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The Right on, J. R. Crynes, M., 7
Ilis Majesty's Sverctary of State Uuy
for the Moewe Department, :

c.
[y
Wi

Homze Orricr,

17¢h Marck, 1930,

Sme,

I submit herewith a Report by De. E. . AL Merewether and Mr. . W,
Price on their inquiries iuto the health-conditions of the aslestos industry, Dr.
Merewether's investigations on the medical side are of preat scientific value.
They establish the facts that the jnhalation of asbesins dust over a period of
years resnlts in the development of a serions type of fibrosis of the lungs, that
the development of the disease varies in diveel proportion o the lengzth of the
exposnre to Just, and that susceptilility Lo the disease 3s not allected eithor by
age or sex.

The remedy for these cohditions is to be found, as in the case of so mauy
industrial diseascs, in the suppression of dnst.  The seeomd part of the Deport
indicentes thal this point has only vecently heen appreeiaterd, " In the non-textile
seclion of the industry, ne serious dillicnitios arise s resards the application
of exhavst ventilation. Tor the textile scction, it is evident that a good deal
af experimental work will have to be earried nut hefore completely snecessful
ventilating appliances are cvolved cfiectively to remove all the dust,

I have the honour to be,
Sir,
Your obedient Scrvant,
GERALD RELLHOQUSE,
H.M. Chief Imspector of Factories,
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Report on [Liiecls o1 Ashbestos Dust on the Lusnns and

Dust Suppression in the Asbestos Indusiry.

PART 1.

TIE OCCURRENCE OF I'ULMONARY TLIBRGIS AND OTHEX
PULMONARY AYFFECTIONS IN ASBESTOS WORKELS.

1.—-INTRODUCTION,.

Thig Report is based upou the data obtained in an extensive investigntion
during e years 1033 and 1920, The impmiry was initisted by the Factory

. Departmeut of the 1lome Office Following the discovery in ¥ebruary, 1928, of a

case of nan-taberentur fibrosis of the Jungs in an ashestos worker, of sullicient
severity to neesssitate treatment in hospital (Seiler's Case".

V'rior to this, this Department had knowledee of ouly two deaths of nshestos
workers, about whom there wus expert opinion that the inhalation of asbustos
dest had at least contreibuted to, if not caused, the fatal ontcome. ‘e fivst of
these, uow referved to as the ** Montagne Murray Case,” occurred in 1900,
but all that is known eoncerning it is conlained in the evidence given by Dr.
Montague Murray in 1906, before the Departnental Conmittee on Compengatien
for Industrinl 1iseases®.  In this cuse post mortem examination confirmed Lie
clinical diagnosis of extensive non-tubercular pulmonavy Glrosis.  “Uhe seeoud
(Cooke’s Case’) occurred in 1924, Here, althongh Cooke' and Stuart MeDonald?
were of the opinion that the lnugs showed a progressive dost fibrosis together
with a chronie tuberenlous infeetion, the etiological relntionship between the
inhalation of asbestos dust and fibrosis of the lungs would have been strengthened
by the absence of a tuberculous infection.

An early survey of the industry in 1210-11 by the Deparvtment did not dis-
close any evidence of the existence of a serious health hazard in the industry,
but some experiments on animals conducted in 1952 by Professor J. M. Heatie
of Sheflicld University for the Department showed that the inbalation of ashestos
dust will eause a miid degree of fibrosis, ‘

When, therefore, investigation of Sciler's Case showed that other industrial
and infective ecauses of fibrosis could be definitely exctuded, the nccessity of
deciding whether the supervention of this disense th an ashestos warker was an
exceptionnl veenrrence, or evidence of a grave liealth risk in the industry, was
apparent and the investigation referred Lo was undertaken.

2.—Errects oF Inritant Dust Uron tng Lungs,

The most important local efiects which may follow the inhalation of dust
include pulmonary aud bronchial eatarch, asthma, bronchitis, fibrosis of the
lungs, and scéondary changes, such as emphysema, incal or diffuse. These
changes in the lurgs, which sny be looked upen as o mensure of the efiorts of
the living tissues to repel or inearcerate the irvitant particles of dust, necessarily
cause interferenee with the general efliciency of the lungs. The impairment of
functional capacity may be slight or severe, and temporary or permanent, de-
pending on the variety of dust, and on other factors, such as concentration
of dust and length of exposure.

Moreover, individuals whose lungs have been affectedt as the result of the
inhalation of some dusts, show an inerensed susceptibility to the supervention
of respiratery infections, such as tuberenlosis or pnenmonia.,

Tibrosis of the Inngs is recognised to be the most impartant lesion cansed
by the inhalation of dnst, and the promeness of workers with a dust hhrosis o
be afiected with pulmonary tnberenlosis has been shown 1o be the main caps
of the increased mortality rate from the latter disease in eertain dusty oecupa-
tions.

158 _ Al
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and dmportant fsTostrics, and inoall of tho the dist ducriminated was ree
crystalline siliva (h0,).

These features were nat ohserved, however, in other industries in which,
while there was exposure to siliceous dust, the silikea was foond te exist in the
combined Torm as o silicate aomd ot in the [ree eonditing,

Thus, shortly, frec silien came o he regirded as the preemincent eause
of industrink flyoss of the lunss and as o petable Tietor in tha ireduction
of the excess mertality rate from palmenary Luberculusis in certain mdustrics,

Whilst the pulmonary filwnsis produced by free sifien (Rilicosis) has been,
and is being, minntely investigated, the potentialities, as [hresis producers,
of ctust other than free silica have not heen Inily explored, although 14 appears
certain that some otlicr inorganie dusts can, and some cinnot, produece {ibresis
under the condilinns met with i industry.

That a serivus, even {atal, degree of fibrosis ean be produced by some
of these other dusts has not been generally appreciated, although Badham in
a thoughtinl paper’ has drawn attention to this point, in reporting a Iatal case
of pulmonary fitrosis vansed by dust of an orthoclase Lasalt containing no free
silica.

The Nature of Asbestos.—The fibrous mincrals comwercially known as
asbestos fall inte the latter group, the silica being combined with metallic hases,
maivly maguesium or iron and, tu a less extent calcium, sodium or aluminiun.
The termn 15 a collective name applied to a variety of silicate minerals which
differ from each other in chemival composition and physical propertics but
resemble ene another in their Minely fibrous nature and flekibility. Tleir value
depends en the facility with which they can be split up into long and fexible
fibres for spinning and weaving, on their resistance to heat and acids, and on
their insulating propevties with respect to heat and clectricity. Vuriciies of
asbostos possess t]IJlese characteristics in differing degree.

Practically speaking, all that gees under the name ashestos in commerce i3
either fibrons serpentine, or a fibruus mineral of the harnbiends group, of which
the most important are crocidolite, amosite and tremolite.  Serpentine asbestos
or chrysotile is essentinlly a hydrated silicate of magnesium, containing little
iron and practically no ealeium.  The hornblende varietics contain less ma a-
nesium and osually more caleium, aluminium and iron—crocicdolite and amozite
being mainly siiicates of iron. .

3.-—8coPE OF THE INVESTIGATION.

Asbestos is very lnrgely weed in industry, being an impertant constituent
of mauy diferent products, ‘The diversity of industries concerned made it
essential that somne restriction of the field of investigation should be decided
upon.

The manufacturing processes xffected fall more or less. shar ly inta two
groups (1} those in which there is exposure to pure ashestos or ashestus mixed
with o very small percentage of eotion or other vegetable fibre, and (2} those
in which there is exposure to a iixture of dusts, of which ashestos is but one.

The former group comprises, in the main, the textile branch of the industry,
8 braneh manulucturing ipsulating materials from practically pure asbestos,
and some preliminary processes in other branches,

The latter group includes a number of processes in which the proportien
of asbestos in the dust evolved ranges from a negligible quantity” upwards.
Sinee. it is impossible to evaluate the eficct on the lungs of mixed dosts, of
which asbestos'dust s only one component, until the action of acbostos dust iteclf
was determined, the examination of workers for the purpese of this enquiry
was restricted to workers emplayed in processes included in granp (1), in other
words, to workers as nearly as possibie exposeid to the influence of rire artwstos
dust.  Furthermore, the eficets of previons exposnre fu other jyritant dsts,
such aw that of free silica, had to be excluded.

(I '
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exposed to the iskalatinn of arbestos Qust 1o any ontent is b, il owineg
to the greak vackely of provesses concerped, there e isnyerable ditkenltivs in
ascertaining this firure.  Nor, in Fact, wonld enligitentnest on this puint be
of any particular value. =

It is otherwise, Jiowever, with respeet Lo the finire represent ing the mlm]u:]'UUUUJ

constat Iy expesed in the conrse of their daily work to the inlfuence of pure or
almost pure ashostos dost,  Rome information on this peint is very desivable

to cheek the adequacy of the smaple of workers examined, and to envisage the
probiem conlronting 1he fmdustry,

While anly a rongh approsimation is possille, it is helieved that abunt
2,200 is the present nnnber of persins in (his cutndry exposed in their daily
work to the rhalation of ashestos dnst, cither poee or admixed with a small
propartion of cotton. It should not be overlovked that this fizmre does nnt
include the considerable anmber of workers exposeid Lo the influence of mixed
dusts of which asbestos is but ene, and commonly not more than 20 per cent.
of the mixture.

Of these 2,200, the swnple examined numbered 363 {exeluding 11 for
reasons referred to later) or 16.3 per cont,

Selection of Workers for Exumination.—The selection of workers for
examination was not left entirely to chance, since it was carly cvident that the
proportinn of those employed 10 years and upwards jn the indusiry was very
small; therefere, in cach factory those Tengest emploved were preferred, since
the importance of including a sullivient sample of this group is evident.  Negurd
was also paid to the other end of the seale so as Lo obiuin information as Lo
the length of exposure to dust necessary before eficets are manifested, and also
to the particular process on which the worker wns cugaged,

By halaneing the component growps of the sample in this way as the
enquiry proceeded, it was felt that the maximum information wenld be abiained
in the shortest time.

It follnws, therefore, that in respect of length of exposure to asbestos dust,
the component gronps of the sample de not hear the same relationship to cuch
other as the corresponding gronps of the industry wnder review. The sub-
joined Tables will make this clear. Table 1 shows the distribution according
to length of employment {not necessarily in one factory) of 775 warkers, the
tetal number engaged on those processes in several fuctories. Table 2 shows the
sample of 363 workers distributed in the same way.

Tantr 1, Tance 2
Y r t M i r
[ 8¢ ] ercentage €are + ercentage
employed, Number, of Total. employed. Number, ‘of Total.
0-d ... .. 483 c2-3 0-4 L. iyt 263
.28 ] o . 200 258 5-9 141 18-8
10-14 ... 81 68 1o=14 ... B4 23:2
15-18 .. 24 31 Is-1e ... e, 25 77
20 and over ... 17 22 20 and over ... ; 21 5.8
T |
Totals ... 776 I 100 Totalt ... ¢ 263 100

The enormons prepomderance numerically of workers erploved nnder five
years is striking, as also is the very low pereentage of workers employed 10
years or Jonger.

Comparison of the two tables shows that the »fieet of the method of sclee-
tion of workers for exaunination is that the num!  cxamined in caclt successive

five %‘:ars employment group is a pregressively er propection of the tural
number which could have been examined in e irticular group.
6153 F |
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With a solitary exceptinn alb these exnmined were at work gn the day ol
examinalion.

The Clinical Erumination und Stuadderds wdopted —The natute and
purpuse of the ingniry were explained to cach worhey whom it was propused
to cximing, individaally, and his or her cr-ojieration ohtaineik,  Fawh in-
dividual's previous fidustrinl histury, saubseruent lenving school, was noted
in detail.  This was exsentinl in orler o exulnde. expecially, the eliect uf’ pre-
vious work in any of Lhe pamerous provesdes INvul¥ioy EXpOSTTC tn rres siliea
dust, anld, o a fess extent, the clicct of other dusts. Sumilarly, the tu-
dividual's medieal history was serntinised from childhood onwindls, to delermine
the physical Jevel on entry inge the industry and any subsegnent chauges.
Tarticnlar atlention was paid tu nceounts of puimonary ailments, sume of
which, like asthma and Lronchitis, arve conmon enpugh mneugst the general
population, yet are alko pon-specific signs of jrritatinn eansed hy the juhalasion
of dust, whilst others, like influenza snd }'n'.(‘mncuin, arn accasionally folluwed
by a degree of putmunary fhrosis.  War service, 3f any, was gone into, espeeially

“gs to whether there was any history of the worker having been a gas casunlty

at any time. The family s personal Listare in respect of pulmensry tuber-
culosis wae enguired into, and also as Lo any close association with known enses
of this disease in friends or relatives.  In ap wanching the pertinent subjert
of symptums, great care Was tnben to avoid leading Snestions, cspeviatly in
cliciting information as 10 the existence of any undue shortness of breath.

The nctual details of the physicul expmination da mot eall for comment,
inasmuch as they followed the wsual lines of 2 detniled cxamination of the
chest, with ohrervations of the general health and of the condition of the upper
gir passages. ’

Reference must be made, however, to the standard of normality adopted in
assessing the state of the Jungs. The appeaiscment of any departure from the
normal necessarily pre-supposes the existence of such a standard.  Lvery
clinician has attained, as t-hc vesult of expericnce, his own clear conception of
the nornal chest, but it is not often that he finds it necessiry to delive this

_flale in so wany words, in fart it scems scavecly possible to do so, and this for

geveral reasons; the heart and lungs function aMeiently within wide Timits of
applied strain, and, althongl vestizes of past discase may he present and
apparent oD ecamination, they will be nnimportant il they will never tax the
organism heyond these limits, are non-progressive and do net predispose to other
disezse. Age itscll has recognisable effects, but for this reason alone, the chest
cannat be considered abpormal. : .

Thero is obvious disparity petween the standard of plysicnl fituess required
for an air pilet and thab required for life ipsuraunce at ordinary rates; in-
dividuals reaching either standard can be classed as "' normal,’” yet many atiain-
ing the latter standard have never approached the former.

Thus, within limits, varions gradations of normality may be distinguished,
and correspondng standards constitnted without inacenraey, the pregise status
of sny standard being determived by the purpost for which it is established.
For the purpose of this enquiry, the ctondard adopted has been that cvineed
in any large grosp of persons {i\'ing under sinilar environmental conditions,
apart from work in dusty occnpaiions, as these of the group being considered,
This is neither a high stnndarr{ nor & vory Jow standard. but the average stan-
dard of normality displayed amongst the industrinl population ol this
country:- !

