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ABSTRACT

Welders and caulker/burners are usually exposed to heavy clouds of
fumes. These fumes contain some gases and particulates which are
potentially harmful. There have been several surveys of the health
of welders since 1936. These studies demonstrated an association
between exposure to fumes and respiratory symptoms. However, no long
term effect of fumes on respiratory function has been established.
The gases and particulates in the fumes from welding and
caulking/burning are very small in size and on this account are
capable of reaching the small airways in the periphery of the lung.
If welding fumes are harmful to the 1lung small airway dysfunction
should be present in the younger workers. In view of this, in the
present study relatively young men were examined and tests specific
to small airway function were used.

The subjects for this study were male Caucasian workers aged 18 -

47 vyears, mean age 31.5 vyears. The target sample comprised 181

welders and 151 caulker/burners and the control sample comprised 181
other tradesmen. The two samples were selected from the same yard.

Anthropometry, respiratory symptom and occupational questionnaires,
cough frequency questions, forced spirometry, single breath nitrogen
test, transfer factor, and an exercise test were performed. The
results were submitted to multiple regression analysis. The target

workers were compdred with the control subjects. Comparisons were



also made within the groups of welders and caulker/burners
separately. A subsample of the whole selected subjects (age 20 - 25
years) was examined separately to investigate the early effects of
fumes on the lung of exposed young workers.

In the whole population, compared with the controls, the welders
and caulker/burners were found to have significantly higher
prevalence of wheeze symptom, and fume exposure interacted with age
to increase breathlessness on exertion in the older subjects. In the
very young workers (age 20- 25 vyears) chronic cough and phlegm
(chronic bronchitis, MRC) was significantly higher among the target
workers compared with the controls. In the group of welders smoking
lnteracted with fumes to increase wheeze in the workers who smoked
while 1increased fume exposure in the older subjects was associated
with increased breathlessness on exertion.

In the whole population the mean values of closing volume (CV%)
and closing capacity (CC%) were significantly higher in the target
workers compared with the controls. This effect was independent of

age and smoking which were also important. 1In the subsample of the

very young workers similar effects were found, and in addition the
mean value of the residual volume (RV%) in the target group was
significantly higher than that in the control group. In the whole
population fume exposure enhanced the deterioration with age in
forced expiratory volume (FEVy;) and forced vital capacity (FVC)
significantly more 1in the target workers than 1in the control
subjects. These 1ndices were not affected by exposure in the very

young workers.



Amongst the group of welders, increased levels of exposure to fumes
(duration and intensity) enhanced the deterioration with age in
Cvs, CC%, breathlegsness on exertion and Tyj.o. High exposure was
also associated with decreased K.o in the workers who smoked.
Amongst the caulker/burners, increased levels of exposure to fumes
enhanced the deterioration with age in CV%, CC%, slope of phase 111
(SLIII), nitrogen difference index (N, Diff) and RV%.
The findings of the present study are evidence that high 1levels
of fumes from welding and burning or other factors related to these
trades, cause long term impairment of 1lung function of shipyard

welders and caulker/burners.



INTRODUCTION

OBJECTIVES AND STRATEGY

GENERAL OBJECTIVE

To investigate the role of fumes from welding (and related

activities) as a cause of impaired lung function in shipyard workers.

SPECIFIC OBJECTIVES

To answer the following questions:

1. What is the prevalence of respiratory abnormality among shipyard

workers 7

2. Is there an association between exposure to welding and burning

fumes and:

a. respiratory symptoms and chest illnesses

b. impaired respiratory function

c. impaired performance during submaximal exercise 7

3. Are the abnormalities present in young shipyard workers exposed

only to present day conditions or the past 7



STRATEGY

Answers to these questions require background knowledge of chronic
obstructive 1lung disease, of the working environment of the shipyard
workers, of the constituents and previously reported effects of
welding fumes, and of the physiological tests used to assess the
welders and burners. These topics are considered in chapter 1 to 3.
Chapter 4 describes the subjects and methods of the present study,
chapters 5 and 6 present the results, chapter 7 includes discussion
of the results, this 1is followed by the conclusion and summary

chapters.



CHAPTER 1

CHRONIC OBSTRUCTIVE LUNG DISEASE

The community problem of diseases of the respiratory tract has for
centuries been dominated by mortality from pneumonia and pulmonary
tuberculosis. The introduction of effective chemotherapy, first for
pneumonia and then for tuberculosis, has reduced the 1importance of
these conditions. Industrialized countries which have controlled
these diseases have become aware ©of the problem of death from
respiratory failure, and of the existence in many persons of chronic
disease of the airways and of the 1lung parenchyma (WHO 1960).
Consequently a number of epidemiological surveys on the prevalence of
chronic bronchitis have been carried out in different countries
especially in the United Kingdom and the United States of America
(Higgins et al 1956; Fletcher et al 1959; College of General
Practitioners 1961l; Brinkman and Coates 1962; Ferris & Anderson 1962;
Goldsmith et al 1962; Deane et al 1965; Holland et al 1965).
Considerable new knowledge has been gained on the prevalence and
severity of the chronic obstructive 1lung disease and on the

underlying aetiology.



1.1 DEFINITION OF CHRONIC BRONCHITIS

Since the late 1950s and early 1960s several reports have been
published on the definition of chronic obstructive 1lung diseases
(Ciba Guest Symposium, 1959; American Thoracic Society, 1962).
However, the definition and classification of chronic bronchitis by
the British Medical Research Council (1965) 1is the one widely
accepted and in use for clinical and epidemiological studies. Three

forms of the disease were defined by the MRC:

1.1.1 Simple chronic bronchitis

This form 1s defined as chronic or recurrent increase in the
volume of mucoid bronchial secretion sufficient to cause

expectoration.

1.1.2 Chronic or recurrent mucopurulent bronchitis

This form of the disease 1s defined as chronic or recurrent
mucopurulent bronchitis in which the sputum is increased persistently

(for a part of every day for a year or more) or intermittently (for
at least two periods of not less than a week over three consecutive

years). Localized lung diseases must be excluded as the predominant

cause of these symptoms before mucopurulent bronchitis is diagnosed.



1.1.3 Chronic obstructive bronchitis

1.2

1.3

This form of the disease is defined as chronic bronchitis in which
there 1is persistent, widespread narrowing of the intrapulmonary
airways, at least on expiration, causing increased resistance to air
flow.

The term "chronic bronchitis" without qualification may be used
to describe any of these forms of the disease. The definitions are

based entirely on the clinical and functional manifestations of the

disease.

DEFINITION OF EMPHYSEMA

By c<ontrast emphysema was defined in anatomic terms (American
Thoracic Society, 1962) as an alteration of 1lung architecture
characterized by abnormal enlargement of air spaces with accompanying
destruction of alveolar walls involving the terminal nonrespiratory

bronchioles and beyond.

EPIDEMIOLOGY OF CHRONIC OBSTRUCTIVE LUNG DISEASE

In recent years, several studies have estimated the prevalence of
chronic airway obstruction in widely separated areas o¢of the world.
In the past two decades, three advances have made it possible to gain
even more information from epidemiologic studies of chronic

obstructive lung disease:



l. the development of a well tested, broadly applicable, standard

respiratory questionnaire (BMRC, 1960),

2. the availability of simple devices and techniques for objective

tests of pulmonary function,

3. the formulation and wide acceptance of definitions and
classifications of these diseases suitable for use in
epidemiologic studies (MRC, 1965; American Thoracic Society,

1962).

These methodologic improvements permit more accurate comparison
of epidemiologic studies of separate population groups by different
investigators (Holland et al, 1965; Boudik et al, 1970; Hulti et al,

1977).

1.3.1 Mortality statistics

There are great international variations in the mortality rates
for bronchitis. In 1970, the male specific death rate for ages 55-64

in England and Wales was 154.1, in USA it was 63.0, in France it was
19.8 and in Egypt the rate was 257.2 per 100,000 deaths (WHO, 1970).
The high rates in Britain and in Egypt are obvious. Although some of
the differences may reflect differences in the diagnostic habit,
important factors in the past have been the high tobacco consumption
and the high atmospheric pollution in Britain (Royal College of
Physicians, 1970), and the rapid industrialization with increased air

pollution and the high consumption of tobacco in Egypt (Megahed,



1966). These factors have now decreased, which is being reflected in
a decreased mortality; in 1981 the age specific death rate per

100,000 in Britain became 60.1 and in Egypt, in 1979,it became 144.9

(WHO, 1983).

1.3.2 Morbidity statistics

Extensive population surveys have been carried out in different
parts of the world in an attempt to determine the prevalence of
chronic obstructive 1lung disease. The estimated prevalence in men
aged 45 - 65 years 1is 10 to 40% (Oswald et al, 1953; College of
General Practitioners, 1961; Ferris & Anderson, 1962; Colley &
Holland, 1967; Boudik et al, 1970; Muller et al, 1971; Gulsvik,
1979).

