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The Right Hon. J. R. CLyxzs, M.D.,
His Majesty’s Secretary of State:
{or the-Home Department.

Hoxz Orrice,
17tA AMareh, 1930.

S,

I submit herowith a Report by Dr. E. R. A. Merewether and Mr. C. W.
Price on their inquiries into the heaith conditions of the asbestos industry. Dr.
Marewether's investigations on the medical side are of t scieatific value:
They establivh the facts that the inhalation of asbestos dust over a period of
yoars resuits in the development of a serious type of fibrosis of the lungs, that
the developmont of the disease varies in direct proportion to the length of the
exposure to dust, and that susceptibility to the disease is not affectad either by
age or sax.

The remedy for thess conditions is to be found, as in the case of so many
industrisl diseases, in the suppression of dust. The second part of the Report
indieates that this point has only recently beem appreciated. In the non-textile
section of the industry, no serious difficultics arise as regards the application
of exhsust ventilation. For the textile section, it is evident that & good deal
of experimental work will bave to be carried out before completely successtul
ventilating appliances are evolved effectively to romove all the dnst.

I have the honour to be,
Sir,
Your obedisnt Servanc,
GERALD BELLHOUSE,
H.ML Chief Tuspector of Factories.
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Report on Effects of Asbestos Dust on the Lungs and
Dust Suppression in the Asbestos Industry.

PART L.

THE OCCURRENCE OF PULMONARY FIBROSIS AND OTHER
PULMONARY AFFECTIONS IN ASBESTOS WORKERS.

1.—[NTRODUCTION.

P . This Report is based upon the data cbtained iu an extensive investigation
) : during the yoars 1923 and 1029. The inquiry was initiated by the: Fuctory
: Department. of the Home Office following the discovery in February, 1928, ot a ¢

. . case of nou-luberculas Abrovis of the lungs in an asbestos worker, of sulficient
: severity to necessitats trewtment in howpital (Seiler's Case').

! P'rioe to this, this Depactment had knowledge of only two deaths of asbestos

- \ workers, about whom there was expert opinion thag the inhalation of asbestos

' dust bad at least contributed to, if aot caused, the fatal outcome. The first of

these, pow referred to as the “* Montagus Murray Case,’’ occurred in 1900,

N ! . but all that is known concerning it is cootained in the evidence given by Dr.

: . . %ﬁmmy in 1008, before the Departmental Cummittes on Compensation

! for ial Diseases’. [n this case post mortem cxamination confirmed the

H clinical diagnosia of extensive non-tubercuiar pulmonary fibrosis.  The secnnd

i (Cooka's Case”) occurred in 1924 Hers, although Cooke’ and Stuart McDonaid®

were-of the opinion that ths lungs showed a progressive dust fibrosis together

with a chronie tubercuirus infection, the etiologicai reiationship between the

inhalation of asbestos dust and fibrosis of the lungs would have been strengthenvud.

by the abeeace of o tubercnious infection.

An early surver of the industry in 1010-11 by the Depnmuezit did not dis-
close any evidcmes of the existencs of 3 serious heaith hazard in the industry,

v but some exgnmu on animals conducted in 1912 by Professor J. ). Beattie
' of Sheffield

niversity for the Department showed that the inhalation of asbestos
i dust will cause 2 mild degres of Sbrosis.
H When, thereiore, investigution of Seiler's Case showed that other industrial
H and infective causes of fibrosis could be definitely exciuded. the necessity of

) deciding whether the supervention of thia Jdiscase iu an asbestos worker was an
‘ o i, exceptional- occurrence, ot evidence of a grave health risk in the industry, was
; apparent and Lhe investigation reforred to was undertaken.

1fmrm or Iarrrant Dusr Uron tux Luncs.

i . K ‘e The most important local effects which may follow the inhalation of dust
1 ' insiude pulmonary and bronchiai catarrh. aschma, broachitis, fibrosis of the
H T tungs, and secondary chm‘r, such as emphysema, local or diffuse. These

! changes ia the luags, which may be luoked upon as a meamre of the efforts of

Moreover, individuals whowa lungs have been affected as the result of the

: ~ the Jiving tissucs to rcgel or incurcerate the irritant particles of dust, necessarily
i . wsowe iaterference-with the gemerni eficiency of the lmgs. The imprirment of
’ l 4 functional capacity mny be slight or severe, and temporary or permaucnt, de-
o o pending on the variety of duat, and on other factors, such as conceatration

! i of dust and length of exposure.

{

inhalation of snmie dusts, show an increased susceptibility to the supecvention
of respiratory infections, such as tubcreulosis or pncumonis.

|
i
2y Fibrosis of the lungs is recognined to be the most important lesion cnused
H by the inhalation nf dust, and the proneness of workers with a dust fibrosis to ¢
-'l be affected with puimonary tubercalosix has been shown to be tho main cause
! of the increased mortality rate {rom the latter disenss iu certain dusty occupa-
tions.
I - AS
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This triad—exposure to dust, fibrosis of the lungs, and high mortality rate
puimonary tuberculosis—was found to be common to a numbor of large
and imnportant industries. and io all of them tho dust incriminated sras free
crystalline silica (3i0).
Those features were not observed, Lhowever, in other industries in which,
whils thore was exposuye to siliceous dust, the silica wns found ¢o exist in the
combined form as a silicate and not in the froe condition.

Thus, shortly, fres silica came to be regarded as the pre-eminent cause
of industrial fibrosis oi the lungs and as a notuble factor in the production
the exceas mortality rate from pulmonary tuberculosis in certain industries.

Whilst the pulmonary fibrosis produced by free silica (Silicosis) has been,
and is boing, minutely investigated. the potentialities, as fibrosis producers,
of dust other than free silica have not heen fully explored, aithough 1t appears
certain that some other inorganic dusts can, and soine cannot, producs hbrosis
under the conditions mec with in industry.

That a serious, sven fatal, degree of fibrosis can be produced bv some

of theso other dusts bas not beem generally appreciated, aithough Badham in
s thoughttul paper* has drawn attention to this point, in reporting a fatal case
of pulmonary fibrosis- caused by dust of aa orthoclase basalt containing 0o iree

Tke Naturs of Asbestos.—The fibrous minerals commercially known as.

asbestos fall into the latter group, the silica being combined with metallic bases,
maioly magnesium or iron and, to o less extent calcium, sodium or aluminium.
The term 1s a collective name applied to 2 variety of silicate minarals which
differ from each other in chemical composition and physical pmﬁniu but
resembile one another in their ﬁgdkz fibrous nature and fesibility.

depends on the facility with which they can be split up into long and flexible
fibres for spinning and mnni. on their resistance to heat and acids, and on
their i i i:gnrnu with respect to beat and electricity. Varieties of
asbestos possess t characteristics. in differing degree.

Practicaily speaking, ail that goes under the name asbestos in commerce is
sither Abrous serpentine, or a fibrous mineral of the hornblende group, of which
the most important are crocidolite, amosits and tremolite. Serpentine asbestos
or chrysotile is essentinlly 2 hydrated silicate of magnesium, contsining littls
iron and practicaily no calcium. The hornblende varieties contain less mag-
pesium and usuaily mors calcium., alumininm and iron-—crocidolite and amosite
being mainly silicates of iron.

3—Scorx Or TER INVEZSTICATION.

Asbestos is very hrgély used in industry, being an important constituent

of mI different products. ‘The diversity of industries concerned made it

ial that svme restriction of the field of investigation should be decided
upon.

The manufacturing processes alccted fall move or less sharply into two
groups (1) those in which there is exposure to pure asbestos or asbestos mixed
with a very small percentage of cotton or other vegetable fibre, and (2) those
in which there is exposurs to 2 mixture of dusts, of which asbestos is but one.

The former group comprises, in the main, the textilo branch of the industry,
A bragch macuiacturing insulating materials from practically purs
sod some preliminary processes in other branches.

. The latter group inctudes a numbor of processes in which the proportion
of asbestos in the dust cvolved ranges from a negligible qmntitypupgza.rda.
Since it is impowsibie to evalunte the cffect oun the lungs of mixed dusts, of
which asbestos dust is oniy one component, until the action of ashestos dust itsclf
‘was dptormined, the examination of workers for the purpose of this enquiry
was rostricted to workers employed in processes inciuded in group (1), in other

‘' words, to workers as nearly as powsible csposed to the influence of pure ashestos

dust. Furthermore, the efects of previous exposure to other irritant dusts,
sach as that of free silica, bad to bepexcluded.

eir value:
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The Population at Risk.—The gross number of workers who may be
: expassd to the inhalation of asbestos dust to any oxtont is unknown. and, owing
. 10 the grent varicty of processes concerned, there are insuperable difficultics in
ascertaining this figare. Nor, in fact, would enlightenmeut on this point be

of any particuiar vaive.

It is othsrwise, however, with respoet to the figure representing the number
constantly exposed in the course of their daily work to the influcuce of pure oe
almost pure asinutos dust. Some information on this poingt is very desirable
to check the adequacy of the samplo of workers examined. and to envisage the
problem confronting the industry.

While only a iough approximation is possible, it is believed that about
2,200 is the presenc number of persons in this country exposed in their dail
work to the inhalation of asbestos dust. either pure or admixed with a sm
proportion of cotton. It should not he overiooked that this figure does not
include the considerable number of workers exposad to the influance of mixed

: dusts of which asbestos is but one, and commouly not more than 20 per ceus.
. C ' ot the mixture. . :

: Of thess 2.200, the sample examined numbered 363 (excluding 11 for .

ressons referred to later) or 16.5 per cent.

Selsction of Workers for Ezamination.—The sslection of workers for
. sxamination was not leit entirely to chance, since it was eariy evident that the
' o . proportion of those empioved 10 years and upwards in the industry was very
! . : smail: therefore, in each factory those longest emploved were preferred, since
. . the importance of inciuding a sulficiens sampie of this group is evident. Regard
! was also paid to the other ead of the scnle o as to obtain information as to
mwofmwdmnmwmeﬁmanmmtmmdm
to the particular process on which the worker was &
balancing- the component ups of the sample in this way as the
uquyBypmeded. it was falr.t.huﬁmmm’ um information would be obtained
in the shortest timae:

[T D SR Sy

! . - It follows, therefore, that in respect of length of exposure to asbestos dust.
’ [ the componsut groups of ths umphp;co not bear the same relationship to each
. 1 other as the corresponding groups of the industry under roview. The sub-

3 joined Tables will make this clear. Table 1 shows the distributioa according
3 to length of cmpioyment (Dot Decessarily in ons factory) of 773 workars, the
: 3 total number engaged on those processes in several {actories. Table 2 shows the

. i : sampie of 303 workers distributed in the same way.

! Tams 1. Tantx 2.
n : .
i o -
{ % .
i il Years Number. : Parssntage Years ! Number. i Peresntage
i employed WmR | of Total wmployed. | ° * . of Tomal
. L. .
i ’ Ot e e a3 | e Ot e e ”» Ty
i i -, 00 | 188 =t .. .. 14 s8-8
B - 10-34 ... [11 1 () 10=1¢ ... "- 232
: 16-i9 - S e n ;:
. 20 and over ... 17 ¢ 3 over ... 8.
{ 3 Toals .| T i 108 Totsls ... 18 100

- The encrmous preponderance numerically of workers employed uuder five
g years is striking. as amn is the very low percentage of workers employed 10
yoars or longer.

t Comparison of the two tables shows that the cifect of the method of sclec-
' tion of workers for examination is that the m‘nnber examined in mch’sumt;
) five years employmenc group is a progressively greater proportion of t
nnmg:whicl'x’ md have been examined in each particular group.
e a¢
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With a solitary exception all those examined were at work on the day of
examiuation.

The Clinical Ezamination and Stundurds adopted.—The nature and
purposs of the iuquiry were expiuined to cach worker whom it was E:Eoud
to examine, individuoaily, and his or her co-operution obtained. Lach in-
dividual's previous industrinl history, submequeut to leuving schwol, was uoted
in detail. This was essentinl in order to exclude, especinily, the effect of pre-
vious work in any of the oumorous provesws inveiving exposure to free silica
dust, aud, to a less extent, the effect of other dusw. Similarly, the iu-
dividoal's medical history was scrutinised from childhood onwarda. to determine
the physical lovel on entry into the industry and any subsequont changes.
Particalar attention was puid to accounts ol puimonary ailuents, some of
which, liko nsthma and Lroncbitis, are common envugh amougse the generul

on, vot are also nou-specific signa of irritatiou caused by the inhalation
of dust, whilst others, like infuenza and pnenmcnis. are ocasionally followed
by a degres of pulmonary fibrosis. \Var service, if any. was gone inta. especially
, as to whether there was any history of the worker having a gas casanlty
i at any time. The family and personal history in respect of pulmonary tuber-
1 culosis was enquired into, and also as to any close association with kunown cases
i - of this disease in friends or reiatives. In approaching the pertinent subject
1
!

of symptoms, great cars was taken to avoid lending questions, especially in
i eliciting information as to the existence of any undue shortness of breath.

. g The actual details of the physical examination do not call for comment,
inssmuch as they followed the usual lines of a detniled examinatiou of the
' chost, with abservations of the general bealth and of the condition of the upper
1 zir passages.
| . Raference must be made, however, to the standard of normality adopted in
i T assessing the state of the lungs. The appruisemens of any departure from ths
; pormal necessarily pre-supposes the existeuce of such a standard. Every
! : clinician Las attained, as the resuit of experience, his own clear conception of
! the- normal chess, bat it is 0ot often that he Ginds it uecessary to define this
stats in so many words, in fact it seems scarcely possible to do so, and this for
| . sevaral reasons; the heart and lungs function cificiently within wide limits of
} applied strain, and, although mum of past discase may be present and
|
1

apparens on cxamination, they wil unimportant if they will never tax the
organism bevond these limits, are non-progressive and do not predispose to other
disesse: Age itself has recognisable effects. but for this rensoa alane, the chest
cannot be considered abnormal.