Radioyraphic Eremination of the Lungs.-—Tu addition a careful radie-
graphic exnimsnation of the chest was made in many (133) cases, the necessity
for which in investign jons intn the cllevis of dust upon the hmgs has heen
emphasised repeatedly by various authoritics. 1t was not. of covrse, feasitie
to ubtain techyieally anlBeient. radiograms of all the warkers esamined. derived
ag they were from Frelurivs seatiersl over the conadry, senwe in districts retei e
from n radiolegienl cenlre. The mate uf selection wias dictated by the needs
of the situntion, with the ohject of Jueidating materil points germine to the
investimalion, ¢.f. the cineidrtinn of wnplicating aficetions, in mes uring 1l
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p : . . .
extent and proweess of e lesions and Iocating the point et whieh the earliest
radimgeaplic <ieng appear, wad disally as a0 ek upon the lnunan faetor
prresented by the exansiner himsel 7,

Quvuz.

4 —-Resunts o rae TxQuny.
To antivipate, examination af the daga callectd in (his investization leads
o the eonclusion that the inhalation of ashestne st aver a period of yeurs
resilts in the developent of a serious trpe of fibrosix of the lengs,

Ashostosis « the Pulvnsiry Filirosis of Ashestor Warkers.- Ty, is helplul 1o
vistalise flirosis af the I 18 it occurs i ashestos warkers s the slow rrowth
of fibrous tissue fecar tissaed hetween 1he air eells of the Tung wherever the in-
haled dust cones 1o rest. While now filrors tissne is leing laid down like a
spider’s web, Ut depesited earlier gradnally eantracts. This fbrens tissue
is not only nseless as 2 substitute For the air cells, but with continaed inhalation
of the causative dust, by its invasion af new terrifory and eansolidation of that
n]lrc:;d_v occupied, it gradually, and literally, strangles the essential tissues of
the lungs.

In commen with-other essential ovgins of the Lody the longs have a large
reserve of tissne for nse in emergencies and to permit of a diminution of
functional capaeity due o advancing age ar disease. For this reason. and
bevnuse fibrosis of the lunss s essentinlly a Joeal dizense, it s ounly when the
fibrosis progresses te the extent of ehliferating this rescrve, that undue short.
ness of breath an any extra elfort draws the weorker's attention to the fact that
his health is not what it should be. The sther sviptoms of the disense such
a8 conzh are equally anassaming, and are readily aseriberd to some common and
trivial eause.

Trom this point the progress of the disease is more rapid, since it is now
encroaching on the remaining sound tissue of the tangs, already only just suffi-
cient to maintain him in his ondinary daily activities, Gltimately, 'if no aeute
respiratory infection bas precipitated o fazl termination, a stuge is reached
when the tungs can doe little more than maintains life, and the shortuess of breath
becomes extremo.

In its main clinical fontures. therefore, the discase resembles silicosis, ns
might bs expected. Tt dilfers from silicosis, however, in the made of distri-
bution of the filrous tissne in the lungs, in ils more vapid develapment. in ite
radiologien] fealures, and, there is some renson for helieving, in a lessened
susceptibility to the supervention of pulmonary uberculosis, the liability to
which disease is so definitely an added hazard in silicosis,

- The Ashesior Bodies—-Tn the lungs of these exposed 1o asbestos dust,
angular particlea dovived frum asbestos’ and spicules of asbestos” are Founed
on microscopical examination, sud alsa numbers of peenliar bodies described
by Caoke and 178" and Stnaet MeDonald®, They are vellowish brown in colour.
of elongated, bead-like form, often with buibaus ends.  Conke® and Roodhotse
Gloyne” independently demonstrated a mineral eore in these bodics, evidently
derived from Uie ashestos fibre,  Stewart and Ifaddow™ have alsa demonstrated
their presence in the sputum of ashestos workers. These hodies have not been
fonnd to oceur in any other haman affection. They have been found in the
spatmm within o comparatively short time after exposure to asbestos dust, and

_in the absence of clinieat or radiological evidence of pulmenary fibresis. their

presence cannot be taken at present as indicating anything more than previous
inhalation of ashestos dust.

:The Incidence of Pulmannry Fibraceis in 4 tbestos Warkers,—The extent of
the risk tn heaith ascoeinted with exposure tn nshestos dust under present indus-
trial comditions may now he considerad in detail. :

OF the 374 workers of both soves examined, 103 were faund Lo have n diffuse
fibrosis of the Junes attribntable to the inhalation of dust.  Ten of these, and
one other in which there were earlier signs of the same eondition, bave leen
exclinded fiam further emnsideration, imasmnch that it was felt that I cinns
worl in other dusty accnpatinus. sueh as quareyine, and conl mining, v jen
heen the prime or n contributnry facter in the development of the o oy
lesious founil. '
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A workers, or BGCF per eent. showed o definite Tibeosis due
ashestes s, An additional 28 were fomnl with precarsive signe of this disease,
It these are given oo weisht i the geneea) conctusions, which are derived solely
from examination ol the U5 cases of delinite libresis,

Of the 183 radiographel, 62 presented radingraphival siims of a diffuse
fibrosts, and inoa Turther 25 there were sugmestive radiolowienl chanees not
definitely diffuse fibrosis. o 10 of the Tormer group aml 3 ol the Iatter the
changes were prssibly referable to prior work in olher dusty seeupations or to
other cause, aiul they are therefore excluded, teaving 32 vases of fiiirusis and 22
with signs sixgestive of early changes in the lungs due Lo asbestos,~sullicient
radiological conlirmation.

What inTerences should be drawn from these lmires I—Certainly pot that
26.2 per cent. or roughly 1 in 4 of those at present exposed o asbestos dust io their
duily work have libresie of the fungs.  As mentioned  previously | the sample
examined is londed with a greater proportion of workers emploved 5 years
over than obtains in these scctions of the industry at the present time (Talles
1 and 2 above), and as shown in Table 3 Lelow the incidence of lihrosis inerenses
with the length of employment.  Therefore in order to obtain an approxima-
tion of the general incidence rate of fibrosis in these seetions of the industry a
correction must be applied on this account,  Applying the rates shown in Table
3 to the fignres in Table 1, it appears that the gencral incidencr rate of fibrosis
of the Jungs amongst those emploved in these scctions of the industry is rather
!lcgs tBh:m 1 in 8, or, excluding those employed under 5 years, rathar less than

in 3,

Further corrections would have been necessary if the sample had included
un undve proportion of workers from the more dusty processes, but this was
found not to be the case. “Also no correction is required ou acconnt of differing
ape distribntion since, as will be seen Inter, the inctdence of fbrosis is nuaflected
therehy. Sex has no cffect.

These general incidence rates are convenient werely as affording a ronsh
indication of the iulerent risk assoeiated with exposnre to ashestos dust ot the
present time.  They liave no nermauent valne cither as an imlex of the menern
risk of fibrasis in the industry from year to year, or as a measure of the 1isk
in any ]par-ticn]nt factory or group ol employees. This must be so since not
only will the distribution of workers in the industry according to process and
length of employinent vary from year to vear in accordance with trade develop-
ments, but the incrcasing application of methods for the suppression of dust
will have B cumulative effect in reducing the fibrosis incidence rate in future

. yoars..

Ejfects of A ge and Length of Employment.—Table 3 shows the distribution
of the workers examined according to length of cmplovment, and Table 4 their
d:stl;-xbunon according to age, together with the incidence rates of fibrosis in
each case, ' ‘

Tanue 8.—Ineidence of Filrvosis relative to Length of Employment,

. Cases of Fibrosis. . Average age in yonrs,
Years - Number .
Employed. Examined.” Group Of Group leas :
! cas
Nuwmnber. Incidenco per cnnl: | 0{."““. of
eent, of Fibrosis. . Fibrosia
[ , .
[ a9 : o —_ . N
J 0., . 141 ! 38 25-3 203 30
i ©10-14 .., ™ 24 27 ag-1 - ddd 404
, 15=195 .., ree - T 13 53-8 419 42°3
! 19 and over ... 21 17 809 : 844 52-7
"Total 6 ! ' : : '
. 263 ! (3 i LA 8 14
PR
! P .
o
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o Cases of Filiragis Average length of einployment
e - in years.
) Kumnlwr - g
Age Group. Lxamingd, Liroup Of Group less | Of eates of
Kumber, Iancidence per rires ' Fih.ro!il
cent. of Fibyosis ! i
Uple 10 ee ! 23 o -_— a2 —
20-29.,, o | 150 14 0-3 ¢2 87
30=37 .., 100 30 300 D1 12-2
40-49 ... . L] hE] G4 11-2 142
50-5% ... s 2 11 a7-9 9.7 16-0
60 and over ., ¢ 14 ] 44-3 16-¢ 19-3
Totals ... | 363 95 | 26-2 75 135
) |

incidence ratc of fibrosis in group 3 {termed ** spinners
compared with cach of the other groups.  Thero is some indicatien alsg that
amongst " spinners ** the disease takes longer to develop. Study of the radio-
grams, also, reveals further indications confivinatory af this. )
tions of the dust content of the air in the neighbaurhomd of ¢l
in that of others in the various gronps show that the evolutio
3 is also refatively low (Table 5). .
oy '

These Lables indicate the oulstanding importance of length of employinest

{and hence length of exposare to dust), and the negligible cficets of age, on Lle
production of [irosis.

Thus age groups 30739 and 30/59 (Table 4) have incidence rates of 30 per

cent. and 87.9 per cont. respectively, not a wide difference, sineg the groups
inclnde worlters in various processes exposed Lo different concentrations of dust.
Moreover, the average hngth of employneut in these two groups, excluding the
cases of fibrogis, s almost identical, Imt considerably less thun the average
length for all the cases of filwosis (13.3 years),

It appears also from the same Fable that no special susceptibility to the

development of fibrosis is shown by young persons, unless it is considered that
Lhe figure of 8.7 years, thc average length of employment of the cases of fibrosis
in age group 20729, has heen shortoned by increased susceptihility of ages under
20.  As, however, the average age of this £ronp at cazes of fibrosts is 26.7 years,
and also beeause the establishment of fbrosis does not necessitate immedinte
retirement f{rom work, this is largely disconnted,

Colutu 4 of Table 4 also shows a general irregularity which, in itself,

points strongly Lo the neglizible efipets of age in the productiop of fibrosis.

Turhing to the cffects of length of employment a very different picture is

seen.  Table 3 shows that alter 3 years’ exposure, the incidence rate monils
rapidly, and after 1@ years increnses almost in peomotyicnl proyression.

Effeet of Work tn different Processes.—There are fusuperable diMculties

in ascertaining trustworthy figures of the precise incidence of Nbrosis amongst
workers in partienlar ashostos processes.  This is the result of the common
practices in the industry of honsing many processes in one room, and of workers
transferring {from one process tn another. Tlhese two factors, the influence of
dust from neighbonring processes, and prior work in othier asbestos processes,
operalo to obscure the effects due to work in any one process.

By distributing the workers, however, actarding ta the process in which each

has been longest emplayed and grouping similar processes together, it is possible
to draw certain Lrond conclusions as to the relative eficet of work in difierent
processes.  In this way groups were obtained as follows :—

(1) Crushing, opening, disintegrating and mixing,
- (2) Carding.

(3) Spinning, (wisting, doubling, p]aitillg. ele, ' '
(4} Insulating matiress making,
{5} Weaviug and associated processes. !

(6} Miscellanesus processes and remaining unclassified workers.
The outstanding point bronght ont in this way is the relatively very low
for convenienée) as

Moreover, estima-
108 Processes and
n of dust in groun

Ad
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In [act, the Wistory, and the niedical need eadiologionl Teatures of the cases
of libvesis, towetlrer with the results ol camparison of the dost caonnts, ;II_I con-
tribile in sanme degree 1 the view that with vatrparatively low cunerutraLion of
dust in 1he neiglilonehool of a provess, the resulting eases of filirusis amogst
the worliers in thar, racess are longer in developing and renmin lunger in a
milder stage, It Sollaws, therelnre, that it sneh casey the rate of avenntulation
of dnst int the lung has not sreatly exceeded the rate af elimination, and a
Furtlier print of mreat peactical impartance emearyes, namely, that in order to
prevent the full develoyanent of Lhe disease smongst ashostos workers within the
space of an average working lifetime, it is neeessary L vednee the concenirns
tion of dust v the air of the workrooms to o figure below that pertaining to
spinning ut the time over which these cases were expased, o )

Not only does gronp 3 shaw the lowest incidence nf fibrosis, but it forms
the lareest individual aroup in these sections of the indastry—about one third,

Helotire Dustiness of Various 1 hestos I'rovessae—While some reference
here to the varying amount of dust cvelved by the dificrent processes is necesEaTy,
the enusation of {hese dillerences and metliods of suppression of dust are dis-
cussed fu Part I of this Report.

Different usbeslus processes 4o canse the cvolution of different amonuts of
dust into the air of the warlkrooms, and, under present conditions, the dilference
between the deast dusty and the most sty processes is very proneunced.

In some processes The production of ashestas (ust is insignificant; in a second
group dust is covtinueusly evolved It in relatively low concentration, as in
spinning: in a third group the evolution of dnst is continnous and in high con-
centratian. as in dry ‘eloth weaving: and in p fourth group wuch ddust 15 dissi-
pated in borsts of slhort duration, as in emptying the fibre from settling chambers
by haud inte hags.

Bome additional data were abtained M means of a lmited nun.her of
determinations of the dnst content of the ajr nt the breathing level of opera-
tives engaged in various processes, with the aid of the Owens’ Jot 4 pira tus,
The figures in Table 5 which were calenlated from same 50 deterniiiations.
give o rough iden of the geveral dnstiness of the processes coneerned, aud alen
of the effect of locudised exhaust ventilation and damping in redneing the
concentration of dust in some of them. The counts in other processcs are
expressed praportiouately to the spinning, plaiting and braiding group, taken
as unity, .

It will be scen from this Tahle that the dustiest procosses are opening (with
old fashinned teasers), sieving (with no local exhaust ventitution), nnd shdvc[!ing
or otherwige handling asbestos filwe, witly a comparative fimure of 2.34, ‘Ihe
heaviest counts of all were found in this gronp, in sack filling by hand in a -
scttling chamber. The comparative figure here was 6.84, but tho record was
dense, with much climnping togellior of the dust patticles, with the result that
the total dust count arrived at was undenlitedly tno Tow.

