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ABBESTOS -~ A potential hazard to health
in the Ship-building and Ship-repairing
Industries.

Surgeon Lisutenant J. D, Walters,
M.B.,B.8,,D.1.H,, Royal Navy.

Large quantities of asbestos are used in the
building and repairing of ships. Much is used in
easlly recognizable form and some is incorporated
into materiale which bear 1little or no psuperficial
resemblance to the crude fibre at all, but vwhich may
etill give rise to a highly dangerous duet vhen sawn
or otherwise manipulated. The inhalation of this dust
ovoi-a period of time gives rise to a very diesabling and
sometimes fatal form of pneumoconiosis known as
asghestosia, and it 1e the aim of this article to discuse
the prevention of this disease in Dockyard workers.

The subject is not an easy one because asbestos has
found applications in so many different fields of
industry that it is difficult to decide which workmen
are exposed to a significant hazard and those that are
not. Obviously it is essential, therefore, that the
Industrial Medical Officer should knov something of the
composition of the asbestos-containing materials in use
and their method of application. There is a paucity of



literature dealing with this subject in language
intelligible to the average MNedical Practitioner, and
it is hoped that the information collected and
presented here may be of some assistance to industrial
Medical Officers, particularly those employved in
Dockyards.

The material for this article has been collected
from many different sources., Most of the data
concerning the asbestos workere, the photographs and
cage records were obtained whilet the writer was
Ageistant Medical Officer at Her Majesty's Dockyard,
Portsmouth. A very brief account of the clinical and
pathological agpects of asbestoels was extracted from
the vast body of literature on tha subject of
pneumoconioeie, and aleso from other records. For the
technical information, the writer is deeply indebted to
2ll the manufacturers and other experts in various fields
wvhose enthusiastic support, given by means of the
written word and personal contacts, has been humbly
acknowledged in the appropriate section of this paper.

Finally, it should be said that, owing to the
great number of asbestos products commercially available,
it has not been possible to mention all of them. It is
hoped, however, that a representative sample has been
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taken of the materiele moet commonly used in ships of
the Royal and Merchant Naviee.
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AGBESTOS - THE BAW MATERIAL.

(a) ZThe Preparation of Asbesiog.

Agbestoe i a natural mineral fibre. It is unique
in that it 1s completely incombustible - unlike fibres
of animal or vegetable origin which all burn more or
less freely.

Deposites of agbestos are found in many different
parts of the world, notably South Africa, Canada,
Fhodesia and the U,8.8.R., It ocours in seame of rock
lying between greater thicknesses of rock of similar
chemical composition. When milled the asbestos rock
breaks down into fibre whereas the accompanying non-
fibrous rock ie reduced to powder., Vvhy seams of
agbestos should be laid down in thie way is not exactly
known, but asbestos is entirely a mineral substance,
unlike coal for instance.

Asbestos is obtained from open quarries or shallow
mines by the usual methode of drilling and blasting. It
is separated from the waste rock, dried and then crushed,
the foreign matter being removed by screening. The crude
agbestos, graded according to length of fibre, is first
crushed and rolled to separate the fibres. Particles of
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stone and iron are removed by means of a centrifugal
geparator and by passage over an slectro-magnet, The
next process, known as "opening", further separatse and
loosens the fibres, leaving the asbestos in the form of
a light fleecy down with the individual fibres lying in
all directions. %

For some purposes the fibre may be used in this
form. To make it suitable for epinning, however, it
must first be "carded" to bring the fibres to lie in
one direction only. This process converts the mass of
asbestos fibre into "sliver® or lightly twisted strip
ready for spinning. The yarns produced are "doubled"
to the requisite number of plies and then passed to the
looms or braiding machines. During the "doubdling®
process, wire or vegetable fibre such as cotton may be
incorporated into the yawn.

Manufacturing processes all tend to the dusty and
present a serious industrial problem, though the dis-
cussion of them lies somewhat outeide the scope of this

paper.

(b) A General Survey.
Agbestos has been known for a very long time - at

least 2000 years, and it is otherwise called earth flax,
stone flax or mountain cork. Herodatus (450 B.C.)
describes the use of asbestos cloth by the Romans to
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enshroud corpses prior to cremation, and thus facilitate
the collection of the ashes. Asgbestos was then obtained
from depoeite in the Italian Alps and the Ural NMountains.
Pliny (A.D.50) wrote of the dailfficulty of weaving asbestos
and referred to the wearing of respirators to prevent the
inhalation of dust. From Plutarch (A.D.70) it is learnt
that the wicks of the Vestal Virgine' lamps were made of
asbestos. It is alse said that Charlemagne possessed a
tablecloth which could be cleaned by paseage through

fire.

The use of asbestos on a big scale is much more
recent and dates back only to about 1890. 1In 1880
world production was 500 tons annually, whereas it had
risen to 1,300,000 tons per y‘ﬁ by 1951. Probably the
advent of steam propulsion and the production of steel
ghips were two of the main reasons for the widespread
introduction of asbestos into the ghip-building and
ship-repeiring industries.

In a steam driven steel ship there is obviously a
gserious lagging problem. From the purely engineering
point of view, an efficlent, robust and fireproof
material ie required to lag boilers, pipes and turbines
and other such things. It is also necessary to insulate
the interior of the vessel from the external environment
by lagging deckheads and ships sides in order that
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reasonable standards of habitability may be maintained
under all climatic conditions. Lagging bulkheads with
asbestos or certain other fireproof materials effectively
ineulates the compartments of the ship from the thermal
and sound points of view, and also renders such bulkheads
fire resistant, The International Convention for the
SBafety of Life at Sea, 1948, and Rule 44(I) of the
Merchant Shipping (Construction) Rules, 1952, lay down
the standards required in such fire resisting divisions.

Apart from these major uses for asbestos in the
shipping industry, there are innumerable minor, or
relatively minor uses for this versatile material.
Indeed, it would be almost imposeible to enumerate all
the products in the manufacture of which asbestos is
exclueively or partly used. In any situation in which
a material ie required vhich will insulate against
electricity, heat and sound, which is absolutely fire-
proof, undecaying and resistant to water, acide and
alkalis, that ie porous, flexible and capable of being
gpun, asbestos or an asbestos product finds an
application. More uses for the material are constantly
being discovered.

The use of asbestos producte in various lagging

operatione is described elsewhere in this article, and
most of the asbestos used in the 1ndnotr§ is utilieged in



.

this way. But it is interesting in paseing to mentien
a few other forms in which asbestos may be found in a
dookyard. For this purpose the products may
conveniently be divided into those that are in textile
form and those that are not.

Ashestos yarn, woven inte ¢loth, fsused in the
manufacture of covers for insulation mattresses,
filtering materials, fire curtains, fire emothering
blankets and fireproof clothing. Pieces of asbestos
cloth may be used %o cover hot forgings and castings
in order that they may cool slowly. In narrower widths
agbeatos cloth may be made into beltings of various
kinds, brake linings and insulating tape. Vhen rubber-
prot;rcd it may be used in making steam packings and
jointings. The yarn itself, or in combination with wire
or cotton, may be used for sewing up articles made of
asbestos cloth and may also be found in the seams of
incandescent gas mantles.

Non-textils forms of asbestos include such wateriale
as asbestos cement sheets, tiles, pipes and other
building materiale, or it may be bonded with bituminous
substances for use as flooring materials or switchbeard
panelling. Acgbestos is also a constituent of brake and
cluteh linings and packing materiales. It may be used
in making heat resistant electric cables and for covering
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electrodes used in welding, Large quantities of ashestos,
partiocularly short fibre asbeetos, is used in the plastics
industry and also as a filler in the manufscture of paint
and asbestos putty. Considerable amountes of asbestos
are incorporated in the casings of electric accumulators.

It is not claimed that the uee of 2ll these forme
of asbestos necessarily constitutes a significant
hazard to health, On the other hand, it is interesting
to note the versatility of asbestos before considering
gome of the processes in which a very definite hazard
existe. WNelther ie 4t claimed that the hazards faced
by asbestos workers in the ship-building and ship-
repairing industries differ materially from those faced
by similar workers elsewhere. But it is thought that
certain mpecte of their work are worthy of consideration
and 1t is intended %o disouss some of these aspects at
a later stage, and perhaps make reference to numoi
which could be taken to safeguard the health of the
ubntoi wvorker beyond those already required by
statute,
(e) Typee of Asbestos.

The term asbestos covers a wide veriety of
silicate materiale of different chemical composifione
and physical properties. They are compounde of silica
and a metallic basge, usually magnesium or iren but



gometimes of calcium, sodium or aluminium. All have a
fibrous structure, and any given piece of asbestos rock
is capable of being divided and sub-divided along its
length indefinitely until the fibres so formed reach
moleculayr dﬁ.notor.

The fibres are of great flexibility and are suit-
able for spinning and weaving., They are incombustible,
highly resistant to chemical action and poesess
insulating properties with respect to heat and electricity.
Different varieties of asbestos possess these properties
in different degree. In gize the fibres vary greatly,
even in a given variety of asbestos, The emallest
fibres are not visible to the most powerful optical
micro co‘opo. and lengths vary from small fractions of an
inch %o 43 inches.

0f the various types of asbestos known, the types
of most importance to industry may be classified under
the twe headings chrysotile (eerpentine) and amphibole
(horneblende) asbestos.

