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FOREWORD 

Occupational  diseases,  though at  present  much in  the public eye and mind,  are 
not  some newly discovered "hugabpo" •  On the contrary,  such diseases have exis­
ted in one form or  an-i ther  for  thousands of  years.  For instance,  there is  good 
reason to believe that  even as  far  back in history as the Stone Age the cave 
men frequently suffered from the effects  of  the industr ial  disease now famil iar ly 
known as  "si l icosis".  Through the fashioning of  their  weapons,  tools ,  cooking 
utensi ls ,  e tc . ,  from various stone formations containing the dust  now cal led 
"free s i l ica" these prehistoric  dwellers  were probably subject  to the same ex­
posure to lung disease as many of  our present-day industr ial  workers.  As 
civi l izat ion progressed and historical  records wore kept ,  we f ind more and more 
evidence of  diseases due to dusts ,  pnd some of  the early Roman wri ters  report  
of  the terr ible effects  of  certain dusts  on the lungs of  workers engaged in 
cutt ing stones and granites for  the roads and buildings of  ancient  Rome. We then 
hear relat ively l i t t le  more about  such diseases unti l  some several  thousands of  
years '  la ter  when we skip to the coal  f ields of  Wales and the gold mines of  South 
Africa,  where we f ind the miners l i teral ly dying off  " l ike f l ies" from the 
effects  of  exposure to large quanti t ies  of  dusts .  I t  was a t  this  period that  
the problems of  dust  diseases f i rs t  began to receive their  r ightful  at tention,  
and as a result  many revolutionary changes were made in order to protect  these 
workers from what  had become to be known as  the "industr ial  scourge" .  Along 
with this  increase of  recognit ion of  the injurious effects  of  the dusts  en­
countered in the mining"industry,  there then arose a  further  recognit ion among 
other  industr ies  where intense dust  was found.  As a  result  many improvements 
were also introduced in these industr ies  for  the control  of  such dusts .  How 
many workers suffered from their  effects  and how many needlessly sacrif iced their  
l ives before thi ' S  period of recognit ion was reached is  not  defini tely known, 
but  the number must  have been tremendous.  Today,  however,  there is  l i t t le  ex­
cuse for  any worker to  have to suffer  from any serious dust  exposure,  because 
the dangers are now widely known and modern engineering has developed systems of  
control  which in the majori ty of  cases can el iminate most  dust  hazards.  

So far ,  we have talked only of  those occupational  exposures and diseases re­
sult ing from'the inhalat ion of dusts .  However,  a l though the effects  of  such 
diseases are more commonly known than others,  part ly because of  their  past  
record of damage and part ly because of  the publici ty given them, there are a  
great  many other  occupational  diseases caused by exposure to various poisons 
found in industry.  Such poisons which consist  essential ly of various gases,  
fumes,  and vapors are the more or  less  direct  result  of  the chemical  age in 
which we are now l iving,  with i ts  continual  development of  new materials  and 
processes and the creat ion of synthetic  subst i tutes through improved chemistry.  
The use of  these chemicals ,  combined with the ever-increasing demand for  high­
speed production methods has cast  another shadow along the health horizon of  
our workers,  and one which cannot  be disregarded as was the problem of indus­
t r ial  dusts .  Fortunately,  however,  there is  l i t t le  danger of  such negligence 
repeating i tself  because the disastrous and cost ly experience gained from un­
control led dusts  has succeeded in awakening a  consciousness that  the occupation 
plays a most  vi tal  role in our nat ional  heal th problem. As a  result  of  this  
awakening,  the workman of  today is  rapidly coming to enjoy bet ter  Working con­
di t ions and bet tor  heal th than ever before.  There is  s t i l l  much to be learned 
and much to be put  into pract ice before i t  can be said that  the industr ial  
heal th problem is  completely under control ,  but  n knowledge of  the work to be 
done and s teps taken in the r ight  direct ion cannot  fai l  to bring a successful  
solut ion.  