There is obvious disparity between the standard of physical ftnees Tequired
for an air piloz and that required for life insarance az ordinary rates; ino-
dividuais reaching either standard can be classed as ** ormal,” yet many actain-
ing the latter standard Liave never approached tho former.

Thos, within limits, various gradations of sormality may be distinguished.
and correspondng staodards copstituted without iunccuracy. the precise status
of any standard beinw determiued Ly the J:mmo for which it is estabiished.
For the purposo of this enquiry the stunuurd adopted Las been that¢ evinced
in avy large group of persous liviug under similar environmental conditions,
apart from work in dusty ocrapations, as those of the group being considered.

is is ueithor a high staudard nor a very low standard. hut the averngo stan-
dard of normality displayed amongst the industriai populasion of this
country.

Radiograpkic Ezamination of the Lungs.—In addition a careful radio-

3 phic examination of the chest was madoe in many (133} cnses, the necessity
%:\vhich in investigations into the effccts of dust upon the lungs has been
o f emphasised ropeatcdly by sarions authoritivs. It wus Dot, of course, fensible
Lt to obtain techpically snflicient radiograms of all the workers exnmined, derived
o b as they werc from factorien senttered ovee the conntry. some in districts remate
' from n radiological centre. The mode of: sclection was dictated by the neeris
t of the situation. with the obicet of clucidating material poiuts germane to the
investigation, e.g., the elucidation of omplicating alections, in measuring the

NI S

eramaoes
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‘ " estent amli‘ _progress of the l-io:: m l{ocnzing the point at ‘:gidl: the u:_rliut
‘ : . radiographic signs appear, an y as a check u uman factor
! - - . pt-ouux by thog_:nm?nn himself. pos
' 4¢—RzsurTs oF THE INQUIRY.

To anticipate, examination of the dats collected in this investigation leads

. ) ; . tn the concinsion that the inhalation of asbestoa dust over a period of years
o s resuits in the devolopment of a serious type of fibrosis of the lungs.
s g _ Asbestosis—the Pulmonary Fibrowis of A sdestos Workers—It is helpful to
! t ] visnaliso fibrosis of the lungs as it accurs in asbestos workars as the siow th

of fibrous tissue (xcar tissug) hetween the air cells of the lung whercver the in-

led dust comes to rest. While new fibrous tissue is heing laid down like a
; : spider’s web, that deposited earlier gradually contracts. This fibrous tissue
. : ] - is not only useless as a snbsticute for the air cells, but with continued inbalation
' : X . of the causative dust, by its invasion of new territary and consolidation of that
e H : slready occupied, it gradnally, and literally, strangies the essential tissues of
. ) ) ot 3 the luags.

In common with other essential organs of tbe body the lungs have & large
ressrve of tissus for use in omergencies and to permit of a diminution of
functional capacity due to advancing age or disesse. For thia reason, and
because fbrosis of the lungs is essentiglly a locnl discase, it is ouly when the
fibrosis progresses to the extent of obliternting this reserve, that undue short-
ness of th on any extra efort draws the worker’s attention to the f{act that
his health is ot whas it should be. The other symptoms of the disesss such
as cough are equally unassuming, and are readily ascribed to some common and
trivial cause.

From this poims the progress of the diseass is more rapid, since it is now
emeroaching on the remaining sound tissue of the lungs, aiready only just sudfi-
cient to maintain him in his ordinary daily activities. Ultimataly, if no acuts
respiratory iniection has precipitated a fatal termination, a stage is reached
when the Iungs can do little more than maintain lifs, and the shortness of breath
- becomes extreme.

In its main clinical foatures, thorefore, the disense resembles silicosis, as
might be It differs from silicosis, however, in the mode of distri-
' . bution of the fibrous tissue in the lungs. in its more rapid development, in ity
: : radiological features, and. there is sore- reason for believing, in a lessomed
! . : . sasceptibility to the supervention of pulmonary tuberculosis. the liability to

. which disease is so defmitely an added hazard in silicosis.

; The Asbestos Dodies.—~In the lungs of thows exposed to asbestos dust,
. anguiar particles derived from asbestos,” and spicnles of ashestos'” are found

. on microscopicnl examination, and also numbers of peculiar bodies described
et by Cooke and FII" and Stnart McDonald®. They are yellowish brown in colour,
[. of elongated, bead-like form, often with bulbons cnds. Cooke' and Roodhouse
L Gloyne’ indepcndently demoustrated a minernl cove in these bodies, evidently
- 8 o derived from the asbestos fibre. Stewart and Haddow' have also demonstrated
y . their presence in the spatum of ashestos workers. These bodies lave not been
{ ! foxnd to ocenr in any other human affection.  They have been found in the
1 sptam within a comparatively short time after expnsure to asbestos dust, and
i in the absence of climical or radioiogical evidence of pulmonary fibrosis, their
i ce cannot be taken at present as indicating nny'.‘Krng more than previous
: inhalation of asbestos dust.

The Incidence of Puimonnry Fibrosis in Asdestos Workere.—The extent of
the risk to health aseocinted with exposure to ashestos dnst under present indas-
i trial conditions may now be considered in detail.

Of the 374 workers of both sexes examincd, 105 were {ound to have a diffuse
brosis of the lungs attributable to the inhaiation of dust. Ten of thesc. and
ooe other in twhich thero twers earlier signs of the same condition. have heen
axeluded from further comxideration. inasmmch that it was felt that previons
work in other dusty occunations. such as quarrving, and conl mining. mav have
been the prime or a contributory factar in the development of the puimouary

-
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{ : lenions found.

: : o Iy}
i ;

i

i
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Thos, 95 of 363 workers, or 20.2 per cent. showed o definito fibrosis due to
asbostos dust.  An additiounl 21 wera found with precursive signs of this disease,
but thess nre given no weight in the genernl conclusions, whick are derived sololy
from examination of the 95 cases of definits fbrosis.

Of the 133 radiographed, 02 preseated radiographicnl signs of o diffuse
fibrosis, and in a fmar 25 there were suggestive mdiulog!g;.l changes not
definitely diffuse fibrosis. Io 10 of the former group and 3 of ths latter the
changes wers possibly referable to prior work in other dusty occupatious or (o
other cause, and they are thereiore excluded, leaving 32 coses of Gbrosis and 22.
with signs suggestive of early changes in the lungs due to asbestos,~—sullicient
radiological confirmation.

What inferences shouid be drawn from thess figures i—Certainly not that
26.9 per cent. ar roughly 1 in 4 of those at prescnt exposed to asbestos duit in their
daily work have fibrosis of the lungs. As meutioucd previously the sample
examined is loaded ‘with a greater proportion of workers empioyed 3 years and
over than obtains in thess sections of the industry at the present time (Tables
1 and 2 above), and as shovn in Tabls 3 below the incidence of fibrosis iucreases
with the length of employment. Therefore in order to obtain an approxima-
tion of the general incidence rate of fibrosis in these sections of tha industry a
correction must be ngglied on this account. Applying the rates shown in Table
3 to the figures in Table 1, it appears that the general incidence rate of fibrosis
of the lungs amongst thoss emploved in theso sections of the industry is rather
l‘e'- t:.’han 1 in 8, or, excluding those employed under 5 years, rather less than

in 3.

Further corvections would have beea necessary if the sample hod included
an undoe proportion of workers from the more dusty processes, but this was
found not to be the case. "Also no correction is required on account of differing
age distribution since, as will be seen later, the incidonce of fbrosis is
thereby. Sex has no edect. : .

These- general incidence rates sre convenienc mereiy as affording a roug
indication of the inlercnt risk associated with exposure to asbestos dust at the
present time. They have no permanent value eitheras an index of the
risic of fibrosis in the industry from year to vear, or as a measure of the risk
in any lgl.rt.it:ulﬂr factory or group of employees. This must be so since not
ouly will the distribution of workcrs in the industry according to process and
length of employment vary from vear to year in accordance with trade develop-
ments, but the increasing applicntion of methods for the suppression of dust
will have a cumuiative effect in reducing the fibrosis incidence rate in future
years.

Effects of Age and Length of Employmene.—Table 3 shows the distribution
of the workers examined according to length of employment, and Table ¢ their

distribution according to age, togother with the incidence rates of fibrosis in
each case.

Tastx 3.—Ineience of Fibrosis velative to Langth of Employment.

Cases of Fibrowis. _Aversge age-in yesrs,
Years Number | -
) 2 d £ d Group Of Group less -
| Nussber. [osidence per cases ! ol"ib_—'.‘
cene. of Fibrosia, | roma
[ T . (1] ‘o - I seee -
= ... - 141 38 258 | 30-3 360 - -
10-14 ... - 84 7 3g-t : 3404 {0-4 -
1=19 ... . 29 18 53-8 ' 41-9 433
10 and over... 21 17 80-9 844 52-7
Totals - 363 L 1) 182 301 424
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Taots +.—=/ncudence of Fibresis relotice to dye.

. Average lsagih of employmens
Canes of Fibrosia. in yoars.

Xumber :
Ags Growp. E::-ud. i Grewp Of Group lems.; Of enses of
Namber. I Ineidanes per

of Fibrosia. | Fibresis.

i

. . Uptalo .. =3 °
, t0-t8... .. ° 130 14
: . 30-38... ... 100 10

: w-as... L T 3
80-80.. .. 10 3%

40 snd over ... " ]

Totala- ... 363 (13

- HECOOW
- e

FI KR I X X
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slsuss.

l 139

. . Thess tabies iudicato the cutstanding importance of length of employment
‘< (and hence lengeh of cxposurs to dust), and the negligible eliccts of age, on ths
production of fbrosis.

Thus age groups 30/39 and 30/30 (Table 4) huve incidonce rates of 30 per
cent. and 37.9 per ccnt. respectively, not a wide diflorence, since the groups
include Trorkors in various processes exposed to difierent concentrations of dust.

, the avernge leagth of empioyment in these two groups, excludiog the.
cases of fbrosis, is almost identical, but considerably less: than the averaye
length for all the cases of {ibrosis (13.5 years). .

It appears also from the same Table that 2o spocial suscoptibility to the
developmout of fibrosis is shown by young persons, unless it is considered that
the figare of 8.7 ycars, the average longth of employment of the cases of fibrosis
. in age group 20/:9, has boen shortened by increased susceptibility of ages under

| 20. As, howeves; the average age of this group at cases of fibrosis is 20.7 years,
: ! . and also bocause the establishment of Abrosis does not necessitate immediate
‘ | retirement irom work, this is largely discounted.
: i

l

]

vt o oo © T4 ek W nkon e

Colurm 4 of Table 4 also shows a gencral irregularity which, in itseif,
points strongly to the negligible eifects of age in the production of Sbrosis.

ing to the effects of length of employment a very differens picture is
seen. Table 3 shows that after 3 years’ exposure, the incidence rate mounts
rapidly, and aiter 10 years increases almest in geometricnl progression.

Effect of Work tn different Processes.—There are insuperable difficulties

. in ascertaining trustworthy figures of the precise incidence of fibrosis amongst
: workeres in particular asbestos processes.  This is the result of the common
| : practices in the industry of housing many processes in one rovm, and of workers
transferring from one process to another. These two factors, the influcace of
o 4 dust from neighbouring processes, and prior work in othcr asbestcs processes,
i . > operate to obscmire tho eilects dua to work in any one process.

; : : : By distributing the workers, howaver, according to the process in which ench
: : has been longest employed and grouping similar processes togother, it is possible
i : . L to draw certain broad conclusions as to the relative effeet of work in diffsrent
: : : processcs. [n this way gronps were obteined as follows :—

]
H (1) Crushing, opening, disinteqrating and mixing.
i () Crashias, openiog, disintograting ing

; , ' : {3) Spinning. twisting, doubling, plaiting, ee.
a ; . : v (4) Tnsulating mattress making.

! : © (5) Weaving and associnted processes. .
. i - (8) \liscellaneons processes and remaining unclassified workers.

; . - . . The ontstanding poiut brought out in this way is tha relatively very low

. incidence rate of fibrosis in group 3 (termed °* spinners ' for convenicnce) as
; o g : compared with cach of the other groups. Thers is tome indieation also that l
! .. amougst ‘* spianers ” the disease takes longer to develop. Studv of the radio-
grams, also, revenls further indications confirmatory of this. Morcover, estima-
ticns of the dnst content of the air in the neighbonrhiond of these proceases and

, i in that of others in the various gronps show that the evointion of dust in grou
: . 3 is also relatively low (Table 5). : : P
T " ne Aw
, .
!
i
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and the medical and radiological features of the cascs
of fibrosis, together with tho resuits of comparison ot ths dust counts, all con-
tributs in soms degres to the view that with comparasively low concentration of
uss in the neighbourhood of-a process, the resulting cascs of fibrosis amongst
the workers in thut process are langer in developing und remain longer in a
milder stage. It follows, thereiore, that in such cases the rate of aceumulation
of dust in dnrlung has not gx‘u&ly. excoeded the race ollalu:xl:naz_mn.rda:g‘:
; 5 turther point of great practicai importance emerges, namely, that in orcer
: [ ) ’ prevent. 5:. fuil d-valopguns of the discass amongsc usbostos workers within the
' - space of an average working lifetime, it is necessary to reduce the concentra-

j tion of dust in the air of the workrooms to a figure below that pertaining to
S H Y.  spioning at the time over which these cases were axposed. . )

! i Not onty does group 3 show the lowese incidence of fibrosis, but it forms
T . ; the. largest individual group in these sections of the industry—about one third.
b Relative Dustiness of Various A sbestos Processes.~While some reference
: . bere to the varying amount of dust evolved by the difforeut processes is necessary,

- the causation of these differences and methods of suppression of dust are dis-
' : cuseed in Part IT of this Report. ) ]
{ Diferent asbestos processes do cause- the evoiution of different amounts of
. dust into the air of the workrooms, and, under present conditions, the difference
between the least dusty and the most dusty processes is very pronounced.

In sume processes the production of asbestos dust is insignificant; in a second
N group dust is contizmously evoived but in relntively low concentration, as in

) spinning; in a third group the evoiution of dust is continuous and in high con-
- : centration, as in dry cloth wesving: and in a fourth group much dust is dissi-
1 brmhanlﬁ bursts b:f short duration, as in emptying the fibre from settling chambers

into bags.