(1) (hry;otuo (Serpentine) Asbestos.
g3 81, 0, (OH) A

90%# of the world's production of asbestos is of
this type of fibre. It is vhite in colour, of fine
texture, silky sheen, and the fibres are mainly short.
Canada is the main source of supply, but Ruesia,




Rhodesia, South Africa and Australia also have deposits
of chrysotile asbestos, The special properties of
chrysotile render it a very suitable material for
epianing, weaving into c¢leth or for the making of
asbestos ropes. Also, the high magnesia content of
chrysotile provides the natural lubricant se necessery
for the manufacture of engine packings for stuffing
boxes and glands.
(11)  Amphibole Asbestos

This type of asbestoes is more variable in com-
position than chrysotile., It occurs mainly in South
Africa, and the three principal varieties are amosite,
crocidolite and tremolite.
Amogite. The iron in amosite gives some specimens a
dirty brown colour, Although the fibres are normally
geveral inches long they are of poor spinning quality
but, oving to its great specific volume on fiberisation,
it is a most useful material for use as a thermal
insulator. For this purpose it may be used as a flock,
or moulded into blocks, slabs or pipe sections., Large
quantities of amosite are alese used as a binding material
in aghestos cement sgheets, pipes, gutters and similar
products., I% has great resiliency, will withstand very
high temperatures and is very resistant to the action
of acids, alkalis and sea water.

‘Most of the amosite used in the United Kingdom is
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derived from deposits in the Tranevaal and Cape Province

of South Africa.

C;oc;giltto Agbestos - Horneblende.
3!320. e O, 2F020 od 8102.H20.

3

Otherwiee known as blue asbestos or Cape Blue, the
largeet deposite of thie mineral are in the Cape
Province of South Africa, The presence of ferrous
oxide in crocidolite 1s responeible for its blue colour.

The properties of crocidolite are similar to those
of amosite. It possesses great tensile strength - much
more than chrysotile, has great resiliency and specific
volume, and ig able to withetand high temperatures.

The remarkable resistance of Cape Blue to the action of
acide, alkalis, chemical .solutions and sea water have
commended i1t to many industries. Among these mayv be
mentioned the railway industry, which uses insulating
mattregees made entirely of blue asbestoes for lagging
the boilers of locomotives. The electric accumulator
industry incorporates a considerable amount of blue
agbestos fibre in the caeings of accumulatore. Ugually
the longer fibres are ueed in the manufacture of blue
asbestos cloth and the shorter fibres are those
generally ueed as a filler in the plastice and rubber

industries.
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Trem .
Ua;ﬁ35818022(03)2

This ie a wvhite asbestoe found chiefly in Italy.
The outetanding feature of tremolite is the remarkable

length of its fibre, single fibree of 43 inches long

| having been found. The fibres are, however, very brittle
and this makes it unsultable for spinning and weaving.
Accordingly, it ig used mostly in thermal isulation

work. It is not widely used in Great Britain.

CHRYSOTILE. AMPHIBOLE ASBESTOB
Vh1§£ nghestos Crocido%ito Angaito

(Blue)
S8ilica 40.5 51.9 47.4
Alumina 0.7 0.2 4.5
Ferroue Oxide 1.0 19,2 36.6
Ferric Oxide 1.5 18.4 3.3
Calcium Oxide - 0.2 0.8
Magnesia 42.6 1.4 5.8
Alkalie (as
Sodium Oxide) - 6.1 -

Water (chemically
combined) 15.7 2.6 1.6

It hae been ghown that the structure of the fibre
of chrysotile differs from that of amphibole asbestos.
The former is thought to have a hollow fibre whereas
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amphibole fibres are sald to be solid throughout. Thie
difference could explain certain differences in the
physical properties of the two forme. For instance,
chrysotile 1s soft and absorbent whilet amphibole is
springy and brittle. When fiberised, the stiff fibres
‘of amphibole asbestos form a scaffolding which encloses
innumerable air cells, giving it a great epecific volume
and thue becoming an excellent thermal and sound
insulator. White chrysotile has not the same degree of
flocculence ag amosite asbestos, and whereas shestos
iteelf has some degree of non-conductivity to heat it is
the capacity of the fiberised asbestos to hold within
ite mase a large nunber of air cells which determines
ite orr;otivonenl as an insulator for both heat and

sound.



-15 =

II.

THE HAZARD - ASBESTOSIS.
HISTORICAL.

Pneumoconiosis has been defined as "a fibrosie of
the lungs due to silica dust or other dust, and
includes the condition of the lungs known as dust
reticulation.” That form of pneumoconiosis caused by
the inhalation of asbestos dust is called asbestosis.

The firet case of this condition to be described
is referred to as the Montague Murray case. In 1906
Dr. Montague Murray was giving evidence before the
Departmental Committee on compensation for industriel
diseases when he described the case of a 34-year-old
asbegtos worker who died in the Charing Cross Hospital
in 1900. Autopey had confirmed the clinical diagnosis
of an extensive non-tubercular pulmonary fibrosis.

The patient had said that some ten of his workmates had
died at about the age of thirty years.

A survey into the hazarde of the asbestos industry
carried out in 1910-11 did not reveal any evidence of a
gerious hazard to health, but in 1912 it was shown that
a mild degree of pulmonary fibrosis could be produced in
experimental animals by causing them to inhale asbestos
dust.,
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Cages of possible asbestosie vere reported from
time to time after thie survey. Cooke reported one in
1924,but it was a case of extensive non-tubercular
fibrosie of the lungs in an asbestos worker, described
by Seiler in 1928, vhich caught the public eye. Seiler's
patient wae seriously disabled by his disease and
required hospital treatment. This case seemed to establish
beyond reasonable doubt that a relationship existed between
the inhalation of asbestos dust and a disabling, possibly
fatal pulmonary fibrosis.

Following thie desoription of Seiler's case, an
enquiry into the Abestos Manufacturing industry in Great
Britain was undertaken by Merewether and Price at the
inetigation of the Home Office. Thie investigation was
carried out in the years 1928-29 and was a very extensive
and thorough inquiry. Their report, published in 1930
by H.M, {tationery Office, was entitled "A Report on the
Effects of Asbestos Dust on the Lunge and Dust Suppreseion
in the Acbestos Industry." The report makes interesting
reading and remaine a classic and authoratative account
of the asbestos industry and asbestosis.

PATHOLOGY .

The dust arising from the use of asbestos is a fine

dust coneieting of needles or spicules of asbestos and is
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gometimes described as a "thistledown" dust. VWhen inhaled
moet of the particles are trapped by the mucus of the
upper respiratory tract and trachea, but some may pene-
trate lower down inteo tie bronchi, bronchioles and even
the alveoli. Particles which are retained in the alveoli
must obviously be very small but the larger particles may,
because of their physical form, be trapped in the smaller
regpiratory passages.

Inhaled asbestos fibres are thought to produce
fibroseis by mechanical irritation of the respiratory tract
unlike the causation of silicosis vhich is probably a
result of chemical irritation. Thie "mechanical
uritat;on' theory is well supported by the work of King,
Clegg and Rae (1946), vho showed that the inhalation of
aluminium duet by rabbits subjected to intratracheal
injection of asbestos dust did not prevent them from
developing a pulmonary fiibroeis, It will be remembered
that such therapy helpe to prevent silicosis. Probably a
layer of insoluble and impermeable hydrated alumina is
depoeited over the particles of eilica in the tissues
and thue reduces their toxicity. Possibly this is an
over-simplification but it is suffieient for the present
purpose,

Other facts are also available to support this
"‘mechanical irritation” theory. For instance, asbestos
fibres are very flexible, unlike those of glass and this
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may be the reason why asbestos is fibrogenic and glass
ie not. On the other hand, fibres of brucite (MgO.H:0),
a fibrous itnarnl often found in aesociation with deposite
of arbestos, are aleo less flexible than asbestos fibres
and are fibrogenic., It haes also been pointed out that
‘acbestos fibres have only been shown %o produce fibrosis
in areas where there is constant movement, for example
in the lunge and peritoneum, and never in the spleen or
liver.

The problem of finding which eize of fibre ie the
most fibrogenic ie a difficult one. Key showed that the
intra~tracheal injection of long fibres (15 microne)
produced a nodular reticulinosis rather like experimental
pilicoeis, but short fibres (2.5 microns), given by the
same route, produced a diffuee reticulinosis. In 1951
Vorwald et al compared the fibrogenic activity in pguinea
pige of asbestos fibres of 3 microns in length with those
of 20-50 microns, both belag given by the intra-tracheal
route. The longer fibree were found %o be the more fibro-
genic but 4t would be unwise to sssume that these results
are necessarily applicable to the human subject.
Considerable technical difficulties are met with in esuch
investigations such as the maintenance of an atmosphere
of standard dustiness, for man is not likely te mceive
his asbestos duet intra-tracheally. Probably fibres of
up to 20 microns are the most dangerous, although fibres
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of over ten times that size have been detected in the
human respiratory system.

Oving to the irritation caused by trapped asbestos
fibres, desquamation of the pulmonary epithelial cells
occurs and fibroblasts appear around the bronchioles and
alveoli. The final stage is the deposition of
collagenous fibres around the distal ramifications of the
respiratory tract. There ie¢ no local necrosis or
leucocytic reaction to the presence of ashestos fibres in
the lung.

The asbestosie lung at autopsy is generally firm and
airless and covered with a very thickened pleura. Thie
pleura is of glistening yellow colour and may be raised
into folds and insinuate iteelf into all the varioue
fissures and sulci, The fibrotic condition of the lung
is immediately obvious when cut with the knife.
Characteristically, blue~black polygonal areas may be
seen over the whole of the cut surface of the lung which
correspond in eize and shape to the pulmonary lobules.
Thie picture may of course be considerably modified
according to the nature of the torniﬁal illneese. Other
organe are not directly affected, although they too may
have been affected as a result of the terminal illnees.

