 To conduct a review of epidemiological literature on human health risks from waste 

management activities. 

 To determine the nature of hazards found in the working environment of MSWHs and 

associated adverse health endpoints. 
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 To assess the risky job actions of MSWHs that put them at an elevated risk of 

developing adverse health end points. 

 To develop a generic framework for assessing occupational health risks of MSWHs 

 To validate the framework in a prototype local government environment 

 To reassess and refine the developed generic framework. 

 Compile the final generic framework for assessing occupational health risks of 

MSWHs. 

1.5. Research questions 

 What are the strengths, limitations and research needs in available body of 

epidemiological literature on human health risks of municipal solid waste handling? 

 What is the nature of hazards found in the working environment of MSWHs and 

associated adverse health endpoints? 

 What are the risky job actions of MSWHs that put them at an elevated risk of developing 

adverse health end points? 

 How can a generic framework for assessing occupational health risks of MSWHs add 

value to current practice?  

1.6 Thesis structure 

This thesis is organised into eight chapters. Chapter 1 presents the background of the study, 

problem statement, aim, objectives and research questions. Chapter 2 describes the 

methodology used to develop and validate the framework. Chapter 3 presents findings of a 

systematic review of epidemiological literature on human health risks in relation to waste 

management activities. This chapter addresses objective one in the thesis. Chapter 4 presents 

findings with regard to the thesis’ objective two, which determined the nature of hazards found 

in the working environment of MSWHs and associated adverse health endpoints. Chapter 5 

details findings in relation to the thesis’ objective three. This objective focused on assessing 

the risky job actions of MSWHs that put them at an elevated risk of developing adverse health 

end points. In chapter 6 available environmental and occupational health frameworks were 

reviewed. Chapter 7 describes the process followed to develop and validate the framework. 

Lastly, chapter 8 presents the thesis’ conclusions and recommendations.    
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CHAPTER 2: RESEARCH METHODOLOGY 

Introduction 

This process of developing a framework for assessing occupational health risk of MSWHs was 

done in three phases. 

2.1 Phase I: A review of epidemiological studies [1]  

The PubMed and Medline computerized literature searches were employed to identify the 

relevant papers using the key words solid waste, waste management, health risks, recycling, 

landfills and incinerators. Also, references of all potential papers were assessed to identify more 

articles that met the inclusion criteria. Noteworthy, further studies may need to consider 

additional data bases such as Scopus and Google, so as to identify other relevant articles. 

 A total of 379 papers were identified but after intensive screening only 72 met the inclusion 

criteria. Of these studies 33 were on adverse health effects in communities living near 

dumpsites or incinerators, 24 on municipal solid waste workers and 15 on informal waste 

recyclers. The inclusion criteria needed that the papers reviewed a) be journal articles published 

in the period 1995 to 2014 b) focus on municipal solid waste management risks to nearby 

populations, municipal waste workers and informal recyclers c) be articles written in English 

language.  

Articles on sewage were excluded from the review since sewage is not explicitly part of 

municipal solid waste (MSW). However, further work may need to consider enrolling such 

articles since biosolids and sludge are often disposed in waste disposal sites such as landfills, 

energy recovery and composting facilities, and can serve as a source of pathogens and 

chemicals. Also articles published prior to 1995 were considered to be less recent and were 

excluded from this review. Various parameters were employed to assess the epidemiologic 

evidence of human health risks from municipal solid waste management. Firstly, the review 

assessed epidemiologic evidence in cancer studies guided by the criteria set by the International 

Agency for Research on Cancer (IARC) of 1999 page 14-25. The criteria allows for ranking of 

epidemiologic evidence provided by cancer studies in terms of being sufficient, inadequate and 

limited. Good quality studies revealing a causal or non-causal relationship between exposures 

and adverse health end points were classified as ‘sufficient’ whilst ‘inadequate’ studies were 

of poor quality to reliably support the presence or absence of a causal association. On the other 

hand ‘limited’ scientific evidence denotes a scenario where a positive causal relationship 
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between exposure and health outcomes has been noted but no provision exists to significantly 

rule out confounding factors and chance. Secondly, for studies on other health endpoints other 

than cancer the review assessed their quality by examining strengths and limitations in the 

study methods used. In particular, this investigation noted whether the studies used a study type 

capable of proving causality, a large sample size, a large reference group, controlled for 

possible confounders and whether it was a single-centre or multi-centre study. Figure 2.1 

summarises the review criteria used. 
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PRNLIs: Populations residing near landfills and incinerators, IWR: Informal waste recyclers, 

MSWWs: Municipal solid waste handlers.  

Figure 2.1: Schematic article review process 

Journal search methods employed 

 PubMed and Medline 

 Checked all references of enrolled articles to identify more potential articles 

 

 

 
 Search terms used 

Solid waste, waste management, health 

risks, landfills, incinerators, recycling 

(379 articles found) 

 
Inclusion criteria 

(72 articles enrolled) 

 72 Articles published in the 

period 1995 to 2014, of which 

33 were on PRNLIs, 24 MSWWs 

and 15 on IWs 

 Articles written in English 

language (72 articles) 

Exclusion criteria 

(302 articles excluded) 

 224 articles published 

before 1995 (211 on 

IWRs, 7 on PRLI, 6 

MSWWs) 

 41 Articles on sewage  

 23 Duplicate articles 

 14 Non- English 

articles  

Review process for articles that met the inclusion criteria 

 

Comparison of cancer 

studies against the IARC 

1999 criteria 

 Sufficient studies 

 Inadequate 

 Limited 

 

Other studies (Design limitations) 

 Ecological studies 

 Exposure misclassification 

 Cross-sectional studies 

 Samples sizes: small or  enrolling or non-

enrolling of reference groups 
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2.2 Phase II: Primary data collection 

Primary data was collected on the: i) bioaerosols, noise and ultra-violet exposures of municipal 

solid waste handlers (phase IIa) and ii) their postural risks (phase IIb)  

2. 3 Phase IIa: Bioaerosols, noise and ultra-violet exposures of MSWHs [2] 

Personal sampling was performed using two field monitors mounted in the breathing zone of 

workers, approximately 1.5 m above ground level. One monitor was for collecting of total dust 

and the other for bioaerosols (bacteria and fungi). Environmental samples were collected using 

similar equipment mounted at the breathing zone, from the active landfilling sites, truck cabins 

and street cleaning sites. Total dust and bioaerosols samples were collected from various sites. 

Culturing for Gram Negative bacteria (GNB) was done at 37oC for 24 hours using the 

McConkey media whist for viable fungi the Malt Extract Agar media diluted with 0.01% 

chloramphenicol was used. The occupational noise exposure doses were measured using the 

Quest sound level meter model SOUNDPRO SP-DL-1/3n and the ultraviolet thermal 

conditions were determined using the AZ thermo-anemometer instrument. Qualitative data on 

health complaints of waste workers was gathered using self-administered questionnaires. Key 

informant interviews with waste managers in Local government structures, in the Health 

department and the Environmental Management Agency were conducted to tap on the richness 

and diversity of expert input on waste management health risks. Collected data was analyzed 

using STATA version 13. 

 

2.4 Phase II b: Postural risks of MSWHs [3] 

2.4.1 Study design 

A cross-sectional design was conducted among MSWHs of Beitbridge Town Council (BTC) 

and a reference group of HGHs, in the period April to June, 2016. The protocol used in this 

study was approved in writing by the Ethics Committee at the University of Pretoria (Ref. 

343/2014) and the BTC. A two-way dialogue was held with the 60 study participants where 

the purposes and procedures of the study were discussed. Participants voluntarily signed 

informed consent forms with the full rights to withdraw from the study without having to give 

any excuse. There were no facial identities of participants on all photographs that were taken. 

The study participants were selected using purposive sampling. The inclusion criteria 

considered MSWHs and HGHs: (1) whose job description entailed lifting, carrying, pulling, 

pushing and emptying activities, (2) with at least one year work experience and (3) without 
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known pain related medical conditions which may influence postures, such as arthritis and 

injuries. The study did not exclude participants on the basis of sex, race or other discriminatory 

variables and no financial reward was paid for participation. The ages of MSWHs ranged from 

27 to 44 years (32.97±4.6 years). They had a mean weight 68±2.88 Kg and a mean height of 

163±4 cm. Ages of the HGHs were from 25 to 43 years (32.40±4.2 years), mean weight of 

67.50±2.70 Kg and mean height 1.64±4 cm. The differences in the age, weight and height of 

participants were not statistically different (p > 0.05).  

2.4.2 Walk-through surveys and direct observations 

Several field visits were done to identify the study participants’ work activities deserving 

inclusion in the RULA postural analysis. The study prioritised activities which were routinely 

done whilst adopting poor postures. Such postures included bending of the neck, trunk, wrist 

and elevation of the lower and upper arms. Six main activities done by both MSWHs and HGHs 

were selected for the postural analysis: (1) lifting, (2) carrying, (3) emptying, (4) pushing, (5) 

pulling and (6) standing. HGHs were used as a reference group in this study because they have 

considerable commonalities to MSWHs, but they do not handle municipal solid waste. Firstly, 

the job activities of both HGHs and MSWHs are predominantly performed manually and are 

physically demanding. For example, HGHs routinely lift patients’ meal trays and medical 

waste bins in hospitals whilst MSWHs routinely lift non-medical waste bins from various waste 

generation sources such as residences, commercial premises and institutions. The HGHs carry 

and empty the medical waste bins into the hospital incinerator whilst MSWHs carry and empty 

the non-medical waste bins into municipal solid waste collection vehicles. Secondly, both 

MSWHs and HGHs’ work entails adopting body positions which involve bending of the upper 

limbs’ joints, which can be analysed using the RULA method to identify unsafe postures and 

suggest the required corrective interventions. 

2.4.3 Posture measurement 

The RULA method was used to assess the work postures of each MSWH and HGH, in their 

work situations. It uses posture scores. For instance, a score of 1 for the upper arm is awarded 

when it is near neutral (<200 abduction) or in a neutral position. The RULA scores were 

obtained using the standard methods described in literature [3-6]. Notably the final RULA 

scores are interpreted as follows: 1- 2 negligible risk, 3 - 4 low risk and change may be required, 

5 - 6 medium risk, further investigation and change soon and 6+ very high risk, change required 

now. The photographs of participants at work were taken during their normal working hours. 
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These were used to score the work postures. For each participant, the left and right side of the 

upper body were rated separately taking note of the angles at the upper limbs joints, the twist 

of the wrist, neck and trunk as well as abduction of the shoulders. The ratings were used to 

obtain the final RULA score for each participant. 

2.4.4 Statistical analysis 

Data on the postural mean RULA scores were tested for normality using the Shapiro-Wilk test. 

The data were not normal. The Q-Q plots for the mean RULA postural scores on each activity 

were scattered in manner resembling a sigmoid shape. Hence, parametric tests such as t-tests 

could not be done. Thus, a non-parametric test, the Wilcoxon rank sum test (Mann-Whitney 

test) was performed. All analyses were performed using STATA version 13 at 95% level of 

confidence (p < 0.05). The lack of normality could be due to discrete postural risk scores of 

each worker and the use of relatively small sample sizes of 30 MSWHs and 30 HGHs. 

2.5 Phase III: Review of available human and environmental frameworks 

An analysis of strengths, weaknesses, opportunities and threats (SWOT) of available human 

and environmental risk assessment frameworks was done and the findings were used as a base 

for the framework. Literature searches were conducted using PubMed, Medline, Embase, 

Scopus and free search to identify relevant frameworks. Search terms used were: framework, 

model, risk assessment, risk management, environmental and occupational health. For each 

framework, references were checked to identify additional frameworks meeting the inclusion 

criteria. Frameworks to be included in the review had to meet the criteria shown in Box 1.  
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Box 2.1: Framework inclusion and exclusion criteria 

Inclusion criteria 

(1) had a direct focus on environmental, human health or occupational health issues,  

(2) contain a diagrammatic representation of the components,  

 (3) have a verifiable and authentic source,  

(4) written in English language and  

(5) latest version of the concerned framework.  

Exclusion criteria 

(1) frameworks on effluent,  

(2) nanomaterial,  

(3) water pollution and  

(5) cancer  

A total of 49 frameworks were found and only 12 met the inclusion criteria described in Box 

1. Each selected framework was examined with regards to emphasis on: problem formulation, 

toxicological assessments, risk judgement criteria, documentation, stakeholder consultation, 

risk communication, evaluation and consideration of findings from methodologically sound 

epidemiological studies.  
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CHAPTER 3: A SYSTEMATIC CRITICAL REVIEW OF EPIDEMIOLOGICAL 

STUDIES ON PUBLIC HEALTH CONCERNS OF MUNICIPAL SOLID WASTE 

HANDLING.1 

3.1 Abstract 

Aims: The ultimate aim of this review was to summarize the epidemiological evidence on the 

association between municipal solid waste management operations and health risks to 

populations residing near landfills and incinerators, waste workers and recyclers. To 

accomplish this, the sub-aims of this review article were to (1) examine the health risks posed 

by municipal solid waste management activities, (2) determine the strengths and gaps of 

available literature on health risks from municipal waste management operations, and (3) 

suggest possible research needs for future studies.  

Methods: The article reviewed epidemiological literature on public health concerns of 

municipal solid waste handling published in the period 1995 - 2014. The PubMed and Medline 

computerized literature searches were employed to identify the relevant papers using the key 

words solid waste, waste management, health risks, recycling, landfills and incinerators. 

Additionally, all references of potential papers were examined to determine more articles that 

met the inclusion criteria.  

Results: A total of 379 papers were identified, but after intensive screening only 72 met the 

inclusion criteria and were reviewed. Of these studies, 33 were on adverse health effects in 

communities living near dumpsites or incinerators, 24 on municipal solid waste workers and 

15 on informal waste recyclers. Reviewed studies were unable to demonstrate a causal or non- 

causal relationship due to various limitations.  

Conclusion: In light of the above findings, the review concludes that overall epidemiologic 

evidence in reviewed articles is inadequate mainly due to methodological limitations and future 

research needs to develop tools capable of demonstrating causal or non-causal relationships 

between specific waste management operations and adverse health endpoints. 

Keywords: Municipal Solid Waste, epidemiological studies, risk 

 

                                                           
1 Manuscript published: Perspectives in Public Health 2017; 137(2): 102-108 
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3.2 Background 

Several epidemiological studies conducted in both developed and developing countries have 

suggested that municipal solid waste management is a risky and life threatening activity for 

populations residing near landfills and waste incinerators, for municipal waste workers and 

informal waste recyclers.  

A central theme in literature reviewed in this article is the notion that the major health problems 

of populations residing near landfills and incinerators are cancer, low birth weight, congenital 

anomalies and Down’s syndrome and for municipal waste workers and recyclers are 

musculoskeletal disorders, injuries, respiratory, gastro-intestinal and skin conditions. 

Unfortunately these epidemiological studies have essentially neglected several critical aspects 

on the human health risks of municipal solid waste handling.  

Noteworthy all the studies reviewed in this paper on cancer risks on populations residing near 

landfill sites or on former sites merely suggest either elevated or no risk but none has 

conclusively identified a casual or non-causal relationship between cancers and landfills for 

such populations.  

Equally important a major limitation of some studies on  cancer, low birth weight and 

congenital anomalies in populations near municipal landfills is their failure to account for 

potential sources of error like misclassification of waste sites, operating dates of landfills, non-

examination of possible effects of multiple or differential exposures from different sites [ 1-3]. 

However on the positive it is noteworthy that despite these shortcomings some of these studies 

were very large and had high power [1, 2, 4]. 

Some studies of residents potentially exposed to landfills reported an elevated risk of cancers 

of the pancreas and liver [2], kidneys [2, 5] and bladder [5]. Additionally, Gensburg et al [5] 

reported higher bladder cancers in exposed children. With regard to the popular Love Canal 

landfill, Gensburg et al [5] concur that the role of exposure to the landfill is unclear, given such 

limitations as a relatively small and incomplete study cohort, imprecise measurements, and the 

exclusion of cancers diagnosed before 1979.  

Noteworthy most studies on municipal waste workers have regrettably negated performing 

exposure assessments for waste handlers. Poulsen and colleagues [6] observe that 

epidemiologic research with a component on exposure classification are required to identify 

work conditions in the high risk category and to establish exposure limits with regard to manual 
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container pulling and tilting. Evidently none conduction of exposure assessments in this body 

of research does not allow for strong evidence based conclusions to be drawn regarding 

exposure levels and associated health effects of municipal solid waste handling. There is need 

for an appropriate risk assessment that informs local government structures and relevant sectors 

on the health risks associated with different waste management technologies. 

Finally whilst most studies on waste handling have revealed abundant evidence on respiratory 

complaints among waste handlers, a lot of research needs to be done on other associated health 

problems of waste handling. Whilst moderate evidence is available to support that waste 

collection increases the risk of respiratory complaints, there is limited evidence on gastro-

intestinal complaints and hearing loss [7]. This suggests that research on occupational health 

risks of waste handlers has not been exhaustive but is rather limited in its coverage of 

occupational health risks of municipal solid waste handling. There is therefore a paucity of 

information on other occupational health problems of waste handling.  

3.3 Methods 

The PubMed and Medline computerized literature searches were employed to identify the 

relevant papers using the key words solid waste, waste management, health risks, recycling, 

landfills and incinerators. References of all potential papers were examined to identify more 

articles that met the inclusion criteria. A total of 379 papers were identified but after intensive 

screening only 72 met the inclusion criteria. Of these studies 33 were on adverse health effects 

in communities living near dumpsites or incinerators, 24 on municipal solid waste workers and 

15 on informal waste recyclers. The inclusion criteria needed that the papers reviewed a) be 

journal articles published in the period 1995 to 2014 b) focus on municipal solid waste 

management risks to nearby populations, municipal waste workers and informal recyclers c) 

be articles written in English language. Articles on sewage were excluded from the review 

since sewage is not part of municipal solid waste. Also articles published prior to 1995 were 

considered less recent and consequently excluded from this review. Notably, various 

parameters were employed to assess the epidemiologic evidence of human health risks from 

municipal solid waste management. Firstly, this study assessed epidemiologic evidence in 

reviewed cancer studies guided by the criteria set by the International Agency for Research on 

Cancer (IARC) of 1999 page 14-25.  The criteria allows for ranking of epidemiologic evidence 

provided by cancer studies in terms of being sufficient, inadequate and limited. Good quality 

studies revealing a causal or non-causal relationship between exposures and adverse health end 

points were classified as ‘sufficient’ whilst ‘inadequate’ studies were of poor quality to reliably 
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support the presence or absence of a causal association. On the other hand ‘limited’ scientific 

evidence denotes a scenario where a positive causal relationship between exposure and health 

outcomes has been noted but no provision exists to significantly rule out confounding factors 

and chance. Secondly, for studies on other health endpoints other than cancer this study 

assessed their quality by examining strengths and limitations in the study methods used. In 

particular, the review checked whether the study used a design capable of proving causality, a 

large sample size, a large reference group, controlled for possible confounders and whether it 

was a single-centre or multi-centre study. Data extraction tables are also provided so that 

readers can assess the systematic review process used.  

3.4 Results and discussions 

3.4.1 Cancer 

Cancer risks associated with residence near landfill sites have been extensively researched and 

entail cancers of the stomach, liver, intrahepatic bile ducts, cervix, skin and pancreas. Whilst 

high incidence of cancers for populations residing near landfills has been reported [2, 3, 5, 8-

13], Jarup et al [1] did not find any excess cancer risks for such populations. Clearly there 

appears to be no complete congruence among researchers on the cancer risk to communities 

living near landfill sites or waste incinerators. Probably this variation in findings may be due 

to several factors such as: i) differences on waste types and their composition for the sites 

investigated and ii) climatic conditions  such as wind speed, direction and rainfall patterns, 

which may influence the severity of impact of waste on human health. The majority of 

ecological study designs used had no capacity to prove causal or non- causal relationships 

between residence near landfills or incinerators and investigated adverse health effects. This 

can mainly be attributed to none performance of individual level exposure assessments and 

failure to control for confounding variables.  

In Great Britain, Jarup et al [1] conducted an ecological study in which they defined the 

exposed population group as people living within 2 km of 9565 landfill sites that were 

operational at some time from 1982 to 1997 and the reference group as populations living more 

than 2 km from a landfill. Notably, Jarup et al [1] did not find any excess risks for bladder 

cancer, brain cancer, hepatobiliary cancer, adult leukaemia and child leukaemia even after 

adjusting for age, sex, region, year and deprivation. A remarkable strength of Jarup et al [1] 

study is that it was large and had high power. In light of the following limitations which grossly 

impinge on the capacity of Jarup et al [1] to conclusively demonstrate causality, the review 

considers evidence of non-causal relationship in Jarup et al [1] ‘inadequate’. Firstly, with 
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regard to their own study, Jarup et al [1] concur that potential sources of error like 

misclassification of waste sites, operating dates of landfills, non-examination of possible 

effects of multiple or differential exposures from different sites could have dwarfed their 

study’s ability to detect any adverse health effects. Additionally, misclassification of exposure 

could not be ruled out since the study did not account for potential bias in scenarios where 

pregnant mothers migrated away from their usual residence in the concerned study period. 

Moreover, the study was not immune to ecological fallacy since group level rather than 

individual exposure assessments level assessments were done. Also Jarup et al [1] used a rather 

small reference group in relation to the exposed group.  

Goldberg et al [2] conducted a case-control study on municipal solid waste landfills using 

geographic zone and distance from the landfill site as exposure estimates and found excess risk 

for cancer of the pancreas (2.2), prostrate (1.5), non-Hodgkin lymphomas (2.0). Arguably, 

whilst the study by Goldberg et al [2] was remarkably very large and had high power, 

unfortunately the weight of this study’s findings can also be classified as inadequate since a 

very small control group which was over 7 times less than the study subjects’ was used and 

this may have impaired with the study’s results. Also case-control designs have difficulties in 

proving causality due to their retrospective direction of enquiry, inability to stringently 

manipulate and control study variables and their excessive reliance on available secondary data 

that maybe often incomplete and gathered for a different purpose. However Goldberg et al [2] 

need to be credited for their use of unconditional regression models to estimate odds ratios.  

In Helsinki, Pukkala and Pönkä [3] found the relative cancer risk for inhabitants of houses built 

in a former dumpsite to increase slightly with the number of years lived in the area. Noteworthy 

evidence of cancer risk on inhabitants of houses built in a former dumpsite in Pukkala and 

Pönkä [3] study seems inadequate for the following reasons. The study only adjusted for 

demographic characteristics like age and sex and noted an excess of skin and pancreatic cancers 

but unfortunately negated adjustment for vital confounding variables like life style risk factors 

such as smoking and alcoholism. Arguably, this is a major loophole of this study since for 

pancreatic cancer the World Health Organisation classifies smoking as a sufficient human 

carcinogen and alcoholism as a carcinogen with limited evidence. Additionally, like many 

other ecological designs the study succumbs to ecological fallacy since it did not measure or 

model individual level exposures but rather performed group level environmental 

measurements for landfill soil and air pollutants. Nevertheless the study had a large sample size 

with a bigger reference group. 
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Gensburg et al [5] observed elevations of bladder and kidney cancers for residents and children 

exposed to the Love Canal landfill. However in explaining these excess risks in Gensburg 

study, the role of exposure to the landfill is unclear given such limitations as a relatively small 

and incomplete study cohort, imprecise measurements, and the exclusion of cancers diagnosed 

before 1979 [5]. Consequently, epidemiologic evidence in this study is inadequate to support 

causality.  

Comba et al [8] investigated the association between occurrence of soft tissue sarcomas (STS) 

in Mantua and residence near an incinerator of industrial wastes using 37 STS cases and 171 

controls matched for sex and age and reported a significant increase in risk of STS associated 

with residence within 2 km of an industrial waste incinerator. Notably, the strength of this study 

was the attempt to have about 5 randomly selected controls for each case. However, the 

evidence of causality is limited in this study. The category for limited is justified on the basis 

that matching controls and cases was done but case-control designs can’t demonstrate causality 

as already discussed earlier. Nevertheless a small sample size was used and the study did not 

account for potential confounders like socio-economic factors and other sources of exposures 

like landfills. According to Portia et al [14] a major limitation of Comba et al [8] study is the 

possibility that increased attention to the diagnosis for soft tissue sarcoma in the vicinity of the 

Mantua incinerator plant could have introduced bias in the risk estimate. 

In Italy, Zambon et al [9] conducted a population based case- control study on the risk of 

sarcoma from incinerator and industrial plants on dioxin emissions and found a statistically 

significant increase in sarcoma risk to both the level and the length of environmentally 

modelled exposure to dioxin –like substances and their results were more significant for women 

than for men. Zambon et al [9] tried to minimize the effect of confounding factors by matching 

3 controls for age and sex with each of the 205 sarcoma cases thus producing a comparable 

reference group. Consequently, epidemiologic evidence on sarcoma risk from incinerators is 

limited. Notably, a small sample size was used and historical data used could have been 

incomplete for their study purposes and the study did not measure the effect of potential 

confounders like socio-economic factors and occupational exposures. 

In Italy, Biggeri and Catelen [11] investigated the relationship between various sources of 

pollution and lung cancer using a case-control study and reported higher relative risk towards 

the source and radical decrease away from it. Epidemiologic evidence linking incinerators with 

lung cancer is limited in this study. Firstly residual confounders from unmeasured confounders 
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cannot be excluded [11] and a small sample size used. Additionally, very little information can 

be obtained from the study regarding the types of chemical pollutants and levels from the 

incinerators studied. In addition, the purely distance-based surrogate of exposure assessment 

used further limit demonstration of causality issues.  

In Great Britain, an ecological study by Elliott et al. [10] investigated the incidence of cancer 

in a study population of at least 14 million persons residing near 72 municipal waste 

incinerators between the year 1974 and 1987. They reported significant decline in risk for 

various cancer types with regard to distance from the incinerators. This study was large and 

had more power thus its epidemiologic evidence can be classified as limited. Regrettably their 

study findings need to be considered with caution since even the authors admitted that residual 

confounding bias and misdiagnosis might have increased their risk estimates. Additionally, an 

ecological study design can only provide association but can’t prove causality. Thus it is 

difficult to classify Eliot et al [10] study findings under the sufficient category. However a 

further study by Elliot et al [15] on histopathological and case note review of primary liver 

cancers reported as low as 0.53 – 0.78 excess cases compared to the prior 0.95 cases per 105 

per year within 1km from the landfill. Noteworthy, the findings from the improved study of 

Elliot et al [15] need to be treated with caution due to none availability of histopathological 

material or case notes for half of the 235 cases in their study. 

3.4.2 Birth weight 

Increased incidence of low birth weight in populations living near landfill sites has been 

observed [4, 16-19]. Noteworthy none of these studies [16-18] examined the contribution of 

exposures at individual level for the pregnant mothers studied particularly in terms of exposure 

doses and duration. Additionally, these studies did not control for possible vital confounders 

like occupational exposures and migration out of the 1-2 km residence from the landfill for the 

pregnant mothers in the study period. The purely distance-based surrogate of exposure 

assessment is not enough to support causality issues. Furthermore, there appears to be no 

published data that support the basis for the selection of a 2 km radius from landfill sites. 

Nevertheless, the studies that investigated the relationship between residence near landfill sites 

and birth weight were large and had more power [4]. Basing on the loopholes, it is not possible 

to conclude with certainty that maternal residence near landfills during pregnancy has 

teratogenicity effects culminating in increased risk of giving birth to a baby with a low or very 

low birth weight. 
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3.4.3 Congenital malformations 

Congenital anomalies in relation to residence near landfill sites are discussed in this article. 

Two of these studies reported increased risk of congenital anomalies [19, 20] and the remainder 

found little or no excess risk for such populations [15, 21-23]. On the positive all of these 

studies [15, 19-23] were multi-centre studies and some used a larger reference group [19, 20]. 

Notably, results from multi-centre studies unlike those from single-centre studies have wider 

application. Regrettably, none of the studies [15, 19-23] had mechanisms to address biases 

arising from possible exposure misclassification. Additionally a few studies adjusted for age 

as a potential confounder [19, 20] but regrettably negated measuring effect of potential 

confounders like socio-economic factors. Also none of these studies pushes back the 

boundaries of ignorance with regard to the types and quantities of toxic chemicals in the various 

hazardous landfills studied. Conclusively this review argues that very little capacity, if any, is 

available in these studies with regard to demonstrating causal or none causal relationships 

between residence closer to hazardous landfills or incinerators and adverse health effects on 

such populations.  

3.4.4 Respiratory and other diseases 

In Finland Pukkala and Pönkä [3] investigated cancer and asthma prevalence in residence of 

dwellings constructed on an abandoned site with both residential and industrial waste materials. 

Their study revealed that prevalence of asthma was significantly higher in the dump cohort 

than those living nearby but outside the landfill site. Whilst this study provides some crucial 

insights its worthiness is questionable given the fact that it unfortunately has not been replicated 

and the overall evidence may be inadequate [14]. Additionally, in Swaziland, Abul [24] found 

that residents with houses built less than 200 meters from the dumpsite were victims of malaria, 

chest pains, cholera, and diarrhoea. However findings from this study need to be treated with 

caution since a small sample size of 39 exposed participants and 39 participants in the reference 

group was used. Furthermore, health effects of dumpsites on residents in Abul [24] study are 

only based on self-reported complaints of research participants which could have introduced 

recall bias and inflated risk estimates.  

3.4.5 Heavy metals in waste disposal sites 

Several studies conducted in developing countries have reported high levels of heavy metals in 

municipal waste disposal sites [25-28]. Most waste disposal sites in developing countries are 

poorly sited [29, 30], constructed and managed [31-33] despite handling hazardous waste from 

industries and medical facilities. Arguably, at the heart of the problems of solid waste 
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management are the absence of adequate policies, enabling legislation, and an environmentally 

stimulated and enlightened public [33-35]. However none of these studies went a step further 

to demonstrate causality between the heavy metals found and human health risks for 

populations residing near such sites.  