The following are important determinant factors in the occurrence

of chronic obstructive lung disease:

1. Age and sex (College of General Practitioners, 1961l; Fletcher et
al, 1959; Ferris and Anderson, 1962; Crofton & Crofton, 1963;

Muller et al, 1971; Gulsvik, 1979; WHO, 1983).

2. Smoking (College o©f General Practitioners, 1961l; Ferris &
Anderson, 1962; Brinkman & Coates, 1963; Holland et al, 1965;
Cederlof et al, 1966; Boudik et al, 1970; Doll & Peto, 1976;

Huhti et al, 1977; Bosse et al, 1981).

3. Socioceconomic status (College of General Practitioners, 1961;

Colley & Holland, 1967; Boudik et al, 1970)



1.4

4. Occupation ( Higgins et al, 1956; Stuart-Harri & Hanley, 1957;
Colley & Holland, 1967; Enterline, 1967; Pemberton, 1968; Hunter,
1969; Cochrane et al, 1979; Anderson et al, 1979; Glover et al,
1980; Chan-Yeung et al,1980: Dosman et al, 1980; Jain & Patrick,
1981l; Rom et al, 198l; Beck et al, 1982; Kauffmann et al, 1982;

Hanke et al, 1984)

5. Familial factor (Larson & Barman, 1965; Hole & Wasserman, 1965;
Cohen et al, 1975; Higgins & Keller, 1975; Kuepper et al, 1977;

Kawakami et al, 1981).

6. Environmental air pollution (Daly, 1959; Reid, 1964; Oswald et
al, 1953; College o©of General Practioners, 196l; Oshima et al,

1964; Holland et al, 1965; Raj, 1984).

CLINICAL MANIFESTATIONS

Evidence exists that substantial lung pathology may be present in
patients complaining of no respiratory symptoms during life (Petty et
al, 1965; Michell et al, 1968). Thus chronic obstructive lung
disease remains asymptomatic or nearly so for many vears before it is
detected on the basis of early established symptom complex and by
physiologic testing.

In the very early stages of chronic bronchitis and emphysema when
pathologic and functional abnormalities are confined to the small
airways, no symptoms or only a dry cigarette cough may be present.

Later in bronchitis, cough gradually becomes more continuous; it then



occurs during the day as well as in the morning and may keep the
subject awake at night. Cough becomes productive and with infection
sputum becomes green or yellow and increases in wvolume . At first
these respiratory infections may be mild, but later it may last for
longer periods and the subject may have to be off work for many weeks
during the winter. Later 1in middle age, the patient experiences
wheeze and dyspnoea. Still later, the patient is liable to develop
right-sided heart disease (cor pulmonale); the dyspnoea becomes more
severe and may be accompanied by marked wheeze. In the 1late stages
of emphysema, the major disability is breathlessness with little or
no cough, sputum and wheeze unless acute or chronic bronchitis 1is
present (Guenter & Welch, 1982).

In the early stages of the disease the general condition may be
good. In the symptomatic stage of chronic bronchitis, cyanosis may
or may not be evident depending on the severity of the hypoxemia, the
cardiac output and the haemoglobin content. Chronic bronchitis with
cyanosis and peripheral oedema due to right heart failure have been
referred to as "blue bloaters” (Dornhorsfg 1955) and chronic
obstructive lung disease "Type B" (Burrows et al, 1964). Clubbing of
the fingers is usually absent.

The patient with advanced emphysema and little bronchitis is, on
the other hand, generally pink, but complains of severe respiratory
distress and is referred to as "Pink Puffer" (Dornhor5t5 1955) and

chronic obstructive lung disease "Type A" (Burrows et al, 1964). He

frequently looks emaciated due to weight loss.

Chronic obstructive lung disease is characterized by a reduction



of airflow through the conducting airways and mismatching of
ventilation/perfusion in the lung. These physiological abnormalities
result from anatomical thickening of bronchial walls (chronic
bronchitis), or airway c¢ollapse from 1loss of radial traction of
elastic tissues (emphysema).

In established but uncomplicated chronic bronchitis, there 1is
evidence of lung overinflation with an enlarged residual volume and
functional residual capacity, the total lung capacity being either
normal or slightly increased. The vital capacity is either normal or
low, depending on the relative size of the residual volume.

In emphysema, as a result of chronic hyperinflation of the lung, the
total lung capacity 1is often greater than normal. The striking
features are 1increased residual volume and functional residual
capacity. The vital capacity may be nearly normal in size or it may
be reduced because o0f the hyperinflation and increased residual
volume.

In established cases of chronic bronchitis and emphysema, there

is marked reduction in forced expiratory volume over time (FEV;), in

peak expiratory flow (PEF), in forced expiratory flow over the middle
portion of expired vital capacity (FEF3g.95), and in flow at low lung
volumes (Gmaxso ; Gmaxzs)-
In emphysema the static compliance of the lungs is greater than
normal due to destruction of the elastic tissue.

Advanced cases of emphysema and chronic bronchitis are
characterized by increased physiological dead space due to gross

mismatching of ventilation and perfusion. Slope of alveolar plateau
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and N9 index of the single breath nitrogen test are usually
abnormally high.

The transfer factor (diffusion capacity) of the 1lung is reduced
particularly in emphysema due to mismatching of 6/6 and destruction

of alveolar wall and pulmonary capillary bed.

EARLY DIAGNOSIS OF CHRONIC OBSTRUCTIVE LUNG DISEASE

Disease which leads to chronic obstruction is one of the most
important and frustrating health problems in different parts of the
world (WHO, 1983). 1Its treatment is particularly frustrating because
by the time the patient seeks medical help because of shortness of
breath or because a screening test has revealed abnormal pulmonary
function, the disease 1is generally incurable and has bad prognosis
(Burrows & Earle, 1969; Petty et al, 1976). In earlier disease,
however, the cessation of smoking and treatment with bronchodilator
drugs in patients with mild disease was associated with symptomatic
improvement (Baker et al, 1970), and improvement of small airway
function (McFadden & Linden, 1972).

Several studies have demonstrated that the major site of
obstruction in chronic obstructive 1lung disease is 1in peripheral
airways of 1internal diameter 2mm or 1less (Hogg et al, 1968;
Anthonisen et al, 1968; Scott & Steiner, 1975; Amaducci et al, 1977;
Gelb et al, 198l1; Fairshter & Wilson, 1981).

It has been established that conventional tests of lung mechanics are

insensitive to changes in small airways (Tai & Read, 1967; Levine et
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al, 1970; Sobol et al, 1973; Macklem, 1972), because the resistance
of airways smaller than 2mm inside diameter is normally a small
component ( about 20% ) of the total pulmonary resistance (Macklem &
Mead, 1967; Hogg et al, 1968; Macklem et al, 1969), and considerable
obstruction may be present in them with little effect on pulmonary
resistance (Brown et al, 1969). Therefore, disease of peripheral
airways with serious clinical symptoms may appear as a "silent zone"
(Mead, 1970) in routine pulmonary function tests (Macklem, 1972;
McCarthy & Milic Emili, 1973; Gelb et al, 1973; McFadden et al, 1974;
Marazzini et al, 1977; Cosio et al, 1978)

The frequent occurrence of chronic bronchitis and emphysema
together 1s well known (Emerson, 198l1). Several studies have
demonstrated the significant association between obstruction in
peripheral airways and centrilobular emphysema (Mclean, 1958;
Anderson & Foraker, 1962; Cosio et al, 1980; Petty et al, 1984).
They suggested that obstruction in the peripheral airways might be
the 1link between chronic bronchitis and emphysema. If this

suggestion 1is true, one way to predict the progression from chronic

bronchitis to emphysema might be to diagnose peripheral airway

disease before it has become extensive and while it is still curable.
Since advances in prevention and treatment of chronic obstructive

lung disease may depend on early diagnosis, it is important to use

simple noninvasive sensitive tests to detect small airway

obstruction.

Several tests have been introduced which are sensitive and can detect

early dysfunction of small airways. These are: frequency dependence



11

of compliance (Woolcock et al, 1969; Ingram & O'Cain, 1971), closing
volume (Buist & Ross, 1973; McCarthy et al, 1973; McCarthy et al,
1972; Solliday et al, 1973; Lapp et al, 1976), slope of alveolar
plateau (Buist & Ross, 1973 ; Oxhoj et al, 1977) and maximal
expiratory flow volume curves (Gelb & Macanaly, 1973; Zamel et al,
1973; Malo & LeBlanc, 1975; Guyatt et al, 1975).