Under the microecope, sections of affected lung

tiscue may be geen to contain achbestoe fibres in the
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alveoli and bronchioles, and also in the connective
tissues and lymphatics. Plugs of desquamated epithelium
may be geen in the main air ducte, particularly in the
region of the terminal bronchioles, in which may also be
gseen large numbers of large mononuclear phagocytes.
These phagocytes and dust particles may completely
obliterate the lymphatic channels. Much connective
tiesue surrounds the bronchiocles, air eace and alveoli
as well as the blood vessels, and in the most extreme
cages the normal lung structure may be completely
obliterated by the fibrous tissue.

Regularly found in sections of lung from asbestosis
cases are curious bodies of golden yellow colour. These
are called asbestosis bodies and were firet described by
Stuart MeDonald in 1927. Apart from lung sections, they
may also be found in the sputum, pleura and faeces of
people exposed to asbestos duet. They are recognised as
being due %o the inhalation of asbestes dust and also as
being formed from the original inhaled fibre following the
deposition upon it of material derived from the tissue
fluids, Thie deposition thickens the fibre and it
assumes a shape resembling a dumb<bell, In course of time
fragmentation of the asbestosis body takes place and it
then looks like a microscopic string of beads. Finally,
a complete dissolution takes place and only a number of

granules remain from vhich the original shape of the
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asbestosis body may be surmised, ‘hilet there is marked
variation in the eize of these bodles, 24 - 60 microns
in length would be a reasonable average.

Probably the formation of these bodies is part of
the process by which the human body attempts to detoxicate
asbestoe. It has been shown that the intra-pulmonary
injection of guinea-pigs with asbestosis bodies does not
give rise to fibrosis, vhereas the injection of asbestos
fibres will produce that effect. |

The presence of asbestosis bodies in the sputum of
workers exposed %o ssbestos is not evidence that that
worker has asbestosie, indeed they have been found in the
eputum of people exposed to such duet for only two months.
Even casual exposure may be sufficient to cause the
appearance of asbestosies bodles in the sputum at a later
date. On the other hand, if clumps of these bodies
appear in the sputum it may be taken as evidencs that
disintegration of lung tissue ies occurring, and strongly
sugrests the presence of established asbestosis.

In this section an attempt has been made to review
the pathology of asbestosis. |lNecessarily, the subject
hae been dealt with in a very cursory fashien and for
more detailed information the reader is adviced to consult
the vast amount of literature on this -ﬁb:nt. It is
hoped, however, that sufficient has been included %o serve
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as a background againset which the ¢linical and preventive
agpects of the disease may be considered.



The diagnosis of asbestosis is made in much the
same way as that if any other form of pneumoconiosis.

A full occupational and medical history must be taken,
a'thorough physical examination made and also an X-ray
of the chest. Owing te the fact that the hezards of
working with asbestos duest are nov 80 widely known and
the routine medical examination of workers exposed %o
such dust is commonplace, cages of asbeetosis are now
seen much earlier than was the case years ago. Indeed,
cases may present themselves for diagnoeies before the
disease has had time te fully develop. Such cases are
frequently difficult to diagnose even now that the
disease is 0 muoch better understood, and in spite of
the great advances in radiographic techniques.

It therefore behoves the Factory Medical Officer
to be most diligent in his eearch for the symptoms and
gigne of acbestosis if cases are to be dlagnosed at the
earliest possgible moment.

Thie part of the investigation has been considered
firet because cases with asbestosis may present for
exemination before any definite physical signes or radio-
logical evidence of asbestosis can be obtained. In such
cases a'hintory of employment in a job involving exposure



o 2% =

to asgbestos duet may well be the vital clue to the
diagnoeie,

In taking the occupational history it is necesesary
to note down every job the patient has ever done and the
periodes of time during which they were employed in each
jcb; Any suggestion of exposure to a fibrogenic dust
should be most carefully investigated, even though it may
have been many years since the patient was so exposed.
For, whilst asbestosie appears characteristically in
vorkers who have been employed in handling ashestos
products for several years, casas have been mcorded
where a short, but intense exposure to the dust has
resulted in a dieabling asbestosis many yeare afterwards.
In one such case the period of exposure was only nine
monthe.

There are aleo cases where female workers, having
left the 2 ebestos industry on marriage, are later found
to have asbestoeie only vhen they are investigated for
unexplained breathlesenese during pregnancy. In these
capes the enlargement of the uterus further embarracces
their respiratory eystem., There is also evidence to
suggest that after many years of exposure to asbestos
dust, an attack of bronechitise, or other respiratory
infection, may initiate a rapidlydeveloping pulmonary
fibroelie in patients wvho had previocusly shown no

evidence of asbestosie.
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It is poseible, of couree, that even knowledge
of the patient's job would not immediately suggeet an
asbestos hazard. Clearly the Medical Ofricer should
be well informed as to the great number of forms in
vhich asbestos may be used, Cases have occurred vhere
tho patient himeelf had no idea that he was using
asbestos at his work, and yet he contracted asbestosis.
Such situatione may arige in shipwrights vorking with
acbestos panelling and in the paint and plastics
industries where asbestos is used as a filler,

The importance of an accurate and detailed
occupational history is obviously of prime importance
in the diagnosis of asbestosis, and no time spent
gquestioning the patient or investigating his conditions
of vork sghould be congldered wasted.

The Clinical Examination.

Clinically, the moest outstanding symptom 1s dvepnoea,
which may be out of =all proportiocn o the physical eigns.
In these days, when asbestosis is becoming a more chronic
disease affecting mainly older men who have served many
years in the induetry, it ig important that slight breath-
lessness, occurring at firet on exertion only, but
becoming worse, should not be overlooked., These middle-
aged men are apt to explain their slight dyepnoea by
reference to age, "middle-aged spread”, smoking, or some

other rialon. in spite of knowing the hazardes of their work.
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As time goes on the dyepnoea becomes worse and may
be associated with an unproductive cough, transient
pleural paine, and a tendency to bronchial colds which
do not readily clear up, From an early stage in the
disease, shovers of persietent, fine crepitations may
be heard, particularly over the bases of the lungs.

They are probably caused by ohstruction of bronchioles
by asbestos fibres and this theory is supported by the
gimultaneous apﬁouranco of altered fibree in the sputum.
¥hilet the hearing of these crepitations is a valuable
phyegical eign, their appearance is not diagnostic of
asbegtoeie as they have been heard in workers with only
a few veeks' service in the industry, and who do not show
any other sign of disease.

Eventually the fibrosis becomes sufficiently severe
to be completely disabling. In this stage of the diioaso
the cheet wall tende %o become rigid and emoothly
flattened in front. The shoulders become raised, and
movement, though symmetrical, igs very limited. There
may be a resonant percussion note due to emphysema, or
patches of dullness overlaying areas of thickened pleura
may be found.

In addition to all the signe of pulmonary fibrosis,

advanced cases may show evidence of cardisc distress.
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Characterietically, there may appear an earthy cyanosis
of the malar region, lipe and ear lobes, and quite a
degree of drum-stick c¢lubbing of the fingere and
possikly toes as well., Twenty-nine of Vyers' series of
fifty~three consooutlfe cases ghowed this clubbing.

Like other forms of pneumoconicels, the disease
tends to be progreseive and if exposure of the patient %o
agbegtos dust continues, then severe diesablement or death
may ensue., No cure is known, so that it Lecomee all the
more impoertant that caees should be recognieced ae early as
poesible in the disease and that they be removed from
further exposure to ssbestos dust, The all important
question of prevention ie discussed elsevhere in this
paper.

Complications of Aghestosis.

There ie not the same close relationship between
acbegtosie and pulmonary tuberculosis as existe between
ellicosie and tuberculosis, although cases of asbestoeis
complicated by tuberculoeies have been described. For
inetance, Cooke's case, described in 1924, would have been
a more convineing demonstration of the relationship between
the inhalation of asbestos dust and pulmonary fibrosis had
not a chronic tubercular infection been present in thesame
case. There is, however, a large body of infommation to
pugrest that carcinoma of the lung is more common in

asbestos workers than in the general population.
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In the Annual Report of the Chief Inspector of
Factories, 1947, Merewether stated that carcinoma of
the lung was notified in 31 out of 335 cases of asbestosis
(13%), but in 91 out of 6,884 cases of silicosis (1.3%).
These findings agreed with those of Gloyne, whose
figures were 14% and 6.9% respectively, If only male
patients are considered, then 17% of the group studied
by Merewether died of lung cancer and 20% of Gloyne's.

More recently, Doll studied records of a group of
105 persons who died after working in the asbestos
industry. 18 had lung cancer and in 15 of these the
uncir vas agsociated with sbestosis. He also compared
the mortality of a group of 113 men who had worked more
than 20 years in the agbestos industry with a similar
group in the general population. 39 deaths occurred in
the first group vhen only 15.4 were expscted, the excess
being due to lung oancer, other lung diseases and
cardio-vascular diseases. He stated, "from the data it
can be concluded that lung cancer was a specific
industrial hazard of certain asbestos workers, and that
the average risk among men employed for twenty years or
more has been of the order of ten times that experienced
by the general population.” It was pointed out, hovever,
that the workers examined had worked in the industry
before the pathogenic nature of the dust was recognised,
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and before the introduction of the Asbestos Industry
Regulations, 1931, which controlled conditions in
asheaton taotori;u.