Soma additional data were cbtained by means of a limited aumber of
determinations of the dust comtent of the air at tha breathing levei of opera-
tives eogaged in varions processes, with the aid of the Owens' Jet Apparatus.
Tha- tigures in Table 5 wiich were calculated from soms 30 determinations,
: give a mugh idea of the general dustiness of the processes concerned. and also
. of the effect of localised exhaust ventilation and damping in reducing the

’ : . concentration of dnst in some of them. The counts in other processss are
iy proportionately to the spinning, plaiting and braiding group, taken
as unity.

N N Tt will be seen from this Table that the dustiest processes are opening (trith
ks b old fashioned teasers), sieving (with no local exbanse ventilation), and shovelling
or otherwise handling- asbestos fibre, with a comparative fizure of 2.34. The
heaviest counts of all were found in this groop, in sack filling by hand in a
settling chamber. The comparntive fignre hers was 6.34, but the record was
dense, with much clumpimge together of the dust particles, with the result that
the total dust comnt srrived at was undonbtediv too low.

Next in order is drv cloth tenving without the application of localised
exhanst ventilation, with a fizurs of 1.95. This is undoubtedlv a dusty process.
and although lncal exhaust ventilation reduces the count at the Lreathing level
of the wesver, much dnst still escapes into the workroom. Weaving cloth
wet, not merely damp, rednces the dust connt to A remariabie degres. Column

TASLE 5.—Rclative Dnstiness of carions Processes and Effects of Localised
Eshaust Vextilation and Nomp Uethods in suppressing Dust.

:
1 T e ] e
\ ‘ ;"“l'"- Carding, Clash, I Bawd. o and
| i L Y e
) . d Dre, Dry, <
! i o I A Y withass | D7 | Dama | wiohem
1 svion. | lneni : leeml  Wee Wt | 1968 | oohauat | exiawst | exbanse
) b ':& exhawst * cxhawas § ’m ! '::“r ventile | ventil | ventil
. .i . m . vemtibe | ation. , ation. stion aties. atiom.
: - : fir o ) @ m ]l e ol m o ' o | v
i N { : ]
i i 1 117 | 108 | 10 l -q?l -a1 | - ] 1-a3 -o» s 3
! i ' !
; i * Note thas hers the ~ehanet venrilation menns special gvaevai reatilation of the ki
N ot N reama. hat incalised 88 $he ULk Emehra. hining
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7 for band (i.c., narrow) weaving, wet, is not accurate since tus figure has beea
S raised by dust {rom a neighbouring dry cloth lvom.

Mattress making withous any precautions, such as exhaust veatilation,
- or dampiug (loors, tables and cloth, follows next with a figure of 1.83 (See
. footnots Table 3). Application of exhaust ventilazion, sud damping' reduces
the figure cousidernbly, but it may be thac the figures in columas 9 aud 10 are
t0o low, siuco counts for some subsidiury processes, such as butioning, sswing;
and cutting out, are not availabie.

It will be observed that carding, aithough essentially a very dusty proess,
‘. produced a comparative fignre of only 1.17.  This is due in part to purtial
- enclosure of the wurking Ym-u of the carding machine, but is mostly the rcemit
of the application ot local exhaust ventilation.  Moreover, the figurs does not
take into account the extremely duscty operatiou of stripping.

; ‘ : . Relative to the comparntive oumbers for the otier different processes, the
. fgure of 1 for spinning, plaiting and braiding is probably rather too bigh,
o. . S : owing to contamination by dust. from neighbouring aud more dusiy processss.

Samples of asbestos vary much in chemical coustitution and physical pro-
es, and of tho throe main varicties, chrysotile, crocidolite, and amosite, the
two, in the opinion of experienced warkers, usually give rise {o mofs dust 4

than chrysotile in the textile manufucturing processes. o evige
to indicate that any one of the three- varieties is more, or less, potent than the
others in producing fibrosis, other factors, such as concentration of dust. being
equal. A peculiarity of the asbestos fibre is that it irst iragments lougi-
tudinally, and apparently this process can go on indefinitely, since there is no
ultimate fibre comparnbis to a vegetabls fibre such as cotton.

Concentrasion of Dust and Length of Ezposurs Necs to Produce
Fidrosis.—From the data so far examined it seems clear that fibrosis oi the-
iungs is. o definite occupational risk amongst asbestos workers as a closs.

. Furthermore, it appears that the risk faile most heavily on those longest em-
ployed and on thoss engaged in tha more dusty provesses.

Same- further consideration of these two important factors, length of em--
ployment aud conceutration of dust, is desirable. Obviously, to some extent,
they are interdependent, siuce, assuming that a specific quantity of asbestos
dust mmst be inhaled to produce a geueralised fibrosis, the fibrosiz will resuit
from sxposurs for a period of time varying with tha concentration of dust in the
aiv breathod. .

Simson' reports the case of an asbestos mill worker in South Africa.
m‘:ﬁm 12 oonths to a very dusty atmosphere; who died from a rapid

is; sections of the lungs showed, apart from the changes dus to tuber-

. i culosis, 2 moderately marked librosis. Buartom Wood and FPage' report the

! . o~ case of an asbestus spinuer, employed 15 months, who died from a generalised

i : . tuberculosis, 8 months after ceasing work. In this case a little fibrous tissue-

! . was generally to be seen surrounding the asbestos fibres found in the luag

-y ! . - - tissue, but there was no gross fibrosis. It seems probable, therefore. although

. i further research is very nucessary, that noc only is a certain minimal quaatity

of the dust required for the production of a generalised fibrosis, but that inhala-

tinn of the dust in high concentration resuits in the production of a more marker
degres of fibrosis in a shorter time, thau when the coucentration is low.

Investigation of this important mattor—concentration of dust and length
- of exposure uecessary to produce fibrosis—from tha clinical side is beset with
. ) difficaities, one of tho most confusing being that tho existence oi a clinically
‘ .. recognisable diffuse fibrosis is quite compatible with continued work in the
i ’ R industry, and, therefore, the cases of fibrosis discovered in such an investigation
i . as this are in various stages of the disense, .with the resuit that the point at
’ ' which they first became recognisable clinically cannot bs ascertained.

- Despite- thix. some confirmation of tho bypothesis that the length of ex-
‘ posure- to asbestes dust nevessary to produce fi rosis varies inversely with the

concentrntion of the dust in the air, within certain low and high limits, may
be obtained. :

o ' T At
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i . Table ¢ shows the avorage a and leogth of employment of tho cases of
! . _. fibrosis in the groups of pmeumg;miouly deait witl? (p. 11). }

; : Tamaz 6.
i Casse of Flbresin.
: i A Length of
| P =
¢ ; 1. Crushi i isi i ixi l 43t . 10-9
: i g, Cardiag .. R 29-¢ ) 13-3
s ! 3. Spinaing, twissisg, deabling, plaiting. &a 37-0 18-1
. i 4. Mattrees makiog ... ” 38-1 ! 130
i 5. Wearing and assosiated processss 43°8 ‘ 127
i . Misoeil n sad iniog un- P 13-8
- © olassifled workers. ' !
; Totale o e e e | 133
i - -
- : Ths much loager a of employmeut of ths cases of Sbrosis
inyonpSummuadwi:gmgmupswﬂlbomud. Thers is also

: exposurs tw dust. in 3. It seams, therefore, that in this groap a-
A ' i longnperiodehpud bexogr?nlgc gro?m
| : : rapudly.

: This is the more apparent if the incidence rates of fibrosis amongst workers
empioyed in the processes in group 3 are compared with the corresponding rates
for workers empioyed in the more dusty processes comprisod in groups l:n{ 4,5
talcen together. Thess rates are set out in Tabie 7.

Bbrosis developed, or that it progressed

TasLs 7.—Comparison bstiossn the Incidence Ratss of Fibrosis amongst Workers

' employed in Group 3 (less duaty procssses) and the I[ncidence Rates
. ! i ) amengst Vorkers employed in Groups 1, 2, 4, 3, taken together (more
i MP’“"“‘). .
. . Yaans Lumsartee.
i | [%Y sa. 1034 1519, | Vesdeven
; H — ] il il v i IETIEIITET !
| , . adtad| 3adl o8| 3l o8] 3l 88 14
: ‘! < 3“ ] |85 % A ’,‘hji S i i'=!s;.: 3
.. i4 = 3 |g8l5T)3 gl ld 1281513 1292313
: ! Per Por Per | Per D per
. i . cent omt. ceat. . | cont cont,
: | Growp3d.. .30} 0| =4} 2ls-0(30| 3|67 11} ¢ 384] &} 4] er
: ” » 1 Greups 1,8, 4,3 [ 47| 0| —|oes|3L733-7 48 seliao |1l s A7T-11 13|11 | e
‘ ; (taksm iogetherh l l : '
: ) Gmp'l.-z,&..l-.cn‘nhlm;.lu.. -‘ ki and ing and d

: It will bo secn that, after 5 yvears' employment, the rates are cousistently

v much higher amougst those employed in the more dusty processcs, and, whereas
i the rate is high from about 5 years oawards in the more dusty processcs, it is
§ not until about the 15th year of cmployment is reached in the less dusty procesics
! . thas the rate for the lattcr becomes high, and approximates to that reached aiter
: : : sbout 5 years' empioyment in tho niors dusty processes.

1

1 re to diferent concentrations of dust, tugether with the effect of
l the recognition of the cases of brosis in different stages of the discase, also
¢ afford an explunation of the widely didering lengths of employmont of in-
! dividual cases of fibrosis, which ranged from 3 years to over 30.  While 0o
i dofinits case of fibresis clearly due to asbeitos duse was found amongst workers
with lees than 5 vears exposure, the possibility of such cases occurring ‘ith
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exposnre to high concentrations of dust cannot be ruled out. Thres cases twere
found with 3, 34 aud 4} years work in asbustos, respectively, but iu escn thare
Was pravious exposurs o uther dusts (seo p. 10). .

Support for this view is provided by (1) Professor Beattiu's experiments - -

y meutionced, which rated that tho lungy or guinea-pigs ex-
?ﬂ foe 43 aud 47 hours to asbestos dust shiowed °* delinits cellular pro-
Lifarazion, though uot very cxtaasive, and this is certainly a preliminary stuge
in ﬂw.prgl.uclwn of ﬁbm:hc'l (2) Simou's case mannnundb abﬁv:, u«.:d;m
report in the same paper on ungs of a guisea-pig exposed by Mavrogordato
to asbestos dust rog‘mo hours during a period of 56 days. Ua the death of
the animal (from cnuses othur than asbestosis) some J2 wonths later, sections
of ths lungs showed o slighe gencralised fibrosis. Iu commentiug on the amount
of fibrosis tound, Lie states chas * a comparison besween tho human cases and the
experimental animal showed that the fiirosis was wors rupid aud extensive ia the
human cases than in the experimeatal animal,” and again ° the amount of
Sbrosis. in two of the human cases was quite rapid, aud 1f dus to the presencs
of asbestos dust, the initial rote of production was rapid when compared with
present. day nou-iusoctive silicosis on the Rand "*; (3) data frum this investi-

in which 21 of the 303 workers showed signs suggestive of commencing
fibrosis (p. 10). Of thess 12 had been empioyed. for less than 7 years, and 6,
for between 4 and 3 years.

To sum up, therefors, it appears probabls that concentration of dust and
]n'ﬂ of exposure as factors in the production of fibrosis are intcrdependent.
within certain limits. While it seems necessary ror the production of genaralised
fibrosis of the luugs that o delinite minimal quastity of dust ruust do inhaled,
the lower the concentration of dust in the air breathed, the louger the iapse
of timne betfore the fibrosis is fuily developed. and within a certain limie, the
:ﬁhu tha concsntration of dust, the sooner the fibrosis bocomes fuily devaloped

the more intense the invoivement of the lung tissus.

If this hypothesis is. correct, and the evidence points (o it, the practical
inferences are of very great importance, siuce it fo that tle application
of measurcs resulting in the reduction of the concegtration of dust in the air
in the neighbou of dusty asbestos processes will cause, firstly a.great in-
creass in the length of time befors workers develop a disabling fibrosis, and
sscondly; the aimost total disappearance of the disagss, 23 the measurcs for
the suppression of dust ars perrected.

Disablemens produced by the dsbestos Fibrosis.—Regarding the amount
of disablement produced by the development of pulmonary fbrosis in asbestos
workers,—{or 2 oumber of years this is surprisingly slight, even more- 30 than
is genernily the case in silicosis. This is partly due to the character of the
disease; and partly to the nature of the work, which iu the majority of these
processes does not involve much physical esertion. The afected person may,
and often does, continue at work vwith occasional intermissions. latterly, due to
exacerbations of bronehitis, until the condition is advanced. although ha suffers
inerensing- inconveniences from shortness of breatli, on exertion. Some-
times a terminal broncho-pnoumonia, or otber acute infection, commences while
still at work, and there is no long period of invaiidism.

Thers is no doubt but that fibrosis of the type produced by asbestos can of
iteelT lead to compiets disablement sod ta 2 fatal termination, and this-in the
absence of a supcradded tuberculons infection.

Particalars bave beco collected up to the end of 1920 of 10 cases in which
an advanced degree of ths asbestos fibrosis without tuberculosis tras the

i cause ot death. In 9, the canse nf denth was verified by post mortem
examination and in the 10th, repeated clinical, radinlogical and sputom ex-
aminations confirmed the diagnosis. In an 11th caso. post mortem examination
showed that a lobar pneumonia had supervened upon lungs alrendy the seat
of & moderate degres of tho asbestos fbrosis. With ons cxception, all these
deaths occurred in the years 1027-20.

The length of exposure to asbestos dust in thess cases varied betwesn 9 and
24 years.

s as

s
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i It is not tod that thess few fatalitics, in which the canse of death
: as becn verified Dy strict euquiry, are auy critorivn of the trus efiect of the
isease on the mortality rates of asbestos workers. Others are kuown to bave
oocurred in which the existenco of the asbeutos Gbrosis has been determined in
life, but 0o post mortemn examinition has been posible.