Whereas frequency dependence of compliance is difficult and needs
considerable subject co-operation, the single breath nitrogen test
and flow volume curves are simple and easy for most subjects to do
and can be used for mass screening with mobile equipment.

Recently several studies have demonstrated that pathological
changes 1n the small airways are related to abnormalities of the
pulmonary function tests designed to detect small airway diseases
(Cosio et al, 1978; Cosio et al, 1980; Petty et al, 1980; Berend et
al, 198l1; Nemery et al, 1981; Wright et al, 1984).

It 1s clear that these tests are of great potential for use in
epidemiological surveys and screening programmes to identify subjects

at high risk of developing chronic obstructive lung disease or those
in the early stages of the disease where it is still amenable to

treatment.
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CHAPTER 2

ARC WELDING AND THE RESPIRATORY SYSTEM

Arc welding is an important and expanding technique used in many
branches of the engineering and shipbuilding industries. The term

arc welding applies to a large group of welding processes that use an

electric arc as the source of heat to melt and join metals.

2.1 EQUIPMENT FOR WELDING:

2.1.1 The Welding Arc

The electric arc is the heat source for a wvariety of the most
important welding processes, because it is an easily produced high
intensity source. It is an electric discharge between two electrodes
which takes place through ionised gas known as the plasma. With a
high-current arc at  atmospheric pressure, extremely high
temperatures, from 5000 to 50000 ‘K, can exist in the axis of the arc.
This heat melts the base metal in the immediate area, the electrode
metal and the electrode covering or flux; together they produce the

alloy which on cooling forms the weld (Andrews, 1978).



13

2.1.2 The electrode

The electrode is a complex metallurgical product consisting of a
core wire or rod on to which a compounded mineral and alloy covering
is extruded which is both refractory and insulating. It serves to
carry the current and sustain the electric arc between its tip and
the base metal.

Electrodes are of two types according to whether or not they are
melted. If it 1s not melted away in the process of welding, the
electrode is said to be non-consumable (e.g Carbon or Tungsten).
When this is used, a separate rod or wire can be used to supply
filler metal if needed. The electrode when melted is said to be
consumable, and because the detached droplets form part of the weld,
the material of the electrode is usually similar to that of the base
metal. Any arc-welding system in which the electrode is melted off
to become part of the weld is described as " metal arc welding ".

There are many types of electrodes. The main differences between

them are in the flux coating. Three main groups of electrodes are

used for mild steels in most fabrication:

l. Rutile electrodes have a high proportion of titanium oxide in the

flux coating.

2. Basic electrodes have a coating which contains calcium and other

carbonates and fluorspar.

3. Cellulose electrodes have a high proportion of combustible
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organic materials in their coating.

Mild steel wires are the most common type used (Gray & Spence, 1982).
The electrode 1is clamped in an electrode holder which is joined to

the power source by a cable.

2.1.3 The coating or flux

The covering on an electrode has several advantages: it stabilizes
the arc, provides a gas and a flux layer to protect the arc and metal
from atmospheric contamination, controls weld-metal reactions and
permits alloying elements to be added to the weld metal.

Of the many ingredients in the covering of electrodes for welding
mild steel, the most important are cellulose, titanium oxides-
usually in the natural form of rutile-, mineral silicates, iron

oxides, basic carbonates such as limestone, fluorspar, ferrosilicon,

sodium silicate and iron powder (Flintham, 1966).

2.2 WELDING PROCESSES

The following are the most common welding processes in the

shipbuilding industry:

2.2.1 Manual metal arc welding

Manual metal arc welding 1is the most used welding process in
shipbuilding and repair industries because it can be used in all

welding positions with mild alloy, heat and corrosion- resisting
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steels, and with some copper and nickel base alloys (Flintham, 1954;
Phillip, 1980).

In this process, an arc is struck between the electrode and the work
piece which completes the return circuit to the electricity supply.
The arc melts both the electrode and the immediate superficial area
of the work piece. Electromagnetic forces created in the arc help to
throw drops of the molten electrode on to the molten area of the work
piece where the two metals fuse to form the weld pool. The flux

contributes to the content of the weld by direct addition (Andrews,

1982).

2.2,2 Gas shielded welding

This process 1is used for welding aluminium, titanium, and nickel
alloys; also it 1s used with carbon and carbon manganese steels.
In this process of welding, a bare wire electrode is used and a
shielding gas 1is fed around the arc weld pool. This gas prevents
contamination of the electrode and weld pool by air, and provides a
local atmosphere giving a stable arc. The process is known as metal
inert gas (MIG) when arqon or helium gases are used. If tungsten
electrode is used the process is called tungsten inert gas (TIG).
When carbon dioxide or a mixture of argon and carbon dioxide are used
the process 1s then called metal active gas welding (MAG) (Gray &

Spence, 1982).
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3 Submerged arc welding

In this welding process a bare wire is used and the flux is added
in the form of powder which covers completely the weld pool and end
of the electrode wire. The arc 1is completely enclosed, and high
current can be used which gives the weld pool a deep penetration into

the base metal and so thicker sections can be welded (Andrews, 1978).

4 Oxyfuel gas welding

Oxyfuel gas welding is an inclusive term used to describe any
welding process that uses a fuel gas combined with oxygen to produce
a flame. Acetylene 1is wusually used as the fuel for oxyfuel gas
welding.

This process 1s best applied on thin plates to produce welds in metal

sheets and thin-walled and small diameter piping (Ross, 1954).

SHIPBUILDING STEEL

Mild steel is the main steel used in shipbuilding. It has certain
features which make it suitable for shipbuilding such as: reasonable
cost, easlly welded with simple techniques and equipment, chemical
composition suitable for flame cutting without hardening, ductility,

and resistance to corrosion (Walton, 1964).
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2.3.1 Chemical composition

The chemical composition of mild steel used in shipbuilding
differs according to its grade. It consists mainly of iron, carbon,
manganese, Silica, sulphur, phosphorus, nickel, and chromium.

Iron constitutes about 98 per cent of mild steel, and the odd 2 per
cent of other materials gives it strength and hardness.

Development in steel production and alloying techniques have resulted
in the availability of higher strength steels for ship-construction.
These higher tensile strength (HTS) steels, have adequate ductility
and weldability, 1n addition to their increased strength. The

increased strength results from the addition of alloying elements

such as vanadium, chromium, nickel, and niobium (Stern, 1980).

2.3.2 Steel preparation

Preparation of steel for hull construction usually takes place 1in
the preparation shops where plates and sections received from the
steel mills are converted into the correct shapes and sizes, ready
for assembly. The sequence of events is as follows:

1- Levelling or plate straightening

Steel plates arriving from steel mills are often slightly distorted,
and have to be straightened. This is achieved by using a plate rolls
machine.

2- Shot blasting and priming

Steel plates and sections as delivered to the shipyard are usually
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covered by a layer of mill scales and rust. This must be removed by
intensive bombardment of both sides with abrasive particles (shot) to
provide a rust-free clean surface for subsequent painting. The clean
steel 1is coated with a shop primer immediately after cleaning to
avoid re-rusting.

3- Cutting and shaping

Various machines and equipment are used for cutting and shaping of
the rectangular steel plates which form the subassemblies,

assemblies and units.

2.3.3 Steel fabrication

After preparation, the finished plates are welded together to form

units. This process 1is known as fabrication. Generally, the

fabrication process is split up into two parts:

1. One part 1s concerned with small fabricated units called

subassemblies.

2. The second part is concerned with large units called assemblies

or blocks.

Subassembly 1s carried out in a workshop which is often an extension
of the preparation shop to enable prepared materials to  be
transported quickly and easily to it. This shop is usually equipped
with handling equipment, e.g cranes.

The main fabrication shop is a larger place; often it is the largest

single place in the shipyarad.
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The various units which have been produced in the fabrication shops
are welded together either on a slipway or in a building dock to form
the complete ship (Acker & Bartlett, 1980).

Fitting-out areas:

The main fitting-out shops necessary in most shipyards are: a pipe
manufacturing shop, a joiner's shop, a fitting shop, a blacksmith's

shop and a rigger shop.

WORKING ENVIRONMENT OF WELDERS AND CAULKER/BURNERS

Welding and burning are an essential part of shipbuilding and
repairing. The welders join metal plates using different welding
methods while the caulker/burners clean the plates, cut it using
burning methods and prepare the edges of the metal plate by buffing.
Both the welders and burners work very close to each other, During
ship construction welders and burners are exposed to a wide range of
working conditions. These conditions vary from totally enclosed
during fabrication of large assemblies, to welding performed on the
ground 1n the open air. Generally, working conditions can be

classified into:

1. Confined which occurs when work is performed inside compartments

in the shed or below decks on the ship.