Overview of study designs for articles on landfills and incinerators 

Table 3.1 shows a sample studies reviewed on populations residing near landfills and 

incinerators. The study designs used were ecological, cross-sectional, cohort and case control. 

Ecological study designs lack the capacity to prove causal or non- causal relationships between 

residence near landfills or incinerators and the investigated adverse health effects. This can 

mainly be attributed to non-performance of individual level exposure assessments and the 

failure to control confounding variables. The reliance on group rather individual level exposure 

measurements may contribute to ecological fallacy. On the positive, ecological designs provide 

valuable data on health risks to a defined exposed group, which can assist in prompt decision 

making. Some studies used a descriptive cross sectional design and were single centre studies. 

This suggests that they had no capacity to definitively demonstrate a causal or non-causal 

relationship between municipal solid waste handling and adverse occupational health 

endpoints. However, cross-sectional designs provide a useful snapshot on risk factors for 

disease conditions, which can assist in early planning of required interventions. Case-control 

studies are less costly and do not require a long follow-up period in relation to the study 

participants. However, they have difficulties in proving causality due to their: (i) retrospective 

direction of enquiry, (ii) inability to stringently manipulate and control study the variables and 

(iii) their excessive reliance on secondary data that maybe often incomplete and gathered for a 

different purpose. Cohort studies are longitudinal, costly and involve long periods of 

participant follow-up. 
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Table 3.1: Sample of studies on landfills and incinerators’ risks to nearby communities  

Study 

details 

Study design Exposure 

Assessment 

Results Comments 

Jarup et al 

(2002)1,  

Great 

Britain. 

Ecological design  

Adjusted for age, sex, 

year of diagnosis, region 

and deprivation 

341 856 640 person-years 

for adult cancers and 

there were 89786 cases of 

bladder cancer. 

 Exposed: 

Residence within 

2 km distance 

from the 9 565 

landfill sites 

operational at 

some time 

between 1982 

and 1997.  

Reference group: 

Resided beyond 

2 km from all 

known landfill 

sites. 

Reported no 

excess risks of 

cancer of the 

bladder in 

populations 

living within 2 

km of landfill 

site (rate 

ratio=1.01; 99% 

CI=1.00-1.02) 

a-c, d, h, i 

Elliot et al 

(1996)10 

Great 

Britain 

Ecological design. The 

study population was 

over 14 million people 

with cancer diagnosed 

between 1974 and 

1986.Stratification done 

by a deprivation index 

based on 1981 census 

small-area statistics.  

Defined as 

residence near 72 

solid waste 

incinerator plants 

Reported excess 

risks for cancers 

of the pancreas 

(2.2), prostate 

(1.5) and non-

Hodgkin 

lymphomas (2.0) 

 

a-c, h, i 
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Study 

details 

Study design Exposure 

Assessment 

Results Comments 

Abul, 

201024 

Swaziland 

 

 

Cross-sectional. Based 

on self-reported 

complaints of research 

participants. Did not 

account for possible 

confounders and 

information and recall 

bias from participants’ 

self-reports. 

Exposed: 

Residence within 

200m distance 

from the 

municipal solid 

waste dumpsite 

Residence 

beyond 200m. 

Reported that 

residents with 

houses built less 

than 200 meters 

from the 

dumpsite were 

victims of 

malaria, chest 

pains, cholera, 

and diarrhoea. 

a-c, e 

Chifamba 

(2007)25 

Zimbabwe 

Cross-sectional study. 

Collected samples of in 

the dumpsite, downslope 

from it and from control 

sites. 

Soil and water 

samples in and 

around waste 

disposal sites 

Found that some 

heavy metals 

tended to  

accumulate 

within the site. 

Some metals 

declined with 

further distance 

from the site.  

a, e 

Pukkala et 

al (2001)3 

Finland 

Retrospective cohort 

study 

Adjusted for age and sex 

but did measure life style 

risk factors such as 

smoking and alcoholism. 

Exposed cohort had 2014 

subjects and control 

group had 2028. 

Residence in 

houses built on a 

former dump 

area containing 

both industrial 

and residential 

waste. 

The relative risk 

was 1.50 (95% 

CI=1.08-2.09), 

similar in both 

sexes, and 

increased 

slightly with the 

number of years 

lived in the area. 

a-d, I, h 
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Study 

details 

Study design Exposure 

Assessment 

Results Comments 

Biggeri et 

al (2005)11 

Italy 

Case-control study with 

755 lung cancer cases 

and 755 controls. Spatial 

models used to evaluate 

effect of sources of 

pollution on lung cancer 

after adjustment for age, 

smoking habit, likelihood 

of exposure. 

Residence near 

four sources of 

environmental 

pollution 

(shipyard, iron 

foundry, 

incinerator, and 

city centre) 

Reported excess 

relative risk near 

the source and a 

sharp decrease 

moving away 

from the 

incinerator 

(RR=6.7; 

p=0.0098). 

a-c, e, f, i 

a :study type incapable of demonstrating causality b: possibility for exposure misclassification c: Potential for 

confounders d: Adjusted for possible confounders e: small sample size f: small reference group g:no reference 

group h: large sample size i: study has statistical power  

 

3.4.6 Studies on MSWHs 

Municipal solid waste management has been associated with various adverse health problems 

for waste workers which entail respiratory problems [36-43], musculoskeletal disorders [36, 

44-51], injuries [36, 48, 52- 55], nail infection [42] and inflammation of biomarkers [56]. 

Noteworthy most of the studies employed a descriptive cross sectional design and were single 

centre studies. This suggests that they had no capacity to definitively demonstrate a causal or 

none causal relationship between municipal solid waste handling and adverse occupational 

health endpoints. Additionally, most studies used a small sample size [38-41, 43, 44, 49-51, 

54-56] thus dwarfing the applicability of their findings to a wider population of waste workers. 

Furthermore, several of these studies negated enrolling a comparison group [50, 51, 54, 55, 

57]. Notably most of the few studies that enrolled a reference group tended to use a smaller 

group than the waste workers cohort [36, 37, 44, 56, 57]. Some studies did not control for 

possible confounders like selection bias and smoking [38- 41, 56]. One study was longitudinal 

[43] but regrettably used a small sample size with a very small reference group thus dwarfing 

its value to the wider scientific community. Another study consisting of a larger sample size 

and reference was conducted in Denmark [58] but unfortunately it was cross-sectional and had 

limitations with regard to proving causality. Overall, these various limitations of 

epidemiological studies for waste workers suggest that their findings need to be interpreted 
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with caution and those methodologically sound epidemiological studies are needed to yield 

more reliable insights on health risks of waste workers.  

3.4.7 Studies of informal municipal waste recyclers 

A central theme in these studies is the fact that waste recyclers are prone to health problems 

like injuries [59-62], respiratory problems [60, 63-65], diarrhoea [64, 66], infections [64], 

psychological disorders [62], chemical hazards [61, 67-69] and musculoskeletal complaints 

[62, 64, 67-70]. Most studies on waste recyclers had more or less similar limitations discussed 

on studies on waste workers. Notably, most studies used the cross-sectional design thus 

dwarfing their capacity to prove causality issues. Equally important several of these studies 

[31, 60-65, 67-69, 71] did not enrol a reference group. Consequently, it is unclear whether it is 

safe to associate their reported adverse health effects strongly with municipal solid waste 

management exposures. Still some studies purely relied only on qualitative data in form of 

verbal reports from research participants [59, 72] which may have introduced recall bias in 

their results. Probably triangulating respondents’ verbal reports using additional techniques 

like lung function tests and environmental exposure assessments could have added value to 

such studies. 

Overview of study designs for articles on health risks of MSWHs and recyclers 

Table 3.2 summarises reviewed studies on health risks to MSWHs and recyclers. The studies 

used a cross-sectional design, which may assist in providing a snapshot of studied disease 

conditions. However, cross-sectional designs may face challenges in relation to proving 

causality issues. Generally, small sample sizes were used and reference groups were largely 

not enrolled. Further, the studies were single-centre and did not control for confounders. These 

limitations reduce the capacity to generalise the findings to other waste management facilities. 
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Table 3.2: Sample of reviewed studies on health risks of MSWHs and recyclers 

Study details Methods Results Comments 

Yang et al 

(2001)36 

Taiwan 

Cross-sectional study of 533 

Household Waste Collection 

workers in the Department in 

the County of Kaohsiung 

and 320 office workers. 

Reported that household 

waste collection is associated 

respiratory complaints, 

musculoskeletal disorders 

and injuries from sharps. 

a, b1,c1, e2 

Ekram  et al 

(2013)57 

Egypt 

 

Used a cross-sectional 

design. Participants were 

346 waste workers from 

various sites.  

Reported high prevalence of 

injuries, gastrointestinal, 

respiratory, skin and 

musculoskeletal morbidities. 

a, b, c1, d1 

Wouters et 

al. (2002)39  

Netherlands 

Cross sectional study of 47 

waste collectors & 15 

controls. Questionnaires used 

to collect data on respiratory 

symptoms & nasal lavage 

done 

 a1, b1, d1, 

e2 

Thorn et al 

(1998)41 

Sweden 

Cross-sectional study 

constituting 17 workers 

collecting unsorted 

household waste, 8 workers 

collecting organic or none 

organic separated waste.  The 

study used various methods 

such as Measurements of 

airborne endotoxin and 

(1→3)—β-D-glucan in their 

working environments, 

questionnaire administration, 

spirometer, blood and sputum 

sampling. 

Higher proportion of waste 

collectors reported diarrhoea, 

congested nose, and unusual 

tiredness as compared to 

controls. The number of blood 

lymphocytes was higher 

among waste collectors and 

were dose-related to the 

amount of airborne ((1→3)—

β-D-glucan) at the 

workplaces. The amount of 

ECP and the number of 

βmacrophages were lower in 

sputum among waste 

collectors than in controls. 

 

a, b1, c2, d1, 

e2 
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Study details Methods Results Comments 

Athanasiou  

et al (2010)44 

Greece 

Cross-sectional study 

involving 104 municipal 

solid waste workers 

(MSWW) and 80 controls. 

Qualitative data gathered 

using the slightly modified 

version of the Medical 

Research Council 

questionnaire.  

Spirometry used to evaluate 

lung function. Adjusted for 

confounders. 

Spirometry revealed reduced 

mean forced vital capacity 

(FVC) and forced expiratory 

volume in MSWWs 

compared with controls. After 

adjustment for smoking 

status, only the decline in 

FVC was statistically 

significant.  

Prevalence of all respiratory 

symptoms was higher in 

MSWWs than in controls. 

a, b1, c2, 

d1,e2 

Abou-

ElWafa et al 

(2012)49 

Egypt 

Cross-sectional study of 120 

male waste collectors at 

Western Municipality of 

Mansoura employed for 1 

year or more and a control 

group of 110 male service 

workers. 

60.8% of waste collectors 

had musculoskeletal 

disorders compared to male 

service workers (43.6%). 

Low back pain was common 

waste collectors.   

a, b1, d1, e1 

Gonese et al 

(2006)54 

Zimbabwe 

Retrospective, descriptive 

cross-sectional survey. 

Interviewed 153 workers 

who had been in the section 

as of January 1, 2001, and 23 

senior managers and section 

supervisors. Reviewed the 

occupational injury register. 

Reported risk factors 

associated with suffering an 

injury as age below 25 years 

(odds ratio [OR] = 3.2; CI = 

1.6- 9.2), working as a bin 

loader (OR = 3.6; CI = 1.1- 

4.8), not having received pre-

employment training (OR = 

3.1; CI = 1.3-7.5), and 

subsequently rating the job as 

difficult to perform (POR = 

2.9; CI = 1.1-7.7). 

 

a, b1,c1, d1 
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Study details Methods Results Comments 

Bongale et al 

(2014)55 

Ethiopia 

Used a cross-sectional study 

with 876 respondents 

sampled from 92 unions. 

Data collected using a pre-

tested structured 

questionnaire and 

observation check list. 

Reported that as compared to 

workers who used personal 

protective equipment while 

being on duty, odds of injury 

among workers who did not 

use personal protective 

equipment were 2.62 higher 

(AOR = 2.62, 95% CI: 1.48-

4.63). 

a, b1, c1, d2 

Ray et al 

(2004)66 

India 

Cross-sectional study with 98 

rag pickers and 60 controls 

from Delhi, matched for age, 

sex, and socioeconomic 

conditions. Methods of data 

collection used entail 

questionnaire survey, clinical 

examination, and laboratory 

investigations and spirometry 

to evaluate lung function. 

Rag pickers had a higher 

prevalence of low 

haemoglobin, high circulating 

eosinophil and monocyte 

counts, unhealthy gums, 

frequent diarrhoea, and 

dermatitis, when compared 

with controls. 

a, b1, c1, d1, 

e1, e2, 

Lenis 

Ballesteros 

et al (2012)67 

Colombia 

Cross-sectional study, with 

100 informal recyclers in five 

small administrative units of 

Medellin in 2008.  

The biological risks, 

associated with inadequate 

body postures, and physical 

and chemical risks had a 

particular frequency of 

exposure according to group.  

a, b1, c1, d2 

Gwisai et al 

(2014) 71 

Zimbabwe 

Cross-sectional study on 

landfill employees and 

scavengers and data 

collected using 

questionnaires, and key 

informant interview 

Sample size =32participants 

Headaches (68.8%), body 

weakness (43.8%), coughing 

(34.4%), common colds 

(31.3%), shortness of breath 

(24.1%) 

a, b1, c1, d1 
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Study details Methods Results Comments 

Rachiotis et 

al (2012)40 

Greece 

Seroprevalence study of 

hepatitis A virus infection 

(HAV) on 100 municipal 

solid waste collectors and 

108 gardeners as control 

group.  

Measured the total HAV 

antibodies. Interviews were 

used. 

 

Observed high HAV 

infection for waste collectors 

particularly those who 

smoke, drink or eat when 

performing waste collection 

tasks. 

a, b1, d1, e2 

a: cross-sectional study (unable to prove causality)  b1:small sample size b2: bigger sample size c1: no reference 

group (unexposed)  c2: small reference group c3: large reference group d1: single centre study d2: multi-centre study 

e1: adjusted for possible confounding factors  e2: potential for healthy worker effect bias 

 

3.5 Conclusions 

In the final analysis studies reviewed in this article have suggested that municipal solid waste 

management presents adverse health end points not just to formal municipal waste workers but 

also on informal recyclers and populations residing near waste landfills and incinerators. 

Noteworthy, a major limitation of the studies reviewed in this article is their failure to provide 

a causal relationship between waste management processes and adverse health effects. Basing 

on the major findings from this review, it is recommended that future research studies focus on 

the development of tools capable of providing causal relationships between adverse health 

endpoints and specific waste management operations.  

 

 

 

 

 

 

 



34 
 

3.6 References 

1. Jarup L, Briggs S, de Hoogh C, et al. Cancer risks in populations living near landfill 

sites in Great Britain. Br J Cancer 2002; 86:1732-1736. 

2. Goldberg MS, Siemiatyck J, De War R, et al. Risk of developing cancer relative to 

living near a municipal solid waste landfill site in Montreal, Quebec, Canada. Arch 

Environ Health 1999; 54: 291–296. 

3. Pukkala E, Pönkä A. Increased incidence of cancer and asthma in houses built on a 

former dump area. Environ Health Perspect 2001; 109: 1121-1125.  

4. Elliott P, Briggs D, Morris S, et al. Risk of adverse birth outcomes in populations near 

landfill sites. Br J Med 2001; 323: 363-368. 

5. Gensburg L, Pantea C, Fitzgerald, EJ, et al. Cancer incidence among former Love Canal 

residents. Environ Health Perspectives 2009; 117: 209-216. 

6. Poulsen O, Breum N, Ebbehoj N. Collection of domestic waste: Review of occupational 

health problems and their possible causes. Sci Total Environ 1995; 170: 1-19. 

7. Kuijer PP, Sluiter JK, Frings-Dresen MH. Health and safety in waste collection: 

Towards evidence-based worker health surveillance. Am J Ind Med 2010; 53:1040-64.  

8. Comba P, Ascoli V, Belli S, et al. Risk of soft tissue sarcomas and residence in the 

neighbourhood of an incinerator of industrial wastes. Occu Environ Med 2003; 60: 650-

683.  

9. Zambon P, Ricci P, Bovo E, et al. Sarcoma risk and dioxin emissions from incinerators 

and industrial plants: a population-based case-control study. Occu Environ Med 2007; 

6, 19. 

10 Elliott P, Shaddick G, Kleinschmidt I, et al. Cancer incidence near municipal solid 

waste incinerators in Great Britain. Br J Cancer 1996; 73: 702-710. 

11. Biggeri A and Catelan D. Mortality for non-Hodgkin lymphoma and soft-tissue 

sarcoma in the surrounding area of an urban waste incinerator at Campi Bisenzio. 

Epidemiol Prev 2005; 29:156-159. 



35 
 

12. Floret N, Mauny F, Challier B, et al. Dioxin emissions from a solid waste incinerator 

and risk of non-Hodgkin lymphoma. Epidemiology 2003; 14: 392-398.  

13. Fielder HM, Poon-King CM, Palmer SR, et al. Assessment of the impact on health of 

residents living near the Nant-y-Gwyddon landfill site: Retrospective analysis. BMJ 

2000; 320: 19-22. 

14. Portia D, Milani S, Lazarrino AI, et al. Systematic review of epidemiological studies 

on health effects associated with management of solid waste. Environmental Health 

2009; 8: 60.  

15. Elliott P, Eaton N, Shaddick G, et al. Cancer incidence near municipal solid waste 

incinerators in Great Britain. Part 2: histopathological and case-note review of primary 

liver cancer cases.  Br J Cancer 2000; 82: 1103-1106. 

16. Berry M and Bove F. Birth weight reduction associated with residence near a hazardous 

waste landfill. Environmental Health Perspectives 1997; 105: 856-861. 

17. Goldberg MS, Goulet H, Bonvalot Y. Low birth weight among  infants born to women 

living near a municipal solid waste land fill in Montreal, Quebec. Environ Res 1995; 

69:37-50. 

18. Gilbreath S, Kaas PH. Adverse birth outcomes associated with open dump sites in 

Alaska native villages. Am J Epidemiol 2006; 164: 518-528. 

19. Dolk H, Vrijheid M, Armstrong B, et al. Risk of congenital anomalies near hazardous-

waste landfill sites in Europe: EUROHAZCON study. Lancet 1998; 352: 423-427. 

20. Dummer TJ, Dickinson HO, Parker L. Adverse pregnancy outcomes around 

incinerators and crematoriums in Cumbria, North West England, 1956-93. J Epidemiol 

Community Health 2003; 57: 456-461. 

21. Kloppenborg SC, Brandt UK, Gulis G, et al. Risk of congenital anomalies in the vicinity 

of waste landfills in Denmark: An epidemiological study using GIS. Cent Eur J Public 

Health 2005; 13: 137-143. 

22. Vrijheid M., Dolk H, Amstrong B, et al. Hazard potential ranking of hazardous landfills 

sites and risk of congenital anomalies. Occup Environ Med 2002; 59: 768-776. 



36 
 

23. Jarup L, Morris S, Richardson S, et al. Down syndrome in births near landfill sites. 

Prenat Diagn 2007; 27: 1191-1196. 

24. Abul S. Environmental and health impact of solid waste disposal at Mangwaneni 

Dumpsite in Manzini, Swaziland. Journal of Sustainable Development in Africa 2010; 

12: 64- 78. 

25. Chifamba PC. Trace metal contamination of water at a solid waste disposal site at 

Kariba, Zimbabwe. African Journal of Aquatic Science. 2007; 32: 71-78. 

26. Matsa M, Mutekwa T. From cradle to grave…and then what?  The role of 

environmental factors in the distribution of pollutants around the city of Gweru’s 

dumpsite. Journal of Sustainable Development in Africa 2009; 11: 174- 185. 

27. Ikem A, Osibanjo O, Sridhar MKC, et al. Evaluation of ground water quality 

characteristics near two waste sites in Ibadan and Lagos. Water, Air and Soil Pollution 

2002; 140: 307-333. 

28. Mangizvo RV. Management practices at the Mucheke solid waste disposal site in 

Masvingo city, Zimbabwe. Journal of Sustainable Development in Africa 2009; 10: 

147- 164. 

29. Manyanhaire IO. A preliminary appraisal of a waste dumpsite in Zimbabwe: A case of 

Mutare dumpsite in Manicaland province. Journal of Sustainable Development in 

Africa 2009; 11: 367-377. 

30. Jerie S. Sound sanitary landfilling: a sustainable option for waste disposal in Harare 

and Gweru, Zimbabwe. OSSREA Bulletin 2005; 2: 78-87, 2005.  

31. Rankokwane B, Gwebu TD. Characteristics, threats and opportunities of landfill 

scavenging: The case of Gaborone-Botswana. GeoJournal 2006; 65: 151-163. 

32. Makwara EC, Magudu S. Confronting the reckless gambling with people’s health and 

lives: Urban solid waste management in Zimbabwe. European Journal of Sustainable 

Development 2013; 2: 67-98.    

33. Mato RRAM, Kaseva ME. Critical review of industrial and medical waste practices in 

Dar es Salaam City. Resources, Conservation and Recycling 1999; 25: 271-287. 



37 
 

34. Jerie S, Tevera D. Solid Waste Management Practices in the Informal Sector of Gweru, 

Zimbabwe.  Journal of Waste Management http://dx.doi101155/20148248. 

35. Agunwamba JC. Solid waste management in Nigeria: Problems and issues. Environ 

Manage 1998; 22: 849-856. 

36. Yang CY, Chang WT, Chuang HY, et al. Adverse health effects among household 

waste collectors in Taiwan. Environ Res 2001; 85: 195–199.  

37. Inyang M. Health and safety risks among municipal solid waste collectors in Port 

Harcourt Metropolis of Niger Delta region of Nigeria. In: ICWMEGGSD conference 

on waste management, environmental geotechnology, and global sustainable 

development, Ljubljana, Slovenia, 28-30 August 2007, paper no ID 012, pp 1-13, 

Ljubljana: ICWMEGGSD. 

38. Sabde YD, Zodpey SP. Respiratory morbidity among street sweepers at Hanumannagar 

Zone of Nagpur Municipal Corporation, Maharashtra. Indian J. Public Health 2008; 

52: 147-149. 

39. Wouters IM, Hilhorst SKM, Kleppe P, et al. Upper airway inflammation and respiratory 

symptoms in domestic waste collectors. Occup Environ Med 2002; 59: 106–112. 

40.  Rachiotis G, Papagiannis D, Thanasiasis E, et al. Hepatitis A virus infection and the 

waste handling industry. Int J Environ Res Public Health 2012; 9: 4498–4503. 

41.  Thorn J, Beijer L, Rylander R, et al. Airways inflammation and glucan exposure among 

household waste collectors. American Journal of Industrial Medicine 1998; 33: 463-

470. 

42. Jayakrishnam T, Jeeja MC, Bhaskar R. Occupational health problems of municipal  

solid waste management workers in India; Int J Env Health Eng 2013, 2:42 

43. Bunger J, Schappler-Scheele B, Hilgers R, et al. A 5-year follow-up study on 

respiratory disorders and lung function in workers exposed to organic dust from 

composting plants. International Archives of Occupational and Environmental Health 

2007; 306-12. 

44. Athanasiou MI, Makrynos G, Dounias G. Respiratory health of municipal solid waste 

workers. Occup Medicine London 2010; 60: 618-623. 



38 
 

45. Schibye B, Sogaard K and Martinsen D. Mechanical load on the low back and shoulders 

during pushing and pulling of two-wheeled waste containers compared with lifting and 

carrying of bags and bins. Clin Biomech 2001; 16: 549-59. 

46. Kuijer P, Visser B, Kemper H. Job rotation as a factor in reducing physical workload 

at a refuse collecting department. Ergonomics 1999; 42: 1167-78. 

47. Kuijer PPFM, Frings-Dresen MHW. World at work: Refuse collectors. Occup Environ 

Med 2004; 61: 282-286.  

48. Buckle PW, Devereux JJ. The nature of work-related neck and upper limb 

musculoskeletal disorders. Appl Ergon 2002; 33: 207-217 

49. Abou-ElWafa HS, EI-Bester SF, EI-Gilany AH, et al. Musculoskeletal disorders among 

municipal solid waste collectors in Mansoura, Egypt: a cross-sectional study. BMJ 

Open 2012; 2: e001338. 

50.  Mehrdad R, Majlessi-Nssr M, Aminion O, et al. Musculoskeletal disorders among 

municipal solid waste workers. Acta Med Iran 2008; 46: 233-238. 

51. Ivens U, Lassen J, Kaltoft B, et al. Injuries among domestic waste collectors. Am J Ind 

Med 1998; 33:182-189. 

52. Robazzi MLCC, Moriya TM, Favero M, et al. Garbage collectors: Occupational 

accidents and coefficients of frequency and severity per accident. Ann Agric Environ 

Med 1997; 4: 91- 96. 

53. An H, Englehardt J, Fleming L, et al. Occupational health and safety amongst municipal 

solid waste workers in Florida. Waste Mgmt & Res 1999; 17: 369-377. 

54. Gonese E, Matchaba-Hove R, Chirimumba G, et al. Occupational Injuries Among 

Workers in the Cleansing Section of the City Council's Health Services Department, 

Bulawayo, Zimbabwe, 2001- 2002. MMWR 2006; 55: 7-10. 

55. Bongale D, Kumie A, Tefera W. Assessment of occupational injuries among Addis 

Ababa city municipal solid waste collectors: a cross-sectional study. BMC Public 

Health 2014; 14: 169.  



39 
 

56. Odewabi AO, Ogundahunsi OA, and Ekor M. Effect of exposure to solid wastes in 

relation to employment duration on some important markers of health and disease in 

waste management workers of Ogun State in southwest Nigeria. Human and 

Experimental Toxicology 2013; 32: 1231-1244. 

57.  Ekram W, Wahab EI ABD, Safaa M, et al. Adverse health problems among 

municipality workers in Alexandria. International Journal of Preventive Medicine 

2013; 5: 545-56. 

58. Ivens UI, Breum NO, Ebbehoj N, et al. Exposure-response relationship between 

gastrointestinal problems among waste collectors and bioaerosol exposure. 

Scandinavian Journal of Work Environment & Health 1999; 24: 238- 245. 

59. Engkvist IL. Working conditions at recycling centres in Sweden: Physical and 

psychosocial work environment. Appl Ergon 2010; 41: 347-354. 

60. Cunningham RN, Simpson CD, Keifer MC. Hazards faced by informal recyclers in the 

squatter communities of Asunción, Paraguay.  Int J Occup Environ Health 2012; 18: 

181-187. 

61.  Hunt C. Child waste pickers in India: the occupation and its health risks. Environment 

and Urbanisation 1996; 8: 111-118. 

62.  da Silva MC, Fassa AG, Siqueira CE, et al. World at Work: Brazilian ragpickers. 

Occupational and Environmental Medicine 2005; 62: 736-740.  

63.  Auler F, Nakashima AT, Cuman RK. Health conditions of recyclable waste pickers. J 

Community Health 2014; 39: 17-22. 

64. Abdou MHM. Health Impacts on Workers in Landfill in Jeddah City, Saudi Arabia. J 

Egypt Public Health Assoc 2007; 82: 320-329. 

65. Kennedy SM, Copes R, Bartlett KH, et al. Point of sale of glass bottle recycling: Indoor 

airborne exposures and symptoms among employees. Occup Environ Med 2004; 61: 

628-635. 63. 

66. Ray MR, Mukherjee G, Roychowdury S, et al. Respiratory and general health 

impairments of rag pickers in India: a study in Delhi. Int Arch Occup Environ Health 

2004; 77: 595-598. 



40 
 

67. Lenis Ballesteros V, Lόpez Arango, Cuandros Urrengo YL. Health and informal work 

conditions among recyclers in the rural area of Medellin, Colombia. Rev Saude Publica 

2012; 46: 866-874. 

68. Gutberlet J, Baeder AM, Pontuschka NN, et al. Participatory research revealing the 

work and occupational health hazards of cooperative recyclers in Brazil. Int J Environ 

Res Public Health 2013; 10: 4607-27. 

69. Lovie J, Guertin S. Evaluation of health and safety risks in municipal solid waste 

recycling plants. J Waste Mgt Assoc 2001; 51: 352-360. 

70. da Sliva MC, Fassa AG, Kriebel D. Musculoskeletal disorder in ragpickers in a southern 

city in Brazil. Am J Indian Med 2006; 49: 327-33. 

71. Gwisai RD, Areola O, Segosebe E. Respiratory and occupational health problems of 

scavengers in Lobatse, Botswana. Journal of Sustainable Development in Africa 2014, 

16: 37-55. 

72.  Da Silva MC, Fassa AG, Kriebel, et al. Minor psychiatric disorders among Brazilian 

ragpickers: a cross sectional study. Environmental Health: A Global Access Science 

Source 2006; 5: 17. 

 

 

 

 

 

 

 

 



41 
 

CHAPTER 4: BIOAEROSOLS, NOISE AND ULTRAVIOLET RADIATION 

EXPOSURES FOR MUNICIPAL SOLID WASTE HANDLERS2 

4.1 Abstract 

Few studies have investigated the occupational hazards of municipal solid waste workers, 

particularly in developing countries. Resultantly these workers are currently exposed to 

unknown and unabated occupational hazards that may endanger their health. This study 

determined municipal solid waste workers’ work related hazards and associated adverse health 

endpoints. A multi-faceted approach was utilised comprising of bioaerosols sampling, 

occupational noise, thermal conditions measurement and field based waste compositional 

analysis. Results from our current study showed highest exposure concentrations for Gram-

negative bacteria (6.8 x 10 3 cfu/m3) and fungi (128 x 10 3 cfu/m3) in the truck cabins. 