In the face of this evidence, it is difficult to
understand vhy there is¢ still doubt in some circles as
to the relationship between lung cancer and ashestosis.
Lanza, in a paper read in 1952, stated that he had found
no evidence of such an association in either American or
Canadian asbestos vorkers,

Apart from carcinoma of the lung, other terminal
conditions may be congestive cardiac failure and broncho-
pneumonia. 0ddly enough, however, frank infective
bronohiootinta is unusual, despite the frequency of
finger clubbing.

The Radlographic Exemination.

The chest X-Ray of a suspected case of msbestosis
ig a valuable adjunct to the occupational history and
oiiniécl examination of the patient. Frequently,
hovever, the clinical signe are present before any
radiologiesl ohangcs are evident, and in early cases
the ¢linical findings are the most reliasble guide.

To be of most help, the X.Ray film should be of high
technical quality and be viewed by a good light.

Characterictically, the chest locke small from apex
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to base, VNext there may be seen a general haziness of
the lung flelds described as a ‘ground-glass” appearance.
Later, the lung fields may become finely mottled or
stippled, elther locally or generalised, but with a
tendency to be more obvious in the lower halves of the
lung fields. 1If the mottling becomes coarser then a
granular pattern may be mseen,

After these stages the appearances become these of a
gclerotic pleuriey with obliterations of the costo-phrenic
and cardio-phrenic anglee. The cupolae of the dlaphragm
and oardiao ghadov appear shaggy. Wyere likened the
nypoaraﬁn- to that of teased-out cotton wool. Sometimes
1t is possible to see a characteristic thickening of the
horizontal fiesure vhich may run obliquely instead of
horizontally. _

The guesetion of Aifferential disgnosie does not
usually arige where there is an acocurate occupational
and clinical history, and chest X-Ray should not be relied
upon to detect an early case of asbestosis. But in
examining I-Raye of ashestos vorkers it is important that
evidence of tuberculosig and other respiratory dissases
" ghould not be overlooked. Indeed, the dstection of such
gonditions must be one of the primary tasks when under.
taking the routine chest X-Ray of ashestos workers,
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Iv,
THE _PERSONNEL AT RISK,

It has been pointed out earlier in this article
that there are bmt féw spheres of industry in which
ashestos ia not used in some form or another, but it
would not be true to say that an appreciable asbestosie
hazard exiate in all such occupationa, For the present
purpose, 4t is proposed to dlacuss only the work done by
the "asbestos vorkers® in H.M.Dockyard, Portemouth, All
these men ars engaged in lagging work of one kind or
another, and it is coneidered that most of them are
expoead to the risk of ashestosis.

Although asbestos had been used in the Dockyard
for many years prior te 1946, it was only then that the
legging perties, composed of full-time laggers, vere
nﬂm. Before that date, small legging jobe, such as
patehing up insulation after inspection of machinery
by a fitter, wvas done by the fitter's mate. Bigger
johs wore done hy contractore. A few men vwere engaged
before i946 making ashestos mattresses, but in mest
caces theze men both made and fitted the mattresses
: theuoaivu.

"Agbestos workers” are employed by the Constructive
Department and also by the Engineering Department of the
Dockyard. V¥hilet the raw materisls with which these twe
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groups of laggers work are baeically similar, the jobs
they do are slightly different, and so they will be
described separately.

Ihe “Limpet Agbegtos Workers'.

These men are employed by the Constructive Depart-
ment, Their title ie derived from the fact that they
are engaged upon the spraying of asbestos fibre on to
bulkheads and dockhondn of ships, a process oalled the
"Limpet Agbestos" process by Newall's Insulation Co,Ltd.
A gimilar process is the "8ilbestos process”, so called
by Dick's Ashestos and Insulating Co. Ltd,

In 1946 there were only six men engaged in this
work in the Dockyard, but by 1953 the number had increased
to 26, The total fell to 19 by 1958 and it may well
fall further since less of this type of work is now
undertaken, Most of the work is the making good or
repairing of existing sprayved asbestos insulation.

Applicants for employment on this work are |
examined medically and radiologically before training.
Thereafter they are medically examined every six months
and a full-plate X-Ray of the chest is taken anrually,
the films being examined by the Radiologist at the Royal
Vaval Barracks, Portsmouth.

During the twelve years that these men have been
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under observation, no case of asbestosis has been found,

and only one man removed from the work for health reacsons.

This man waeg aged 54 and at rﬁutino chest X-Ray a sus-

pected carcinoma of the lung wae found. A long series

of investigations at the Cheet Clinic and Hospital was

required before the diagnosis wae disproved. The shadow

in the lung eventually disappeared, but the job given te
the patient during his investigation period suited him

| 80 well that he decided against roturﬁlng to his former

oo&upntlon. : .

Photogrnphtc reproductions of htl chest X-Raye are
appended, and vhereas they do not show asbestosis the
findings demonstrate the kind of problem vhich may well
confront an Industrial Medical Officer, who may be asked
%o say whether or not a man should give up his hazardous
occupation. In this example, the man himeelf solved
the problem and in any case his pleural effusion, which
was the final dlagnosis, cleared up.

Two other men were "picked up" at routine X-Ray
in 1953 and referred to their own doctors, who in turn
passed them on to the local Chest Clinic. Both men had
histories of pneumonia and were kept under observation
as out—pﬁtlon&n for some time. Pnnnnooonloiic, active
tuberculosis, or carcinoma of the lung, were diagnoses
congidered poseible in one cage, and pulmonary tuberculosie
- in the other, but in July 1958 both men were fit, at their
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normal work, and thelr chest X.Rays were within normal
limits.
The “Legpers”.

Although the "Limpet Asbestos Workers" are alse
laggere, the title '1aggof’£| commonly applied in
Portemouth Dockyard to those ashestos workers employed
by the Engineering Department. Their main function is
to ingulate engines, boilers, steam pipes and other such
structures, _

Whilet all the laggers are considered under a single
heading, about ten of them have the distinction of being
the onlydonsl covered by the Silicosie and Asbestosis
(Medical Arrangements) Scheme, 1931, As such they are
required to have an initial and periodic medical
examination by a member of the Pneumoconiosis Medical
Panel, Their job consists of making the asbestos
mattresses required for insulation purposes and some
photographs of the men engaged in this work are included
in the seotion dpallnngiih asbestos processes.

The total size of the lagging party varies but is
usually about 70 men, Every man, regardless of the
absence of a statutory requirement, is examined medically
nnd'rndiolog$OI11y before being employed and annually
thereafter. Any "pick-up" is referred to his own
doetor, wheo invariably passes him on to the Chest Cliniec
for investigation.
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Between 1955 and 1958, 25 prospective treinee laggers
were examined and 4 were rejected on medical grounds. In
three cases there was evidence of chronic bronchitis, one
having a groses kyphoscoliosis as well, and the fourth
cage was one of active pulmenary tuberculosie. The
value of pre-employment medical examination would there-
fore seem to be established.

During the same period of time, 3 men were suspended
from lagging vork on medical grounds. The first vas a
definite cese of asbestosls, the mcond a frank case of
bronchiectasis, and the third a severe chronic bronehitic.
The deciegion to suspend the men was taken with the full
ngroononi of the Chest Physicians supervising their
treatment, The case of Mr, R., who wae found in 1955
to be suffering from asbestoeis, is quite typical and a
summary of his case notee ie included here for general
intere at, '

Mr. R, Age 41 yeare. Chargeman of Laggers.
Duraticon of exposure to asbestos duet approx. 23 years.

In September 1955 Mr. R, had his chest X-Rayed at
the Royal Naval Barracks, Portsmouth. A photographic
reproduction of the film is appended, and it may be sgeen
that an early pneumoconicsis was present. Clinically,
his only symptom was a very dnubttulidnpnou on exertion.,
rio film vas sent to a member of the Pneumoconiosis
Medical Panel for an opinion, and a diagnosis of acbestosis
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was suggested. Accordingly, Mr. R. was advised to
aprly for a Medical Board to the local office of the
Ministry of Pensions and National Insurance. Thie
spplication was made and in due course the Senior Medical
Officer of the Dockyard was asked to furnish the looal
Insurance Officer with evidence that there was reasonable
cause to suspect that Mr. R, was suffering from
pneumoconiosis. It will be remembered that workmen
employed outeide the processes scheduled under the
National Insurance (Industrial Injuries) Act should
provide such evidence.

He was then seen by a Medical Board and hediagnosis
of agbestosis was confirmed. In view of this he was
relieved of his duties in the lagging party and given
work in a non-dusty job. He has remained at this work
ever eince.

His occupational history wae also typical, From
1928, when he left echool, until 1930 he worked in a
rope spinning factory om & rope spinning machine., From
then until Jotuic a large asbestos firm in 1932 he diad
a variety of 0dd jobs not invelving asbestos. From 1932
until 1942 he was employed by a large firm of insulation
engineers, doing mainly strip-lagging in Naval vessels, in
many different ports. His work was sald to be very dusty.
From 1942 he was employed by another firm of insulation
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contractors on the same kind of work, and in 1945 he
entered the Royal Dockyard as & lagger., He continued
at this job thereafter, apart from 1949-50 when he was
doing similar work in power statione, and wag promotsd
to Chargeman of laggere in 1954.