Unlike industr ial  accidents  such as cuts ,  bruises,  fractures,  e tc . ,  the 
effects  of  occupationally acquired diseases are much more subtle  in their  ac­
t ion and ul t imate injury.  In fact ,  i t  is-  only in the rarer  cases,  with the 
exception of  dermatoses (or  skin diseases)  that  tho act ion of occupational  
poisons are acute,  result ing in immediate and obvious manifestat ions of  in­
jury.  In such instances the element of  exposure is  usually readily discern-
able,  end s teps can be taken to guard agains, t :  a similar  occurrence.  Injuries 
of  this  nature are in general  the least  to be feared because the magnitude of  
the exposure usually gives ample warnings of  the danger.  In contrast  to such 
rarer  cases of  acute poisonings,  there are the more or  loss unappsrent  and 
relat ively hidden exposures,  the effects  of  which are general ly chronic in 
act ion over a  considerable period,  and which may take their  drain on heal th,  
harmony and l i fe  during a span of  months or  years unti l  the accumulated damage 
is  often t imes irreparabl04 • In  these lat ter  cases there is  not  only the 
possibi l i ty of  part ial  or  tntal  disabil i ty or  even premature death fol lowing 
continuous exposure to certain poisons,  but  there is  also the tol l  paid by 
the workman,  and in many cases his  family,  from the .effects  of  constant  poor 
heal th, 'Which,  while not  apparently serious enough,  a t  least  to the worker,  
to  cause him to consult  a  physician or  to take a  lay-off  from his  job,  yet  
may negatively effect  his  disposi t ion,  ambit ion and general  a t t i tude.  In 
many cases the sub-par heal th condit ion of the worker may be present  as  fre­
quent  headaches,  colds,  extreme nervousness,  or  a  general  rundown or  t i red-
out  feel ing,  al l  of  which he 'may at tr ibute to something he ate ,  last  night 's  
party,  not  enough s leep,  or  perhaps s i t t ing in a  draft ,  but  rarely to what  in  
many cases-may be the cheif  cause—his occupation.  ,  

* 

In the at tempt to prevent  and control  occupational  disease hazards i t  is  
frequently diff icult  to convince certain of the workers that  protect ive meas­
ures at  hand or  precautions recommended are of  any degree of  importance with 
respect  to their  present  or  future health and well-being.  In l ike manner i t  
is  also frequently diff icult ,  to- .convince some employers that  certain protec­
t ive apparatus or  machinery must  bo furnished at  a certain operat ion in order 
to provide protect ion,  and that  such equipment when present  wil l  not  only re­
sult  in the bet ter  heal th and higher eff iciency of his  employees,  as  well  as  
increased harmony of  relat ions with them, but  wil l  also ul t imately have a 
favorable effect  on his  compensation burden.  These are the factors  that  must  
bo i roned ftut  i f  any effect ive system of control  is  to be expected;  i .e . ,  
f i rs t ,  the workman must  be educated to real ize the extent ,  and nature of  his  .  
exposure,  the effects  of  such expo.sure,  and to take advantage of  the means of  
protect ion furnished by the employer to resist  exposure.  Second,  the employer 
must  be convinced that  occupational  disease legislat ion providing for  bhe com­
pensation and protect ion of  his  workers and their  famil ies  was not  designed 
for  the sole purpose of  imposing on him another burden in order that  he might  
be- forced out  of  business as  rapidly as possible,  but  in order that  his  work-

•ers  might  enjoy the same heal th and longevity as  the workers of  other  non-
hazardous industr ies .  Tho employer must  a lso real ize that  by furnishing such 
protect ion he may obtain decreased compensation and operat ing costs ,  and that  
by providing a safe place for  his  employees to  work,  they wil l  be happier  and 
more eff icient ,  and that  he himself  can derive a  great  measure of  sat isfac­
t ion in the knowledge of  the large amount of  good ho is  accomplishing.  

( 

J 

As yet ,  nothing has been said of  the vi tal  part  which the present  day in­
dustr ial  physician plays in the control  of  occupational  diseases.  His part  
is  mainly one of  recognit ion or  diagnosis ,  wherein the nature of  the disease 
and i ts  origin may be discovered,  thus serving as a warning that  correct ive 
measures are necessary.  Because his  role is  of such importance in the pre­
vention and control  of  industr ial  diseases,  the physician should quest ion the 



worker thoroughly as to his  occupation.  Or in  the words of  Ramazzini ,  

"Medici  munus plabeios curantis  est  interrogare quas ar tes  exerceant ."  

which t ranslated means^ 

"The iuty of a  doctor  at tending the common people is  to enquire what  t rades 
they pract ice."  