Significant proportions of toxic, infectious and surgical waste were observed. Conclusively, 

municipal solid waste workers are exposed to diverse work related risks requiring urgent sound 

interventions. A framework for assessing occupational risks of these workers must prioritize 

performance of exposure assessment with regards to the physical, biological and chemical 

hazards of the job.  

 

4.2 Background 

Municipal solid waste management is a vital activity in the context of protecting human health 

and environment [1-3]. Municipal solid waste management workers perform various tasks such 

as street sweeping [4-6], manually loading waste into waste collection vehicles [7-8] and 

driving such vehicles [9-11]. Such activities expose these workers to various occupational 

health risks associated with the characteristics of the waste they handle [12-14], the waste 

collection methods used [15-17] and the state of the working environment [8, 18-20].  

 

Whilst over the past two decades valuable evidence has accumulated on the occupational dust 

and noise levels in the mining [21-23], manufacturing [24, 25] and agricultural sectors [26-28], 

very few studies have investigated such hazards for municipal solid waste workers. Of these 

few studies, the majority of them have been conducted in industrialized countries. Wichmann 

and Voyi [29] suggest that findings generated from epidemiologic research conducted in 

developed countries may have limited applicability to developing nations’ scenarios. The 

                                                           
2 Manuscript published: Journal of Environmental and Public Health https://doi.org/10.1155/2017/3081638  
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present study was conducted in a developing country and sought to add value to the existing 

body of knowledge in relation to hazards associated with the work of MSWHs. 

 

Additionally, most of these few studies primarily focused on waste recycling plants [30-32], 

composting plants [33-35] and hazardous landfills [36] rather than waste workers responsible 

for loading municipal solid waste trucks, municipal landfilling operations, central waste 

collection systems and street cleansing. Resultantly, very little has been documented on the 

occupational health risks of municipal solid waste workers. This suggests that such workers 

are currently exposed to more or less unknown dust, bioaerosols and noise levels that may 

endanger their health. Notably a point of congruence among previous studies is the notion that 

to date, little has been done to characterize biological hazards associated with waste collection 

[15, 37, 38]. 

 

It is dust which is in the breathing zone or entering the respiratory system which may pose 

health risks to the employee and should therefore be assessed and monitored [25]. The impetus 

to the determination of bioaerosols in the present study is the growing body of evidence in 

contemporary literature associating bioaerosols from organic dusts with respiratory complaints 

on waste workers [12, 39, 40]. Furthermore, a key recommendation arising from Heida et al. 

[41] is the need to determine the organic dusts concentrations from waste. 

 

Additionally, assessments of workplace noise exposures are justified on the basis that noise 

hazards are globally ranked among the top five occupational stressors with grave repercussions 

on the worker and the organisation [42- 44]. Notably, previous literature has strongly associated 

continuous occupational noise exposures of 85-90dB (A) with adverse health conditions on the 

worker such as Noise Induced Hearing Loss (NIHL) [45, 46].  Liu et al [47] further propounds 

that the large machinery used to dig, transport and compact landfills can generate noise level 

higher than 85 dB. 

 

In both industrialized and developing countries, very little research is available on the thermal 

conditions in which waste workers work. More importantly, in tropical countries summer 

outdoor temperatures can be unbearably hot. Such high temperatures may render outdoor 

activities such as municipal solid waste collection, street sweeping and landfilling operations a 

health hazard due to increased risk of excessive sweating, headaches, heat stress, offensive 

odours and fly infestation from decomposition processes of organic waste fractions. 
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Conversely, cold outdoor temperatures have been associated with frost bite [48] and 

hypothermia among gardeners [49].   

 

Consequently this paper aims to determine the occupational dust, noise, thermal exposures in 

the field of municipal solid waste management so as to build up the much needed evidence for 

developing a generic framework for assessing occupational health risks of municipal solid 

waste handlers.  

4.3 Materials and methods 

Personal sampling was performed using two field monitors mounted in the breathing zone of 

workers, approximately 1.5 m above ground level. One monitor was for collecting of total dust 

and the other for bioaerosols (bacteria and fungi). Environmental samples were collected using 

similar equipment mounted at the breathing zone, from the active landfilling sites, truck cabins 

and street cleaning sites. Total dust and bioaerosols samples were collected intermittently at 

4hr intervals, from various sites (Table 3. 1). Culturing for Gram Negative bacteria (GNB) was 

done at 37oC for 24 hours using the McConkey media whist for viable fungi the Malt Extract 

Agar media diluted with 0.01% chloramphenicol was used. The occupational noise exposure 

doses were measured using the Quest sound level meter model SOUNDPRO SP-DL-1/3n and 

the ultraviolet thermal conditions were determined using the AZ thermo-anemometer 

instrument. Qualitative data on health complaints of waste workers was gathered using self-

administered questionnaires. Key informant interviews with waste managers in Local 

government structures, in the Health department and the Environmental Management Agency 

were conducted to tap on the richness and diversity of expert input on waste management health 

risks. Collected data was analyzed using STATA version 13. 

 

4.4 Results and discussion 

 

4.4.1 Total dust and bioaerosols exposures 

This study found high mean exposure concentrations for total dust, Gram Negative Bacteria 

(GNB) and fungi for personal samples collected from refuse bin loaders and truck cabin 

samples (Table 4.1). This suggests the priority for exposure assessment with regard to total 

dust and bioaerosols should be focused on waste loaders and the truck cabins. Regular proper 

cleaning, drying and aeration of the waste collection vehicle are essential so as to safeguard the 
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respiratory health of waste workers. Most GNB are largely pathogens, thus their assessment in 

this study and other past studies, to determine the risk posed to waste workers. 

 

Table 4.1: Total dust & bioaerosols exposures (mean & range) in different working 

areas (n =60) 

 

Sampling Description (n) Total dust GNB    Fungi 

Site     mg/m3                  103 cfu/m3        103cfu/m3    

Site A  Bin loaders 12        8.2 (0.8-26)  1.5 (0.16-6.8)   66(7.2 -136) 

  Drivers 4 4.2 (0.8-12) 1.6 (0.2-2.8)  36(6.4-68) 

  Skip bins 4 3.2 (0.6- 10)    1.2 (0.1- 6.4)   28 (5.8 – 62) 

Site B    Truck cabin 4 8.6 (0.9-26) 1.6 (0.18- 6.8)   68 (6.4-128) 

  samples 

Site C    Site workers 12 0.4 (0.2-0.8)  6.8 (0.04-28)   3.2 (0.4-8.2) 

  Machine 4 0.6 (1.4-2.2) 22 (0.6-120)   21 (0.3- 100) 

  Operators 

  Site samples 4 0.3 (0.1-0.8)   6.2 (0.02-24)          2.8 (0.2-7.4) 

Site D  Sweepers 12 0.08 (0.04 -0.3) ND  12 (14-24) 

  Site samples    4         0.04 (0.02- 0.5)       ND                   8 (12-22) 

ND: None detected; GNB: Gram Negative Bacteria; cfu: colony forming units; A: Waste collectors; B: Truck 

cabin; C: Active landfilling site; D: Street cleaning, n: sample size 

 

The high mean total dust, Gram Negative Bacteria (GNB) and fungi exposure concentrations 

for waste loaders and truck cabin (Table 4.1) may be attributed to the processes of manual 

offloading and loading of mixed waste streams without proper containment bags (Figure 3.1). 
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Figure 4.1: Dust generation from loading mixed waste without proper containment bags 

 

This study reports that transferring waste from stationery bins to other bags (Figure 4.2) 

contributed to double exposures to dust and bioaerosols for each refuse collector; firstly during 

transferring process from one bin to the other and secondly during the bin empting process into 

the truck. 
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Figure 4.2: Process of transferring of waste from stationery bin to plastic bags 

 

Non-stationery bins that are directly emptied into the refuse collection truck could avert 

exposures encountered during the waste bin transferring process. Alternatively, all stationery 

bin containers maybe fitted with removable bin liners that are directly emptied into the waste 

collection trucks. 

 

The present study found high mean exposure concentrations for total dust, Gram Negative 

Bacteria (GNB) and fungi for personal samples collected from refuse bin loaders and for truck 

cabin samples (Table 4.1). Also for all the sampled waste sites concentrations of both Gram 

Negative Bacteria (GNB) and fungi were basically in the order of 103. Similarly the available 

body of research on bioaerosols from municipal solid waste management activities has reported 

the mean and range of bacterial and fungal cells per m3 of air between the order of 10 3 and 106. 

Recently, in Copenhagen, Madsen et al [50] found bacterial cells per cubic meter of air to be 

in the range of 112 to 4.8x 104 for waste collector’s personal samples and 48 to 2.6x 103 for 

truck cab samples.  
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Park et al. [11] reported exposure levels among Korean waste collectors ranging between 

0.13x105 and 23.5x105 for total viable bacteria and 2.4x104 CFU/m3 and 10.8x104CFU/m3 for 

fungi. In Norway, Heldal et al [51] observed slightly higher summer bacterial and fungal 

exposures for waste collectors (0.4x106cells/m3 to 3.6x106 cells/m3) compared to winter 

exposures (0.4x106cells/m3 to 2.0 x106 cells/m3). Lovoie and Dunkerley [37] reported mean 

bacterial concentrations of 103 to 104 CFU/m3 and mean fungal concentrations ranging between 

8.3x103 CFU/m3 to 9.8x104CFU/m3, among waste collectors in Canada. In a sample of German 

waste collectors, Neumann [52] reported bacterial concentrations ranging between 

insignificant levels to 106 CFU/m3 and fungi concentrations between 8.3x103 CFU/m3 to 9.8x 

104 CFU/m3. Evidently, municipal solid waste handling processes exposes waste workers to 

bioaerosols from organic dusts and such exposure may precipitate onset of respiratory 

problems [9, 12, 53]. 

 

4.4.2 Noise exposures 

The highest average noise levels (84.86dBA) were recorded in the central waste collection 

points whilst the lowest (83dBA) was in the cabin of waste collection truck. In all measured 

waste management sites (Table 4.2) mean noise levels were within the international threshold 

limit value (85dBA).  

 

Table 4.2: Noise level measurements (dBA) in various working areas 

Site Site description    Average noise  ISO standard 

       Value (dBA)  (dBA)  

A Noise mainly generated by hydraulic waste 84.86   85 

 collection trucks and passing traffic. 

B Waste spreading in cells and soil cover  84.32   85 

 application. Noise generated by waste  

compactors. 

C Manual offloading of waste bins into  83.00   85 

waste collection vehicles. Noise mainly 

generated by hydraulic waste collection  

trucks and passing traffic.  

A: Central collection points, B: active landfilling area, C: offloading area into truck 
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However, the major sources of noise were waste collection vehicles’ running engines, other 

traffic and landfilling vehicles. Constituents of municipal solid waste such as glass and metal 

tins also contributed to the occupational noise particularly during emptying of metal bins on 

the metal floor of waste collection vehicles. High working speed with regard to offloading of 

waste bins tended to produce a monotonous noise. Additionally, Jerie [54] observes that for 

informal waste workers, sources of noise entail working closer to heavily frequented roads and 

other noise sources such as carpentry, metal work and engineering workshops. Unfortunately, 

all the refuse collection vehicles in the present study had no noise reduction mechanisms such 

as rubber lined floors.  

 

The present study’s findings are far below personal noise levels observed in glass waste 

collection operations (108 to 131 dB LAE.) in the United Kingdom [55]. According to Kuijer et 

al [17], Stassen and colleagues found personal noise exposure levels as high as 96.4dBA among 

waste collectors in the Netherlands. Evidently the noise risk exposure differs per each scenario 

which suggests the need for each authority responsible for waste management to consider 

performing its own noise assessments so as to yield relevant data for informing decision 

making on required interventions. 

 

This study reports that none of the municipal solid waste workers wore any hearing protection 

devices though two workers in the waste collection crew complained of occasional temporary 

hearing loss. Whilst this study did not find mean noise levels above recommended levels. 

Moreover, where hearing protection devices are considered as precautionary measures, there 

is need to consider the possibility of failure to hear warning sounds from other road users which 

may increase the risk of accidents and injury among waste workers.  

 

4.4.3 Thermal conditions 

Outdoor work is associated with greater exposure to hot and cold temperatures [49]. The 

present study reports that municipal solid management operations such as street sweeping, 

landfilling activities and door to door waste collection are performed in such hot environments, 

often in unshaded areas. Also, mean summer temperatures higher than 33oC in most waste 

management areas were recorded (Table 4.3).  
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Table 4.3: Summer thermal conditions measured in various waste sites 

Work site  Average ToC  Waste workers’ concerns 

Loading waste  33.34   Sweating, dehydration, heat syncope and heat  

collection vehicles    exhaustion. 

Street and open 33.28   Loss of concentration. 

areas sweeping    High risk of being run over by traffic, sweating, 

      dehydration and headache. 

Manning waste  33.29   Offensive odours and high fly infestation from 

disposal sites     from increased organic, sweating, heat stress and 

      headaches. 

Driving waste   26.25   Sweating and occasional headache. 

collection vehicles   

 

Temperatures below and above those typically preferred by most people have a significantly 

detrimental effect on the safety related behavior of workers [56]. This suggests that for 

optimum promotion of occupational safety behavior of municipal solid waste workers the 

thermal working environment requires attention by responsible authorities. Furthermore, most 

waste workers complained of headaches, sunburn, heat stress, excessive sweating, dehydration 

and difficulties in concentration in assigned tasks. Notably, difficulties in concentration may 

increase the risk of being run over not only by waste collection vehicles but other traffic, 

especially during the day when the traffic volume is high. Several past studies conducted 

among waste collectors of both developing [54, 57] and developed countries [4, 18] report high 

injury rates among waste workers. In Bulawayo, Gonese and colleagues [57] report that in the 

period 2001-2002, 97 work-related injuries occurred. In terms of the injury register, 62 waste 

workers experienced 67 injuries, of which one was fatal [57]. The injuries were common 

among younger (18-25years) than older workers (>25years). In Gweru 67 injuries were 

recorded including one in which a waste worker was run over by a waste collection truck [54]. 

In the United States of America (US), 48.8 fatal injuries per 100 000 refuse workers were 

reported in the US Bureau of Labour Statics [18]. In Denmark 17% of the waste collectors in 

a single company of 667 workers experienced an injury [4]. 
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Inhalation of toxic emissions like carbon monoxide, carbon diode from traffic exhausts pipes 

may further exacerbate the situation. This suggests the need for waste managers, particularly 

in tropical countries, to consider rescheduling summer waste collection services for early 

morning hours or at night when temperatures are cooler low and traffic volume low. 

Additionally, waste workers need to be encouraged to take regular breaks and rest in cooler 

shades where oral rehydration fluids can be given to refresh them.  

 

4.4.4 Other hazards 

The current study found that on average the monthly total amount waste collected in the study 

area, in tones, was on average 566.08 of which 518.88 was from residential suburbs, 18.88 was 

from commercial enterprises and 28.32 from industries. Results from the physical waste 

compositional analysis revealed that residential waste on average constituted 24% food waste, 

metal containers 4%, glass and ceramics 2%, diapers 2%, toxic waste streams 1%, plastics and 

paper 13% and 54% miscellaneous waste streams. The commercial waste stream was mainly 

dominated by food waste 42%, metal tins containers 24%, glass 1%, paper and plastics 7% and 

other waste streams 24%. Evidently wastes from both the residential and commercial sources 

had significant proportions of biodegradable food waste. Biodegradation of such organic waste 

produces offensive odors and supports fly breeding and infestation particularly in summer 

when temperature are high. The presence of diapers, though in small proportions, in residential 

waste is a cause of concern since this poses risks of transmission of pathogenic organisms into 

waste workers’ hands. Waste from the industries was mainly scrap metals, rumble, glass and 

food remains.  

 

Hazardous waste streams 

Results from the present study revealed that the major toxic waste streams in municipal solid 

waste included hair sprays, shampoos, expired medicines, pesticides and e-waste, shoe and 

floor polish, carpet and furniture cleaning agents, motor vehicle brake fluid, battery acid and 

nail paints. Although available in small quantities (1%), toxic waste inevitably renders the 

entire municipal solid waste potentially toxic and can lead to various occupational health risks 

for waste collectors through inhalation, ingestion and dermal exposure pathways. Pesticide 

residues such as organophosphates could affect the central nervous system through inhibition 

of the choline esterase enzyme. The present investigation found discarded pesticide containers 
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in household waste streams. These can be a source of arsenic exposures for waste workers. The 

International Agency on Research on Cancer [58] categorises arsenic as a known human 

carcinogen. Arsenic can lead to cellular toxicity [59-61], neurotoxicity [57, 62], immuno-

toxicity [63], cardiovascular diseases [58] developmental and reproductive toxicity [62, 64, 

65]. Additionally, this study reports presence of e-waste streams in household municipal solid 

waste streams.  

The major e-waste components found in the present study include fluorescent and non-

fluorescent bulbs, circuit boards, lead and acid car batteries, printer inks and tonner, spark 

plugs, motherboards, keyboards, monitors, electrical switches and thermostats. Fluorescent and 

non-fluorescent bulbs, circuit boards, car batteries in municipal solid which can be source of 

lead (Pb) and mercury (Hg). Similarly, inks and tonner for printers, NiCd rechargeable batteries 

can be a source of cadmium (Cd). Also, monitors and keyboards in municipal solid waste 

streams are a cause of concern since they can be primary sources of Polyvinyl chlorides (PVC) 

which may emit harmful gaseous substances such hydrogen chloride gas.  

Previous literature has associated lead (Pb), cadmium (Cd), mercury (Hg) and Polyvinyl 

chlorides from e-waste with various adverse mental health effects such cognitive disturbances 

and reduced intelligence quotient (IQ) [66 - 670]. Most of these chemicals from e-waste have 

been found to heavily contaminate ambient air [6, 71, 72]. Such high ambient air concentrations 

of toxic e-waste chemicals could lead to relatively high inhalational exposures for waste 

workers. This suggests the need for waste managers to periodically conduct exposure 

monitoring for waste workers and engage the generators of hazardous waste in efforts such as 

extended producer responsibility in sound waste management, Life Cycle Analysis (LCA) and 

regulatory compliance. Table 4.4 summarises the observed hazardous waste streams and 

potential occupational risks for MSWHs. 
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Table 4.4: Household hazardous waste compositional analysis & associated hazards 

Waste type Components    Potential hazards for waste handlers 

Toxic (1%) Hair sprays, lotions, shampoos,  Can lead to systemic intoxication from

  expired medicines, pesticides  inhalational exposures. Can also lead to

       severe burns from accidental or  

       spontaneous ignition of flammable  

         materials 

  E-waste (e.g. Fluorescent bulbs, Toxic metals in e-waste may damage  

  printer ink & tonner)   target organs leading to various toxicity 

       effects. 

 

Infectious Diapers & used tissue   Infectious waste can transmit bacteria  

(2%)                             responsible for spreading diarrhoeal 

diseases. Biodegradation of faecal matter 

in diapers generates offensive odours 

that can induce anorexia, nausea and 

vomiting.    

Mechanical Scrap metal, broken glass,  Can cause injuries through piecing and  

Hazards razor blades, needles.   bruises and facilitate transmission of  

       Hepatitis B.    

*Average % by weight calculated per weekly waste generation rates, Total mass evaluated 314.1kgs  

Quantities of hazardous materials in waste 

Table 4.4 above showed that toxic materials in household waste constituted 1% of the 

household e-waste. The toxic materials vary geographically and temporally. In Guiyu, high Pb 

concentrations (0.4 mg/L) were found for surface water that was downstream in relation to the 

e-waste recycling industry. In Romania, the major substances recovered in e-waste are iron and 

steel (48%), flammable plastics (15%), copper (7%), aluminium (5%), glass (5%) [73]. Table 

4.5 provides a summary table on the health risks of e-waste ingredients and the potential 

interventions.
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Table 4.5: Health risks of e-waste substances and potential interventions 

Substance Health risk Potential intervention Source/s 

Arsenic  Skin lesions, 

carcinogenicity, 

neurotoxicity, 

cardiovascular diseases and 

developmental toxicity 

Life Cycle Assessment of the 

fate of electrical equipment 

Legislation and policy 

enforcement 

 IARC [58],  

 

Lead Teratogenic, harmful to the 

renal and nervous systems, 

brain damage lead to blood 

disorders 

Psychiatric diseases 

Life Cycle Assessment of the 

fate of electrical equipment 

Legislation and policy 

enforcement 

 

Kiddee et al 

[74] 

Babu et al 

[75] 

Opler et al 

[76] 

Mercury Teratogenic and causes 

damage to the kidneys and 

brain 

Legislation and policy 

enforcement 

Babu et al 

[75] 

PCBs Damages the liver, 

carcinogenic to animals 

Legislation and policy 

enforcement 

Babu et al 

[75] 

PBDEs Neurodevelopmental 

effects: impairment of 

physical and mental 

development 

Poor attention, cognition, 

fine motor coordination 

Confirmation through other 

longitudinal investigations 

Herbstman et 

al [77] 

Eskanezi et 

al [78] 

Cadmium Damages the kidneys, lower 

intelligence in childhood 

Legislation and policy 

enforcement 

Babu et al 

[75] 

Kippler et al 

[79] 

 

PVC Respiratory complaints,  Legislation and policy 

enforcement 

Babu et al 

[75] 
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Substance Health risk Potential intervention Source/s 

Dioxin 

emissions 

Sarcoma Conducting methodologically 

sound epidemiological studies 

Financing of waste 

management initiatives 

Capacity building through 

training 

Extended producer 

responsibility 

Take back programs for e-

equipment 

Zambon et al 

[80], Ncube 

et al [38], 

Jerie and 

Tevera [81], 

Ciocoiu et al 

[73], Grant et 

al [82] 

 

Results from the physical waste compositional analysis revealed considerable proportions of 

infectious materials in municipal solid waste (2%), such as diapers and used tissue (table 3.4). 

Contact with such contaminated materials may contribute to transmission of faecal-oral 

diseases such as hepatitis A. Previous work has richly detailed the Hepatitis A (HAV) risk 

associated with waste management]. In Greece, Dounias and Rachiotis [83] observed a 

significantly increased prevalence of HAV infection among solid waste collectors and 

suggested among other measures vaccination of waste workers against HAV.  

The present study found relatively high levels of mechanical waste components such as scrap 

metal, broken glass and razor blades (Table 4.4).  Such components have potential to inflict 

physical harm to municipal solid waste workers in form of cuts, open wounds and bruises. 

Although gloves were provided for waste workers, they were not puncture- proof and were 

worn out (Figure 4.3). In light of epidemiologic evidence linking Hepatitis B and needle stick 

injury [84], such an unhealthy status of waste workers’ gloves is a cause of concern. Tsovili et 

al [84] found significantly higher prevalence of Hepatitis B virus infection (p<0.01) in waste 

collectors (15%) in comparison with the control group (2.5%). Thus municipal solid waste 

collection is a job heavily laden with biological risks that may endanger waste workers’ health. 
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Figure 4.3: waste collector wearing non-puncture proof and worn out gloves 

 

4.5 Strengths and limitations  

This paper presents the strength of the inclusion of occupational hygiene measurements related 

to several occupational hazards. Particularly, bioaerosols exposure determination, occupational 

noise and thermal conditions measurement were done. However, this study did not measure 

exposures through other routes such as hand contact with contaminated materials. Thus it is 

unable to estimate the microbiological risk through the ingestion route. Particularly, this study 

did not collect swabs of waste workers’ hands and nails to determine the remaining 

concentrations of e-coli and faecal after washing their hands. Nonetheless since results from 

our physical waste compositional analysis revealed faecal waste (diapers) in municipal solid 

waste streams (Table 4.4), waste workers may be at risk of faecal- oral transmitted diseases 

through contaminated hands following handling of such waste materials. Therefore, further 

studies may need to determine the efficiency of hand washing methods utilised by municipal 

solid waste workers.  

 

To date, very limited studies have been conducted on the GNB and fungi exposure 

concentrations at municipal solid waste management sites such as active landfilling sites, refuse 

bin collection points and truck cabins. This study enriches and broadens the existing body of 

knowledge in this negated area (Table 4.4). Moreover, the findings have positive implications 

on the planning and conduction of municipal solid waste collection activities. Some proposed 

changes include rescheduling summer waste collection for early morning or at night when 
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temperatures are cooler, provision of resting shades and oral rehydration fluids to cushion 

waste workers from heat exhaustion and syncope. 

 

4.6 Conclusion 

The study found high mean exposure concentrations for total dust, Gram Negative Bacteria 

(GNB) and fungi for personal samples collected from refuse bin loaders and for truck cabin 

samples. This suggests the priority for exposure assessment with regard to total dust and 

bioaerosols should be focused on waste loaders and the truck cabins. Also, the mean summer 

temperatures were higher than 33oC in most waste management areas and workers complained 

of headaches, sunburn, heat stress, excessive sweating, dehydration and difficulties in 

concentration in assigned tasks. Consequently this study suggests that in tropical countries it’s 

better to perform summer waste collection services in early morning hours or at night when 

temperatures are cooler. Waste workers should be encouraged to take regular breaks and rest 

in cooler shades where oral rehydration fluids can be given to refresh them. In light of the 

results from the physical waste compositional analysis, this study concludes that municipal 

solid waste workers are exposed diverse toxic, mechanical and infectious hazards which require 

sound mitigation measures. 
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obtained (Ref 343/2014). Approval from the study area’s town council was received in writing. 
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CHAPTER 5: POSTURAL ANALYSIS OF A DEVELOPING COUNTRY’S 

MUNICIPAL SOLID WASTE HANDLERS AND A REFERENCE GROUP OF 

HOSPITAL GENERAL HANDS USING THE RULA METHOD3 

5.1 Abstract 

Background: Municipal solid waste handlers perform various work activities which may 

contribute to the onset of work-related musculoskeletal disorders (WRMDs). This study 

conducted a postural analysis of these workers and a reference group of hospital general hands 

in order to identify unsafe working postures requiring correction.   

Methods: The Rapid Upper Limb Assessment (RULA) methodology was used for postural 

analysis to 30 municipal solid waste handlers (MSWHs) and a reference group of 30 hospital 

general hands (HGHs) involved in similar work activities. Field observations and photography 

were used to collect data. Collected data was analysed using STATA version 13. 

Results: The Mann-Whitney test was used to compare the two groups. Results showed 

significant differences (p < 0.05) for lifting, carrying and emptying activities. For both groups, 

the mean postural scores for pushing, pulling and standing activities were mainly in the low 

risk category and not statistically significant (p > 0.05).  

Conclusion: Results of the present study show unsafe RULA postural scores to MSWHs with 

regard to lifting, carrying and emptying of refuse bins. Such scores are suggestive of an 

elevated risk to developing WRMDs in these workers compared to the reference group. 

Keywords: municipal solid waste handlers, musculoskeletal disorders, postural assessment, 

RULA 

5.2 Background 

Poor working postures have been associated with an elevated risk of developing WRMDs. [1-

4] The activities performed in poor working postures have been richly investigated in 

occupations such as dentistry [4-6], computer work [2, 3, 7] and agriculture [8, 9]. Such efforts 

assist in the identification of the poor postures requiring correction in the given occupations. 

In contrast, very few of such investigations have focused on MSWHs. The few available studies 

are mostly from developed countries [10, 11], with almost none from the developing world. In 

the Netherlands, Hoozemans and colleagues [10] focused on pushing and pulling of refuse carts 

                                                           
3 Manuscript published: Global Journal of Health Science; 9 (10): 194-200 
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and estimated the loading of the low back and joints at the shoulder using biomechanical 

models. This dimension appears crucial with regards to estimating the ergonomic impact of 

measures on the pulling and pushing activities [10]. Similarly, Kuijer and colleagues [11] used 

advanced biomechanical models to study the mechanical and perceived workload with regard 

to pushing and pulling a redesigned refuse cart.  

In the present article the focus, scope and method is different from the above studies. 

Particularly, the study used the RULA methodology to identify and analyse the poor postures 

used during the performance of various municipal solid waste management activities. The 

analysis involves systematically observing work activities of the study participants and 

assigning risk scores on the postures used [12]. Systematic observation methods can provide 

particular information about postures and suggestions to rectify them before onset of 

discomfort [13]. Rectifying poor postures before the onset of WRMDs is indeed a proactive 

rather than reactive approach and is the essence of primary prevention. Further, RULA is a 

validated postural method for rapid upper limbs assessment [12, 14]. Thus, it can yield more 

reliable findings than unvalidated methods. Moreover, the RULA methodology is useful for 

quickly screening worker exposures which contribute to disorders of the upper limbs [14]. 

Furthermore, it is relatively easy to use when one has undergone brief training on its application 

[15]. To the best of the author’s knowledge, very few studies have applied direct observation 

methods such as the RULA in the real life work activities of MSWHs. Yet the RULA method 

has been demonstrated to be valuable in identifying priority work postures requiring correction 

[12, 14].  

Some developed countries now use underground waste depots and automated waste loading 

mechanisms [16]. For underground depots it is not MSWHs who carry and empty refuse bins 

but citizens. In automated loading, bins are mechanically lifted and emptied into a truck. The 

physical job demands of waste collection and emptying are greatly reduced in both of these 

systems. This limits human risks to musculoskeletal disorders due to poor postures. However, 

most developing countries rely on manual waste collection systems [17, 18], which may 

contribute to WRMDs due to use of unsafe postures. An investigation to identify such postures 

may inform waste managers on required interventions to safeguard the occupational health of 

MSWHs. Therefore, the present study conducted a postural analysis of MSWHs using the 

RULA methodology.  
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5.3 Methods 

5.3.1 Study design 

A cross-sectional design was conducted among MSWHs of Beitbridge Town Council (BTC) 

and a reference group of HGHs, in the period April to June, 2016. The protocol used in this 

study was approved in writing by the Ethics Committee at the University of Pretoria (Ref. 

