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ABSTRACT 

The study was undertaken to determine via an epiderniological survey the prevalence 
of chronic respiratory symptoms in a group of 45 wood workers/cabinet makers and to 
compare the study groups ventilatory capacities and symptoms with a control group of 
45 office workers. The study aimed to discover the influence of wood dust on the 
respiratory system. 

The study included a questionnaire on all subjects (90 people) which provided data on 
their respiratory symptoms. By combining together information obtained via 
measurement of forced expiratory volume (FEV) per second and forced vital capacity 
(FVC) as well as height, and clinical examination, the study was able to statistically 
analyse the impact of wood dust and smoking on lung function and respiratory 
symptoms. 

This study showed the prevalence of respiratory disease symptoms was higher in the 
wood working industry than in office work. The differences were statistically 
significant for the symptoms common cold, running nose, cough and breathlessness. 
The ventilatory capacities of wood working/cabinet makers were lower than the office 
workers, but this was not statistically significant, possibly because of the small sample 
size in the two groups. 

The differences observed in the combined groups according to their smoking habits 
were statistically significant for breathlessness and also for the FEV1:FVC ratio. Thus 
the non-smokers have stronger lung function than the light and heavy smokers. Of 
particular interest was the correlation between increased breathlessness and the number 
of cigarettes smoked per day. 

Darwin, Australia has a small population generating only small sample sizes, despite 
this the trends are clear. Wood dust may well play a significant role in causing 
respiratory symptoms and smoking habits definitely contribute to the occurrence of 
respiratory symptoms. Provision of natural ventilation with sufficient forced ventilation 
in the workplace is recommended to dilute the wood dust and reduce the prevalence of 
such symptoms. Workers' health education on smoking habits together with statutary 
regulations being enforced would further reduce the incidence of respiratory 
symptoms. Unfavourable working conditions and general atmospheric pollution was 
observably higher in the wood working industries than the office workplace but to find 
statistical significance concerning respiratory symptoms will require an epidemiological 
study. 

As smoking habits seem responsible and increasing respiratory symptoms, both 
workplaces need to consider health promotion and quit-smoking programs to 
maxirnise the awareness of workers to this hazard. 

This study has laid down a base line of'data that significantly shows that wood dust 
and smoking do influence the respiratory system. Further work is required for greater 
clarity. 
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In a study of byssinosis in English and Dutch cotton workers, Lammers, Schilling and 
Walford (1964) demonstrated air pollution as one of the factors which accounted for 
the difference between English and Dutch cotton workers in respiratory symptoms and 
ventilatory capacity. They also showed an association between air pollution and early 
manifestations of respiratory diseases and suggested that pollution may be initiating 
bronchitis and not merely aggravating it. 

Thus, it is clear that air pollution plays an important role in the aetiology of respiratory 
symptoms, but one has yet to find the important contaminant in air which causes this. 
In this comparative study of respiratory symptoms of wood workers and office 
workers, in the Darwin area of the Northern Territory, Australia perhaps some light 
may be shed on the impact of air contaminants which could lead to effective measures 
to prevent respiratory symptoms. 

Of insightful significance to this comparative study is the research by the four 
researchers: Li, Yuan, Yi and Jiang (1990) who conducted a sectional study on the 
effects of exposure to wood dust in China, through the manufacture of joss sticks. 
They found there was exposure to a mixture of wood dusts in that industry. A 
respiratory symptoms questionnaire, a physical examination, and pulmonary function 
tests were used to evaluate each subject in their project. The prevalence of chronic 
bronchitis was 33 percent and 17 percent respectively, in smokers and non-smokers 
among this study group. A greater prevalence of pulmonary function impairment was 
noted among the smokers. The impairment of pulmonary function was usually detected 
in those exposed to wood dust prior to the appearance of other symptoms. It could 
well be that for wood workers, where air pollution is airborne wood dust, if they are 
smokers then the effects of these two respiratory contaminants will amplify the 
incidence of respiratory disease. 

1.2 DARWIN, NORTHERN TERRITORY 

1.2.1 Topography 

The Northern Territory covers an area of 1,346,200 square kilometres. It extends 
approximately 1,600 km from the north to south and 934 km from east to west. Eighty 
percent of this area lies within the Torrid Zone north of the Tropic of Capricorn. 
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The greater proportion of the Northern Territory does not exceed 450 metres above 
sea level. Darwin is a coastal city of 90,000 people on the north coast of the Northern 

Territory (Northern Territory Statistical Summary, 1990). 

1.2.2 Industry and air pollution 

The Northern Territory has an agricultural industry but has not developed the full 
spectrum of industries that occur in the other states of Australia. In Darwin there is no 
major manufacturing industry. There are, however, small service industries and a 
minor degree of manufacturing. In the larger towns, woodworking is by far the largest 
manufacturing enterprise. Thus there is hardly any air pollution from industrial 
sources. No study has been published regarding air pollution in Darwin, but it is 
reasonable to assume that the level of pollution is low. Darwin is a small coastal city of 
90,000 people and motor vehicle exhaust fumes are a negligible source of pollution. 
There are fewer motor vehicles per square kilometre of population than in the larger 
cities of Australia (National Occupational Health and Safety Commission, 1990). 

1.3 THE COMMONEST DISORDERS OF THE RESPIRATORY SYSTEM IN THE 

NORTHERN TERRITORY, AUSTRALIA 

The mortality rates for respiratory disease in the N.T. are higher than those for all of 
Australia (Plant, Condon and Durling 1995). Therefore the study of respiratory 
symptoms in an occupation arguably at risk is warranted. Early recognition of 
respiratory symptoms could lead to prevention of disease. 

1.4 OCCUPATION AND RESPIRATORY DISEASE 

Occupation has been considered an important factor in the development of chronic 
respiratory disease at least since fifteenth century (Jones 1981). The literature also 
shows that hazards existed in London due to dust and to smoke. This led to the death 
penalty being imposed by decree upon those people found guilty of burning coal by 
Edward I in the middle ages. Likewise, the inhalation of dust has been of deep concern 
to human beings for many generations. Mark Ruffer, studying exhumed Egyptian 
mummies from the era 2700 B.C., commented that injurious marks were left by silica 
in lymph nodes (Wyatt, 1971). Sanchis, Dolvich, Chambers and Newhouse (1971) 
formed a theory that silica in lymph nodes was related to respiratory diseases, and this 
theory is acceptable among current medical researchers. 
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1.5 PURPOSE OF THE STUDY 

This research thesis attempts to investigate and determine whether wood-workers and 
cabinet makers exposed to wood dust are subject to a greater hazard of respiratory 
symptoms than a comparable group of workers in an office environment. The study 
also addressed the effects of wood dust pollution on lung function and respiratory 
symptoms in wood workers in the Darwin region who have worked in this job on 
average between 10 to 15 years, and who have been exposed to wood dust. The other 
study group, the office workers, were utilised as the control group. In seeking to 
compare the findings of this study with those of many previous studies around the 
world, this research aims to verify the impact of wood dust on workers in a location 
not previously tested: Darwin, Australia. 

This thesis looks at the impact of smoking on lung function and respiratory symptoms. 
As reported by Li et al. (1990), the greater prevalence of pulmonary function 
impairment occurred among smokers. So by analysing the smoking habits of all the 
subjects this study sought to show whether smoking magnifies the hazards to lung 
function of wood workers and office workers alike. 

1.6 SIGNIFICANCE OF THE PROJECT 

Previous studies support the necessity for this current study, and this study is the first 
known attempt to define the prevalence of respiratory problems, and relate this to 
wood dust and smoking in workers in the Darwin region. If wood dust inhalation is 
linked to impairment of ventilatory function, chronic respiratory disease and 
symptoms, and lung disease, then measures could be taken to decrease the prevalence 
of respiratory problems and reduce lung disease through controlling environmental 
hazards such as airborne wood dust. A compounding factor is the smoking habits of 
the workers, thus any ventilatory function impairment has to be considered with 
respect to the impact of smoking. Consequently educational measures may be 
appropriate to reduce respiratory problems. 

1.7 SCOPE OF THE PRESENT INQUIRY 

This study seeks to determine if the occurance of respiratory symptoms among wood 
workers differs from that found in office workers and from that found in other studies. 
Respiratory symptoms and pulmonary disability, due to dust, are common in the 



wood-working industries. Wood workers and cabinet makers in the Northern Territory 
are exposed to two forms of dust: process dust, which is very fine suspended wood 
dust, as well as a background dust of wood and other contaminants. These workers 
may be more prone to respiratory disorders than any other group of workers who are 
not exposed to a similar environment. An ideal investigation would be to randomly 
select a study group, comprising, for instance, school-leavers, and compare them with 
a sample group comprising people of the same age but in some other type of 
occupation. Subsequent comparisons of the incidence of respiratory symptoms should 
then be made in the two groups in this study. In default of this, we can only study the 
prevalence in already constituted groups who are as comparable as possible to one 
another in age and all environmental conditions. Except for the factor of exposure to 
wood dust which we are discussing later, the two groups in this study are comparable. 
In the present study, all the subjects in the two groups, wood workers and office 
workers, had remained in the same occupation since leaving school, thus achieving a 
near ideal situation for comparison. The compounding factor of smoking habits is 
considered uniform throughout the general population, hence across the two groups its 
impact would be similar. 

The study was confined to the Darwin zone of the Northern Territory because it is the 
major population centre from which to draw the two sample groups. 
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CHAPTER ii 

REVIEW OF THE LITERATURE 

The literature review was compiled from the British Occupational Journal of Medicine, 
the Journal of Industrial Medicine, (UK, USA and Canada), Journal of Occupational 
Health (UK), and the Journal of Industrial Hygienists (UK, USA and Canada). Also, 
use was made of the Occupational Health Authority (USA and Canada) database 
network on CD Rom. The literature from 1942 onwards was searched. Surprisingly 
there was no written material by Australian researchers on the wood-working cabinet 
makers, however occupational health papers referred to the resources listed above. 
The 'Medline" database proved unsatisfactory as it did not contain data on 
occupational disease studies. 

2.1 THEORETICAL LITERATURE 

2.1.1 Lungs as the target of air pollutants 

If breathing stops, we die. If we live on this earth, we have to inhale the air around us, 
regardless of its quality, in a rest period, an adult person breathes about 14 times in a 
minute, and inhales about half a litre of air in each breath. It takes seven litres of lung 
ventilation per minute (420 litres per hour or about 10 cubic metres in 24 hours) to 
sustain life in us. With physical work, the frequency and depth of the breath increases 
many times above resting values in order to supply the necessary amount of oxygen to 
the working muscles and to remove the carbon dioxide end product. Ten cubic metres 
of air inhaled over an eight-hour shift may be needed for an average physical work 
load. If air contains 10 milligrams (mg) of respirable dust particles per cubic metre [a 
respirable dust particle is one with a diameter between approximately one and 10 
micrometre (p.m)], then the air is considered, in most countries, to be at the exposure 
limit for dust without evident harmful effects. A worker in this environment would 
inhale 100 milligrams of dust per shift or some 20 grams per year. Twenty grams is a 
good spoonful of dust. 

The respiratory system has an efficient clearance mechanism to rid itself of most of the 
inhaled dust. In the lungs of deceased coal-miners, around 10 grams of dust was found 
to be the average (WHO, 1986). 



7 

Because of its aerodynamic properties of mass, shape and density, dust, once it is 
airborne, enters the oral cavity. The adverse effects of wood dust on health become 
apparent when the dust is lodged in the alveoli and the macrophages engulf individual 
particles, as this is the most likely beginning stage for respiratory problems and lung 
disease. This process is greatly increased in wood workers who inhale this dust 

Air pollutants can cause damage to the lungs. Very few workplaces in either industry 
or agriculture are completely free from air pollution (harmful gases, vapour, mist, 
fumes or dust). Thus, occupational lung diseases are a factor in work-related health 
problems. 

The lungs are not the only target for many harmful agents; most inhaled toxic 
substances can pass through the lungs into the blood stream without any damage to 
the lungs. However, when distributed by blood circulation to various organs, these 
substances can damage them or cause general poisoning. In the workplace, absorption 
through the lungs is the most important means of entry for toxic chemicals, followed 
by absorption through the skin and ingestion (Proceedings of Vllth International 
Pneumoconiosis Conference, Pittsburgh, 1988). 

2.1.2 Occupational lung diseases 

Although this study focussed on respiratory symptoms, some discussions of lung 
disease, the end result of chronic respiratory symptoms, is useful to establish the 
context of this study. Often, with the apparently imperfect system of notification used 
in many other countries, occupational diseases are under-reported, and the exact 
number of people who suffer from occupational lung diseases is unknown. However, 
an approximation can be made from the limited number of statistics published in some 
industrialised countries which base their reporting on the list of occupational diseases, 
appended to the ILO, Employment Injury Benefits Convention (No. 121) (1964). In 
Australia no such statistics were recorded as people suffering from lung diseases are in 
a single group of related diseases which was not separable into their occupations. It 
can be estimated that the incidence of occupational lung disease in the industrialised 
countries could be about one case per 1,000 workers annually as the average (David, 
1979; Indulski and Starzynski, 1983; Der Bundesminister fir und Sozialordnung 1987, 
Fonds des maladies, 1989; Zsogen, 1989). Among the occupational diseases in 
industrialised countries, some 10 to 30 percent are occupational lung diseases. In 
countries with large mining activities, pneumoconiosis (lung diseases caused by 
mineral dust such as silicosis or coal worker's pneumoconiosis) prevail, but other 
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occupational lung diseases, especially allergic diseases caused by chemicals or dust of 
vegetable and animal origin, are being reported in increasing numbers. The ILO has 
assessed that about 40,000 new cases of pneumoconiosis may occur world wide 
annually (Proceedings of Vu/h International Pneumoconiosis Conference, Pittsburgh, 

1988). 

Occupational lung diseases have a serious outcome. Up to three percent of deaths of 
chronic respiratory diseases in New York State are reportedly associated with 
occupation (Markowitz, Fisher, Fahs, Shapiro and Landrigan, 1989). 

The Seventh International Pneumoconiosis Conference in Pittsburgh (988) discussed 
at length the difficulties of controlling airborne dust from an engineering technical 
standpoint. A report from developing countries showed that the concentrations of 
airborne dust in mines are in general substantially higher than in industrialised 
locations. The conference endorsed the importance of the subject and the need for 
continuing co-ordinated preventive action into controlling airborne dust in all sectors 
where it is prevalent. 

The continuation of these occupational activities indicates both the importance of 
occupational lung disease and the difficulties in promoting and implementing efficient 
preventive and control measures at national and international levels. 
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2.1.3 Air pollutants 

The possible sources of air pollution are numerous and can be found in most industrial 
workplaces. Listed in Table I are some of the commonest production processes which 
generate certain respiratory hazards (Sherwood and Alesbury, 1983). 

Table 1. Some of the production processes and associated respiratory hazards 

Process Industry Respiratory Hazard 
(dust/mist) 

agriculture organic dust irritant 
chemical industry 

Blending and mixing construction industry allergens 
food industry mineral dust 

flour dust 

Crushing and sizing silica 
(mechanical reducing the mining coal 
particle size, solid and asbestos 
sorting larger from 
smaller)  

This study concentrates on the construction industry thus wood dust is considered the 
major respiratory hazard. However other pollutants may well be present in the 
workplaces under study e.g. irritants, allergens and others. 

2.1.4 Inhaled dust 

To understand the problem of respiratory disease due to inhalation of dust, it is 
necessary to consider some of the physiological properties of dust and some aspects of 
the physiological behaviour of the respiratory system. 

Dust means solid particles dispersed in the air (or other gaseous media) due to 
mechanical disintegration of rocks, minerals and other materials by various impulsive 
forces such as drilling, blasting, crushing, grinding, milling, sawing, polishing, 
spraying, or to the breaking down of other organic materials such as cotton fibres, 
pollen and fungal spores. 



2.1.5 Clearance of particles from the lungs 

As cited by Rivers, James, Davis and Thomson (1957), and Muir (1972), the 

respiratory tract can be divided into 23 generations, starting from the trachea 

(Generation One) up to the alveolar sacs (Generation 23). The first 16 generations of 

airways, i.e. from trachea up to the terminal bronchioles, do not contain alveoli. This 

region is called the conducting zone, which distributes inhaled air to the alveoli and 

returns exhaled air back to the environment. The last seven generations, i.e. from 

respiratory bronchioles to alveolar sacs, absorb oxygen in the blood and eliminate 

carbon dioxide within the alveoli. This region is called the respiratory zone. 

Both regions are equipped with efficient systems to get rid of dust particles which 

settle on their surfaces. The conducting airways are lined with ciliated epithelium. The 

cilia beat to and fro with a wave-like motion and propel the moist layer of mucus, 

which covers the cilia, towards the pharynx. Any insoluble dust particles settling on 

this moving surface are carried in the same direction and are eliminated from the body 

after being swallowed. This process takes nearly 12 hours. 

Figure One below shows a schematic diagram illustrating the flow through the upper 

and lower airways of lungs 

Schematic air flow through the lungs 
Figure 1 
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Dust particles reaching the alveoli are cleared much more slowly. Some of these are 
engulfed by alveolar macrophages and finally excreted via the mucociliary escalator. 
Others are retained permanently within the lungs or hilar lymphatics and may cause 
tissue damage. The time taken to eliminate particles from the lungs may range from 24 
hours to 300 days (Booker, Rundo, Muir and Thomson, 1967). Particles of the order 
of five im and smaller take a longer time. There is a large individual variation in the 
rate of mucociliary clearance of particles (Albert, Lippman and Brisco, 1969). There 
appears to be some uncertainty as to whether or not smoking influences efficiencies of 
clearance. Some authors have shown that it does impair clearance (Albert et al, 1969), 
and others that it does not (Pavia, Short and Thomson, 1970). But there seems little 
doubt that cigarette smoke is cilia-toxic (Kennedy and Elliot, 1970). Sanchis et al. 
(1971) demonstrated that cigarette smoking slows the normally rapid first phase 
clearance, and prolongs the slow phase. 