2. Semiconfined which occurs when work is performed 1inside

compartments which has at least one side open.

3. Open which occurs during fabrication of subassemblies in the open



20

air.

Welding and related processes produce heavy clouds of fumes which
contaminate the workroom air of welders and caulker/burners. These
fumes contain various metals and gases. The composition of fumes
depends on the elements present in the flux, in the base metal and
its coating and in the welding rod. Additional factors are the
shielding gas, and any combination of atmospheric constituents due to
heat generated during the process of welding (Steel, 1964; Oliver &
Molyneux, 1975; Akbarkhanzadeh, 1979; Evans et al, 1979; McKelvie,
1981; Grey & Hewitt, 1982).

Many environmental studies of workroom air pollution of welders have
identified several components in welding fumes. Among the identified
particulate components are: iron, zinc, copper, manganese, titanium,
vanadium, niobium, cadmium, magnesium, mercury, 1lead, chromium,
nickel, and flouride.

Among the identified gases are: ozone, oxides of nitrogen, carbon
monoxide, sulphur dioxide, and phosgene (Challen et al, 1958;
De-Kretser et al, 1964; Steel & Sanderson, 1966; Steel, 1968; Morley
& Silk, 1970; Pantucek, 1975; Oxhoj et al, 1979; Cecchetti, 1985).
Ozone is produced mainly in shielded gas welding (Roe, 1959;: Lunau,
1967) while oxides of nitrogen are produced mainly with metal arc and
oxyacetylene welding (Roe, 1959; Morley & Silk, 1970). Phosgene can
be produced by welding metals degreased with trichlorethylene or a
chemically—- related solvent (Doig & Challen, 1964). Carbon monoxide

is produced 1in greater concentrations with COy arc welding
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(De-Kretser et al, 1964).

The threshold 1limit value (TLV) for total fume exposure in the
air of workshops is ©5mg/cubic meter (Moreton, 198l1). However,
welders and caulker/burners working in confined and semiconfined
spaces are exposed to fume levels much higher than the recommended
TLVs, and even ventilation systems usually fail to reduce the
concentration of the fumes to a recommended level (Smith, 1967; Steel
& Sanderson, 1966; Akbarkhanzadeh, 1979).

Most of the gases and particulates in welding fume are well known
for their toxic properties on the respiratory system (Morgan &
Seaton, 1975; Parkes, 1982). If such gases and metals can get access
to the respiratory passages, they may be destroyed, widely
distributed throughout the body, or remain in the 1lung, where they
may exert a wide variety of effects. The resulting irritation and
inflammatory changes in the respiratory tract may be mild, but they
can lead to changes within the 1lung which result in respiratory
symptoms and function disturbance such as airway ©obstruction,
restrictive defect, and impairment of oxygen transfer from the air to
the blocd.

The major part of particulate fume in welding has a diameter of
one micrometer (The Welding Institute, 1976), and is thus able to
reach all parts of the respiratory tract including the terminal
nonciliated bronchioles and alveoli.

The 1lung burden of metals in welders is known to be high compared
with nonexposed workers; this is exposure related (Kalliomaki et al,

1978; Kalliomaki et al, 1979; Kalliomaki et al, 1983). Although 1iron
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oxide is the main compound detected in lungs of welders other metals
are present in small quantities. These metals may act
synergistically and should be taken into account in the overall

assessment of the hazard of inhaled fumes (Steel & Sanderson, 1966).

2.5 RESPIRATORY HAZARDS OF WELDING

The working environment of welders and burners involves several
health hazards. Perhaps the most dangerous hazards in shipbuilding
welding are those associated with the toxic fume constituents which
have the toxic potential to produce lung damage as well as systemic
effects (Hickish, 1964; Baxter, 1971; Kauffman, 1971; Ross, 1978;
Zzielhuis and Wanders, 1985).

The possible hazardous respiratory effects of welding fume have
been investigated extensively since the beginning of this century,
both 1indirectly by studying mortality and sickness absence among
welders and directly by studying the prevalence of respiratory

diseases in welders.

2.5.1 Mortality of welders from respiratory causes

The immediate circumstances of man and the direct hazards of his
work are major factors in determining mortality rates.
Because welders and burners are exposed to toxic agents and to
carcinogens, including chromium, nickel, and arsenic (Parkes, 1982),
attention has been paid to mortality of welders and burners from

chronic respiratory diseases and lung cancer. Several mortality
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studies 1in different parts of the world have shown excess mortality
of welders and caulker/burners from respiratory diseases (The
Registrar General, 1978; Beaumont & Weiss, 1980; Polednak, 1981;
Newhouse et al, 1985), and from lung cancer (Breslow et al, 1954;
Bolt et al, 1978; The Registrar General, 1978; Beaumont & Weiss,
1980; Plednak, 198l1; Beaumont & Weiss, 1985; Becker et al, 1985;
Newhouse et al, 1985). However, some studies failed to demonstrate
excess mortality from cancer among welders (Dunn and Weir, 1965;

McMillan & Pethybridge, 1983).

2.5.2 Absenteeism due to respiratory causes

Absenteeism 1s usually used in retrospective studies as indirect
evidence of 1ll health due to certain occupational exposures (Taylor,
1974; Jedrychowski, 1976). |Retrospective studies of welders have
demonstrated higher absence rates attributed to respiratory diseases,
particularly lower respiratory diseases, than among control subjects

(Fawer et al, 1982; McMillan and Molyneux, 1981), and smoking

enhanced this (McMillan, 1981).

2.5.3 Welder's pneumoconiosis

Pneumoconiosis 1S defined as the reaction of the lungs to inhaled
dust and the resultant alteration 1in their structure excluding
neoplasms, asthma, chronic bronchitis, and emphysema (Gross, 1983).
In a certain percentage of welders who have been employed for 10 to

15 vyears, particularly in confined spaces, roentgenographic changes
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take place in the lungs (Sadoul, 1983). These changes are mainly
small nodular opacities, ranging from 0.5 mm to about 2 mm in
diameter, throughout the entire 1lung field, but heaviest 1in the
middle thirds of each lung about the hilar region (Kleinfeld et al,
1969; Attfield & Ross, 1978). Large confluent opacities do not
occur.

Doig and Mclaughlin in 1936 were the first to describe abnormal
radiographic findings 1in the lungs of electric arc and oxyacetylene
welders and suggested that the shadows might be caused by the
deposition of iron oxides in the lung. The condition became known as
welder's siderosis and for many years most published reports
suggested that the condition was harmless, where no fibrosis nor 1lung
function impairment were found in welders with siderosis (Doig &
Mclaughlin, 1948; Morgan & Kerr, 1963; Kleinfeld et al, 1969).

However, arc welder's pneumoconiosis appears tO be more than
benign siderosis resulting from particular iron deposition;
simultaneous exposure to other constituents in the welding fumes may

alter the pathologic picture,including a more complicated fibrotic

reaction (Charr, 1955; Charr, 1956; Harding et al, 1958; Meyer et al,
1967; Stanescu et al, 1967; Guidotti et al, 1978; Vallyathan et al,

1982).



25

2.5.4 Metal fume fever

This is a fairly common acute occupational haza;d associated with
welding in shipyards. This condition has been variously known as
welder s metal fume fever, welder's ague, Monday fever, and the
smothers (Hunter, 1969).

It is induced by inhalation of freshly formed fumes of oxides of
several metals such as zinc¢, copper, c¢admium, magnesium, iron,
manganese, aluminum, and nickel (Drinker, 1922; Schiotz, 1945; Ross,
1974; Hunter, 1969; Pierce, 1983). This condition usually occurs in
welders who perform welding in poorly ventilated enclosed spaces
(Drinker et al, 1927; Ross, 1974; Sanderson, 1968).

The symptoms usually start shortly after exposure. It consists
of sudden onset of thirst, dry throat, dry cough, nausea and a
metallic taste in the mouth (Drinker et al, 1927). Later the worker
has headache, rigors, profuse sweating, pyrexia, fatigue, muscular
ache and pains, aching in the chest, and a feeling of generalized

weakness (Drinker et al, 1927; Hunter, 1969; Ross, 1974; Pierce,

1983). A leucocytosis is usually present, and there may be reduétion
in the vital capacity (Stugis et al, 1927).

The illness 1s usually of short duration and self limited. Complete
recovery occurs usually before 24 hours and always before 48 hours.
The recovered worker usually acquires a transient immunity against
this illness which may be 1lost during a weekend away from work
(Drinker et al 1927). In such cases the recurrence of the illness

after working on a Monday gives rise to the name "Monday fever". 1In
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rare cases pneumonia may follow an attack of metal fume fever (RoOSS,

1974).