343/2014) and the BTC. A two-way dialogue was held with the 60 study participants where 

the purposes and procedures of the study were discussed. Participants voluntarily signed 

informed consent forms with the full rights to withdraw from the study without having to give 

any excuse. There were no facial identities of participants on all photographs that were taken. 

The study participants were selected using purposive sampling. The inclusion criteria 

considered MSWHs and HGHs: (1) whose job description entailed lifting, carrying, pulling, 

pushing and emptying activities, (2) with at least one year work experience and (3) without 

known pain related medical conditions which may influence postures, such as arthritis and 

injuries. The study did not exclude participants on the basis of sex, race or other discriminatory 

variables and no financial reward was paid for participation. The ages of MSWHs ranged from 

27 to 44 years (32.97±4.6 years). They had a mean weight 68±2.88 Kg and a mean height of 

163±4 cm. Ages of the HGHs were from 25 to 43 years (32.40±4.2 years), mean weight of 

67.50±2.70 Kg and mean height 1.64±4 cm. The study participants were healthy and non-

smokers. None had known underlying conditions which may influence body postures, such as 

back pain, spina bifida and injuries. The differences in the age, weight and height of participants 

were not statistically different (p > 0.05).  

5.3.2 Walk-through surveys and direct observations 

Several field visits were done to identify the study participants’ work activities deserving 

inclusion in the RULA postural analysis. The investigation prioritised activities which were 

routinely done whilst adopting poor postures. Such postures included bending of the neck, 

trunk, wrist and elevation of the lower and upper arms. Six main activities done by both 

MSWHs and HGHs were selected for the postural analysis: (1) lifting, (2) carrying, (3) 

emptying, (4) pushing, (5) pulling and (6) standing. HGHs were used as a reference group in 

this study because they have considerable commonalities to MSWHs, but they do not handle 

municipal solid waste. Firstly, the job activities of both HGHs and MSWHs are predominantly 

performed manually and are physically demanding. For example, HGHs routinely lift patients’ 

meal trays and medical waste bins in hospitals whilst MSWHs routinely lift non-medical waste 

bins from various waste generation sources such as residences, commercial premises and 
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institutions. The HGHs carry and empty the medical waste bins into the hospital incinerator 

whilst MSWHs carry and empty the non-medical waste bins into municipal solid waste 

collection vehicles. Secondly, both MSWHs and HGHs’ work entails adopting body positions 

which involve bending of the upper limbs’ joints, which can be analysed using the RULA 

method to identify unsafe postures and suggest the required corrective interventions.   

5.3.3 Posture measurement 

The RULA method was used to assess the work postures of each MSWH and HGH, in their 

work situations. It uses posture scores. For instance, a score of 1 for the upper arm is awarded 

when it is near neutral (<200 abduction) or in a neutral position. The RULA scores were 

obtained using the standard methods described in literature [12, 14, 19]. Notably the final 

RULA scores are interpreted as follows: 1- 2 negligible risk, 3 - 4 low risk and change may be 

required, 5 - 6 medium risk, further investigation and change soon and 6+ very high risk, 

change required now. The photographs of participants at work were taken during their normal 

working hours. These were used to score the work postures. For each participant, the left and 

right side of the upper body were rated separately taking note of the angles at the upper limbs 

joints, the twist of the wrist, neck and trunk as well as abduction of the shoulders. The ratings 

were used to obtain the final RULA score for each participant. 

5.3.4 Statistical analysis 

Data on the postural mean RULA scores were tested for normality using the Shapiro-Wilk test. 

The data were not normal. The Q-Q plots for the mean RULA postural scores on each activity 

were scattered in manner resembling a sigmoid shape. Hence, parametric tests such as t-tests 

could not be done. Thus, a non-parametric test, the Wilcoxon rank sum test (Mann-Whitney 

test) was performed. All analyses were performed using STATA version 13 at 95% level of 

confidence (p < 0.05). The lack of normality could be due to discrete postural risk scores of 

each worker and the use of relatively small sample sizes of 30 MSWHs and 30 HGHs.  

5.4 Results 

Table 5. 1 depicts the mean postural scores of MSWHs and HGHs. LHS stands for Left hand 

side and RHS for right hand side, of the body. The results in this table show significant 

differences (p < 0.05) for the lifting, carrying and emptying activities. Particularly, the postural 

mean scores of MSWHs on these activities were unsafe as they are above the low risk category 

of 3-4 rating. They require urgent corrective changes and further investigations [12, 14]. In 

lifting the refuse bins trunk severe flexion (20-600) was commonly practised. The refuse bins 

were quickly and forcefully lifted, the neck flexed (>200), and without prior efforts to first 
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maintain a safe posture and reaching out distance. The postural scores of HGHs were lower 

than of MSWHs and were mainly in the low risk category. For both MSWHs and HGHs, the 

mean postural scores for pushing, pulling and standing activities were mainly in the low risk 

class and not statistically significant (p > 0.05). 

Table 5.1. Postural analysis for MSWHs and HGHs (Mean in terms of standard errors, 

SE) 

Mean RULA scores 

Activity MSWHs (n=30) HGHs (n=30) Z P-value 

Lifting RHS 5.87 ± 0.19 3.7 ± 0.21 5.54 0.0001* 

Lifting LHS 6.5 ± 0.15 4.17 ± 0.25 5.29 0.0001* 

Carrying RHS 5.17 ± 0.19 3.73 ± 0.22 4.67 0.0001* 

Carrying LHS 4.9 ± 0.21 3.73 ± 0.22 3.92 0.0001* 

Emptying RHS 5.53 ± 0.26 4.2 ± 0.26 3.30 0.0010* 

Emptying LHS 4 ± 0.25 3.5 ± 0.21 3.32 0.0009* 

Pushing RHS 2.67 ± 0.20 3.13± 0.67 - 1.36 0.17 

Pushing LHS 3.13± 0.06 3.13 ± 0.10 0.80 0.43 

Pulling RHS 3.23 ± 0.11 3.13 ± 0.06 0.41 0.68 

Pulling LHS 3.2 ± 0.09 3.17 ± 0.08 0.35 0.73 

Standing RHS 3.5 ± 0.23 3.17 ± 0.07 0.54 0.59 

Standing LHS 3.23 ± 0.18 3.17 ± 0.07 - 0.27 0.79 

* Statistically significant at p < 0.05, RULA scores interpretation according to McAtamney & 

Corlett [12] : 1 - 2 negligible risk, 3 - 4 low risk, change may be required, 5 - 6 medium risk, 

further investigation and change soon, 6+ very high risk, change required now. 

Figure. 5. 1 shows a MSWH (A) with a colleague, emptying a refuse bin into a non-compactor 

vehicle at a height > 1.5 m. The neck is bent in flexion and side-twisted, the trunk severely bent 

in extension (20 - 600), the right shoulder is raised, and the right upper arm is abducted (> 900) 

whilst manually emptying a load more than 100Kg above shoulder height in a static posture. 

For both workers (Figure. 5. 1) the right hand wrist is bent in extension (> 150) whilst 

supporting a heavy load. In figure 5. 1, there is severe physical loading of the MSWHs’ 

shoulders particularly from three key sources: (1) weight of the elevated upper and lower arms, 

(2) the metal bin and (3) the waste itself. Such poor postures when lifting, carrying and 

emptying heavy refuse bins contributed to high RULA scores for MSWHs (Table 5. 1). 
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Figure 5.1 Loader (A) neck side-bending in extension and twisted, trunk in extension (200- 

600), right shoulder raised, right upper arm abducted (> 90 0) whilst manually emptying 

load > 100Kg above shoulder height 

Although the mean RULA scores for standing were in the low risk category (Table 5. 1), this 

study observed extreme cases that require corrective measures particularly for MSWHs of 

automated self-compacting vehicles (Figure. 5.2). In Figure 5.2, the worker is standing in an 

awkward position whilst at the rear of a moving automated compactor truck. Notably, there is 

severe trunk flexion (> 60o), neck flexion (> 20o) and neck slight bending to the right. Also, the 

right upper arm is in a prolonged, abducted and stressful position. The right shoulder is raised. 

The legs and feet are not supported but almost resting on toes even though the worker is not 

wearing slippery-resistant footwear, whilst on smooth and slippery metallic floors.  
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Figure 5. 2 MSWH in poor standing posture: Trunk bent > 600, right shoulder raised, 

upper arm (right) abducted, left foot imbalanced whilst inside loading bay of a moving 

automatic compactor vehicle 

5.5 Discussion 

The section presents a discussion of the present study’s results on the postural analysis of 

MSWHs and HGHs using the RULA methodology. It outlines the implications of the findings 

with regard to the risk developing of WRMDs. It also provides suggestions for improvement, 

the strengths and limitations of the present study.  

5.5.1 MSWHS’ postural risk scores 

There are a number of crucial findings on MSWHs which deserve highlighting. The mean 

postural RULA risk scores exceeded the low risk category of 3-4 with regard to lifting, carrying 

and emptying refuse bins. Such scores are unsafe and require urgent corrective changes and 

further investigations [12, 14]. The corrective changes should focus on the poor working 

postures in the upper limbs which include: i) excessive trunk bending (20-600), ii) neck flexion 

(>200), iii) sustained shoulder raising, iv) abduction of upper arms (>900) and v) wrist bending 

in extension (>15). Kuijer & Frings-Dresen [16] describe two possible measures which may 

limit the manual lifting, carrying and emptying activities, thus address some of the poor 

postures observed in the present study. The measures are: i) adoption of underground depots 

where citizens deposit their waste rather than MSWHs and ii) mechanising the waste collection 
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activities. However, such measures may present new risks to MSWHs [16]. Moreover, the 

financial handicaps of most developing countries may limit the adoption of such measures. 

This challenge suggests the need for such nations to prioritise some low-cost interventions such 

as postural competency based training to correct the poor postures employed in the lifting, 

carrying and emptying activities. Such training may empower MSWHs with knowledge and 

skills for safely performing the activities. 

Further, the present study’s findings on postural deficits of MSWHs are suggestive of an 

elevated risk to developing WRMDs. Poor working postures have been associated with the risk 

of developing WRMDs in previous studies. [3, 20] Particularly, non-neutral trunk postures 

have been associated with low back pain [8], shoulder abduction with shoulder pain [21, 22], 

and neck twist and flexion with neck pain [1]. Kaliniene and colleagues [3] conducted a cross-

sectional investigation of musculoskeletal disorders and occupational factors among computers 

users. They found that participants reporting musculoskeletal disorders had high mean RULA 

scores that were statistically significant. They also reported a positive association between 

experiencing wrist/hand pain and high quantitative work demands. Kaliniene et al [3] also 

observed that an increase in RULA scores by a point corresponded to an increased probability 

of having complaints of the wrist/hand, upper and low back pain. In the present study, lifting, 

carrying and emptying refuse bins by MSWHs had high mean RULA postural scores which 

were statistically significant in comparison to those of HGHs. Thus evidence from Kaliniene 

and colleagues [3] suggests that the high postural RULA scores of MSWHs with regard to 

lifting, carrying and emptying activities, may predispose these workers to WRMDs. This 

suggests that in the long term, waste managers may need to phase out manual lifting, carrying 

and emptying of refuse bins in favour of mechanically lifted and emptied bins, in order to 

reduce the risk of developing WRMDs in this group of workers. Also, task performance 

supervision and safety training with demonstrations on the desirable work postures maybe 

adopted. 

In the United States, Cakit [23] applied RULA in a laboratory setup. The participants were 

non-MSWHs performing refuse bin lifting and dumping (emptying) activities. The findings 

showed high RULA scores for the activities. The similarity of the findings between this 

laboratory study and the current field based investigation suggests that despite the differences 

in design, the two studies are mutually complementary. 
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5.5.2 HGHs’ postural risk scores 

The study’s results indicate that HGHs’ mean postural risk scores were mainly in the low risk 

category and were significantly different (p < 0.05) compared to MSWHs for the lifting, 

carrying and emptying work activities. Thus, the HGHs used safe postures at the upper limbs 

in comparison to MSWHs. Such safe postures are suggestive of a low risk to developing 

WRMDs. Further follow-up studies may need to investigate whether the differences in the risk 

scores could be attributed to factors such as the: i) types of training required, ii) rate of turnover 

in the workforce and iii) study setting. The mean postural RULA scores of HGHs and MSWHs 

with regard to pulling, pushing and standing activities were low and not statistically significant 

(p < 0.05). Some authors associated these activities with less biomechanical load on the trunk 

[11, 24]. In light of this, pushing and pulling activities seem to pose a low risk of progressing 

to WRMDs. Thus, it appears safer for managers of HGHs and MSWHs to promote wide usage 

of pushed or pulled bins than manually lifted and carried ones.  

5.6 Strengths and limitations 

There some strengths and limitations of this study. One of its main strengths is the utilisation 

of a validated method for data collection. A validated tool may offer better opportunities to 

provide valid and reliable findings compared to subjective tools like questionnaires, which may 

introduce biases from the respondents’ verbal reports. Also, this study managed to identify and 

analyse risk levels of priority work activities performed using poor postures. These are lifting, 

carrying and emptying of refuse bins. The findings have practical implications to the 

organisation of municipal solid waste handling activities. Particularly, the evidence of elevated 

postural scores when performing these activities suggests that corrective measures are urgently 

required to safeguard MSWHs from WRMDs. A major limitation of this study is that it is a 

single centre cross-sectional study. This may limit the capacity to generalise the findings to 

waste management situations in other local government structures. Further work may consider 

using multi-centre longitudinal studies. Furthermore, although both MSWHs and HGHs 

performed similar work activities in the present study, some characteristics of their work 

settings are slightly different. For example HGHs’ work is predominantly performed indoors 

whilst that of MSWHs is primarily done outdoors. Previous literature has associated outdoor 

activities with greater occupational exposure to ultra-violet radiation [25, 26] and low 

temperatures [26], which may affect the level of physical exhaustion and the postures used. 

Thus, the differences in the occupational settings may limit the capacity of the present study to 

draw completely comparable conclusions on MSWHs and the reference group. Another 
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limitation relates to the possibility of selection bias since the study used a non-random method: 

purposive sampling to enrol the participants. Future studies may consider replicating the 

present study’s findings using random sampling methods. 

5.7 Conclusion 

Overall, results of the present study show higher RULA postural scores to MSWHs with regard 

to lifting, carrying and emptying of refuse bins. Such scores may contribute to an elevated risk 

of developing WRMDs in these workers compared to the reference group. This suggests that 

waste managers need to prioritise interventions such as adopting mechanically lifted and 

emptied bins, conducting safety training for MSWHs and task performance supervision, so as 

to reduce the risk of developing WRMDs.  
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CHAPTER 6: A REVIEW OF AVAILABLE FRAMEWORKS 

6.1 Introduction 

This chapter reviews published frameworks on environmental pollution [1, 2], health risks to 

general populations [3-8] and generic occupational settings [9-12]. The findings from the 

review were used as a base for the proposed framework. Particularly, the proposed framework 

builds on the strengths and limitations of reviewed frameworks. Chapter 7 describes: i) how 

the review’s findings were utilised to produce a draft framework and ii) the process used to 

validate the draft framework. 

6.2 Methods 

An analysis of strengths, weaknesses, opportunities and threats (SWOT) of available human 

and environmental risk assessment frameworks was done and the findings were used as a base 

for the framework. Literature searches were conducted using PubMed, Medline, Embase, 

Scopus and free search to identify relevant frameworks. The search terms used were: 

framework, model, risk assessment, risk management, environmental and occupational health. 

For each framework, references were checked to identify additional frameworks meeting the 

inclusion criteria. Frameworks to be included in the review had to meet the criteria shown in 

Box 1.  
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Box 6.1 Framework inclusion and exclusion criteria 

Inclusion criteria 

(1) had a direct focus on environmental, human health or occupational health issues,  

(2) contain a diagrammatic representation of the components,  

 (3) have a verifiable and authentic source,  

(4) written in English language and  

(5) latest version of the concerned framework.  

Exclusion criteria 

(1) frameworks on effluent,  

(2) nanomaterial,  

(3) water pollution and  

(5) cancer  

A total of 49 frameworks were found and only 12 (see table 5.1) met the inclusion criteria 

described in Box 1. Each selected framework was examined with regards to emphasis on: 

problem formulation, toxicological assessments, risk judgement criteria, documentation, 

stakeholder consultation, risk communication, evaluation and consideration of findings from 

methodologically sound epidemiological studies. The methodology employed in the current 

article for the identification, inclusion and exclusion of frameworks presents various strengths 

and limitations. The use of diverse data bases, free search and cross-checking references of all 

potential frameworks broadened the study’s capacity to identify the frameworks meeting the 

inclusion criteria. The application of predesigned criteria to assess each framework facilitated 

the conduction of the review process in a consistent, objective and reliable procedure.  The 

inclusion of frameworks with diagrammatic illustrations enriched the study’s potential to 

analyse high quality frameworks and minimise possibilities of overlooking their overarching 

fundamental components. However, inclusion of only English language frameworks may have 

limited the study’s ability to consider some relevant non-English language frameworks. 

Additionally, no framework was found from developing countries. Thus, the reviewed 

frameworks were probably moulded basing on data and scenarios from industrialised countries. 
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Therefore, the conclusions drawn from the review of these frameworks must be treated with 

caution in context of developing countries where conditions may be entirely different. This 

suggests that a framework developed from a review of such frameworks may require validation 

in a developing country’s context.  

6.3 Results and discussion of reviewed frameworks 

A SWOT analysis of available environmental and human risk assessment frameworks was 

done. Table 6. 1 shows the findings of the SWOT analysis on the enrolled frameworks. The 

absence of a component on problem formulation in all occupational health frameworks [9-12], 

may make it difficult to set risk assessment objectives and to select required methods for their 

accomplishment [1, 3, 4]. Additionally, all the frameworks lacked emphasis on the input of 

findings from methodologically sound epidemiological studies, a risk judgment criteria and a 

stakeholder consultation guideline. Methodologically sound epidemiological studies have been 

observed to be requirement for establishing cause-effect relationships between waste 

management activities and associated health problems [13], whilst a risk judgment criterion is 

vital for decision making purposes. Some reviewed frameworks lacked emphasis on 

documentation and the few which contained it lacked a stakeholder consultation and 

documentation guideline. 
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Table 6.1: Strengths and shortcomings of reviewed frameworks 

MSES: Methodologically sound epidemiological studies, OHS: Occupational health surveillance = present; - = absent;  = present but terminal; ≠ = implied; ** = embodied 

in feedback; HCN: Health Council of Netherlands; NSOM: Netherlands Society of Occupational Medicine 

 UK [1]  HCN[2] Canada[3] USEPA[4] Australia[5] CRA[6-8] Rampal & 
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6.3.1 UK Guidelines for Environmental Risk Assessment and Management [1] 

The presence of the problem formulation component is a key strength of this framework (Table 

6.1). This component helps to focus the entire risk assessment process [1]. Similarly, the 

framework contains emphasis on consultation of stakeholders and risk communication. 

Stakeholder consultation may yield desirable outputs and lasting risk management decisions 

[1]. However, it appears that this framework may benefit from improvements such as i) input 

of findings from methodologically sound epidemiological studies, ii) development of a risk 

judgement criteria and iii) a stakeholder consultation and documentation guideline (Table 6.1).  

 

Figure 6.1: UK framework for Environmental risk assessment and management [2] 

6.3.2 Netherlands Environmental Risk Management Approach [2] 

The framework lacks some vital components such as risk communication, a stakeholder 

consultation guideline, input of findings from methodologically sound epidemiological studies 

and a judgement criterion for assessing risks (Table 6.1). This conceptual framework was 

developed by the Netherlands Health Council and provides the guidance for decision making 

on environmental risks [2]. It is clearly delineated between the processes of risk assessment 

and risk management (Figure 6.2). Three major issues are emphasized under the risk 

assessment component of this framework. Firstly, the problem definition is portrayed as the 
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first step in risk assessment. It requires a two-way interactive participation between the risk 

assessor and risk manager [2]. Secondly, the analysis stage is focused on determination of the 

stressors, exposures and effects. Thirdly, risk characterisation is described as the last stage of 

risk assessment that also needs reciprocal consultations between the risk assessor and risk 

manager. The risk management phase is depicted not only as being informed by results of the 

risk assessment process but also as being instrumental in guiding the risk assessment process 

(Figure 6.2). The framework only emphasizes consultation between the risk assessor and risk 

manager, thus negating valuable input from other stakeholders.  
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Figure 6.2: Netherlands Environmental Risk Management Approach [2] 

 

6.3.3 Health Canada Framework [3]. 

The Canadian framework [3] provides a broad based and comprehensive approach for the 

identification, assessment and management all health related risks (Figure 6.3). Appropriate 

and sound risk assessment is portrayed as aiding the subsequent risk management process [3]. 

The framework justifies the problem identification component as necessary for the purposes of 

developing and selecting appropriate objectives, methods, resources and options for addressing 

the problem. The consultations of interested and affected stakeholder are also considered useful 

in the risk assessment process. Such wide consultation may breed a sense of ownership and 
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stakeholder identification with the framework. Also, the framework highlights that the 

assessment of risks and benefits requires a multi-disciplinary team and should be strongly 

hinged on utilization of sound scientific information. The framework needs to be hailed for its 

emphasis on evaluation of implemented interventions. Such evaluation enables responsible 

authorities to determine the framework’s key strengths, areas for continual improvement as 

well as to equitably allocate and utilize available resources with regard to risk assessment and 

management. On the negative, this framework does not contain: i) a stakeholder consultation 

guideline, ii) emphasis on input of findings from methodologically sound epidemiological 

studies and iii) a judgement criteria for assessing risks (Table 6.1). Also, the risk 

communication component appears implied than clearly stated. Risk communication is briefly 

and cursorily refereed to terminally under process related tasks in issue and context 

identification. The reference to risk communication is made to highlight what information the 

risk information library must contain [3]. Incorporating risk communication as an on-going 

integral component of both risk assessment and management framework might greatly add 

value to this framework. 

 

Figure 6.3: Health Canada Framework [3]. 

6.3.4 USEPA Framework for Human Health Risk Assessment to Inform Decision Making  

The framework emerged as a direct consequence of the USEPA 2010 Colloquium on Human 

Health Risk Assessment [4]. Notably, its thrust was to increase USEPA’s ability to maximize 

the utility of risk assessment by emphasizing the need to focus the design of risk assessments 

on the decision-making process [4]. On the positive the framework has strong emphasis on the 
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problem formulation component (Figure 6.4). An important outcome of the problem 

formulation step is a conceptual model [4]. Such a conceptual model details the hazards, 

population at risk, exposure pathways, the adverse health endpoints to be dealt with in the risk 

assessment. Additionally, problem identification is portrayed as culminating in the production 

of an analysis plan which addresses the methods, approaches and metrics to be employed in 

the assessment of exposures and their adverse health effects.  Furthermore the role of science 

is equally emphasized. Specifically, the framework depicts risk assessment as constituting the 

following broad steps: exposure assessment, effects assessment and risk characterisation. 

Moreover, the public, stakeholder and community involvement is portrayed as critical 

throughout the entire risk assessment process. Nevertheless, there are various shortcomings of 

this framework. It lacks emphasis on role of methodologically sound epidemiological studies 

in informing the risk assessment process. However, it is essential to note that methodologically 

sound epidemiological studies are often costly and typically conducted in response to some 

trigger. In particular, longitudinal studies are conducted “after the fact” and therefore maybe 

less useful in protecting the exposed population from known and unknown hazards. Thus the 

precautionary principle, whose thrust is on prevention based on available scientific evidence, 

may be a useful alternative to risk assessment approaches.  

In the USEPA framework there is no clear emphasis on risk communication, a stakeholder 

consultation and documentation guideline and a judgement criterion for assessing risk. 

Documentation yields valuable information for evaluation purposes. Unfortunately formative 

evaluation emphasis is equally missing in this framework since emphasis is placed on 

summative evaluation in the risk characterisation phase. Yet formative evaluation is essential 

in unearthing and addressing of deficiencies so as to achieve continual improvement. 

Furthermore, the USEPA framework is chemical specific. This makes it tedious and 

cumbersome for informing decisions in the municipal solid waste arena where there are 

multiple concurrent hazards and threats. 
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Figure 6.4: USEPA Framework for Human Health Risk Assessment to Inform Decision 

Making [4] 

6.3.5 Australia’s Environmental Health Risk Assessment: Guidelines for Assessing 

Human Health Risks from Environmental Hazards, 2002 [5] 

The framework was fundamentally developed to guide national efforts in the conduction of 

sound environmental health risk assessments [5]. It demarcates risk assessment and risk 

management. Among other issues, the framework covers problem formulation, stakeholder 

consultations, risk communication, monitoring and evaluation of results. Also, it illustrates 

how findings from risk characterisation should lead to review and reality checks for the 

processes of hazards identification and exposure assessment. The framework pinpoints that 

community and stakeholder involvement does not only serve the purposes of consensus 
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building but more importantly assists the processes of risk assessment and management. Thus 

community consultation and involvement needs to be thorough and use appropriate and 

effective methodologies so as to yield meaningful, durable and reliable outcomes [5]. Although 

the framework lacks emphasis on methodologically sound epidemiological studies, it however 

reinforces the need for consideration of role of science in risk assessment by highlighting the 

significance of dose-response and exposure assessments in risk assessment. Additionally, the 

framework has strong emphasis on both formative and summative evaluation. Formative 

evaluation is stressed under review and reality checks whilst summative is emphasized under 

the risk management component.  

However the framework has some missing components (Table 6.1). It does not contain 

emphasis on documentation of risk assessment procedures and stakeholders input. It does not 

specify whether input from stakeholders not considered should be recorded. Neither does the 

framework require recording of the reasons for non-consideration of such input. Thus it is 

possible that stakeholders may be consulted for merely endorsing risk assessors’ resolutions 

rather than for the purposes of learning from them. It is therefore fundamental that this 

framework goes a step further into detailing the procedures to be adopted for handling 

stakeholders’ input, particularly documentation issues. 

6.3.6 Cumulative Risk Assessment Frameworks 

Cumulative risk assessments (CRA) [6-8] place strong emphasis on assessment of combined 

exposures, their multiple effects, sources, pathways and routes of exposure rather than single 

stressor’s source, pathway, exposure route and effect. Evidently they seem to portray a more 

holistic and embracing approach to real life environmental stressors by embracing the notion 

of possible additive, synergistic or antagonistic reactions of stressors of human health. A point 

of congruence in these frameworks is the emphasis on problem formulation as a point of 

departure with regard to conducting combined multiple exposures and multiple effects (Table 

5.1). However, these frameworks appear predominantly science- centric rather than worker- 

centric. Their emphasis is purely on exposure assessments, dose response and risk 

characterisation. Emphasis on: i) the consultation of stakeholders such as workers and risk 

communication, ii) input methodologically sound epidemiological studies, iii) a stakeholder 

consultation guideline and risk communication is lacking (Table 6.1). Also, since CRA seem 

to be resource intensive and complicated even for developed countries with the best 

technologies and expertise, their application in assessing occupational risks of waste workers 

in resource constrained scenarios like in developing countries may pose a real challenge.  
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6.3.7 Rampal & Sadhra’s Proposed Model for Occupational Health Risk Assessment 

and Management, 1999 [9] 

The model provides a roadmap for occupational risk assessment and management. It consists 

of two distinct phases: risk assessment and risk management. These phases are supported by 

results from the audit and review process (Figure 6.5). Overall, the model has various 

limitations that dwarf its value in the context of occupational health risk assessment and 

management (Table 6.1). Firstly, it does not have a component on problem formulation (Figure 

6.5). Yet a cross-cutting theme in contemporary frameworks for human health risk assessment 

is the heavy emphasis placed on the relevance of the problem formulation component [1-8]. 

Without deliberate efforts to identify the real problems in work environments, to set objectives 

and action plans, this model appears difficult to implement. Evidently, embracing the 

component of problem formulation may add value to this model. 
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Figure 6.5: Sadhra and Rampal proposed model for occupational health risk assessment 

and management [9] 

Additionally, the model appears non-collaborative and not interactive. This assertion is 

justified on the basis that it lacks emphasis on the value of stakeholder consultations in both 

the processes of risk assessment and risk management (Figure 6.5). Applied in the waste 

management occupation, the model implies that stakeholders like municipal solid waste 

workers whose occupational tasks entail coming into contact with diverse chemical, biological, 

mechanical, ergonomic and physical risks have no say in both the assessment and management 

of their work-related risks. Clearly the model shuns out the concerns and preferences of both 

affected and interested parties. Resultantly, this oversight negates the richness, depth and 

diversity of stakeholders’ input and feedback in various aspects in relation to the application 

of the model. Inevitably, this may further cripple the opportunity for the risk assessors and risk 

managers to learn from the stakeholders. Additionally, this in turn may limit the potential for 

continual improvement in the conduction of the occupational health risk assessment and 

management processes.  
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Rampal and Sadhra’s model [9] heavily dwells on the scientific rather than the social influences 

of the risk assessment process. Notably social influences such as stakeholder’s opinions are 

completely left out in favour of purely scientific inputs to risk assessment such as toxicological 

assessment, exposure modelling, quantitative risk assessment and epidemiological and clinical 

assessment. Therefore, this model is grossly science-centric rather than stakeholder-centric in 

its approach to risk assessment and management. Contemporary literature [14, 15] has 

supported the notion of stakeholder engagement, particularly workers, with regard to 

workplace safety promotion. Consequently, a possible improvement to this model could be 

embracing the need to engage in sound, multi-disciplinary stakeholder consultations.  