There should certainly now be no doubt  that  the problem of occupational  dis­
ease is  with us to stray.  Proof of  this  is  seen in that  twenty-one s tates now 
have passed occupational  disease legislat ion in some form, and that  others 
are now in the process of  preparing similar  legislat ion.  I t  has already been 
shown that  the cost  of  preventing occupational  diseases is  considerably less  
than the cost  of  paying compensation for  them, and the sooner that  industry 
real izes this  fact ,  the more benefi ts  they wil l  reap,  not  only for  their  em­
ployees but  for  themselves as  well .  

* * • * * 
• * * * 

* # * 
• • 
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INDUSTRIAL DUSTS 

Thdir  Sources,  Effects ,  and Control  

Introduction 

We have heard a great  deal  lats ly about  dust  diseases in general ,  principal ly the lung disease famil iar ly known as  "si l icosis" And yet  there is  considerable ignorance about  these dust  diseases,  not  only among-the men who experience them-but  among thoso responsible for  their  control .  Part icularly is  this  so with regards to s i l icosis .  For years the word,  "s i l icosis" has gone hand-in-hand with the -word,  "fear".  'To contract  s i l icosis  in any degree was supposed to mean • cer tain,  ul t imate death.  At the f i rs t  signs of  the disease,  the man was taken from his  work and promptly labeled an invalid.  When compensation was provided,  he was fortunate;  when i t  was not ,  i t  was a  t ragedy.  '  

Today,  however,  a  new school  of  thought is  advancing i ts  claims.  By i ts  
reasoning,  the s i l icot ic  is  no longer looked on with pi ty as a hopeless sufferer .  Nor is  the mere suggest ion or  f inding of s i l icosis  enough to prevent  him from continuing his  gainful  employment.  Instead,  the s i l icot ic  is  treated l ike any other  individual  who is  unfortunate enough to have contracted a  disease.  That  is ,  he is  watched and checked careful ly from t ime to t ime by a  competent  
physician.  I f  ho can be protected from further  exposure,  this  is  done.  I f ,  he cannot ,  he is  moved to an occupation in a different  sect ion of the plant .  Only when he is  obviously unable to continue his  work is  he taken from his  employ- - ;  ment  and even then his  case is  far  from hopeless.  

This  new l ine of thought which is  based upon the research and f indings of  some of  the world 's  greatest  authori t ies  is  defini tely an encouraging one,  both 
for  industry and the worknen as  well .  However,  i t tmust  not  be lost  s ight  of  thai? i ts  very foundation is  made up of  three simple words,  recognit ion,  t reat­ment,  and control .  Without  these essential  s teps,  the '  theory cannot  be made pract ical .  

Whore the necessi ty of  the recognit ion,  t reatment,  and control  of  dust  . '  diseases in general ,  especial ly s i l icosis ,  has been recognized,  the problem ia  much s impler .  Unfortunately,  however,  occupational  diseases are comparat ively unknown in certain areas and the si tuat ion thus becomes more diff icult  in these sect ions.  This  is  especial ly t rue in some of  the Western s tates,  including Washington,  where occupational  disease legislat ion is  comparat ively recent .  In • the State of  Washington we have found that  our chief  diff iculty arises from the ignorance of  industry concerning the necessi ty of  control l ing operat ions which lead towards exposure to disease.  The general  t rend of thought has been-that  occupational  diseases are chiefly a  by-product  of  the large industr ial  centers  in tho RnsJ- .  anrt  .Mi dd To-West  nnd are c-omparat i  voly or  total ly non-existent  here.  
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While i t  is  p.dmittod that  the frequency of  occupational  diseases may be less  
in the State of  Washington than in certain other  areas,  the fact  should be rec­
ognized that ,  this  is  largely due to a reduced man hour,  in that  there are not  
as  many men employed in dust  producing t rades.  However,  a l though i t  is  true 
that  such industr ies  appear less  frequently in this  s tate than others,  i t  .  ,  
should not  be assumed that  because of  this ,  our workers engaged in dusty trades 
are any less  exposed.  In fact ,  i t  is  possible that  the opposite  may be t rue.  
In large manufacturing centers  where the working populat ion is  relat ively 
large,  natural ly,  the incidence of disease is  increased with the consequent  
result  that  i t  has been more forcefully brought to  the at tention of those in a 
posi t ion to effect  i ts  control .  Because of  this ,  important  s teps have been 
taken in many large areas by employers,  physicians,  and engineers to reduce the 
exposure hazard to a minimum. I t  is  not  logical  to believe that  say,  in an 
unprotected sand blast ing operat ion of  a  foundry employing 5 men,  that  the 
exposure to harmful  s i l ica is  any less  dangerous than in a s imilar  sand blast­
ing operat ing of  a  foundry employing 10 men.  I t  is  true that  condit ions being 
identical ,  there wil l  be more susceptibi l i ty to 's i l icosis  among the group of  
10.  However,  the percentage of  workers in  each group susceptible to the 
disease should be the same. The obvious conclusions to be drawn from this  are 
that  regardless of  the humber of  workers exposed,  the percentage of  exposure,  
for  s imilar  condit ions,  remains constant .  I t  is  not  meant  to  condemn nor 
cr i t icize those who are non-believers in the serious import  of  occi ipat ional  
diseases in industry as  i t  is  an entirely natural  react ion in those not  
famil iar  with this  problem. However,  i t  is  hoped that  this  at t i tude can be 
changed through the gradual  education of  those vi tal ly concerned and that  their  
wholehearted cooperation can be enlistedo 