P und Duration of the Diseass.—The mtu of progress und duration
of the disease varies within wide limita. \With continued exposure to high
concentrations of dust, the fibrodis may be fully deveioped iu from 7 to 9 years,
! and may cause death astor about 13 years exposure, vxceptionally in a slnntr
: period.  On the other Land, with exposure to iess conceutrations of dust, the
, H iod of maturation of tho fibrosis may be extended to 15, 20 or 23 years.
, I are definito indications, derived from the industrial histories and ex-
L ‘. amina bmf wpur:crz, z.ga:.tn:. dit;xinuti;n in the muwtl‘;tigl:lion d:s‘r.y dust in the
: i air . either by of emp t from o process to
one less dusty, or the eifect of niethodis tuken for the suppreu!on of dust, results
in a prolongation of this period of maturation of the fibrosis, except in the
late stages of the diseass. While this is so, the existence of a clinically re-
cognisable degres of the asbestos Blbrosis in any individual is an additional

§E

1
i
i
i adverse factor in the prospects of recovery from any acuts infection of the
! langs, such as pneamonia or broncho-pneumonia.
i Associasion of the Adsbestos Fidrosis with Pulmonary Tubercuiosis.—as
previously mentioned (p. 0), silicosis, the BAbrosis of the lungs due to the
i inhalation of free silica dust, bas an unhnpp[vmbaaoeincim with pulmonary
: . ! tubercuiosis, in that there is a much increased liability to the supervention of
' , i the latter disesse amnongst silicotics. It is of importance, thorefore, both from
!
!
1
|

the gi.n& of view of the individual srorker, and iu its bearing upon ths scope
of preventivs measure required, to cnquire whether thers is 2 simi
lisbility attached to the asbestos fibrowis.

It will be remembered that in this investigation the examination of workers
was restricted to those at worik at the time of the examination, and, therefore,
a namber of advanced cases of (ibrosis, and a number of cases of pulmonary
tuberculosis—with or sithout an asbestos fibrowis in additiop—who had
either given up work or who were of work temporarily, will have been

| . missed. Moreover, the supervention of o tuberculous iufection on a lung aiready
' : . the subject of fibrosis produces an increase in symptoms, previously vonoticed
. 4 or disregarded, and induces the worker to secek medical advics. He is then
appropriately advised to give np his dusty employment, migratos from the in-

. . . dustry, and may or may Not acCept sanatorium treatment.

Thus there tends to be & drift of such cases from the fibrosis producing
industry. In fact, during the course of the investigntion, information was-
obtained of n number of persons, previously employed in asbestos, who werse
either at homo or in sanatoria, suffering from chest complaints. :

Precise: information as to the incidence of pulmonary tuberculosis amongst
asbestos workers cannot be. obtained therefore, in the absencs of periodical
medical examinations in the industry, without prolonged cuquiry invoiving the
search of the records of local sanatoria, tracing workers known to have censed
work in asbostos, and oxamination of death certificates, and of the sickness
records of firms, where these are Lept.

Nevertheless, with these reservatious, the data obtuined iu this investigation
did not discioss any outstanding suscepribility to puimonary tuberculosis, eitier
amongst asbestos workers as a class, or amougst the cases of fibrosis.

Summary.—The outcowne of this investigation is to establish the existence-
of & definite occupational risk in the asbestos industry. This takes the form of
a distinet type of fibrosis of the lungs, resembling miicosis in its main clinical
aspects, but differing from that discrse in the modo of distribution of the-
fibrous tissus in the lungs, in its radiological features, in the enhanced rate of
development under avernge conditions in this country, and as far as the cvidence
gocs, in a lower susceptibility to the supervention of puimonary tubercuiosis.”

The asbestos fibrosis resuits from the inhalation of asbeston dust, the
- ; & . proximate causes being concentrntion of dust in the air breathed and length

e R Sel T e — e

* The mediosi snd raudiclogical data obained in this i tigatioa will be pablished eisewbers.

R Y T
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of exposure to it. Thus the incidence rato is highest in the most dusty pro-
cessos and amongst those louyess employed. Ago aad sex have no apparent
influence on the production ot the disease.

o A. 5.—Factors DrTEmaunmG THER PRESENT RECOGNITION OF THE ASBESTOS
i ' Fanos:s.

It is of intorest to consider why it is that this disease has only recently
attracted notics and become a problew in the industry, although asbestos was
lown t0, and worked by tha aucieats.

s . Many factors wontribute to this position, some dependent on the nature of

N the dissase, some on the phenomenal expansion of the indusiry, others on the

advance of medical science.

While asbestos has been known and spasmodically worked for hundreds of

¢ years, it is only in the past 40 years or 90 that it has boen commercially expioited

to any extent. Not only that, bus it is less thun 30 years since the great expan-

sion of the industry commenced. Lven aster a number of years of steady expan-

iiom, the industry is stiil co?;ﬁmivei,v swall, and the workers employed in the

assentizlly dusty processes tively few. s

- ’ The insidious onsst and unobtrusive signs and symptoms of the disease in

' its earlier course, its covert advance by imperceptible stages, its points of

: -lastarly to fibroid tubercuiosis. with which infection i¢ is sometimes

- asrociated, and the migration of thoss aflected from the industry, have all com.
bined to delay its recognition as an estity, and to obscure the causal agent.

. KM"‘J of the effects of specific dusts upon the lungs has besn greatiy

' extended in past 20 vears, but resesrch has been mainly concerned with the

. more important and widespread risk associated with the dusts containing free

silica, and enquiry into the edects of other dusts had to wait upon those investi-

8.~Prgvarrrve Measunes. )
The necessary preventive measures incinde, first, those directed specificaily
towards the suppression and control of the dust evolved in manutacturing pro-
cesses, which are examined in Part II of this Roport, aud sccondly, mwusures
directed towards those empioyed in the industry.
Thsese Lacter include che contol of the disease Ly periodical medical examina.
: tion of the workars, by which thoss unfitted by health redsons are prevented from
. : ‘@iMiring the industry, and cases of fibrosis and puimonary tubercuiosis are
dnwvg at the eariiest possible moment. The ultimate and ooly relisble test
! of the ctlectiveness of the preventive measures adopted in the industry will be
’ found in the statistics derived from the records of periodical medical examina-
tion of the workers.
They aiso inciude the education of the individual as in other daugerous
trades, t0 a sane appreciation of the risk, and to His personal responsibility 1n the

‘ prevention and suppression of dust.
The protection aforded by respirators is only partial, and thers is a reai
i ’ - danger that tha use of them mav ive a sense of f3 trity. Asbestos dust
i ' : floating in the air contains 3 TMajority Of Particies of ESE(e order 2., and under,
y many veing only 0.5a (nuken ioch) in size. In practice, the discomrort
ot ’ ’ of constant wear, and dificulty in speech. etc., render workers very

unwilling to use this form of protection ior any length of time. Since,
i . however, a high class respirator will trap a proportion of the lai par-
: ticles which can enter the lung, they cannot be said to be valueless, bat can
i ogly be recommonded as 3 second line of defence, and not in substitution for
; preventive mensures speciicaliy directed to the control of dusc as near as
; ible to its point of origin. Under very exceptional circumstances there may
: f E-mpo for the use of the cificient type of breathing apparatus, comprising a
! mask or heimet with a long tube, enabiing the wearer to breathe pure air from
4 distance.
| - 7.—Tme OvuTrooK.
: From consideration of the nature of the processes in the asbestos industry,
and other reievant matters, it is felt that the outlook ior proventive measures is
good. That is to say that in the space of a decade, or thereubouts, the effact of
Lo g ’ Py
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enargetic application of preveative measures should be apparent in a great reduo-
tion 1t the incidence of fibrowis.

An immediate u.mponry rise in the incidence rato is probable, dus to t.lu
accumuliated dama ru.n.ly a legacy of the war years, but wuh the passing of
the pcnk. a steady t‘u.l aliould" cusue.

assistunce bus been received from many sources during the
enuno of this investigntion; thess are gratefuily ackuowled el:mvhere
ud thanks are duo, however, to Dr. E. bW Trwining of Mancheiter and Dr.
N attersall of Leeds for their mdu&ensable expert aauwtance in the elucidation
of the radiological features, to Dr E. Cooke, I'rofewsor M. J. Stewars, and
Dr. Roodhouse Gloyne, whosa researches in tho same-fieid ars weil known, and
to De. I. M. D Grieve for information from an unpublished study of a group
of asbestos. workers.
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PART II.
Proczaszs Giving Risz 1o Dost axp Mermons 7ox s SUPPRESSION.

1.—IxTRODUCTION. .

The asbestos md\mry bas developed greatly in recent vears a.nd cont.mnu
to expand rapidly, mainly because of the demnuds of the motor, electrical,
and building industries, and of the increasing u.muon now pud

to the insulation of steam plant to promots fuel economy.

products may, lor convenience, be divided mw savan main
groups :—
Textiles. o
(a) Yaru and cloth. 4
Non-Textiles.
() llillboard, paper, asbestos-ceruent sheots, tiles, and other bmld-
ing- materinis, sheet matcrinl of rubber or bituminous mixtures oonmn
(e) Insalation materials and articles. T
d) Brake and clutch linings. : . ;
e) Pncking and jointings. e
Asbestos-covercd electric  conductorseelectrodes, cables and
wiring, coils for electric machinery.
(g9) Miscellaneous, including mouided elcctrieal md odurgmda ete.
Some ({actories make both textile and non-textile gonds. ~ So-calied
‘* fberized '’ asbestos, i.c., opened or broken-up materiai in 4 fine ﬂock-hkn
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condition, i manipulated, anmixed with other materiuls, in large quantities in
the fuctories included in gruups (@), (b), aud (c), aud to a much awailer extent
in some of the vthue luutorice wnd wockshopa,

(a) Asbestos yarn is woven into cloth for insulation mattcess coverings, in-
salating wrappings, liltering material, fire curtaina, fire-smothering binnkets
and fire-resisting clothing. Narrower woven material is produced for belting
for conveyors, tmkn linings and insuiating tape. Somo asbestos cloth is
rubber-proofed for uie in the manulacture of stcam packings and jointings.

Besides its main use for weaving, asbestus {m is braided and pinited for
uss as packing, aud also for insulating matorial. Spoois of yurn are supplied
to iactories iu which electric cable or electrodes aro wade, and polished thread
for tha: compiotion of incandescent wanties.

(8) Asbestos millboard axl paper are mapufactared from pulp containing
short fibre asbestos, by a wet method, liks ordinary millboard and paper.
Asbestos-cement shwvets, tiles, gutters, pipes, etc., for building and similar pur-
poses are madu from wet mixtures of Portland cemunt aud shore fibre asbestos.
A synthetic compasition sheet is wade from a rubber mixing, for use us jointing.
Bituminous mixings containing usbestos are made for switchboard panailing,
and other mixings for floorings. )

(¢) Insuiation materiais inciude fiberized asbestos: ‘* magnesia,’” so-called
oontaining about 15 per cent. of fiberized asbestos and 55 per cent. of magnesia,
and other finely divi mixtures composed partly of fiberized asbestos, used as
insnlating cements or pisaters; fiberized asbestos stiffened into thick sheets, like
mass, for lining bulkheads of ships; shaped sections and siabs. moulded from
fberized asbestos or mixtures containing it, or buiit up of corrngated asbestos

20 as to encloss air ceils; mattresses. made of asbestos cloth and filled with
'(d) Braks andmdmhwl:i ol mﬂﬁ' pared from i ted and
sings are chistly pre imp! an
asbestos cloth. but also from mourdzd asbestos maur:fm

(s) Plaited and branided asbestos yarn, proofed asbestos cloth and com-
position. sheet are tscd in maicng xckings and jointings.

(f) Electrndes for weiding work are plaited twith asbestos yarn or covered
with a pasta cootaining asbestos. Some elactrio cable uud wiring required to
withstaud heat are plaited with asbestos yarn; field coils for electric machinery
may be wrapped with asbestos tape.

) Miscellageous manufactured articies or products. composed whoily or
paxtiaily of asbestos, include; -in addition to moulded electrical and other goods,
sabestos putty and powder, rubber hose plaited with asbestos yarn, and many

A from mapufacture, ertain work is carried on in premises subject
to the Factory and Workshops Acts, as well as in other premises, which invoives
use or manipulation of asbestos or products coutaining it. The insulating of
boilers. pipes, engines, and parts of ships is the most important. Much of this
work is done an board ship by contractors who employ a considerabls outdoor

3.—Prmrszs.

The factories and workshops incinded in (a) to (g) number at least 180,
of which 18 are textile factories. This total is based on lists supplied by the
District Iuspectors. It does not include the large number of works where thers
is mcidental use of asbestos packing and jointing. asbestos-covercd electric cable,
ar other finished goods, required ior compieting other manuiactures.

There is only one works in which the emplovees concerned with asbestos
exosed 500. There are many smail premises in swhich but a faw employees, in
some cascs only one or two, are employed. A small ** asbestos ** department
is fonnd in a number of important factories.

Textile departments are usually weil housed in modern buildings. A few
of the older textile factorics have been improved recentiy by the addition of
modern buildings. In one case a badly housed sinail concern is in process of
removal to newly constructed premiscs.

The asbestos-cement sheet factories are modern premises of large floor area,

Infty and spacious, in the main, single storey buildings. The cable and electrode
tactories are also modern and generally suitable .