In human beings, macrophages are long-lived lysosomal and phagocytic cells. The 
main role of macrophages is to deactivate foreign bodies (antigens). The macrophages 
are part of the immune system where they play an important role in co-operation with 
lymphocytes (B and T cells) to remove antigens. The immune system can be stimulated 
by foreign bodies to produce macrophages with specific antigens on their cell surfaces. 
These surface antigens help the macrophages recognise, attach to and immobilise the 
foreign bodies. Their action aids and complements the B and T cells in their fight 
against other immune system infections. 

Precursors of macrophages are monocytes which are derived from stem cells in the 
bone marrow, which under differing stimuli produce a range of immune system cell 
types where usually the monocyte is the last stage of cell development. Macrophages 
have the ability to kill organisms by digesting them so they ingest or engulf organisms 
and substances. 

2.1.6 Properties of air pollutants and dust 
Air pollutants can be found in the followings forms: 
- gas, 
- vapour, i.e. gaseous forms of a substance which is a liquid at ambient 

temperature 
- mist, i.e. product of condensation of evaporated material (e.g. oxides of iron in 

welding) and smoke, i.e. particles from fuel combustion, and 
- dust, i.e. particles formed by mechanical disintegration of solids. 
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Airborne particles or droplets are also called aerosols. 

The shape of most airborne particles is irregular. Particles which have a length to 
width ratio greater than 3: 1 are conventionally called fibres. 

The hazardous potential of air pollutants depends first on their capacity of penetration 
and deposition in the respiratory system. Particle size is considered to be the most 
important characteristic. Mist droplets can have a diameter from 0.5 to 20im, while 
fume particles usually have an average diameter of from less than one .im down to 
0.01 pm. Dust particles usually range from less than one .tm to 100 tm (WHO, 1984). 

The majority of dust particles are of irregular shape, and exist either individually or in 
aggregations. All particles have an independent motion of their own (Brownian 
Motion), and when airborne, have a tendency to settle under the influence of gravity. 
The gravitational force exerted on a particle is equal to the product of its mass and the 
gravitational constant (i.e. acceleration due to gravity). Against this force is opposed 
the force of the viscosity of air, which is greater for smaller particles, and fume 
particles. 

The terminal velocity of a particle is proportional to the square of its density. This 
settling tendency is an important determinant of the aerodynamic behaviour of particles 
in the airways of the lungs and is related to their shape, surface characteristics and 
density. It is not their apparent microscopic size which decides the manner in which 
particles behave but their aerodynamic properties. The particle sizes of importance in 
pneumoconiosis are those which behave as if they were Unit Density Spheres of one to 
10 p.m diameter (Parks, 1974). Particles smaller than one p.m diameter may remain 
airborne for a long time and may present a special respiratory hazard if their 
concentration is sufficiently high. 

2.1.7 Behaviour of inhaled particles 

Particles that lodge in the respiratory tract penetrate into the lungs. The depth to 
which they penetrate depends on their physical characteristics (i.e. size, density, shape, 
and aerodynamic properties) and the volume of each inspiration by the subject. 

Once a particle comes into contact with the wall of an airway it is deposited. 
Deposition for a given particle size shows great variation from subject to subject. in 
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cigarette smoking, it appears to occur more proximally than distally, due possibly to 
the bronchoconstrictive effect of tobacco smoke (Lippmann et al., 1971) and also 
there is an increase in deposition with particle size because of higher condensation of 
the water vapour in the respiratory tract. There is some evidence that significantly 
fewer particles, smaller than five tm, are deposited beyond terminal bronchioles in 
cigarette smokers compared with non-smokers (Sanchis et al., 1971). 

Experimental work on people has shown that the diameter of particles deposited in the 
lungs is greater when adults breathe through the mouth than when they breathe 
through the nose (Altshuler et al., 1967; Lippmann and Albert, 1969). When a person 
is breathing through the nose, the majority of the particles with a diameter greater than 
10 .tm are trapped in the nose and pharynx. Precise knowledge of the size range of the 
particles which reach the alveoli is lacking. The size at which maximum alveolar 
deposition occurs is a subject of controversy, but the size of particles and tidal volume 
play a part (Parks, 1974). An increase in the small volume which accompanies heavy 
physical effort results in greater deposition of particles than when the subject is at rest 
or performing light work. 

Dust particles recovered after death from the lungs of coal miners who suffered from 
respiratory diseases have a wide range of sizes, but the majority are about one tm 
(Hinds, 1988). There is no known case of any autopsy having been performed on a 
subject who died as a result of breathing wood dust. This might be largely due to the 
lack of research, because individual wood dust particles are approximately one p.m 
diameter and this size makes wood dust very appropriate for alveolar deposition. On 
grounds of our present knowledge, it appears that maximal alveolar deposition occurs 
for particles of between two and five jim. 

2.1.8 Reaction of the respiratory system to air pollutants 

The inhaled matter which is not retained or deposited in the lungs is exhaled. 
Dissolved gases and vapours react with the bronchial or lung tissue, or pass through 
the alveolar wall into the bloodstream and are distributed throughout the body. 

The deposited particles are subject to the clearance mechanisms of the lungs: firstly, 
the cilia, which are covered by mucus, a layer which has a continuous upward 
movement to the nasopharynx (mucociliary movement). Particles deposited in the 
bronchi are transported there, and then expectorated or swallowed with the mucus. 
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The alveoli have no similar mucociliary clearance. An insoluble particle deposited in 
this area is engulfed by the macrophages as a foreign particle. After engulfing the 
foreign particle, the macrophage can move to the bronchiole and then be transported 
by the movement of the mucus upwards and out of the respiratory system. Other 
macrophages may re-enter the pulmonary tissue and remain there, or may move to the 
lymphatic system. Some dusts, e.g. silica and asbestos, kill the macrophages, 
consequently destroying an important link in the overall co-operation between cells of 
the immune system. Different types of macrophages fixed in the alveolar lining of the 
lungs are usually present in high numbers and are very important in preventing 
establishment of pathogens and unwanted normal flora micro biota within tissues of 
the lower respiratory tract. Thus dust that kills these cells would lead to a defective 
respiratory function. The products of the disrupted macrophages promote fibrosis of 
the lungs leading to a restrictive and defective function, and subsequently disease. 

The respiratory system reacts in two ways to the presence of air pollutants, and it is 
the macrophage response that appears to contribute to lung disease. 

2.1.9 Effects of environmental pollutants 

Air particles of inert dust and tobacco smoke are almost ubiquitous in the air of 
industrial workplaces. Therefore, their effect on respiratory morbidity is frequently 
discussed. 

inert dust is formed from material which does not cause any specific respiratory 
pathology. It has been shown that high concentrations of such dust can cause acute 
bronchial catarrh and bronchoconstriction by mechanical irritation (Sherwood and 
Alesbury, 1983). However, the important question is whether long-term dust exposure 
can cause disabling and irreversible bronchopulmonary disease. Some specialists 
believe in this association, and a few countries have even included the so-called 
"industrial bronchitis" in their lists of occupational diseases, which could lead to 
compensation entitlement. However, more generally, it is thought that although there 
is no doubt that simple chronic bronchitis (i.e. persistent phlegm production without 
impairment of lung function) is caused by inhalation of dust there is at present no 
convincing evidence to show that either chronic obstructive bronchitis (i.e. persistent 
phlegm production with lung ventilation impairment) or associated respiratory 
disability are directly and consistently attributable to such exposure (Parks, 1982). The 
principal cause of obstructive bronchitis appears to be smoking. Whereas some six 
percent of non-smoking adult men have chronic coughs and phlegm, there is a two- 
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fold increase of chronic bronchitis in ex-smokers, a four-fold increase in those smoking 
20 cigarettes or less per day, and a six-fold increase in heavy smokers (more than 20 
cigarettes daily) (Parks, 1982). 

The causal association between cigarette smoking and cancer of the lungs has been 
firmly established since 1955. The synergistic effect of wood dust inhalation and 
cigarette smoking on the incidence rate of lung cancer increases the risk for both 
smokers and passive smokers i.e. those who share the workplace with smokers and 
breathe the air polluted by tobacco smoke. 

Whereas there is no evidence of causality between passive smoking and chronic 
bronchitis, there is some indication of its association with the risk of lung cancer. 
Although the causality of this relationship is at present a matter of controversy, the 
possibility that passive smoking causes chronic bronchitis should be given serious 
consideration, and further research is required (ILO, 1988). 

2.2 EMPIRICAL LITERATURE 

2.2.1 Wood-workers and respiratory disease 

The nose is a highly effective dust filter (Sherwood, 1983). Those particles which 
escape deposition in the nose are likely to escape deposition in the conducting air-
ways, and are carried right through to the alveoli (Paterson, Patterson and Grammer, 
1986). A change from the normal nasal breathing to breathing orally would increase 
the alveolar dust load by-passing this filter, and the mass of the particles able to be 
deposited on the ciliated epithelium. These effects are more likely to lead to increased 
damage to the respiratory tract. 

Related to this study, there are many documented studies of respiratory diseases in the 
wood working industry. All of these studies utilised workers and control groups from 
the Northern Hemisphere. These included case histories: (Godnic-Cvar, Gomizi, 
Boucher and Fromati, 1990), and an epidemological study: (Goldsmith and Shy, 1988 
and Jappinenen, Pukkala and Tola. 1989). Pertinent topics in the literature include 
wood-dust exposure, lung disease respiratory problems and asthma. In one paper, 
Godnic-Cvar et al. (1990) state that certain wood dusts and disease are related. Other 
authors, Ayars, Altman, Frazerier and Chi (1989), found toxic constituents in wood 
dust and allergies. Holmstrom, Wilhelmsson and Hellquist (1988) specifically allude to 
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cabinet makers and wood-dust exposure, and also take into account smoking habits in 
wood-workers. They concluded that smoking can cause lung disease and reduces lung 
capacity (Holmstrom et at., 1988). There are also papers on lung function and a survey 
of wood-workers: Vedal, Chan-Yeung, Enarson, Fera, Maclean, Tse, and Langille 
(1986), and Solgaard and Andersen (1975). A number of laboratory studies have been 
directed at experimentation on mice (Holmstrom, Wilhelmsson and Heliquist, 1989) 
and rats (Mohtashamipur, Norport, Ernst and Mohr, 1989). Also, Pott, Roller, Ziem et 
al. (1989) carried out tests that related the exposure of animals to wood-dust and 
consequent ill effects on their respiratory health. The studies by the above authors on 
wood-dust and its related lung diseases have prompted this investigation into wood-
dust, its affect on the respiratory system of cabinet-workers and whether their smoking 
habits are a contributing factor. A lung function test was used to measure dust impact 
in one of the studies. Studies were conducted on the laboratory on animals respiratory 
systems with wood dust and cigarette smoke in a constant air-conditioned 
environment. The methods used by the above researchers dealt with toxic constituents 
and allergies but this is not an issue for the investigator in this study. There are no 
comparisons in their research studies with other occupations. 

Research into this topic has come from continental Europe, the United Kingdom, the 
United States, and South Africa where wood-working is still extensively practised. 
Wood dust is still extensively created in the factories, and rather than design a new 
extraction system, most wood working centres are still being established using old 
designs. In all these countries a higher prevalence of respiratory morbidity and 
mortality from respiratory disease is incompletely understood in spite of various 
international studies on respiratory diseases. Several factors have been incriminated in 
the aetiology of chronic respiratory disease. Most of the previous studies have been 
limited to laboratory studies, however Maestrell, Marcer and Dal Vecchio (1987) have 
attempted to connect wood workers and respiratory disease in an exposed open air 
workplace, such as occurs in a sawmill. They found that FEy1 declined with wood 
dust exposure. This study considers wood-workers operating in a closed tropical 
environment, whereas the previous studies are all from cool temperate climatic 
regions. In these two ways, Darwin is set apart, and these differences must be 
considered in order to study the significance of wood-dust on wood-workers health. 

2.2.2 Working environment 

The extent to which occupational wood-dust exposure is responsible for respiratory 
disability has for long been the subject of controversy, and without a substantial 
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comprehensive study, it is difficult to assess the effects of occupational wood-dust 
exposure. On the evidence available at these times, the Medical Research Council in 
1966 and again in 1986 maintained that neither time nor intensity of exposure 
appeared to be a very significant factor in determining the prevalence of bronchitis 
among wood working cabinet makers. This view was disputed by McLaughlin (1966), 
Gough (1966) and Pemberton (1968). A study by Cochrane (1966), while accepting 
the Medical Council Report in the UK as a good summary of available scientific 
evidence, suggests that more accurate measurements of wood-dust dosage would be 
likely to yield better correlations with respiratory symptoms and ventilatory function. 
Cochrane (1966) used scientific evidence derived from the correlation of respiration 
symptoms and ventilatory function and related it to wood-dust exposure. A lung 
function and screening test was used in his study. The medical researchers in their 
report found that time and intensity of exposure appeared to be a significant factor 
affecting their wood workers with respect to respiratory symptoms. 

Robins, Haboubi, Demers, and Schork (1990), in a study of pattern and model-makers, 
attributed the relationship between respiratory symptoms and pulmonary function to 
cumulative estimated exposure to specific workplace agents like wood, plastic, or 
metal products. Their findings and those from other studies support the plausibility of 
wood-related effects being more significant than plastic-related effects with respiratory 
problems. The present study uses office workers as a control group and seeks to 
clarify wood-dust exposure significance. 

An investigation by Rastogi, Gupta, Husain and Mathur (1989), on the prevalence of 
pulmonary function abnormalities in wood-workers was conducted. The cohort 
consisted of 109 persons with a mean average age of 26 years employed in India. 
Subjects were primarily employed sawing soft wood such as sheesham and mango. 
Mean duration of exposure was nine years. The comparison group consisted of 88 
subjects, mean age of 29 years, not occupationally exposed to air pollutants. Seventy-
seven wood workers and 37 subjects in the comparison were smokers. The subjects 
were interviewed by questionnaire to obtain information on personal and occupational 
histories and respiratory symptoms. Spirometry testing was performed. The prevalence 
of pulmonary impairment in the symptomatic and asymptomic wood-workers was 42 
and 25 percent, respectively with impairment being primarily restrictive in nature. The 
overall prevalence of obstructive pulmonary impairment was similar in the cohort and 
comparison. Smokers in both groups had a significantly higher prevalence of 
ventilatory obstruction. The authors concluded that exposure to wood-dust in wood 
working causes a restrictive type of lung impairment. This study bears a resemblance 
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to the present research in that it compares the study and control group. Questionnaires 
were distributed. A lung function test by spirometry was also performed. The Indian 
study was on workers sawing the timbers of selected types of soft wood and mango 
trees, not cabinet-makers. The methods used were quite similar, but not the closed 
environment. The study by Rastogi et al. (1989) considered the socio-economic status 
of indian workers in their study. For Darwin this is not an issue because in Australia 
the established political-industrial relations environment is stable, creating uniformity in 
wages and conditions across the occupational sectors under this study 

In another study by Vedal et al. (1986) on the relationship between the level of 
exposure from wood dust and the prevalence of respiratory symptoms and illness, tests 
examined lung function in sawmill workers. Fifty-two male workers completed the 
American Thoracic Society's adult respiratory questionnaire, answered questions on 
occupational history, and again underwent spirometric testing and pulmonary function 
levels where forced expiratory volume in one second (FEVI) and forced vital capacity 
(FVC) were used. The authors concluded that even at low dust concentrations, the 
incidence of symptoms was high. 

A survey of respiratory diseases in wood-workers by Carosso, Ruffino and Bugiani 
(1987) utilised a cohort consisting of 55 asymptomatic wood-workers and 35 wood 
workers with symptoms of chronic cough, dyspnea on exertion or at work, and 
bronchial hyperactivity. The wood-workers were employed in small furniture factories 
in italy. Comparisons consisted of 53 laboratory workers. Subjects completed a 
standardised questionnaire with questions concerning history of allergic diseases, and 
relation of dyspnea to work environment. Serological studies were conducted to 
measure immunoglobin concentrations. Spirometric testing was performed. Single 
breath lung transfer factors for carbon-monoxide, alveolar volume (AV), and the 
diffusion coefficient (Kco) were determined. The concentrations of all 
immunologlobulins were within the normal range. A number of antibodies against 
wood-dust were detected by precipitation in four exposed subjects and in none of the 
comparisons. Only one exposed subject showed an increase in specific immunoglobin-
E. There were no significant differences in the prevalence of reactivity to common 
allergens between groups, but prevalence of positive skin reactions to wood extracts 
was significantly higher in the symptomatic workers. Ratios of FVC and FEy1  were 
significantly higher in symptomatic workers. FEy1 was significantly lower in 
symptomatic workers. FEy1, maximum expiratory flow at 50 percent FVC, single 
breath lung transfer factors for carbon-monoxide (TLco), and the diffusion coefficient 
(Kco) were significantly negatively correlated with duration of exposure. The authors 
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concluded that exposure to wood-dust or bronchoactive substances related to wood 
working can cause chronic obstructive lung disease. The studies by Carosso et al, 
(1987) were more of a biological test on lungs, the diffusion coefficient and antibodies, 
and on symptomic workers and skin reaction. Again FEy1 and FVC were used to 
determine the ratios to determine the respiratory system. A similar approach has been 
utilised in this study. 