Paradoxically, whilst stakeholders’ consultations are encouraged in modern bottom-up 

governance systems, they are often costly in terms of financial, human resources and time 

requirements. Thus on the positive, Rampal and Sadhra’s model is cost-effective by not 

subscribing to the notion of stakeholders’ consultation. In the waste management industry 

stakeholders include waste workers, their safety committees, waste managers, researchers and 

all categories of waste generators. Given the diversity of concerns of each of these parties there 

is no guarantee that stakeholders’ consultation will yield consensus, thus reinforcing the 

position for negating stakeholders’ consultation in some discussed frameworks.  

Whilst Rampal and Sadhra’s model embraces the role of epidemiological assessments in 

informing the hazard identification process, it does not explicitly enlighten us on the required 

quality of such epidemiological assessments. Arguably, methodologically sound 

epidemiological studies with emphasis on better sample sizes of both study groups and control 

groups may yield valuable information on the nature of health risks faced by workers. 

Although this model contains a component on risk communication, this component appears 

misplaced. More explicitly, risk communication has been unfairly relegated to a terminal 

process that comes after completing the risk assessment process (Figure 6.5). Given the value 

of risk communication in the problem formulation stage and in the conduction of the entire risk 

assessment processes, the current study observes that this loophole in the model may be 

rectified by adoption of risk communication as an on-going rather than as a terminal process. 

Similarly, portraying surveillance as an end product in the model defeats the rationale of 

surveillance as a concept and secondly as a component of this model. According to the World 

Health Organisation [16] surveillance refers to the on-going systematic collection, analysis, 

interpretation and dissemination of data for the purpose of prevention, improving health, work 
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ability and well- being of the labour force. Arguably, portraying surveillance as an end-product 

alienates both the “on-going” cardinal feature of surveillance and the purpose of surveillance 

as propounded by the World Health Organization. Resultantly, surveillance does not seem to 

serve any purpose in this model since prevention and control are portrayed as leading to 

surveillance and not otherwise. 

Moreover, the model has no deliberate emphasis on documentation of procedures and results 

of either risk assessments or management. Yet documentation provides a reference point for 

tracking progress, auditing and review purposes as well planning new changes and 

improvements. Finally the model offers no judgement criteria in assessing occupational health 

risks. 

6.3.8 Netherlands Periodic Medical Surveillance [10] 

Kuijer and Frings-Dresen [17] contend that a job specific periodic medical surveillance was 

developed in the Netherlands to detect the early signs of work related disease and to regularly 

monitor refuse collectors’ work ability. The surveillance approach does not contain a problem 

formulation component (Table 6.1). Worker’s consultations are emphasized through 

highlighting the need to use predesigned questionnaires for collecting qualitative data from 

workers. But it is unclear whether these are job specific standardised and validated 

questionnaires. Unstandardized and unvalidated data collection instruments have limitations 

with regard to validity and reliability issues. Moreover, previous research has registered 

concerns on the questionnaire reliability [18, 19] and sensitivity [20]. The Netherlands 

approach [10] to assessing health risks of waste workers has provision for subsequent 

triangulation of gathered questionnaire data using medical tests such as lung function tests. In 

light of the complexity of resource management, such a screening level approach could be a 

useful decision - point prior to conducting an in depth analysis. 

The concept of periodic medical surveillance appears narrower in scope with regard to 

assessing occupational health risks of municipal solid waste workers. Firstly, periodic medical 

surveillance is just a small component of workers’ health surveillance. Workers’ health 

surveillance includes but is not confined to pre-placement or pre-employment medical 

examinations, exit or termination of employment medical examinations and post sickness 

resumption of duty medical examinations. Evidently, the Netherlands periodic medical 

surveillance merely covers a small portion of workers’ health surveillance. Also, work 

environment surveillance is not covered. Clearly Netherlands surveillance approach [10] 



90 
 

appears concerned about certifying whether the worker is fit to work in an unsafe environment 

rather than certifying whether the environment is fit for workers to work in it. Therefore, this 

model requires broadening to incorporate the assessment of the work environment. 

Additionally, embracing of input of toxicological assessments in the model is lacking (Table 

6.1). However the Netherlands surveillance approach does not specify the judgement criteria 

to be used for describing the worker fitness status for various waste management tasks. Such a 

scenario has the potential to generate and foster inconsistencies and ambiguity with regard to 

how medical practitioners describe and communicate the outcomes of such surveillance efforts. 

Probably inclusion of judgement criteria may add value to the Netherlands Periodic Medical 

Surveillance approach with regard to consistency and uniformity of surveillance results 

description and communication. It will be a step in the right direction for the model to clearly 

emphasize the value of risk communication. 

6.3.9 ILO’s Occupational Health Surveillance approach [11] 

Assessment of workers' health is one of the main components of any programme of prevention 

in the workplace [11]. Notably, the ILO [11] occupational health surveillance approach is a 

comprehensive and broad based guideline designed for various job scenarios. Central to this 

framework is the emphasis on both workers’ health surveillance and surveillance of the 

working environment [11]. A risk assessment of the workplace entails the processes of hazard 

identification, dose-response assessment, exposure assessment and risk characterisation which 

are science centric components. Additionally ILO [11] emphasises the need for sound record 

keeping and documentation with regard to the development, implementation and evaluations 

of workers’ health surveillance systems. The essence of data collection, analysis and evaluation 

is portrayed by ILO [11] as implementation with subsequent follow-up so as to continually 

improve working conditions and workers’ health. Further, the ILO approach [11] stresses the 

relevance of feedback with regard to improving the utility of collected information. Such 

feedback embodies the valuable concept of risk communication. The ILO approach has several 

limitations that may dwarf its applicability as a tool for assessing occupational health risks of 

municipal solid waste workers (Table 6.1). Firstly, it omits the vital component of problem 

formulation and merely starts by emphasizing collection of information from various sources. 

Also, at the level of both European countries and the international level there is currently no 

common ground or guidelines on the content and procedures of occupational health 

surveillance [11]. Such lack of a universally agreed approach to occupational health 

surveillance suggests a lack of uniformity and consistency in their performance. Nevertheless 
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it is encouraging to observe that article 6.3(a), 9.1(a) and 14 of the 1989’s European 

Communities Framework Directive detailing the need for embracing occupational health and 

safety measures offers a solid foundation for the development of universal guidelines on 

workers’ health surveillance. The emphasis on the need for methodologically sound 

epidemiological studies and judgement criteria is missing in this framework (Table 6.1). 

6.3.10 Occupational Health and Safety Assessment Series (OHSAS) 18001 of 2007 [12] 

The OHSAS 18001 [12] standard is a widely accepted British standard for which organisations 

undergo certification in order to use it. It defines Occupational Health and Safety Management 

system as part of an organization’s management system used to develop and implement its 

Occupational Health and Safety (OH&S) policy and manage its OH&S risks [12]. The 

components of the OSHAS 18001 standard offer a comprehensive basis for establishing, 

maintenance and promotion of a safe working environment. OSHAS 18001 recognises that no 

organisation is perfect and accommodates room for continual improvement by embracing the 

plan, do, check and act approach. The OSHAS system has no deliberate component on problem 

formulation (Table 6.1). Also, the emphasis on stakeholder consultation particularly workers 

is missing. Consequently, Wachter and Yorio [21] categorized OSHAS 18001 among the group 

of standards that are primarily manager or process-centric, rather than employee-centric, in 

terms of defining roles, responsibilities, and requirements. Currently, OSHAS 18001 only 

emphasizes organisational requirements for a sound safety system in terms of policies, 

procedures, processes and negates the aspect of employees’ safety behaviours that may 

generate safety risks. For instance unsafe work behaviours like repairing machinery whilst in 

motion and not wearing protective gear can contribute to injuries for such workers or their 

workmates. This suggests that OSHAS 18001 needs to place more emphasis not just on 

processes for delivering and assessing safety but also employee functional participation in risk 

assessment, management and communication.  

The benefits of using occupational health and safety management systems (OHSMS) have been 

typically restricted to large scale, multi-site organisations, often from the manufacturing sector 

[22]. Transferring these benefits to smaller businesses has been fraught with difficulty, with 

the mechanics and bureaucracy of the system itself sometimes becoming overwhelming [22]. 

These limitations apply to OSHAS 18001 in relation to the municipal solid waste management 

sector. Firstly since this field is a primarily a service delivery job and not manufacturing sector 

the success of this system in this field appears less likely. Secondly, if such success may by 

chance realised, it will most probably be in small local government structure scenarios hence 
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the system appears to have narrow application as viewed from this perspective. Noteworthy, 

OSHAS 18001 has no emphasis on : i) the input of methodologically sound epidemiological 

studies and toxicological assessments in the process of risk assessment, ii) risk communication 

component and a judgement criteria in assessing risk (Table 6.1). However the system has 

remarkably strong emphasis on documentation and evaluation of results (Table 6.1). 

6.4 General discussions 

In light of the above discussions the following general observations can be made: 

6.4.1 Strengths 

 All reviewed frameworks richly stressed the value of documentation in relation to 

conduction of risk assessments (Table 6.1). Such documentation facilitates progress 

tracking and records produced constitute useful reference material. 

 Several frameworks contained a component on stakeholder consultation [Table 6.1]. 

Such consultations may yield valuable input for informing the risk assessment process. 

 The frameworks had strong emphasis review, auditing and evaluation processes [1-12]. 

These processes can assist in continual improvement in relation to how organisations 

perform risks assessments, through identifying required changes. 

6.4.2 Shortcomings 

 The absence of a component on problem formulation in all occupational health 

frameworks [9-12], may make it difficult to set risk assessment objectives and to select 

required methods for their accomplishment [1, 3, 4]. This suggests that the proposed 

occupational framework may benefit from incorporating this valuable component, 

which is currently emphasized by frameworks on environmental pollution [1, 2] and on 

health risks to general populations [3-8]. 

 All the frameworks lacked emphasis on the input of findings from methodologically 

sound epidemiological studies, a risk judgment criteria and a stakeholder consultation 

guideline. Methodologically sound epidemiological studies have been observed to be 

requirement for establishing cause-effect relationships between waste management 

activities and associated health problems [13], whilst a risk judgment criterion is vital 

for decision making purposes. 

 Some reviewed frameworks lacked emphasis on documentation and the few which 

contained it lacked a stakeholder consultation and documentation guideline (Table 6.1) 

These issues deserve strong emphasis in the proposed framework.   
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 Equally noteworthy the frameworks lacked strong emphasis on risk communication 

(Table 6. 1). In most frameworks it was implied [3-8], embodied in feedback [10, 11], 

in some it was completely absent [2, 12], whilst in others it was not on-going but 

terminally positioned such that it did not influence the risk assessment process [9]. In 

the proposed framework, risk communication is viewed as on-going and not terminal, 

and should be considered in the implementation of all phases of the framework. 

 Most of the risk assessment frameworks reviewed [1-5, 10] were national frameworks 

probably designed for local conditions and may find limited applicability when applied 

in the wider global context. Notably, the frameworks were mainly of industrialised 

countries and none were found from developing countries such as Southern African 

countries. Technological gaps, financial, technical limitations may limit the capacity to 

apply these frameworks to developing countries. This suggests that a framework 

developed from the review of such frameworks requires validation in a developing 

country context so as to improve its applicability to circumstances in developing 

 To date no generic framework has been developed for assessing occupational health 

risks of MSWHs. The envisaged contribution of the current study to the scientific 

community is to develop this framework for use by local government structures can use 

for such purposes.  

 Rampal & Sadhra [9] proposed a model for Occupational Health Risk Assessment and 

Management. However this model appears less applicable to the task of assessing 

occupational risks of municipal solid waste workers due to the following reasons: 

firstly, the model does not have the valuable component of problem formulation. 

Without deliberate efforts to identify the real problems in waste management it is 

unforeseeable how the model can be implemented. Secondly the model is deafeningly 

silent on the value of stakeholder consultations. This regrettably shuns out the richness, 

depth and diversity of stakeholders’ input in various phases of the framework. Finally, 

the model relegates the processes of risk communication and surveillance to the last 

stage of the framework yet these are on-going processes that should inform every stage 

of the model.   

6.5 Conclusions 

The following conclusions can be drawn from the above discussion: 

 The scientific community requires a generic framework for assessing occupational 

health risks of MSWHs. 
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 The proposed framework needs to contain the following: i) problem formulation, ii) 

input of findings from methodologically sound epidemiological studies, iii) a 

stakeholder consultation and documentation guideline and iv) emphasis on a risk 

judgement criteria.  

 Also it should consider risk communication as an on-going process rather than negate 

or place it at the terminal end of the proposed framework.  

 Conclusively, reviewed frameworks portrayed various limitations but had rich 

prospects for further improvements. They provide a base for developing a robust 

framework for assessing occupational health risks of municipal solid waste workers. 
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CHAPTER 7: DEVELOPMENT AND VALIDATION OF THE FRAMEWORK FOR 

ASSESSING OCCUPATIONAL HEALTH RISKS OF MUNICIPAL SOLID WASTE 

HANDLERS FOR USE BY LOCAL GOVERNMENMENT STRUCTURES4 

7.1 Introduction 

MSWHs are exposed to various unique occupational risks that may endanger their personal 

health [1-8]. Such risks may include bioaerosols [3, 7], physical stressors such heat, dusts, 

vibrations [3, 5] and mechanical hazards [3, 5, 6]. Other risks may arise from new waste 

collection methods [8] and the hazardous streams in domestic solid wastes [3, 5]. According to 

the author’s best knowledge, currently there is no framework that has been developed for 

assessing the exposure of MSWHs to occupational risks. The current chapter will describe how 

the findings: i) of the analysis of available epidemiological literature (chapter 3), ii) primary 

data collection (chapter 4 and 5) and iii) a review of available frameworks (chapter 6), were 

used to develop a draft framework for assessing occupational health risks of MSWHs. This 

will require a brief revisit and elaboration of some key findings in these previous chapters  

 

Also, the present chapter will discuss how the developed framework was validated and the 

resolutions from the workshop validation iterations. These resolutions were used to revise and 

refine the framework. Lastly, the current chapter will elaborate on the final components of the 

validated framework. 

7.2 Input data for the framework 

 Evidence from an earlier review of epidemiological studies (chapter 3) on MSWM showed 

that most studies could not conclusively link waste management processes with adverse health 

effects, due to their methodological shortcomings [2]. Basing on these conclusions, the 

proposed framework emphasizes the need for local government structures’ waste managers to 

engage in methodologically sound investigations and use findings from methodological sound 

studies in the risk assessment process. This is input 1 in the framework as illustrated later in 

Figure 7.1.  

Identification of hazards to be considered in the framework for assessing occupational health 

risks of MSWHs and exposure assessment of biological, physical and chemical are reported in 

                                                           
4 Manuscript under review: Global Journal of Health Science 
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the thesis’ chapters 4. The chapter showed that MSWHs are exposed to biological, chemical 

and physical hazards that may jeopardise their personal health  

Chapter 5 elaborated the risky jobs actions of MSWHs. Particularly, MSWHs use unsafe 

working postures when performing waste collection tasks. Taken together, research findings 

from chapter 4 and 5 constitute output 1 in phase 1 of the framework (Figure. 7.1).  This output 

details the categories of waste management hazards to be addressed in the risk assessment 

process.  

Chapter 6 presented the findings of a review of existing frameworks. Their strengths and 

limitations were discussed. This chapter will briefly revisit the sections on how the frameworks 

were selected and reviewed prior to showing how the review findings were used to develop the 

draft framework. 

7.3 Framework selection 

This section was elaborated in chapter 6. However it is briefly revisited in this section to show 

how the framework learns from available frameworks. The internet framework search process 

involved using combinations of the terms: assessment, environmental, framework, 

management, model, occupational, risk and waste. Frameworks to be included in the review 

had to meet the criteria shown in Box 1. For each framework, references were checked to 

identify additional frameworks meeting the inclusion criteria. 

 

Box 7. 1: Framework inclusion and exclusion criteria 

Inclusion criteria 

(1) had a direct focus on environmental, human health or occupational health issues,  

(2) contain a diagrammatic representation of the components,  

 (3) have a verifiable and authentic source,  

(4) written in English language and  

(5) latest version of the concerned framework.  

 

Exclusion criteria 

(1) frameworks on effluent,  

(2) nanomaterial,  

(3) water pollution and  

(5) cancer  
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A total of 49 frameworks were found and only 12 met the inclusion criteria described in Box 

1. Each selected framework was examined with regards to emphasis on: problem formulation, 

toxicological assessments, risk judgement criteria, documentation, stakeholder consultation, 

risk communication, evaluation and consideration of findings from methodologically sound 

epidemiological studies.  

7.4 Development of MSWH focused framework  

A SWOT analysis of available environmental and human risk assessment frameworks was 

done.  Table 6.1 shows the findings of the SWOT analysis on the enrolled frameworks. Most 

frameworks were freely available online for public use. The reviewed frameworks focused on 

three main issues: (1) environmental pollution [9, 10], (2) health risks to general populations 

[11-16] and (3) generic occupational settings [17 - 20]. The absence of a component on problem 

formulation in all occupational health frameworks [17-20], may make it difficult to set risk 

assessment objectives and to select required methods for their accomplishment [9, 11, 12]. 

Therefore, problem formulation has been considered a core component of the proposed 

framework (Figure. 7.1). Additionally, all the frameworks lacked emphasis on the input of 

findings from methodologically sound epidemiological studies, a risk judgment criteria and a 

stakeholder consultation guideline (Table 7.1). Methodologically sound epidemiological 

studies have been observed to be requirement for establishing cause-effect relationships 

between waste management activities and associated health problems [2], whilst a risk 

judgment criteria is vital for decision making purposes. Some reviewed frameworks lacked 

emphasis on documentation and the few which contained it lacked a stakeholder consultation 

and documentation guideline (Table 7.1). Wachter and Yorio [21] conclude that because of 

lack of worker engagement, the Occupational Safety and Health Assessment Series (OSHAS 

18001) [20] is not worker centric but process-centric. In the light of the lack of a stakeholder 

consultation and documentation guideline, the proposed framework provides this required 

guideline (Figure. 7.3). Equally noteworthy, the frameworks lacked strong emphasis on risk 

communication (Table 7.1). In most frameworks it was implied [11, 12-16], embodied in 

feedback [18, 19], in some it was completely absent [10, 20], whilst in others it was not on-

going but terminally positioned such that it did not influence the risk assessment process [17]. 

In the proposed framework, risk communication is viewed as on-going and not terminal, and 

should be considered in the implementation of all phases of the framework. 
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Table 7.1: Strengths and shortcomings of reviewed frameworks 

MSES: Methodologically sound epidemiological studies, OHS: Occupational health surveillance = present; - = absent;  = present but terminal; ≠ = 

implied; ** = embodied in feedback, HCN: Health Council of Netherlands; NSOM: Netherlands Society of Occupational Medicine 

 

 UK [1] HCN [2] Canada [3] USEPA[4] Australia [5] CRA [6-8] Rampal & 

Sadhra  [9]  

NSOM [10] ILO [11] 

 

OSHAS 

18001[12] 

Framework    

focus 

 

Criterion 

Assessment 

& 

management 

Assessment 

&  

management  

Assessment 

&  

management 

Assessment 

& Decision 

making 

Assessment 

& 

management 

Combined 
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& effects  
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environment 

surveillance 
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surveillance 

Accidents 

& injuries 

prevention 
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Figure 7.1: Draft framework for assessing occupational health risks of MSWHs. 

Phase 1: Evidence-based problem formulation 

Outputs 

Output I: Identification and description of waste 

management hazards to be examined in the risk 

assessment. They may fall in broad categories: 

ergonomic, biological, chemical and mechanical. 

Output II: Setting objectives of the risk 

assessment 

Output III: Developing methods for assessing 

identified hazards and meeting set objectives. 

 

Phase II: Assessment of waste 

management risks 

Outputs 

Output I: Identification of 

affected categories of MSWHs. 

Output II: Nature of risks, 

sources, exposure pathways, 

mode of action. 

Output III: Develop and apply a 

context -specific risk judgment 

criteria. 

Inputs 

Input I: Findings from 

improved epidemiological 

studies 

Input II:  Occupational 

health surveillance 

reports and legislation 

requirements 

Input III: Toxicological 

assessments 

Phase III: Decision making 

Outputs 

Output I: Determination of 

low risks requiring 

monitoring. 

Output II: Determination of 

priority risks requiring further 

interventions. The priority 

risks shall be the primary focus 

of phases IV, V, VI in the 

framework.  

 

 

Input IV: Incidents & 

accident investigation 

reports 

Phase IV: Risk reduction 

Outputs 

Output I: Development & implementation of risk management plans 

for addressing priority risks. Such plans may encompass: Standard 

Operating Procedures (SOPs), competency based training and task 

performance supervision. 

Guiding principles in the entire risk assessment process 

Principle I: Risk communication to affected and interested parties 

Principle II: Learning and continual improvement  

Principle III: Consultation of MSWHs & other stakeholders   

Principle IV: Documentation 

Phase V: Monitoring, review and 

evaluation 

Outputs 

Output I: Identification of required changes. 

Output II: Details of unresolved & new 

risks. 

Output III: Details of strengths to build on, 

achievements made & opportunities. 

Phase VI: Reporting 

Outputs  

Output I: Reports on occupational 

health risks of MSWHs. 

Output II: Detailed description of 

findings from the monitoring, review 

and evaluation of implemented 

actions. 

Input V: Results, 

conclusions & 

recommendations from 

previous assessments 
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7.5 Validation process for the developed framework  

A multi-step approach was used to validate the developed framework through conducting 

workshops in large, medium and small local government structures. The purpose of the 

validation workshops was to test the applicability of the developed framework to the 

circumstances of different local government structures and improve it guided by their 

experiences and expertise.  

7.6 Setting for framework validation 

Validation workshops for the proposed framework were conducted in Zimbabwe, a low income 

country [24]. The rationale was to develop a framework which could be used by municipalities 

in countries with similar resource-constrained economies. The study used a local government 

structure in the form of a municipality, city or town council.  

 

Three different local government structures were used for the validation exercise: Bulawayo 

City Council, the municipality of Gwanda and of Bindura. Bulawayo City Council was chosen 

on the basis that it is a large town (second largest in Zimbabwe) with diverse expertise in 

municipal solid waste management. Gwanda town has a medium sized municipality with few 

waste management officers but works with the health ministry and local tertiary education 

colleges, to deliver sound waste management programmes. In this town, participants who took 

part in the validation exercise were environmental health officers, technicians, health training 

officers and lecturers from local colleges. Bindura is a small town with three officers in charge 

of waste management activities: a director and two Environmental Health Technicians. 

Furthermore, the framework was presented in a Safety and Health at Work (SHAW) 

conference, which was held in Harare in the period 4-6 October 2017, at Rainbow towers. 

Figure 7.2 shows the four towns in which the validation of the framework was done. These are: 

Gwanda, Bulawayo, Harare and Bindura. 
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Figure 7.2: Map of Zimbabwe depicting the towns in which the framework was 

validated 

7.7 Stakeholder composition 

Attendees of the validation workshop included the Acting Director of Health Services, the 

Assistant Director of Environmental Health Services, the Deputy Chief Nursing Officer, 

Environmental Health Officers, Public Health Officers, Health Promotion Officers, Health and 

Safety Officers, Pest Control Officers, Cleansing Supervisors, Cemeteries and Crematorium 

Officers and Sanitary Engineers. Such diverse expertise and experiences provided valuable 

opportunities to learn and improve the proposed framework. The attendees of the safety and 

health conference were occupational health and safety officers, researchers and policy makers.  
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7.8 Process for stakeholder input 

The proposed framework was presented in the workshops, including description of how it was 

developed, its purpose, components and principles. Participants were split into groups of 5 - 10 

members, given copies of the proposed framework and tasked to determine: (1) if there were 

any required improvements or changes on each component of the framework, (2) whether there 

were additional components deserving inclusion and (3) and the suitable conditions for the 

usage of the framework. In this context suitable conditions meant whether the framework 

needed to be used as a pre- assessment tool or as an assessment tool or whether it was 

completely not useable. The groups presented their work and discussions were held.  

Group discussions were used to engage participants in critical thinking [22] and provide 

different interpretations of the given situation, [23] both of which could have contributed to the 

identification of required framework improvements (Table 7.3).  

7.9 Iterations towards proposed framework  

The resolutions iterations from the validation workshops were used to improve the draft 

framework to its current status (Figure. 7.3). Several resolutions were made on the framework 

in the validation workshops (Table 7.3). Firstly, the draft framework (Figure. 7.1) contained 

the input, “results from improved epidemiological studies,” prior to validating it. However, in 

the validation workshops, participants felt that such phraseology was less clear and not self-

explanatory to waste management practitioners who should understand it without referring to 

the review article [2]. They recommended replacing it with, “results from methodologically 

sound epidemiological studies.” Since the limitations identified pertained to methodological 

shortcomings [2], this constructive suggestion was incorporated in the framework and 

constitutes input 1 (Figure. 7.3).  

 

Secondly, policies and legislation were recommended for inclusion as another input (input II) 

to the proposed framework. This addition was justified on the basis that requirements, 

omissions and contraventions of available policies and legislation are a source of information 

which waste managers can use in phase 1 of the proposed framework. In the workshops, 

participants operationalised the term legislation to mean applicable local by-laws, national laws 

and international conventions, protocols and agreements, in the context of the proposed 

framework.  
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Thirdly, participants suggested combining two of the initial framework inputs into one. These 

were “toxicological assessments” and “incident and accident investigations.” These were 

observed to be qualifying as sub-components of the broader proposed input, “occupational 

health surveillance." Resultantly, the refined framework contains occupational health 

surveillance, which is input III. Further, results, conclusions and recommendations from 

previous assessments were highlighted to a valuable input in subsequent risk assessments. They 

were stressed as instrumental in identifying needed changes and improvements. Additionally, 

the workshop participants suggested inclusion of waste characterisation to the list of phase 1’s 

outputs. They defined waste characterisation as the physical waste compositional analysis and 

emphasized that the composition of municipal solid waste generated in each town differs in 

terms of quantities of health-threatening ingredients such as toxic, infectious and mechanical 

hazards.  

 

Finally, the concept of consultation of workers was reinforced and the principle was broadened 

to elaborately highlight not only consultation of MSWHs but also managers. The widening of 

the pool of stakeholders to be consulted, particularly the inclusion of practitioners such as waste 

managers improves the opportunities to yield valuable input for informing the risk assessment 

processes. Further, the framework validation workshops culminated in a recommendation to 

include the development of an organisational occupational safety and health (OSH) policy as 

phase IV’s output I (Figure. 7.3). Such a policy was understood to be the springboard for 

uniting MSWHs, waste managers and relevant stakeholders, in efforts towards safety and 

health promotion. 
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Table 7.2: Resolutions from framework validation workshops 

Participants No. Workshop resolutions 

Bulawayo City Council 

- Director of Health Services 

- Deputy Director Environmental Health 

- Deputy Director of Nursing Services.  

- Environmental Health Officers and 

Technicians 

- Public Health Officers 

- Health Promotions Officers 

- Cleansing Supervisors 

- Senior Health and Safety officer  

- Senior Pest control Supervisor 

- Crematories and crematorium officers 

- Sanitary engineers 

- Administration officers 

 

1 

1 

1 

7 

 

2 

2 

5 

1 

1 

1 

1 

4 

- The first framework’s input, “improved epidemiological studies” was considered to be less direct 

and was refined to, “methodologically sound epidemiological studies.” 

- The practitioners suggested adding “policy and legislation requirements” to the framework inputs 

- The term legislation was operationalised to mean applicable local by-laws, national laws and 

international conventions, protocols and agreements 

- Also added “waste characterisation” to the list of phase 1outputs. 

- The framework inputs, “toxicological assessments” and “incident and accident investigations,” 

were combined into the broader term, “Occupational Health Surveillance.” 

- An additional output was added to phase IV:   “formulation of occupational health policies.”  

- Principle I revised to read, “Consultation of MSWHs, managers and other stakeholders.” Initially, 

it read, “consultation of MSWHs and other stakeholders. 

- Framework noted to be suitable as an assessment tool. 

  

Gwanda Municipality 

- Environmental Health Officers and 

Technicians 

- Lecturers and tutors of local colleges 

- Health Training Officers 

 

 

7 

2 

1 

- Psychological hazards were added to possible hazards, in phase 1. 

- Waste characterisation was added to the list of phase 1’s outputs. 

- Waste characterisation was contextualised to mean the physical waste compositional analysis. 

- Framework observed to be a crucial assessment tool. 

Bindura Municipality 

- Director of Environmental Health Services 

- Environmental Health Technicians 

 

1 

1 

- The comments were similar to those raised by the personnel from Gwanda Municipality.  

- Framework was endorsed as an assessment tool, without major changes 

Safety and Health Conference 

Occupational health and safety officers, researchers 

and policy makers 

>200 

 

- The framework endorsed as a useful assessment tool for occupational health risks of MSWHs. 
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 Figure 7.3: Final framework for assessing occupational health risks of MSWHs.   

Phase 1: Evidence-based problem formulation 

Outputs 

Output I: Identification and description of waste 

management hazards to be examined in the risk 

assessment. They may fall in broad categories: 

ergonomic, biological, chemical, psychological and 

mechanical. 

Output II: Waste characterisation 

Output III: Setting objectives of the risk assessment 

Output IV: Developing methods for assessing 

identified hazards and meeting set objectives. 

Methods: workshops 

 

Phase II: Assessment of waste 

management risks 

Outputs 

Output I: Identification of 

affected categories of MSWHs. 

Output II: Nature of risks, 

sources, exposure pathways, 

mode of action. 

Output III: Develop and apply a 

context -specific risk judgment 

criteria. 

Methods: workshops 

 

Inputs 

Input I: Findings from 

methodologically sound 

epidemiological studies 

Input II:  Policy and 

legislation 

requirements 
Input III: Occupational 

health surveillance 

reports  

Phase III: Decision making 

Outputs 

Output I: Determination of low 

risks requiring monitoring. 