E. R. A. Merewether and C. W. Price, Report on Effects of Asbestos Dust on the Lungs (1930)

ACL Doc 11382 - Page 19 of 34

Published by AsbestosClaims.Law

asbestosclaims.law/library/11382/19


https://asbestosclaims.law/library/11382/19

" 20
R 4 Some small works, mors particlarly those engaged in waking boiler com-
o . praations, are unsatisiactory. A low are oo upen-sided sheds. Such premiscs
: are diflicuit to keep cicun.
X Some works are congested with plaat and stocks of material. This may
| result from inudoquate accommodation or a temporary [ailing-od in the Jemaud,
i R bug the effect ou clonnlivess is bad. The dust evolved in manufucturiug pro-
A : ccases is more difficuit to coutrol i the premises ure unsuitable, purticalarly if
‘ crowded with plaut or material. Cleaning is noc easily acvompli and the
! dust is mors concentrated.
- : Ventilation.—The arrangements provided foe ventilating asbestos works
: i vary as in other industrics. Dust removal syatcins, whore uscd, eifect a measure
.. of { ventilation. A uvumber of workroows in textile factories are
.. : ventilated by plenum syscems. the air sappiv beiug warmed in wintcs. Over-
L H hoad extracting propciler fans are but little used now and would be unsuitable.
| In ons mattress making room extraction fabs connceted to largo overhead hoods
' i - ore used. FExteaction by downward displacement. the air being drawn through
- . openings in tha Hoor, or near floor levei, has not Leen met with, but has been
considered for some weaving rooms. This systemn. if desigoed of a capacity
sufficient to effect 2 high standard of general veutilation, would tsnd to reduce
- the dust in the general atmosphere at breathing level, and, with other safeguards,
! be a possible nltarnative to localised exhnust ventilution. It could not be success-
. ful without eflicient heating, owing to the rapid change of air entailed.
. Separation of Processes.—In many works several processes are carried on in
. same room. In the absence of efiective means of proventing escape of dust
! . into the air, many workers are subjected to a risk from which they would other-
wise be immune, or to o grenter risk than that arising from their own work.
In a few toxtile inctories crushing and opening plants are placed close to spinning
and carding machines. Spinning {rames are instailed close to looms and wet
A and dry weaving are carried on close togother. In nou-textile premises thore is
R more effective separation of dusty work and processes from non-dusty.

" 3.—bmmmt or Proczsszs AND PrevenTrve Mxisunes.

- o A complets acconut of mannfacturing methods is not attempted. Attention
~ ‘is mainly directed to the dusc-producinz processes, a description of which, in
: broad outline, has boen deemed necossary to make clear the circumstances under
] which exposure to dust ariscs. and the character and cbject of the remedial
' ¥ messures aiready in use or here recommended.
; ’ Somewhat important changes are on foot which. it is confidently hoped,
will greatly reduce cxposure to dust in certain hitherto dusty processes. On
the other hand, certain devciopments, e.g., spceding up of textile machinery,
3 and ths incrensed use of asbestos in varicus industrics, may intensify the dust
problem, if adoquata mensures to deal with the dust are not taken.

TrxTrizs.
(a) Yara and Cloth.

. . il
! ';! The manufacturs of asbestos yarn and clath procceds on the whols like that
‘5 h of other textiles, but there are some important dilferences. [Fiberized aod other

asbestos matorinl is freely handled in various operations, in - gathering
! v * wasta,” and in clenning. Exposure, in some degree, to asbestos duse, 18
: : common thronghoat all the factories, but steps have Leen taken, extending over
magy years, to deal with dast produced at various points, though the nccessary
v : degree of officioncy bas, gencenliy spenking, aot been reached. LExhausc ventila.
. tion plants used in the best-equipped asbestos factories for removing duse appear
to bo ns efficient us thons used in other toxtile industries, and to have been applied
over n wider field. As regnrds other safeguards agninst dust, e.g., substitution
of mechanical methods for handwork for lecding the machines in preliminary
e gperations, eilicient cuclosure of machises, and vacuum methods of cleaning, little
development Lugteed made.
Vo Opening.—Asbestos, mtitable for yarn, has usanlly to be-crushed. and in all
o “cases ** opemed "' (** fiberized ") bofore it is rendy for carding. These prepara-

i a

tory processen are cliected by machinery, but encail much handwork, Separat-
ing (to remove iron) and grading or sieving foilow crushing, but precede opening.
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Material for yarn is not usually treated in disi tors, bat in mast factories
those machinea are used [or fiberiziog wasta tos yarn. etc. Crushing
flattens oat and breaks up tho mineral without damaging the ibres. [t is accom-
plisbed either in a large cdge runner, or in a smail paa mill of the mortar mixing
type. Tha matcrial is emptied upon the floor close to the machine, the contents
of several sacks somutinies being spread on tha floor to obtain a rough * mixing.”
The crushed material is either takan from the machine by hand, or discharged
through a bottom delivery slido, uasually tilled into sacks or skips and, if necessury,
weighed on a portablo weighing wachine. A fow edye runoers discharge upon
short inclined lattices and the materinl fails automatically into che sack or Kip.

Edge runners give riss to dust of considerable amount wiiere short fibre
is crmahed; somo are cnclosed and have exhaust appiied. This is always neces-
sary. Dan mills are not enciosed and also give rise to dust, though less in
amount.

Handsvork, o.g., sack smptying and filling, mixing, shoveiling and feeding
machine paas or ‘fun.ico feeds, gives riso to dust, sometimes of considerable
amount, and is done without exhause.: Application of exhanst draught would
be facilitated if feeding wers done from a higher level so that sacks might be
emptiod under cuclosed conditions, i.e. ina sack emptying apparatus. Automatic
dalivery and reversible bagying lattices eliminate dust produced in hand filling
of sacks, bus require to be ediciently enclosed with exhaust draughe applied.

An open traveiling band passing round an eiectro-magmet is used for
separating looss iron, the asbestos being delivered to an elevator. Enclosed
apparatus shoald be adopted.

Enclosed rotary sieves (rotaries) or long oscilliting frama sieves are used for
roughly grading crushed material. Rotaries shouid be mechanicaily fed and the
asbestos coilectad under encicsod conditioas (not always dous) and exbaust applied
to che machine enclosures, otharwise unnecessary dust is created. Soms oscillac-
ing siaves are very open, the material being allowed to fall on the floor, and being

into sacks by hand. Very dusty conditions are then inevitable. Efficient
enclosurs with exihaust draught appiied and, to avoid hand flling, automatic
delivary and bagging lattices, aiso enciosed and exhausted, as used in some cases,
are generaily practicable.

Crighton openers, enclosvd centrifugal machines, ars used. for opening
crushed asbestos, preparatory to carding. Careiul mixiag or blending of crushed
material is eilected by spreading it eventy in layers on the lioor over a cousiderabis
ares—cotton may be added as this scage if required—and when feeding, taking a
vertical cut Lhruu.gn the mass. Admixture with a smail proportion of votton may
also be achieved Dy Liowing it into the feed opening. The opened material is

delivered upon a lattice and collected either in a | contaiuer or in sacks,
umuic;l:ldg.lgmg latsices being used in somse cases. Slechanical fceding under
enclosed tious, with czhaust draught applied to feeding lattices or other

cnn‘rm should be adopted. Hand iceding gives risa to duss, from sack empty-
ing, iling and particularly mixing on the floor. Mixing is a great hindrance
to elimination of hand work; it is asserted that poor yarn resuits if it is oot done
and that machine mixing has been tried and gave less satistactory resuits. If
retained, it should be done at a higher icvel than the opener, under a large
exhausted cancpy and the mixture fed at o scries of chutes. Delivery lattices
should be well enclosed and exhanst applied, as now done in some cnsea; ocherwise
dust is ovolved.

Opened material not required at once, may be stored in open bins in the
workroom, involving emptring and filling sacks or skips, which necessarily
canse dnst. This storage 1n bulk shonld be avoided; alternative arrangements
might be adopted which avoid dust.

e material, o.g., long fibro waste from later processes, is opened at
enclosed lattico-{cd teasers or willeys, not infrequently of primitive design, worn
out, and emitting much dust, notwithstanding that a fan is an integral part
of the machine. Thess old machines should not be used for asbestos opening.
Dust may be emitted at feed points of modern machines, particularly when the
feed is irreguiar. Exhaust is necessary at tho feed lattico for this renson and
eiso becaure feeding itseif causes dust. The material is cither discharged upon
s lattice for immedinte collection, or blown into a chamber. The staadards
suggested for Crighton machines should he adopted. :
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! . Hopper lattice feeds are largely used with opening machines; the hopper lips

; are about 3 feet U inches above tioor level. uch dust is produced iu shovel-

: foading as it is dilliculs o avoid scottering as the lip. Au encloved lattice, fed

at or just below floor level,with localisod esbaust applied to the enclosure is more
ACLOLY.

satisf; .

. Single disintegracars, or two or threa machines in saries are used for break-
ing up textilo or other asbestos wasts, mare rarely for opening crushed asbustos.
Prosent arrangements ior preliminary hand sorting of waste are unsatisfactory:
it shonld be accomplished at a covercd bench, suitably exhauited. Whereas in
some cases, the indraught ac the disintegrator feed openinys caused by the rapid
rotation or the rotor is not sufficient to remove dust, and becsuse, at.auy rato,
as soon as it is stopped. escnpe of dust may result from roversed air currents,
sxhaust should be appiied Lere also.

Disintegrated material is blown into chambers, a blower fan being in some
cases connected to the delivery of the machiue to create a sironger draught. Air
- pressure in the chamber is rolieved in different ways, the sides may be covered
.. . with sacking, allowing much dust to cscape, a ** relief balloon *’ connected, or
exhanst applied. Chambers counectod with disintegrating and teasing machines
vary in size, some are little more than & large box, others are moro roomy. Some,
‘but not all, are separated from tho workroom. They are entered for emptying,
- . the material being filled into sacics or skips by hand after the machine is stopped

or the flow of material diverted to another chamber. Work in chambers is very
. dusty and its elimination is most desirable. (Ses page 26.)

Carding.—Considerabls deveiopments haove taken place in recent years.
One or two important new cardrooms have been smud.p Magy new machines,
, including some of foreign construction, have been instailed.

i . The machines, of large overall dimansions, are of the roller and clearar
type. Modern cards are of high class construction and fitted with two doffar
?ﬁndnﬂ supported on a carriage, which can be racked into or out of position.

or fine 3 breakar and a Anisher, constizuting a set, is used, connected by

| latticen, lap sliver from the former being automaticaily fed to the fnisher card.
i 1n cases where the sliver is collected in caus, a Dorby doubler is used for prepar-
i . : . ing laps for finishar cards. :
: Single machines and bresker cards are equipped with bofper lattice feeds
N supplied from sicips or sacka, handfuis being dropped in, and shaken apart as
fad, or the sacic emptied into the hopper. The asbestos falls intormittantly upon
& croeper fesd which conveys it to the ** licker-in '’ feed rollers, between which
: point and the dofler the materisl is under enciosed conditions.
The material is combed from ths open doffers of finisher cards, as a web
! or “ sheet ’*, the sheets from the two dofices usually being combined at a con-
: ’ ! denser, and ths resulting sliver yarn wound into spools. Ocessionally, combed
web is collected withoue being condensed, the condenser carringe being with-
drawn. In other carding, the sliver may be obtained as a lap.
Admixtare with cotton is usually accomplished by carding tho two matsrials
together, a cotton lap being mounted above the croeper feed, snd the cotton fed

e e

. B : Lhm%zths feed rollers wich the asbestos.
: evolution of dust at cards is inevitable and a fine dust cloud may be
: obssrved in most cardrootns. Suppregqiqgrqu_g_g_ggnngs_bc realised unlesy
o machines are maintained clean and”jfi_satisfactory repuir, agd therois.oflactive
A encideure of various parts. Above all, localised cxhaust must be applied at
§

vided. Wido spacing of machines is :
The upper purts ol modera machines are ussaly provided with well made

| . wooden covers and the lower parts are enclosed beiow in metal. The frames
Hi are well enclosed at the sides. A hinged metal cover, fitted in some cases, pre-
{i vents escape of dust produced by movements of the feed lattice. A curtain of
h fabric i less satisfactory. In older types, g:nimlnrl_v, the wooden covers may
It} ot fit satisfactorily, the cylinders may not be truly aligned with the frame and
-k ather dofects may account for side escape of dust, not controllable by exhanst.
/ Such dofeets shonld be remedied. Creaper fceds. doffers and condonsers and
counecting lattices between brenker and finisher cards are not enclosed. Dust
in evolved at doffer combs and at creeper fceds.

well-defincd points of dust emission, and impr_ov;cll stripping arrangemeuts pro-
irnble.
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Localised exbaust ventilation was first applied to carding machines many
yeurs ago. Mlethods and appuratus have siuce been gradually improved and
more powerful exhaust druughits are now used. Obe large firm have uchieved
much success by standardising their practice as regards poiuts of application
of exhaust druuyht, design of air gui sizo of beanch ducts to air guides aud
duct velocity. t;hmm is applied at (a) the prewser at the cresper foed; (b) feed
roller at li in; () top of cylinder; (d) cach doflcr, wir guides or hoods being
fitted at these points with o ing branch ducts. Mud couplings, used on
brauch pipes, facilitats casy dismautling. Branch pipo sizes and duct velocities
mlibomr The improveutent realised by applying poweriul exhaust at each
of the points mentiuned, at all of which cvolution of dust is important, shows
that this practice shouid be followed generaily aud gives point to the view
expressed Ly some occupiers that carding can be carried on practicaily dust-res.
Apart from the above case, exhaust is applied in neariy all cases to the cylinders:
in a modorate proportion to the creepor fecd: in a few, to one doffer—the top.
and in one or two ogly, to the bottom doffer. But, apart irom dust-emitting
points not provided for, the resuits may be inadequate. Carding machines are
occasionally instailed and put into use without exhaust, this should nover be doae.

Efficient resuita are not poesible unless tho cxhaust draught is applied as
rlosely as possible to the dust-producing points.  Transverse air guides, with
bi ducts connected at ench end, are apparently more efficient than pyramidal

hoods of the usani type. Ducts of sdequate diameter and high duct velocities

are essential.