Next in order is dry cloth weavine without the upplication of localised
exhanst ventilation, with a fighre of 1.03. This is undoubtediy a dusfy process,
and nithaugh Tocal exhaust ventikation reduces the count nt the breathing level
of the weaver, much dust stil] cseapes into the workpoom. Weaving elath
wet, not wmerely damp. reduces the dust connt to 4 remarkable degree.  Column

TABLE 5.—Relatine Dustiness of varfons Processes and Effects of FLocalised
Exhaust Ventilntion and Damp Methods in suppressing Dust,

——————

Wenring,
. e . \alki

» { Contine Tioth, Bond. Maitress Making Opening

Braidine,§ ~* ith . ———— e and
Flsiting,| F*ith Dry. : i handling
r{llmtu\ - . Dry, | Dre, B ﬁl;rn.
ey " . with | . it b amn,* | without

exhunat W ::‘1::;-&1 }L‘:‘g 1 Wer, | loeal ! Wet ‘:e.-‘::]“‘ mith low-nl
ventil. exbanst | exhnngt i " j exhnosg g BEL exhiuag Fxh:“““ Neston
ation, vontil. | ventil. rentil. renti). Tentik | ventil.
. CRtion. ation. ation. ation. | . | ation, ation,

s} i) h m 16 [ m_ | am nn

1 ey 185 I 103 , sd [ el 81 1.y ‘ 6D ] 55 | zeay

wa

" Nate that Sure e s Tt ventilatian menns seinl gennrad vent Jating of i
at : i nn: q wE ventilating of the mater aking
el Toenlinerd g thn work bruches, I"‘ ¥ "e e making
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raivud by dust Trane o meighhourig dry cloth loom,

Mattress naking withoul any precanitions, sucl as exlinust ventilistion,
or damping flooes, taldes aml clath, follows next with o figure ol 183 {See
fontnole Table ). Application of exhaust ventilation, and damping reduces
the firure considerably, but it may be that the furures in cohnnns % and 10 sare
Loa Jowr, sinee counis ror soine subsidiary provesses, suel as buttuning, sewing,
and entting ont, are not available. ‘

Tt will be oheorved that earding, although essentially a very dusiy process,
produced o comparative figore of ouly 170 This is ilue in parl to partial
enclosnze of the workine parts of the carding machine, bul is mostly the result
of the appicatinn ol local exlimst ventilatian, Morenver, the figure does not
take into account the extremely dusty aperation of strippin

v
i®.
Relative to the camparative sumbers Tor the other difierent procésses, the
figure of 1 for spinning, plaiting and aiding is probably rather too high,
owing Lo contamination by dust from neighbmiring and more dusty processes.

Bamples of nshustes vary much in chemieal eanstitntion and physical pro-

ertics, and of Lhe Lhiree main varicties, ehrysitile, crucidolite, amd ainoxite, the
atter two, in the opition of experienced workers, usually wive rise to more dust
than chrysatile in the textile manulneturing proveszcs.  No evidence was found
to indicate that any nne of the three varielies is more, op less, potent than the
others in producing fibrasis, other faciors, such as concentration of dust, hieing
equal. & peeulinrity of the ashestos fibwe is that it st fragmcents longt.
dinally, and apparently this process ean go o indefinitely, since there is no
uitimnte fibre comparable to o vegetable fibys such as cotlon,

Concentration of Dust aud Leugth of Exposure Neeessary to Produce
Fibrosis—Trom the data so far examined it seemes clear that fibrosis of the
lungs is a definite oceupatiunal risl amongst asbostos workers as a class.
Fortherinare, it appears that the risk falls most heavily on those lungest em-
ployed sand on these engaged in the more dusly processes.

Bome further consideraliun of these two fuportant factors, length of em-
ployment and coneentration . [ dust, is desirable, Obviously, to sorme cxtent,
they arc interdependent, since, assuming that o specific quantity of asbestos
dust must be inhaled to produce a menernlised fibrosis, the Abrosis will resulty
from exposure for a period of Line varying with the concentration of dust iu the
air bieathed, :

Eimson' reports the case of an asbestos mill worker in Seull Africa,
exposed for 12 months to n very dusty atmosphere, who died from a rapid
tuberculosis; seetions of the lungs shiowed, apart from the changes due te Luber-
culosis, a moderately marked librosis. DBurton Wood and Page report the
caso of an ashestns =pinner, employed 15 months, who.dicd [rom a generalised
tuberculosis, 8 months after ceasing work.  Tn this ease a little fibrous tissue
was geverally to be scen surronnding the ashestos fibros found in the lung
tissue, bt there was ne gross fibresis. It seems probable, thevefore, although
further research is very necessary, that ot only is & certain minimal quantity
of the dust yequired for the prodiction of a generalised fibrogis, but Gt inhala-
tion of the dust in ligh concentration results in the production of g moee markeed
degree of fibrosis in u shorter time, than when the conceiitration is low.

.. Investigation of this important matter-—concenlratinn of dust and length
of expasure neeessary 1o prochoce librosis—Erom the clinieal side is besot with
difficnltics, one of the most confusing being that the exisience of a clinieally
recopnisable diffuse fibrosis is quile compatille with continned work in the
indnstry, and, therefore, the cuses of fhrosis dixcovered in such un investization
ae thiz are in variens stages of the disease, with the result thitt the point at
which they first beemine recognisable elinienlly cannot be ascertained.

Despite this. seme confirmation of he hypathesis that the length of ex-
posure ta ashestos dust necessapy to preduce librosis varies inversely with tle

caneentration of the dnst in the air, within vertajy Tow anid high limitz, may
be olitained, . o

L] } - AT
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Talle 6 shuws the avernge age and length of emplovment of the cases of
fibrosis in the groups of provesses Lrevionsly dealt with {p, 11),

Tamk 6.

Cazes of Fibrosia.
Procesa. ot
3 N Averuge Longth o
Average Age. limplnym:nl.
1. Crushing, apening, disintegrating, mixing ... 43-1 10-9
£. Cnrding .. e —en as 39-G 13-2
3. Spinning, Wwizting, doubling, pluiting. &e. .., ar-e 18-7
4. Mattress making ... 381 13+0
5. Weaving and assoeinted processes 43'5 12-7
8. Misrcllaneous processis and remaining  un- 421 13-8
elngaified worksrs:

Totals .. . L L) 135

The much lunger average jicriod of anployment of the cases of fibrosis
in group 3 as compared with the other groups will he noted. . There is also
least exposure to dust in group 3. It scoms, therefure, that in this group a
longer period elapsed Lefore the fibrosis developed, or that it progressed less
rapidly.

 This is the more apparent if the incideiice rates of fbrosis amengst workers
employed in the processes in group 3 are compared with the corresponding rates
for workers emploved in the more dusty processes comprised in gronps 1, 2, 4, 35,

.

taken togother.” These rates are set ont'in Table 7.

Tauee 7.—Comparison beticeen the Ineidonce Hates of Filross amongst Worlers
employed in Group 3 (less dusty processes) and the Tuerdence Rates

amongst Workers employed in Groups 1, 8," 1, 8, taken together (mare
dusty processes). _ :

Vrans Exrioven.

04, 5-0. 10-14, 15-19, 20 and over.

. - J

_ LI ¥ g & #] S0 s j T ] & 2
HEP IR IR IR I 82| F{_Ble3

B2 7| FrzEl 2| 5esisR ] glefiEE fiGE g2

5:&.:5 A 5|2 LRI G ER| 2 Flée]2

1 - - 2 | E 3 sl 5 z Fnd E]

R IR R P L R R 3 |2 |2¥|& |2
m —.
Per Par Per Per Per

) . cent, cent. ceot. cent. cent,
Groupa... e | 30 0 — | 40 25030 2,8 711 4 [36-4 [} 418067
Groups 1 8, 4,5 [ 47| o — [ ve |31 jaa-7 | 48] o2 oo 1] st | e

(taken togother),

Groupd= Bpinning, twisting, Aoudling, phniting, cte,
Groups 1,2,4,5 ﬁ Crushiug, eut., vordinng, matires making and weaving and axrucintet] processes.

"It will be seen that, after § years' employment, the rates are consistently
much higher amougst those emploved in the more dusty processes, and, whereas
the rate is high from about 5 years onwards in the more dusty processes, it is
not until aboul the I5th yeir of employment is reached fu the less dusty processes
that the rate for the lutter hecomes high, and approximates to that renched after
abonl i years’ emplovment in the mors dusty processes. : :

' Lxpesure to dificvent concentrations of dust, together with the effect of
the recognition of the cases of fibrosis in different slages of the discase, also
tfiord an explnation of the widely difiering Jenuths” of employment of in-
dividual eases of [irosis, wlich ranged from 5 years to over 500 Whils ne
definite case of fibiesis clearly due to pshestos dust was faund amongst workers
with less than 5 vears exposure, the possibility of sucl cases ocenrring with
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expoanre b hich concemt sl Yeute it vwer 4!
Im:ﬁt( \/\WJ.d?-up}?n&\ ‘T@/:F}d“glt)ltlchl‘:]“le\ niashestos, respectively, bul ocaci these
p. 10}

Wiks previous expusure L0 uthue dists (&Y

Suppart for this view i provided by (1) Professor Beattic’s experinents
previously mentioned, which demonstrated that the lungs of guliea-pigs ex-
posed for 43 and 67 huars to asbestos dust showed < ddelinite celludar pro-
lileration, theugh not very cxteusive, and this is certainly a peelimivary stage
in the production of fibrosis 'y (2) Simsun’s ease wenlioned above, and his
report in the same paper o the lungs of a guinea-piy exposed by Maveosurdate
to asheslos dust {or 10U howres during w perind ol &6 days. On the death of
the animal (from viuses other tan ashesiosis) some 42 mouths later, sevtious
of the lungs showed a slight semevalised fihrosis. Ta commenting on (ke amount
of fivusis found, he states that " a compnrison between the humuw eases and Lhe
experimental animal showed that the fbrosis was nigre raprisd and exteuzive in the
human cases than in the experimental animal,” and acain ' the mmount of
fibrosis in two of the human cases was quite rapid, and 1 dne to the presence
of asbestos dust, the initial rate of production was rapid when cownpared with
present day non-infvctive silicosis on the Lawd 5 3) data {rom Lhis investi-
gation, in which 2L of the 363 woulkers showed sigus snguestive of commeneing
fibrosis_(p. 10}.. OI these 12 had been employed for less than 7 yeurs, and 6,
for Letween 4 and 5 years.

To sum up, therefore, it apyears prabable that concentration of dust and
length of exposure us factors in the production of filrasis are interdependent
within certain limits,  While it seems necessary for the prodnetion of weneralized

* fibrosts of the lungs that a delinite minjmal quantity of dust must be inhaled,
the lower the concentration of dust in te mr breathed, the fonger the lapee
of time before the fibrosis is Fully developed, and within a certatn limit, the
higher the concentration of dust, the sooner the librasis becomes fully developed
and the more intense the involvement of the lung tissue.

If this hypothesis is correvt, und the evidence points Lo it, the praetical
inforences are of very great importance, since it follews that the application
of measures resulting in the reduction of the cencentration of dust i the air
in the neighbourhood of dusty ashestos pracesses will enuse, firstly a great in-
crease in the length ol time before workers develap o disabling fbrosis, and
secondly, the alrost total disappearance of the discase, as the incasures for

- the suppression of Jdusl are perfected,

Disablement produced by the Asbestos Fibrosis.—legarding the amount
of disablement produced by the development of pulmonary fibrosis in ashestes
workers,—for a number of yoars this is surprisingly slight, even more so than
is generally the casc in siltrosis. This is partly due to the charncter of the
discase, and partly to the nature of the work, which in the majority of these
processes does not involve much physical exertion. The aflected peison may,
and often does, continue at work with oeceasiomal intermissions. latterly, due to
cxacerbations of bronehitis, until the condition is advanced, aIt.lmn;.:h fie suffers
increasing inconveniences {rom shortness of mreath, on exertinn. Some-
times a Lerminal bronelio-pneumenia, or otiier acute infection, commences while
still at work, and there is no long period of invalidism.

There is no doubt but that fibrosis of the type prorluced by ashestos can of
itself lead to complete disablement’and to a fatal termination, and this in the
absence of a superadded tuberculous infection,

. Particulars have been collected up to the end of 1928 of 10 cases in which
an ndvibeed degree of the asbestos fibrosis without tuberculosis was the
primary ¢ause of death. In 9, the cause of death was verified by post mortem
examination and in the 10th repeated clinical, radiolegical and sputnm ex-
aminations confirmed the dingnosiz.  In an 11th case, post mortem examiuation
showerd that a lohar pnewmeniz hiad supervened upen longs aleeady the seat
of n moderate degree of the ashestos Ghrosis, With one exception, all these
deaths cccurred in the years 1937.29.

The length of expostire to ashestos dust in these cases varied between § and

- - 24 years.
LTI e . ) L8
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e by sriet SHNEYL e any erilerion of The (rie ehivel ol thy
hisesese un {ig mortality eates of wedwstos workers, Others are bnown tn have
occurred i which the existence of (e aslestons liheeesis lis heen deternined in
lite, et no post nertem exantn ation ligs heen {rsihle,

i

-

Progresy wnd Puration of the Dissase —Tle va Le ol preagress sund duration
of the dizense varies within® wide limils, With continied expusure in Lieh
concentrations of dust, the filrosis may he fally developed i Tram 7 to 9 vear,
amd may cause death afier abong 13 yedrs exposare, exeeptionally i a shorer
period.” On the ather lunnl, with expostire to less coneentrations of dust., U
period of maturation of the [lrosis miy he oxtermled (o 13, JU ar 23 veurs,
Fhere are definite indications. devived Trom e imdostrial histories amd ex-
wmination of workers, that o dimiontion in the toeettration of dust in the
aiv breathed, either by chunge of ewplovment from a highly dusty process o
ntie less dusly, or the efieet of methods talen fur the suppression of dust, resulls

C in a prolongation of this period of maturation of the fibrosis, exeept in the
late stages of the discase. While (his i s0, the existence of a clinically re-
eognisable decree of the ashestos fibroxis in any Individnal js an additonal
adverse factor in the prospects of recrvery fromoany acute infuetion of the
Jlungs, such as phewmonia or broneho-pneumonin,

Association of the Ashestos Mibrasis with Pulmonary Tuberculosis —As
previously mentioned (p. 6), siticosis. tbe fibrosis of the ungs due to the
inhalation of free silica dust. has an unhappy association with prhmonary
tubercnlosis, in that there is a4 mnels increased Hability to the supervention of
the latter disease amongst silicotics. It js of impartaiee, theeeiore, both 1rom
the ]|=m'nt. of view of the individual worker, and in its hearing upun the scope
of the preventive measure required, 1o enquire whether thete js A similar

liability allached to the ashestos fibrasis,

It will be remembered that in this investigation the examination of warkers
was restricted (o those at work at the time of the examination, and, therefore,
a nunber of advanced cases of fibresis, and a number of casei uf pulinonary:
tuberendosis—with or without an  nsbestos Mbrosts in addition—whe hail
cither given np work or who were off work temporarily, will lave been
missed. ~ Morenver, the supervention of 3 tuberenlons intfection on o tuny aliendy
the subject of fibrosis produces an incrcase in symptoms, peeviously annatioe
or disregarded, and induees the worker to seele medienl advice, e is then
appropriately advised to give up his dusty emplovinent, migrates from the in-
dustry, and may or may not aceept sanatorium treatment. '

Thus' there tends to be a drift of sucl eases fram the fibrosis producing

© iudustry. In facet, during the course of the investimation, informution wns
(“'- obtajued of & number of persens, previonsly employed in asheslos, who were
either at howe nr in sanatoria, suflering from chest complaints, . .