Output II: Determination of 

priority risks requiring further 

interventions. The priority 

risks shall be the primary focus 

of phases IV, V, VI in the 

framework.  

Methods: workshops 

 

 
Input IV: Results, 

conclusions and 

recommendations of 

previous assessments 

Phase IV: Risk reduction 

Outputs 

Output I: Development of an Occupational Safety and Health (OSH) 

policy. 

Output II: Development & implementation of risk management plans 

for addressing priority risks. Such plans may encompass: Standard 

Operating Procedures (SOPs), competency based training and task 

performance supervision. 

Methods: workshops 

 

Guiding principles in the entire risk assessment process 

Principle I: Risk communication to affected and interested parties 

Principle II: Learning and continual improvement  

Principle III: Consultation of MSWHs, waste managers & other stakeholders (Figure. 7.3)  

Principle IV: Documentation (Figure. 7.3) 

Phase V: Monitoring, review and 

evaluation 

Outputs 

Output I: Identification of required changes. 

Output II: Details of unresolved & new risks. 

Output III: Details of strengths to build on, 

achievements made & opportunities. 

Methods: workshops 

 

Phase VI: Reporting 

Outputs  

Output I: Reports on occupational 

health risks of MSWHs. 

Output II: Detailed description of 

findings from the monitoring, review 

and evaluation of implemented 

actions. 

Methods: workshops 
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7.10 Description of components of the developed framework. 

 

The structure of the developed framework follows the risk assessment and management 

decision process. The four inputs (Figure. 7.3) provide crucial evidence for the formulation of 

waste management problems to be addressed in the risk assessment. The framework’s outputs 

in each phase serve to guide and focus the risk assessment process.  Figures 7.3 and 7.4 

constitute the final format of the developed framework and should be used together. The 

framework should be implemented following the chronological order in which the phases are 

labelled. Thus phase one is the starting point and is informed by the framework inputs. At each 

phase of the framework there are key envisaged outputs. It is not advisable to proceed to the 

next phase without meeting all the envisaged outputs of the previous phase.   

 

7.10.1 Phase 1: Evidence-based problem formulation 

In phase I, output I’s thrust is on the identification and description of waste management 

hazards to be examined in the risk assessment. In order to achieve this, the sources of 

information are the framework inputs (Figure. 7.3). Output II focuses on waste characterisation. 

This involves performing a physical waste compositional analysis to identify the potential 

hazards associated with each waste stream. Collectively, output I and II culminate in the 

tabulation of a complete list of hazards deserving consideration in phase II. The list is the basis 

for setting objectives of the risk assessment (output III) and developing or identifying methods 

for assessing each hazard (output IV). 

7.10.2 Phase II: Assessment of waste management risks  

 

Once phase I has been completed, the specific categories of MSWHs affected by each identified 

hazard are defined. This may facilitate identification of priority risks for each category. From 

validation workshops, the main categories of MSWHs were identified as: waste collectors, 

street and open areas sweepers, drivers, landfill operators, and those who man central waste 

collection points. Some issues to be addressed at the assessment phase are: what are the sources, 

exposure pathways mode of action of the identified hazards? Where information is not 

available it is advisable to make use of data bases such as IRIS and TOXNET. 

 

Since outcomes of the assessment process influence the contents of the risk management plan 

(Figure. 7.3), precautions must be taken to ensure that results are accurate and reflective of real 
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situations on the ground. This may require assembling a multi-disciplinary team so that 

members complement each other’s competencies and measures such as field visits to observe 

and document hazards of waste management operations. One key concern missing in reviewed 

frameworks was a risk judgement criterion (Table. 7.2). This shortcoming is a key output of 

the developed framework (Figure. 7.3). A resolution made from the validation workshops was 

that each local government structure should develop its own risk judgement criteria to address 

local scenarios. Further, participants recommended that the concerned criteria needs to address 

the following issues: (1) regardless of the likelihood of occurrence being low or moderate, risks 

contributing to death, incapacitation and irreversible health damage required inclusion in the 

priority risk management plan and (2) risks with low, moderate or high probability of 

occurrence but low severity need to be considered under a routine monitoring plan.  

 

7.10.3 Guiding principles in the developed framework 

The proposed framework emphasises adherence to four main principles when assessing waste 

management risks (Figure. 7.3). Since the principles apply to all phases of the framework, they 

were placed at a central position rather than under a particular phase.  

Principle I “learning and continual improvement” recognises that no local government structure 

is perfect but opportunities exist for improvement with regard to assessing occupational health 

risks of MSWHs. Considering findings from the framework inputs in problem formulation 

(Figure. 7.3) could assist in continual improvement.  

Principle II pertains to prompt communication of all identified risks to MSWHs and other 

stakeholders. Such communication is envisaged to increase workers’ awareness of the 

workplace hazards and appreciation of the importance of the risk management plans 

highlighted in phase IV (Figure. 7.3). In the developed framework risk communication together 

with other principles were centrally positioned, in order to show they should be considered in 

every phase of the framework (Figure. 7.3). Methods of risk communication may include 

competency based training, feedback meetings, signage and publication of research findings. 

Principle III of the framework refers to consultation of MSWHs, managers and other 

stakeholders. Since MSWHs and their managers’ routine work activities entail dealing with 

waste, consultation might help to fully identify occupational risks and to instil a sense of 

ownership and positive identification with the proposed framework. The notion of involvement 
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of workers and management in safety promotion is strongly supported by several past studies 

[25-27].  

Principle IV is on documentation. Identified documents which local government structures may 

need to keep include standard operating procedures, reports from job safety analysis, safety 

inspections, epidemiological studies and surveillance. A reference document may foster 

uniformity, consistency, continual improvement and ultimately perfection in the performance 

of waste management tasks. The framework contains a stakeholder consultation and 

documentation guideline (Figure. 7.4). The guideline describes the approach and content of 

stakeholder consultation and documentation of input. The purpose of the guidelines is to 

improve on the management of information generated from stakeholder consultations and other 

phases of the framework. It highlights the need to record both accepted consensus discussion 

points during stakeholder consultations and rejected input together with reasons for no-

consideration. Figure 7.4 also depicts the approximate time required to perform each step. 

However, the timeframe is merely a guide and is subject adjustment to suit local circumstances. 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure. 7.4: Stakeholder consultation and documentation guideline 

 

Definition of terms of reference 

(objectives & scope) 

Time ≤ 4hrs 

 

Team develops or selects 

interactive consultation tools 

Time: 2- 3days 

Stakeholder consultation:  

MSWHs, waste managers 

& other stakeholders 

Time = 1week 

Document stakeholders’ input & feedback 

Time: 1- 2weeks 

Document rejected input & reasons 

for non-consideration 

Document consensus 

points (accepted input) 

Filling system (must consider safe information storage 

& easy retrieval for future uses  

Time: 1-3 days 

Analysis & application of results in the framework e.g. in problem formulation as shown in figure 6.2 

Time: 2-5 days 

Assemble a multi-

disciplinary team 

Time: 2days 
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 7.10.4 Phase III: Decision making 

In the developed framework, the assessment of risks encountered by MSWHs culminates in 

decision making. Decision making in this context means making judgement on which risks are 

priority risks requiring further interventions and the low risks requiring continuous monitoring. 

The priority risks shall be the primary focus of phases IV, V and VI in the framework. A 

checklist with scores maybe used in decision making. For example, postural risks at the upper 

limbs when lifting, carrying and emptying a refuse bin can be assessed using the Rapid Upper 

Limb Assessment Methodology (McAtamney and Corlett, 1993; Mukhopadhyay & Khan, 

2015).The cumulative risk scores show the level of the postural risk associated with the work 

practices when performing the task and the required action. For example: 1- 2 depict a 

negligible risk, 3 - 4 low risk meaning changing may be required, and 5 - 6 medium risk 

requiring corrective changes, above 6 risk is unsafe and changes are required urgently. The 

process of quantification of the risk associated with each risk should consider the applicable 

legislative requirements, standards and guidelines.   

 

7.10.5 Phase IV: Risk reduction 

Output 1 pertains to the development of an organisational OSH policy as phase IV’s output I 

(Figure. 7.3). The policy is envisaged to unite MSWHs, waste managers and relevant 

stakeholders in efforts towards safety and health promotion. Thus, it should detail the 

organisational vision, mission, values and aims. Output II emphasizes the need to develop and 

implement a risk management plan on the identified priority risks. The plan may encompass 

standard operating procedures, competency based training and task performance supervision 

(Figure. 7.3). During implementation there is need to collect data or feedback on the 

applicability of selected interventions and areas for further improvement.  

 

7.10.6 Phase V: Monitoring, review and decision making 

The focus of this phase is on coming-up with a monitoring frequency, requirements and 

methods for each hazard in the priority risk management plan. Some hazards to be monitored 

include bioaerosols, noise, heat and working postures. This framework does not attempt to 

prescribe a fit all frequency of monitoring but encourages responsible authorities to: (i) 

determine a workable monitoring frequency and (ii) affordable and reliable tools to monitor 

each hazard contained in priority risk management plan. Where available it may be helpful to 

prioritise using validated standard techniques. As an incentive to adoption and usage of the 
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framework, the author is willing to provide further guidance and training in relation to its 

implementation. Also, the framework will be published to communicate it to the wider 

scientific community.  

In the framework, phase v has three outputs. Output I stresses the need to identify required 

changes. The changes may relate to the process and methods used in the risk assessment or 

existing plans to address waste management risks. The idea behind identifying required 

changes is to learn from the shortcomings and further improve in line with principle II (Figure. 

7.3). New and unresolved risks need to be documented for further consideration (output II). 

Achievements made and limitations encountered should be recorded (output III), in order to 

show the nature of improvements made.  

7.10.7 Phase VI: Reporting 

Phase VI focuses on reporting. The framework places the responsibility of reporting the 

outcomes of the risk assessment on waste managers. The reports on occupational health 

surveillance, vehicle safety inspections, epidemiological studies and job safety analysis should 

be compiled, reported to relevant authorities and properly filed.  Reports may yield valuable 

information not just for review but problem formulation (Figure. 7.3). 

7.11 Conclusions  

This study has benefited from the contributions of the varied pool of expertise who participated 

in the framework validation workshops. The applicability of the framework to situations of 

resource-constrained economies has been tested through validation workshops in small, 

medium and large local government structures of a low income country. The framework was 

revised and refined based on the validation outcomes. In light of the multi-methods used in 

developing the framework and the input of practitioners in validation workshops, the 

framework appears relevant for the purposes of assessing occupational health risks of MSWHs.  

Its emphasis is on evidence-based problem formulation, defined outputs per each risk 

assessment phase and is hinged on four principles: i) risk communication, ii) consultation of 

MSWHs, waste managers and other stakeholders, iii) learning and continual improvement and 

iv) documentation. The developed framework fills the existing gap of lack of a framework for 

use by local government structures in assessing occupational health risks of MSWHs. 

 

  



113 

7.12 References 

1. Dorevitch S and Marder D. Occupational hazards of municipal solid waste workers. 

Occup Med; 2001; 16: 125-133.   

2. Ncube F, Ncube EJ and Voyi K. A systematic critical review of epidemiological studies 

on public health concerns of municipal solid waste handling. Perspect in Public Health; 

2017: 137: 102-108. 

3. Ncube F, Ncube EJ and Voyi K. Bioaerosols, noise and ultraviolet radiation exposures 

for municipal solid waste handlers. Journal of Environmental and Public Health. 

https://doi.org/10.1155/2017/3081638. 

4. Ncube F, Ncube EJ and Voyi, K. Postural analysis of a developing country’s municipal 

solid waste handlers and a reference group of hospital general hands using the RULA 

method. Global Journal of Health Science; 2017; 9: 194-200. 

5. Jerie S. Occupational risks associated with solid waste management in the informal 

sector of Gweru, Zimbabwe. Journal of Environmental and Public Health 2016. 

http://dx.doi.org/10.1155/2016/9024160.  

6. Tsovili E, Rachiotis G, Symvoulakis EK, Thanasias E, Giannisopoulou O, Papagiannis 

D, Eleftheriou A and Hadjichristdoulou C. Municipal waste collectors and hepatitis B 

and C virus infection: a cross-sectional study. Infez Med; 2014; 22: 271-6. 

7. Heldal KK, Halstensen AS, Thorn J, Djupesland P, Wouters I, Eduard W and 

Halstensen TS. Upper airway inflammation in waste handlers exposed to bioaerosols. 

Occup Environ Med 2003, 60: 444-450. 

8. Kuijer PPFM and Frings-Dresen MHW. World at work: Refuse collectors. Occup 

Environ Med 2004; 61: 282-286.  

9. U.K department for environment, food and rural affairs and the collaborative centre of 

excellence in understanding and managing natural and environmental risks. Guidelines 

for environmental risk assessment and management. UK: DEFRA; 2011. 

10. Health council of the Netherlands. Risk is more than just a number. Reflections on the 

development of the environmental risk management approach. The Hague: Health 

Council of the Netherlands; 1996. 

11. Health Canada. Health Canada decision-making framework for identifying, assessing, 

and managing health risks. Ottawa: Health Canada; 2000. 

12. U.S Environmental Protection Agency. Framework for human risk assessment to 

inform decision making. Washington: U.S EPA; 2014. 



114 

13. enHealth Council. Environmental health risk assessment: Guidelines for assessing 

human health risks from environmental hazards. Australian Department of Health and 

Aged Care and enHealth Council; 2002. 

14. World Health Organization/International Program on Chemical Safety. Assessment of 

Combined Exposures to Multiple Chemicals: Report of a WHO/IPCS International 

Workshop. Geneva: WHO; 2009. 

15. Institute of Environment and Health. Chemical Mixtures: A Framework for Assessing 

Risk to Human Health. Bedfordshire: IGHRC; 2009. 

16. U.S. Environmental Protection Agency. Framework for Cumulative Risk Assessment. 

Washington: U.S EPA; 2003. 

17. Rampal KG, Sadhra SS. Basic concepts and developments. In: Sadhra SS, Rampal KG, 

eds. Occupational health risk: assessment and management. Oxford: Blackwell 

Science: 1999; 3-21. 

18. Netherlands Society of Occupational Medicine. Guideline Worker Health Surveillance, 

2005. 

19. ILO. Technical and Ethical Guidelines for Workers’ Health Surveillance. Geneva: ILO; 

1998. 

20. British Standards Institute. Occupational Health and Safety Assessment Series 18001. 

London: British Standards Institute; 2007. 

21. Wachter JK and Yorio PL. A system of safety management practices and worker 

engagement for reducing and preventing accidents: An empirical and theoretical 

investigation. Accident Analysis and Prevention 2014; 68: 117-130. 

22. Totten S, Sills T, Digby A and Russ P. Cooperative learning: A guide to research. New 

York, 1991. 

23. Bruner J. Vygotsky: An historical and conceptual perspective. Culture, communication, 

and cognition: Vygotskian perspectives. Cambridge University Press, London, 1985. 

24. World Bank. List of economies. World Bank, 2017.  

http://databank.worldbank.org/data/download/site-content/CLASS.xls 

25. Fernadz-Mniz B, Montes-Peon JM, Vazquez-Ordas CJ. Safety culture: Analysis of the 

causal relationships between its key dimensions. J Safety Res 2007; 38: 627-641. 

26. Prussia GE, Brown KA, Willis PG. Mental models of safety: do managers and 

employees see eye to eye? J Safety Res 2003; 34:143-156. 



115 

27. Christian MS, Bradley JC, Wallace JC and Burke MJ. Workplace safety: a meta-

analysis of the roles of person and situation factors. J Appl Psychol 2009; 94:1103-

1127.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



116 

CHAPTER 8: CONCLUSIONS AND RECOMMENDATIONS 

8.1 Introduction 

The chapter provides the thesis’ general conclusions and recommendations. These were 

derived from the thesis’ investigations.  

8.2 General conclusions 

In this thesis, the author sought to develop a generic framework for assessing occupational 

health risks of municipal solid waste handlers (MSWHs). The framework has been developed, 

validated, revised, refined and submitted for examination. Conclusively, the aim of this thesis 

has been attained. 

To accomplish the aim of the study, objectives were formulated. Objective 1 sought to 

systematically review epidemiological literature on public health concerns of municipal solid 

waste handling. The objective was fully accomplished. A publication in a referred, peer 

reviewed and scientific public health journal was produced as a research output and means of 

disseminating the study findings to the wider scientific community. The review concluded that 

evidence provided by the current body of epidemiological literature was inadequate to 

demonstrate causal or non-causal relationships between municipal solid waste management 

and adverse health endpoints due to methodological limitations. Basing on these conclusions, 

the proposed framework substantially emphasizes the need for local government structures’ 

waste managers to engage in methodologically sound investigations and use findings from 

methodological sound studies in the risk assessment process.  

The thesis’ objective 2 sought to determine the work related hazards of MSWHs. The core 

findings from this objective are that MSWHs are exposed to biological, chemical and physical 

hazards that may jeopardise their personal health. A publication in an open access, scientific 

and referred public health journal was made so as to widely communicate the findings to the 

entire community of waste workers, managers, policy makers and the scientific community. A 

conference presentation was made in a public health forum in East London, South Africa, in 

the period 19-22 September 2016. More importantly, taken together, findings from this 

objective partly constitute phase 1 of the proposed framework, in particular output one. The 

output details the categories of waste management hazards to be addressed in the risk 

assessment process. In light of the findings and efforts made to disseminate them, the author is 

convinced that this second thesis’ objective has been achieved and chapter 4 fully details the 

findings on this objective. 
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Furthermore, this thesis’ objective 3 investigated the risky jobs actions of MSWHs. The study 

showed that MSWHs use unsafe working postures at the upper limbs when performing waste 

collection tasks. Consequently, output 1 under the framework’s phase 1 stresses the need to 

examine ergonomic risks of waste collection services. A publication on this objective was made 

in an open access health science journal. Chapter 5 of the current thesis details the nature of 

unsafe work postures employed by MSWHs and required intervention measures. Therefore, 

the third objective of the current thesis has been attained.  

Finally, objectives 4-7 of the current thesis, sought to develop, validate, refine, and compile a 

framework for assessing occupational health risks of MSWHs. The framework has been 

developed and validated in small, medium and large local government structures. Expert 

contributions have been incorporated into the framework resulting in its refinement and 

revision. In particular, validation outcomes entailed addition of new components, removal of 

less relevant ones, renaming some inputs and retaining some components. Conclusively, 

objectives 4-7 have been successful accomplished.  

8.3 Recommendations 

This section details the recommendations drawn the information gathered in the investigations 

conducted in line with the thesis’ objectives. The author proposes how local government 

structures and relevant stakeholders can utilise framework. Future research needs are also 

provided. 

8.3.1 Dissemination of the framework 

A multi-methods approach was utilised to produce and validate the framework for assessing 

occupational health risks of municipal solid waste handlers. A systematic review of available 

epidemiological studies was done and published in a referred journal. Field investigations 

based on thesis objectives were done and results communicated to the wider scientific 

community through publications. Peer-reviewer’s comments during the manuscripts review 

process enriched the articles. The framework was validated though conduction of workshops 

with its intended users in large, medium and small local government structures. In light of these 

crucial steps observed in developing the framework and validating the framework, the author 

proposes disseminating it to a wider community of local government structures, policy makers 

and researchers through:  
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8. 3.1.1 Framework publication  

Publication of the framework is an essential step towards communicating the framework’s 

aims, components and principles to local government structures charged with the 

responsibilities for safeguarding municipal solid waste handlers’ occupational health. 

8.3.1.2 Conference presentations 

Conference presentations were done in the period 19-22 September 2016 in the Public Health 

Practitioners Association Conference held in East London, South Africa. Findings on the 

thesis’ objectives 1 and 2 were presented and peer-reviewed. Also, the validated framework 

was presented in the Safety and Health Conference held at Rainbow Towers in the period 4-6 

October 2017, Harare, Zimbabwe. Further presentations of the validated framework in 

international conferences are required in order to: i) further disseminate it to the wider scientific 

community and ii) improve it guided by the varied expert input. Equally important, findings 

on the thesis’ objective 3 need to be shared through conference presentations. The conference 

presentations shall seek to convince the scientific community that municipal solid waste 

workers are at risk from various work related hazards that require a sound framework for 

assessing them.  

8.3.1.3 Framework utilisation by local government structures 

To the best of the author’s knowledge, no framework has to date been developed for assessing 

occupational risks of municipal solid waste handlers. Results from the validation of the 

framework demonstrated that the framework is suitable as an assessment tool for identifying, 

prioritising and managing risks for waste workers. The thesis recommends unrestricted 

application of the framework for such purposes provided the author’s original work is correctly 

acknowledged. Organisations interested in utilising this framework can benefit from the 

following incentives: i) supportive guidance from the author in relation its use, ii) sharing of 

experiences and lessons on how to further improve it, iii) scheduled training and refresher 

courses on the framework. Targeted consumers of the framework entail local government 

structures such as city councils, town councils, municipalities and rural district councils, 

charged with municipal solid waste management responsibilities. Other potential beneficiaries 

of the framework include health ministries’ environmental health departments who manage 

various waste streams generated in health institutions. The author would be glad to receive 

feedback in terms of experiences, lessons and suggestions for further improvement of the 

framework.  
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8.3.2 Recommendations on future research needs 

In line with findings and conclusions drawn from the studies conducted in the current thesis, 

the following recommendations were made: 

8.3.2.1 Methodologically sound studies 

The thesis’ objective 1 sought to review epidemiological literature on human health risks from 

waste management activities. Results from the review demonstrated that the major challenge 

with regard to tackling causality issues for epidemiological studies on waste management were 

on methodological limitations. Consequently, future research in the field should utilise sound 

research designs in form of: 

 Longitudinal rather than cross-sectional studies 

 Using larger sample sizes 

 Enrolling reference groups of comparable size to the study group 

 Minimising confounders  

8.3.2.2 Surface sampling of waste workers’ hands and nails 

The second objective of the thesis was to determine the nature of hazards found in the working 

environment of waste handlers and associated adverse health endpoints. The manuscript on this 

objective details several measurements of hazards in the work environment of municipal solid 

waste workers. Unfortunately this paper did not examine risks to workers through the ingestion 

route and this is detailed in the limitations of the study. Therefore further work is required with 

regard to conduction of surface sampling of waste handlers’ nails and palms for Escherichia 

coli and faecal coliform indicators after hand washing.  
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Oct 14 (9 days 

ago) 

 

  

 

 to me 

 
 

Dear Mr France Ncube: 
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Canadian Center of Science and Education 
----------------------------------------------------- 
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Appendix 10: Waste Compositional Analysis Form 

Waste 

Category 

DATE DATE DATE DAE DATE SUMMARY 

No of bins 

 

No of bins No of bins No of bins No of bins No of bins 

Total 

weight 

 

 

Total 

weight 

Total weight Total weight Total weight Total weight 

Total  

volume 

 

Total  

volume 

Total  volume Total  volume Total  volume Total  volume 

Vol Wt Vol Wt Vol Wt Vol Wt Vol Wt Vol Wt Vol

% 

Wt

% 

Food 

waste 
 

 

             

Paper               

Plastics               

Glass               

Toxic 

waste 
 

 

             

Potentiall

y 

infectious 

waste 

              

Rubber  

 

             

Metal 

containers 
              

Other 

wastes 
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Appendix 11: Waste Managers’ Questionnaire 

 

Researcher’s Name: France Ncube 

Student Number: 14004284 

Department of: SCHOOL OF HEALTH SYSTEMS AND PUBLIC HEALTH 

University of Pretoria 

 

Dear Participant  

 

(FRAMEWORK FOR ASSESSING OCCUPATIONAL HEALTH RISKS OF 

MUNICIPAL SOLID WASTE HANDLERS FOR USE BY LOCAL GOVERNMENT 

STRUCTURES)  

I am a PHD student in Public Health in the SCHOOL of HEALTH SYSTEMS AND PUBLIC 

HEALTH University of Pretoria.  You are invited to volunteer to participate in our research 

project on FRAMEWORK FOR ASSESSING OCCUPATIONAL HEALTH RISKS OF 

MUNICPAL SOLID WASTE HANDLERS FOR USE BY LOCAL GOVERNMENT 

STRUCTRES.  

 

This letter gives information to help you to decide if you want to take part in this study.  Before 

you agree you should fully understand what is involved.  If you do not understand the 

information or have any other questions, do not hesitate to ask us.  You should not agree to 

take part unless you are completely happy about what we expect of you. 

 

The purpose of the study is to develop a generic framework for assessing occupational health 

risks of municipal solid waste handlers 

 

We would like you to complete a questionnaire. This may take about 45 minutes.  France Ncube 

will collect the questionnaire from you at your work station.  It will be kept in a safe place to 

ensure confidentiality.  Please do not write your name on the questionnaire.  This will ensure 

confidentiality. France Ncube will be available to help you with the questionnaire or to fill it 

in on your behalf.  
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Kindly note that should you find any questions sensitive you are free not to answer them. The 

Research Ethics Committee of the University of Pretoria, Faculty of Health Sciences, telephone 

numbers 012 3541677 / 012 3541330 granted written approval for this study. 

 

Your participation in this study is voluntary. You can refuse to participate or stop at any time 

without giving any reason.  As you do not write your name on the questionnaire, you give us 

the information anonymously. Once you have given the questionnaire back to us, you cannot 

recall your consent. We will not be able to trace your information. Therefore, you will also not 

be identified as a participant in any publication that comes from this study.  

 

In the event of questions asked, which will cause emotional distress, then the researcher is able to 

refer you to a competent counselling. 

 

Note: The implication of completing the questionnaire is that informed consent has been 

obtained from you.  Thus any information derived from your form (which will be totally 

anonymous) may be used for e.g. publication, by the researchers. 

 

We sincerely appreciate your help. 

 

Yours truly, 

 

France Ncube 

 

SECTION A – PERSONAL DETAILS 

 

Designation of officer....................................    Agency..................................................... 

Qualifications..................................................................................................................... 

 

Instructions to respondents 

 

You are kindly requested to answer the following questions either by: 
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 Filling in the blank spaces provided or  

 Putting a cross in the appropriate box 

 

SECTION B – HAZARD SOURCES, NATURE AND RISKS IN MUNICIPAL SOLID 

WASTE HANDLING 

 

1) Is the organisation you work for involved in municipal solid waste management issues?                                                                

   Yes           

   No  

                                                                                                              

2) If yes to question 1, how is it involved?   Monitoring & laboratory analysis 

                                                                Awareness creation 

                     Enforce legislation 

                                                                 Waste management                                                                                                                                                                                                                             

                                                                Other (Specify) 

  

3) In relation to your response in question 2 complete tables a- f that relate to your 

organisation’s roles in waste management 

 

Table 3(a) Monitoring or laboratory analysis 

Environmental 

Component 

Parameters 

currently being 

monitored 

Test 

procedure/ 

method of 

monitoring 

in place 

Potential 

adverse 

human 

health 

effects  

Other 

relevant 

parameters  

currently 

not 

monitored 

Reason for 

not 

monitoring 

the other 

relevant 

parameters 

Land pollution Littering 

Odours 

Fly infestations 

Toxic wastes 

Soil  samples in  

and around waste 

disposal sites 

a. Sulphides 

b. Lead 

c. Cadmium 

levels 
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d. Infiltration 

rates 

e. Other 

chemicals 

Air quality in 

solid waste 

disposal sites 

Bio aerosols 

Methane 

Carbon monoxide 

Dioxins 

 

 

   

Leachate Aromatic 

hydrocarbons eg 

benzene 

Volatile hab-

carbons 

Acids 

Other chemicals 

Water content 

    

Water quality 

down around 

waste disposal 

sites 

E. coli 

Total coli forms 

Pesticides 

Other chemicals 
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3b. Awareness creation 

Observed 

/reported 

human health 

hazards in 

solid waste 

management 

Sources of 

the 

hazards 

Risk 

factors 

At risk 

persons 

Existent 

interventions 

Required 

Interventions 

      

 

 

 

     

 

 

 

 

3c. legislation enforcement for protection of human health 

Statutes enforced Key sections in 

relation to waste 

management 

Shortcomings in 

legislation on 

protection of waste 

handlers’ health 

Suggested 

legislative 

improvements 
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3d. Waste management 

Waste process Potential  

hazards 

Existent 

interventions 

Required 

control 

measures 

Challenges 

Collection  

 

 

 

    

Transportation  

 

 

 

   

Processing  

 

   

Incineration  

 

   

Recycling  

 

 

   

Open dumping  
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APPENDIX 12: WASTE HANDLERS’ NORDIC MUSKULOSKELETAL 
QUESTIONNAIRES  
 
 
Researcher’s name: FRANCE NCUBE 

Student Number: 14004284 

Department of : SCHOOL OF HEALTH SYSTEMS AND PUBLIC HEALTH 

University of Pretoria 

 
Dear Participant  
 
(FRAMEWORK FOR ASSESSING OCCUPATIONAL HEALTH RISKS OF MUNICPAL 
SOLID WASTE HANDLERS FOR USE BY LOCAL GOVERNMENT STRUCTURES)  
 
I   am a PHD student in Public Health in the SCHOOL of HEALTH SYSTEMS AND PUBLIC 
HEALTH University of Pretoria.  You are invited to volunteer to participate in our research 
project on FRAMEWORK FOR ASSESSING OCCUPATIONAL HEALTH RISKS OF 
MUNICPAL SOLID WASTE HANDLERS. The completion of the questionnaire may take 
about 1hour and 45 minutes and you may complete at your even at home and it will be 
collected a month after being given to you.  
 
This letter gives information to help you to decide if you want to take part in this study.  
Before you agree you should fully understand what is involved.  If you do not understand the 
information or have any other questions, do not hesitate to ask us.  You should not agree to 
take part unless you are completely happy about what we expect of you. 
 