Lopez and Salvaggio (1986) evaluated patients suspected of occupational allergic lung 
disease. Such evaluation included a medical history, physical examination and 
pulmonary function tests. The authors carefully examined the work environment for 
exposure to wood dust. This research project utilises the same series of evaluation 
instruments as Lopez and Salvaggio (1986). Brooks, Edwards and Edwards (1981) 
studied the health status and working conditions of workers exposed to wood and 
other dusts. Employees at wood product facilities completed a medical questionnaire, a 
limited medical examination and a pulmonary function test. Airborne wood-dust 
concentrations were examined. A high prevalence of occupational asthma was found in 
workers exposed to wood dust. A dose relationship between total dust concentrations 
and prevalence of asthma was noted with employees in jobs with the greatest dust 
exposure. Cigarette smokers had the greatest magnitudes of change in pulmonary 
function tests. The researcher concluded that wood-dust had a potent biologic activity 
and there was a great need for proper control of dust. They determined a dose 
response between dust concentration and the prevalence of asthma in workers in the 
wood-working industry. Cigarette smoking was also a factor of significance in the 
study. 

Another study by Whitehead. Ashikaga and Vacek (1981) involved the pulmonary 
function status of workers exposed to hardwood or pine. The effect of wood-dust on 
pulmonary function was investigated in 1157 wood-workers. FEV1/FVC, and maximal 
mid-expiratory flow rate were determined in hardwood workers, low pulmonary flow 
rates were two to three times more prevalent among workers exposed to medium or 
high wood dust concentrations as compared to those exposed to low dust 
concentrations. The authors concluded that exposure to hardwood dust or pine dust is 
related to obstructive respiratory changes in low concentration of wood dust. Most of 
the above studies were done in an open air sawmill where dust was not contained in an 
enclosed area. In the research, cabinet-makers were more prone to fine dust exposure 
than sawmill workers. The investigator in this study also used FEy1 and FVC tests to 
determine the lung capacity. 
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It is well known that FEV1/FVC gives a good indication of expiratory obstruction. 
This ratio tends to drop with age. Kamat, Thiruvengadam and Rao (1967) using 485 
subjects showed that the maximal ratio of 88 percent is reached at the age of 19 years. 
This remains fairly constant until the age of 34 years-, there is a steep drop after this, 
and eight subjects who were over 54 years of age showed a ratio of 68 percent. 

The effects of wood dust on the lungs of wood workers were investigated by Bellion, 
Mattei and Treves (1964). Seventy-nine subjects employed as carpenters, sawmill 
workers and wood-workers for three to 20 years were examined for FVC and 
abnormal pulmonary radiological findings. Heavy smokers and subjects with 
respiratory diseases were excluded. Neither pulmonary nor radiological findings were 
related to vital capacity. The authors concluded that wood-workers present a 
pulmonary pathology indicative of advanced ageing. They recommended that exhaust 
and suction devices be used in wood-working industrial environments to reduce 
exposures to dust. Chan-Yeung, Barton, Maclean and Grzybowski (1973) and Ashley, 
Corey, Chan-Yeung, Maclean, Maledy and Grzybowski (1978) also surveyed the 
respiratory function of wood-workers and the influence of work-related and host 
factors on prevalence of pulmonary function abnormalities in 405 wood-workers and 
187 control workers. The workers were administered a medical and occupational 
questionnaire, and spirometric measurement was made using FEy1 and FVC. Results 
showed that maximal expiratory flow and airway conductivity decreased, and residual 
volume increased. Maximal expiratory flows at 50 percent of vital capacity and 60 
percent of total lung capacity were shown to be the most sensitive indicators of 
response. These studies, in which heavy smokers prone to respiratory diseases were 
excluded, found abnormal pulmonary radiological results. The height to weight ratio 
did not seem to be related to the radiological findings by Bellion et al. (1964). Chan-
Yeung et al. (1973) and Ashley et al. (1978) used FEy1 and FVC tests and 
questionnaires in their studies. 

Surveys in several countries have continued to show more respiratory disease among 
workers employed in a dusty environment as contrasted with those in dust-free 
occupations (Stern, 1968; NIOSH, 1987; and Utell & Samet, 1990). 

Some retrospective studies have shown an association between impaired ventilatory 
capacity and indices related to previous occupational dust exposures: (Lowe, 1969; 
and Becklake, 1986; Imbus and Dyson 1987). However, a similar association with the 
prevalence of bronchitic symptoms has not always been demonstrable. 
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Malo and Cartier (1989) studied a North American furniture company where 

American ash (Fraxinus americana) was the most frequently used timber, and workers 
who assembled furniture had experienced rhinitis and asthma at work only, with 
recovery away from work. Symptoms progressed until no improvement occurred 
during weekends. Allergen skin prick-tests, including those for tree pollens, were 
negative. Peak expiratory flow rate (PEFR) and histamine concentration causing a 20 
percent fall in FEy1 were monitored. Results indicated PEFR varied substantially 
more at work than away from work while 20 percent FEV1 did not change 
significantly. Baseline spirometry for inhalation challenges indicated mild airway 
obstruction. For inhalation challenges, more than half the particles were less than 10 
tm and concentrations were three mg/m3. Thirty minutes exposure to control wood 

dust (90 percent Picea-marina plus five percent each Abies balsamea and Pinus 
hanksiana) produced insignificantly altered FEV1, indicating moderate bronchial 
hyper-responsiveness. Three minutes of ash wood dust exposure yielded a 22 percent 
fall in FEV1 (maximised 10 minutes after exposure) with progressive recovery over 30 
minutes, indicating an immediate bronchoconstriction due to the ash wood. The study 
showed a relationship between the loss of ventilatory capacity of individual workers 
and their cumulative exposure to respirable wood dust. Becklake (1986) found a 
similar effect among chrysotile asbestos workers. The above researchers used FEy1 to 
determine lung function values but the studies were mostly based on a specific type of 
American ash on workers in dusty conditions and smoking habits were not mentioned. 
Whether any of those who were found to have moderate bronchial problems smoked, 
is perhaps an oversight in this study. 

The investigators found an indicative pulmonary bronchoconstriction during their tests. 
The prevalence ofFEV1 and FVC tests shows that these methods are most often used 
by researchers. From the literature reviewed, the relationship between chronic 
respiratory disease and the work environment is not clearly defined and is an issue of 
controversy. Studies do indicate wood-workers are more at risk than other workers in 
dusty environments and that disease is more prevalent in such conditions. Of some 
significance are the findings regarding individual allergies related to particular timber 
species. 

2.2.3 Office workers 

A health hazard evaluation was reported for the Ohio Civil Rights Commission by 
Echt, Wilcox, Crandall and Martinez (1992). In response to an employer request, an 
investigation was undertaken of poor indoor air quality. The commission occupied 
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three floors of an office building which was newly renovated in 1985. Complaints 
began following water leaks from condensation pans in the air handling units in the 
east and west wings on the third floor. Carbon dioxide concentrations, temperature 
and relative humidity were measured during the study at six different locations inside 
the building. Carbon-dioxide levels rose from a mean of 366 parts per million (ppm) in 
the morning to a mean of 638 ppm in the afternoon. Temperatures ranged from 69.90F 

to 75.50F. Relative humidity ranged from 51.5 to 75.5 percent. Over half of the 
employees had experienced symptoms such as nasal congestion, headaches, or eye 
irritation while in the building. The filters for the outside air supply were fitted poorly 
and allowed dust from the outside to go around the filters, permitting entrance of 
organic material into the air handling system. Significant moisture blowby of the 
cooling coils was also noted. According to the authors, there was no clear evidence 
that the employees respiratory symptoms were caused by contaminants in the building. 

Karol (1991) carried on a study on allergic reactions to indoor air pollutants on 
inhalation of airborne chemicals which he found resulted in allergic sensitisation with 
episodic pulmonary responses occurring on subsequent exposure. The responses 
occurred in the upper respiratory tract, the lower respiratory tract (wheeze, 
bronchospasm) or systematically, for example, as a febrile response. 

In an epidemiological study by Meister (1990) investigated general environmental 
pollutants. Data from smog episodes, especially, indicated that outdoor air pollution 
contributed to a deleterious effect on health, particularly on the respiratory organs. 
Controlled exposure testing in animals and human beings confirmed this (Koo, Ho, Ho 
et al. 1990). The main pollutants were SO2 and suspended dust particles (such as 
aerosol or solid atmospheric condensation nuclei, for instance NO2 (NOx) and 03). 

Airtight sealing of buildings in association with reduced indoor ventilation results in 
"sick building syndrome" leading to health upsets among the building's occupants. 
Interiors of"sick buildings" are characterised by elevated concentrations of CO2. N07 
and CO. Aerosols and various types of dust including organic substances such as 
benzene, benzypryene and formaldehyde, nitrosamines, and cigarette smoke are 
frequently the cause of indoor air pollution. The adverse influence of quite a number of 
meterological factors such as low temperature and inversion caimot be denied, 
however for the study in Darwin, such factors are absent except for the impact of 
centralised air conditioning experienced by the office workers in this study. Though 
the course of the investigation this factor was never adverse. Echt et al. (1992), 
though finding fault with the building, could not link indoor air quality with lung 
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function impairment. Karol (1991) did find that airborne office chemicals could trigger 
allergic reactions. With these reports considered, the office-worker control group 
remains valid and necessary. 

The possible unhealthy effects of passive smoking (mainly the inhalation of side stream 
smoke) have been frequently studied. Infants of smoking parents are more often 
affected by respiratory diseases than unexposed children (Koo et al. 1990; Utell et al. 
1990). Both these researchers also made studies on environmentally related medical 
disorders of the respiratory tract. Although much of the evidence in environmental 
lung disease remains equivocal, some environmental exposures such as passive 
smoking are known to be clinically relevant. The case for a relationship between lung 
disease and exposure to indoor dust is presented by these authors. 

The research findings suggest that office workers face numerous respiratory system 
hazards from aerosols but dust is not a major pollutant of their environment. Thus the 
office workers sample group in this study represents an effective control group. 
Aerosols, gases, organic chemicals, passive smoking and allergens have been 
associated with office-workers. The researchers used questionnaires and lung function 
testing to determine the impact of pollutant exposures as does this investigation. For 
this study, neither the wood-workers nor the control group smokers smoked in their 
work environment. Rather, by government or employer direction, they smoked outside 
and away from the areas of work activity. This greatly minimises the passive smoking 
factor. 

2.2.4 Socio-economic status 

Many authors and writers have emphasised the importance of social factors in the 
aetiology of chronic respiratory diseases: College of General Practitioners study group 
(1961); Allison and Hart (1969); and Lowe (1969) and Parks (1974). Overcrowding 
and cross-infections, malnutrition and inability to treat early respiratory infection with 
enough care may all play a part. In most working-class homes it is impossible to treat a 
serious respiratory infection due to the cross-infection and reinfection that ensue 
(Goodman, Lane & Rampling, 1953). For both men and women of the lowest socio-
economic class, mortality from bronchitis was about five times higher than that of the 
highest socio-economic class (Goodman et al, 1953). David (1979) found that lower 
respiratory tract infection in the first six months of life was four times as great in 
infants of manual workers as in those of professional and salaried staff. Fairbairn and 
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Reid (1958) found that there was a higher influenza attack rate among the workers in 

areas with much domestic overcrowding. 

The factors associated with socio-economics that promote chronic respiratory disease 
need to be considered in any study and the research shows these factors can be 

significant. However in the NT and especially in Darwin, which is a relatively new and 
small industrial area, these factors are negligible in their impact. Overcrowding is not 
an issue. Lack of medical care, malnutrition and other lower socio-economic factors 

are Just not present. 

2.2.5 Ventilatory function and industrial pulmonary diseases 

Lung function tests which assess the ventilatory function are widely used in the field of 

occupational medicine (Cotes, 1965). The measured values of a subject can be 

compared with an average normal value predicted from regression tables assembled by 

Cotes in his study. These can also be compared using a normogram or the Asthma 

Foundation of Australia, 1990 data tables. 

The normal values for ventilatory function tests depend on the sex, age, height and 
ethnic origin including Asian descent (of which there is a concentration in Darwin). 

The expected value for men of African or Asian descent is 0.45 litres less than the 

expected values for Europeans (British Occupational Hygiene Society, 1972). The 
peak-flow-level is also used in this instance to determine the FEy1 (Asthma 

Foundation of Australia, 1990). 

Such test provide valuable data in human biology and physiology, clinical medicine, 
public health, occupational medicine and law. 

In occupational medicine the lung function tests are used to: 

Provide biological indices which are of value in defining safe conditions, 
Diagnose and assess industrial pulmonary diseases. 

The most commonly used tests are FVC and the FEy1. FEy1 is that amount of air 

which a subject can breathe out with maximum effort in one second, having taken a 

full breath and then blowing out rapidly with one motion. The full expansion of the 

chest is also measured. These are the testing tools utilised in this investigation. The 

study by Vedal et al. (1986) was relevant to this researcher because he used a similar 
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type of testing with FEy1, FVC and a questionnaire. The relationship of exposure 
from wood dust to the prevalence of respiratory disability brought out by the lung 
function tests further encouraged the investigator to use these methods to determine 
any significance. 

In healthy young adults, variation in lung function between individuals is due in part to 
differences in stature. This variation may be compensated for by the use of the 
regression on standing height. For mature adults the variation may be further reduced 
by an appropriate allowance for age. Some additional variation is of environmental 
origin, including that which is due to the differences in the level of habitual activity and 
in the altitude at which the subjects live. The remaining variation is of genetic origin 
(Cotes, 1974). Various workers have demonstrated an ethnic difference in lung 
function. Rossiter and Weill (1974) using a group of asbestos cement workers without 
major clinical symptoms or radiographic changes found marked ethnic differences. For 
a given height, people of European descent, have a 13.2 percent larger chest volume at 
full inspiration than people of African descent. Damon (1966) also found marked 
differences in lung function between the Caucasians and other ethnic groups. in 
considering ethnic and other factors, this study sought to restrict the variation by 
selecting a control group that mirrored the target group of Caucasians. 

If diurnal variation and tobacco smoking can be excluded, a fall of 200 ml of FVC and 
FEV1 in a year indicates pathological change (Thomson, 1973). Such change would 
only be expected in a longitudinal study. 

2.2.6 Smoking habits 

The occupational factor is secondary, however, to cigarette smoking. Higgins (1959), 
Flecture et al. (1959) and NRC (1986) demonstrated that many patients who denied 
sputum and chest illness nevertheless had ventilatory impairment. Cigarette smoking 
(Osward, Harold & Martin, 1953: Oswald & Medvei. 1955 and Higgins, 1959), 
occupation (Pemberton, 1968, Higgins, 1969, Lammers et al. 1964), and atmospheric 
pollution (Holland & Reid, 1965, Holland et al. 1965; Fairbairn & Reid, 1958; and 
Phelps & Koike, 1962) were associated with an increased incidence of respiratory 
symptoms and lower FEV1. Gerard et al. (1993) could not support the view that 
smoking causes a reduction in FEy1. They found that smokers and non-smokers did 
not have different absolute levels of FEV1, nor did the smokers and non-smokers have 
different rates of decline of FEV1, despite the differences in symptoms. The studies by 
the above authors on ventilatory impairment on smoking have mixed findings 
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regarding the FEy1 testing and ambigous results. The current study investigates these 
issues, and the results will determine the researcher's findings for situations such as 
Darwin. The techniques adopted in this study have been widely used by researchers 
investigating chronic respiratory diseases. Factors that need to be accounted for 
involve age, height, habits and ethnic origins. The regression tables of Cotes (1965) 

are appropriate to this study and careful attention is given to the impact of smoking on 
respiratory symptoms. 

There is convincing evidence to show that chronic respiratory disease is more common 
among smokers than among non-smokers. Two Danish workers, Clemmensen and 
Nielsen (1954) had pointed out in that there was a rough association between national 
death rates from chronic lung disease in middle-aged males and the level of tobacco 
consumption 20 years previously. Stocks (1968) and Repace and Lowrey (1980) later 
showed that a statistically significant correlation appeared between death rates for 
chronic respiratory diseases and the average number of cigarettes smoked either 
currently or 25 years previously. 

Olesen (1960) and Gamble (1980) contrasted the prevalence of chronic respiratory 
disease in men age 55-64 in the Danish island of Bornholm and males living in the rural 
areas of both Scotland and Wales. The frequency of symptoms was significantly lower, 
and the mean ventilatory functions were significantly higher in Bornholm than in either 
of the British areas. All three were rural populations not exposed to either 
occupational or other air pollutants but the smoking habits differed widely. The Danes 
were more often non-smokers or pipe and cigar smokers. This fact explained their 
comparative freedom from respiratory disability. 

Reid et al. (1964), using a general practitioner's practice, listed a survey of respiratory 
disease in a random survey of the general population between the ages of 40 and 64, in 
urban and rural areas of Britain, and compared the results with a similar study in the 
small American town of Berlin, New Hampshire. In both countries, simple bronchitis 
was clearly related to cigarette consumption. 

Auerbach et al. (1973) studied historical specimens of the lungs from 1340 post-
mortems in New Jersey from the period 1955-1960. Information was also obtained on 
smoking habits, occupations and resident histories of patients by interviewing their 
relatives. Out of 30 cases of death from pulmonary fibrosis, emphysema and cor-
pulmonale, almost all (n-28) were smokers. Furthermore they demonstrated that, 
among men of the same age, those who had never smoked showed far less change in 
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the lung parenchyma than light smokers, light smokers showed far less change than 
heavy smokers, and lastly, ex-cigarette smokers who had given up the habit at least 
three years before their death showed less change than cigarette smokers who 
continued smoking. The changes in these specimens were basal-cell hyperplasia in 
bronchial epithelium, loss of cilia on cells with typical nuclei and hyperplasia together 
with distended goblet cells. 