Precise information as to the incidence of Jubmonary tuberenlosis amonst
asbestos workers caunot be obtajned therefore, in the ‘absence of periodical
teclical examinations in Lhe indnstry, withoat prolanged ehuiry involving the
search of the records of local sanatori, tracing workers knewn to have ceased
work in asbestes, and examination of death cerlificates, and of the sickucess
recotds of firms, wiere these are kept.

Nevertheless, with these reservationz, the data oltained in this investieation

did not disclose any ontstainling susceptibilicy tn pulmonary tuberculusis, either
amongst asbestos workers as a elass, ar amongst the cases of fibrosis,

Summary.—The cutcome of this investigation is to establish the existence

of a definite oevipational risk in the asloste inustre. This takes the form o

4 distinet type of fibrasis af the longs, vesembling silicosis in iis main elinien)

«aspects, but difiering From that diseise in the mode of distribution of the

filbirons tissue in the Inngs, in its velivlogical features, in the enhianced eate of

'/ dcvnlopmcni inder average conditions in {his country, and as far as the evidence

-Boes, in a lawer suseeplibility te the suporvention oy Pulmenary tuliereulosis, -
. The ashestos fbrosis resnlts from the inh.'otiog of ashostos dast, e
proximate causes being concentration of dust i e air breathed and lenssth

* 'Cho wedicsl wanl radivlugical dula obiained in this Dyve: o owill be published | juwhere,
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vesses and amongst Use lengis, eployed. Uvpe and sex lave ne apidtent
inffacues on Ube production of tie disvase,

§.—Factons DETCRMSNING T PRESENT lrcouximion ur Tur Assesros
Fisnosis.

It is of interest ‘o consider wity it is thit this discase his only recetitly
nttracted notice and breome a probiom in the Industry, although asbesios wis
known to, and worked hy the ancicols,

Mauy facturs contribuie to this Jusition, some dependent un the nature of
the disease, some on the phenomenal vxpansion of the induslry, others on the
advance of medienl seienee.

"‘While ashestes has been known aud spastmodieally vorked for hundreds of
years, it is only in the past 40 yeals or so that it has been commercially exploited
to any cxtent. Not only that, but it is less than 30 Years since the grent expan.
sion of the industry eomnenced.  Even after n nmber of years of steady cxpan-
sion, the industry ‘s still comparatively small, and the workars employed in the
essentially dusty processes relatively fow,

~The Insidious onset and unobtrusiv signs and symptoms of the discase in
its carlier rourse, its covert advance by imperceptible stages, its points of
resemblance latterly ta fbroid tubereniosis, with which infecting iv Is sametimes
ascocinted, and the migralion of thoss affected from the industry, have alt com- -
bined to delay its recornition as an entity. aned to ohseure the causal agent.

Knewledge of the cficcts of speeific dusts upon the Jungs has heen greatly
extended in the past 20 years, but research bas Heen mainly concerned with the
more important and widespread rick associated with the dusts containing free
silica, and enquiry into the ellects of other dusts had to wait upon tlose investi-
gations.

P 6.—Pnzvexrive Mrasvres.

The necessary preventive mensures include, first, those dirccted specifically
towards the suppression wnd contrel of the gust cvolved in wann facturime pro-
cesses, which are examined in Purt 11 of this Report, and secondly, mersures
directed towards those mnployed in the industry.

These latler include the control of the disense by periodical medical examing-
tion of the workers, by which those unfitted by heaith reasous ave prevented from
entering the industry, and cases of [fibresis ard palmonary tuberculosis are
detected at the earlicst possible moment. The ultinate and only relinble 1est
of the effectiveness of the preventive mensures adopted in the industry will be
found in the statisties derived from the records of periodienl medical examina-
tion of the workers. !

They also include the education of the individual, as in other danrerous
trades, Lo a sane appreeintion of the risk, and to his personal responsibility in the
Prevention and suppression of dust. .

The protection aflorded by respirators is enly partial, and thefe is a real
danger that the use of them may give o sense of false security.  Asbestos dust
floating in the air contains a majority of parlicles of the order 2u, and under,
many being only 0.5x {y4%us inch} in size, In practice, the discomiopt
of constant wear, and difficulty in  specch, ete.,, render workers very
uawilling to use this form of protection for any length of time. Since.
however,” a high class respirator wil] trap a proportion of the large par-
ticles which ean enter the lung, they ennnot be sid to be valueless, but ean
only be recommended as a second line of defence, and not in substitutjon jor
other preventive mensures specifieally directed to the control of dust as near as
I;ossibie to its point of ariein. Under very exeeptional o veumstances there mav

e scope for the nse of the ellicient trpe of lreathing ApPALILRS, comprising a
mask or helinet with a long tube, enabling the wearer to lreathe pure air from
& distance.

7.—Tne Quroox.
Trom consideration of rlhc ninture of the processes in the nshestos infdusrey,
and other relevant matters, 1 is {olt that the outhmk for preventive measnees is
good. That is 1o say that in the space of a decinle, or therealouts, the efivet of

733 n
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tivn in U daciklense of Hirosis, )

An jumediate tenporary rise i the inetdence rate s proballe, due to the
aceumalated damage, partly & Jegacy of the war yeaes, but with te pitsaing of
the peak, a steardy Tall swld cnsue, . .

Much generons assistanee Las bean received from many sources during the

coutse of this investivation; thess arve ;_:r:\lu!nl.l_\'_ :u‘l\'nu\\']rf!'__;rrlf L-Isu\n'!lci-c.
Special thanks are due, hewever, to De. E. W, Twining of Munchester and Dr.
R, Tattersall of ).ceds for theiv indispensalie expart mnee 1 he elnciction
of ihe radiolegical features, to Dr. W. B, Cooke. T'r or M. J, Stewart, and
Iir. Roodhon s Clavne, wlhose researches in the same held are well knnwn, and
to Le. L M. 1. Grieve for informasion from an wipublished study of a aroup
of asbostos worlkers,

Rerennnces.

1. Beiler, H. E., Brit. Med. Jnl., 1923, 11, 952, .
2. Departusental Committee on Compensation for Industrial Discases,

(a) Minutes of Lvideuce, Appendices and Index, 1007. Cd. 5408,

. 127,

) Rcl[:,orr.. 1907, Cd. 3403, p. 14
3. Coolee, W, 1., Brit, Med. Jul., 1924, 11, 147,
4. Cooke, \W. L., Brit. Acd. Jul. 1027, 11, 1024,
3. McDonald, Staart, Thid. p. 1025,
6. Badham, C., Studiecs in Industrial Ixoiene, ¥a, 18, Renort of the Director-
‘ General of Public 1Tealth, New South Wales, 1927,
7. Cooke, W. E., and I}, C. F.. Inl. Rural Micros. Soe. 1927, 259,
8. Cocle, W L., Brit, 3wd. Jnl., 1929, TI, 578.
9. Gloyne, 8. Boodhouse, ** Tubercle 1929, X, 404,
10. Stewart. M. J.. and Haddow, A. €., Jnl. Path. and Dact., 1929, XX XKIT,

172, '

11. Simscn, T. W., Brit. Med. Jnl., 1928 T, 885,
12

. Wood, W. Burton, and Page, D. 8., ** Tubercle , 1930, XTI.

PART II.

Processes Grving Rise To DusT axp MeTrODS FOR ITs SuPrression.

. " 1.—IxTnonUCTION. i
The asbestos industry has developed gredtly in recent years and ecentinucs

to expand rapidly, mainky becatse of the demands of the motor, clectrical,

engineering end building industries, and of the increasing attcution now paid
to the insulation of steamn plant to promote fuel econaioy..
Asbestos products nay, for convenience, be divided into seven mnin
groups ;—
Teztiles, . )
{@) Yarn and cloth. .
v Non-Textiles. :

{8) Miliboard. paper, asbestos-cement sheets, tiles, and other build-
ing muterials, sheet material of rubber or bituminous mixlures contain-
ing asbesios.

(6) Tnsnlation materials and articles.

() Brake and chateh linings.

. (e} Packing wud juintines,

(/) Asbestos-covered  eleetric conductors—electrodes, cables  and
wiring, enils Tor clectrie machinery.

{g) Miscellaneous, ircludinzg manlded electrieal and other gands, ate,

Some factories make both  textile and nonetestily somls. ®acnled
** Bberized ™ asbostos, .., openert or hroken-up material in u fine foels Like
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in smae of the aphier Siwetories and workshops,

() Asheslos yarn is woven into lrlul}:. far i!lsll|_:|!inn matlress L-p\‘vl‘in:_;.-;, in-
sulating weappings. hiteving materiad, fire curtains, fre-smotlesing lnlunk_vis
and fre-resistimg clothing,  Narrower woven materiad s produced Jor belting
Tor vouveyvors, brake linings amd insnlating tape. Sone asbustos cloth s
rublicr-proeled for use in the masufacture of steam packings juintings,

Besides its main use Tor weaving, ashestos varn s heaided and plaited 1or
nse ag packing, and alse Tor insulating waterial,  Spools of Farnoars stpplivd
to factorics in which electrie cable or clectrodes are nunde, and polished theead
for the completion of incandescent mantles,

{8} Asbeslos millboard and paper are mavufinctared. From polp containime
short fibre ashestus, Ty a wet method, Dike ordinary mitlhoavd wml pager.
Asbeslos-coment sheels, tiles, gubters, pipes, ele,, for building amd similar pue-
puses are made From wet mixtures of Lortland cement al short fibre nshestos.

{ A synihetic composition sheet s made from 2 vubher mixing, for use 1 jointing,
Bitwmineus mixings contairing asbestos are wade for switehboard panelling,
and other mixings for floorings.

{e) Imsnlation materinls include fberized asbestos; '* magnesia,”” so-called
containing aboul 13 pur vent. of fiburized asbestos and $5 per cent. of magnesia,
and other finely divided mixtwres vomposed partly of fiberized ashestos, naed as
insulating coments or plasters; filerized asbestos stifitnud into thick shects, like
mais, for lining bwtkheads ol ships; shaped seetious and slabs, wenlded from
fiberized ashestos ar mixtures contnining it, or built up of corrugated nsbestos
aper so as td enelose air cells; mattresses, made of asbestos cloth aued fitled witlh
lgbc:-izcd ashestos, magnesin, or other filling.

(@) Brake and cluteh linings are chiclly prepared from impreguated and
heat-treated asbestos cloth, Int alse from monlded asbestos materinl,

7) Plaited and braided nshestos yurn, proofed asbestos cloth and com-
position sheet are used in making packings and jointings.

() Yleetrndes for welding work are pluiied with ashestos yarn or covered
with a paste containing asbestos. Some electrie cable amd wirinyg reguirsd to
withstand heat are piaited with asbestos yarn; field coils for electric machinery
may be wrapped with asbestos tape.

{g) Misceiluncous manufactured articles or produets, composed wholly or
partially of asbestos, include, in nddition tn moulded electrical and other goads,
neliostos putty and powder, rubber hose plaited with asbestos yarn, and many
others. )

Apart from muunfactwe, cevtain work is carried on in premises subject

- to the Factory amd Workshops Acts, as well as {u other premises, which involves
{ use or manipelation ol ashestns or products enntaining jt. The insulating of
boilers, pipes. engines, and parts of ships is the most important. Much of this
work is dove on board ship by’ crntractors who empioy a considernble outdoor

stail. . '

+

2.—PrnenisEs,

The factories aml workshops included in () to (g) number at least 160.
of which 18 are textile factories. This total is based on lists supplied by the
District Inspectors. It does not include the large number of works where there
is incidental use of ashestos packing and jointing. asbestns-covered electric cable,
or other finished goods, required far completing other manuractures,

There is enly one works in which the emplovees concorned with ashestos
exceed 500, There ave many small premises in which but a fow employees. in
some cases only one or two, are emploved. A small ** nsbestos ' departinent

- is found in a pumber of important factories.
Textile departinents ave nsually well housed in mngern boildings. A few

" of the older textile factories have heen improved revently by the addition of
/ ) modern buildings,  In ane case a badly housed smatll concern is in process of
. removal Lo nowly cousteneted premises.
i

The asbestas-cement sheet fuctories are modern premises of Jarge floor area,
Infty and spacious, in the main, single storcy buildings,  The eable and electrole
factories. are also mudern and penerally saitable,
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fosiliuns, are udsalisfactory. A Tew are mete opetiestded shads, Sugh premizes

awre diliiendt to heep clean.