The digposal of cases of pneumoconiosis when they
occur or the cases of serious chronic pulmonary disease
presents few problems, since removal from dusty jobs is
clearly indicated., But in any routine radiographic
survey there must be an occasional "pick-up” which
requires investigation, possibly over a long peried, and
it is this type of case which may prove perplexing,
Obviously it is not deirable to %ake & man away from his
job uanecessarily.

Between 1955 and 1958 eix cases were found which
fell into this "difficult” category. 4 were casges in
which the radioclogist was unable to exolude asbestosis
as a cause of the radiclogical appearances, 1 wae a case
of bronchitis and 1 was difficult to clagsify. Definite
diagnoses of asbestoeis were not confirmed by a visiting
member §$ the Pneumoconiosis Medieal Board, but all the
men oono;:nnd are being kept under close observation.
The situwation wee complicated by the fact that all the
men had a long history of exposure to asbestos dust,
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3 had hietories of previous pulmonsry diseass, one had
clubbed fingers, and one had pernicious anaemia,

The cage of Mr. G. i2 a typleal "aifriculs® case
from the Industrial Medical Officer's point of view, and
1;' sumnmarieed hereunder.

MNr. G. Aged 56 years, Lagger.
Duration of exposure %o asbestos dust. - 9 years.

In 1955 Mr, G's chest X-Ray (oﬁpootto) showed a
shadow in the right lower zone vhich wae dinsmaoa at
the Chest Clinic at a later date as a patoh of
calcification. There were no abnormal clinical signs.
A £ilm taken in January 1958 showed some early nodular
shadowing, especially in the left mid zone, suggestive
of early asbestosis. The filme were shown %o a member
of the Pneumoconiosis Medical Board who waes visiting
the Dockyard, but he did not think Mr. G. had asbestosis.

A short time later, Mr. G. vigpited his own doctor
because he had a persistent cough follewing a cold. He
wae referred to the local Hogpital for a Chest X-Ray and
the Radiologist diagnosed ashestosis. On hearing of this
diagnosis, the Senior umm Officer advised Mr. G. %o
apply te the local office ef the Ministry of Pengions and
National Insurance for a Medical Board.

In due course he was again X-Rayed, this time at the
request of the Pneumoconiosis Panel, and he was then
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examined by the Board., A definite diagnoeis of
asbestosls vas not made.

Mr. G. had no significant exposure to = shestos
dust prier to joining the Dockyard in 1948, and apart
from a productive winter cough aseociated with slight
wheezing, he had no abnormal symptoms. On examination,
the only phyesical abnormality wae the presence of a
few "agbestos corns" on the fingers.

Thie case has been presented as an example of the
type of problem which frequently aripes. It may also
gerve to illustrate the difficulty of disgnoeing asbesatosis
in spite ir the allegedly characteristic XI-Ray changes
present in the established cases of the disease.



Apart from the general regulations regarding the
health, safety and welfare of factory workers laid down
in the 1937 Factory Act, the only legislation deeling
egpecially with the prevention of asbestosis ie cone
tained in the Asbestos Industry Regulations, 1931.

The regulations deal particularly with the asbestos
nanufacturing industry; and embodies many of the
recommendations made by Merewether and Price in thelr
1930 report.

Part 1 of the Regulations deals with the duties
of Pactory Ococupliers and Part II with thoge of persons
employed. It vould be tedious to quote the full text
of the publication and 41t will be zegeumed that a copy
is svailable for reference. PBriefly, however, the

instructions relate to the suppresuion of dust by various

methods such ag enclosure of ashestes handling machinery,
and the orﬂoient. damping of benches, floors and certain
materiale used in making asbestos matiresees, Adeguate
local exhauet ventilation muet be provided as well as a

patisfactory standard of general ventilation of workrooms.

There are also sections dealing with the cleaning of
machinery and with the storage and handling of raw
'“..“-c
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Bection 10 requiraes that sultzble breathing
apparatus bes supplied for the use of certain amplayess.
A breathing apparatus s defined aess (1) A helmet or
facepiecs with neceeenry connsotions by means of which a
“paaou using 1t breathes air free from duat, or (2) Any
other approved apparatus. In sone cnses, overalls and
head coverings must aleo be supplied, TYoung persons
may not be employed in making asbestos matiresses, the
important section from the Doockyard point of view, or
in gcertain other proossses, Part Il directs employees
in the procegsos to make proper use of the appliances
provided for thelr protection and %o pay due repgard
to the regulations made.

Medlen) Avrangemonts gnd Compensation.

The Asbestos Industry Regulations, 193(, made no
proviesion for the medicel examination of achestos
workers. Under the Silicosis and Asbestosis (Hedical
Axvangements) Scheme of 1931, howaver, initial and
poeriodic examination of certain categories of ashoetos
workere vas ordersd. This etatute embodied many of the
recommendations made in 1929 by the Silicosis (Nedical
Arrangemente) Committee.

Only veorkers in certaln preseribed ocoupations
vare ocovered by the scheme. For those that vere, the
medice) exeminations were oarvied out by full-time
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Officers of the Silicosie Medlical Board, which had heen
get up under the provisions of the Refractory Industries
(8ilicosis) Scheme, 1925. If a case of ashestosis vas
found the patient beoame eligible for compensation under
the Workmens Compensation Acts. This syetom continued
uﬁtﬂ. the Nationsl Insurance (Industrial Injuries) Act,
1946, came into operation on the 5th July 1948.

After the appecinted day, employers, emplovess
and the Exchequer pald contributions So a central
insurance fund from which compensation for industrial
injuries would be paid. The echeme only covered workers
enployed on of after the appointed day. and other
workere remained covered by the Workmens Compensation
Aot, and schemea made thereunder. Sinoce there were
usually time limite to these echemes - generally five
years or less, they would ultimately become defunet,

Certain diseases which were due to some definite
industrial hazard were inocluded in the scheme under the
title of Prescribed Diseasss, Asbestosis is one of
these Prescribed Diseases, and sufferers from it may
qualify for all the benefite and allowances available
under the scheme in the same way as a vorker injured
during the course of his employment, Disablement
benefits under the new Act are assessabls on a
percentage basis related %o a presoribed flat rate -
E] ohango\tm the 0ld scheme where compensation vas
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baged on actual loss of sarnings., Also taken inte
account are, not only the actual handicap of the disease,
but the lose of faculty in the physical and mental
epheree which may affect the patient's abillity to enjoy
life, @8 compared with a pereon of similar age and
gtatus, Other concomitant disemses which may aggravate
the disability may aleo be taken into acceunt when
apsegsing the amount of benefit, These are all important
innovations from the Asbestosis patient's point of view.
The principle of prescribing certain occupations to
be coversd by the scheme was retained, and those covered
aret-
Any 6ocupanon invelvingt~
‘a) The working or handling of asbestos or any admixture
of asbhestoss
{(b) The manufacture or repair of asbestos textiles or
other articles containing or composed of asbestos;
(e) The cleaning of any machinery or plant uced in any
of the foregoing operationse and of any chambers,
fixtures and appliences, for the collection of
ashestos dusi;
(d) Substantial exposure to the dust arising from any
of the foregoing operations,
Ae has been previously stated, only men in Portemouth
Dockyard vho are recognised ae being covered by this scheme
are the mattrese-shop vorkers.
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All asgbestos workers who are employed in the
prescribed occupations have initial and thereafter annual
examinations by a member of the Pneumoconiosis Medical
Panel. The Panel vwas brought into the National Insurance
Scheme by the simple expedient of transferring it from the
Ministry of Labour and National Service to the Ministry
of Pensions and National Insurance.

If a case of asbestosis is found by the examining
Medical Officer, the patient is advised to claim disable-
ment benefit, The amount of benefit paid is decided by
a Pneumoconiosie Medical Board consieting of two members
of the Panel. A similar Board also hears appeals against
decisione made by the examining Medical Officers. The
Board has pover to suspend patients from a hazardous job
if it is considered absolutely necegsary.

Other workers, not employed in mheduled occupations,
may claim benefit under the scheme if they are able to
satisfy first the Jeocal Officer of the Minietry of Pensions
. and National Insurance, and then the Pneumoconiosis
Medical Board, that they are suffering from asbestosis.
Such a case was that of Mr. R. quoted elsewhere in thie
paper, If such a case were ‘picked up", then he should be
sdvised to apply to the Local Pensions Office for disable-
ment benefit. The Local Officer of this Ministry would
then uk_ him to produce evidence to suggest that the
claimant might reasonably be supposed to have asbestosis.
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This evidence may be supplied by the Industrial Medical
Officer, OCheet Physician or some other doctor and in
due ccurse the patient will be seen by the Pneumoconiosis
Medical Board.

There is, therefore, little hardship caused by
retaining the scheduled occupations system, and probably
the system saves the Boards from having to deal with a
spate of claime, many of them frivolous.

Certain persons were not covered by the Workmens
Compensations Act or the Sational Insurance (Industrial
Injuries) Agét, and for these people special arrangemente
have been made. For those who vere totally disabled by
or 'ad died from pneumoconiosis, but vho were unable to
claim under either Act, the Pneumoconioeis and
Bysesinoeie Benefit Act, 1951, was passed. This Act per-
mitted benefit to be paid from the National Insurance
Fund to such persons. The details vere given in the
Pneumoconiosis and Byssinosis Benefits Scheme, 1952,
which 48 administered by an independent Benefit Board
appointed by the Minister of Pensions and National
Insurance., The Scheme was amended in 1954 %o include
persons who were only partly disabled by pneumoconiosis.
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vi.