Maxwell, Marcus and Renzetti (1967) demonstrated the effect of tobacco smoke on 
phagocytic activity in guinea pigs alveolar macrophages. The macrophages were 
harvested from the lungs of normal and tobacco-smoke exposed guinea pigs. When 
varying numbers of E coli or staphylococcus aureus were added to Leighton tubes 
containing the phagocytes, the bacteria were phagocytized at the same rate by two 
types of phagocytes. But there was an impairment of cytopepsis by the tobacco-smoke 
exposed phagocytes. Flint, Maxwell and Renzetti (1971) found that there was a 
significant increase in the number of polymorphonuclear leucocytes recoverable from 
the guinea pigs exposed to cigarette smoke. Leucocytes have been demonstrated to 
contain a variety of proteolytic enzymes which could damage the lungs. 

Research on occupational lung disorders has shown that smoking had a significant 
effect on lung disease (Parks, 1982). He found that the inert dusts do not have any 
specific respiratory pathology. Generally, it is thought that chronic simple bronchitis is 
caused by inhalation of dust. There is, at present, however, no convincing evidence to 
show that either chronic simple bronchitis or associated respiratory disability are 
directly and consistently attributable to such exposure. He further stated that the 
principal cause of obstruction appeared to be smoking. 

The literature confirms a strong link between smoking and chronic respiratory disease 
therefore, in this study, it would be expected that smokers in the sample groups would 
be more susceptible to respiratory symptoms. For this reason the study differentiates 
between smoking and non-smoking subjects. At this time there is controversy on this 
issue and it will still not be considered in detail by this study. The combination of 
smoking and wood dust would be expected to prove significant. 
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CHAPTER III 

METHOD 

3.1 DESIGN OF THIS STUDY 

This study was designed to compare the results of lung function in groups of wood 
workers and office workers. The impact of smoking habits across the two groups was 
a significant issue to be included as a contributing factor in this study. The study was 
also intended to identify any need for co-ordination between the Environment Act, 
Work Health Act and the Occupational Health And Safety Regulations of the Northern 
Territory, 1992. The researcher hoped to investigate the relationship between damage 
to lung function and the workplace through ventilatory function tests and suggest a 
course of action for further research. 

In testing the hypothesis that wood-workers are more susceptible to respiratory 
problems and lower lung capacity than office workers, the following quasi-
experimental design was implemented. 

The design compared an experimental group of workers with a control group of office 
workers. Since the data were collected after years of exposure to wood dust, the 
design involved a post-test only. 

Controls are needed in a study of this kind in order to determine whether the frequency 
or the level of a characteristic or past exposure among the cases is different from that 
among comparable persons in the source population who do not have the disease 
under consideration. Thus, the choice of the appropriate controls demands careful 
thought to ensure that the comparisons are valid. 

It is desirable that the controls derive from a population similar to that which gave rise 
to the cases. in addition to the known factors which may introduce differences in the 
two groups, one must also be aware of the possible operation of factors which are 
currently unknown. This problem was dealt with to a great extent by assuming 
'general' similarity between cases and controls, e.g. place of work, ethnic group, 
gender, age and socio-economic status. 
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3.2 HYPOTHESES 

The hypotheses for this study were that: 

I Workers who have been exposed to wood dust for a period of more than 10-
15 years would have a significantly greater incidence of respiratory problems 

than a comparable group of office workers. The independent variable was to 
exposure to wood dust and the dependent variable was incidence of respiratory 

symptoms. 

Further, that the forced expiratory volume per second (FEy1) and the forced 
vital capacity (FVC) of the wood workers/cabinet makers would be lower than 
the control group (office workers). 

Smoking habits of subjects would be related to respiratory problems and lung 
function impairment such that heavy smokers would have a significantly greater 
incidence of respiratory problems than non-smokers. 

The null hypotheses are as follows; 

I. There would be no difference in the incidence of respiratory problems between 

the workers who have, and the workers who have not been exposed to wood 

dust. 

2 The FEy1 and FVC values will show no significant difference between the two 
groups. 

3. Smoking habits will have no impact on the incidence of respiratory problems. 

3.3 RATIONALE FOR THE HYPOTHESES 

During the woodworking process, clouds of wood dust could arise, thus 
contaminating the factory. Conversely, the air-conditioned office does not produce 
sustained airborne contamination. 

Wood-working cabinet workers have been exposed to this dust for nearly seven hours 
a day, five days a week for 10 to 15 years. Thus, they are more prone to develop 
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respiratory illness as time goes on, especially after 20 years or more (ILO, 1988). 
Before we can attribute respiratory diseases to this particular occupation, we must 
show that prevalence of respiratory diseases is higher in the study group than in 
another group, which is similar in all other respects, except that they are not exposed 
to wood dust. Therefore we must first show that the prevalence of respiratory 
disorders is higher in wood workers than in the sample group, which most closely 
resembles the group of wood working cabinet workers in all other respects. 

Therefore a comparative study of the respiratory symptoms of wood-working cabinet 
workers, and office workers in Darwin would test the hypothesis one. Clinical 
measurement ofFEV1 and FVC in the two groups after statistical analysis would test 
hypothesis two. A comparison of the respiratory symptoms rate of smokers and non 
smokers would test hypothesis 3. 

3.4 VARtABLES 

The main variables in the design included the independent variables of dust exposure 
levels, smoking habits and individual lung capacities. In both of these groups, those 
who smoke, do it away from their working environment. They normally smoke outside 
the building. The level of dust in the wood working this workplace is within the dust 
exposure standard. Controlled variables were the gender, age range of sample 
participants, ethnicity and years of service. The dependent variable of respiratory 
symptoms analysed from ventilatory function tests was the key to determining the 
validity of the hypothesis. Its interaction with smoking was examined. 

Age, gender, place of work, ethnic group and socio-economic status were the main 
variables for control group selection. However they were not the only variables. 
Opportunity for job selection, re-employment of pensioners and social habits of 
workers vary in different industries. It is almost impossible to make allowances for all 
these variables, when selecting the control group. As such, the chosen controls may 
not have been ideal but they were the best that could be assembled. 
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3.5 SETTINGS 

The setting for this study were four wood working factories and one government 

office in Darwin. 

All four factories were located in the Darwin Industrial Area and in all four 
woodworking factories the working conditions and exposure to dust levels were 
similar. The office-workers' environment was comparatively dust-free. Thus these 
participants acted as a strong control group. 

The study was conducted with the permission of the companies' directors and the 
management of four wood-working factories, while also involving the Wood-Working 
Union and the factory foreman. Permission was then obtained for a government 
department office to provide participants for the control group. 

3.6 THE SUBJECTS 

The 45 male wood-workers were chosen from the four factories on the basis of 
satisfying the study criteria. In default of not having ideal randomly selected 
woodworkers and office workers as controls, the investigator looked at already 
existent wood working groups and then selected office workers that matched as 
closely as possible. The selection criteria were; time spent in the occupation, ethnic 
grouping, height, age and medical histoiy. Any with existing medical or physical 
conditions were not included in this study to remove any bias. From the wood-
workers' sample, the workers were aged between 23 and 45. This age range was then 
part of the criteria for the other sample group. As height is a factor in lung capacity 
calculations the two study groups were within the height criteria of 1.6m to 1.8m. 
Similarly ethnic grouping impacts on lung capacity measurements so only Caucasians 
were chosen. Time spent in a particular occupation very directly affects the influence 
that occupation has on a person's lung function and respiratory symptoms thus all 
subjects chosen had to have spent ten or more years in one of the two occupations 
under study. The two groups work similar hours and also both are governed by the 
Union. 

The 45 male office workers satisfied the criteria as a standard control group based on 
the assumption that theirs is a low air-borne particulate contaminated environment. 
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The 90 subjects were not enough in number from a statistical viewpoint however they 
were all that were available. The number of wood workers available for the study from 
the four factories determined the numbers of office workers selected. 

3.7 INSTRUMENTS AND MATERIALS 

3.7.1 Spirometer 

A spirometer was used in conjunction with a needle graph to record lung function 
together with a peak-flow-meter. 

Figure 2 
Photograph of a spirometer connected to the subject 

3.7.2 Questionnaire 

The Medical Research Council Questionnaire on Respiratory Symptoms (1966) has 
been modified from several previous epidemiological studies of chronic respiratory 
diseases, including byssinosis and baggasosis (Cochrane, Higgins & Cochrane, 1968 
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Higgins, 1959; Lammers et al. 1964; Lammers et al., 1964; Higgins & Cochrane, 
1968; Hearn, 1968; Elwood, 1981; Bahn, 1982). This questionnaire was used in a very 
much modified manner for both the wood workers and office workers. The MIRC 

questionnaire was basically orientated to elicit symptoms pertaining to bronchitis, a 
relatively common disease. Furthermore, the present study was designed to compare 
the prevalence of respiratory symptoms (upper and lower respiratory tract) in wood 
and office workers. This necessitated the inclusion of more questions on the symptoms 
of upper respiratory tract, namely frequent common cold, running nose, clearing of 
throat, and sore throat. 

Questions pertaining to emphysema and bronchiectasis were dropped from the 
questionnaire, due to the problem of ensuring the lay-person's understanding of these 
medical terms. The modified questionnaire elicited appropriate data from the sample 
groups, including more specific questions on smoking habits. This opened the way for 
investigations of health risks relating to smoking habits in the working environment. 

The study by Hearn (1968) on bagassosis among workers in Trinidad questioned the 
validity of the answers given by a working population to a questionnaire on its 
symptoms. He argued that the workers, being aware of the possible environmental 
hazard, tend to give a bias in the direction of the presence of symptoms. In the present 
study it was found that when conversing with workers in a group there was a tendency 
for them to exaggerate the effects of dust. However, these collective views were not 
reflected in their individual replies to the questionnaire, in which answers appeared to 
be unbiased. Among the office workers such a bias in the direction of the presence of 
symptoms cannot be ruled out. 

The questionnaire was used to determine the individual participants' perceptions of 
their respiratory health, and explained that dust, once airborne, was inhaled into the 
respiratory tract and could cause respiratory disease. Apart from dust in the working 
environment, other factors such as smoking, sore throat, clearing of throat, running 
nose, common cold, cough and phlegm as well as air pollution, domestic over-
crowding, and respiratory disease during childhood which could contribute towards 
development of chronic respiratory disease during the participants' working life, were 
requested The questionnaire also included a detailed occupational history to detect 
previous exposure to any other forms of dust outside of the working environment. 
Notes on clinical examination and lung function tests were appended (see Appendix A 
for complete Questionnaire). 
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3.8 PROCEDURES 

3.8.1 General procedures 

To obtain almost full co-operation from the wood and office workers and the 
management of these workplaces, the investigator met with owners and managing 
directors. Through the union, leading hands, and supervisors, the investigator was able 
to have time to explain to the workers the objectives and methods to be employed. To 

get the workers  support and participation, the investigator explained that this was a 
research project and all results would be treated as confidential. 

The study procedures were as follows: 

- A group of wood workers who satisfied the selection criteria and were willing 
to be participants in the project was established. 

- Medical histories of the subject group were reviewed, to select subjects free of 
respiratory problems such as emphysema, cancer, or tuberculosis. 

- Subjects who had worked in the industry for the previous 10 or more years 
consecutively were selected. 

- Personal data on subjects was collected. 

- The project's parameters and testing procedures were explained. 

- Tests were conducted to determine lung capacity. 

- The recorded results from test and answers to the questionnaire were analysed. 

On the day the study commenced, from 9.30 am onwards, the supervisor and leading 
hands arranged for those of their workers selected as subjects for the study to undergo 
a medical examination and lung function test performed by a medical practitioner. The 
measurements and the examinations were made in the morning, and some participants 
came to work early, by bus or other means, to take part in the study. This did not raise 
any problems, because it was the first time they had been offered, gratis, a thorough 
medical check-up. Moreover, working as they did in a dusty environment, they were 
very concerned about their well-being. The office conference room or rest room was 
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utilised to avoid interruptions to the examination, test and subsequent interview by the 

investigator. 

These procedures took approximately twenty minutes on average. All subjects were 
interviewed by the investigator who filled in the questionnaire. The investigator asked 
the subject whether they had any past record of the respiratory symptoms. If a 

question was not clear, only one supplementary question was asked. The 
supplementary question was as close as possible to the original question. 

3.8.2 Measurements 

Measurements of standing height to the nearest centimetre, weight to the nearest 
kilogram were taken. 

Forced ventilatory function tests (FEy1, FVC) were performed on each worker by a 
qualified medical practitioner to enable a measurement to be made of lung capacity. 

Subjects' standing height and weight were taken. A demonstration of the ventilatory 
function tests was given to all the subjects by an occupational physician from a private 
clinic. Ventilatory function tests were conducted with a modified Gaensler spirometer 
to enable reliable and reproducible results to be obtained. 

The instrument was calibrated and the readings were taken while the subject was 

standing. The subject was asked to loosen his belt and remove dentures (if any), and a 
tight-fitting hard rubber mouth piece was then placed in the mouth. A nose clip was 
applied to prevent any air escaping through the nose. The subject was then allowed to 
take a few deep breaths to get used to the instrument before the tube was connected to 
the rest of the apparatus. 

The spirometer was then connected, and the subject was asked to take a deep breath, 
and blow as hard as possible 'to see how much air you have in your lungs. Three such 
attempts were made and the mean was taken. If subjects showed signs of fatigue they 

were allowed to rest for more than the normal half-minute gap between each attempt. 

3.8.3 Physical examination 

The medical practitioner examined all of the 90 subjects for chronic respiratory 

symptoms and also their past medical histories. As an occupational physician, the 
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medical practitioner was testing to ensure a uniformity in the target group and 
similarity in the control group. This was very important as the sample size was already 
quite small. 

The medical practitioner provided professional insight into the past histories and 
current health of the sample group subjects. The investigation focus was respiratory 
problems; thus his analysis of medical records resulted in the 90 subjects being chosen 
as suitable for the study and not suffering from respiratory diseases such as 
tuberculosis. These records were kept confidential and where only available to the 
medical practitioner. 

3.8.4 Radiological examination 

In many of the previous studies radiological examinations were carried out on the 
subjects. These studies were often disease related. This study is looking at comparative 
lung function and prevalence of respiratory symptoms, not diseases. Radiological 
examination information was used only to further exclude any inappropriate subjects. 

3.9 WOOD WORKERS/CABINET MAKERS 

The study began with the woodworkers followed by comparative study with the office 
workers. Doing this established the acceptability and clinical and administrative 
procedures of the research project and also test the questionnaire (Medical Research 
Council, 1966; modified by the investigator, 1994) and the responsiveness of the 
subjects. The questionnaire was revised following this part of the study, to reduce the 
time taken for the interview, and involved removing about one third of the questions. 
The workers were told that the investigation was part of a health survey by Work 
Health Authority personnel into the wood working industries. The study was to 
consider the effects of wood dust on workers' health and possible improvements in the 
working environment to prevent adverse effects. The managers and supervisors 
organised the workers to have time available to participate in the study. 

3.10 MAIN STUDY 

The methods, measurements and clinical examination were carried out with the office 
workers in same way as the wood workers. Only 90 subjects were examined due to the 
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limited number of woodworkers/cabinet makers in the Darwin Region. Considering the 
population of wood-workers in Darwin, the sample size was quite comprehensive. 

In the office workers sample group the management and staff were very co-operative. 

The subjects showed keen interest in the whole project and were happy to participate, 

even though there was no gain for them. 

3.11 DATA ANALYSIS 

From the FEV1/FVC respiratory function tests, the lung capacities of the subjects 
were recorded. To determine if results from the lung function tests showed 

significance, data on height and lung capacity were used for an analysis of co-variance 
and compared with national values of lung function, (Asthma Foundation of Australia 
"Health for all Australians" 1990). 

1. In order to test the hypothesis that workers who had been exposed to wood 

dust environment, a series of chi-square analyses was carried out, one for each 
symptom. Each worker was classified as having the symptoms eg wheeze, or 
not, and the relative frequency of symptoms occurrence with the two groups, 
cabinet and office workers, was tested. 

2, In order to test the hypothesis that FEy1 of work workers would be lower 
than office workers, a t-test was carried out. 

In order to test the hypothesis that FVC of work workers would be lower than 

that for office workers a t-test was carried out. 

In order to test the hypothesis that smoking habits affect lung function and 
increase respiratory problems a t test was carried out. 

Fishers exact test was also applied to the data to determine exact probabilities of the 
level of significance between the characteristics of two groups, e.g. smokers and non-
smokers, in this study. 

The mean and standard deviation were obtained and data analysed. The level of 
confidence using sample numbers was set at 95 percent. 
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Responses from the questionnaire generated a profile of respiratory symptoms. 
Analysis of the numbers and percentages of these characteristics between the two 
groups determined any symptoms of significance. Where the overall prevalence of 
symptoms was too small for the chi-square to be valid, Fisher's exact probability test 
was used instead. 
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CHAPTER IV 

RESULTS 

4.1 INTRODUCTION 

I he study was carried out on 45 wood-workers and 45 office workers from Darwin, 
N.T.Due to the small sample size one must be careful in interpreting the results. 

All of the 90 workers satisfied the selection criteria, such that the office workers were 
comparable to the wood-workers as an acceptable control group. From the survey of 

workers in the comparative studies there emerged a number of interesting trends, some 
of which proved statistically significant. The wood-workers on average were more 
prone to respiratory symptoms, as were the smokers across the two sample groups. 

4.1.1 Subject age and years of service 

The wood workers on average were virtually the same age as the office workers, with 
a mean difference of only 0.2 years across the two groups. With a mean difference of 

0.2 years and a standard deviation of 4 years, there is no real difference in the ages of 
the two groups (see Table 2) 

The 45 wood-workers had worked for an average of 25.8 years and the 45 office 
workers for an average of 24.5 years, a difference of 1.3 years (see Table 2). Again, 
with a standard deviation of 4 years this difference is not meaningful. 