2.5.5 Respiratory Symptoms and Lung Function

The prevalence of respiratory disorders in welders has been
investigated since the 1930s. Clinical case reports and the results
of epidemiologic studies of welders have been published from
different parts of the world. The following 1is a review of the
literature concerning the respiratory effects of inhalation of
welding fumes.

Charr in 1955 reported histologic evidence of fibrosis associated
with the deposition of iron oxides in the 1lungs of two welders.
Later in 1956, he presented three other cases with similar histologic
findings in welders with no history of exposure to silica. All three
had respiratory symptoms of cough and dyspnoea, and physiologic
impairments suggestive of emphysema.

Mann and Lecutier in 1957 reported the case of a welder with
tuberculosis who had been engaged in welding for 25 years. Although
the patient had minimal symptoms, ventilatory studies demonstrated a
reduction in ventilatory capacity. Histologic study of tissue
removed by lobectomy revealed very high content of iron with smaller
amounts of silica. There was considerable emphysema.

Friede and Rachow in 1961 described a welder with cor pulmonale.
This welder had welded in a poorly ventilated confined space for 13

years. Tissue removed at lung biopsy demonstrated diffuse
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interstitial fibrosis with thickened alveolar septa. Studies of the
welding electrodes showed it to be predominantly iron. However, the
coating contained 3.4% silica in addition to copper, manganese,
magnesium, calcium, and aluminum. They postulated that the fibrosing
activity of iron oxide might be modified by the presence of silica to
produce a diffuse interstitial fibrosis rather than a localized
nodular fibrosis typical of silica alone.

Morgan and Kerr in 1963 studied seven welders with siderosis.
The length of exposure varied from 10 to 28 years. Although there
were several welders with abnormalities in pulmonary function tests,
the authors could not attribute any to exposure to welding fumes per

SE€e

Stanescu et al in 1967 studied 16 welders with siderosis in a
metallurgic plant and 13 healthy nonexposed workers. Seven of the
welders had some exertional dyspnoea and three complained of cough,
but only three of these subjects were smokers. Spirographic values
were generally within the normal range, but the arc welders had

statistically significant reduction 1in static and functional

compliance. The authors felt that this decrease in compliance could

be due to deposition of iron per se and/or due to associated
fibrosis. They concluded that arc welding should be considered an

occupaticn with cumulative hazards.

Kleinfeld et al in 1969 studied 25 arc welders who had an average
duration of welding experience of 18.7 years. A group of 20 men,
matched for age, living in the same area but having no previous

exposure to occupational dusts or fumes were selected as the control
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population. Smoking habits of the two groups were comparable. No
significant difference in respiratory symptoms or lung function test
results was observed between welders and controls. In welders,
exposure to fumes was not associated with impairment of lung
function.

Spacilova and Koval in Prague in 1975 examined 36 arc welders and
20 male controls. The control subjects had not been exposed to
occupational dust or fumes and had normal cardiopulmonary systems.
Smoking habits were similar in both groups. 30% of welders with
siderosis had chronic bronchitis. Compared with welders without
bronchitis, chronic bronchitic welders had a lower FVC. There were

no significant differences in lung function studies between welders

without chronic bronchitis and controls.

Hunnicutt et al in 1964 carried out one of the first studies to
include a large number of welders and properly selected controls. 100
shipyard electric arc welders and an equal number of unexposed
workers were examined. Both groups were selected randomly from the

employees of the same yard. Welders had over 10 years welding

experience and were below the age of 60 years. Welders had
significantly lower forced expiratory volume (FEVy), maximum
expiratory flow rate (MEFR), and maximum mid expiratory flow rate
(MMEFR) than did the controls. The differences were not significant
if the welders did not smoke. The authors concluded that the adverse
effects of smoking and welding fumes might be synergistic.

Fogh et al in Denmark 1in 1969 studied 156 welders and 152

controls. About half the welders were picked up from shipyards; the
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others were employed in different plants. Controls were selected
from the same workplace as the welders. They found that symptoms of
chronic bronchitis and impairment of 1lung function increased with
increased tobacco consumption for welders of the older age groups.
Peters et al in 1973 studied three groups of workers in a
shipyard. 61 welders, 63 pipe fitters, and 63 pipe coverers. Age and
smoking habits were similar in the three groups. There were no
statistical differences in lung function test results between welders
and pipe fitters. However, when welders were compared to pipe
coverers, WwWho had a greater exposure to asbestos dust, residual
volume was higher in welders and total lung capacity was 1lower in
pipe coverers. When the three shipyard groups were compared with
pipe fitters from another yard without fume or asbestos exposure, all
three groups were found to have significantly lower FVC, FEVy, and
PEFR. Ia addition the authors used prediction equations derived from
pulmonary function based on Boston policemen. They found that the
values for their welders and pipe fitters were considerably depressed

when compared with those for policemen of the same height and weight.

Barhad et al in Romania in 1975 examined 173 shipyard welders and
100 controls from the same vyard. Dyspnoea and wheeze were
significantly higher in welders than in controls. FEV]y was
significantly decreased in welders with more than 10 years of
exposure, in those with dyspnoea, and in those with history of
wheezing or asthma.

Antti-Poika et al in Finland in 1977 studied 157 welders and 108

controls in engineering shops. Both groups were matched for age,
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smoking habits, and social class. Welders had increased prevalence
of simple chronic bronchitis than controls. There were no
significant differences in lung function test results between welders
and controls.

Ross in 1978 examined the health records of 926 welders over a
period of six years, and compared them with 755 controls from other
trades excluding boiler makers. He found that older smoking welders
had significantly higher attacks of pneumonia, chronic bronchitis and
other respiratory illnesses than controls.

Oxhoj et al in Sweden in 1979 investigated 119 shipyard welders
who had welded for five years or more and 90 clerks, who had never
welded, as controls. Controls were selected from the same yard as
the welders and were matched with them for age, smoking habits, and
height. The respiratory symptoms chronic coughing, wheezing, and
dyspnoea were more prevalent in welders than in controls. The
indices of small airway function, CV% and CC%, were significantly
higher in nonsmoking and exsmoking welders than in controls with

similar smoking habits. No significant differences in other lung

function test results were observed. The authors concluded that
these findings could be attributable to deposition of welding fumes
in the small airways or alveoli.

McMillan and Heath 1in 1979 examined shipyard welders and
comparable controls. Their findings were essentially negative.
However, there was a positive correlation between increase in
residual volume over the shift and 1level of pollutants to which

welders were exposed. In 1984, McMillan and Pethybridge in the same
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yard studied 135 welders aged 45 years and over and an equal number
of other tradesmen. Both groups were matched for sex, age, smoking
habits and potential for exposure to asbestos. Dyspnocea  was
significantly higher 1in welders than in controls. Compared with
controls, welders had significantly greater increase in residual
volume with increased age.

Akbarkhanzadeh in the United Kingdom in 1980 investigated 209
shipyard welders, and 109 clerks from the same yard who served as
controls. The prevalence of chronic bronchitis was higher among
smoking welders than among the controls. The forced expiratory
volume and transfer factor were significantly lower in welders than
in controls. The author concluded that age and smoking enhanced the
effect of welding fumes.

Hyden et al in 1984 studied 258 welders and an equal number of
controls from engineering factories. Controls were selected from the
same Ssections as the welders and were matched with them for age.
Most of the welders had worked in 1large buildings with good

ventilation. Upper respiratory infections were a more frequent cause

of sickness absence among welders than among controls. Welders who
smoked had a higher prevalence of chronic phlegm production than
controls. Lung function test results were similar in both groups.
However, flow rates at 1low 1lung volumes (%maxsov Gmaxzs) were
significantly lower in smoking welders than in smoking controls.
Sjogren and Ulvarson in 1985 studied 64 aluminium, 46 stainless
steel, and 149 rail road track welders. Control groups consisted of

176 nonwelding industrial, and rail road workers. All groups of



32

welders had significantly more respiratory symptoms than controls.
Welders working with 1inert gas welding (IGW) on aluminium had more
respiratory symptoms at higher ozone concentrations than at lower
concentrations. Lung function test results were similar in welders
and controls.

Murr et al in France in 1985 studied 536 welders and 558 controls
from the same electro-mechanical plant. Prevalence of chronic
bronchitis was higher in welders than in controls, but this
difference did not reach statistical significance. Among the
different 1lung function tests which were compared in welders and
controls, only transfer factor was significantly reduced in welders
than in controls.

Lyngenbo et al in Denmark in 1985 studied 74 nonsmoker welders
and a matched group of 31 non-exposed subjects. The symptoms, cough,
wheeze, chronic bronchitis and dyspnoea, were more frequent in
welders than in controls. Compared with controls, welders had
significantly lower TLC, VC, FEVy, FVC, PEF, MEF495, and transfer

factor. Also closing volume and slope of alveolar plateau were

significantly higher 1in welders than 1in controls. The authors
concluded that welding fumes could initiate respiratory symptoms and
produce impairment of lung function.