Some Notes on the Work Done b
Agbentos Workers in Portamout
Dockyard and the Materials They

| It should be pointed out straight away that asbestos
technology is a subject of some complexity, as was soon
found out during the collection of material for this study
Obviously, therefore, it has not been possible to include
a great amount of technical detail but 4t is hoped that
enough will be said %o enable the problem of preventing
ashestosis in Dockyards %o be seen more ¢learly,

Ihe Spraved Asbestos Procegs.

Two well known proprietary names for thie process
are the "Limpet Asbestos process”, used by Newall's
Insulation Oo, L%d., and the "Silbestos" process
marketed by Dick's Asbestos and Insulation Co. Ltd.

Both involve the spraying of specially prepared asbestos
fibre, usually of the blue variety, on to surfaces it is
deeired to insulate. Apart from having good thermal and
gound insulating properties, the process also renders
the treated surfaces fire resistant.

Blue acbestos is used because the fibres are less
"epiky" than thoege of amosite, it ie the lightest in
weight and it has the highest capillarity. The binding
materials used in the felt (the layer of asbestos fibre)

are usually emulsione, hydraulic cements, or mixtures of
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the two. The more usual water soluble binders, such as
sodium silicate, wvould be unsuitable as continued
exposure o condensation would leach them out., This
condengation is an important factor in the thermal
insulation of compartments. Alr at compartment
temperature will enter the substance of the insulation
and some of the moisture it containe will condense on
the cooler surfaces within the felt and on the surface
outside the lagging. Thia condensed moigiure ie drawn
up the achestos fibres by capillarity and is evaporated
back into the compartment, thus preventing saturation
of the ineulation with water, and corrosion of the
underlying metal,

In operation a spray gun is uesed. The blue asbestos
fibre is discharged from the main nozzle of the gun and
is intersedted by a spray of water discharging
gimul taneously. A thorough intermingling of these
ingredisnts takes pluce before atriking the surface to
bs treated. Adhesion to the surface is encured by
pre-treating it with a “primer”, uesually a higd melting
point aephalt emulsion, bitumen or P.V.C., according to
the nature of the surface. Usually it is possible to
build up the thicknese of the insulation required
without the need for a supporting framework unless a
hard eotting finish is applied, |

In shipe 1% 1e weual %o apply such a hard setting
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cement over the layer of mbestes fibre. The cement is
composed of chrysotile fibre,with alumina cement as a
filler, the amount of filler used being decided by the
hardnese and denpity of the finiching coat required.

It ie trowelled on over the layer of sprayed asbestos
and, because of 1te weight, it is usual to reinforce the
lagging with wire netting or expanded metal before the
application of cement, Bometimes a P.V.C, finish is
applied instead of an mbectos cement,

The advautage claimed for this form of insulation
is that intimate contact may be obtained between the
lagging and the surface to vhich it is applied. This
onnlmtn. pockets in which condensation meyaccumulate,
and thus helps to prevent corrosion. Like other forms
of mgbeotos lagging, it 1s chemically inert, rot-proof,
vernin-proof, reaconably light in weight and will withe
gtand vibration. VWaste due to ocutting panels to shape
is eliminated and it is a good insulator for heat
(1imiting temperature 850°r) and sound,

Apg has been stated earlier, less use is now being
made of this process in Portemouth Dockyard, and most
of the work done consiste of repairing existing sprayed

asbestos lagging.
From the medical point of view an obvious hazard

exists, even though the fibre iswet during the actual
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gpraying. Stray fibres may dry out and be inhaled by
unprotected persons., Respirators should therefore be

worn by all personnel involved in thie process, and the
magk should be of a type approved by the Chief Inspector
of Pactories for the purpose., The man seen in the
photograph opposite is wearing a Siebe-lorman Mark IV
respirator, vblah ie an approved type.

A bigger hazard existe during the stripping down
of old lagging. Obviously the dry lagging gives off a
great deal of dust Mng gtripping operations and
meagures to control 1% should include efficient ventilation,
provision of respirators for all workpeople involved in
the proocu‘, and the efficient damping of the insulation
before etripping. An authority on this subject has
sugrested that pre~damping of the material with ae little
as 3 of 1te weight of water would reduce the dust to
acceptable limite, Efficient pre~damping may be
aifficult technically if s hard setting surface has been
applied %o the lagging, but even if it were dome and the
dust reduced, no idul of asbestos dust above zero
should be considered low enough %o permit working without
a1l the usual safeguards. |

For the mke of convenience, these have been divided
into four groups, namely those types of lagging composed
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mainly of asbestos in (1) textile form, 2) rope,
(3) pre-~formed pipe sections, slabs, blocke or mouldings
or (4) plastic composition.
(1) Textiles. |

Most asbestos cloth is made from white ssbestos
(ehrysotile) because its fineness of texturs and high
magnesia content make it ideal for spinning. For special
purposes where, for instance, maximum resistance to
chemical action is required blue ashestos oloth may be
made. .

The majority of asbestos cloth used in lagging
work is made into matiress covers which are then stuffed
with asbestos flock. A workshop for the manufacture of
such mattresses existe in Portmmouth Dockyard and the
workers employed there are in a echeduled ocoupation
under the National Insurance (In&uotrhl Injuries)
Act, 1946. The premises are subject to the conditions
laid down in the Ashestes Indnetries Regulations, 1931.

Theoretioally the making of asbestos ut.trc'uol
is a simple matter. Having werked out the size and
ghape of mattress required for a particular job, a
pattern is prepared, the pieces are marked off on a
length of &sbeston cleth and then cut ocut, The pieces
are then gewn together with s sbestos thyead, or ‘mnd
composed of asbestos plus cotton or wire, The cover
thus made is then stuffed with asbestos flock -~ usuvally
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pure amosite asbestos, the flock being kept in a
cabinet supplied with exheust ventilation, After final
sewing up, the last processes are the levelling beating
and stabbing of the mattresses, Levelling and beating
are designed to distribute the filling evenly in the
mattress, and stabbing consists of stitching the mattress
at selected points, or sewing buttons on to 1%, %o
provent the stuffing from shifting.

The only filling material for utt:duu used in
Portemouth Dockyard is pure amosite asbestos fibre, but
magneeia, consisting of 85% magnesis and 15F amoseite,
may be used. Other filling materials svaileble consist
of emoeite plus diatomaceous earth, The liniting
temperature of the material rises with inoreasing
proportions of the earth.

_Bome photographs of men making asheston mattiresces
are appended. Since they were taken many improvemente
have been made to the workroom, and these will be
mentioned later. The hazard is obvious as all the
processes are dusty, partioularly the rilling, beating
levelling and utai:htnc. Clearly the utnﬂdc should
 be effectively damped and the workers provided with
approved respirators, HExhaust ventilation cowls have
now been fitted over the benches

Agbestos cloth may also be used to "jacket" other
types of lagging pppli.od to pipes, eto. Agbestos tape
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of verioue widthe may 2leo be ueed alone as 2 thermal
insulator, er in conjunction with other forme of lagging.
A coat of weatherproofing compound may be epprlied to the
cloth to protect it from damage. _

- {2) Asbestos Ropes and Asbestoe-Fibre-Filled

Agbestoe ueed in thie form muy be very useful for
inpulating pipes, or epparatue of a shape difricult to
ingulate by other means.

Ropee may be mede by either of two methods.

Firetly, two or more etrande of aebestos wicking may be
twioted tightly together to form a rope of the regquired
thicknese, Alternatively, the rope may be made of
geveral bralded jackets, one overlaying the other until
the required diameter ie¢ built up.

In thermal insulation work 4% is more usual %o use
ashegtoe-fibro-rilled rope, which 1s conposed of a central
core of freshly carded asbesteos fibre, contained within a
breided asbestos envelope. Amosite, chrysotile ox blue
fibre may be used in the making of rope.

The harard in using asbestos rope lagging 1z the
' _fine dust which arises when the free end of the rope "flicks"
round the pipe during epplication process. 1t is
interesting to note that many laggers dislike applying
agbestos~-fibre~filled rope lagging more than any other
sort of uibuton insulating material.
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(3) Asbestos Pre-formed Pipe Sectione, Slabs,
—Blocks and Moulding,

For a wide variety of insulation work it ig
couvenient to have the lagging meterial in a form which
permits quick and easy appliention to the surfaces te
be insulated. The manufacturere therefors supply a
large range of materiale to meet this demand.

Pre-formed pipe sections are made in a number of
thicknesees and diameters. They are manufactured as
pipes, but are sawn longitudinally %o give two half
eylindere. These are placed round the pipe to be
ingulated and gsecured with metal bands. Their cuter
gurface may be coverad with ealico, canvas or arbestos
cloth, Mouldings, somewhat similar So muffe, are made
to fit valve boxes, bende and similar structures.
8labs and blocks are avallsble iv many different sizes
and thicknesses. !

The compoeition of 211 the lagging materisls ie
basically the same. Vhem pure asbecstos in used, amosite
is usually the fibre employed, but blue fibre may be
uged in special situations. Only pure asbestos ie
used in Portemouth Dockyard. Other materiale aveilable
are made of magnesia (850 megnesia, 157 asbestos) or
caleium silicate plue ashestos, known commercially as
"Newthern" .

m; agbestos produots include the Caposite and
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Caposil ranges marketed by the Cape Asbestos Oo. Ltd.,
the "Antithermic" range preduced by Mck's Asbestos and
Ingulation Co, Ltd., and those made by Vewall's
Inemlation Co. Ltd., A small percentage of sodium silicgnte
is used as 2 binder in conjunction with the ashestos and
in thie form the lagging haeg a liniting temperalure of
1000°F - suitahle for most purposes. For higher
temperature work, distomaceous sarth is incorporated
also, and sometimes A lime-silica bonding material. The
limiting temperature rises as the proporiion of
diatomaceons earth increases, and nay veach 185007,
Materials having a high limiting temperature may be used
to bresk an initially high temperature down %o ons withinm
the range oflower temperaturs materials.