All 90 subjects had commenced their present occupation within two years of leaving 
school, and most, immediately after leaving school. This minimised the risk of 
exposure to any other occupation, which avoids bias in the results. Thus, the two 
groups were virtually identical in the variables of age, length of employment and 
continuity of occupation, gender and cultural background. 
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Table 2 

Mean and standard deviation of age, number of years of service and average 
height of wood workers and office workers. 

Number Age in years No. of years in Mean 
Category of service height (cm) 

workers Mean Standard 
deviation Mean Standard Mean Standard 

deviation 
_______ 

 deviation j 
Wood 45 43 4 25 4 171 6 
workers 

Office 45 43 4 24 4 178 5 

workers 

4.1.2 Chronic respiratory symptoms 

Chronic respiratory symptoms were considered to be those symptoms affecting the 
respiratory system in a prolonged, non-debilitating fashion such that the worker 
considered these symptoms to be troubling and on-going yet not associated with any 
particular illness, injury or specific event. The respiratory symptoms considered by the 
questionnaire were common cold, running nose, wheezing, clearing of throat 
production of phlegm, breathlessness and cough. By analysing the questionnaire 
responses, chronic respiratory symptoms were more common among the wood-
workers than the office workers. Significance tests were carried out on the differences 
in prevalence for all these symptoms and the results are shown at the bottom of Table 
3. The prevalence of common cold, running nose, cough and breathlessness was 
significantly higher in wood workers then in office workers (See Table 3). The null 
hypothesis that there would be no difference in prevalence in wood workers and office 
workers of the respiratory symptoms like common cold, running nose, cough and 
breathlessness was therefore rejected. Since only the two percent reported phlegm and 
wheezing no further statistical analysis was carried out on this symptom. 



Table 3 

Presence of respiratory symptoms in wood workers and office workers 

Number Common cold Running nose Throat clearing Cough Breathlessness 
Category of 

workers 
%  % 

Wood 
workers 45 44 36 27 20 36 

Office 
workers 45 7 4 16 2 13 

Test X2 = 14.95 X 2 . 11.74 X2 = 1.067 X2 5.513 X2 r4.87 

Level of 
significance P = <.05 P = <.05 P = >05 P = <.05 P <.05 



4.1.3 Ventilatory capacity 

It is well known that the ventilatory capacity is influenced by sex, age, height and the 
nationality of the subject. However all subjects were of same sex, same ethnic 
background and both the control group and the wood workers group were of 
equivalent ages, so these factors were not an issue in this study. The variables under 
analysis therefore were height, and effects due to the environment. 

For both FEy1 and FVC the association with age and height was examined in wood 
workers and office workers separately, using the method of multiple regression. There 
were no statistically significant differences between the two occupational groups with 
respect to the partial regression coefficients of FEV1 and FVC on age and on height, 
thus using FEy1 and FVC values would be valid, and the sample groups are 
compatible for this study. 

The data within the two groups were then pooled to give the partial regression 
coefficient of FEV1 on age with height constant as bl = -0.0365 litres per year, and 
the regression on height, with age constant as bi = 0.0308 litres per centimetre. 
Similarly, the partial regression coefficient of FVC on age with height constant was bi 
= -0.049 litres per year and the regression on height with age constant was b2 = 

0.0385 litres per centimetre. The ratio of FEy1 to FVC is not related to height and 
examination of its association with age gave a regression coefficient, calculated from 
the pool data, of b = -0.998%. 

Table 4 shows the mean values of FEy1, FVC and the ratio of FEy1  to FVC in 
wood-workers and office workers. The office workers show a slightly higher mean 
value than the wood workers in the ratio of FEV1; FVC. This difference could be 
explained by the fact that on average the office workers are taller than the wood 
workers. However, there is a large standard deviation in height so there is a big 
overlap. Comparisons of FEy1  and FVC between the two groups were therefore 
made after adjusting the means to allow for the difference in height. The results from 
these comparisons showed that the two groups were very similar in ventilatory 
capacity characteristics. Thus the higher mean values in the office workers were 
insignificant. 

rpA 



Table 4 

Mean and standard deviation of height, FEy1, FVC and FEV1/FVC for wood workers and office workers 

Number Height (cm) FEV1 (litres) FVC (litres) FEV1/FVC % 

Category of 
workers Mean Standard Mean Standard Mean Standard Mean Standard 

deviation  deviation  deviation  deviation 

Wood workers 45 171.7 6.3 2.4 0.2 3.1 0.2 77.1 11.0 

Office workers 45 178.3 5.6 2.5 0.2 3.2 0.2 78.4 10.7 

Test 
t-test <0.05 > 0.05 > 0.05 > 0.05 
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Table 5 shows the analysis of covariance of FEy1 and height. This was done to test the 
difference between the adjusted means statistically. There was no statistically significant 
difference between the regression coefficients of FEV1 on height in the two groups, nor 
between the two adjusted means. i\ similar analysis was carried out for FVC and height, 
(Table 6) to test differences in the FVC means of the office workers and wood workers 
with a similar insignificant result. 

Table 7 compares the respective means, both the adjusted and unadjusted for height office 
workers have greater mean ventilatory capacities but these differences are not significant. 

Since the ratio ofFEV1 to FVC is not dependent on height an ordinary t-test was used to 
compare the mean values in the two occupational groups. The difference was not 
statistically significant (P > 0.05). Likewise the mean age was almost identical in the two 
groups so it was not necessary to adjust any of the means for age. From these results, the 
null hypothesis number two that there would be no difference in the ratio of FEV 
./FVC between the wood-workers and the office workers was not rejected 



Table 5 

Analysis of covariance of FEY1 and height in wood workers and office workers 

Source of variation Sum of squares Degrees of freedom Mean square Variance ratio Significance level 

Along separate 
regression lines 992 46 0.21 

Between slopes 0.56 1 0,56 2.59 P > 0.05 

Along common 
regression lines 10.48 47 0.22 

Between adjusted 
means 0.02 1 0.02 0.10 P >0.05 

Total 10.5 48 



Table 6 

Analysis of covariance of FVC and height in wood workers and office workers 

Source of variation Sum of squares Degrees of freedom Mean square Variance ratio Significance level 

Along separate 
regression lines 11.16 46 0.24 

Between slopes 0.17 1 0.17 0.7 P >0.05 

Along common 
regression lines 10.99 47 0.23 

Between adjusted 
lines -0.01 1 0.01 0.04 P > 0.05 

Total 10.98 48 
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Table 7 

COnipariSon ol'FEVI and FVC in wood-workers and office-workers 

Number Mean Mean Mean FEy1 (litres) Mean FVC (litres) 

Category of age standing 
workers (years) height (cm) Unadjusted Adjusted Unadjusted Adjuste. 

forheight  for hei 

Woodworkers 45 43.5 172 238 2.42 310 314 

Offceworkers 45 431 178. 25 2.46 321 317 

Regression co-eflicient of FEV I  on heighi h = 0 03 

ReLression co-efficient of FVC on 1ieiht h 0 04 



48 

4.2 EFFECTS OF SMOKING 

4.2.1 Smoking 

The smoking habits of the two groups were similar (Table 8). Eight wood-workers (18%) 
and eleven office workers (24%) were non-smokers. They claimed that they had never 
smoked during their life. Twenty-four wood workers (53%) and twenty seven office 
workers (60%) were light smokers. Thirteen wood workers (29%) and seven office 
workers (16%) were heavy smokers, who smoked twenty or more cigarettes a day. There 
were no ex-smokers in the two groups. There was one cigar smoker among the wood 
workers. The size of the cigar he smoked was considered equivalent to three cigarettes, 
and the total amount smoked corrected accordingly. 

4.2,2 Effect of smoking on respiratory symptoms 

When the wood workers and the office workers were subdivided according to smoking 
habits, the numbers in the sub-groups were very small (Table 9) making the analysis of the 
results difficult. Despite this difficulty the trend was clear that in both wood workers and 
office workers the prevalence of breathlessness increased with the amount smoked and 
was absent in the non-smokers. Also the smokers in wood working group had a much 
higher percentage of breathlessness than the smokers in office workers. Interestingly, 
seventy-seven percent of heavy smoking wood workers suffered from running nose while 
only eight percent of light smokers suffered. Further, the non-smokers from the office 
environment suffered less from respiratory symptoms than the non-smoking wood 
workers. The most striking finding that some of the non-smokers suffered from 
breathlessness while almost one from the smokers did. 

Table 10 shows the prevalence of respiratory symptoms among the smokers and non-
smokers when the two occupational groups were combined. Using the Chi Square 
probability test on the differences in the prevalence of these symptoms between smokers 
and non-smokers showed there was no statistical significance, except for breathlessness. 
This finding, while going against an expected trend of unhealthiness in smokers does show 
the difficulties of probability with very small sample sizes. 



Table 8 

Smoking habits of wood-workers and office-workers 

Non-smokers Smokers 
Category Number of workers 

1-20 cigs/day > 20 cigslday 

Wood workers 45 18 53 29 

Office workers 45 24 60 16 



Table 9 

Wood-workers and office workers: respiratory symptoms by smoking habits 

Number Frequent Running Throat Cough Breathlessness 
Category of cold nose clearing 

workers 
--

(%) 
--

(%) 
- --

(%) (%) (%) 
Wood workers 

Non-smokers 8 50 50 25 25 0 

Smoke 1-20 cigs/day 24 17 8 13 21 21 

Smoke > 20 cigs/day 13 92 77 54 15 85 

Total 45 44 36 27 20 36 

Office workers 

Non-smokers 11 0 0 18 0 0 

Smoke 1-20 cigs/day 27 11 7 11 4 4 

Smoke > 20 cigs/day 7 0 0 29 0 71 

Total 45 7 4 16 2 13 



Table 10 

Respiratory symptoms in smokers and non-smokers for combined occupational groups 

Number Common Running Throat 
Category of cold nose clearing Cough Breathlessness 

workers 
% 

Non-smokers 19 21 21 21 11 0 

Smokers 71 27 19 21 11 31 

P=>05 P = > 05 P= >05 P=>.05 P=<05 

Level of 
significance  

L1 
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4.2.3 Effect of smoking on lung function 

Apart from physical characteristics, there are others factors which contribute to variations 
in pulmonary function. Of these, cigarette smoking is one of the most important single 
factors which affect pulmonary function. 

Since there was no statistically significant difference between the wood-workers and 
office workers in their adjusted meaiis for FEy1 and FVC, and their smoking habits were 
similar, the two groups were combined and reclassified according to smoking habits 
(Table 11 and 12). There was a nine percent difference in the mean values of FEV1/FVC 
ratio between the non-smokers and those who smoked cigarettes. This was statistically 
significant at ap < 0 .05 level. From Table 12 the three groups mean age and heights were 
similar and there was an encouraging trend for non-smokers having greater FEVI than 
smokers but the FVC margins were minimal. The FEV1/FVC ratio showed a two percent 
difference amongst the smokers. 

The analysis of covariance was used to compared the mean FEy1 and FVC in the two 
groups after adjusting for differences in height (Tables 13 and 14). The adjusted mean 
FEy1 and FVC are shown in Table 15 with their regression coefficients on height given 
below the table. The adjusted mean FEV 1  decreased slightly according to the number of 
cigarettes smoked, but this difference was not statistically significant (p> 0.05). The 
adjusted mean FVC behaved in an unexpected fashion, being highest among those who 
smoked one-20 cigarettes a day and lowest among the non-smokers. But the differences 
were not statistically significant. 

4.2.4 Effects of smoking on physical examinations 

There were no significant findings in the physical examination of the two groups, that 
were attributable to smoking. 



Table 11 

Combined group for smokers and non-smokers for FEy1 and FVC 

Wood workers Office workers 

Smokers 37 34 76 

Non-smokers 8 11 85  



Table 12 

Mean values of age, height, FEV1, FVC, FEV1 /FVC in smokers and non-smokers 
(Wood-workers and officeworkers combined) 

Number FEy1 FVC FEV1/FVC 
Category of Age (yrs) Height (cm) (litres) (litres) 

workers 
Mean Standard Mean Standard Mean Standard Mean Standard Mean Standard 

deviation  deviation  deviation  deviation deviation 

Non-smokers 19 41.2 3.80 1743 837 2.70 0.73 3.17 0.80 85.4 8.56 
- 

Smokers 

Smoke 1-20 51 424 4.8 1728 51 2.4 0.5 31 0.5 75.3 11.2 
cig/day 

Smoke >20 
cig/day 20 47.1 4.3 179.1 6.1 2.4 0.3 32 0.5 77.2 9.2 



Table 13 

Analysis of covariance of FEy1 and height in smokers and nonsmokers 

Source of variance Sum of squares Degrees of freedom Mean square Variance ratio Significance level 

Along separate 
regression linear 5.63 44 0 13 

Between slopes 442 2 221 17.41 P > 005 

Along common 
regression lines 10.05 46 022 

Adjusted means 0.44 2 0.22 1.01 P >0.05 

Total 10.49 48 



Table 14 

Analysis of covariance of FVC and height in non-smokers and smokers 

Source of variance Sum of squares Degrees of freedom Mean square Variance ratio Significance level 

Along separate 
regression linear 8.60 44 0 19 

Between slopes 4.17 2 208 10.69 P > 0.05 

Along common 
regression lines 12.77 46 028 

Adjusted means - 1.75 2 088 3.15 P > 005 

Total 11.016 48 



Table 15 

Comparison of FEy1 and FVC in nonsmokers and smokers 

Number Mean Mean Mean FEV1 (litres) Mean FVC (litres) 
Category of age (yrs) standing 

workers height (cm) Unadjusted Adjusted Unadjusted Adjusted 
for height  forheight 

Non-smokers 19 41.2 174.3 2.7 2.62 317 3.06 

Smokers 

1-20cigs/day 51 42.4 172.8 2.37 2.44 3 15 3.24 

>20cigs/day 20 47.1 179.1 239 2.34 316 3.09 

Regression coefficient of FEV1 on height b = 0.31 
Regression coefficient of FVC on height b = 0,4 
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4.3 SUMMARY OF RESULTS 

From the findings of this study, wood dust exposure and smoking habits are compounding 
factors in the respiratory health of workers. The study and control groups were chosen so 
as to be very compatible and this minimised complications when analysing the results. 
Four out of the seven respiratory symptoms identified by the questionnaire were 
statistically significant such that wood workers were more likely to suffer from them. 
These were, common cold, running nose, breathlessness and cough. This significance did 
not translate into the results on ventilatory capacity. Although the trend was for the office 
workers to have a higher capacity, the varianon was not significant. 

Smoking habits in the two groups were similar but smoking impact was significant only 
for the symptom of breathlessness. Trends within the groups however supported the effect 
of wood dust on health with non-smoking wood workers having higher prevalence of 
symptoms than non-smoking office workers, and heavy smoking wood workers being the 
most affected group. The only trend in ventilatory capacity evident for smoking effect was 
that the non-smokers had a statistically signfficant higher mean FEV1/FVC ratio than the 
smokers. 
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CHAPTER V 

D1SC1 JSSION 

5.1 VENTILATORY FUNCTIONS 

Many research workers (Cotes. 1974 1-learn. 1968) have shown that patients with 
persistent cough had lower ventilatory functions than patients without these symptoms. 
This study confirms such findings. The wood workers had significant prevalence of cough 
symptoms while also showing reduced FEV1/FVC results compared to the office 
workers. 

Previous investigations by Cotes (1965   & 1974), have also shown that cigarette smoking, 
both by itself and in combination with pollution and/or previous occupation are important 
factors in the aetiology of respiratory symptoms and reduced ventilatory capacity. In this 
study, the smoking habits of the two occupational groups were similar, but the wood 
workers worked in relatively polluted environments compared with the office workers. it 
is possible, therefore, that the level of the pollution in the wood working/cabinet making 
environment and the severity of the respiratory symptoms in the wood workers reflects 
the compounding effect of smoking. However this study found that this effect has not 
reached a level which statistically shows a significant effect on smokers ventilatory 
functionS. 

From the literature (Whitehead et al., 198 I), even low level wood dust exposure affects 
FEV1/FVC values. This study agrees with these findings in trend only. However 
Whitehead et al. (11981) had many more subjects (1157) and the findings of that study 
were therefore, more likely to reach statistical significance. A smaller sample group of 
sawmill workers (Vedal et al., 1986), showed prevalence of respiratory symptoms was 
high even at low wood dust concentrations and their results were confirmed by this study's 
findings that a majority of respiratory symptoms were significantly higher in the wood 
workers compared to the office workers 
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5.2 FEV1/FVC 

The wood workers had a mean FEV1/FVC ratio of 77.1% and the office workers, had a 
ratio of 78.4%. This difference was not statistically significant (t = 0.433; P> 0.05). 

Cotes (1965) and Kalliomaki, Kalliomaki, Aittoniemi and Korhonen (1983) studied a 
normal population and found an average decline in FVC for every one year increase in 
age. Measured by the partial regression coefficient of FVC on age; this varied from 0.025 
litres per year to 0.015 litres per year (Kalliornaki et al., 1983), a value of 0.22 litres was 
obtained Cotes (1965). The present study produced an average decline of 0.049 litres per 
year, but with such a small sample number, it could not be concluded that these workers 
really had a greater decline in FVC with increasing age. However, it is likely that the 
association of ventilatory capacity with age is not completely linear over the whole adult 
age range, the values dropping more sharply in the other age groups than those 
represented by these workers. This could explain the result in this study where the age 
range of workers was rather small. 

Maestrelli et at. (1987) lound that FEy1 declined with wood dust exposure. This study 
shows as a trend only. Similarly. Malo and Cartier (1989) showed a relationship between 
loss of ventilary capacity and cumulative exposure to respirable wood dust, yet even with 
more than 10 years of exposure, the wood workers sampled in this study did not show a 
significant loss of capacity. It would seem that such a small sample size and local 
conditions have affected the results. 