The usual air guide for the cylinder. provided to effect removal of dust
both during carding, and stripping and grinding (though proved inadequate
for :tri[;ring) is placed a little nhove an opening in the crown of the cover. Two
branch ducts, as above, and in addition a larger central branch duct (for use
during stripping) nre connected to it. Tho shailow space below the back of
the sir guide is closed up during carding by a wooden hinged piece—thrown:
back for stripping—and the dust prodnced at the cylinder is prevented from
escaping by inflow of air from the room. at the front. The dust-laden air is
withdrawn at the side ducts. In stripping, inflow of air cnerying some of the
stripping dust takes place from below the lifted cvlinder cover; the central
braoch duct, kept closod by a blast gate during carding, is then fully opened
to provide a greater air voiume:

In ome factory, a circular doffer cleaning brush ruas continuously
above the doffer comb. A pvramidal exhaust hood is provided. but
mach dust escapes: anlcss fullv cfficient exhaust is deviscd an alternative to thix
cleaning. if reaily necessary. should be found. The coilection of combed web.
previously referred to, is done withant exhaust and dust is prodnced. Collection
me be effected by exhanst dranght as applied for removing side twasts at

ensers.
Notwithstanding the use of covers for enrd Inttice feeds dusty conditions are
prodnced and exhaust deancht shauid be anniied at this point also.
Strippina and Grinding.—Card ** strinning ** or clenning is done when the
machine is opened out for grinding. which follows cleaning and takes place at
each machine abont once a_wreek. but shorter and lancer intervais also ohtnin.
1T oae important factoey the twn nrocesses nre combined in nne operation. Roller
and cloarer enrds must he opened out, i.e.. the lattice feed and brenst. and con-
denser and doffer carrinces are drawn back. the cvlinder covers are rnised. and
the varioms smnil milers, which are cletned and gronnd at a special machine,
. - The cviinder is first cleaned, rwith the dnffer cnrringe drrwn back:
the carriace is then renlaced and the doffers, rvin at a greativ incrensed sneed.
intnrn. Cleaning takes ahout ten minutes and is nsuailv done in working
hours. bat it one case. at least. after: The men press their ‘* strickles ' or flat
hand brushes abont 12 inchex long covered with card clothing, agninst the wire.
covered surfrces.  Much of the debris is-henvy and falls to the floor. Dust is
evolved in 2 densa cloud. some heing remnved at the crlinder exhanst hood. Inm
one case flnor openings. beneath the mnachine. are connected to the exhaust:
Present exhaust ‘arranpements ats altogether inadequate. particulariy so aa
reenards the hattom dnffer. Much dust ix therefore carried into the genernl
atmonhers of the room.  The cleaners wear respirators av © helmets.”
Tn a few caser, more- ofl6FFiVE Menani®W arte (aken. e.2., the opensd-ont
machine is aimont entireiv encined with high canvas-covered sereens. In the

i
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works where cleaning takes placs after working hours, an auxiliary exhaust
system, with a hood for the bottown dofier, is brought into use.

Grindiog which takes saverni hours, is an automatic process effected by

produced is chiefly of a metallic chrracter.

In the factory where grinding aud cleaning aro combined, the doffer cxhagst
arrangements are first ro-connected.  Much less dust is evoived and a pears
to be.deait with more effcctively. This firm consider that hand strickling before

ding shouid not be alluwed. Their methods may, however, not be gonorally
applicable. A littls strickling may be nccessary aitor zrinding to remove amall
pieces of débris.

The trade recomnise that present conditions are not satistactory and experi-
ments are being made with the object of developing improved appliances. In one
case a revolving brush is being tried, with independent exbaust draught applied
by flexible connections; it is said to give promise of succces. The brush is
narrower than the hand stricklo and lces dust is evoived at a particular moment.
In another case, a vacunm fitting is under considerntion. Pravious use of vacuum
s#ripping was given up becauso of rapid erosion of the metal pipe bends and ather
parts. Unloss cffective dust suppression is realised for stripping, all workers,
other than strippers, shouid be exciuded while it is in progress for some time
sftarwards, and the room well ventilated.

The machine for cleaning and grinding the smaller roilers, which gives riss
to much dust, shouid be-fitted with efficient exhaust arrangements—s straight-
forward watter——and as completeiy cuclosed as practicable to collect the heavier
débris, precautions which are not dwnys taken. The machins is either instailed
in the carding room, or in a room adjoining. Independent machines shouid be
provided to deal with rollers of different lengths, otherwiss inconvenient adjust-
nents, liable to be neglected, have to be made. D :

Card Side WWasts Treatment.—The irregular ** seivedge ** of carded fibre,
separatod at the two sides of the finishing card, being unsuitable for siiver yarn,
is removed by suction draught to a ‘‘ side-end ' machine. which prepares it for
furthar use. The material is blown upon perfornted cylinders, the air escaping
at the side and the matarial being discharged on the floor. The process produces
dust, particularly when the feeding ia irregular, the air then having a free path
between tha cylinders. The material should be delivered under suction and oot
under pressure, & ** pressure-’ machine being unwnitable.

Spinning and Dowbling.—Yarn is spun at fiyer or ring frames which may
carry up to 80 spindles, 40 on each side.  Much piecing is roquired owing to the
com tive weaknees of the fibre. A fine metal thread is spun with asbestos,
for linings and certain other purposes. Mulo spinning is not practised in
this country. A large amount of doubling is carried on. . .

Spinning, more particularly ring spinning, gives rise to duse, continuouslty
produced by the  ballooning *’ out of the fibre owing to the rapid rotation of
the spindles. which may run at speeds of 1,700 revolutions per minute, and
intermittontly, srhen the varn breaks. Doubling is less dusty than spinniag.
Whils the amount bears no comparison with that produced in carding, and is less
than that from dry wenving, the workers are continuousiy exposed to some dust,
more in somoe factories than in others, doubtless dus to’ differences in working
mathods or materials. Exhaust demught for its removal lias not been applied
hitherto, but experiments in one factory have been so tar successful that the firm
are-prepared to-equip ol spimming-and dowbiing frumes with exhoust ventilation
plant, embodying (i) exhaust ducts parailel with ths frames, above tha tin rollers,
with aha oods at intervals, cach to denl with a smalil group of spindies, and
(ii). for more effcctive conceatration of the draught, paneiling for tha eads and
lower parts of tha frames benenth the spindles, capable of being easily removed
when necessary. Such safeguards may require somewhat wide application
unless spocial gencrai ventilation is provided. :

Warping.—Warp benms aro prepared in the usual way from cresling frames,

a. small evolution of dust occurring at the frames and beaming machines:
localised cxhaust sentilation could hardly be appiied eflectively. A partitioned-
off space, mechauically vontilated crosswine, with extraction at low level would
effect improvement.. R A

" abrasive covered rollers driven by the machine. The amount of dust
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Winding.—)lany winding rachines are used, varying from mokeshift types
of primitive coustruction. at which the practice may obtain of hoidiug the yaru
in the hand, to modern universal windors for winding * cheeses.” t may
be evalved to somo oxtent, particularly in compection with the above practics,
which could be climivated. Application of exhnust draught will then probably
not be necossary, except in particular cascs.

Plaiting and Draiding.—Plaiting and braiding, also carried on in engine
packing and electric cabls fnc:oriu.gand done at achines of normal design,
cause some evolution of dust, except where the yarn is impregnated with
;‘m Whila the amount of dust is sometimes lcss than in spinning, the

is not material. Bag thore is perhaps less exposurs of the operative
under ordinary working conditions and preenutionary mensures other thaz
localised cxhaust ventilation may suifice.

Veaving.~~Looms vary greatly in size and general arrangement. As many
as 140 looms may bo found in a single room, but this i exceptionai. The clear
space between machines may not exceed 18 inches. Some looms are indcpendently
driven by electric motors. Cotton warp or weft is sometimes used. Thin cloth,
far mattress covers, filters, clothing, etc., is woven from a singie warp beam
at a simple type of loow. Belting looms, for thiclk beiting and brake lining
inaterial are complicated. seversi warp benms, arranged in tandem under the
loom, or in some other couvenient wavrgnng required. Tlese looms are narrow,
but often very long. Tape looms ars also narrow, unless severnl tapes ars woven
together when several shuttles, in lins, working in unison. ars used. Cloth is
beamed at the front in the usual way, but belting may be led under the loom,
and coiled high above it, at the back.

Most weaving is ‘** dry,”” but some weaving is done wot, either warp or
waft, and occasionally both being wetted. Wet weaving is accomplished more
casily and a closer treave obtained, tut rusting of heald Bttings, and the subse-
31:::. drying entailed and the iess satisfactory a rance ot the material are

isndvantages. Thoroughly dry fabric is required for brake linings and rubber-
proofed material, and wet woven cloth. may be strongly objected to on this
accouns.

Considerable evolution of fine dust occurs in dry tweaving as a result of
(a) the forward movement of the slay in  beating up,’’ this source being close
to the operstive. (3) the repented contncts of the rising and falling warp threads
with their neighboars, this source being the most important from a quantitative
standpoiut, (c) the disturbance of * dust * or ** fluff "’ on machine parts, especiaily
those In motion. A fine dust cloud may be observed behind the healds above the
warp threads. Much less dust is produced in wet weaving.

Soms * dry** looms are now fitted with locnlised exhaust usually applied
to deal with dust evolved by both (a) and. (3), in some cases (a) only. (a) A flat
haa'.zpnnfl ** hood " rI:l: ﬁt}tedh ml dfro:(:;)of tgm opomtivo&jm nbo:le lt!}x‘o c{ot.h. the
epening facing towards the heaids; (3) either an uprizht pyramidal hnod, placed
transversely, gr horizontal fiat hoods, one on ench side facing each other, are
fittad close behind the healds. The second arrangement is the more efective
for narrow looms, ay the “ scissors-like ** action of the warp threads appears
to displace most of the dust to the sides. The exhaust drnught has clected
some improvement. bt all the dust in not removed, especially that produced by
(0). It may he impracticable to apply the draught to all dust-producing points
behind the healds. particularly at iong looms, but greater success would have
been achieved with more powerful drnght and larger air displacements, as is
now being recognised.

The methods described for dealing with the dust created by (5) must be less
saccessfui at cloth looms of ordinary width. A few such looms in one factory
have rtecently heen equipped with larme “ honnet ” honds. fitted transversely.
closa down over the machine, covering the slay, reed and henlds. Tbe hoods are
of hemispherical section. with cxtensions over the shuttle boxes. An intermnl
electric light fitting, and hinged cections, facilitate working. A powerful
draught. suitably applied, shonid prevent escape of dust, genernted within.
To another case, experiment is said to have shown that a transverse inclined hood
facing the operative, placed just helow the warp near the front of the loom.
can be more eficetive for reducing dnst concentration in the air breathed, than
present arrangements, and the new design is to be substituted. .
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Application of efficient dust removal arrangements to weaving is clearly
difficuls. The expedient of installing individusl rmuchines or s groups of
! . . machines in suitably ventilated smail rooms or cubicles, as s under
;, . . ‘* Warping ' does not appear to have beon tried, but might be counsidered if
1 o . lecalised arrangements are not sufficienciy effective. Long narrow sheds, for

e ) a singie line of looms, ventilated as suggested, might be a possible aiternaive.

i . . Cloth Picking, Ezamining, JMearuring.—There oporations involve running
i , i ont the rolls of cloth and tend to produnce a smail amount of dust. If carefully
A \ done, s0 that very little dust is creatod, other precautions may be unnecessary.
] M .

i Nox-TrxTiLzs.
: " : Fiberized asbostos is not used in some of the non-textile factories and
. : : exposure to ashestos dust may be slight or cven uegligible. Dus¢ is evoived in
! ' factories or departments where such material is prepared for subsequent use.
or for sale, and also in departments where fiberizad material or dry mixtures
containing it are manipuiated in preliminary mauuracturing processes. Again.

ing Em invoiving abrading or cutting at high speed, may be a source
of dust, but auch dust may contain only a small percentage of tos.
application of echanst draught, where suggested in the following description
of processes, is in most cases a straightforwnrd problem, comparable with many
others met with in non-textile factories, e.2., wnodworking and grinding, where
machinery similar to that described is used. j

Fiderizing or Opening.—Fiberizing is almost exclusively confined to works
in groups (4) and (¢). Much of the work is done under less supervision than
ia ile factories and unsatisiactory machinery is more common. Primitive
teasers (‘‘ devils '') are used in several mattress-mnking works, and chamber
work is also an unsatisiactory feature (see p. 29).

Ll
P VESRS S T

In soms asbestos-cament sheet factories, crushed material, from edge runners,
i falls into worm conveyors below, which crausser it automatically to disintegrators.
! o In one large works, the process is being cntirely enclosed; the materiai from
! = . the edge runners, which are iastice-fed, will he discharged upon a convevor and
! raised by an elevator to large overhcad storage hoppers, fitted with automatic
| ing lattices. Localised exhaust draught will be applied at feeding and
! delivery points, where dust might escnpe. R
i . Chambers have besn sliminated in some large works, with benefcial results.
The material, aster being disintegrated or opened, is fan-handled, and blown
{ to a hopper fitted with bottom rotary deiivery valves, the air being re-circulated.
i The material is bagged at lattices. Direct supply to a manuracturing poins is
: another improvement now being tried. Such pneumatic convevance should be
! | . practicable in many cases. Localised exhnost at feeding and discharge amm&
P}
| practicable.
! If chambers are retained, the necessity for entering them might be nvoided.
i by providing chambers of small front to back dimensions fitted with low doors.
i ag which sack filling would be done, localised exhaust ventilation being applied
|
| .
i
i
1
!
1
i

of these systems is necessary. Vacuum methods for filling sacks may

. ’ over-the doors.
(b) Millhoard, Paper, Sheets and Tiles.

; The wet mixtures for millboard, paper. and asbestos-cement prodncts are
A red in a bestsr, as used in paper mills. Dry fiberized asbestos is cmptied
- into the beater trough, the sacks heing shaksn to some extent. Lvolution of
dust occurs before the materinl becomes mixed with the circnlating water:  Occa-
sionaily a sack is emptied before the water is turned on. Severai sacks are
- required for a charge and the process is repeated a nuinber of times daily.
K Precautions ars not taken at present hut the dust might be avoided by .
(#) mechanical feeding under encicsed conditions, as appears to be done in some
%  foreign works, (%) applying exhaust draught, (¢} feeding in small quantitics
sad in such a way that the materini is wetted at once.