Bome worls are congestod with plant aud stocks of malerind, s GIHYY
result From inadeguate aceomusadiation ve s lemporary Gallins-of in e Jemand,
hut the eficet on chemliness is bal, The dust evadved iu manutfacinring pro-
cveses 18 mwire dillendt 1o contral 3 the premises are wnsiniiahle, Jactivnkariy il
erowded witl plant or materind,  Cleaning is not easily accomplizhed and the
dust is more concentrated,

Veuntifatian ~=The areangements provided Tor ventilating ashestos works
viry as in other industries.  Dust retanval systems, whare nsed, effect a mensore
of geneedd ventilation. A numlber of workrnoms in testile [ctories nre
vonlilated by plenume systens, the air spply being warmed in winler.  Over-
liead extracting propelier fans arve but Jitle used now aid would be wnsnitalle,
In one mattress making romm extraction fans connccted (o Invee overhead Tomds
are used.  Fxtraction by dewnwarved dizplacement. the aie Leie denwn through
openings in the floor, or near floor level, Bas pat been ol with, hut las been
considered for some weaving rooms.  This sestem, i destgned of a cupacity
sullicicnt_to efiect a high standurd of ceneral ventilation, would tend (o reduce
the dnst in the meveral atmosphere at breathing level, and. with other sa lenards,
be & pussible alternative to lacalised exhanst ventilation. It conld not he suecess.
ful without eficient henting, owing o the rapid change of air entailed,

Separation of Processes. —Tn many works seversl processes are earvied on in
the same room.  In the absence of cfioctive means of preventing eseape nf dust
into the air, many wovkers are subjected to n risk from which they would ather.
wise he immune, rr to a greater risk than that arising from their own work.
Inn few textile Mnctories crushing and opening plants are Placed close to spinning
and carding machines.  Spinntny frames are installed dlose to looms and wet
and dry weaving are earried on close topether.  In non-lextile premises there is
more effective separation of dusty worle and processes from non-dusty.

8.—MescripTIoN oF I'ROCESSES AND PREVENTIVE AMrasunes,

A complete nceount of manufacturing methods is uat attempted.  Attention
is mainly directed to the dust-producing provesses, n deseeiption of which, in
bread ontline, has heen deemed necessary to muke clear (e circum=(ances under
which expusure Lo dnst arises. and the charseler and ohject of the remudial
measures already in use or here recommended,

Somewhat impartant changes are on fool which, it is confidently hoped,
will ‘greatly reduce exposure fo dust in certain hitherto dusty processes.  On
the other liand, certain developments, c.g., speerding up of textile machinery,
and the increased use of asliestos in various industries, may intensify the dust
problem, if adequate measures to deal with the dust are nof taken,

TEXTILES.
(a) Yarn and Gloth.

The manufacture of asbestos yarn and eloth procecds on the whole like that
of other textiles, lut there are soiie important dificrences.  Fiberized and other
asbestos material is freely hawdled in various operations, in gathering
M waste,” and in cleaning. Exposure, in some degree, Lo asbestos dust, is
commen throughont uli the facteriés, hus steps have Leen taken, extending over
many years, (0 deal with dust produved at vavious point=, Uoagh the necessary
degree of efficicney hias, wenerlly speaking, nat been reached.  Exhanst ventila-
tion plants used in the hest-equipped ashesios factories for removing dust uppear
to be as ellicient as those nsed in other textile industries, and to have heen applied
over a wider field.  As regards other safeguards against dust, e.q., subslitution
of mechanical methads for handwork for Teeding the machines in preliminary
operations, cfficient enclosure of maclines, and vacuum methls of cleaning, little
devejopment has been made,

Opening.—Ashestos, suitable for varn, has usaally to be nshed, and iy all

cases “opened (! filerized 7Y hefone it is ready for eardin These prejmra-
tory prneesses are cficeted by machine . hat eniail mneh . ark,  Separat-
g {to remove irem) and grading or stz allow erashing, ) ecede ujening,



9] Document hosted at JDSU PRA

http://www_.jdsupra.com/post/documentViewer.aspx?fid=9a9431df-bb18-4f1c-bf2c-c4716c9b6487
Material Tor yarn is not peually treated in di=itecrators, bnt in most factories
e machine e used for il rizing waste asbostus varn, ete. Cro<ling
flattens ont and hresks up the suineral without dinacim: (e hees, 1L is aceons
plished eicher jua large edwe sounee, or in g sail P i1 of the mortar mising
type. The taterial is emptiv]d upon (he floor close tn the machine, the canten s
of seveval sneks sninetines being spread on the Moog 1o obtain g rough “mixing
The ernshed material is cither taken from the maehine I hand, ar discharged
throvgh o bottom delivery slide, usnallv flled it saeks op ghips nnd, i necessury,
weighed on a portable weighing wachine, A fow edue minmers diseharge npon
short inclined fattices and the material Talls wtonslically into the sack or skip,

Edge ronners give rise o dust of ennsideralle memount where shorl filne
is erushed; some ave enclesadd i have exhanst applied.  This is always neces-
sary.  Ian mills are not encloseld wud also give rise to dust, though less in
amount.

Handwork, e, sack empiying and filing. mixing, shovelling and feeding
machine pans or hittice foeds,” gives rise to dust, sometines of cansideralile
amount, and is done without exhaust.  Application of exhaust dranghl would
be facilitated if feeding were dong from a hisher lovel w0 Lhol sncks might e
empticd under enclosed conditions, 1.2, in a sack emptying apparatns.  Autmuatic
deltvery and reversible bagming lnttices clininate st produced in hand f(lling
of sacks, but require 1o Le clfictently enclosed with exhaust draught applicd.

An open travelling Laned pnssing round an electro-magnet is useld for
separating lnose fron, the ashestos being delivercd to an clevator.  Enclosed
apparatus shorld be ndopted. .

Eunclosed rotary sicves (votaties) or long oscillating frame sicves are nsed for
roughly grading eriedhed materinl,  Rotaries should e mechanically fed and the
asbestes collected nnder enclesed conditions (ot always done) and exhansg applied
to the machine enclosures, otherwise unneeesary dust is created. Some oselHat-
ing sicves are very open, the material being alluwed 1o falt on the floor, and being
filled into sacks by hand,  Very dusty conditions are ther inevitable.  Lfficient
enclosure with exhanst dravght applied and, to aveid hand filling, notenatie
delivery and bageing luttices, also enclosed and exhansted, as nsed in some Citses,
are generally practicable,

Crighton openers, enclosed cenirifugal machines, are used for opening
crushed asbestos, prepruatory to carding. Careful mixing or blending of crushed
taterial is eficcted by spreading it evenly in layers on the floor over a considernble
area—cotton may he added at this stage’if required—und when feeding, taking a
vertical cut throvyh the mass.  Admixiure with a smadl proportion of cotion may
also be achieved Dy blowing it into the food opening, The opened material is
delivered npon a lattice and collected cither in a larze container or in sacks,
antomatie bagzing lattices being used in soine cnscs, Mechanieal feeding under
enclased conditions, with exhaust draught applied to feeding lattices or other
com-c{ars, shoulit be adapted,  Hand feeding gives rise to «lust, from sack cImpty-
inyg, shevelling and particularly mixing on the floor. AMixing is a great Lindrance
to climination of hand worl; it is asserted that poor yarn resuils it it is not cdene
and that machine mixing has been tried nud e joss satisfactory results. 1f

reteined, it should be dune at n himher level than the opener, under a lnrce
exhausted canopy and the mixture fed at a series of chutes.  Delivery lattives
should be well enclosedd and exhaust applied, as now done in soTue cases; otherwise
dust is evolved. . .

Opened material not regnired at once, may be stored in open bins in the
worlroom, involving emptying and filling sacks or skips, whieh necessarily
eanse dust.  This storage in bolk shenld Le avoided; alternative arringeinents
might be adopted which aveid dust,

Soime material, e.g., long fibre waste {rom fater proresses, is apencdd at
enclused laltice-fed teasers or willeys, not infregquenily of primitive design, worn
out, and wwitting much dust, notwithstanding that’a fan is an integral part
of the machine. ~These ol suaclines should ot be nseit for nsbestos openimg.
Daust may be entitted at feed paints of mocler wachines, particnliely wher the
feed is irregular.  Exhanst is neeessary at the Teed latlice for this Teason anid
also beennse Teeding itselfl causes dust, The materiaf is either dizcharged uyem
a Jattiee for homediate enllection, or blown jnie a chamber, o

: The standarnis
suggested for Crighton machines shonld e stelapitid, :
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Happer Iattiee foots are luegely wsed swigh cpening machines; the Twpper lps
are alwnl 3 ok 6 inchos above oo Jevel, bl st is produced i shorel-
feeding ws it 15 illiendt Lo avoid attering at the Hip. An englosed lart ice, fidl
ator just Lelow loor Jovel, witd locadised exhiust applied Lo the enclosire s nore
satisfaclory.

Single dixintegrators, or two or three machines in sories are usor Tov break.
Ing up textile or other ashestos waste, more ravely for opening erushed oshestos,
Present areangoments for preliming el sorting of waste are unsati:lactory;
it should be aceomplished g o envered beneh, suitably exhanstad, Wheres 1
some euses, the indranght at the disinwegrator feed npeninggs caased by the rapid
rotrtion of the rotor is uot sullivient to remove dust, and beeanse, at any rafe,
as soon ik il is stoppedd, eseape of cdust may resull from reversed air currents,
exhaust shavld he applied here also. '

Disintegraled malerind is blown into chambers, a blower fan being in same
eases conmecied to the delivery of the machine 1o ereate 2 shrmzer dranalit. Ajre
pressure in the chamber is refieved in difiorent ways, the sides may he eovered
with sacking, allowing mueh dust to eseape, a ' relief balloon ** connected, or
exhanst applied.  Chambers connected with disintearating and teasing machines
vary in size, some are little more than a large box. others are mare roamy,  Seme,
but not all, are separated fram the workroem, They are entered for emptying,
the material leine filled into sacks nr skips by Tand after the machine is stopped
or the flow af materinl diverted to another chamber. Wark in chambers is very
dusty and its elimination is most desirable. {Sce page 26}

Carding. —Considerable developments have taken place in recent years..
One or two important new caviysoms have been staried. Mauy new nachines,
inrcludiug sema of fureign construction, have been installed.

The machives, of lurge overull dimensions, are of the roller and clearer
type. Modern cards are of high elass construction and Gited with two dolier
cylinders supported on o carringe, which can be rcked into or out of Pesition,
For fiue yurns, a broaker and a lnisher, constituting a set, is used, connected by
lattices, lup sliver from the former being automaticnily fed 1o the nisher card.
1n cases where the siiver is collected in cans, a Derby doubler is used Lor prepar-
ing laps for finisher cards.

Single machines and breaker canls are cquipped with lopper lattive foods
supplied from skips or sacks, handfuls being dropped in, aml shaken apart as
fed, or the sack emptied into the hopper.  The asbestos fulls intermittent!y wpon
a creeper feed which conveys it to the ** licker-in "' feeq rollers, Lelween which
point and the dofler the material is nyder enclnsed conditions, |,

The material is combed from the open doliers of finisher eards, as 1 web
or " sheet **, the sheets from the two dofiers usually being combived at o con-
denser, and the resulting sliver yarn wound into spools. Occnsionn![y, “combed
web is colleeted withont being condensed, the condenser carringe being with-
drawn.  In other carding, the siiver may be ohtained as 2 lap, .

Admixtwre with cntton is usually accomplished by earding the two materialg
together, a cotton Ia being mounted ahove the creeper feed, and the cotton fed
through the feed rn]llea:rs with the asbestes. .

The evolution of dnst at cards is inevitabie and a fine dust clond nay he
observed in most cardrooms. Suppression of dust cannot be realised whiless

-tachines are maintained clean and ju satisfactory vepair, and there is eficetive
cenclasure of various parts.  Aleve all, localised exhanst must be applied at

well-defined points of dust emission, and improved stripping arrangements pro-
vided. Wide spacing of machines i also desirable.

The upper parts of madern machines are usnally peovided with well made
wooden covers anl the lower parts are enclosed bielow in metal, The {rames
are well enclased at the sides. A hinged metal enver, fitted in some enses, pre-
vents excape of dust produced by movements of the feed lattice, A curtwin of
fabric is less satisfactary, * Tn alder types. particnlarly, the wooden covers mav
not fit satisfactarily, the eviinders mav not be truly aligned with the frame and
other defeets may Acconnt for side estpe of dust. not eantrallable by exhist,
Sach defects shonld e remediod. Creeper feeds, dofiers e eondensers and

meeting kattices hetween heeaker and finjsher varts are nol enclosed. Plost
colved at dofier canbs 2l at ereeper ferds,




I UTVIVES

25 Document hosted at JDSU PRA

: u - 9b6487
o lisel & bay *grﬁyfrégﬁdbkﬂfﬂnéwﬂ\?iéWe’ﬁaasmiiﬂid#%%?xldffhb}gn‘l.frjcq;w:%% GAPE
{

1 , .