5.3 RESPIRATORY SYMPTOMS 

The higher prevalence of respiratory tract symptoms among the wood workers, (common 
cold, running nose, cough and breathlessness), compared with results from the control 
group, were statistically significant. These findings support those of Tatken (1987), 
Solgaard and Andersen (1975) and Stocks (1 986) that frequent attacks of cold and cough 
symptoms cause damage to the respiratory tract. 

This studys findings tend to support the findings of Cochrane (1966) that wood dust 
exposure increases respiratory symptoms. Robins et al. (1990), supported the idea of 
respiratory symptoms being caused by wood dust and this study agrees with that view. 
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5.3.1 Common cold 

The prevalence of common cold among the wood workers was six times that of office 
workers. This difference was statistically significant. The common cold very often forces a 
person to breathe through the mouth, leading to an increase in the dust load in the alveoli 
and the ciliated epitheliurn. As a result, with frequent attacks the chances of damaging the 
respiratory tract are magnitied. Among other factors, inhalation of dust has been shown to 
be related to the common cold (Cotes 1974), Thus the proneness to develop this symptom 
more frequently among the wood workers may be due to the inhalation of wood dust. 

53.2 Running nose 

The prevalence of running nose was higher among the wood workers than the office 
workers. Only smokers in the office environment suffered yet all categories of wood 
workers had some that suffered from running nose. It is interesting that heavy smoking 
wood workers had a much higher incidence than light smokers. 

From general conversations with the wood-workers a running nose was not suggestive of 
an allergic type reaction. Thus it is reasonable to assume that a running nose was due to 
the irritants present in wood dust and compounded by smoking. 

5.3.3 Throat clearing 

A constant desire to clear the throat is a well-known feature of acute catarrhal laryngitis 
and chronic laryngitis Acute catarrhal laryngitis may be caused by the inhalation of irritant 
gases (Cotes, 1965), If frequently repeated, it may predispose to chronic laryngitis. 
Downward spread of the infection may cause tracheitis, bronchitis or even pneumonia. 

The wood workers had a slightly higher prevalence of this symptom. This symptom on its 
own is a poor indicator of disease and can be just a habit, however if it is accompanied by 
phlegm and cough, one needs to explore further to determine its cause. Once again the 
heavy smokers in the study group showed a much higher incidence than light smokers and 
more wood workers suffered from throat clearing than office workers, These findings 
suggest the dusty environment along with smoking habits contributes to this symptom. 
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5.3.4 Cough 

The cough symptom clearly shows a workplace relationship such that only two percent of 
the office workers suffered. Statistically significant, the incidence of cough is directly 
attributable to dust, with twenty percent of the wood workers affected. 

The dust particles which settle in the airways stimulate the nerve endings which lie 
beneath the epitheliurn of the bronchi and the upper airways, causing cough. This was first 
described by Dautrebande and DuBois (1958). They noted that the response was 
independent of the composition of the dust and also that it occurs with tobacco smoke. 
There is evidence that dust also increases the secretion of mucus and causes 
bronchoconstriction (Clarke & Avia, 1984). Thus, in the absence of cough among the 
office workers and with a prevalence of 20 percent among the wood workers, it is 
reasonable to assume that the wood dust is an important contributory factor in the 
prevalence of the cough symptom. 

5.3.5 Phlegm and wheezing 

The phlegm and wheezing symptoms were absent from the wood workers and only two 
percent of office workers reported these symptoms. With such a low incidence, they were 
was clearly irrelevant to this study. 

5.3.6 Breathlessness 

The prevalence of breathlessness among the wood workers at 36 percent was higher than 
in the office workers (1 3 %) and significantly so. The impact of smoking was very clear 
with all non-smokers being fl-ce of this symptom in both the study group and the control 
group. 

Eighty-five percent of the wood working heavy smokers reported breathlessness as did 71 
percent of the office based heavy smokers and 21 percent of light smoking wood workers. 
The dust pollution factor would increase the risk for smokers and greatly enhances the 
symptoms occurrence in heavy smokers. Smoking is clearly the major cause of 
breathlessness in these groups. 
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Cotes (1965), found that anaemia played a part in the prevalence of breathlessness in 
smokers due to the reduced haemoglobin levels and oxygen carrying capacity of the 
blood, along with the constriction of blood capillaries. These factors could be responsible 
for the smokers in the two groups showing significant breathlessness. The wood workers 
who smoked certainly had the highest prevalence for this symptoms. Again, the 
combination of occupation and heavy smoking is most striking. 

5.4 INTERPRETATION OF TUE SYMPTOMS 

Table 3 shows that of the seven symptoms identified in the questionnaire, only four had 
significant responses. Two wheezing and phlegm, were of such low incidence as not to be 
included in the analysis of respiratory symptoms. One, throat clearing, was not significant. 
The remaining four symptoms showed significant difference in occurrence between the 
two groups such that always the wood workers suffered proportionally more than office 
workers. Carosso et al. (1987) found that not only was ventilatory function decreased by 
wood dust exposure but that respiratory diseases could be caused by such exposure also. 
This study could not determine either of these findings as significant. Prevalence of 
respiratory symptoms that are precursors to lung disease were present predominantly in 
the wood workers; however further studies would be required to determine their 
significance in the prevalence of respiratory disease. 

In view of the fact that the cigarette smoking profiles were similar in the two groups, it is 
reasonable to assume that the higher prevalence of respiratory symptoms among the wood 
workers relates to the exposure to wood dust. This finding supports the view of many 
researchers in that the prevalence of respiratory symptoms was higher in high 
contamination workplaces, e.g. the prevalence of symptoms was higher among miners and 
ex-miners exposed to chemical fumes than men who had worked only in dusty jobs 
(Clifton, 1956; Higgins et al. 1968; Pemberton et al. 1968 and Higgins, 1969). The data 
also clearly show that heavy smokers are at greater risk than light smokers in both 
workplaces and especially when exposed to wood dust. 

The general prevalence of individual respiratory symptoms has seldom been published. 
Holland (1972) reported cough and sputum in 55 percent of men aged 50-60 years in an 
industrial population. Of these 35 percent had a group of symptoms called "triple 
complex", consisting of cough, sputum and breathlessness. Higgins et al. (1968), in their 
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study of the 55-64 year old male population of Leigh in Lancashire obtained a prevalence 
of 34 percent for miners and ex-miners. Other researchers had lower figures. In the 
present study, 20 percent of the wood workers had cough and 36 percent reported 
breathlessness but none had the 'triple complex". One consideration for the low 
prevalence of the "triple complex, would be that both groups are much younger than the 
reported 50-65 years age bracket. 

The low percent prevalence of these respiratory symptoms may also be due to the fact that 
the wood workers are in an open space where there is natural ventilation, and the 
concentration of wood dust is very much lower than it would be in an enclosed building. 

Overall the prevalence of respiratory symptoms may be low but it is actually quite high for 
heavy smoking wood workers (83% suffered symptoms). The trend in the wood workers 
for the heavy smokers to develop respiratory symptoms sooner, once again indicates the 
magnifiing effect of wood dust and smoking, in concert. 

In the studies of chronic respiratory symptoms it is very difficult to get an accurate and 
relevant measure of occupational environmental exposure. It is probable that the 
measurements have to be made over a number of years to get a true picture, as 
environmental conditions at any given time do not reflect the conditions which existed in 
the past. Again there are uncertainties about whether fumes should be included as well as 
wood dust, and which particle-size range of dust cloud should be considered. 

Past work in dusty jobs is an important aetiological factor to be considered in the 
prevalence of chronic respiratory tract infections. The workers belonging to these two 
occupations in the present study have never worked in any other occupation. They joined 
their present occupation within ten years of leaving school. Their symptoms appeared 
during the last ten years of service and it is reasonable to attribute them to the present 
occupation, because it is probable that lilany years of illnesses such as frequent cold, 
recurrent pharyngitis, rhinitis. and cough could cause changes in the bronchi, leading to 
chronic respiratory disease. 

Office workers had a rate of prevalence of breathlessness of 13%, but none of them had 
cough and sputum. Examination revealed no cardiac abnormalities to account for their 
breathlessness. Hence smoking may be the causal factor along with life style. 
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5.5 SMOKING 

5.5.1 Smoking and respiratory syrn)ton1s 

The long term effects of cigarette smoking on respiratory symptoms have been studied by 
many authors and many researchers by making a comparison between the incidence of 
clinical symptoms and signs of respiratory disease in smokers and that of non-smokers. 
This has been extensively reviewed in an earlier section of this paper. 

The data from this study have analysed by combining the two occupational groups, and 
then classifying the results according to smoking habits. As the numbers in the three sub-
groups (Table 9) were small, the analysis of the results became difficult for determining 
significance. When the two occupational groups were classified according to smokers and 
non-smokers, the prevalence of breathlessness was significantly higher among smokers 
than among the non-smokers. This finding was consistent with the statements of many 
authors who have stated that smoking is an important aetiological factor in the causation 
of respiratory disease (Parks, 1982). There was also a clear trend in the wood workers but 
not the office workers that heavy smokers showed much higher prevalence of symptoms 
than light smokers. Rastogi et al. (1 989) used similar techniques as this study and found 
that smokers had significantly higher prevalence of ventilatory obstruction. Such findings 
are supported by this study with heavy smoking wood workers showing the highest 
prevalence of symptoms. 

5.5.2 Smoking and ventilatory capacity 

The data of the two occupational groups were combined and classified according to 
smoking habits. After adjusting for height, the FEV I and FVC of the non-smokers was 
higher than that of the snìokers, but not significantly so. With such small numbers it is 
difficult for the differences to reach statistical significance. Nevertheless, the figures show 
a trend toward an association of smoking with decreased ventilatory function. 

The fact that the ratio of FEy1 to FVC is less in smokers than in non-smokers suggests 
that cigarette smoke produces obstructive rather than restrictive pulmonary effects. 
Permanent damage to lung ftinction rather than a passing irritation can be caused by 
smoking. Such damage is then complicated by with symptoms of chronic obstructive 
bronchitis (Parks, 1982). 
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Higgins (1969) and Fletcher et al. (l99) demonstrated that many patients who denied 
that they complained of sputum and chest illnesses nevertheless had ventilatory 
impairment. Many American authors and researchers have always maintained that their 
patients became breathless without comparable incidence of sputum and chest illness. 

Results of the present study show a similar trend in that only the prevalence of 
breathlessness was significantly higher for the smokers, but the other symptoms were not 
significantly so. The FEV 1 /FVC (as an indicator of ventilatory impairment) in the same 
way as FEy1 and FVC separately could he higher or lower for smokers because FVC may 
fall at first and then falling FEV I causes a reduction in the ratio. Later in the disease 
process FVC falls proportionately more than FEV1 causing a rise in ratio. In 
consequence, across an age range of subjects the ratio change is not significant. 

5.6 PREVENTIOrN 

Prevention of any disease caused by dust depends, above all, on the prevention and 
suppression of dust. If the concentration of airborne dust in a workplace is low enough, 
workers can be exposed to it for a lifetime without harmfiul consequences. In this study 
the wood workers have been employed since school leaving age and most have worked in 
their trade for more than 10 years A long-term epidemiological study of the workers 
would be appropriate and could continue with the same office workers as the control 
group since they are confined to their air-conditioned office and not exposed to dust in the 
workplace. However, it must be mentioned that the prevalence of smoking would 
contribute to an individual's pollution exposure within this group. 

Prevention of dust-related diseases by legislative enactments becomes essential when the 
health of workers is threatened with permanent injury. In this short-term study the wood 
wokers had significantly higher rates of cold, running nose, cough, breathlessness 
suggesting that preventive measures may need to be implemented for the wood-working 
industry to reduce the incidence of cough and colds and the resultant loss of work-days 
due to ill-health. 
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5.6.1 Dust control and prevention 

When one considers the relatively high percentage of heavy smoking wood workers with 
respiratory problems and the finding that wood workers have more symptoms than office 
workers, then dust control and prevention becomes an issue. Before we design a dust 
control procedure it is necessary to know the source of the dust, and also how it is 

disseminated through the air. It is also necessary to know the particle size-range of the 
dust to be controlled. In other words we can summarise requirements in the three terms: 

identification, assessment and control practice. 

Several factors are responsible for the dissemination of dust in the wood working 
industries. Rapid air movement while machinery is operating causes dust to became air-
borne. Air-borne dust settles only very slowly depending on the equivalent diameter of the 

individual particIes entrainment of dust by draughts often increases atmospheric 
contamination. Sweeping of the floor or dusting of various parts of the machinery causes 
further contamination of the atmosphere. This contamination is in addition to dust which 
arises while shovelling or carting away wood dust, or during discharge from silos. 

The most efficient method of dust suppression/elimination other than the conventional 
application method of exhaust ventilation is the scrubber-type cyclone system with a force 
extraction system. Doig (1 984) found this filtering and extraction system to be superior to 

conventional methods. This system would be suitable in a tropical climate as it effectively 
creates a clean working environment and is low maintenance. 

One hundred percent control of wood dust from the wood working factory would be 

impossible to achieve. However, it is much easier to control dust levels to within an 

occupational exposure limit. With periodic inspections and maintenance of plant together 
with air sampling analysis and static monitoring by trained personnel, dust levels could be 
maintained below such limits. Furthermore, all such programs would need to incorporate 
proper tool maintenance (especially for saw blades which give out excessive noise and fine 

wood dust) to ensure dust levels were kept low. Brooks et al. (1981), highlighted the 
need to control wood dust while also noting the impact of wood dust had on smokers. 
Certainly this study concurs with their findings. 
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Industry management should ensure stringent control, and compliance with guidelines and 
procedures as set out by the Heafth and Safety Regulations of the Northern Territory, and 
the Australian and US NIOSI-is standards, 

In every workplace where there is wood dust exposure risk, a comprehensive health 
service with an occupational health and safety policy for employees should be set up. As 
an alternative, an occupational physician service could be provided, as is done by most of 
the larger industries, for instance, in oil companies 

A tentative recommendation is for a safety committee to be formed by the individual 
industries, consisting of six to eight individuals with expertise or knowledge of 
occupational health and safety, with one member from management having the power to 
implement the committee's decisions. Regular monthly or weekly meetings should be 
productive Although the committees recommendations would deal with serious health 
risks, day to day work-related monitoring of the environment by air sampling, keeping a 
check on incorrect working practices such as creation of clouds of dust by incorrect 
procedures, and common-sense workplace cleanliness should be generally sufficient for a 
daily dust-free working environment. Innovative changes like a paper face mask instead of 
a humidifier-type face mask would encourage the wood workers to protect their lungs. At 
present all four wood work factories had humidifier type face masks. These were used 
only for sanding and then only occasionally. With other dusty work, the workers tended to 
not use any protection as it may be too much trouble and hot. 

5.6.2 Smoking and prevention 

The significance of breathlessness increasing with the number of cigarettes smoked in both 
study groups suggests that smoking is the primary factor in respiratory symptoms and 
strategies to minimise the impact of smoking would be of substantial benefit to both 
employers and employees 

The smoking habit is most efficiently and completely controlled in the workplace by simply 
prohibiting tobacco use by the management and their employees. Enforcement of company 
policy on smoking and regular Government Work Health Officers visiting the workplaces 
could reduce the risks of smoking on respiratory symptoms. Health promotion through the 
mass media would remind workers of the seriousness of their health. To facilitate the total 
elimination of tobacco use, employer/employees could implement smoking cessation 



programs, especially for wood workers. This is more important in wood working settings 

where workers face the added risk due to wood dust exposure. 

The American Society of Public l-lealtli (ASPH) recommended the following strategy for 

smoking cessation by management and employees  working to develop appropriate non-

smoking policies (NIOSH. 1987): 

Prohibit smoking at the workplace and provide sufficient disincentives for those 
who do not comply 

Distribute information about health promotion and the harmful effects of 
smoking 

C. Offer smoking cessation classes to all workers 

d Establish incentives to encourage workers to stop smoking 

If these strategies were implemented, maybe heavy smokers could be converted to light or 
non-smokers in the workplace 

5.7 RECOMMENDATIONS FOR WORKPLACE PRACTICES WITH REGARD TO 

CIGARETTE SMOKING AND WOOl) DUST 

The two sources of pollution in this study are wood dust exposure and smoking. Control 

of these two sources would decrease the incidence of the respiratory symptoms. There are 

two principal solutions to the dilemma of pollution. The first is to abandon the use of 

harmful substances and the second is to use them in such a way that the potential hazards 
are minimised. 

There are three principles of management for minimising the potential hazards of harmful 
substances (Sherwood et al.. 1983). 

The first principle of managing the problem is that those who are exposed to the 

substance must be aware of its potential dangers. Knowledge is the key to all future action 

and those who may have to bear the consequences of exposure to harmful substances 

have to be kept informed (i.e. education). Unrestricted access to all kinds of information 

essential to the safe use of harmful substances will create confidence and willingness to 
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comply with restrictions on working with these toxic substances and using techniques 
which may be cumbersome and uncomfortable such as wearing safety respirators and 
personal protective equipment. Wood dust could be treated as such a substance. 

The second principle of managing the problem is to apply effective engineering and 
process controls. These will include the choice of appropriate technologies, proper design 
and maintenance of equipment and machinery, the application of engineering control 
measures, the monitoring of the working environment, good housekeeping and personal 
protective equipment and clothing. Within engineering and economic limitations, the 
wood working environments could be suitably up graded to minimise the wood dust 
exposure of workers. 

The third principle of management of the problem is the education and training of those 
who are exposed to risk. The elements of a proper education and training program must 
begin with the designers, manufacturers and suppliers who have the duty to establish the 
harmful potential of their products. The users of the safety equipment should have a safety 
manual, an adequate training program and access to modules by colleges or technical 
schools as appropriate. This principle is appropriate in response to the risks faced by the 
heavy smokers in both groups. Much has been done in society to reduce smoking but 
specific local programs targeting the heavy smokers in these workplaces could have 
positive consequences. 