Products made from magnesia have a limiting
temperature of about 6250F, bhut by adding dlatomeaceous
earth thies may be ircreased to 16250F. Vewell's Nicosil
and Newtempheit ranges are magnesla plus dlatomaceous
earth. Newtherm caleium silicats inculation has a
limiting tonporaturi of 1400°F, TIor lower temperature
" work - up o 650°F, Bell's Acbestos and Engineering Ltd.
» supply pre-formed sections composed of corrugated
acbestos paper interleaved with aluminium foil,

From the medical point of view, there s much %o
be said for pre-formed sectiong as the dust hagard is,
on the face of 4%, low, There i, however, considerable



- 55 -

dust €avolved during the cutting to size of sections,

and the phyeical effert involved in such cutting may

well tempt the operatives to remove their respirators.
(4) Elagtic Compogitions,

Much of the lagging work in engine and boiler
rooms would not be easy ueing the methods so far
deseribed, owing So the large size and irregular oute
lines of the surfaces to be insulated, To such sur-
faces asbestos, or asbestos containing lagging, may be
applied in the form of a wet, plastic compoeition,

The plastic composition used in Portsmouth Docke
yard i.: composed of amosite asbestos fibre and dia.
tomaceous earth, china clay being incowporated as an
adhesive. Ag before, the limiting temperature of
the lagging is a function of its dlatomaceous earth
content. The Caposite and Caposil ranges of plastic
compositions are widely used, the Caposil H,T.
compound being effedtive wp to 1850°F. The material
is supplied for use as a powder which is mixed with
water in large open tubs on the quayside. The
resulting paste is then spread over the surfaces to
be insulated, and allowed to dry. If desired, a
guper-coating of hard setting asbestos cement ie
applied which may be decorated as required.

Magneeia ig also available as a plastic composition.
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It has been claimed that 1t is easler to mould magnesia
to fine limits than the pure asbestos composition, but
pure amosite is preferred by Admiralty Engineers.
Magneeia insulation may still be found, however, in
older ships and installations,

The dust hazard is minimised vhen applying com-
position since it is wet. On the other hand, if a job
takes some daye to complete then some of the material
will have dried out before the rest is applied, and so
gome dust may be present, The main hasard, hovever, is
the great amount of dust evelved during the stripping
down of old lagging. Stripping magnesia insulation is
a particularly dusty operation but the dust is not
entirely composed of asbestos.

Miscellansous.

A number of other products are nu\ available
vhich are used in lesser quantities, such as asbestos
and silica boards, and asbestos felt. Their composition
is similar to the other materials described. Asbestos
millboard differs very slightly, however, in that it
containg asbestes, china clay and starch. This formila
‘ permite the board to be moulded to any desired shape after
wetting with water.
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VII.

THE USE OF ASBESTOS IN CONNECTION WITH
HABITABILITY AND SAFETY IN SHIPS,

The efficiency of asbestos lagging materials is
due to their ability to hold within their mass a large
amount of air., If the fibre is compressed, a hard board
is produced vhich may be used as a panelling material
for lining the hulls, deckheads and bulkheads of ships.
Obviously, such panelling will not have thermal and
gound insulating properties to the same degree as
fiberised asbestos, but this deficiency may be rectified
by backing the panels with amosite asbeestos flock or
elab, mineral wool, fibre-glags, or magnesia. Sound
insulation properties may be further enhanced by drilling
large numbers of emall holes in the panelling. These
perpit sound waves to pass into the backing material,
vhere they are readily absorbed,

Baglecally, asbestos panelling consiste of compressed
amosite asbestos fibre with a lime-silica bond. The
surface may be veneered, covered with plastic or
aluminium, or painted in any desired colour. Newall's
Paxmarine System, and the Marinite Products made by the
Cape Agbestos Company are available in forme %o suit all

purposes.
Large quantities of panelling are used to help control

the interior environment of & ship. Lining the hull will
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help to keep the temperature stable, and lagging deck-
heade and partitions will help te prevent dissgemination
of noise throughout the vessel. The sprayed ashestos
techniques have been extensively used for these purposes,
but are now used much less in Portsmouth Dockyard because
such effective substitutes are now available,

Over and above all their other properties, the
incombuetibility of these products is perhaps their
most important attribute, since a fire at sea, be it in
a warship or merchantman, is a major disaster. The
International Convention For Safety of Life at Sea,
defines an incombustible material as one which ¥ill
neither burn nor give off inflammable vapour in sufficient
quantity te light a pilot flame vhen heated to approxi-
mately 13820F (or 750°C). Asbestos panelling materials
conférm to this standard, and vhen used in place of
inflammable materials for lining compartments protection
is in two ways, Firetly, it eliminates inflammable
gtructure, and thue deprives the fire of the fuel
necespary to keep it going, and secondly, by bounding
the space with incombustible materiasl the fire is con-
tained until it burne iteelf out or is put out.

The problem from the medical point of view arises
from the fact that an asbestos containing dust is
evolved when the panels are sawn to shape or driu;d.
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and such operations may well take plage in confined
spaces., Also the manipulation of theee panels is
normally the work of shipwrights vho may be unavare

of the hazard, unlike laggers who are usually keenly
aware of it. So far the problem has not assumed major
proportions in Portsmouth Dockyard but if the use of
these materials becomes more widespread in Naval
vessele then it maydo eo. Perhaps the fitting of
asbestos panelling should be limited to men suitably
protected againet dust and aware of the hazard involved.
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VIII.
THE PREVENTION OF ASBESTOSIS.

In thie section it ie proposed to deal with the
prevention problem in two parts; as it affects, firetly,
the workers in workshops, and secondly, those at work in
ghips and installations. BSome aspects of the problem
are, however, common %o both groups and will be dles-
cussed firest.

Obviously 4t is necessary to employ only men who
are reasonably fit, from the pulmonary aspect at least,
on the job involving poseible exposure to a fibrogenic
dust. Pre-employment medical examination is therefore
essential, and the examination should include a fulle
plate Chest X-Ray. Annual X-Rays of chest should be
taken thereafter, and also full physical examination.
The medical examination may even be done every six
months if the exposure to dust is intense.

Having obtained a fit population of albaotpo
workers, measures must be taken to prevent them
inhaling asbestos dust arising from their work.
Attention should be paid to the following pointe:-

1. The substitution of non-toxic material vherever
poseible.
2. The automatic manufacture or performance of

dangerous processes if praoticable.
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3. The removal of toxic material at source by means
of loocally applied exhaust ventilation,

4. The suppression of dust by damping, ete.

5« The provision of a good standard of general
ventilation.

6. The maintenance of & high standard of gemeral
ventilation in workplaces.

7. The provision of adequate and efficient protective
equipment, such as respirators and overalls.

8+ The education of the workmen with regard to the
hazarde of their job and the proper use of pro-
tective equipment,

Norishop Workers.

In Portemouth Dockyard the employees covered by
this heading are those employed in the mattrees manu-
facturing shop, and a small number of men working in
the asbestos storehouse.

The Asbestos Industry Regulations, 1931, lay down
definite standards for mattress-making workshops, and
the one in Portemouth Dockyard conforms to these
regulations. Factory Inspectors regularly visit the
mattress shop in order to see that the regulations are
being properly carried out.

Generally speaking, codes of regulations lay down
a minimum standard, In Portemouth Dockyard, several
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improvemente have recently been made to the asbestos
mattress ghop which are veorthy of mention, The walles
of the shop have been rendered emooth with an impervious
material which makes the ¢leaning of them, either by
vacuum cleaner or washing, much easier and more efficient.
Hoods, made of perspex, have been erected over the sewing
benches. They are provided with exhaust ventflation and,
being transparent, the worker is able to see his work
through the hood. Other improvements have been made vhioh
include more effident exhaust ventilation at the hoppers
down which asbeetos is fed to the filling chambers, and
the f£illing chambers themselves have had a more dust-
tight opening made. Damping of covers, benches and
floore ie done by means of hand sprays, and even greater
efforts are being made %o encourage the workers to use
them.

Considerable amounte of asbestos are kept in the
ashestos store, and a photograph of a amall gection of
it ies appended. There must be a significant dust hazard
within this store and respirators should be used by the
gtaff, Actually, dust caused by sliding pre-formed pipe
sections in and out of racks could be completely avoided,
since manufacturers now supply sections 'g't\ expendable
cardboard cartons. The sections could remain in the
cartons until required for use, and issued out to the
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users in the container.
ZOutgide” Workere,

These workers face an asbestosie hazard which ig
more difficult So control. The work they do is often
very duety indeed, and is often done in the confined
gpaces of shipié. 8Stripping down 0ld lagging is the most
dusty of their jobs. Obviously it ie not poseible to
fit fixed exhanst hoods, etc. and owing to the large
amount of duet involved no completely effective portable
exhauet ventilation syetem ig available.