‘ 3u.-nt1a“9|:{{¥}’."""v}J v ipparates juve sinee beey ;;l'.ulu.-!ll}' ””l"’“"“l‘ :111._!
more powerul el denniglis AT o sl One Lo lirns h_;u'.: dehieved

mueh soveess 1y slanbrehising theiy Drivtive as regards poings ol application

of exhanst lramug i, design of i gnides, sioe o) branch ducts g A suldes and

duct vehwily,  Cufuaust js applind at (uy the presser ot Uhe vreeper feed ; {¢) fewd

roller at Ticker-iy ; {e} top ol evlinder: (o) ench toflor, air swides or loads induy

fitted at these poings with eotmecting branel) juets. Muii eonplinus, used on

branch pipes, lacililate easy diswmantling, Bramely pipe stzes ane duet velocitips

are lbeeal, Iy improverent ron liseg by appiying lewertnl exhanst at each

of the points mentivied, at all of which evuintion of dus is portant, shows

that 1his practice slhould be folluwed generally and wives point Lo (he vigw

expressed By sume nectipiers that e rding e be earried on Practically dust.free,

Apart from the alune case, exhanst is applied in nearly all cases 10 the cylimders;

in A modernle Praportion to e ereaper feed; 1y g few, tn ane dnlier-thy top,

and in one or two ondy, to the lottom doffey, Bat. apart from dnsl-emitting

. points nal provided for. the resilts peay b inadeguate. Carding machines arp
( occasinnally installed and Pt into bse withiont cxhaust, this should ngver lie done,

Tficient rosul(s are not possibie uniess the exhaust draught i applied as
closely as possible to the dnnt‘prorlnciug puinls.  Transverse air gnides, with
branels ducts conneetid at each end, are apparently more efbicient thay pyramidat
hoods nf thy usuni type.  Ducts of adequate divmeter and high duct veloities
are essential,

The wswal air puide for the evlinder, provided 1o clicct remavnl of dust
both during earding, and stripping and grinding (theygl preved inadequate
for stripping) is placed a little above nn Spening in the ecrown of the eover. Two
branch ducty, ng above, and jn addition larcer central branch duet (for use
during stripping) nre connected to it. The shallow spice below the haek of
the mir mide is closd up during carding by a woodan hinged piece-~thrown
back for stripping—and the dust produced 4t the evlinder is prevented  from
escaping by inflow of aip from the reom, at the front. The dost-laden air jg
withdrawn at the side ducts, T stripping, inflow of aip CATTYiNg some of the
stripping dust takes Dlaee fram helow (e lifted evlinder cover: the central
branch duct, kept claser] by a Wust gate during carding, is then fully “opened
to provide a greater air volnme,

In one factory, 4 cireniar  doffer cleaning brosl tung continuouely
sbove the doffer comb. A pvramidal exhaust heod i provided. lag
mueh dust eseanes; nniesg fully aMeient exhanst is davised an alternative to this
clezning. if really necessary, ‘shanld be formd.  The collectinn of cnmhed wob,
previonsly referred to, is dane witheut exhanst and dns, js procluced,  Collection
might be effected by exhanst draught as applied for removing side wasts gt
condensers,
(—\; . an'.\\'ithstnndin_z the use of cavers fop card lattice fecds dusty conditions nre
produeed and exhaust drangiit shanld bhe Arplied at this point gléo,

" Stripping and Grinding.—Capq stripping ** op eleaning is done w
machine is opened out for grinding. whiel) fallgws cleaning and takes place at
each machine about ance 3 weele. but shorter and lonaer intervals aleo ohtain,

n one important factory the twn rocesses are rombined i ane operation.  Roller
&nd clearer cards must be opened nnt, e, the Inttica feed ang breast.
denser and daffer earringes are drawn bacl, the exlinder eovers are raised, and
the varions small rnliors. which are cleaned ang fround at a specia) machine,
removed, The evlinder is first cleamed, with the flofier earringe drawn hacks
the carvinge is then replaced and the deflers, tun at o greatly incrensed £need,
cleaned in turn. Cleaning takes nhant ten minutes ang js usualiv done in working
hours, but in one case. at least, after. The hen press their ** striekleg or flat
hand:lrushes about 79 inches Iong covered with eard clothing, aaninst the wirg.
covered surfaces,  Much of the debris i= heavy and falls (o the floor. Dust is
evolred in a1 dense elned, same being removed at the evlinder exhaust hood, In
one case finor epenings, heneath the macline, arp ronneetngd

hen the

and pan.

) ; to the exhaust,

/ Present oxhpust frrANtements are altogether Inadequale, partienlarle sq as
i . rezards the hottom daffer, Mnch dust s therefore carried into the monepal
! Atmosphore of the ranm. The cleaners wear respirators ae ¢ helmets, " ©

In a few cases, more effertive mersnres are talion, oo

n A n X " « the opoped.ang
machine. ix almast enlirely enclosed with high eane

as-covered seropns, In the
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systein, with a hood fur the bottem dofier. s beanghl into wee,

Grinding which Inkes several lours, is an autematic process cliceted by
abrasive envered pallers deiven by the nachine.  The small amount of dust
precuced is chiefly of o metallic character,

Ta the factary where grinding snd cleaning ave conbined, e dofier exlianst
arrangements are fiest peceonmectind.  Mueh less dust bs evalved mied appears
to be dealt with sare efivctively,  This fiem consider that hand strickling hefore
grinding should not be aflowsd. Their methnels may. however, not be generally
applicable. A littie strickling may e necessary aflter grimlbing 1o rewmove small
picces of débris,

The trade reenenise that present couditions are not satisfactory aml experi-
ments are boing mads with the ohject of develnping bnproved appliances.  Tn ene
case 4 tevolving bensh is heiog tried, with independent exhaust drausht applied
by flexilde contiections; it is said to give promise of success,  The brush is
narrower than the haed strickle and Jess dust is evalved at a particular mement,
In another case, a vacunm fitting is under copsideration.  Previons nse of vacuwm
stripping was given np beenuse of rapid erosion of the metal pipe bends and other
parts.  Unless effective dust suppression s realised for stripping, all workers,
other than strippers, shoold be excluded while it is in progress and for some time
afterwards, and the room well ventilated.

The machine for cleaning and grinding the emaller rollers, which zives rise
to much dust, shonld be fitted with effcient exbhanst armangements-—sa straight-
Torward watter—and as completely encloser] as practicable to collect the lenvier
débris, precautions which are not alwavs taken.  The machine is either instalicd
in the earding room, or in a room adjoining.  Tudependett machines should be
provided (o deal with rollers of dificrent lengths, otherwise inconvenient adjust-
ments, Hable to be neglected, have to be made.

Card Side Waste Treetment.—The {rvegular *f selvedue ™ of carded fibre, .
separated at the two sides of the finishing card, being unsuitnble for sliver yarn,
ie removed by suction dranght fo a ** side-end " maching, which prepares it for
further use.  The matterial is Blown wpon perlovated evlinders, the air e~caping

. at the side and the material being dischavged on the flapr.  The proeess pauciees
dust, partieularly when the feeding ig irvegular, the air then having a free path
between the eylinders.  The material should be delivered under snction and not
under presswre, a ' pressure '’ machine heing unsnitable.

Spinning and Doubling.—Yarn is spun at fiver or ring frames which mny
carry up to 80 spindles, 40 on cach side. ~ Much piecing is required owing to (he
comparative weakuess of the fibre. A fine metal thread is spun with ashestos,

- for brake linings and certain other purposes. Mule spinning is not practised in
(.- . this country. A large amount of doubling is carried on.
Spinning, mere partienlarly ring spinning, gives rise to dust, continuousty
produced by the ** ballooning '* out of the fibre owing to the rapid rotation of
‘the spindles, which may run 2t speeds of 1,700 revolutions per minute, and’
- intermittently, when the yarn breaks. Doubling is less dusty than spinning.
While the amount bears no comparisen with that produced in earding, and is less
than that from dry weaving, the worlers are eontiimously exposed to some dast,
more in some frctories than in others, doubtless due to difierences in working
* methods or materinls. Exhauost draught for ils removal has not been applied
. hitherto, bt experiments in one factory have been so far successful that the firm
~are prepared to equip all spinning and doubling frames with exhaust ventilation
plant, embodying (i) exhaust ducts ?:xrnlicl with the frames, above the tin vollers,
with shaped hoods at intervals, each to deal with a small group of spindles, and
{ii} for more cffertive ronecntration of the dranght, panelling for the ends and
lower parts of the frames beneath the spindles, capable of being casily removed
when necessary. Snch safeguards may requive somowhat wide application
/ ‘unless special-general ventilation is provided.
Warping.—Warp bemms are prepared in the wsunal way fram crecling frames.
a small evolution of dust oceurring at the frames and beaming machines;
localised exhaust ventilation could hawdly be applied effectively. A partitioned-
off space, mechanically ventilated ernsswise, with extraction at low el wouid
cffect impreavement. . : : -

g
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of primitive construction, ot which (he prtetice may abtian of holding the vam
in the hand, to umbern universal winders [or wineling " cliceses.” sl may
be evolved tn same extent, particularly in conneetivg with U above priwtice,
which eonld Tu eliminated. ~ Application of eshaust dranght will then probalily
nob be neeessavy, except in parlicelar cases.

Plaiting and Draidivg —Plaiting and beadding, also carried on in cnciie
acking and cleetric eable Tactories, and done at miachines of wormal desien,
cause some cvolution of dust, except where U yarn s dmpregnated  with
" grease”  While the amount of Jdust is semelimes less | N spinning, the
difference is ot material. Lot there is perhaps Iess exposire of the operative
wider erdinary workine conditions and precautionary measures other than
localised exhanst ventilition may suflice,

Wenping.—~Tooms vary greativ in size and general arrangement.  As many
as 140 leoms may e found in a single ronm, but this js exeeplional.  The clear
space hetween machines may nol exceed 18 inches.  Some looms are independently
driven by electric mutors. "Cotton warp or weft is sometimes nsed, Thin cloth,
fur mattress covers, filters, clothing, ete., is woven fram a single warp heam
at a simple type of loom. Belting Jooms, for thick belting and brake lining
taterinl are cuinplicated, several warp hoame, arranged in”tandem under 1he
loom, or in snme other convenient way, heiirg required. ” These looms are narrow,
but oftex very lone. Tape looms are alse narrew, nnless several tapes arg wWoven
Logether when severnl shnttles, in ling, working in unison. are nsed.  Cloth is
beawned at the front in the usual way. but belting may be Jed under the loem,
and coiled high above it, at the back,

Most weaving is ** dry,” but some weaving iz dang wet, either warp or
weft, and occusionally both heing wotted. Vel weaving s accomiplished more
casily and a closer weave oblained, bt misting of heald fitings, and the subse-

went drying entailed and the less satisfactory appearance of the materinl are

sadvantages.  Thoroughly dry fabric is reqiired for brake linings and rabhber-
broofed material, and wel woren cloth may be strongly objected fo on tlis
accourt.

Considerable evolation of fine dust geeurs in dry weaving ns a result of
{a} the forward movement of the slay in * beating up,"” this seurce being close
to Lhe operative, (1) the repeated eontaets of the rising and fallirg warp threads
with their neighbours, this source being the most impartant from a quantitative
standpoint, {e) the disturbance of * dust * or ** flnft ™ an machine paris, especially
those In mation. A fine dust clond may be observed behind the healds above the
warp threads. Much Jess dust is produced in wet weaving,

Some ™ dry " looms ‘are new fitled with locnlised exhaust nsually apptied
to deal with dust evolved by Loth {a) andd (1), in some cases () omly.  (a) A fat
horizontal “‘ hwod ** is fitted in front of (he operative, just above the cloth, the
opening facing towards the healds: (1) either an u wight pyramidal hood, placed
transversely, or horizontal flat hoods, one en emj) side facing ench other, nrp
fitted close bebind the healds, The sccond arrangement is the naore efiective
for marrow Inoms, as the * scissors-lile * action of the warp threads appears
to displace most of the dust to the sides. The exhaust dravsht has effoctod
some improvemert, but all the dust is not removed, especially that produced by
(). It may Le impracticable tn apply the drausht to all dust-producing poins
belind the healds, particularly at long looms, but greater suceess would have
been achieved with more powerful dranght and larger air displacements, as is
now being recognised, =

*"The methods described for dealing with the dust ¢reated by () must be less
successful at cloth looms of ordinary width. A few ench looms in one factory
have' recently been equipped with larze * bonnet hands, fitted transversoly,
closé down over the machine. covering the slay, reed and healds. The hoods ave
of hemispherical scetion, with extensions over the shuttle boxes.  An internal
electric light fitting, and hinged sections, facilitate working, A nowerful
dravght. snitably applied, should prevent eseape of dnst, gonerated witlin,
In another ense. experiment is said to have shown that a transverse inelined hood
facing the 'operative, placed just bolow the warp near the Tront of (he joam,
eaw he more éfiective far rehucing dnst enncenteation jn the air hreatheyd, thaw
present arraygements, and the new design is 1o bo snbstitnted.
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. Application of eflicient dnst wemen! areeenients Lo wenving is eleardy
' dillienll. “ThePpedient of instailing individual pewhines or smadl groups of
machines in suitabiy ventilated snall woeme or cubicles, s stigeested wider
* Warping ' docs ol appear Lo June been tried, bt might be considered af
lnentised arsnsemen(s arn nat sniliciently elftctive, Lows amerow sheds, fur
a single line of Tooms, ventilated ns supuested, might Le a possible alternal jve.
Cloth Picking, Evawmining, deusirivg.—There aperations invelve rumEing
out the rolls of cloth and tend to prodoce 2 small amonnt of dust. 18 carelully

. tlane, go thal very little dust is ercated, other procautions may he wimecessary.

Non-Texrines.

Fiberized ashestos is not used in some of the nan-loxtile Taetories snd
expositre to ishestos dust may be slight ar even negligible.  Dust is evolved iu
[actories or depnrtients whers sueh imaterinl s propared for sulsequent nse,

3 or for sale, il also in departmen(s where Rberized material or dry mixtures
- containing it are manipnlated in prefininary minulacturing processes. Amain,

finishing pracesses, involving abrading or eniting at high spece, smay be a sourey
of dust, but such dust mry contain only a swall jercentage of ushestos.  The -
applieation of exhanst dravsht, where sugzesied in the ollowing deseription
o1[ proeesses, s in most cases'a straightforward problom, eomparable with many
ethiers mel with in non-textile factories, e., woodworking aud grinding, where
machinery similar 1o that described is nsed,

Fiberizing or Openina—=Fiberizing is ulmost exclusively confined to works
n groups () and (). Muck of the work iz done wnder less supervision than
- ia textile factories and unsatislactory machinery s more common. Primitive
teasers ("' devils ') are used in ceveral mattress-making works, nnd chamber
work is alsg an uneatisfactary feature (see p. 22

In sotne ashestos-cement sheet Favtories, erushied material, From edie runners,
[alls into warm convoyors hefow, which veansfor it antematically to disintegrators.
In one kirge works, the process s being entirely enclosed: the material from
the edge ruamers, which are lattice-led, will he dbscharged npon o convevor and
: rajsed by an clevator wn Jarge averliead sterage hopoers, fitted with autematie
bageing lattices.  Localised exhaust draught will be applicd at feading and
delivery points, where dust night eseape.

* Chambers have been climinated in some large works, with heneficial vesulis.
“The materinl, after being disintegrated or opened, is fau-handled, and Dlown
to & hopper fitted with boliom votary delivery valves, the air heing re-cireuls ted.
The material is bagyed at lattices. ~ 3irect snply Lo a manufacturing point is
L ~ annther improvement uow beivg tried, Such puenmatic couveyance should be
' . bracticable in many cases.  Localised exhanst at feeding awml discharge points
of these syslems is necessary,  Vacuwm wethods for Alling sacks may also be
Fractieable, :

If chambers are retained, the necessity for entering them might be aveided,
hy providing chambers of small front ta hack dimensions fitted with Jow danis,
at which sack filling would he done, locatised exhaust ventilation Leing applied

uver the doors.
(b) Millboard, Papcr, Sheets angd Tiles.