Kilburn et al in the USA in 1985 examined 148 male shipyard
welders in Los Angeles. They were grouped according to their smoking
habits. These welders were compared to smoking specific groups from
a random sample of Michigan males. Welders had more chronic

bronchitis, wheezing, and dyspnoea than did the controls. FEV; and
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FVC were significantly reduced in nonsmoking welders, and these
effects were significantly higher in smoking welders. However, in
this study welders were exposed to the high level of air pollution in
Los Angeles.

Zober and Weltle in Germany in 1985 examined 305 welders selected
from different companies in the metal working industry, and a group
of 100 workers who served as controls. Age and smoking habits were
similar in both groups.

Environmental measurements revealed that welders were exposed to
concentrations of fumes which exceeded the safe levels, especially
when work was done in confined spaces.

Respiratory tract diseases were more frequent in the welders than in
the controls. Chronic bronchitis was more prevalent in nonsmoking
welders over the age of 43 years than in the controls. However,
these differences did not reach statistical significance. All
respiratory tract disorders were more prevalent in welders who smoked
than in nonsmoker welders. The prevalence of restrictive and

obstructive 1lung diseases was higher in the older nonsmoker welders

than in their controls.
The authors concluded that age and smoking were the main aetiological
factors, and that they enhance the effect of welding fumes.

Although the published results revealed contradictory evidence,
the general impression conveyed by the literature indicates that
welders suffer more from lower and upper respiratog symptoms than do

unexposed workers.

Reviewing the literature revealed that most of the positive findings



34

relating welding to respiratory disorders were reported from studies
of shipyard workers; where negative findings were reported the
welders were from engineering shops. Working conditions in shipyards
are different from those in engineering factories in that shipyard
welders generally work in confined spaces particularly on ships where
fume concentrations usually exceed recommended levels. This could be
an indirect indication that welding fumes in high concentrations
could produce adverse respiratory effects. If this is so damage done

by welding fume should be exposure related.
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CHAPTER 3

LUNG FUNCTION TESTS

Measurements of pulmonary function are of great value in judging
the presence and degree of functional impairment. 1In cross-sectional
respiratory surveys, pulmonary function tests help evaluate groups
and individuals at risk of chronic obstructive lung disease.

Several 1lung function tests are available and have been used and
evaluated extensively 1in respiratory ©epidemiological surveys
(Fairbairn et al 1962; Higgins & Keller 1973; McCarthy et al 1975:;
Tattersall et al 1978; Love et al 1980). The following is a short
account on the physiological and clinical importance of the lung

function tests used in the present study.

MEASUREMENT OF LUNG VOLUMES (FIG. 1)

Total lung volume is divided into four volumes (tidal wvolume,
residual volume, expiratory reserve volume, and inspiratory reserve

volume), and four capacities ( total lung capacity, vital capacity,

inspiratory capacity, and functional residual capacity) (Pappenheimer

et al, 1950).



36

3.1.1 Vital capacity

Expired vital capacity (VC) 1is the maximal volume exhaled by
maximal voluntary effort following fullest inspiration. It is the
difference between total lung capacity (TLC) and residual volume
(RV). Therefore, VC reflects the relative changes of TLC and RV.
vital capacity is reduced in restrictive disorders of the 1lung such
as in pulmonary fibrosis when the TLC decreases proportionately more
than the RV (Zohman & Williams 1959). Also, in long-standing
obstructive disorders with hyperinfilation such as in emphysema,
chronic bronchitis and asthma, VC is reduced when the RV is increased

proportionately more than the TLC (Woolf 1952; Fairbairn et al 1962;

Burrows et al 1965 (a); Burrows et al 1965 (b)).
The measurement of reduced VC alone, then, is of little value and

provides a nonspecific assessment of decreased ventilatory reserve.

3.1.2 Residual volume

Residual volume (RV) is defined as the quantity of air which |

remains in the 1lung after maximal expiration. It 1is usually
expressed as a per cent of TLC (RV/TLC %). This ratio is normally no
more than 30% 1in subjects under the age of 60 (Birath, 1944). 1In
chronic obstructive lung disorders such as in chronic bronchitis and
emphysema this ratio 1s usually elevated due to air trapping in the
lung (Baldwin et al 1948; Curtis et al, 1955; Williams and Zohman

1959; Burrows et al, 1965). Raised residual volume was found to be a
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consistent abnormality in mild bronchitic and asymptomatic asthmatics
where other spirometric tests of lung function were within normal
range (Levine et al, 1970; McFadden & Linden, 1972). The mechanism

for this air trapping may be related to early obstruction in small

airways in chronic bronchitis (Hogg et al, 1968).

3.1.3 Total Lung Capacity

3.2

The total lung capacity is the total volume of gas in the 1lungs
following a maximal inspiration. TLC depends on the maximum
distensibility of the lung and on the capacity of the chest wall to
expand. It 1is reduced with certain restrictive lung disorders such
as pulmonary fibrosis (Cotes 1979; Harrison 198l1) because the 1lung
has decreased distensibility (increased recoil). On the other hand,
TLC is increased in emphysema (Baldwin et al 1948; Gaensler, 1955;
Burrows et al, 1965; Harrison 198l) because the lung has lost its
elastic recoil and become very compliant. Therefore, it can expand

to a great volume with very low distending forces; the chest wall can

then expand without major opposition from the lung (Saunders, 1977).

MEASUREMENT OF FORCED EXPIRATION (FIG. 2)

Measurement of VC has severe 1limitations in the assessment of
ventilatory abnormalities. Gaensler in 1951 showed that the forced
vital capacity (FVC) manoeuvre, with expired volume recorded as a
function of time, was a useful way of demonstrating the reduced rate

of expiratory air flow 1n patients with chronic obstructive 1lung
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disease. In analyzing the forced expiratory volume-time curve
several measurements can be readily performed such as forced

expiratory volume in the first second, the ratio of such a volume to

the total FVC and the peak expiratory flow rate.

3.2.1 Forced expiratory volume

The forced expiratory volume (FEV;i) is the volume of gas exhaled
during the first second following initiation of forced expiration
from TLC. It provides information on airway obstruction because of
its time dependence. FEV) is decreased in chronic obstructive lung
disorders (Woolf 1959; Fairbairn et al 1962:; Burrows et al 1965). It
is also 1low 1in restrictive 1lung disease, but is decreased in
proportion to the decrease in FVC (Zohman & Williams 1959).

Therefore FEV; should be interpreted in relation to FVC.

3.2.2 Forced expiratory volume ratio

This 1is the forced expiratory volume expressed as a percentage of

the total FVC (FEV;/FVC% or FEV1%). This test has been widely used
in screening studies of chronic obstructive lung disease, and has
been found to be very reproducible (Higgins & Keller 1973; McCarthy
et al 1975; Love et al 1980).

A normal young adult can expire over 75 per cent of his FVC in the
first second (Gaensler 1951). FEV1% linearly decreases with age
(Cotes 1979).

FEV1% 1s decreased in chronic obstructive lung disease (Fairbairn
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1962; Burrows et al 1965). It is normal or increased in pure
restrictive disorders (Harrison 198l).

In normal subjects, VC and FVC are similar. With increasing
airway obstruction, the VC can remain in the normal range while
dynamic compression of the airways and air trapping diminish the FVC
(Conrad 1984). When this occurs, use of the ratio to differentiate

between restrictive and obstructive disorders becomes less useful.

3.2.3 Peak expiratory flow rate

Peak flow rate (PEFR) 1is the maximum expiratory flow of gas
sustained at the mouth for 10 ms during a forced expiration starting
from TLC. PEFR 1is a useful test in screening studies because it 1is
easy to carry out (Elebute & Femi-Pearse 1971) and the equipment for
its measurement are eminently portable (Wright & McKerrow 1959;
McDermott & McDermottl977). PEFR depends on calibre of the airways,
voluntary expiratory muscular effort, and on the VC (Harrison 198l1).
It correlates well with FEVy (Ritchie 1962; Kuperman & Riker 1973).

PEFR is reduced in chronic obstructive lung disease due t0O 1increased

resistance to air flow (Fairbairn et al 1962;: Ritchi 1962;: Cotes

1979)-
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3.3 MEASUREMENT OF SMALL AIRWAY FUNCTION

Since the demonstration that conventional spirometric tests are
insensitive to small airway dysfunction, several tests which are
specific to small airway diseases have been introduced. The clinical
and epidemiological importance of these tests were presented in
chapter one.The maximal flow volume curve, and the single breath
nitrogen test are of particular interest in screening studies and

will be discussed in the following sections.