The purpose of the study is to develop a generic framework for assessing occupational 
health risks of municipal solid waste handlers 
 
We would like you to complete a questionnaire. This may take about 1 hour and 45 minutes.  
France Ncube will collect the questionnaire from you a month after administration. It will be 
kept in a safe place to ensure confidentiality.  Please do not write your name on the 
questionnaire.  This will ensure confidentiality. France Ncube will be available to help you 
with the questionnaire or to fill it in on your behalf. 
 
 
Kindly note that should you find any questions sensitive you are free not to answer them.  
The Research Ethics Committee of the University of Pretoria, Faculty of Health Sciences, 
telephone numbers 012 3541677 / 012 3541330 granted written approval for this study. 
 
Your participation in this study is voluntary. You can refuse to participate or stop at any time 
without giving any reason.  As you do not write your name on the questionnaire, you give us 
the information anonymously. Once you have given the questionnaire back to us, you cannot 
recall your consent. We will not be able to trace your information. Therefore, you will also not 
be identified as a participant in any publication that comes from this study.  
 

In the event of questions asked, which will cause emotional distress, then the 
researcher is able to refer you to a competent counselling. 
 
Note: The implication of completing the questionnaire is that informed consent has 
been obtained from you.  Thus any information derived from your form (which will be 
totally anonymous) may be used for e.g. publication, by the researchers. 
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We sincerely appreciate your help. 
 
Yours truly, 
 
 
France Ncube 
 
 

INSTRUCTIONS TO THE RESPONDENTS 

 
You are kindly requested to answer the following questions either by : 

 filling the blank spaces or  

 putting a cross in the appropriate box 

 
 
 
1.  What is your year of birth?                                        19____ 
2.  What is your sex?                                                      

  Male    Female 
4.  What is your weight?  __Kg 
5.  What is your marital situation?                                  

  single             married  

             divorced                widow/widower 
  8. Do you exercise? 

   Yes       No                                                                                                                                     
If yes: 

How many hours a day do you exercise?  ______ hours a day 
  How many days a week do you exercise?     ______ days a week 
10. What is your employment status? 

Permanently employed   Contract worker 
14. Please briefly describe your routine duties 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
 
 
 
 
 
 
 
 

Part 1: Respondents’ personal characteristics 
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1. What is the highest education that you have received?   

                   Tertiary education                          

                     Secondary education 

        Primary education                      
2. Which year did you start this job? ____ 
3. What is your current title? ------------------------------------------------------------ 
4. How many hours a week do you work in this job?                    
6.  How many days a week do you work in this job?    

 ____days a week 
 10.  In what shift do you work?                     

    Only morning shift         only evening shift                only night shift  

     From morning to evening    other (Specify)                        

           
               
 
 
                                   

 

 never sometimes often    always 
1. Standing for long periods……………………….      

2. Sitting for long periods………………………….      

3. Walking for long periods………………………….     

4. Working prolonged periods squatting/kneeling     

5. Working with your hands above shoulder height     

6. Working with your hands below knee height…….                   

7. Lifting or carrying loads (below 5 Kg)…………...     

8. Lifting or carrying loads (over 5 Kg)…………….      

     
9.   Pushing or pulling loads (over 5 Kg)     

10. Slipping or falling during transport of loads      

11. Regularly applying force with hands or arms                

12. Working with vibrating hand tools      

13. Driving in vehicles          

14. Bending and/or twisting with your upper body      

15Working in awkward postures     

16Working prolonged periods in the same posture     

17. Repeating the same movement of your arms 
or hands  many times per minute 

 
   

   

     

2 Indicate which activities in your current job you perform seldom, sometimes, 

often, or always? 

 

Part 2: Education and current job  

1 Part 3: Physical Risk Factor associated with the working conditions in the 

current job 
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20. Could you indicate at this scale how you perceive your physical load during regular 
activities at work? 

1   2   3   4   5   6   7   8   9   10   11   12   13   14   15   16   17   18   19   20 

E.g.      6   Very, very little                       15   Heavy 

  7   Very little                                             17   Very big 

  11 Little                                                       19 Very, very   big  

13  Big 

 

Indicate how true the following statements are for your current job? You may choose 
between never, sometimes, often or always  

 

Decision authority                                                                                               
never        sometimes often   always 

1. Do you have freedom in doing your tasks?         

2.Do you have influence in planning your tasks?     

3. Can you influence the pace of your work?     

4. Can you decide yourself how you carry out 
your asks?  

    

5. Can you briefly interrupt your work if 
needed? 

    

6. Can you decide in which order you carry out 
your asks? 

    

7. Do you have a say on completion deadlines?     

8. Can you decide for yourself how much time 
you spend on a particular task? 

    

9. Do you solve day-to-day work problems 
yourself?  

    

10.Can you plan your own work?     

11.Do you determine the content of your work?     

 

Skill discretion                                                                                       
never        sometimes often   always 

1.Do you do the same things time often?     

2.Does your work require creativity?      

3.Is your work varied?     

4. Does your work call for your own input?     

5. Does your work make sufficient demands on 
all your skills and abilities? 

    

6. Do you have enough variation in your work?     
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Work demands  
never        sometimes often   always 

1. Do you have to work very fast?     

2. Do you have too much to do?     

3. Do you have to work extra hard to finish 
something? 

    

4. Do you have to work against the clock?     

5. Can you briefly interrupt your work if 
needed? 

    

6. Do you have to hurry?     

7. Do you have to deal with getting behind with 
your work? 

    

8. Do you have too little work to do?     

9. Do you have problems with the pace of 
work?  

    

10. Do you have problems with the pressure of 
work? 

    

11.  Would you like to work at gentler pace?     

 

Co-worker    Support 
never        sometimes often   always 

1.Can you count on your colleagues if you run 
into difficulties? 

    

2. Can you ask your colleagues for help if 
necessary? 

    

3. Are you on good terms with colleagues?         

4.Do you have conflicts with your colleagues?     

5. Do you feel respected for your work by your 
colleagues? 

 

 
 

 
 

 
 

 

6.Do you have to deal with hostility from your 
colleagues? 

    

7. Are your colleagues friendly towards you?     

8.Is there a good atmosphere between you and 
your colleagues ? 

    

9.Do unpleasant situations arise between you 
and your colleagues? 

            

 
 

 

   

Indicate how true the following statements are for your current job? You may choose 

between never, sometimes, often or always 
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Supervisor support                                                                 
never        sometime often   always 

1. Can you rely on your immediate supervisor 
when you experience work problems? 

    

2. Can you ask your immediate supervisor for 
help if necessary? 

    

3. Are you on good terms with your immediate 
supervisor? 

    

4. Do you have conflicts with your immediate 
supervisor?  

    

5. Do you feel respected for your work by your 
immediate supervisor? 

    

6. Do you have to deal with hostility from your 
supervisor? 

    

7. Is there a good atmosphere between you       
and your immediate supervisor? 

    

8. Do unpleasant situations arise between     
you and your colleagues? 

    

 
1. I find it hard to relax at the end of a working day   

2.At the end of a working day I am really feeling worn – out   

3.My job causes me to feel rather exhausted at the end of a working day   

4.Generally speaking, I am still feeling fresh after supper   

5.Generally speaking, I am able to relax only on a second day off   

6.I have complaints concentrating in the hours off after my working day   

7.I find it hard to show interest in other people when I just came home 
from work 

  

8. In general, it takes me over an hour to feel recovered after work   

9.When I get home, people should leave me alone for some time   

10. After a working day, I am often too tired to start other activities…   

11. During the last part of the working day I cannot optimally perform my 
job because of fatigue sometimes 

 
Subjective Questions 

  

   
1. Do you often have pains in the chest or heart region? 
2. Do you often have a squeezing or blown – up feeling in the stomach?                   

 
 



 

3. Are you often short of breath?   

4. Is your stomach regularly upset?   

5. Do your bones or muscles ever ache?   

Indicate how true the following statements are for your current job. 

Choose between never, sometimes, often or always 

Indicate if the following statements are true or not for your current job?  
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6. Are you often troubled by back – ache?   

7. Do you often feel tired?   

8. Do you often have headaches?   

9. Do you often feel dizzy?   

10. Do your arms and legs often numb or tingle?   

11. Do you often feel listless?   

12. Do you normally feel tired when you get up in the morning?   

13. Do you get tired sooner than you would consider normal?   

    
NECK COMPLAINTS 
1. Have you ever had neck complaints? 

 
  yes      no 

 
 
 

2. Have you ever been hospitalized because of neck complaints?   yes      no 
3. Have you ever changed jobs because of neck complaints?   yes      no 
4. In the past 12 months have you had neck complaints? 
          What was the diagnosis 

  yes      no 

 
5. Where your neck complaints in the past 12 months associated with: 
         - work?   yes          maybe       no                                                                         
         - sports?   yes          maybe       no                                                                         
         - other activities in leisure time?   yes          maybe       no                                                                         
 
6. How long was the longest spell of neck complaints 
in the past 12 months? 

  1-7 days                                           
 
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months  

7. What was the total length of time (all spells added- 
up) that you have had neck complaints in the past 12 
months? 

  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
8. How often in the past 12 months have you had 
separate spells of neck complaints? 

  1 time  
  between 2 and 5 times 
  more than 5 times 
 

9. Was the onset of your neck complaints in the 
past 12 months sudden or gradual? 

 

  sudden 
  gradual 
 

 
 

 
 
 

If you answered no to question 1, please go to Shoulder section 

If you answered no to question 4, please go to Shoulder section 
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10. Could you describe the nature of your neck 
complaints in the past 12 months ? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  Other…………… 

 
 
11. Have you experienced in the past 12 months 

that your neck complaints radiated to:  
     - left elbow?  
     - right elbow? 
     - left wrist/ hand? 
     - right wrist/ hand?  

 
 
 
 
  yes      no 
  yes      no 
  yes      no 
  yes      no 
  

12. How often have you been seen by an expert 
because of your neck complaints in the past 12 
months? 
 

 Your GP             _____times 
 A physiotherapist ___ _times 
 A specialist           ____ times 
   Specify  
  no visit 
 

13. Which treatment(s) have you received in the 
past 12 months because of your neck complaints? 

…………………………………………………
…………………………………………………
………………………………………………… 

 
14. How often have you taken sick leave in the past 

12 months because of your neck complaints? 
 
 
 

   
     0 times 
     1 time 
     2 to 5 times 
     over 5 times 

15. What is the total number of days with sick leave 
in the past 12 months because of your neck 
complaints? 

     0 days 
     1 to 7 days 
     8 to 14 days 
     over 2 week 
 

6. In the past 12 months, how much has your neck pain changed your ability to work, where 
0 is “no change” and 10 is extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 
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1. Have you ever had shoulder complaints?  
  
  

2. Have you ever been hospitalized because of shoulder complaints?   yes    no 
3. Have you ever changed jobs because of shoulder complaints?   yes    no 
4. In the past 12 months have you had shoulder complaints?  
                     

  yes    no 

 
 
 

5. Where your shoulder complaints in the past 12 months associated with: 
         -in your work?   yes          maybe       no                                                                         
         -sports?   yes          maybe       no                                                                         
         -other activities in leisure time?   yes          maybe       no                                                                         

 
 
6. How long was the longest spell of shoulder 
    complaints in the past 12 months? 

  1-7 days                                           
 
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months 

 
7. What was the total length of time that you 

have had shoulder complaints in the past 12 
months? 

  

 
  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
8. How often in the past 12 months have you 
    had separate spells of shoulder complaints? 
 
 

  1 time  
   between 2 and 5 times 
   more than 5 times 

9. Was the onset of your shoulder complaints    
in the past 12 months sudden or gradual? 

   

  sudden 
  gradual 
 

10. Could you describe the nature of your      
shoulder complaints in the past 12 months? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others……………………. 
 

11. How often have you been seen by an 
expert because of your shoulder complaints 
in the past 12 months? 

 
 

 Your GP                  _____times 
 A physiotherapist    _____times 
 A specialist              ____ times 
      specify……………………….. 
 

If you answered no to question 4, please go to Elbows section  
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12. Which treatment(s) have you received in 
the past 12 months because of your shoulder 
complaints? 

………………………………………………………
……………………………………………………… 
 
 

13. How often do you have taken sick leave in 
the past 12 months because of your shoulder 
complaints? 

  0 times 
  1 time 
  2 to 5 times 
  over 5 times 
 

14. What is the total number of days with sick 
leave in the past 12 months because of your 
shoulder complaints? 

  0 days 
  1 to 7 days 
  8 to 14 days 
  over 2 week 
 

15. In the past 12 months, how much has your shoulders pain changed your ability to work, 
where 0 is “no change” and 10 is extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

 
 
ELBOW COMPLAINTS 

1. Have you ever had elbow complaints?              yes   no 

 
2. Have you ever been hospitalized because of elbow complaints?   yes    no 
3. Have you ever changed jobs because of elbow complaints?   yes    no 
4. In the past 12 months have you had elbow complaints? 
 
              What was the diagnosis………………………….. 

  yes    no 

 
5. 

Where your elbow complaints in the past 12 months associated with: 
 
         -work?   yes          maybe       no                                                                         
         -sports?   yes          maybe       no                                                                         
         -other activities in leisure time?   yes          maybe       no                                                                         

 
6. How long was the longest spell of elbow 
    complaints in the past 12 months? 

  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months 

 

If you answered no to question 1, please go to Wrist/hand section 

If you answered no to question 4, please go to Wrist/hand section  
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7. What was the total length of time that you 
have had elbow complaints in the past 12 
months? 

  

  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
 
8. How often in the past 12 months have you 
    had separate spells of elbow complaints? 
 
 

  1 time  
   between 2 and 5 times 
   more than 5 times 

9. Was the onset of your elbow complaints in 
     the past 12 months sudden or gradual? 
   

  sudden 
  gradual 
 

10. Could you describe the nature of your         
elbow complaints in the past 12 months? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others……………………. 
 

 
11. How often have you been seen by an 

expert because of your elbow complaints in 
the past 12 months? 

 
 
 

 
 Your GP                  _____times 
 A physiotherapist    _____times 
 A specialist              ____ times 
      Specify 
  no visit 
 

12. Which treatment(s) have you received in 
the past 12 months because of your elbow 
complaints? 
 

………………………………………………………
……………………………………………………… 

13. How often do you have taken sick leave in 
the past 12 months because of your elbow 
complaints? 

  0 times 
  1 time 
  2 to 5 times 
  over 5 times 
 

14. What is the total number of days with sick 
leave in the past 12 months because of your 
elbow complaints? 

  0 days 
  1 to 7 days 
  8 to 14 days 
  over 2 week 
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15. In the past 12 months, how much has your elbows pain changed your ability to work, 
where 0 is “no change” and 10 is extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

 

HAND AND WRIST PROBLEMS 

 
1. Have you ever had hand/wrist complaints? 

 
 

  yes      no 

 
 
 
 

2. Have you ever been hospitalized because of hand/wrist 
complaints? 

  yes   no 

3. Have you ever changed jobs because of hand/wrist complaints?   yes   no 
4. In the past 12 months have you had hand/wrist complaints? 
 
              What was the diagnosis…………………… 
 

  yes   no 

 
 

 
5. Where your hand complaints in the past 12 months associated with: 
 
      - work?   yes          maybe       no                                                                         
      - sports?   yes          maybe       no                                                                         
      - other activities in leisure time?   yes          maybe       no                                                                         
 
6. How long was the longest spell of hand/wrist 
    complaints in the past 12 months? 

  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months  
 

7. What was the total length of time (all spells added- 
up) that you have had hand/wrist complaints in the 
past 12 months? 

  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
8. How often in the past 12 months have you had 
separate spells of hand/wrist complaints? 
 

  1 time  
  between 2 and 5 times 
  more than 5 times 
 

If you answered no to question 1, please go to Upper back section 

If you answered no to question 4, please go to Upper back section 

 



152 

9. Was the onset of your hand/wrist complaints in 
the past 12 months sudden or gradual? 

  sudden 
  gradual 

10. Could you describe the nature of your 
hand/wrist complaints in the past 12 months? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others……………………. 
 

11. How often have you been seen  by an expert 
because of your hand/wrist complaints in the past 
12 months? 
 

 Your GP               _____times 
 A physiotherapist _____times 
 A specialist           _____times 
        specify……………...…….. 
  no visit 
 

 
12. Which treatment(s) have you received in the 
past 12 months because of your hand/wrist 
complaints? 

 
…………………………………………………
…………………………………………………
………………………………………………… 

13. How often have you taken sick leave in the past 
12 months because of your hand/wrist complaints? 

   0 times 
   1 time 
   2 to 5 times 
   over 5 times 
 

14. What is the total number of days with sick leave 
in the past 12 months because of your hand/wrist 
complaints? 

    0 days 
    1 to 7 days 
    8 to 14 days 
    over 2 week 
 

15. In the past 12 months, how much has your hands/wrists pain changed your ability to 
work, where 0 is “no change” and 10 is extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

 
UPPER BACK COMPLAINTS 
 
1. Have you ever had upper back complaints?           

   yes      no 

 
 
 

If you answered no to question 1, please go to Lower back section 
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2. Have you ever been hospitalized because of upper back complaints?   yes    no 
3. Have you ever changed jobs because of upper back complaints?   yes    no 
4. In the past 12 months have you had upper back complaints? 
              What was the diagnosis………………………………... 
 

  yes    no 

 
5. Where your back complaints in the past 12 months associated with :  

 

        - work ?   yes           maybe     no                                                                         
       - sports ?   yes           maybe     no                                                                         
       - other activities in leisure time ?   yes           maybe     no                                                                         

 
6. How long was the longest spell  of upper back 
    complaints in the past 12 months ? 

  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months 

 
7. What was the total length of time that you have 

had upper back complaints in the past 12 months?    

 
  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
8. How often in the past 12 months have you had 
separate spells of upper back complaints? 

 
 1 time                      
  between 2 and 5 times                 
  more than 5 times  
 

9. Was the onset of your upper back complaints 
in the past 12 months sudden or gradual? 

  sudden 
  gradual 
 

10. Could you describe the nature of your upper back 
complaints in the past 12 months ? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others….. 
 

11. How often have you been seen by an expert 
because of your upper back complaints in the 
past 12 months ? 

 Your GP         ____times 
 A physiotherapist  _times 
 A specialist    __ _ times 
     specify………………….. 
  no visit 

If you answered no to question 4, please continue with Lower back section  
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12. Which treatment(s) have you received in the 
past 12 months because of your upper back 
complaints? 

…………………………………………
………………………………………… 
 

13. How often do you have taken sick leave in 
the past 12 months because of your upper back 
complaints? 

  0 times 
  1 time 
  2 to 5 times 
  over 5 times 
 

14. What is the total number of days with sick 
leave in the past 12 months because of your 
upper back complaints? 

  0 days 
  1 to 7 days  
  8 to 14 days 
  over 2 weeks 
 

15. In the past 12 months, how much has your upper back pain changed your ability to 
work, where 0 is “no change” and 10 is extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

 
 
1. Have you ever had low back complaints?     

 
  yes      no 

 
 
 

 
2. Have you ever been hospitalized because of back complaints?   yes    no 
3. Have you ever changed jobs because of back complaints?   yes    no 
4. In the past 12 months have you had low back complaints? 
               What was the diagnosis…………………….. 
 

  yes    no 

5. Where your lower back complaints in the past 12 months associated with:  
 

        - work ?   yes           maybe     no                                                                         
       - sports ?   yes           maybe     no                                                                         
       - other activities in leisure time ?   yes           maybe     no                                                                         
       - pregnancy (only to answer by female)?   yes          maybe      no                                                                         
       - menstrual period (only to answer by 
female)? 

  yes          maybe       no                                                                         

 
 
 
 

 
 
 
 

If you answered no to question 4, please continue with Hip/thigh section  

If you answered no to question 1, please go to Hip/thigh section 
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6. How long was the longest spell  of back 
    complaints in the past 12 months ? 

  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months 
 

7. What was the total length of time that you 
have had low back complaints in the past 12 
months ?    

  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
8. How often in the past 12 months have you 
    had separate spells of back complaints? 

 
 1 time                      
  between 2 and 5 times                 
  more than 5 times  
 

9. Was the onset of your back complaints in the 
     past 12 months sudden or gradual? 

  sudden 
  gradual 
 

10. Could you describe the nature of your back 
      complaints in the past 12 months ? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others…………… 
 

11. Have you experienced in the past 12 
       months back complaints radiating to 
 

- left knee? 
- right knee ? 
- left ankle/foot? 
- right ankle/foot ? 

 
        
                                               
 yes      no 
 yes      no 
 yes      no 
 yes      no 

 
12. How often have you been seen by 
an expert because of your back 
complaints in the past 12 months ? 

 
 Your GP                  _____times 
 A physiotherapist    _____times 
 A specialist              ____ times 
  no visit 
 

13. Which treatment(s) have you received in the 
past 12 months because of your back 
complaints? 

………………………………… 
………………………………… 
………………………………… 
…………………………………. 
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14. How often do you have taken sick leave in 
      the past 12 months because of your back 
      complaints? 

  0 times 
  1 time 
  2 to 5 times 
  over 5 times 
 

15. What is the total number of days with sick 
leave in the past 12 months because of your 
back complaints? 

  0 days 
  1 to 7 days  
  8 to 14 days 
  over 2 weeks 
 

 

 
1. How would you rate your back pain at the present time on a 0-10 scale, where 0 is ‘‘no 

pain’’ and 10 is ‘‘pain as bad as possible’’ 

                                                                                                            

 
No pain 

 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Pain as bad   

could be 

                

2. In the past 12 months, how intense was your worst back pain rated on a 0-10 scale, 
where 0 is ‘‘no pain’’ and 10 ‘‘pain as bad possible’’? 

 
No pain 

 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Pain as bad   

could be 

 
3. In the past 12 months, on the average, how intense was your back pain rated on a 0-10 

scale, where 0 is ‘‘no pain’’ and 10 ‘‘pain as bad possible’’? 
 

 
No pain 

 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Pain as bad   

could be 

 
4. How many days in the past 12  months have you been kept from your usual activities 

because of back pain (work, school, house work) ? 
                                                                                                            days 
 
 

On the next seven questions we would like to know how serious you rate your 

back pain and whether your back pain affected your regular daily activities. You 

are asked to indicate your opinion on a scale from 0 ‘‘no problems’’ to 10 

‘‘problems as serious as possible’’  
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5. In the past 12 months, how much has your back pain interfered with your daily activities 
(work, school, housework) rated on 0-10 scale, where 0 is “no interference” and 10 is unable 
to carry on any activities”? 
 

 
No 

interferenc
e 
 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 
Unable to carry 
on any activities 

 

 
6. In the past 12 months, how much has your back pain changed your ability to take part in 

recreational, social and family activities, where 0 is “no change” and 10 is extreme 
change”? 

 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 
 
 

7. In the past 12 months, how much has your back pain changed your ability to work, where 
0 is “no change” and 10 is extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

 
 
HIP AND THIGH COMPLAINTS 
 
1. Have you ever had hip/thigh 
complaints?   yes    no 

 

 

 
2. Have you ever been hospitalized because of hip/thigh complaints?   yes    no 
3. Have you ever changed jobs because of hip/thigh complaints?   yes    no 
4. In the past 12 months have you had hip/thigh complaints? 
            
             What was the diagnosis……………………………. 
 

  yes    no 

 

If you answered no to question 1, please go to Knees section   

If you answered no to question 4, please go to Knees section  
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5. Where your hip/thigh complaints in the past 12 months associated with: 
 
     - work?   yes          maybe       no                                                                         
     - sports?   yes          maybe       no                                                                         
     - other activities in leisure time?   yes          maybe       no                                                                         
 
6. How long was the longest spell of hip/thigh complaints 
    in the past 12 months? 

 
  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 
months 
  longer than 3 months  
 

7. What was the total length of time (all spells added-up) 
that you have had hip/thigh complaints in the past 12 
months? 

  shorter than 4 weeks                              
  between 2 and 3 
months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
8. How often in the past 12 months have you had 
separate spells of hip/thigh complaints? 
 

  1 time  
  between 2 and 5 times 
  more than 5 times 
 

9. Was the onset of your hip/thigh complaints in the 
past 12 months sudden or gradual? 

  sudden 
  gradual 
 

10. Could you describe the nature of your hip/thigh 
complaints in the past 12 months ? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others…………… 
 

11. How often have you been seen by an expert 
because of your hip/thigh complaints in the past 12 
months? 
 

 Your GP                ___times 
A physiotherapist   ___times  
 A specialist          ____times 
  no visit 
 

12. Which treatment(s) have you received in the past 
       12 months because of your hip/thigh complaints? 

………………………………………………
……………………………………………… 
 

13. How often have you taken sick leave in the past 
      12 months because of your hip/thigh complaints? 

  0 times 
  1 time 
  2 to 5 times 
  over 5 times 
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14. What is the total number of days with sick leave in 
       the past 12 months because of your hip/thigh 
       complaints? 

  0 days 
  1 to 7 days 
  8 to 14 days 
  over 2 week 
 

15. In the past 12 months, how much has your hip/thigh pain changed your ability to work, 
where 0 is “no change” and 10 is “extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

 
 
KNEE COMPLAINTS 
 
    1. Have you ever had knee complaints?   yes      no 
 

 
 

2. Have you ever been hospitalized because of knee complaints?   yes      no 
3. Have you ever changed jobs because of knee complaints?   yes      no 
4. In the past 12 months have you had knee complaints? 
             What was the diagnosis…………………………… 
 

  yes      no 

 
 
 

5. Where your knee complaints in the past 12 months associated with: 
     - work?   yes          maybe       no                                                                         
     - sports?   yes          maybe       no                                                                         
     - other activities in leisure time?   yes          maybe       no                                                                         
 
6. How long was the longest spell of knee complaints in 
    the past 12 months? 
 
 
 
 
 

 
  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months  
 

7. What was the total length of time (all spells added- 
up) that you have had knee complaints in the past 12 
months? 

  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
 

If you answered no to question 1, please go to Ankle/feet section 

If you answered no to question 4, please go to Ankle/feet section 
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8. How often in the past 12 months have you had 
separate spells of knee complaints? 
 

  1 time  
  between 2 and 5 times 
  more than 5 times 
 

9. Was the onset of your knee complaints in the 
past 12 months sudden or gradual? 

  sudden 
  gradual 
 

10. Could you describe the nature of your knee 
complaints in the past 12 months ? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others…………… 
 

11. How often have you been seen by an expert 
because of your knee complaints in the past 12 
months? 
 

 Your GP                ___times 
 A physiotherapist  ___times 
 A specialist          ____times 
  no visit 

 
12. Which treatment(s) have you received in the past 
       12 months because of your knee complaints? 

 
………………………………………………
……………………………………………… 
 

 
13. How often have you taken sick leave in the past 
      12 months because of your knee complaints? 

 
  0 times 
  1 time 
  2 to 5 times 
  over 5 times 
 

14. What is the total number of days with sick leave in 
      the past 12 months due to knee plaints? 

  0 days 
  1 to 7 days 
  8 to 14 days 
  over 2 week 
 

15. In the past 12 months, how much has your knee pain changed your ability to work, 
where 0 is “no change” and 10 is extreme change”? 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

1. Have you ever had ankle/feet complaints?   yes      no 
 
 
2. Have you ever been hospitalized because of ankle/feet 
complaints? 

  yes    no 

3. Have you ever changed jobs because of ankle/feet complaints?   yes    no 
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4. In the past 12 months have you had ankle/feet complaints? 
                 
               What was the diagnosis……………………….. 
 

  yes    no 

 
 
5. 

Where your ankle/feet complaints in the past 12 months associated with: 
 
     - work?   yes          maybe       no                                                                         
     - sports?   yes          maybe       no                                                                         
     - other activities in leisure time?   yes          maybe       no                                                                         
 
6. How long was the longest spell of ankle/feet 
    complaints in the past 12 months? 

  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months  
 

7. What was the total length of time that you have    
had ankle/feet complaints in the past 12 months? 

  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
8. How often in the past 12 months have you had 
    separate spells of ankle/feet complaints? 
 

 
  1 time  
  between 2 and 5 times 
  more than 5 times 
 

9. Was the onset of your ankle/feet complaints in the 
     past 12 months sudden or gradual? 

  sudden 
  gradual 
 

10. Could you describe the nature of your ankle/feet 
       complaints in the past 12 months ? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others…………… 
 

11. How often have you been seen by an expert 
because of your ankle/feet complaints in the past 12 
months? 
 

 Your GP                ___times 
 A physiotherapist  ___times 
 A specialist          ____times 
     specify………………...….. 
 
  no visit 
 

If you answered no to question 4, please do not continue  
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12. Which treatment(s) have you received in the past 
      12 months for the ankle/feet complaints? 

………………………………………………
……………………………………………… 
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APPENDIX 13: GENERAL HANDS (COMPARISON GROUP) NORDIC 
MUSKULOSKELETAL QUESTIONNAIRE  
 
Researcher’s name: FRANCE NCUBE 

Student Number: 14004284 

Department of: SCHOOL OF HEALTH SYSTEMS AND PUBLIC HEALTH 

University of Pretoria 

 
Dear Participant  
 
(FRAMEWORK FOR ASSESSING OCCUPATIONAL HEALTH RISKS OF MUNICPAL 
SOLID WASTE HANDLERS FOR USE BY LOCAL GOVERNMENT STRUCTURES)  
 
I   am a PHD student in Public Health in the SCHOOL of HEALTH SYSTEMS AND PUBLIC 
HEALTH University of Pretoria.  You are invited to volunteer to participate in our research 
project on FRAMEWORK FOR ASSESSING OCCUPATIONAL HEALTH RISKS OF 
MUNICPAL SOLID WASTE HANDLERS. The completion of the questionnaire may take 
about 1hour and 45 minutes and you may complete at your even at home and it will be 
collected a month after being given to you.  
 