: - . Finishing processes on asbestos-cement sheets include nvﬁ'ng to size. corrn-
. gating, pressing and drilling, carried om in some f{actorics with the material
b ‘so moist as to prevent dust, and this practice should be adopted generally.
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Otherwise much dust is produced in sawing, owing to the mpid cutting speed,
und localised oxhaust is ucvessary though not applied. Sumilarly, turning,
fling and smonthing of «ry asbestos-cemuns pipes, a¢ lathos, mny require exhuaust
to remove the dust produced.

. Synthetic compowitiou sheeting, sometimes made in a rubber depurtment,
is uced from dough cousisting of fiberized asbestos and rubbor, nixed with

veut in kneading machines. Dust is produced in feeding the wixer with
asbestos, done in au upen manser by hand, from sacis or skips, the sacks being
shaken out, or [rom an open lattice feed. Subsequent provvsses are dust-iree.
Exhaust shouid be applied at the fecding point.

(¢} Insulation Matsrials and Articles.

: - . Compositions.—" Magnesia.” the most important insulating composition,

, : .. is produced on a lurge scale by the principai manuracturors, by enciosed methods

' ) with }:neumnt.ic conveyance of the mixture to automatic suck fillers. Weighiug

‘and feeding the fiberized asbestos gives rise to dust for which exhauss i3
- : Tiecessary.

 Fiberized asbestos or ** magmesia ** is & component oi maay insulating com-

positions which may also contain clay, kieseiguir, foesil meal, flax, hemp or

- Juts wasts and other materials. The proportian of ashestos in the final product

varias widely. In many small works the materials are mixed ** dry,” by baud,

. in uoEu manuer, involving sack emptving and filling, shovelling and waigh-

:‘:g' . nclossd rotary mixers conid apparently be uied for such work with

applied at feeding points and the materinl discharged and bagged

under enciosed conditions. If hand work ia retained, exhaust shonid be applied.

| Consolidated Shests.—Large shests resembling thick mats, built up of layers
| of fiberized asbestos, are consniidated with silicate of soda, sprayed on in manu-
| 1acture. The sheets may be backad on one face with milﬁmrd. or supplied
withont & backing; boing faced when tixed with miliboard or asbestos-cement

I The sheets are produced of the required size and shape at work benches,
; ar built up on the table of a muchine, capable of slow reciprocating movement,
. and fod from a bopper above. In the former case, the (berized mnterial is taken
H ‘in handfuls from skipe and spread out in tho forms, the surpius being scraped
i away and falling about at the sides of the work benches, and on the toors. a
considerable quantity being scattered. Dust, produced in manipulating the dry
fibre, before treatment with the silicate of soda, is largely avoided at tho machiue.
Efficient localised cxhaust should be applied to the hand process with improved
‘ bench arrangements, to prevent scattering.
i . ' Band sawing of piled shects, causes evolution of much dust, owing to the
. - considerabis depth of cut. Localised exhauat alons, not yct applied, may prove
insuificient.

! : Sections and Slabs.—Monided insulation is made chiedy in two forms, sec-
i . - tions—-semi-cylindrical and mouided hollow to suit varions pipe sizes—and siabs,
which are rectanguiar and solid. These products are usuaily mouliled wet, either
: by haud or machinery. {rom a paste or cream. prepured in a miging machine
i ur tank. Teeding of dry material involves evoiution of dust which might ba

' ) awoided by one of the methods suggested for feeding beaters in millboard making.

Sections are made at one factory by a dey prraesw, at 2 machine indillereutly
enclosed. Feed boppers, filled from skips, deliver the asbestos to internal lattices
which in tnrn suppiy a travelling band, at which the section is rolled by hand. x
Revoiving Lbrushes which clear the lattice and spread the material evenly on
the band give rise Lo much dust, and dust is prodnced at tho hoppers. and iu
rolling and brmshing away superfluons material. Exhaust dranght, not hitherto

lied, is to be provided at the exposed brush and the machine is to be more
ectively enclmed. Ao eoclosed ** Veed ™ is also necessary.

; ' The sections and slubs are trimned to size with circular or band saws.
: ' Much dnst is produced and exhause dranght is commoniy applied. hut is in some
eases incflicient. Circular saws used in some cases in pairs. for trimming cnds
| in one operation, can be fitted with exhaust hoods above and below tho Lenches,
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and band saws can be enciosed bolow tha tables and inverted hoods fitted, the
exhaust draunghs being applied as for woodworking machines. Elfidiout arrange-
ments should be readily practicable for all sawing work Lere.

Mastresses.~—Matirosses are manufactured by practically all firms who
mwn insulation requisites, though only occasionaily by some. Jattresies for
contracts are mado in the coutractors’ premises, their outdoor stall taking
DecOssary measurements aud preparing rough plans. A nuittress bas sometiucs
to be made on sita.

Mattress making invoives, broadly speaking, the sequence of processes
associnted with the making of domestic nattrusies. The work is almost entirely
bapd work. Lecogths of asbestos cloth for covers are cnt out on wide ben
and sewn up, by treadls or power driven machincs, to an extent depending on
the method of filling. mattresses may be sewn along ons side ouly or gor.h
sides may bo seamed aod filling dons trom both ends. Datlors filling, covers are
turned iuside out. Suppiies of flling material, which usuaily, but way oot,
coutain fibesizesl_gshestos, are broughe, in sucks or skips, from chambers, or taken
{rom open bins, in ths room, kept mp%lied from the chambers, or from sacis
of material sapplied by outside firms. ~ Filling is dons by hand. scoop or shovel,
and quantities may be weighed. The ead filling ol long double-seamed mattresses,
refarred to above, Decessitates the workmen mounting on the bench to empty the
material from skips into the opcninFs. After filling, the mattress is levelled or
beaten, to make filling lie evenly within, the hand or a flat woodsn beator
being used. Finishing processes include final sawing, stubbing or buttoning,
fixing oa hooks, etc.

Some duss is produced at the cutting out bench, in opening out the roll of
cloth, and at the sewing machine, but fat more in taking matgrial irom bins or
sacka.-in woighing; filling and levelling. ting of the cloth produces asbestos
dust, the amoynt of ‘liicli’ ’.is_'h.rga@:mcmud if the filling contains asbestos.
The work is iargely dons without regurd to the pecessity for suppressing dust.
All banches are entirely open. Localised cxhaust draught is not applied.

One firmr bave improved conditions considerably by the following pre-
cantions :—

(a) Kceping floors. and benches damp and spraying covers before

d Bo& egnnecﬁm and spray ﬁtu’ng‘: are pruvid'ed.g
; Sub-division of department into several independent workrooms.

o) Exclusion during Glling of all workers- not sa smployed, the
excludod workers proceeding to another section.

(d) Mechanical veatilation of each room by cross ventilation, embody-
ing plenum supply (warmed when necessary) at one side and low level
extraction at opposites side, the air being changed between 10 and 20
times hour.

(cﬁnfom of use, by fillers, of respirators.

Thees precautions do not include application of localised exhaust ventilatios,
without which mattress flling and beating must involvo some risic of inhalation
of dust. For smail mattresses, a wide doablo-sided canopied beach with exhaust
dranght applied at gratings along the centre line might be used, the filling
material being supplied within the canopy. Such a bench may not perbaps be
practicable for the making of large maitresses but the possibility should be
oglo.‘r:;i. Othorwise at lenst the precautions referred to above should be
adopted.

() Brake and Clutch Linings.
Beforo being imp

regnated, tha dry asbustos cloth, known as “ grey,” may
be calendaored at squaring roils and in all cascs the coils are cased out to separats
them a little, so eusuring thorough treatment by the liquid. A little dust is
produced in these opcrations but insuflicient to render special precautionary
measures necessary,  Other preparatory work on “ grey ** arises in the making
of special linings. ILengths of cloth are lightly hammered to ring shape, in
templates, then cat with chiscl or shears and the radial cdges sewn together at a
wire-stitching maching, as used in book-binding. Dust occurs in hammering and
stitching. A canopied hench fitted with localised exhaust arrangements might be
provided and the machine placed under exhaust draught.
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Dry impregnated material is shaped and fnished mainly by power-driven
machines, o.g. knives, ci racd guilll)n.:lim. cutting p hydraulic squeczing

pressesand baud saws, Cutting aud sawing expose ends uf wire and leave rough
sdges; trimming and smoothing, dono on grinding wheels and linishers, are
Decessary to obtain exnct size and linish. All the operations, exuopt squeczing,
mdnu waste, and dust is created in somo. The dust is heavy aud sticky and
likely to fly abous than dry asbostos dust. The amount is considerable at
sawing and grinding machines and localised exhaust draught, to remava it, has
besnt applied—in soma cases with much success—and is always aecessary.
Inverted hoods are fitted at band saws, just below the tabies, the dust being-
- drawn through the small openings in the ¢ le guides. A powerful draught is

. Grinding and Hnishing wheels include, in addition to ordinary single-dise
; . - machines, two-disc and vertical spindle segmentcal grinders, used ior flat [inings.
i . i The hoods by which the draught is appiied to all thess types aro similar to those
S : pplied to the same wachines when used for metai grinding. The position is
! similat as rcgards linishers, 2 hood bei fitted in line with and at bacic of
*i o : the band. A baille plato to prevent dust beiny carried past the hood by the high
: linear speed of the band is a necessary addition.
Special linings and aoti-friction bushes are mouided from disintegrated
b v - : impregnatad waste. Some dust is created ig the flling of moulds and eificient
. localised exhaust dranght may be necessary. The articles are shaped and finished
as just described. Bushes are turned and bored in lathes, with production of
waste and dust, but exhaust draught is not a¢ present applied though possibly

DECeSSArY.
! (¢) Packing and Jointings.
i Engine- ing is eithar (2) ** cloth ** packing built up from cioth, usuall
E . rabber- proofed on both sides, handling of whqxzh does ?mt. cause duse, mz
!
1

(3) ™ rope "’ made from yarn, at braiding and plaiting mechinery, as
used in ile fa:tgnrin. (a) Negligible amounts of dpustuz:gy arise at the

spreading machine, from the ucproofed cloch, and, in hnilding up, from materini
‘ g!m!ed on one side only. (b) " Cleecses * of yarn are first rewound on bobbiua-
I or the braiding and plaiting machiges. Simple winding mechanisms are used.
Some little dust is prnduag: special preveativo msasures will usuaily oot be

NecosNaTY.
Plat packing, known as ** gmmnt." is made, on a small scals, from asbestos
l.: yara, thrudedngn a needls wound in and out by hand, as balls of wool are
Y .wound. This appacently insignificant process couses saficient dust to cover in a
short time the hair and clothing of the woriers and should be done at a canopied
bench provided with localised exhanst arraugemsnts.

) . ]
; . : IR . () Asbestos-covered Elsctric Conductors..
: : T Elsctrodes.—Electrodes are cither wrapped with varn, the usual method,

or passed throngh paste containing asbestos fibre, yarn being wrapped upon this
l o, e costing: The former method is usually achieved by a smalil ijgh speed stranding
!

machine fitted with o flier carrying the spoois or bobbins of yarn, the wire
travelling axiully through the Hier. Treatmest with consolidating liquid,
straightening and cutting to length follow, ail done as the strandiug machine.
Alternativoly, single clectrodes may bo wrapped by a simple windiog mechanism.

ar power-driven.  Pasto-covercd electrodes are also made singly
¢ at extruding machines, a llier for feeding the yarn being fitted behind ths

e A

§ Aftor-drying, a short lenyth of the covering at onc end is ground away,
: leaving tho bare metal necessary for making elcetrical contnet in the holder,
wher 1z use. Small abrasive wheels, alinost entirely euclosed, are used. .

Smail amounts of dust are projected from flices, though insufficisnt prob-

i ably to require the udoption of special precsutions. 3Much dust is produccd

‘ i * in grinding ends and efficient exhaust ventilation is casential; present apparatus,

i R whore provided, is capable of improvement. The process would be unnecessary

S | it barod
t

ends were left in manafacture, and experiments directed to this desirable
end are being made and give promise of success.
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Preparatory proussses in pusts mwking include (i) dry grinding of fborized
; asbewtos by swall vortical disc grivding wheuls, fed as tho cuntre trum a Lbopper
i e ubove and discixuyged [rom Lie periphery iuta & bux below, aud (ii) hund mixing
! of tho ground materinly at & beuch, invelviug emptying vut of dry material into
paus. Dust is produced, the amount beiug cuusidurble in yrinding. Little
n is taken. The prucesses might be accomplished uudur aimout entirely
enclossd conditions, eiliciont exhuust draught being applied at points whers
i dry matoriai is exposod, e.g., in feeding. .
' Rawindiny of yarn is sometimos necossury and primitive srraugements may
: ! be used, the practice rescrred to on page 24 bowng fullowed, and as & considoraile
amount of duat is produced, the practicy -mulﬁ' be given up.
Cabls and Wiring.—Asbestos-covered cable amd wiring constitute o small
of the outpat of the cablo tactories. The yarn is braided and plaited
on the conductors at machincs, not reserved for ** asbestos * products, similac
to thoss previously described. Rowinding of ** chewses, " us recoived from asbestos
. textile factorics. is done at universal winding machioes. The amount of duit
. i evolved is small, and special precautionary measures are apparently ot required.
: o N ; Pield-coil Wrapping.—Field coils for electrical machinery are wound with
! , asbestos tape by hand at ordinary woric benches. The process does not give
rise to appreciable quantities of dust.
s — - . (g) isceilanscus. :
Moulded Goods.—Some eloctrical insulativg fttings ars ciouided from
y varnish-impregnated fiberized asbostos, prepared after thorough drying in a
' : mixer and ground in an edge ruuncr.  Altornatively, impreguated scrap, ground
1 . i in & rumbler, may be used. Thu preparatory processes on dry oc practicaily doy
. : material are intcemittent, and lavolve sack empying, sboveiling, wcx'g{.mg,
. : filling and emptying shallow trays. They are carried on in su open manper
without special precuutions except thas as regards grinding, hanging curtains
may be used at the edge runner, and the scrup rumbler is cuclosed.  Dust is
: ved in the processcs mentioned and localised exhaust ventilation shouid Le
H applied to cffect its removal, with, in addition, ciective enciosure of some hand
work, e.g., empiying of trays into machincs could bo douo iaside a cabinet
| rovided twith internol arrangements. for securing the trays and an
‘ ' ndls for turning them over. Localised exbaust may be necessary for fnal
f trimming if done at abrading wheels. :
' Moulded articles made in other trades may contain but a small proportion.
3 of asbestos, although a large quantity may be used. In one cnse the asbestos-
i is sieved after drying, both operations being dome in enciosed machines, and,

in addition, dry mixing, dooe in rotary machines, and paste mixing, on open

i i rolls, as in rubber wo are also required. quscam’odogwithwm
' . risk of exposurs to dust include emptving of sacks into bins, filling of trays
) ¢ for drying, feeding at the sieve olevatoe hoppers, tho dry mixer. and the rolls.
’ : ; Localised exhaust is applied at (a) the elevator hopper. (b) the storage chamber

abovs an intermedinte bugging poiut, (c) the dey mixer, and (d) the rolls. ore
efficient arrangements appear to be desirnblo for (1) and (c): the fecding of the
elgvator might be done under onclescd conditions if u cabinot as mentioned

. S were provided into which the trove could be insertcd. Localired exhaust is
i necessary at storage bins.  Final trimming of roagh edges is done under eificient
exhaust deaught.