3.3.1 Maximal expiratory flow volume curve

The expiratory flow volume curve (MEFV) is obtained by plotting
the maximal expiratory floW'(Gmax) against the relevant lung volume
during the performance ¢of a FVC manoceuvre (Hyatt & Black 1973). The
curve 1is used to derive the flow rate at specified lung volumes
during expiration; for screening purposes the reference volumes are
usually 50 per cent (Gmaxso)r and 75 per cent (Gmaxzs) of the VC
(fig. 3).

bmaxso and Gmaxzs are being increasingly used as more specific
tests of small airway function (Gelb & McAnally 1973; Zamel et al
1973;: Malo & LeBlanc 1975; Guyatt et al 1975). Diseases which reduce

the elastic recoil or decrease the calibre of the conducting airways

’ »
reduce Vpaxso and Vpax2s-
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3.3.2 Single breath nitrogen test

The single breath nitrogen method depends on the alveolar nitrogen
concentration gradient down the lung which exists after a full slow
VC breath of oxygen from RV. This nitrogen concentration gradient
depends, in turn, on the ratio of the regional preinspiratory lung
volume and the volume of oxygen delivered to that region. At RV
basal alveoli are smaller than apical alveoli; at TLC they are about
the same sSize. Therefore, during full slow inspiration of pure
oxygen, more oxygen goes to the base than to the apex, and nitrogen
concentration 1s higher at the apex than at the base. During the
subsequent expiration the onset of basal airway closure is signalled
by a rise 1in the nitrogen concentration of predominantly apical
origin. Nitrogen concentration at the mouth is plotted against
change in volume (fig. 4).

An expired nitrogen trace shows four phases:
Phase I: Zero concentration as the dead space gas 1s expelled.

Phase II: A sharply rising concentration due to a mixture of dead

space and alveolar gas.

Phase III: A plateau, with cardiogenic oscillations, composed of a
mixture of alveolar gas from all regions.

Phase IV: A sudden sharp rise in concentration as basal airways begin
to close and the gas comes mainly from upper lung regions with
relatively high nitrogen concentrations. Phase IV is called closing
volume (Holland et al 1968).

Three indices can be obtained from a trace:
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l. Closing volume:
This is defined as the volume above RV at which the small airways
at the base of the lung begin to close. CV is usually expressed
as a percentage of VC (CV/VC% or CV%). The absolute lung volume

at which closure begins (CV+RV) is called closing capacity (CC)

and is expressed as a percentage of TLC (CC/TLC% or CC%).

2. Nitrogen difference index of lung mixing (N9 Diff):
This is the change in nitrogen concentration between 750 & 1250

ml from start of expiration.

3. Slope of phase III (SL III):

This is the slope of alveolar plateau (N 171) between 30% vC and

onset of Phase 1IV.

While increased CV indicates premature closure of small airways,
increased N9 Diff and SLIII indicate improper mixing of gases inside
the lung (Fowler, 1949; Comroe and Fowler, 1951; Kjellmer et al,
1959;: Oslen & Gilson, 1960; Malmberg et al, 1963; Otis et al, 1956;
Anthonisen et al, 1970; Sterk et al, 1981; Oxhoj et al, 1977; Buist &
Ross, 1973)

Compared with the conventional spirometric tests such as FEVy,
MEFV curve and CV tests are less reproducible (McCarthy et al 1975).
However, as the conventional spirometric tests are insensitive to
small airway dysfunction, the use ¢of MEFV curve and CV test in

screening studies aiming at early detection of small airway disease

is justified (Love et al 1980; Buist 1984).
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THE SINGLE BREATH TRANSFER FACTOR FOR THE LUNG FOR CO

The single breath method for diffusing capacity 1is the most
commonly used means for assessing CO transfer, primarily for the ease
and noninvasiveness of the test. It is one of the recommended
screening tests for diseases characterized by gas exchange impairment
(Ferris et al 1978).

The transfer factor for CO (Tj.o) is a nonspecific test for the gas
exchange function (diffusing capacity) of the lung. This technique
requires the inhalation of a VC breath containing tracer amount of
carbon monoxide and helium with a timed period of breath holding
during which carbon monoxide transfers to the pulmonary capillary
blood. The rate of transfer of CO from alveolar gas to pulmonary
capillary blood per Kkilopascal driving pressure is the transfer
factor measured 1in millimoles per minute per kilopascal (mmol min~%
KPa~1).

A reduction 1in diffusing capacity of the lung occurs with loss of

alveolar surface area, thickening of the alveolar membrane, 1loss of

alveolar capillary bed, increase in G/d mismatch (which increases the
physiological dead space), or with decrease in the amount of HB
available for CO transfer in the lung capillaries. A reduced Tj.q 1S
most commonly seen with emphysema, interstitial 1lung disease or
pulmonary vascular disease (Shepard et al 1955; Ogilvie et al 1957;
Bates 1958; Lenfant & Pace 1965; Bedell & Ostiguy 1967; Cotes 1979).
It is also reduced 1in smokers (Lyons et al 1957; Van Ganse et al

1972), and in mild bronchitis (Levine et al, 1970).
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The Tj.o expressed per 1litre of alveolar volume is called
transfer coefficient or diffusion constant (Koo oOr T}oo/VA). The
units are mmol min~1 kpPa~! 171, 1ts purpose 1s to correct for the

effect of lung volume on measurement of Ty.o.

EXERCISE TESTS

Breathlessness on exertion and effort intolerance are major
symptoms 1in patients with chronic airway obstruction (Brown et al
1977). The symptoms are assessed by questionnaire and by having the
patient perform an exercise test: this yields an objective assessment
of exercise tolerance and can unmask functional abnormalities that
are absent under resting conditions (Wasserman & Whipp 1975; Jones et
al 1982).

Exercise testing measures the responses of cardiovascular and
respiratory systems to the dual metabolic 1loads of oxygen uptake
(n0y) and carbon dioxide output (nCO,).

The measurement of @02max is often disagreeable for the subject
and not without risk (Cotes, 1971) so a submaximal procedure is used
(Cotes 1972; Spiro 1974).

In a progressive exercise test which is performed on a cycle
ergometer or a treadmill, the work rate 1is increased by standard
increments, usually at one or two minutes intervals. Oxygen
consumption, average ventilation (Qe), heart rate (£C) and tidal
volume (Vt) are measured (Cotes 1979). The quantities are displayed

graphically and used to obtain, by interpolation, the following
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indices:

1. Exercise ventilation index (0945):

This is the exercise ventilation at an oxygen uptake of 45mmols

min~! (1 litre min~l) (fig. 5).

2. Tidal volume Index (Vt30):

This is the tidal volume at a ventilation of 30 1 min~1 (fEig. 6).

3. Cardiac frequency index (fc45):
This is the cardiac frequency at an n0O; of 45 mmols min~! (fig.

7).



VOLUME OF AIR SPACE IN THE LUNG

Figure 1: DEFINITIONS OF LUNG VOLUMES, CAPACITIES AND POSITIONS
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Figure 2 (a): NORMAL FORCED EXPIROGRAM
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Pigure 2 (b):THE MEASUREMENT OF FEV1 IN:

(1) normal subject (2) a patient with mild airway obstruction
(3) a patient with moderate obstruction

(4) and a patient with severe airway obstruction



Figure 3 : MAXIMAL EXPIRATORY FLOW VOLUME CURVE
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FPiqure 4: NITROGEN CLOSING VOLUME CURVE
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PULMONARY VENTILATION (1 min 1)

Filgure 5: RELATIONSHIP OF THE MINUTE VENTILATION

VOLUME TO THE OXYGEN UPTAKE
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CHAPTER 4

SUBJECTS AND METHODS

The main stages in the methodology and the conduct of this study
will be discussed under the following headings:
1- Technical design.
2- Statistical design.
3- Administrative desiqgn.

4- Operational design.

4.1 TECHNICAL DESIGN

This part covered choice of design, choice of the study
population, sources of data, exploratory studies, pilot study, and

methods of data collection.

4.1.1 Choice of design

A cross sectional study was chosen as the epidemiologic design.

The method can provide an estimate of the prevalence and severity of
disease in a population and can be used to 1look for a dose and
response relationship which if present provides evidence of
causation; it also y1¢lds information on which to set up hygiene
standards (Schilling 1980). The design had the further advantage
that the practical field work could be completed within the available

time (i.e not exceeding 18 months).
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4.1.2 Choice of the population

Workers in the four Swan Hunter Shipyards were chosen as the

target population to be studied. This shipyard was chosen because:

1. It was the largest employer of welders and caulker/burners in the

Tyne Side area,

2. The yard had plenty of work in progress so there was no reason to

expect large scale redundancies

3. The processes were well established so there were not 1likely to
be period of large scale technological changes or other

disruptions during the field study.