5.7.1 Ventilation in the workplace 

Natural ventilation may be efficient enough to take the contaminated air away from the 
breathing zone and replace it with fresh air if the source of air pollution is not too 
excessive and work is carried out in the open air, or in open ventilated buildings. This is 
the case in the Darwin region, where natural ventilation is used to keep internal 
temperatures of buildings within a tolerable limit. The requisite amount of natural 
ventilation is difficult to predict because of climatic variations and it is rarely possible to 
rely on it fully. It should also be kept in mind that air pollutants are generally released into 
the environment in an uncontrolled way. Local exhaust ventilation placed close enough to 
the source of air pollution can remove the contaminants before they reach the workers' 
breathing zones. The woodworking environments involved in this study were in need of 
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further improvement in their methods of minimising airborne dust. Closely following 
health guidelines would also improve these workplaces. 

5.7.2 Health surveillance in the workplace 

A pre-employment medical examination to exclude those with a history of respiratory 
symptoms will minimise the risk of further aggravation to the respiratory system. Health 
assessment of employees could be done before assignment to any specific tasks which may 
involve health risk, such as those encountered by the wood workers. If health surveillance 
were implemented in the existing factories then it would form the basis of decision making 
such that workers identified as 'at risk' would be allocated to tasks of low health risk. 

Periodic medical examination, at least of those wood workers on the absentee list with a 
history of heavy smoking, respiratory illness or absence for health reasons, would assist in 
determining possible occupational causes of illness, in which case appropriate action 
should be taken to protect the workers and determine either their suitability for the job or 
their need for reassignment and rehabilitation. Assessment could be undertaken at 
intervals during any employment that involved exposure to a particular hazard to health. 

Examination of all wood workers after absenteeism due to illness is perhaps one of the 
most useful types of examination. The most important objective of such examinations is to 
ensure that the employee who has been absent with a medically significant condition is fit 
to continue with the work. Since it is difficult to do this in all cases of such absences, it is 
advisable that those who have prolonged absences should be examined when they return 
to work. However, there should be some provision to protect the privacy of the 
employees, and to ensure that health surveillance is not used for discriminatory purposes 
or in any other manner prejudicial of their interest. 

It is further recommended that all such records be maintained as accurately as possible by 
the appropriate workplace authorities so that data will be readily available for effective 
monitoring and research into future health risks 
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5.8 LEGISLATION IN THE WORKPLACE 

The third method to control dust hazards in the workplace is by legislation. This is 
difficult because the legislation and regulations have to be passed through parliament. This 
process requires much justification. At this time the data collected by this study, while 
identifying health hazards of significance to wood workers who smoke have too few 
subjects to justify legislation. The office workers control group does not have a challenge 
in this area because it is a government office and a legislated smoke-free work 
environment. 

5.9 RECOMMENDATIONS FOR FURTHER RESEARCH 

Many issues are raised by this study. In comparing symptoms of respiratory disease in the 
two worker groups more questions arose than were answered; thus the scope for further 
study and research is considerable. 

Although the control group was very uniform, a problem for statistical significance which 
needs to be overcome arose through the small sample size. Nonetheless, trends indicated 
by the data suggest appropriate action The need for an epidemiological study to collect 
data on individuals is clear from the findings on heavy smokers. The sample population of 
the target group: wood workers, dictated the composition of the control group such that 
ethnically all groups were Caucasian males. Further studies investigating variations among 
ethnic groups would be relevant in a cosmopolitan setting such as Darwin. 

Data on symptoms did show some consistent trends, with the wood workers being most 
affected by colds, running nose, cough and breathlessness. To specifically test for the 
impact of these factors on wood workers would require research of an epidemiological 
type with a respiratory disease focus. Such research could prove fruitful. 

Research is needed to investigate the following issues surrounding the causes of smoking 
in the workplace and related health risk: 

- Effects of workplace smoking restrictions and relations between smokers and non-
smokers and related health effects. 
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- The interaction between smoking and wood dust environment and its effect on 
health 

From this course of action would come the base data needed for the NT to safeguard 
workers from any occupational health risks found to be associated with smoking. 

Breathlessness with increased number of cigarettes smoked per day demands more 
research, considering the small sample size. In fact it would appear that wood dust as a 
causal factor is being overshadowed by smoking. To further confirm this finding, trial 
projects need to be implemented to compare controlled workplaces with the wood 
workers' current environment. To do that, consideration would be necessary of the 
different work cultures Both target and control groups worked similar hours with similar 
union award conditions, however that may not always be the case. Without a doubt, both 
workplaces need to consider education and training programs to reduce smoking habits. 
Finally a very appropriate project would be a medical study on the actual presence of 
respiratory diseases in wood-workers. 

5.10 SUMMARY 

in this study, lung volume, capacity and respiratory symptoms were studied to determine 
if smoking and wood-dust exposure causes respiratory problems such as cough and 
phlegm production, the prevalence of dyspnoea, and recurrent colds. This study 
represented workers in two different occupations: the wood workers, exposed to wood 
dust, and the office-workers, who were not exposed to environmental dust. All subjects 
were Caucasian males, having stable occupational histories (10-15 years service), similar 
health profiles and an average age of 32 years. 

The survey revealed a distinct trend of increasing breathlessness with an increasing 
number of cigarettes smoked per day. The small sample size did not prevent this finding 
from being statistically significant and suggests that a further study is required. 

To adequately control dust levels in a workplace it is important for the industry to accept 
self-regulation and ensure occupation exposure limits to dust are not exceeded. Worksafe 
Australia, Australian Standards, N 1051-1 and WFIA legislation needs to be implemented, 
promoted and enforced by management so that compliance with occupational health 
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guidelines can be ensured. Management could also encourage workers to utilise health 

service facilities and establish safety committees with comprehensive worker 
representation. Health records would be o[paramount importance in further monitoring of 
worker health and risk. 

This study has shown that wood workers carry a greater risk than office workers of 
developing respiratory symptoms when exposed continuously to wood dust, especially if 
they are smokers. This means that there must be more stringent control of dust in the 
working environment, involving a reduction in airborne wood dust with properly designed 
machinery and a dust extraction system. Further, as already mentioned with regard to 
management's responsibili 1 ies, both health promotion and smoking cessation programs 
would be invaluable, It became clear that wood dust exposure considerably increased the 
risk of respiratory symptoms in heavy smokers and thus any such workers needed to be 
made aware of their susceptibility. 
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APPENDIX A 

Questionnaire Used In This Survey 

STRICTLY CONFIDENTIAL 

A comparative study of the respiratory system of Wood working/cabinet makers, 

steel(fabricators), and office workers, in I)arwin, Northern Territory. 

Section - A 

Age --------- Department Name: ------------------------ 

Previous occupations since leaving school (with duration). 

1st. years 

2nd. years 

3rd years 

Misc. 

3.Do you smoke? Yes. { ] go Q.4-6 No. [ ] go to Q 12 

If yes 

At what age did you started smoking regularly: yrs. 

How many cigarettes did you smoke a day 

How many cigars did you smoke per week 

Yes[ ].No{ 1. 
Don't smoke cigar [ ] 

Do you smoke pipe tobacco? 

Yes [ ]. No  [ ]. Don't smoke paper roll tobacco [ 1. 
If yes to Q 7 

How much tobacco did you smoke per week 

lfNogotoQ 12 

If 'No, to question 5. Never smoke [ ] 
Ex-smoker [ ] 

Do you take snuff Yes [ ] 
No [1 

If yes' to question 10 at what age did you start it regularly age 
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 common cold 

 running nose 

 wheezing 

 clearing of throat 

 cough 

Yes[ J No  [1 
Yes[ ] No  [I 
Yes[ ] No  [1 
Yes[ ] No  [1 
Yes[ ] No  [ ] 

Second B 

Are you frequently troubled by any of these? 

88 

If 'Yes to Question I(, what is its character? 

Dry Yes[ ] No  [1 
Productive Yes [ ] No  [ J 
Variable Yes [ ] No  [ ] 

lf'Productive 

Is it mucoid? Yes [ ] No  [1 
Is it purulent Yes [ ] No  [ J 
Ever blood in it? Yes [ ] No  [ ] 
colour? colour 

What are the association symptoms of your cough? 

Cold Yes[ I No  [ ] 
Chest pain Yes [ ] No  [ ] 
wheezing Yes [J No  [1 
Breathlessness Yes [ J No.  [ j 
Others Please Specify. 

Have you ever taken treatment for cough? 

Yes[ ] No  [I 
Are you troubled by shortness of breath 

when you are in hurry on ground level 

or walking up a slight stairs? Yes [ ] No  [ ] 
Does'nt know [ ] 
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22. Have you ever trouble in breathing while sleeping 
in the wet season or in the dry season at night or 
at in an air condition room? Yes [ ] No  [ ] 

23, Have you ever had: 
lnury Yes [1 No  [1 
operation affecting your chest Yes [ ] No  [ ] 
pneumonia Yes [ ] No  [ ] 
bronchial asthma Yes [ ] No  [ ] 
other chest problems Yes [ ] No  [ ] 

Do you usually cough first thing in the morning? 
Yes [ ] No ] 

Do you usually cough during the day or night? 

Yes [] No ] 
If yes to 24 and 25 

a: Do you cough like this most days for as much as two-three months? 
Yes [] No J 

Is there any particular activity or job which makes you cough? 

Yes [1 No  ] 
If so. what? (specify) 

Do you usually bring up any phlegm from your chest first thing in the morning? 

Yes [1 No  ] 

Do you usually bring up any phlegm from your chest during the day. 
Yes [] No  I 

or night? Yes [ J No  [1 

Are you troubled by shortness of breath when hurrying on level ground or walking up 

a slight stairs? 

Yes [] No[  ] 
If yes, do you get short of breath walking with other people of your own age on level 
ground? 

Yes [] No[ ] 

Do you ever get short of breath at rest? Yes [ ] No  [ ] 



Do you ever wake up in the night/day with shortness of breath? 

Yes [ ] No  ] 

Do you get short of breath at rest as often as once a week? 

Yes [ ] No  ] 

Do you get short of breath more often at the beginning or at the end of the week? 

Yes [] No  [ J 
Do you get short breath as often on days when you do not work? 

Yes [] No [ ] 

Do you get short of breath as often when on holidays? 

Yes [ ] No [] 

Does your chest ever sound wheezing or whistling? 

Yes [] No [] 

lf'Yes' Do you get on most days? Yes [ ] No  [ ] 
or Nights? Yes [ ] No  [] 

37 Have you ever had attacks of shortness of breath with wheezing? 

Yes [1 No  I 

If 'Yes' to Q 37. Is/was your breathing absolutely normal between attacks? 

Yes [ ] No[  ] 

Does your chest ever feel tight or your breathing become difficult? 

Yes [] No  ] 
Are you always like this? Yes. [ J No { ] 
If' No' Go to Q 46-48 

Does your chest feel tight or your breathing become difficult as often as once a 

week? Yes [] No  [I 

Are you like this more at the beginning or at the end of your working week? 

Yes [ ] No [] 
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Are you like this as often when you do not work? 
Yes [] No  [] 

Are you like this as often as when YOU are on holidays? 
Yes [] No  [ I 

Do you ever wake up during the night/day with tightness in the chest or 
difficulty in breathing? Yes [] No  [I 

Is there any particular activity or job which makes you tight in the chest or makes 

your breathing difficult? Yes [ ] No  [I 
If Yes please specify  

During the past three years have you had any chest illness which has kept you from 

your usual activities for as much as a week Yes. [ ] No  [ ] 
If Yes to Q 46. Did VOL] bring up more phlegm than usual in any of these illness? 

Yes [ ] No  [ ] 
If Yes to Q 47. Nave von had more than one illness 

like this in the past 1' Yes []. No  [1 
Do you often sneeze or get an itchy, running nose? 

Yes [I No  [ J 
If yes to Q.49. Do you get this more often during any particular season? 

Yes [ ] No  [] 
If Yes. what? (please specify) 
Bronchial asthma 
If' Yes 
Is it confirmed by your doctor? Yes [ ] No  [ ] 
How old are you when you had the first attack" _yrs. 

Do you have other chest problem? Yes [ ] No  [ ] 
If 'Yes Please specify types 

Have you ever worked in the following job? 

mining [I 
quarrying [ J 
foundry [ i 
with asbestos demolition or removing [ ] 

e, manufacture of plastic and resins [ ] 
f chemicals or similar substance [ I 
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timber industry e.g. wood or furniture [ J 
exposed to fumes and irritating dust [ ] 
spray painting [1 

Do you think that your woodworking job has affected your chest? 
Yes. [] No.[  I 

How often do you wear dust masks when exposed to wood dust? 
a. never [ ] 
b sometimes [ ] 
c.often [I 
d. always [ ] 

Section - C EXAMINATION 

Height cm 
Force expiratory Volume in one second (BTPS). 

1st.  

2nd.  

3rd. 
Mean litres. 

Are there extremes of heat, cold, wind or humidity? Yes [ ] No  [ I 

Are there high level of fumes, dusts, gases or vapours? Yes [ ] No  [ I 

Proper lighting. Noise. Hazardous substances? Yes [ ] No  [ I 

Does your organisation have a health and safety committee? 
Yes [ ] No [] 

Clinical Examination 
(Performed by Qualified Medical Personnel). 
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General Health Survey 

Palpation 

Percussion 

Auscultation 

X-rays results and findings 

Remarks 
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APPENDIX B WOOD DUST PARTICLE DISTRIBUTION 

Airborne wood dusts are heavier and larger in sofiwoods. Usually, less than 20% of the 
dust weight is represented by particles less than I 0R  in diameter. Thus, there is little dust 
at the respirable range to penetrate the lower parts of the lungs. Inhalable dust is trapped 

in the nose and mouth region. Machining of softwoods or reconstituted wood gives a 
slightly coarser dust than that arising from the machining of hardwoods. Sanding 
operations usually give rise to somewhat smaller dust particles (Hinds 1988). 

WOOD WORKING AND ITS OPERATION 

The operation of wood-working machinery involved in machining, cutting and sanding of 
wood gives rise to airborne dust i.e. fine dust which escapes from the extraction fan 
situated under or over the machines. Handling of these dusty wood-working materials, 

especially chipboard, pine, or !arrah wood where sanding was done, requires utmost care. 

It was noticed that in general, workers removed dust from sheets and panels by blowing 
with compressed air instead of vacuuming, creating airborne dust. Another example of 
creation of airborne dust included the sweeping of floors. 

Wood dusts have been assigned a maximum exposure limit under the HSE guidelines, but 
not under the COSHH regulations. In Section One of the HSE guidelines, hardwood dust 
has been assigned a maximum exposure limit of live mg/rn3  on an eight-hour time weight 
average, and therefore exposure by inhalation should be reduced as far as is reasonably 
practicable (Occupational Exposure Limits, HSE Guidance Notes, 1990). Under the 

HSE's Advisory Committee on Toxic Substances, the same maximum exposure limit has 
been suggested, pending the outcome of the review committee (Table Four, HSE 
Guidance Note EH40, 1990). At present dust levels usually exceed this limit, but control 

measures such as forced ventilation and properly designed filtration systems are used for 
dust extraction. 

METHOD OF DUST CONTROL 

Total dust control is almost impossible to achieve. In the work environment, air motion 
caused by draughts, saw blades, cutters, sanders and exhaust leakage all create airborne 

dust. In workplaces, where wood-working machiiiery is constantly in operation, the 

magnitude of these factors is huge, with the moving parts which create the dust making it 
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hard to control the dust completely. Enclosing these machines is an expensive exercise, 
and is not practicable. Workplaces which are of a restricted size are easier to control. 
Exposure levels can be controlled within required standards. With finer airborne dust, 
exposure is more difficult to manage. Control measures are outlined below. 

This researcher feels that an exposure limit of 5 rng/m is a bit too high for hardwood. The 
exposure level should be I mg/nY. The control of exposure levels with adequate and 
professional design of ventilation systems would ensure a safer workplace in the factory. 
Maintenance should play an important part in the control system. 

Methods of controlling wood dust depend upon the properties of the air particles to be 
removed, the type of dust and the forces of motion present. The operation of 
woodworking machinery/equipment creates large quantities of dust. While coarse dust is 
will be captured by exhaust systems or filtered by air systems and so does not tend to 
create any occupational hazard, it is the line airborne inspirable dust which escape and 
needs to be controlled, as it is quickly dispersed by mechanical motion. Equipment like 
sanders, pulleys, pulley drives and guide drums etc., create air motion, Cooling fans also 
create draughts that affect dust movement. Hand-held sanding equipment without a built-
in dust collector will release a dust cloud directly into the air, as will sudden variations in 
pressure an the sanding surface. In hot and humid conditions like those in of Darwin, 
workers tend not to use a dust mask, allowing direct inhalation of wood dust. This hand-
held equipment should be banned from industrial use. The Australian Standard and 
NIOSH set a stringent control on the use of this equipment. 

CLEANING 

Dust can also be created by cleaning and handling of machinery. Employees tend to use 
compressed air to blow wood dust off the workpiece or workbench. Handling and 
stacking of dusty work pieces can also create considerable clouds of dust. Blowing or 
wiping down a piece to remove wood dust is an unacceptable practice, increasing wood 
dust exposure. 