Other- processes of comparntively minor importance. e.g.. asbestos putty

asixing, in which thers is handiug and feeding of dry matenal in preparatory
promz'u. w‘i'll enll for pmu&ionuf as previously described for similar work.

i
1
}
!
{ : 4. —SAcxs.
|
|
1

In a fewr cases sacks of sailcloth or ather cloncly woven material are used
inside the factories. Such sacks are much ta bo preferred to thone mado of the
ordinary material, which is * leaky " aad gives rine to dust in handling.

5.—~CLeaMiNG of WoRKS, MACHIRERY AND Sacxs.
Some factories are kept in 3 more ciennly state than others. but higher
standards and improved methods are desirable generaily.  Weekiy cleaning by
dry methods is general in textile factorios. but is more effectively done in some
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cases than in others. Casual cleaning may alio be done during the week. The
dust which gathors in a week renders cleaning n vory dusty operation. Young

may be scen on curding machines brushing dust into tha air from the
covers, ete., in considerabls unwunt, near other workers. Soms firms have
instituted more frequent regulur cloanings and more satisfactory methods by
damping before.awceping. )

Vacunm cleaning-inethods huve not been adopted and such- methods scem
to be regarded as impencticnble. but this cnn hardly beaccepted. Portable
vacaum sets are conszantly used with great advantage in other classes of works,
&g, electric cable factorics. by aduit clenners who keep the machinas, plant, \
service pipes, ete., thoronghly clean.

If vacoum methods are not adopted, weil orgnnised daily cleaning, by aduits.)
using damp methods for floor cleaning, shouid be the rule in textile factoriesy
A water supply with suitable hose and spray connoctious should be provided.

Débris prodnced in asbestos-cemont sheet works under moist conditions may
become dry and cause gencral dusty conditions. Cleaning should be so frequently
dons as to prevent this.

The cleaning under machines such as looms and cards entails collectiug
waste of considernble valus. done at presont by hand. Vacuum collection shouid
be possible : in prineipie, it is already used for removing side wnste at finishing
cards. The sound principle of collecting card waste, throngh ficor openings.
has been adopted in one new factory. and might be followed in others, with
automatio collecting arrangements.

Sack cleaning is done in a few large works in enclosed machines. involving
some- risk of esposure to dust in filling and emptying, notwithstanding the
provision of locnlised exhaust ventilation. A type of “ exhausted ” machine
which does not invoive such work is to be preferred. .

8.=STUMMARY AND RECOIMMENDATIONS.

Asbestos factories and workshops covor a great variety of processes. The
premises diiler widely in structural featnires and are congested in many cases
with machinery or macerial. DProcesses are largely carried on in close association.

Dust is produced at many kinds of machines, in hand -process work, and in
simple incidental operations, particularly in emptying settling chambers, and in
all ling of ** Aberized ' asbestos.

In textils factories, pure asbestos dust is continunonsly produced, in differing:
amouats, at ail the principal machines. Card stripping, a very duscy operation,
is usuaily effected by hand strickies. Hand mixing of différent grndes and
varisties, incid 1 to opening pr , is also dusey.

In non-textilo factories, pure asbestos dust is produced at npening muchines.
in feeding machines, in making insuinting mattresres (o dustr hand process), and
in incidental hand work. Dust, though rarely pure asbesros, is produced in
finishing operations, e.g., sawing, grindiog and other abrading of asbestos

. . The appropriate mothads for suppreswion of dust may only be fuily deter-
miged whea the harmful effects of comparatively low concentrations of ashestos
dust are duly apprecinted.  Very dusty processes will not fail to be recognised,
bat in processes such as spinning and weaving, in which in other textile trades
special methods for dust control aro not required. due precnutions are aiso neces-
sary. The ashestos manafacturers are cleariv confronted with the necessity of
attaining conditions in their industry which wiil ensure much lem dust in the

re than can safely be toleratod in many comparable trades not using

The principal methods far the control of dust are:—
{(a) application of exhauvst dranght at dust-producing points:
(8) substitntion of enclosed mechanicul methods for hand convevancs,
and for dusty hand work generally:
(¢) effective enclosure of dust-producing machines and plant:
(d) substitotion of wet methods for dry. .
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i ‘ . Each of these has its particular aphere of utility, and the particular indica-
: . tions for their adoption are put forward inter alia in the recomendations below.
RECOMMENDATIONS.

(1) Application ot Efficient Tocalised Exhaust Ventilaticn st dust-producing

This measure, of the greatest itnportance where manufacturing and incidental
procesees ocrasion escape 'of dust not controlled by enciveure or. other measures,

| is necessary for:—
) B : (@) Dust-prodxcing machkines, 6.g.—
; Y i @) Crushing, disintegrating, teasing and other opening

; L ! machines; sieving machines; fbre grinding machines; dry mixing
o machines; roils fod with dry mixings.

! (i) Carding machines (to sappress dust from cylinder and
doflers, caused. by stripping and grinding, in addition to that pro-
duced by carding); card sido wasts exhauss machines; looms for
dry mving: auisping and grinding machines; other taxtile
machines, if the duss gvoived reuders this preventive measure

PUSREEPUOETY

NeCessAry.
(iii) Sawing, grinding, trimmi . polishing and other abrading:
machines, used on dry asbestos products.

Teeding and delivery lattices, or other conveyors, at machines or
odug;hnc; feed hoppers :Z elevators; bagging ln'cg:u: feeding of dry
matarial at wet mixing machines.

s) Chambers, contsiners, " cycions ' hoppers, or otherenciosed space
into (w)hi.ch fiberized asbestos or  mixtures. euguining it are dclinro:{. or

v e = A ae

{d) Work benches; e.g. for mattress making; waste sorting.
- (a) Various hand operations, e.g., sack emptying: and filling, weigh--
. oL . ing, mixing. .

. This is the princip[d messurs hitherto udopted, and is gnrohbly that most
generally appiicabis. It has been nggiod to some only of the above machines,
and appliances, but not to hacd wo The methods of applying the exbanss

dnnfgt. and other associated factors, are bocoming: more eflective, but. there

: ’ ' are fow fully satisfactory plauts. Special difficulties remain to be overcome in

i some cases, e.g., looms, mixing, matirese making. If not surmounted, an

altarnative, viz., general ventilation of 2 Ligh scandard applied 5o as to draw the

dust-laden air away from the worker. should be provided. .

mmﬂmotmdondmmmm2nmdmnmm
dusty hand work generally. » .

A This measure—
(n) avoids depositing matorinl in chambers. intermediate filling and
ying of sacks or skips, hand feeding of machines, and other incidental

om
hl::l worl; .
[t its of fiaal flling and weighing, undor the least dusty con-
ditions, of materials for dispatch; '
{¢) renders exhaust draught more- effective, or, in some cases,
unnecessary. ) . . .
It is already employed to some extont, and its furthor application, wherever
possibls, is greatly to be desired.

e e 00 e s R et

mm««mammmmmmm;

{a) To prevent escape of dust not controlled by exhaast draught, o
{b) to render its application mors efficient. . .
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(6) Substitution of wet mathods for dry.

. . To reduce tho dust given off in certain processes aud work, ¢.g.,
e . () & considerable amount of weaviug;

(0) mattress making, by wetting the covers before filling, aud by frequent
wetting of floors and beaches; '

(¢) final sawing, and other machine processes, in asbestos-cemenut sheet and
tile factories, beiors tho prepared muml’hu lad tima to dry;
! (d) works' cleaning, by damping floors and benches, before brushing or
; i . sweeping.

v This measure might be adopted to n greater extant than at present.

: ' - (5) Elimination of certain dust-producing appliances.

' : : Certain appliances are used in a fes works, sometimes with 2 measure of
. i precaution, but which emit much dust, difficuit or inpossible to control by etlicient
. : : enclosure or exhaust draught. They shonld not be retained uniess edectiveiy

: . : (a)&:ponddoﬁerbmhacudingmmhinu:
i . . . (b) card side waste exhaust machines, delivering under pressure;
{ {6) certain willeys and teasers, particularly old machines.

. (6) Abandonmant of Settling Chambers in Manntacturing Procsssas, to the:
' : atmost extant.

: ;L mmmumwm:wmtodm
' o x New factories shouid be laid out so as to avoid esposing workers to risk
! from- processes upon which they are not engaged. In particular, thers should
3 be- effectual separation of—

! (a) opening; carding and weaving, from each other, and from any
othar process; :

. (3) spinning, doubling, plaiting and similar processes, from work

\ it not causing dust: :

; i (¢) mattress making. from all other work:

’ i : (d) chambers, containing fiberized asbestos in bulk, and dust settling
: i ) chambers and apparntus, from agy workroom.

i The separation of mattress making should be adopted in existing works,

and other separntion referred to, as far as practicable.

i )

& K (n~m-mummumgmmmmmnmumu

. practicable, in existing works.

gl This measure wouid bring about permanent reduction of dust concentration

;. im the air of the workrom as & whole. and provide improved cleaning facilities.

: (9) Use of sacks of close texture matarial for internal work.

E i (10) Efficient cleaning systam with wids use of vacuum methods. (See also (4).)

(11) Starage ot asbestos and othsr goods to be outside workrooms.

(12) Exclusion af young persons from speciaily dusty work.

! N Note.—~Particular preventivo measures of medicnl nature are referred to in
: N ) Part I. where also the limited value of respirators s a'safeguard in this industry
' is briefly di . 3

i
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Norx uw EXnAUST VENTILATION IN AsnEsTos Wonks.

Some exhanst plants are carctully designed and reasovably officient, but
soms0 are x}l-dmgneg and inelliciont: others, agnin, do not cffect runaval of dust
to & sufficiont extont. The draught may uot be nplplicd as closcly as possible to
the dust-producing poiuts, or may be too weuk. 1he emission of a visible dnst
8% a point wharo exhaust is applied is a clear indication of inadequacy.

Extensive alterations of existing plants may produco serious loss of efliciency.

Exhauss provision for new machinery and provesses should, therefore, v

, be made independently.  \While advautages resuit from dealing with

many dust-producing points, by 2 single exhauss plant, a number of self-contained
plants, with indepensient fans and sectling apparatus, is often more efiective:

- Exhaust veatilation applied on a lnrge scale eutails continuons removal of
& considernble volume of air from the roon. The supply of frewh air must be
ampis or the cfficiency of the exhaust ventilation mayv be reduced. In swinter.

. the are linhle to bring about this resait by closing windows aud doors.

; ’~ Plenum ventilation capable of su%;.alying the volume extracted, the incoming

. aie I_mngl:rdnnmd, may thersfore be desirable, where estensive exhaust plants
are installed.

Efficiency of au exhaust ventilation piant may be greatly reduced by in-

: efficiont d ing methods. Each tan should discharge into an independeat
. sattler. Settlers pted in asbostos works inciude cyclones, large chambers
’ connacted with cyclones, large chambers enclosed with sacking or other fiterin
<y ! material, and bag fiters. Cyclones and chambers ars usuaily weil se

: from workrooms. ~ Bag Rltors are now being commoniy adopted, for smalil instnl-
- lations. These filters und “ bailoons ** are sometimes pinced inside workrooms.
a bad practice. They aro best placed in frecly ventilated rooms, eilsctively
separated from workrooms.

Filtering fabrics for settling dust gradunlly become- cl ; and as this
' effect increases the exhaust plant hecomes more and more inefficient, the volume

N of air moved by the fan boing reduced. Such settlors must thererore be kept
clesn. The usual practice is to beat the filtering matorial. Arrangements for
shaking bags from cutside. or automatic shaking apparncus are not provided.

{ Asbestos dust does not appear to be a0 difficult to detach from snitable Gltering

i materinl as some dusts, but much dust is produced in benting: Eficient shaking

. arrangements, avoiding this exposurc, shonid be provided if this wethod of

soltling- is retained. Some firms strongly support the view that it shonid be
given ap beenuse of the difficuity of maintaining the exhaust plant at the highest
; efficiency. 7The matter merits carcful consideration. [n cular, the
: efficiency of the exhsust piant should be kept ander constant tion by a
responsible person.

Cyelones should be of adequats dimensions. The combination of chamber
and cycione is used extensively. the fan discharging the air into the chamber,
to which the cycione inlct is connected. Ths officiency of this arrangement shouid
remain practicaily constaat.

. o : E R. A. MFREWETHER.
; CHAS. W. PRICE.

14th March, 1930.
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