The wet mixtures for millboard, paper, and ashestos-celent products are
prepared i a beater, as used in paper mills. Dry fiberized ashestos is emptivd
it the beater trough, the sacks being shaken (o sume extont. Evolution of

- dust oceurs hefore the material becomes mixed with the circulating water.  Ocrate
sionally a sack s empticd before the water is turned on. Several sacks are
required for a charge and the process is repwated a nnmbuer of times dailv.
T'recantion= ave not taken al present bot the dnst might be avoided T

/ () mechanival focding vnder enclos~ vonditions, ns appears Lo be done in sae
toreien warks, (5) applying exhane dranuht, £) feeding in small quantities
and i sneh a way that the material is welted at ence.

Finiehing processes an ashestos.cement sheet: inelude sAWine tn size, e -
gating, prossing and deilling, earcicd an in same factaries with the man
o moist s to prevert dust, and this praclice shondd Lo adepted geners.
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and Jovalised exhausg jg necesary Lhoushe ot aplied, Nuilaclv, torning,
fiting sl smont v of ey ashestos-cement pipes, at lithes, DY e e st
ta remove the dust peodiced.

Systhetic eomposition shecting, sometimes made 1y rulher departnent,
i prewliesl From dongly vensisting of liberized ashestos and subher, mised with
solvent in kneading wachines,  Dust s Passineed s Jeediog the mixer wit],
asbesios, done in an vpren wranuer by B, from sacks or sips, the smhs helug
sladien out, or Trom jn open fatlice feed, Subsequent processes are dust-free,
Foxhaust should be applicd at the fecding point.

{c} Inzulation Ilaterials ang Articles.

Compositions —* Maunesia,” the most impertant insulating compoxilion,
is produced an a farge seale by the principal manuiscturers, v enclosed metheds
with pnemnatie conveyance ot the mixture to anteinatic saclk fillers. Weighing
and Teeding the fiberized ashestos gives rise o dust for which exhavst is
NELCSSary,

Fiberized asbestos or ' magnesin " is a component of many insslating com.
positions which may also contain clay, Liesclaubr, fossil meal, flax, hemp or
Jute waste and other muleriols, The proportian of ashestes in the fina) product
vavies widely.  In many small works the materials are mixed * dry,” by hand,
in an open manner, invalving sack emplying aned filling, shovelling and weieli-
ing.  Enclosed rotary wixers could apparently be used for such work witl
exhaust applied at feeding points and the nuiterial discharged and baigrged
under enclosed conditions. If hand wark iz retnined. exhoust shonld be applied.

Cousolidated Sheets.—Tatge sheets resemhling thick wats, buile up of layers
of fiberized ashestos, are consalidated with silicale of soda, sprayed on in manu-
Tagture.- ‘Uhe sheets may be hacked o ene fave with milthoard, or supplicd
without a lmcking, being faced when fixed with miflboured op asbestos-coment
sheets.

The sheets are produced of the required size and shanz at worl benehies,
or buill up on the table of a machine, vapable of slow reciproenting moveinent,
and fed from 2 hopper above. Tn thn {ormer ease, the fiberizel material is taken
in handfuls from sikips and spread out in the forms, the surplus being serapel
away and falling about at the sides of the work benches, and on the Nunrs, a
ronsiderable guantity being soattered,  Duost, produced in mani platieyg the dyr
filre, before trentment with the silicate of soda, is largely avoided at the machine,
Efficient locatised exhaust should be applied 1o the hand [rocess with improved
bench arrangements, to prevent scaticring,

Band sawing of piled sheets, canses evolution of much dust, owing (o the
tonsiderable depth of cut. Lowalised exhaust alone, not yet. applied, may prove
tnsuflicient.

Sections and Slabs. --Moulded insulation is made chiefly in two forms, see-
tinns-—semi-cylindricat and movlded hollow to suit varions pipe sizes—and slabs,
which are rectanguilar and solid, These products are nsually monlded wet, either
W hand op machinery, fron a paste or cream, prepared inoaomising machine
vr tank.  Feeding of Jdry material iovolves cvolution of dust which niight Le
averded by one of the methods sngresied for feeding Leaters in millboard making.

Heclions are made at one factery by a drv process, at o maching indiRorently

erchmed.  Feed hoppers, litled from skips, deliver the nsbestos 1o internal Ittices
which in tnen. supply a travelling band, at which the section is ralled hy hand,
Tvalvine brushes which clear (ho fattice and spread the material evenly on
the lige give rise Lo much dust. and dust is proclucer at the hoppers, and in
relliseer brwshing away superfluans material,  Ixhaust ( raneht, nat hitherto
EppTied, s te be provided at the expased brush snd the maehine s to b mgre
Hfivetively enclosed.  An enclosed Feed ™ s alsn necesary.

ve The sections and slabs gpe trimmed ta size with cineular ar binnd saws,
Tl du i praduced and exlianet dransht iy coninently applicd, ot is iy some
Ervitllicient,  Cirenlar saws 1sed in some coxes in paies, for tringing enels
et aperation, ean he fitfed wit exhaust hoods aluwe amd Telow the Tenglhes,
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. tha
extunst dranghy eing appliod as fap wonidwarhinge maclipes, Flicent ai by
ments shovld he redily practiealde o all gan iy workt here,

Matfresses —Matlresses wrz wanulactured by practicatly all firms wha
produce innlation roquisites, thowgli nnly oveasionalty by some.  Muallresses for
arge conbrzets are made in the contractors’ premives, (heir oatdoor sta it mi_;in;:
neeossitry daeasarenents and preparing rough plans, A mallress s somelines
to be made on site,

Matlress making invalves, lrnadly epeaking, the sequence of procesies
associzted with the makimg of domestie mallssses.  The work is almost cutirely
hand work,  Lengths of ashestos cloth for covers are aut ont on a wide bench
and sewn up, by treadle or puveer driven machines, o an extent depending on
the mcthod of filling.  Larae maltresses may be sewn along one side only or both
sides mny be seamed and filling dene I'rom bath ends. Bevore illing, covers e
turned inxdde out.  Nupplies of illing material, which wsaally, but may not,
contain fiherized nehestos, are branght. in sucks or skips, from chambers, ot taken
from open bins, in he room. kept supplicd from the clmmbers, or o sacls
of matertal snpplicd by entside lrnis,  Filling is dons by hand, sconp or shovel,
and quantitics may he weighee . Ihie end Glling of long double-seumed 1t tresees,
referred Lo nbave, necessitates the worlmen mennting on the beneh to empiy the
material from skips fnto the openings.  After [ling, the mattress is levelled or
heaten, to make the flling lie evenly within, the hand ar a flat woaden beater
being wsed.  Tinishing processes include finul sewing, stubbing or lultoning,
fixing on hooks, ete.

Bome dust is produced at the cutting out benel, in opening out the roll of
cloth, and at the sewing machine, Lut far more in taking material from bins or

sacks, in weighing, [lling nnd levelling,  Beating of the eloth prodirees nashestos
dust, the amgunt of which iz laracly inereaswt if the ftlling containg ashestos,
The work is largely done withont regard to the necessity for suppressing dust.
All benelies are entirely open.  Loealised exhnust draughi is not applicd.

One firm have improved conditions considerably hy the following pre-
cautions :—

{2) Keeping floors and benehes daap and spravirg covers bhefore
filling.  ITose cannections and spray fittings are provided,

f‘b) Sub-division of department intn several jnrlependent workrmoms.

(¢} Exclusion during filling of all workers not so employed, the
excluded worliers proceeding to another seetion. | '

d) Mechanical ventilation of each roon by cross ventilation, embady-
ing plenum =upply (warmed when neeessary) at one side and Jow Jevel
extraction at the opposite side, the air heing changed between 10 and 20
times per hour. .

{¢) Enforcement of use, by fillers, of respiraters,

These precantions do not include application of localived exhaust ventilation,
withont which mattress filling and beating muss involve scie risk of inlalaticn
of dust.  Tor small mattresses, a wide double-sided canopied beneh with exhanst,
draught. applied &t gratings alone the cemtre line might- bo nsed, the filling
material Laing snpplied within the canopr.  Such a Lenel may not perbaps he
practicable for the making of large maiteesses but the possibility” should Le
explored. Otherwise at least the precautions referred to above should be
adopted.

(d) Brake and Clutch Linings.

Before being impregoated, the diy asbestos eloth, known as * grey,” may
be calendered at 'squaring rolls and in ail cases the mils arc cnsed cut to suparata
them a little, so ensuring thorough treatment by the liquid. A little dust is
produced in these operations but insufiicient to render special precanzionary
mensitres necessary,  Other preparatory work on ** grey "' arises in the making
of special linings.  Tengths of eloth are lightly hammered to ring - e, in

tempdates, then eul with chisel or shears sl 1he rndinl eiloes sewn tes rata
wirestitehing machine, as waml in beok-hinding, Thist oeenrs in hane ~and
stitehine. A canapiod benel fitted with Jocaiias] el AT - 4 b

Provided and the muchine placed wnder axhaust draught,
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machines, ear L vos, eireniae npd cailinline, eutting piveses, Iydeubic squeciiog
presses and Diodsiwy, Untting and sawing expo-e enls ol wire aind leave ronnl;
etlges; trinumine stonthing, done an wrindipe wheels and Huishers, e
feeessaty do ohtatn exact size woul i), Al the aporatinns, except sgueczing,
produce waste, aned dusy is created insome.  The fdusg j heavy and sticky gl
less likely to iy abnut 1han ey ashestos dust.  The amennt is ennsideralde at
sawing and geinding machings 1nd locadised exhanst dranght, to remove it, lag
been applied-—in some cases with mueh sucess—and is nlwaye BreessATy.

Inverted hinods are fitted at band saws, just helow the 1 bles, the dust hoing
drawn througl the small openings in the table guides. A powerful draught is
essential,

Grinding and finishing wheels inchule, in addition 1o ordinary single-dise
machiines, two-dise and verticn] spindle seenontal erivders, weed for flal dinings,
The hoods by which the dranght 1s applied to all these tvpes are similar to (higse
applied to the same machines when used far meta) grinding,  The position i
sinular 28 regards tinishers, a hood being fitted in tine with amd at the baek of
the band. A baflle plate Lo prevent dust heing carriegd past the hood by the high
linear speed of the band is 4 heeessary addition.

8peeial linings and anti-friction bushes are moulded from disinterrated
impregnated waste.  Some dust is ereated in_the Mling of moulds and ellicient
loealiscd exhawst dranglit may be necessary,  The arlicles are shaped and finjshp
as fust described.  Bnshes are tormed A bored in lathes, with production of
waste and dust, but exlaust draught is not at present applied thongh possibly
necessary,

) Packing and Jointinps,
o (r)

Engine packing is either () ** cloth ™ packing built up from cloth, usuatly
rubber proofed on both stdles, handliug ol which doos not cnuse dust, ajul
(b) ™ rope ™ packing made from yarn, at braiding and plaiting machinery, as
used in textiis [nciories, {e} Negligible amoun(z of dust may arise at the
spreading machine, from the unpronfed cloth, and, in building up, from material
proofed on one side only. (b} “ Cheeses ™ of yarn are first rewound on bobbins
for the braiuing and plaiting machines. Simple winding meelianizms nre nsedl.
Some little dust is produced; special preventive measures will wsuafly not Le
necessary., :

Flat packing, known ag ** grummet,”” is made, on a sinall scate, from ashestos
yarn, threaded on a needle and wound in and out by hand, as hatls of weol are
wound, This apparently insignificant process cnuses sullicient dust to cover jn fis
short time the hair and clothing of the workers and should be done at o canopicd
bench provided with localised exhaust arrangements,

() Asbestos-coverod Elestrie Conductors.

Electrodes.—Electrodes are either wrapped with yarn, the usual methed,
or passed through paste containing ashestos fibre, yarn being wrapped npen this
coating,  The former methad g usually achieved by a spsnl] igh speed stranding
machine fitted with a fljer earrying ‘the spools or bobbins of yarn, the wire
travelling axially through the Hier, Trentment with consolidating liquid,
stiaightening and cuttieg to length follow, all done at the stranding machine.
Alternatively, single clectrades may bo wrapped by a simple winding mechanisn.
band-operated or power-driven. Paste-covered clectrodes are aleo made singly
at smglll extruding machines, g flier for feeding the yarn being fitted behind thie
extruder.

After drying, a short langth of the caveriug at oue end s gronnd awny.
Ie:wmg the bare metal Recessary for making electricnl coitact in the holder,
whq:g 1t use.  Small abrasive wheels, almost entirely cenclosed, are used,

Small amonnts of dust nre projected from fliczs, thongly insuflicient prob-
ably to require the adeption of spocial Precastions.  Much dust ig prodneed
in grinding ends and efficient exhaust ventilation js essential; present apparatys,
vehero provided, is eapable of improvement. The provess wonld he nnnevpgen v
if bared cuds were left in manafacinre, and experiment s divected te this desiralie
end are being made and give promise of success,
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- Prcpnf‘:llﬂr)-'rprmt' s i paste naking inclnde () dey geinding of Bherisel
. usleslos by snallvert Jise zrinding wheels, ied at the cowee drom a boppere
above and (il"-ull:l:'j.‘,‘t‘ll Trom the |11‘i"l[:|n:'l"\' Tne i b Lelow il (U) hand ]ninng
of the grovnd materiais ab a e, ivolviig emps s ing oul ol dey material inw
Eaes. Just iy preduced, the ameint beingg copsnlerable o grinding, Littde
precaution is taken.  The processey might Te secumplished wnder abnost entively
enclosed conditions, oflivient exbaust deaught heing applied at points where
dry materiol is exposel, e.g., in feeding.

Hewindiug of yurn is somethoes neeessary and- primitive arrangements may
be nsed, the peactive referred 1o un page 23 bengt followal, i os o considerable
amount of dust is prodoced, the practice should be given up,

Cable and Wirieg —-Ashestos-cuvered cable and wiring mnstitinte a small
percentage of the sutput of the eable Taetories.  The yarn is braided and plaited
oh the conduvetors at machines, not rescrved for ** asbestos * prodwcls, similare

s to those previeusly deserilsed, Rewinding of *° cheeses, ™ as reecived from aslestos
.. textile fuctories, is done at unjversal winding machines.  The amount of dust
evolved is small, and spucial precautionavy measures ave appareutly not requived,

Field-coil Wrappiag.—TField coils Tor electrical machinery are wound with
asbestos tape by hand at ordinary work benches.  The process does nut give
rise to appreciable quantities of dust.