4.1.2.1 The target workers

The welders and caulker/burners aged 18 - 45 years, at the start
of the survey, were identified. There were 393 welders and 394
caulker/burners (table 1). The welders and caulker/burners,
separately, were stratified into 5 age groups (18 - 24, 25 - 30, 31 -
35, 36 - 40 and 41 to 45 years). 40 workers were selected randomly
from each group.
However, during the course of the survey several welders and
caulker/burners were made redundant because of the company's
increasing financial problems. Redundancy was made either wvoluntary

or on the basis of last in first out. Most of those who left the
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vard were very young workers (table 1).

Workers who left the yard were replaced randomly by others from the
- Same age groups.

The numbers and age categories of those who left the yard or failed
to attend in spite of repeated appointments are given in tables 1 &
2. Thus by the end of the survey the total number of the current
welders and caulker/burners was 390 of whom 332 were examined, 35
failed to attend in spite of repeated appointments, 20 refused to

take part in the study, and 3 were long term sick (table 2).

4.1.2.2 The controls

The control subjects resembled the target workers in sex as all
were males, 1in race since all were Caucasian and in socioeconomic
status because all were manual workers in the same shipyard. None
had ever been a welder or caulker/burner. They were matched for age
group over the range 18 - 45 years.

They included electricians, joiners, fitters, platers, carpenters,

plumbers and painters.

Recruitment by the random selection was not possible as management
could not allocate the necessary time for men in busy parts of the
yard. Instead the controls were 1invited to wvolunteer by shop
stewards, supervisors of the different departments and advertisement
at the vyards. Only Caucasian male workers who were aged 18 - 45
years were accepted; their total number at the start of the survey

was 2088 workers and the proportion who attended in the different age
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groups was in the range of 6% to 10%; the number analysed was 181

(table 3).

4.1.3 Exploratory study

This included the following steps:

1. Meetings with trades Union representatives ({including shop
stewards), managers, safety officers, and occupational health
physicians. In these meetings the aim and the proposed plan of
work were explained. Discussions were undertaken to clarify
points related to running of the work. Thelir opinions and
predictions on the difficulties that could be encountered were
taken into consideration. Also, permission for visiting the four

vards were obtained.

2. Exploratory visits were made to the shipyards. The purpose of
these visits was to acquaint the author with the industry and to

provide an opportunity for close observation of different

occupations in the different departments of the yards.

4.1.4 Pilot study

Before starting to examine the workers, a pilot study was

undertaken. The main purposes of this step were:

1. To test the efficiency of the questionnaire forms and to reveal

any modification which was needed.
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To estimate time needed to interview and examine the workers.

To be acquainted with the various difficulties that could be met
with at the execution of the study, so as to avoid them and/or to

deal with themn.

In this pilot study 20 workers from different departments at

Hebburn shipyard were examined. The following points emerged:

l.

4.

Interview, c¢linical examination and investigation of each worker

took on the average two hours.

The procedures should be split between two days with not more

than 5 working days between.

Up to six workers could be seen on each working day.

Three other test operators would be needed to help the author

collect survey information in the time available.

The occupational questionnaire was modified, and a few questions

were added.

4.1.5 Sources and methods of data collection

I- Records in the personnel department:

Computer 1lists 1including personal details of the workers were

scrutinized. Transfer sheets were used to obtain data such as trade

of the worker, his name, his works number, and his date of birth.
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II- Workers

Data were collected from the selected workers by:

l. OQuestionnaires:
Each worker was asked a questionnaire on respiratory symptoms and

smoking habit, on occupational history, and on cough frequency.

a. MRC questionnaire on respiratory symptoms (Appendix A)
Respiratory symptoms were recorded using the 1976 version of
the MRC questionnaire on respiratory symptoms (MRC
1960,1976). The questionnaire had been tested in a variety
of different conditions and had been shown to be a
reproducible and accurate way of collecting such information
(Morgan et al 1964; Holland et al 1966; Lebowitz et al 1976;
Samet et al 1978; Ferris et al 1978).

The first page of the questionnaire commenced with the
name oOf the worker, his address, sex, date of birth, civil
state, and occupation followed by the name of the interviewer
and date of interview.

The second page contained questions on respiratory
symptoms such as cough, phlegm production, breathlessness,
wheezing, bouts of asthma. Also it contained questions on
diseases of the lung, of the chest wall, of the heart, and on
hay fever.

The 4questions on coughing and expectoration (i.e one through
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six) referred directly to simple chronic bronchitis. The
diagnosis of simple chronic bronchitis was established when
the subject answered yes to question three and question six,
the diagnosis of cough was established if the subject
answered yes to questions 1 and 2, and the diagnosis of
phlegm was established if the subject answered yes to
questions 4 and 5.

The questions on periods of cough and phlegm (7a & 7b)
referred to severfﬁyr of the disease; questions on chest
illnesses (lla, 1llb & 1llc) referred to recurrent mucopurulent
bronchitis (MRC 1965).

The questions on wheezing (9a, 9b, 1l0a, & 1l0b) were aimed at
providing information about bronchial asthma, and where
asthma was established, the worker was also asked at what age
it first occurred and its final occurrence. The diagnosis of
wheeze was established if the subject answered yes to
questions % & b.

Question eight and its subdivisions were aimed at providing

information about breathlessness and its grading. Grade 1
was established if the subject answered no to question 8a and
grade 4 was established if he answered yes to question 8c.

Questions 12 and its subdivisions on previous illnesses such
as injuries or operation on the chest, heart troubles,
bronchitis, pneumonia, Ppleurisy, pulmonary tuberculosis,
bronchial asthma, and hay fever were aimed at finding

particular causes for bronchitis and to reveal whether
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breathlessness was due to pulmonary or cardiac causes.

In the analysis the respiratory symptom variables, cough,
phlegm, wheeze, bronchitis and asthma were used as dummy
variables where score 1 was given if the symptom was present
and score 0 was given if it was absent.

The third page of the questionnaire contained information
on smoking habits (13 through 21). All the nine questions
were about inhalation of the smoke, the age the subject
started smoking regularly and amount of tobacco consumption.
Current smokers were asked if they had been cutting down
smoking over the past year and the reason for that. A worker
was considered a smoker if he had smoked at least one
cigarette daily for as long as a vyear. Exsmokers were those
who had given up smoking for at least six months prior to the
date of examination.

Other questions were added to the questionnaire on the
possible occurfence of head cold in the past eight weeks, on
personal and family allergy, and on physical activity outside

working hours.

Questionnaire on occupational history (Appendix B)
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This questionnaire was used to obtain information about
duration and intensity of exposure to welding fumes, and to
establish indices for exposure.

Questions one and two were asked to all workers, and they
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referred to exposure to welding fumes in the yards in

general.

Questions three and four and its subdivisions were directed
to the welders. Question three referred to duration in years
the welder had been doing welding; while question four and

its subdivisions referred to types of welding.

Question five through eight were directed to caulker/burners.
Question five referred to duration in years the worker had
been caulking/burning. Question six and seven referred to
proportion of time the worker had been doing caulking and/or
burning. Question eight referred to the proportion of time
the worker had spent doing buffing.

Questions nine through 15 were directed to both trades.
Questions nine through 11 referred to proportion of time the
worker had spent 1in open, semiconfined, and in confined
spaces. Questions 14 and 15 and its subdivisions referred to
proportion of time the worker had spent in the shed and on
the ship. Questions 12 and 13 referred to the use of dust
extraction and whether 1t was used on each job or on certain
jobs.

Questions 16 through 18 referred to asbestos exposure.
Question 19 and its subdivisions referred to exposure to
dusts other than welding fumes.

Question 20 and its subdivisions referred to keeping animals
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and birds at home.

Question on cough frequency (Appendix C)

In normal persons cough is an occasional event during the
day. Cough 1is due to irritation of the mucous membrane
anywhere in the respiratory tract. It is most commonly an
indication o©of infection of the airways or lung parenchyma.
Other important causes are cigarette smoking (especially in
the morning) and occupational exposure to irritant dust and
environmental pollution.

Cough is a graded symptom, sO information about its
frequency and severity is an important tool in occupational
respiratory survey to compare different groups of workers.

A quantitative estimate of cough frequency was introduced by
Field in 1974. This was adapted from a technique for grading
psychiatric symptoms developed by Ingham (1965).

This was based on the theory that if a number of
statements describing different severities of cough can be
ranked in a unique order according to severity, then certain
pairs from these statements can be chosen such that the
midpoint between two statements can also be uniquely ordered.
The midpoint between two statements determin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>