RECOMMENDATIONS FOR MINIMISIINC, RESPIRABLE WOOD DUST 

Respirable wood dust can only be seeii with the use of Tyndall beam backing techniques. 
Exhaust ventilation systems are mostly designed to capture coarse visible dust, but not 
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respirable dust. From the occupational hazard point of view adopted by this comparative 

study, we are mostly concerned with the respirable dust. Consideration should be given to 
the design of forced extraction systems, as follows: 

In cleaning dusty surfaces, workpiece or finished products, appropriate vacuum 

cleaners, vacuum sweepers and other types of dust extraction systems should be 
employed to reduce respirable dust satisfactorily. 
All moving parts of the machinery should have at least multiple extractors so as to 

capture any escaping dust. If this cannot be done, the moving parts should be 
enclosed as far as practicable. 

C. All exhaust hoods should be as close as practicable to the source so as to capture 

the dust before dispersal into the atmosphere. The air velocity in the system must 
be sufficient to transport the dust or shavings the heavier the particles, the higher 
will be the required velocity, varying between about 10/rn second for light grain 
dusts and 20 to 25 rn/second for wood shavings and metallic dust number Nine 
(Spon 1991). 

Consideration should be given the air velocity in the ventilation ducting which 
gives rise to high air friction losses and, in turn, to high pressure requirements and 
noisy fans. 

As far as practicable faii blades should be carefully selected to prevent, dust 
settling on the blades, reducing their efficiency 

A simpler filtration and settling chamber is proposed, such as a cyclone system 
which can separate large quantities of dust. This system consists of a cylindrical 
hopper into which the dust-laden air is discharged tangentially. The dirt particles 
fall to the bottom of the hopper, from where they can be collected. The air inside 

the hopper discharges vertically through the inner cylinder. 
Any completed products should be cleaned before removal. 
Dust extractors should continue operation during breaks so that any accumulated 
dust may be removed. 

Air ducts should be designed which can isolate airflow in different sectors to 

enhance the efficiency of extraction systems in the workplace. 
A periodic maintenance program on all air ducts and extraction systems should be 
carried out with either daily or weekly inspection, and records kept. This will also 
help prevent fire hazard. 
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DUST CONTROL AND WOOD WORKING EQUIPMENT 

The same extraction system OCCUS with some of the commonly used machinery in the 
wood-working industry in Darwin where airborne dust is created. Design and installation 
of exhaust hoods for dust control is necessary. Complete dust control may not be possible, 
but dust levels can be minimised. Presently wood-working equipment was designed and 

developed in countries like Canada, Germany, Japan and USA (to name just a few) where 
stringent control has resulted in a well-designed dust control system. Portable sanders, 
routers etc. should be connected to low volume, high velocity extraction systems for 
better results. Care must be taken that there is no obstruction, and the safety of the 
operator must be taken into account. 

SANDING EQUIPMENT 

The waste produced by the various types of sanding machines is in the form of dust. If 
dust clouds are created, and to the extent as to be injurious or offensive, or dust is 

produced in substantial quantities. practicable measures should be taken to protect the 
employees against inhalation of dust given off by the operating process. Dust should not 
be allowed to accumulate in the workplace and where the nature of the process makes it 

practicable, a local exhaust ventilation system should be provided to prevent dust from 
entering the factory ventilation system Efficient dust removal requires an air stream 
moving in the same direction as the dust stream, the collecting points being set near to the 
sanding surface and as close as possible to the point at which the dust is generated 

Collection openings should be as small as possible to ensure a high pressure jet of air 
capable of dislodging the clinging particles as well as entraining the free particles this 
stream can be produced by a Fan of reasonable size, without needing to move excessive 
quantities of air. 

The most common type of sanding machine is the ordinary belt sander with an endless 
sanding belt which runs over two pulleys revolving in the vertical plane and set in line 
horizontally; one is a drive pulley and the other acts as an idler/tensioner. The lower belt 
collects the dust and the operator presses the abrasive surface on the work piece to be 
sanded on the upper belt. The work piece may be free, but more usually it is restrained on 
a conveyor belt by guide rails and connecting rods the work bench, the belt can be 
operated at right angles to the work bench to enable wide articles to be sanded. Although 

sanding can take place at any point along the length of the work surface or bench, fixed 
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nozzles can be located only at the pulleys The lower belt run moves towards the idling 
pulley. Dust collection can most profitably and conveniently be carried out at the end of 
the work bench, where dust leaves the belt 

As the belt flexes round the pulley, particles clinging to the abrasive part of the belt are 
loosened and are more easily detached by the air stream in the hood which usually 
encloses this pulley. Slots in the hood for the upper and lower where the belt runs, 
particularly the upper one. should be as narrow as possible, so that maximum air velocity 
is maintained at the slot for the lower belt where maximum suction is required As the 
main dust stream approaches the pulley, it fans out from the sides of the band thus the 
lower slot should be wide enough for the full width of the stream. The space between the 
belt runs should always be eiiclosed otherwise the air speed will be reduced and only the 
dust actually drawn into the hood will be extracted. A narrower and faster running belt 
ensures adequate dust collection and extraction. 

Any unnecessary gaps in the hood will allow air to enter and so reduce the efficiency of 
the dust collection. Some of the dust clinging to the abrasive surface will not be freed as 
the band passes round the idler pulley. so  a collecting hood at this point will reduce the 
amount of dust which would otherwise escape into the workplace. 

The dust carried along the hand to the collecting hood decreases as the distance between 
the pressure block (a fibrehoard with a pressure handle at one end, when doing a sanding 
work, it is pressed down to have a full contact of the work piece) and the hood increases. 
In the absence of a collecting nozzle at the pressure block efficient dust removal maybe 
co-ordinated with exhaust veiitilation arrangements for belt sanding machines. 

A collecting hood cannot be fitted to the idler/tensioner pulley if the belt running over this 
pulley is used for sanding curved work presented to the down-running belt. Special 
arrangements should then he made to collect the dust below the point of contact of the 
wood with the hand. 
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SMALLER TYPES OF BELT SANDER 

Vertical and horizontal sander 

This sander has a fixed backing on the working belt run. Different types of work can be 
done on both the flat run and the curved portion as it passes over the tension pulley. The 
working area is usually short enough to allow the dust produced by the tension pulley to 
be collected efficiently at the drive pulley 

Disk sander 

This is next in popularity to the belt sander. It consists of a metal disk revolving in a 
vertical position, faced with an abrasive paper A workbench at the mid-diameter of the 
disk, which can be used either at right angles or inclined to the plane of the disc, supports 
the work, and the whole of a comparatively large surface. e.g. box end can be sanded 
simultaneously. 

C. Bobbin sander 

This consist of a cylinder of small diameter set vertically in a horizontal table, used for 
sanding parts with curved surfaces or small radii The efficiency of dust collection on 
work of this type depends on the size ol'the surface area in use. For instance, if the action 
of the bobbin describes a semi-circle over the surface, a narrow-mouthed nozzle arranged 
close to the unused portion ol the surface will give good dust control. If the whole of the 
bobbin is to be used, a nozzle fixed to the underside of the table is the only practical 
method. 

d. Horizontal single-drum hand sander 

This is widely used in the furniture industry for finishing curve members. It may have 
either a solid or pneumatic bolster designed to finish moulded surfaces without deforming 
the moulding. If only the face of the drum is used, the unused surface is large enough to 
permit an extensive hood to be fitted. 
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e. Power-feed sander 

Some workers use abrasive covered drums and others, wide abrasive bands moving at 
high speed. These are widely used to finish flat surfaces at high speed. The large amounts 
of dust which these machines produce can be collected by exhaust ventilation applied to 
the abrasive surfaces 

The need to control the exhaust dust from various types of sanding machines is so widely 
accepted that collecting arrangements coupled to an exhaust fan are provided for virtually 
every machine in use. Unfortunately, the presence of a fan does not necessarily mean that 
the suction is adequate. Some fans are inadequate when the machines are new, others, 
which could be capable of' efficient service, fail as a result of neglect and lack of 
maintenance. Fan speed and efficiency drops because of belt slip. 

METHODS OF DUST COLLECTIING 

There are two main methods of collecting the dust: 

Suction applied to the narrow slot between the table and the disc on the down-
running side can be very efficient if' the work piece can be restricted to the down-
running quadrant. because the dust is taken away along its natural path, and the 
small surface area of the slot permits very high air speed. It is not effective, 
however, if both quadrants must be used, because the suction is not powerful 
enough to remove dust generated on the moving surface. 

Suction applied to the narrow annular gap between the edge of the disk and its 
closely fitting hood can never be really efficient because the air stream is moving at 
right angles to the plane of' the disk and is seldom strong enough to deflect the 
particles from their natural path into the slot. If the length of the work to be 
accommodated does not exceed the diameter of the disk, a semi-circular hood 
with an exhaust, fitted round the top half of the disc and extending a few inches in 
front of it, will give efficient results and will greatly improve working conditions. 
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EXHAUST DUCTINC, 

The ducting should remain free from obstruction, and positive steps to veri' this by 
periodic stripping down and cleaning are rarely taken. It is not uncommon for small parts 
to be snatched from the hands of the machinist during sanding and carried into the 
ducting, forming an obstruction behind which dust will readily build up to create a serious 
blockage 

The machine operator may block the vents deliberately if the exhaust is causing a draught. 
If the intake opening of a collecting hood is correctly positioned, the size of the opening 
necessary to collect the dust can be kept to a minimum and a high speed at the opening 
should not produce any significant air movement (HM Factory Inspectorate UK 1975) 

LOCATION OF WOOD DUST ('OLLE(TORS 

All dust collectors should preferably be outside the building so that the fine dust will not 
return to the workplace. t istially, however, bag type collectors are located inside the 
workplace and, though the larger particles of wood and abrasive are deposited in the bags 
unless an extravagantly large collector is installed, the velocity of air escaping from the 
bags will keep the finer particles entrained and so allow them to escape into the general 
atmosphere of the workplace, to be inhaled by the employees. Such collectors should be 
enclosed in such a way that the finer particles can settle before the exhaust air is finally 
discharged. In spite of the great heat loss when exhaust is discharging outside the 
building, the vents at the top enclosure should be ducted to the open air unless the 
collector and settling chambers can efficiently remove the dust. 

A dust collector can seriously add to the risk of fire, and give rise to disastrous dust 
explosions. This is another reason why all collectors should preferably be outside the 
building. For power sanders, the amount of dust generated and the resultant risk of 
incandescent particles being produced make it essential that the dust collector should 
never be inside a building. 

Individual fans and collector units may be preferred if one or two machines are installed. 
The outlet from each collector should then be ducted to the open air. Unless these units 
are regularly cleaned and maintained their efficiency is liable to deteriorate. 
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AIPEND1X C IREDICTION NOMOGRAM 
Kamburo( Pe0a arid Woitowitz H.J. & R.H 2 (1972) MALES () B T Ps 
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APPEN I)IX 1) \ITALOGRAPJ I TES'I' REC() RI) 

?ita10 graph Ref. No,: 

Test Record Date 

Name.  ..................................... ........................... .... Age ......... Height ......... Weight... .. . Jbs •  

Address ........................................ .......................... Position of Patient: Standing ....... 

Sitting ....... 
Supine  

Time of Test ...............................Room Temperature ......................Barometric Pressure.................... 

Test 

Measured Value After Brorichodilation 
FEy0 2 1 2 L FMF25  MVV d  

1EV1  FVC % FEV/FVC FEy1  FVC % FEV/FVC 
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3 

4 

5 

Predicted 

Value 
-=------- .--__ 

Other Tests, Remarks, etc 
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APPENDIX F TUE \'ITALOGRAFH (LIMITED) SPIROMETER 
MANUAL BY VITALOGRAPH MEDICAL 
INSTRUMENTATION ENCLOSED. 
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THE VITALOGRAPH 
RoMODEL  SPIROMETER 

Only the Vitalograph Spirometçr offers you S 
many diagnostic advantages for such a low 

investment4 



For profssionol use only 1O7 

A VITALOGRAPH TEST TAKES LESS THAN A I 
The Vitalograph® R-Model Spirometer provides yot 

VITAL CAPACITY (VC) 
This indicates only the volumetric capacity of the 
patient's ventilatory system, which is influenced to 
a great degree by height, sex and age. 
Chart example: 4.99 litres (BTPS). 

FORCED EXPIRATORY VOLUME (FEV) 
The example shows the reading of FEV, at one 
second (FEV,) which is the volume of the FVC 
that can be expired in 1 second. 
Chart example: 4,14 litres (BTPS). 

FORCED EXPIRATORY FLOW 2  (FEF, 2 ) 
The FEF 2121S the average rate at which the first 
lull litre of air leaves the patient's lungs. It Is 
normally determined by connecting the points of 
0.2 and 1,2 litres on the FVC curve, extending 
the line to the top of the chart and reading the 
litres per second from the FLOW RATE 
CALCULATOR which is provided. Any other 
flow rate can be measured In a simtliar manner. 
Chart example: 11.5 litres per second (BTPS). 
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a permanent record of these vital measurements: 
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FORCED MID EXPIRATORY FLOWTh 
(FMFF) 
The FMFT can be read directly from It 
scale: it is the time taken for the mid p0 
FVC to be expired. 
Chart example: 0.6 sccs. 

me 
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TECHNICAL DATA 
Cath1ogr number: 20.640 
Model designatIon: R 
Voltage: 110-240 V-. 
Frequcicv 50 or 60 Hz 
Measuring ;ystem: Dry-wedge bellows 
Volumetric capacity: 7.8 L BTPS a 200  C.: 
Volume accuracy: ± 50 ml or ± 2% 

(uihlchgver Is greaser) 
Volumetric accumulation: VC Infinite 
Vlumc/tlme accumulation: PVC 6-sec. or 12-sec. 
Volume ena1tMty: 29.2 rnm/L ATPS 
Recording speed lmnslilvlty: 30 mm/s over 6s; 20rnr 
Dimcnsions, overall: 48 x 44 x 27 cm 
Weight: 7.5 Kg net 
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FORCED VITAL CAPACITY (FVC) 

2 

This reading adds the element of a ful 
expiration - in relation to time — and is asis 
for the other measurements. 
Chart cxample: 4.99 litres (BTPS). 

FORCED EXPIRATORY RATIO (FE\ 
This value represents the volume at a gi tine 

intcrvI, expressed as a percentage of th ceci 
Vital Capacity. It is simply determined sing 
the PERCENTAGE RULER which is led. 
The example shows the Forced Expirat tio 
at I second (FEV1 %). 
Chart example: 84 % 

FORCED EXPIRATORY FLOW257  
(FEF25 ) 
The FEF, 75. is also determined with I of 
the FLOW RATE CALCULATOR by c ting 
the points representing the middle 50 the 
FVC curve. 

Chart example: 4,2 lures per second (B 



Compare the Vitalograph R-Mc 
other Spirometer in its price rai 

1find that only Vitaiograph 
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In modern practice, the forced epiratory spiro 

is as much a part of the patient's medical histo 

blood pressure, electrocardiograms and the ch 

x-ray. 

Just as the patient's blood prescure and •, - 

electrocardIograms reveal specific  

areas for further pathological study, so 
the Fosced Expiratory Spirogram  
yields a ciutck, simple and direct 
reading of the patient's ventilatory  

capacity providing vital direction for 
diagnosIs and treatment. Simple 
spirometTy tests also allow meaningful 
screening of those at risk from industrial 
hazards and can be Invaluable in preventative 
medicine. 
Hospitals, Clinics, Occupational Health Services and 
Doctor's Offices continue to feel the growing pressure from 
an ever increasing population, and a persistent scarcity of 
resources and highly trained medical personnel - the need 
for simpler, more economical EARLY DIAGNOSTIC 
TECHNIQUES becomes more important. 

Vitaiograph Spirometers are used for over 9 million tests 
per annum. 

Typical Uer: 
General Practitioners 
Chest Physicians 
AllergolóIsts 
OccupatiOnal Health Services 
Lung Ftmctlon Laboratories 
Paedlatriclans 
Surteons 
Physlotherapists 
Geriatricians 
Armed FOrces 
Hospitals 
UniversitIes 
Medical Ftesearch Units 
Chest Clinics 
Insurance and Pension examiners 
Mass screening and X-ray units 
Sports Mdicine 

"Ltd. 
ort House Buckfnghom MKI8 1.SW 

Each VITALOGRAPH 
eornpIte. ready for uie I 
for one y4r. 

(0280) 813691 Telex: 83480 

")OO Homburg 54 ?2(0401 540 30 26/27 Telex: 212466 

9I6 (Qt) PPP19i ThU Frt'ø 1-Pf)fl-2 
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APPENDIX G PHOTOGRAPHS OF SOME OF THE EQUIPMENT USED 
IN THE WOO!) WORKING/CABINET INDUSTRIES IN 
DARWIN 

Photograph I An old type of planer which does not have a good 
exhaust system 

Photograph 2 An 01(1 type of circular saw with no exhaust system. 
Sawdust lying on the fl-Ictory floor 

Photograph 3 A portable indoor extraction system commonly used in 
the smaller wood working industries 

Photograph 4 An external modern cyclone type of dust extraction 
system in a large wood working factories 

Photograph 5 A modern wood working dust extraction system used in 
a modern factory 

Photograph 6 A CNC type of cutting machines in a wood working 
factory and its dust extraction machine 

Photograph 7 A modern wood plauer and an excellent dust extraction 
system 

Photograph 8 An endless sanding belt with extraction system 
modified according to the investigator recommendation 
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I'tiotograpfl I 
An old type of planer which does not have a good exhaust system 

Photograph 2 
An old type of circular saw with no exhaust system. Sawdust lying on the factory 

floor 



11iot0graph 3 
A portable indoor extraction sysem commonly used in the smaller wood working 

iI1(lustries 

Ihotograph 4 
An external modern cyclone type oF dust extraction system in a large wood working 

factories 
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Ihotograph 7 
A modern \soo(I planer and an excellent dust extraction system 

Photograph 8 
An endless sanding bell with extraction system modified according to the 

investigator recommendation. 
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