The men working in ships are provided with
respiratore of the "Microfilter” type and overalls.
Wherever possible the lagging is pre-damped before
they etrip 4%, but this is not an entirely satisfactory
procedure as the herd-setting cement nppliad to the
lagging renders 1t more or less waterproof, at least to
water applied in reasonable quantities. Industrial
vacuum cleanere and double-~bottom pumps have not been
very mtiefactory in dealing with the duet. Obviously
other workmen, apart from the laggers, may be exposed
to the duet as well.

Probably this ie a job where personal protection
of the worker is the most useful preventive measure. In
order ti reduce the hazard further, the work could be

done -i timeg vhen other workers are not in the same
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compartment, for example during the night, Double-
bottom pumps fitted with flexible hose could be provided
%o aseist dust removal, and all the phung.loagu and
80 on, ghould be c¢leaned down with a vacuum ¢leaner after
| oénplouon of the work.

Respizators.

A section hag been devoted to the subject of
respirators because the provision of an efficient res-
pirator is the most important single preventive measure
wvhich can be used to protect laggers., Indeed, if the
respirator were perfect and the worker wore it all the
time, asbestosis would net exist, Unfortunately, neither
the respirator wor the worker are perfect in this respect.

The Chief Inspector of Factories "approves" certain
respirators for certain jobs, and workers covered by the
Agbestos Induetry Regulations, 1931, must be provided
with a respirator which is co approvd. An approved
dust respirator musti-

1) Fit the face closely.

(2) The filter unit muet effectively prevent the
passage of dust whilet qtrutng low resistance to
breathing.

(3) Muet be generally comfortable and not obstruct
vision - particularly in a downward direction.

(4) Must be easy to clean and majntain. :
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(5) Must have easily interchangeable filter units.

Four approved designs are the Microfilter, Siebe~
Gorman Mark IV, Siebe-~Gorman Mark VIII and theDrfger
roepirator, flebe-Gorman & Co, Ltd. state that typiecal
efficiency figures for the throe models made by them
arel- Mark VIII 99,5%, Microfilter 98%, ana the
Mark !f 96f%., =fficiency figures for the Drager ave
not available, Photographs of thecs masks are appended
hereto, and any further information on these and other
non-approvad masks may be obtained from the Industrial
'Hoalt!h and Safety Centre, 97 Horseferry Road, London,8.W.1

In Portamouth Dockyard Microfilter respirators are
the ones iut commonly used by the laggers. Some workers,
however, wear the Siehe-Gorman Mark IV, The intreduction
of the SBiebe-Gorman Mavk VIII respirator is a recent
event, and probably this apparatus will be slopted in due
cour se. 3 '

Substitution of Non-Toxic Materlals.

There is no substitute for asbestos which is its
equal in all umots. In some situations, however,
synthetic products may be used instead of asbestos.
Fiberised glase wool, and rock or slag wools contain no
asbestos and may be useful substitutes. Rock wool, such
as the "Rookeil" banufactured by the Cape Asbestos Co.,
is made from dolomite and fire-clay. The materials are
allowed %o paes in a molten form through tiny holes, are
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then caught in jets of high pressure steam and form inte
long fibres of uniform dismeter. Fibreglase ie made in a
gimilar way but the raw meterial used in glase is the
form of emall marbles, which are melted prior to the
fiverisation process,

"Rockeil" and eimilar substences have a high
1imiting Semperature when used in the form of a wool -
up to 1400°F., The fibre length is about two inches,
sufficient te produce a good "felting" effect without
bonding materials, and %o be resilient. Ag one may
expect it 18 non-corrosive to ferrous and non-ferrous
metals, resists attack by chemical agents, is vermin-
proof nnd‘ fire-resistant. Pre-formed sectione and slabs
are made from the matorial, and in these resing are used
as bonding agente., The limiting temperature of the
resul ting product is determined by that of the resin
used, 600°F being the maximum,

Here then 1s a substitute for asbestos sultable
for a wide variety of situations in which the unique
properties of asbestos are not required. It gould be
used for insulating deckheads and bulkheads, engine
and boiler room casings, trunkings, ete. It is also
uveeful for cold insulation, Hard setiing cement may
be applied over the ingulation or it may be faced with
an asbestos panelling of some sort.
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Fibreglase and rock wool are not fibrogenic, but cases
of dermatitis have been reported which were probably
caused by esensitisation to the resin used as a bonding
agent.
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IX.
DIsCusgIoN.

It 1s hoped that the information contained in
thieg article hae established the existence of an
asbestoels hazard amonget certain workers in the ship-
building and ship-repairing industries, In fact, the
game hazard is faced by laggers in many other industries
aeg well.

In the annual report of the Chief Inspector of
Factories, 1956, the problem of laggere 1s mentioned.
Undar the heading “Agbastos Induetry Regulations, 19317,
the Chief Ingpector reviewe the pregent situation with
regard to the substitution of non-fibrogenic substances
for asbestos. He notes that fibreglass and dolomite
wool are used for some insulation purposes in ships,but
asbestos 1s etlll the nost widely used insulating
material. Regarding lagrere, he says:-

"One very hazardous procees %o which the Regulations
do not always apply is the removal of old insulating
lagzing. The handling of this very dry and duety
material presents a serious health hazard, which is all
the more serious because the work 1s often done in con-
fined apaces. Muoh of thias work i1s done in premiges
not subject to the Factories Acts, and in any case the
operation does not take long. The parsons vho do it ave,
however, regularly engaged on 1t, and are therefore
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continually expceed to risk."

Since no completely satisfactory substitute for
asbestos ies known, 1T would be ludicrous to suggest
eliminating acbestos from the industries. Indeed,
asbestos plays a most valuable part in the maintenance
of health in seamen by assisting in the control of
their envirommental comfort, A state of peaceful
co~existonce must be made to exist between man and
asbestos. Conditions in factories ave not bad IM. have
besen improved, owing to increasing knowledge of the
hazard of asbestosis, but cases of the disease still
ocour, .

Unfortunately, it is not poseible %o assess the
gize of the problem of preventing acbestosis in laggers.
Thie ie because lagging is not a scheduled occupation,
and therefore the total number of lagpere ie not known.
Interms of cases of asbestosis the problem is not very
great. Up to 1956, 271 deaths from asbestosis had been
investigated, and in the years 1653, 1954 and 1955, there
were respectively 22, 31 and 48 new cases of asbestosis
diagnosed by the Pneumoconiosis Medical Boards. It is
not known how many of these cages vere employed as lagcers.
But however small the numbersmy appear to be, the
problem of prevention etill existes.

Mns % the nature of their work, it would not be
possible to lay down a strict code of regulations to oovn'



-70-

laggere in the same way as workers in the Asbestos
Manufacturing Industry vere covered by the Asbestos
Induetry Regulations, 1931, But a simplified code
covering such things as protective clothing, ventilation
" and the pre-damping of insulation prior to etripping,
could be drswn up. Laggling eould alse be made a
scheduled occupation and thus entitle the laggeras to
initial and periodic medical examination. Whether the
Pneumoconiosie Panels are large enough to deal with the
luggou\ in sddition %o their exieting commitments is an
open point, but thie problem could easily be solved.
Either the Panels could be enlarged to cope with the
extra WQ!t. or the Appointed Factory Doctors could be
invited to do the physical examinations involved and
Regional Hoepital Board Radiologists the X-Ray
examinations, Alternatively, the Chest Physicians in
charge of local Chest Clinics could be asked to do the
work. _

It ies neither suggested nor implied that the abeence
of statutory obligation to provide these services for
laggers means that nothing at all is being done for them,
In most factories where laggers are smployed, such as
H.M.Dockyard, Portsmouth, all reaconable precautions are
being taken to protect their health. I% would, however,
prevent "backeliding” on the part of less conscientious
employers, and would csuse schemes to improve the working
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conditions of laggers %o be given a higher priority, if
such measures were to be given astatutory support.

The problem is not made sasier by the fact that
there is considerable "drifting” of laggers from one job
to amother. Lagging is not a trade in the usval meaning
of the word, and therefore lagrers are lees likely to be
employed as such all their working lives, The keeping of
gome kind of personal health record for each lagger, which,
at the request of the lagger, could be passed on to the
Medical Officer of his subsecuent employers, would seem
to be highly desirable. Such records are kept at
Portsmouth Dockyard, and a specimen record card is
sppended. Thie card, slong with copies of each X-Ray
or other report received, ie kept in a stout envelope,
and filed in the Dockyard Surgery. The Pneumoconioeis
Medical Board do, of course, tuﬁ records of all the
examinations they undertake in respect of workers in
scheduled occupations.



Date X

Complaints
cough

sputum

.................. 4s | ®sssvscssssssasnnnns

dyspnoea

wheezing

,,,,,,,,,,,,,,,,,,,, B I

pain in chest

Expansion

Examination
chest, ete.

Skin

X-Ray

{

Weight—clothed

Signature

PIO0e) [BOJPeN uewjoedg

* (8 I0401])

9X0%I0) B80380Q8y I0J pie)



‘n‘

SUKHMARY AND ACKHOWLEDGMENTS,

Sunmary.

The various uses of abestos in the ship-building
and ghip-reopairing iadustries ave briefly roviewsd,
with particulay reference %o the work of the laggers
in Portamouth Dockyard. ©Short sections en the nature
of agbestos and asbestosis are included.

YMeasures whioh are, or may be, taken te prevent
aghesgtogis in these induatries are discuassed, and
attention drawn to the inadeguacy of legislation in
this field., The problem should be glven congideration
gince ths amount of lagglag work done is likely %o

increagse in the future.
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