(g} IMisgellaneous,

Moulded Goods.—Rome electrical insulating fittings are moulded {vem
varnish-impregnated fiberized ashestos, prepared after thorough drying in a
mixer aud ground in an edge runnce,  Alternatively, Dmpregnated seray, zround
in a rombler, may be used.. The preparalory processes on (Try or practically dry
waterial are intermittent, and Involve sack emptying, shovelling, weighing,
filling and emplyioy shallow trays, They are curried on in an open menzner
without special precautions except that as regards grinding, hangig em
mai‘ be used at the edge rumier, and the scrap rambler is enclosed. ™ Hhust is
evolved in the processes mentioned and leealised exhianst vemstilation shonjd he
applied Lo eflect its removal, with, in addition, efiective enclusure of some hand
work, c.g., coptying of trays inte machines conld be doue inside a eabinet
wovided willl internal arrangements for securing the trays and an exterual
[mudlc for turning shem over. Localised exhaust may e uceessary for fiual
trimming if done at abrading wlheels. -

. Moulded articles made in other trades may coutain bul o small proportion

of asbestos, although e large quantity may be wsel.  In one cusc the asbestos

] is sicved after drving, both operations beimg done in enclosed machines, aud,

{ in addition, dry mixing, done in retory machines. and paste mixing, on open

© rolls, as in rubber works, are also required. Provesses earricd on with some

risk of exposure lo dust include emplying of sacks into bins, filling of trays

for drying, feeding at the sieve clevator hoppers, the -drv mixer. and the rolls.

Localised exhaust is applied at (a) the elevator hopper, (5) the storage chuniler

ahove an intermediate barging point, (¢} the dry mixer, and () the rolls.  Aore

efficient arrangements appenr to be desirable for (i) 2nd {): the feerling of the

elevator mizht be done nnder enclosed conditions i o cabinet as mentiened above

were provided into which the trays could be inserted.  Loenlised exhanst is

necessary nt storage bins.  Final trimming of rough edges is done under eilicient

exhnust draught. oo

Otler processes of comparatively nuinor importance. e.r., asbestos putty

mixing, in which there is handing and feeding af dry material in preparatory
processes, will eall for precautions as previously deseribed for similar work.

' b 4. —SacKs.
1 e v B .
. In a few cases sacks of sailelath ar other closelv woven material are used
/ : inside the factaries.  Such sacks are mmeh to be preferred to thase made of the

ordinary material, which is * leaky ™ and gives rise to dust in handling,

o o 5 —Creanize oF Wonks, Macnixery ann Sacks,
" Some faclories are kept in a more cleanly state than others, but higher
" standards and Wnproved methods are desirable seneeally. Weekly elenning liy
dry metliods is genernl in textile Tactories, hut ix ware elfectively done i zeme
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dust which gathers in a weel; renders Cleanime o very dusty oporation, Younng
workers inay be <cen an varding machines Lrushing diet fute the sy fromn the
covers, cte. in considerahle amennt, nuar ather workers,  Sone firmsg  five
instituted more Trequent regular eleanings and wore sadisfactory methods Ly
damping befove sweepiny,

Vaenum cleaning methuls have e heen adopied and sneh methods seem
te be regarded as impractienble, hat s ean liardly e accepied,  Partabile
yacuwim sets sre constantly used with vreal salvantace in other elisses of winks,
e.g., clectrie eable factories, by adnll cleaners who keep the machings, plant,
service pipes, ele., theronghly tlean.

If vacom methods are pot adopterd. well areanised daily cleaning, by adulls,

using damp methods for fonr cleaning. shonld be the rule in tostile factories.
A water supply with suitable hase and =ray connections should e provided.

Débris produced in asbestns.cement eloet, worke under moist conditions may
heeomne dry and eause general dusty eanditions, Cleaning should be sq (requentiy
deme as to prevent this.

The cleaning under mischines Auch as looms and cards entails collecting
waste of considerable value, dene at presext by hand.  Vaenum eolloction shemtd
be possible : in principle, it is atrendly nscd for removing side waste at finisling
cards.  The snund principle of collecting card waste, through flonr apenines,
hing been adopted in one new Tnctory, and might b Tollowed in others, with
automatic collecting nrrangemonts,

Sack cleaning is done in a fow lared works in enclosed machines, invalving
somie risk of exposure ta dust in filling and emptying, notwithstanding (e
provision of loenlised exhaust ventilation, A type of * exbausted maching
which does not involve such work is (o be preferred, ’

6.—Suantany axp 1 FEOMAMENDATIGNS.

Asbestos factories and workshops cover great varicty of processes. The
premuses differ widely in stroctoral featnres and are congested Ja many cises
with machinery or material, Trocesses ave In rgely earried on in olose association.

. Dust is produeed at many kinds of machines, in hand process work, and in
simple incidental o serations, particularly in emptyinyg settling chambers, and in
all Enndling of ** fiberized " wsiestos. .

" Intextile factories, pure ashestos dust js centinuously produced, iy diflering
fmounts, at all the priuctpal nachines. Card stripping, a very dusty aperation,
is usually effected by hand strickles. )Inng mixing of different ‘grades and
varieties, incidental fo opening processes, is nlso dusty.

In non-textile factaries, pure ashestos dust is prodoced at apening wmachines,
in feeding machines, in making jusulating mattresses (a dusty hand process), aml
in ineidental hand work. Dust, thougsh ravely pure asbesios, is produced in
finishing operations, e.g.. wwing, prinding and other abrading “of ashestos
produets, )

"The apprapriate methods for suppression of dust may only be fullv deter-
mined when the harinfol eficets of comparatively low emncentrations of hshestos
dust are dnly appreciated. V. 'ty dusty processés will nnt fail to he recognised,

ut in processes such ag spinning and weaving, in which in other textile trades
special methorg for dust control are not required. due precantions aro alzo neces-
sary. The wshostos mamuficinrers are clearlv confronted with the beeessity of
attaining conditions in their indnstry which” will ensira much less dust. in” the
atmosphere than ecan salely be tolerated in many comparable trades not usine
asbestos. - . . : i
The principal methads for the contral of dust are:—

" (@) applieation of exhnnst draneht at Aust-producing Prints:

{8} substitution of enclosed mecharical melhods for T eonveyance,
and for dusty hand wnrk crneralby; ‘ T
’ (e) eflective onvlnsmre of dust-praducing machines and plant;
it {d) substitation of wet methods for dry.
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. Faclhof the s fts pertienlae sphers o atility, aned he partienlir indivas
tions or their adeption ave put forwand fnter alia ia the recomendations bl

RECOIINONDANTOUS,

{1} Application of Efiicient Localised Dxhaust Venlilation at dust-producing
points,

This measure, of the greatest impartanee where mamfacturing and incidental
processts fcciasion escape of dust wot coutrolled by enclusure or other measures,
15 necesrary for ;e

(a) Dust-producing machines, e.q.—

(i} Crushipyg, disintegrating, teasing and_ other opening
machines; sioving machines; fibve prinding inuchines; dry mixing
machines; rolls fed with dry mixings.

(i) Carding machines (to_sappress dust from cylinder and
doflers, caused by stripping and grindivg. in addition to that pro-
duced by ecarding): enrd side waste exhaust machines; looms {or
dry weaving; stripping and pgrinding machioes; uther  textile
machines, if the dust cvoiverd renders this preventive mensure
necessary.

(iii) Snwing, grinding, trimming, polishing and other abrading
mathines, used on dry ashestos produets.

(8} Feeding and delivery Iattices, or other conveyors, nt machines or
other plant; feod hoppers at elevators; bagging lattices; feeding of dry
material at wet mixing machines, .

{¢)} Chambers, containers, ** cyclang ™ hoppers, or other enclosad space
tuto which fiberized asbestos or mistures coutaining it are delivered, or
pﬂES. -

(d) Work benches, e.g. for matiress making, waste sorting.

. {e) Various band aperations, ¢.g., sack emptying and filling, weigh-
ing, mixiog.

This is the priucipal mensure hitherlo adopted, and is probably that mest
generally applicable. It has been applied to some only of the above machines,
and nppliances, but not to hand work. The methods of applying the exhanst
draught, and other associated {actors, are l_Jcconu_ng more efiective, but there
are few fully satisfactory plants. Special difficultics remain to be overcome in
gsome czses, e.g., looms, mixing, mattress making, If not surmounted, an
alternative, viz., general ventilation of a high standard applied so as to draw the
dust-laden air away from the worker, shauld be provided,

(2) Substitution of enclosed mechanical methods for hand conveyanes, and for
- dusty hand work generally,

" This measure—

* {g) avoids depositing material in chambers, intermedinte flling and
emptying of sacks ar skips, hind feeding of machines, and other incidental
pand work;

(%) pennits of final filling and weighing, under the least dusty con-
ditions, of materials for dispatch;
U (¢) renders exhavst draught more effective, or, in some cases,
unneccssn.ry. -

It is already employed to some extent, and its further application, wherever
possible, is greatly to be desired.

+ (3) Effeclive enclosure of dust-producing machines and plant.

(@) Yo prevent escape of dust not controfled hy eximust dranght, ar
() to render its.applieation more eflivient.
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To reduce the dust given off in cortain processes aml work, e,
{n) a considerahle mwount of weaving;
() matiress makine, by wetling the covers hefore fillisng, und by frequent

wetting of floors and henches;
{e) final suwing, and other wmacking processes, in ashostos-comenl sheet, aml
tile factories, belore tie prepared materii] los hod time to dry;

(d) works' elenning, by damping floors and henches, hefore hrashing or
swecping,

This measure might be adopted to a greater extent than at present,

, {5) Elimination of cortain dust-produeing aprliances,

Certain appliances are nsed in a fow works, sowetimes with a mensnre of
precaution, but whieh emit mueh dust, difiicult ar inpossilde to contral by efiicient
enclosure or exhaust draught. They should not be retained unless clicetively
meodified.

(s} exposed dofier hrush gt cariing machines,
{8) card side wasle exhaust machines, delivering under pressure;
(¢) certain willeys and teasers, particularly old machines,

{8) Abandonment of Settling Chamters in ilanufacturing Frocessss, to the
’ utmost extent.

{7) Eflectual separation of processes to prevent nnnecessary exposure to dust.

New factories shonld be 1aid out so 25 to avoid exporing workers (p risk
from processes upens which they are not engaged.  In picticnlar, there should
be effectual scparation of—

. (@) opening, carding and weaving, from each other, and from any
othier process;

(b} spinning, doubling, plaiting and similar processes, from work
not causing dnsi;

{¢) matlress making. from all other work;

(@) ehambers, containing fiberized ashestos in bulk, and dust settling
chambers and apparatus, from any workroon,

The separation of mattress making should he adopted in existing works,
and other separation referred to, as far ag practicable.

(8) Wide spacing of dnst-producing machines in naw factories and, as far ag
practicable, in existing works,

This measure would hring shaut permanent reduction of dnst concentration
In the air of the workroom as a whele, and pravide improved cleaning facilities

(9} Use of sachks of close texture materinl for interral work.
{10) Eilicient cleaning system with wides use of vacuum methods, (See also (4))
{11} Storage of asbeostos and other gocds to be outside workrooms.

(12) Exclusion of young persans from spacially dusty worlk,

4

Nate—Particular preventive meastres of nmed: atnre e referrad toin
Part I, where alse the limited vaine of respirittors g Teguar o tlis hndustry
15 briefly discussed,
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RNovr uit Exuavst VERTILATION 18 Aseniros Wolks,
- Some exluust plints are carefully desigeed aml veasanaldy ellicient, bt
some are ilbdesicned and meiticient ; obhers, asain, doonet cliced, tenuwal of gt
to a sufilcicul estent. I'he c]r':ll!ghl iy nob b applind as clocely ag possible w
the dust-prodncivg points, or may be too weal,  Fhe cmission ol a visible dust
cloud at o point where exbanst is applicd is 2 clear indiction of innderpry.

Lxtensive allerations of existing plants may predmee serivus Juss of ellfiviency,
Exhausl pruvision for new machinery and provesses shonld, therefore, womersil
speaking. be made fudepemlently,  Wihile sdvantases rosnlt fran denling with
many dust-producing peints, by asingle exhaust plant, o punlor of self-contained
plauts, with indepencent. fans and settling apparatus, is olten more clicetive,

Exhaust ventilation applied on a large seale entails eombinvoos remavel of
e a considerahle volnme of air from the room, The sapply of fresh air nnst be
ample or the eificiency of the exhaunst ventilation may be redused,  In winler,
the workers are fialle-ta bring ahout this result by closing windows and doors,
Plenum ventilation eapabhle of supplying the volnme cxtracted, the inconing
air being warmed, vy therefore be desivrble, where extensive exhanst plants
are installed, .

Lhicictiey of an exhanst ventilation plant may be greatly reduced by in-
cflicient dust-settling methods,  Eael fan should discharge into an independent
seitler,  Setiiers adopied in asbestus worles include evelones, laree chambors
vonnected with eyelonss, large chambers enclosed with gacking or other filtering

» materizl, and lag filters.  Cyclones aud chambers are usually well sepavated
from workroems. ~ g filteys are now Leintg commanly adopted, for small jnstal-
latious, These filters and *“ balloons ** are sometimes placed inside workroan:s,
& had practice. They are best placed in frecly ventilated rooms, effeetivelw
separated [rom workrooms.

Filtering fabrics Tur settling duat gradually become elugged; and as this
effeet inerenres the exhaust plant beecones ware and more ineflicient, the volime
of air moved hy the fan boing reduced.  Suech sottlers wust thevefore b kept
clean. The usual practice is to beat the filtering materinl.  Arrangements for
shaking bags from outside, ov awtomalic shakivg appacatus are not provided.
Asbestos dust does not appear %o be so diffienit to detach from suitolle fiftering
material s some dusts, but much dust is produced in beating.,  Eileient shakine
arrnugements, avoiding thia exposure, shonld be provided if this nethod of
settling is retained. Some fimns strengly support the view that it should be

(_" . given np beeanse of the difficn]ty of maintaining the exhaust plant at the highest
' oficieney.  The matter merits carefol consideration. In rarticu‘mr, the
efficiency of the exhisust piant should be kept under constant observation by a

ragponsible person.

Cyclones should bz of adequate dimensions. The combination of chamber
and cyelone is msed extensively, the {an discharging the air inta the chambar,
to which the evelone inlet is connected.  The efficiency of this arrangement should
remain practically constant.

L. R. A. MEREWETHER.
CHAS. W. PRICE.

14th March, 1030,
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