This letter gives information to help you to decide if you want to take part in this study.  Before 
you agree you should fully understand what is involved.  If you do not understand the 
information or have any other questions, do not hesitate to ask us.  You should not agree to 
take part unless you are completely happy about what we expect of you. 
 
The purpose of the study is to develop a generic framework for assessing occupational health 
risks of municipal solid waste handlers 
 
We would like you to complete a questionnaire. This may take about 1 hour and 45 minutes.  
France Ncube will collect the questionnaire from you a month after administration. It will be 
kept in a safe place to ensure confidentiality. Please do not write your name on the 
questionnaire.  This will ensure confidentiality. France Ncube will be available to help you with 
the questionnaire or to fill it in on your behalf. 
 
 
Kindly note that should you find any questions sensitive you are free not to answer them. The 
Research Ethics Committee of the University of Pretoria, Faculty of Health Sciences, 
telephone numbers 012 3541677 / 012 3541330 granted written approval for this study. 
 
Your participation in this study is voluntary. You can refuse to participate or stop at any time 
without giving any reason.  As you do not write your name on the questionnaire, you give us 
the information anonymously. Once you have given the questionnaire back to us, you cannot 
recall your consent. We will not be able to trace your information. Therefore, you will also not 
be identified as a participant in any publication that comes from this study.  
 

In the event of questions asked, which will cause emotional distress, then the researcher 
is able to refer you to a competent counselling. 
 
Note: The implication of completing the questionnaire is that informed consent has 
been obtained from you.  Thus any information derived from your form (which will be 
totally anonymous) may be used for e.g. publication, by the researchers. 
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We sincerely appreciate your help. 
 
Yours truly, 
 
 
France Ncube 
 
INSTRUCTIONS TO THE RESPONDENTS 

 
You are kindly requested to answer the following questions either by : 

 filling the blank spaces or  

 putting a cross in the appropriate box 

 
 
 
1.  What is your year of birth?                                        19____ 
2.  What is your sex?                                                      

  Male    Female 
4.  What is your weight?  __Kg 
5.  What is your marital situation?                                  

  single             married  

             divorced                widow/widower 
  8. Do you exercise? 

   Yes       No                                                                                                                                     
If yes: 

How many hours a day do you exercise?  ______ hours a day 
  How many days a week do you exercise?     ______ days a week 
10. What is your employment status? 

Permanently employed   Contract worker 
14. Please briefly describe your routine duties 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
 
 
 
 
 
 
 
 
 

Part 1: Respondents’ personal characteristics 
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1. What is the highest education that you have received?   

                   Tertiary education                          

                     Secondary education 

        Primary education                      
2. Which year did you start this job? ____ 
3. What is your current title? ------------------------------------------------------------ 
4. How many hours a week do you work in this job?                    
6.  How many days a week do you work in this job?    

 ____days a week 
 10.  In what shift do you work?                     

    Only morning shift         only evening shift                only night shift  

     From morning to evening    other (Specify)                        

           
               
 
 
                                   

 

 never sometimes often    always 
1. Standing for long periods……………………….      

2. Sitting for long periods………………………….      

3. Walking for long periods………………………….     

4. Working prolonged periods squatting/kneeling     

5. Working with your hands above shoulder height     

6. Working with your hands below knee height…….                   

7. Lifting or carrying loads (below 5 Kg)…………...     

8. Lifting or carrying loads (over 5 Kg)…………….      

     
9.   Pushing or pulling loads (over 5 Kg)     

10. Slipping or falling during transport of loads      

11. Regularly applying force with hands or arms                

12. Working with vibrating hand tools      

13. Driving in vehicles          

14. Bending and/or twisting with your upper body      

15Working in awkward postures     

16Working prolonged periods in the same posture     

17. Repeating the same movement of your arms 
or hands  many times per minute 

 
   

   

     

4 Indicate which activities in your current job you perform seldom, sometimes, 

often, or always? 

 

Part 2: Education and current job  

3 Part 3: Physical Risk Factor associated with the working conditions in the 

current job 
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21. Could you indicate at this scale how you perceive your physical load during regular 
activities at work? 

1   2   3   4   5   6   7   8   9   10   11   12   13   14   15   16   17   18   19   20 

E.g.      6   Very, very little                       15   Heavy 

  7   Very little                                             17   Very big 

  11 Little                                                       19 Very, very   big  

13  Big 

 

Indicate how true the following statements are for your current job? You may choose 
between never, sometimes, often or always  

 

Decision authority                                                                                               
never        sometimes often   always 

1. Do you have freedom in doing your tasks?         

2.Do you have influence in planning your tasks?     

3. Can you influence the pace of your work?     

4. Can you decide yourself how you carry out 
your asks?  

    

5. Can you briefly interrupt your work if 
needed? 

    

6. Can you decide in which order you carry out 
your asks? 

    

7. Do you have a say on completion deadlines?     

8. Can you decide for yourself how much time 
you spend on a particular task? 

    

9. Do you solve day-to-day work problems 
yourself?  

    

10.Can you plan your own work?     

11.Do you determine the content of your work?     

 

Skill discretion                                                                                       
never        sometimes often   always 

1.Do you do the same things time often?     

2.Does your work require creativity?      

3.Is your work varied?     

4. Does your work call for your own input?     

5. Does your work make sufficient demands on 
all your skills and abilities? 

    

6. Do you have enough variation in your work?     
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Work demands  
never        sometimes often   always 

1. Do you have to work very fast?     

2. Do you have too much to do?     

3. Do you have to work extra hard to finish 
something? 

    

4. Do you have to work against the clock?     

5. Can you briefly interrupt your work if 
needed? 

    

6. Do you have to hurry?     

7. Do you have to deal with getting behind with 
your work? 

    

8. Do you have too little work to do?     

9. Do you have problems with the pace of 
work?  

    

10. Do you have problems with the pressure of 
work? 

    

11.  Would you like to work at gentler pace?     

 

Co-worker    Support 
never        sometimes often   always 

1.Can you count on your colleagues if you run 
into difficulties? 

    

2. Can you ask your colleagues for help if 
necessary? 

    

3. Are you on good terms with colleagues?         

4.Do you have conflicts with your colleagues?     

5. Do you feel respected for your work by your 
colleagues? 

 

 
 

 
 

 
 

 

6.Do you have to deal with hostility from your 
colleagues? 

    

7. Are your colleagues friendly towards you?     

8.Is there a good atmosphere between you and 
your colleagues ? 

    

9.Do unpleasant situations arise between you 
and your colleagues? 

            

 
 

 

   

Indicate how true the following statements are for your current job? You may choose 

between never, sometimes, often or always 
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Supervisor support                                                                 
never        sometime often   always 

1. Can you rely on your immediate supervisor 
when you experience work problems? 

    

2. Can you ask your immediate supervisor for 
help if necessary? 

    

3. Are you on good terms with your immediate 
supervisor? 

    

4. Do you have conflicts with your immediate 
supervisor?  

    

5. Do you feel respected for your work by your 
immediate supervisor? 

    

6. Do you have to deal with hostility from your 
supervisor? 

    

7. Is there a good atmosphere between you       
and your immediate supervisor? 

    

8. Do unpleasant situations arise between     
you and your colleagues? 

    

 
1. I find it hard to relax at the end of a working day   

2.At the end of a working day I am really feeling worn – out   

3.My job causes me to feel rather exhausted at the end of a working day   

4.Generally speaking, I am still feeling fresh after supper   

5.Generally speaking, I am able to relax only on a second day off   

6.I have complaints concentrating in the hours off after my working day   

7.I find it hard to show interest in other people when I just came home 
from work 

  

8. In general, it takes me over an hour to feel recovered after work   

9.When I get home, people should leave me alone for some time   

10. After a working day, I am often too tired to start other activities…   

11. During the last part of the working day I cannot optimally perform my 
job because of fatigue sometimes 

 
Subjective Questions 

  

   
1. Do you often have pains in the chest or heart region? 
2. Do you often have a squeezing or blown – up feeling in the stomach?                   

 
 



 

3. Are you often short of breath?   

4. Is your stomach regularly upset?   

5. Do your bones or muscles ever ache?   

Indicate how true the following statements are for your current job. 

Choose between never, sometimes, often or always 

Indicate if the following statements are true or not for your current job?  
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6. Are you often troubled by back – ache?   

7. Do you often feel tired?   

8. Do you often have headaches?   

9. Do you often feel dizzy?   

10. Do your arms and legs often numb or tingle?   

11. Do you often feel listless?   

12. Do you normally feel tired when you get up in the morning?   

13. Do you get tired sooner than you would consider normal?   

    
NECK COMPLAINTS 
1. Have you ever had neck complaints? 

 
  yes      no 

 
 
 

2. Have you ever been hospitalized because of neck complaints?   yes      no 
3. Have you ever changed jobs because of neck complaints?   yes      no 
4. In the past 12 months have you had neck complaints? 
          What was the diagnosis 

  yes      no 

 
5. Where your neck complaints in the past 12 months associated with: 
         - work?   yes          maybe       no                                                                         
         - sports?   yes          maybe       no                                                                         
         - other activities in leisure time?   yes          maybe       no                                                                         
 
6. How long was the longest spell of neck complaints 
in the past 12 months? 

  1-7 days                                           
 
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months  

7. What was the total length of time (all spells added- 
up) that you have had neck complaints in the past 12 
months? 

  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
8. How often in the past 12 months have you had 
separate spells of neck complaints? 

  1 time  
  between 2 and 5 times 
  more than 5 times 
 

9. Was the onset of your neck complaints in the 
past 12 months sudden or gradual? 

 

  sudden 
  gradual 
 

 
 

 
 
 

If you answered no to question 1, please go to Shoulder section 

If you answered no to question 4, please go to Shoulder section 
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10. Could you describe the nature of your neck 
complaints in the past 12 months ? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  Other…………… 

 
 
11. Have you experienced in the past 12 months 

that your neck complaints radiated to:  
     - left elbow?  
     - right elbow? 
     - left wrist/ hand? 
     - right wrist/ hand?  

 
 
 
 
  yes      no 
  yes      no 
  yes      no 
  yes      no 
  

12. How often have you been seen by an expert 
because of your neck complaints in the past 12 
months? 
 

 Your GP             _____times 
 A physiotherapist ___ _times 
 A specialist           ____ times 
   Specify  
  no visit 
 

13. Which treatment(s) have you received in the 
past 12 months because of your neck complaints? 

…………………………………………………
…………………………………………………
………………………………………………… 

 
14. How often have you taken sick leave in the past 

12 months because of your neck complaints? 
 
 
 

   
     0 times 
     1 time 
     2 to 5 times 
     over 5 times 

15. What is the total number of days with sick leave 
in the past 12 months because of your neck 
complaints? 

     0 days 
     1 to 7 days 
     8 to 14 days 
     over 2 week 
 

6. In the past 12 months, how much has your neck pain changed your ability to work, where 
0 is “no change” and 10 is extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 
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1. Have you ever had shoulder complaints?  
  
  

2. Have you ever been hospitalized because of shoulder complaints?   yes    no 
3. Have you ever changed jobs because of shoulder complaints?   yes    no 
4. In the past 12 months have you had shoulder complaints?  
                     

  yes    no 

 
 
 

5. Where your shoulder complaints in the past 12 months associated with: 
         -in your work?   yes          maybe       no                                                                         
         -sports?   yes          maybe       no                                                                         
         -other activities in leisure time?   yes          maybe       no                                                                         

 
 
6. How long was the longest spell of shoulder 
    complaints in the past 12 months? 

  1-7 days                                           
 
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months 

 
7. What was the total length of time that you 

have had shoulder complaints in the past 12 
months? 

  

 
  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
8. How often in the past 12 months have you 
    had separate spells of shoulder complaints? 
 
 

  1 time  
   between 2 and 5 times 
   more than 5 times 

9. Was the onset of your shoulder complaints    
in the past 12 months sudden or gradual? 

   

  sudden 
  gradual 
 

10. Could you describe the nature of your      
shoulder complaints in the past 12 months? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others……………………. 
 

11. How often have you been seen by an 
expert because of your shoulder complaints 
in the past 12 months? 

 
 

 Your GP                  _____times 
 A physiotherapist    _____times 
 A specialist              ____ times 
      specify……………………….. 
 

If you answered no to question 4, please go to Elbows section  



172 

  
12. Which treatment(s) have you received in 
the past 12 months because of your shoulder 
complaints? 

………………………………………………………
……………………………………………………… 
 
 

13. How often do you have taken sick leave in 
the past 12 months because of your shoulder 
complaints? 

  0 times 
  1 time 
  2 to 5 times 
  over 5 times 
 

14. What is the total number of days with sick 
leave in the past 12 months because of your 
shoulder complaints? 

  0 days 
  1 to 7 days 
  8 to 14 days 
  over 2 week 
 

15. In the past 12 months, how much has your shoulders pain changed your ability to work, 
where 0 is “no change” and 10 is extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

 
 
ELBOW COMPLAINTS 

1. Have you ever had elbow complaints?              yes   no 

 
2. Have you ever been hospitalized because of elbow complaints?   yes    no 
3. Have you ever changed jobs because of elbow complaints?   yes    no 
4. In the past 12 months have you had elbow complaints? 
 
              What was the diagnosis………………………….. 

  yes    no 

 
5. 

Where your elbow complaints in the past 12 months associated with: 
 
         -work?   yes          maybe       no                                                                         
         -sports?   yes          maybe       no                                                                         
         -other activities in leisure time?   yes          maybe       no                                                                         

 
6. How long was the longest spell of elbow 
    complaints in the past 12 months? 

  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months 

 

If you answered no to question 1, please go to Wrist/hand section 

If you answered no to question 4, please go to Wrist/hand section  



173 

 
7. What was the total length of time that you 

have had elbow complaints in the past 12 
months? 

  

  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
 
8. How often in the past 12 months have you 
    had separate spells of elbow complaints? 
 
 

  1 time  
   between 2 and 5 times 
   more than 5 times 

9. Was the onset of your elbow complaints in 
     the past 12 months sudden or gradual? 
   

  sudden 
  gradual 
 

10. Could you describe the nature of your         
elbow complaints in the past 12 months? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others……………………. 
 

 
11. How often have you been seen by an 

expert because of your elbow complaints in 
the past 12 months? 

 
 
 

 
 Your GP                  _____times 
 A physiotherapist    _____times 
 A specialist              ____ times 
      Specify 
  no visit 
 

12. Which treatment(s) have you received in 
the past 12 months because of your elbow 
complaints? 
 

………………………………………………………
……………………………………………………… 

13. How often do you have taken sick leave in 
the past 12 months because of your elbow 
complaints? 

  0 times 
  1 time 
  2 to 5 times 
  over 5 times 
 

14. What is the total number of days with sick 
leave in the past 12 months because of your 
elbow complaints? 

  0 days 
  1 to 7 days 
  8 to 14 days 
  over 2 week 
 

 
 



174 

15. In the past 12 months, how much has your elbows pain changed your ability to work, 
where 0 is “no change” and 10 is extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

 

HAND AND WRIST PROBLEMS 

 
1. Have you ever had hand/wrist complaints? 

 
 

  yes      no 

 
 
 
 

2. Have you ever been hospitalized because of hand/wrist 
complaints? 

  yes   no 

3. Have you ever changed jobs because of hand/wrist complaints?   yes   no 
4. In the past 12 months have you had hand/wrist complaints? 
 
              What was the diagnosis…………………… 
 

  yes   no 

 
 

 
5. Where your hand complaints in the past 12 months associated with: 
 
      - work?   yes          maybe       no                                                                         
      - sports?   yes          maybe       no                                                                         
      - other activities in leisure time?   yes          maybe       no                                                                         
 
6. How long was the longest spell of hand/wrist 
    complaints in the past 12 months? 

  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months  
 

7. What was the total length of time (all spells added- 
up) that you have had hand/wrist complaints in the 
past 12 months? 

  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
8. How often in the past 12 months have you had 
separate spells of hand/wrist complaints? 
 

  1 time  
  between 2 and 5 times 
  more than 5 times 
 

If you answered no to question 1, please go to Upper back section 

If you answered no to question 4, please go to Upper back section 
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9. Was the onset of your hand/wrist complaints in 
the past 12 months sudden or gradual? 

  sudden 
  gradual 

10. Could you describe the nature of your 
hand/wrist complaints in the past 12 months? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others……………………. 
 

11. How often have you been seen  by an expert 
because of your hand/wrist complaints in the past 
12 months? 
 

 Your GP               _____times 
 A physiotherapist _____times 
 A specialist           _____times 
        specify……………...…….. 
  no visit 
 

 
12. Which treatment(s) have you received in the 
past 12 months because of your hand/wrist 
complaints? 

 
…………………………………………………
…………………………………………………
………………………………………………… 

13. How often have you taken sick leave in the past 
12 months because of your hand/wrist complaints? 

   0 times 
   1 time 
   2 to 5 times 
   over 5 times 
 

14. What is the total number of days with sick leave 
in the past 12 months because of your hand/wrist 
complaints? 

    0 days 
    1 to 7 days 
    8 to 14 days 
    over 2 week 
 

15. In the past 12 months, how much has your hands/wrists pain changed your ability to 
work, where 0 is “no change” and 10 is extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

 
UPPER BACK COMPLAINTS 
 
1. Have you ever had upper back complaints?           

   yes      no 

 
 
 

If you answered no to question 1, please go to Lower back section 
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2. Have you ever been hospitalized because of upper back complaints?   yes    no 
3. Have you ever changed jobs because of upper back complaints?   yes    no 
4. In the past 12 months have you had upper back complaints? 
              What was the diagnosis………………………………... 
 

  yes    no 

 
5. Where your back complaints in the past 12 months associated with :  

 

        - work ?   yes           maybe     no                                                                         
       - sports ?   yes           maybe     no                                                                         
       - other activities in leisure time ?   yes           maybe     no                                                                         

 
6. How long was the longest spell  of upper back 
    complaints in the past 12 months ? 

  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months 

 
7. What was the total length of time that you have 

had upper back complaints in the past 12 months?    

 
  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
8. How often in the past 12 months have you had 
separate spells of upper back complaints? 

 
 1 time                      
  between 2 and 5 times                 
  more than 5 times  
 

9. Was the onset of your upper back complaints 
in the past 12 months sudden or gradual? 

  sudden 
  gradual 
 

10. Could you describe the nature of your upper back 
complaints in the past 12 months ? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others….. 
 

11. How often have you been seen by an expert 
because of your upper back complaints in the 
past 12 months ? 

 Your GP         ____times 
 A physiotherapist  _times 
 A specialist    __ _ times 
     specify………………….. 
  no visit 

If you answered no to question 4, please continue with Lower back section  
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12. Which treatment(s) have you received in the 
past 12 months because of your upper back 
complaints? 

…………………………………………
………………………………………… 
 

13. How often do you have taken sick leave in 
the past 12 months because of your upper back 
complaints? 

  0 times 
  1 time 
  2 to 5 times 
  over 5 times 
 

14. What is the total number of days with sick 
leave in the past 12 months because of your 
upper back complaints? 

  0 days 
  1 to 7 days  
  8 to 14 days 
  over 2 weeks 
 

15. In the past 12 months, how much has your upper back pain changed your ability to 
work, where 0 is “no change” and 10 is extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

 
 
1. Have you ever had low back complaints?     

 
  yes      no 

 
 
 

 
2. Have you ever been hospitalized because of back complaints?   yes    no 
3. Have you ever changed jobs because of back complaints?   yes    no 
4. In the past 12 months have you had low back complaints? 
               What was the diagnosis…………………….. 
 

  yes    no 

5. Where your lower back complaints in the past 12 months associated with:  
 

        - work ?   yes           maybe     no                                                                         
       - sports ?   yes           maybe     no                                                                         
       - other activities in leisure time ?   yes           maybe     no                                                                         
       - pregnancy (only to answer by female)?   yes          maybe      no                                                                         
       - menstrual period (only to answer by 
female)? 

  yes          maybe       no                                                                         

 
 
 
 

 
 
 
 

If you answered no to question 4, please continue with Hip/thigh section  

If you answered no to question 1, please go to Hip/thigh section 
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6. How long was the longest spell  of back 
    complaints in the past 12 months ? 

  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months 
 

7. What was the total length of time that you 
have had low back complaints in the past 12 
months ?    

  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
 
8. How often in the past 12 months have you 
    had separate spells of back complaints? 

 
 1 time                      
  between 2 and 5 times                 
  more than 5 times  
 

9. Was the onset of your back complaints in the 
     past 12 months sudden or gradual? 

  sudden 
  gradual 
 

10. Could you describe the nature of your back 
      complaints in the past 12 months ? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others…………… 
 

11. Have you experienced in the past 12 
       months back complaints radiating to 
 

- left knee? 
- right knee ? 
- left ankle/foot? 
- right ankle/foot ? 

 
        
                                               
 yes      no 
 yes      no 
 yes      no 
 yes      no 

 
12. How often have you been seen by 
an expert because of your back 
complaints in the past 12 months ? 

 
 Your GP                  _____times 
 A physiotherapist    _____times 
 A specialist              ____ times 
  no visit 
 

13. Which treatment(s) have you received in the 
past 12 months because of your back 
complaints? 

………………………………… 
………………………………… 
………………………………… 
…………………………………. 
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14. How often do you have taken sick leave in 
      the past 12 months because of your back 
      complaints? 

  0 times 
  1 time 
  2 to 5 times 
  over 5 times 
 

15. What is the total number of days with sick 
leave in the past 12 months because of your 
back complaints? 

  0 days 
  1 to 7 days  
  8 to 14 days 
  over 2 weeks 
 

 

 
4. How would you rate your back pain at the present time on a 0-10 scale, where 0 is ‘‘no 

pain’’ and 10 is ‘‘pain as bad as possible’’ 

                                                                                                            

 
No pain 

 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Pain as bad   

could be 

                

5. In the past 12 months, how intense was your worst back pain rated on a 0-10 scale, 
where 0 is ‘‘no pain’’ and 10 ‘‘pain as bad possible’’? 

 
No pain 

 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Pain as bad   

could be 

 
6. In the past 12 months, on the average, how intense was your back pain rated on a 0-10 

scale, where 0 is ‘‘no pain’’ and 10 ‘‘pain as bad possible’’? 
 

 
No pain 

 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Pain as bad   

could be 

 
4. How many days in the past 12  months have you been kept from your usual activities 

because of back pain (work, school, house work) ? 
                                                                                                            days 
 
 

On the next seven questions we would like to know how serious you rate your 

back pain and whether your back pain affected your regular daily activities. You 

are asked to indicate your opinion on a scale from 0 ‘‘no problems’’ to 10 

‘‘problems as serious as possible’’  
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5. In the past 12 months, how much has your back pain interfered with your daily activities 
(work, school, housework) rated on 0-10 scale, where 0 is “no interference” and 10 is unable 
to carry on any activities”? 
 

 
No 

interferenc
e 
 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 
Unable to carry 
on any activities 

 

 
6. In the past 12 months, how much has your back pain changed your ability to take part in 

recreational, social and family activities, where 0 is “no change” and 10 is extreme 
change”? 

 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 
 
 

7. In the past 12 months, how much has your back pain changed your ability to work, where 
0 is “no change” and 10 is extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

 
 
HIP AND THIGH COMPLAINTS 
 
1. Have you ever had hip/thigh 
complaints?   yes    no 

 

 

 
2. Have you ever been hospitalized because of hip/thigh complaints?   yes    no 
3. Have you ever changed jobs because of hip/thigh complaints?   yes    no 
4. In the past 12 months have you had hip/thigh complaints? 
            
             What was the diagnosis……………………………. 
 

  yes    no 

 

If you answered no to question 1, please go to Knees section   

If you answered no to question 4, please go to Knees section  
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5. Where your hip/thigh complaints in the past 12 months associated with: 
 
     - work?   yes          maybe       no                                                                         
     - sports?   yes          maybe       no                                                                         
     - other activities in leisure time?   yes          maybe       no                                                                         
 
6. How long was the longest spell of hip/thigh complaints 
    in the past 12 months? 

 
  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 
months 
  longer than 3 months  
 

7. What was the total length of time (all spells added-up) 
that you have had hip/thigh complaints in the past 12 
months? 

  shorter than 4 weeks                              
  between 2 and 3 
months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
8. How often in the past 12 months have you had 
separate spells of hip/thigh complaints? 
 

  1 time  
  between 2 and 5 times 
  more than 5 times 
 

9. Was the onset of your hip/thigh complaints in the 
past 12 months sudden or gradual? 

  sudden 
  gradual 
 

10. Could you describe the nature of your hip/thigh 
complaints in the past 12 months ? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others…………… 
 

11. How often have you been seen by an expert 
because of your hip/thigh complaints in the past 12 
months? 
 

 Your GP                ___times 
A physiotherapist   ___times  
 A specialist          ____times 
  no visit 
 

12. Which treatment(s) have you received in the past 
       12 months because of your hip/thigh complaints? 

………………………………………………
……………………………………………… 
 

13. How often have you taken sick leave in the past 
      12 months because of your hip/thigh complaints? 

  0 times 
  1 time 
  2 to 5 times 
  over 5 times 
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14. What is the total number of days with sick leave in 
       the past 12 months because of your hip/thigh 
       complaints? 

  0 days 
  1 to 7 days 
  8 to 14 days 
  over 2 week 
 

15. In the past 12 months, how much has your hip/thigh pain changed your ability to work, 
where 0 is “no change” and 10 is “extreme change”? 
 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

 
 
KNEE COMPLAINTS 
 
    1. Have you ever had knee complaints?   yes      no 
 

 
 

2. Have you ever been hospitalized because of knee complaints?   yes      no 
3. Have you ever changed jobs because of knee complaints?   yes      no 
4. In the past 12 months have you had knee complaints? 
             What was the diagnosis…………………………… 
 

  yes      no 

 
 
 

5. Where your knee complaints in the past 12 months associated with: 
     - work?   yes          maybe       no                                                                         
     - sports?   yes          maybe       no                                                                         
     - other activities in leisure time?   yes          maybe       no                                                                         
 
6. How long was the longest spell of knee complaints in 
    the past 12 months? 
 
 
 
 
 

 
  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months  
 

7. What was the total length of time (all spells added- 
up) that you have had knee complaints in the past 12 
months? 

  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
 

If you answered no to question 1, please go to Ankle/feet section 

If you answered no to question 4, please go to Ankle/feet section 
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8. How often in the past 12 months have you had 
separate spells of knee complaints? 
 

  1 time  
  between 2 and 5 times 
  more than 5 times 
 

9. Was the onset of your knee complaints in the 
past 12 months sudden or gradual? 

  sudden 
  gradual 
 

10. Could you describe the nature of your knee 
complaints in the past 12 months ? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others…………… 
 

11. How often have you been seen by an expert 
because of your knee complaints in the past 12 
months? 
 

 Your GP                ___times 
 A physiotherapist  ___times 
 A specialist          ____times 
  no visit 

 
12. Which treatment(s) have you received in the past 
       12 months because of your knee complaints? 

 
………………………………………………
……………………………………………… 
 

 
13. How often have you taken sick leave in the past 
      12 months because of your knee complaints? 

 
  0 times 
  1 time 
  2 to 5 times 
  over 5 times 
 

14. What is the total number of days with sick leave in 
      the past 12 months due to knee plaints? 

  0 days 
  1 to 7 days 
  8 to 14 days 
  over 2 week 
 

15. In the past 12 months, how much has your knee pain changed your ability to work, 
where 0 is “no change” and 10 is extreme change”? 

 
No change 

 
 
0 

 
 
1 

 
 
2 

 
 
3 

 
 
4 

 
 
5 

 
 
6 

 
 
7 

 
 
8 

 
 
9 

 
 
10 

 

 
Extreme 
change 

 

1. Have you ever had ankle/feet complaints?   yes      no 
 
 
2. Have you ever been hospitalized because of ankle/feet 
complaints? 

  yes    no 

3. Have you ever changed jobs because of ankle/feet complaints?   yes    no 
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4. In the past 12 months have you had ankle/feet complaints? 
                 
               What was the diagnosis……………………….. 
 

  yes    no 

 
 
5. 

Where your ankle/feet complaints in the past 12 months associated with: 
 
     - work?   yes          maybe       no                                                                         
     - sports?   yes          maybe       no                                                                         
     - other activities in leisure time?   yes          maybe       no                                                                         
 
6. How long was the longest spell of ankle/feet 
    complaints in the past 12 months? 

  1-7 days                                           
  between 2 and 3 weeks                                        
  between 3 and 4 weeks 
  between 2 and 3 months 
  longer than 3 months  
 

7. What was the total length of time that you have    
had ankle/feet complaints in the past 12 months? 

  shorter than 4 weeks                              
  between 2 and 3 months                         
  between 3 and 6 month                                      
  longer than 6 months                                

 
8. How often in the past 12 months have you had 
    separate spells of ankle/feet complaints? 
 

 
  1 time  
  between 2 and 5 times 
  more than 5 times 
 

9. Was the onset of your ankle/feet complaints in the 
     past 12 months sudden or gradual? 

  sudden 
  gradual 
 

10. Could you describe the nature of your ankle/feet 
       complaints in the past 12 months ? 
 
     (more than one answer is possible) 

  stiffness 
  nagging feeling 
  numbness 
  tingling 
  loss of strength 
  cramp, spasm 
  pain 
  others…………… 
 

11. How often have you been seen by an expert 
because of your ankle/feet complaints in the past 12 
months? 
 

 Your GP                ___times 
 A physiotherapist  ___times 
 A specialist          ____times 
     specify………………...….. 
 
  no visit 
 

If you answered no to question 4, please do not continue  
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12. Which treatment(s) have you received in the past 
      12 months for the ankle/feet complaints? 

………………………………………………
……………………………………………… 

 

 