> 

» 

In the preparat ion of  the fol lowing wri t ing,  the author is  deeply indebted 
to 0,  Harrington,  Chief  of  the Health and Safety Branch of  the TJ.  S .  Bureau of  
Mines and Sara J .  Davenport ,  Principal  Translator ,  U.  S.  Bureau of  Mines,  who 
have compiled a  vast  amount of  invaluable technical  data from the works of  some 
of  the world 's  most  foremost  authori t ies .  Addit ional  valuable data has been 
obtained from the fol lowing sourcest  the works of  J .  J .  Bloomfield,  Sanitary 
Engineer,  and J .  M. Dallevalle ,  Assistant  Sanitary Engineer,  both of  the U. S.  
Public Health Service;  the wri t ings of  Frederick L.  Hofftnan,  LL-D. for  the 
TJ.  S .  Department of  Labor;  the reports  of  the International  Labor Office of  
the League of  Nations;  and the vast ly important  s tudies of  the medical  exam­
iners of  the Metropoli tan Life Insurance Co.  Further  grat i tude is  also due 
to Isador Lubin,  commissioner of  the Bureau of  Labor Stat is t ics ,  U. S.  Depart­
ment of  Labor,  for  his  splendid cooperat ion in placing in the hands of  the 
wri ter  the material  needed for  a report  of  this  nature® There are,  in  addit ion,  
many others to whom further  appreciat ion is  due,  but  unfortunately i t  would 
bo impractical  to personally acknowledge a l l  of  these sources.  

S 

I  have t r ied to approach the problem from the standpoint  of  an engineer,  
endeavoring to ut i l ize the largo source of  authentic  information available,  
with the purpose of  f i rs t ;  creat ing a recognit ion of the need for  prevention 
and control  of  pneumoconiosis  in  the State of  Washington,  second;  to  point  
out  the value of  medical  science in the diagnosis  of  exist ing diseases and 
third;  to show how proper medical  supervision in the select ion of workers for  
hazardous occupations and the periodic physical  examination of  same wil l  
go far  to al leviate this  industr ial  heal th problem. 

I - 2 -



Because of  the great  variety of  organic and inorganic dusts  present  in 
industry,  some of  which are of  such hirrhly toxic quali t ies  as to produce rapid 
systemic damage,  for  example,  lead and i ts  compounds,  and deserving of  separate 
discussion because of  their  importance,  this  report  is  devoted only to those 
dusts  of  an inorganic nature that  contr ibute to the condit ion known as pulmonary 
f ibrosis .  In this  respect ,  special  emphasis  has been.placed on the disease 
known as  "si l icosis" because i t  is  general ly recognized that  s i l ica dust  is  the 
most  dangerous of  a l l  the f ibrosis  producing dusts .  Because of  the confl ict ing 
claims of  many authori t ies  concerning this  disease,  both the new and the old 
theories wil l  be discussed so that  the reader may be able to grasp the entire  
picture more clearly.  

* * * * * * *  

Chapter  I  

f . ron-P,ecognit ion of  
the Occupational  .Disease Problem. 

In spi te  of  the extensive campaigns being conducted throughout the United 
States and other  countries  on the subject  of  occupational  diseases,  there is  yet  
an apparent  lack of  general  recognit ion concerning this  problem. This  fact  is  
borne out  by the fol lowing excerpts  taken from authori tat ive wri t ings.  For 
Example,  Harrington and Davenport  (1)  wri te;  

"Dust  diseases are much before the public at  present ,  and there is  good reason 
to believe that  the Information on the subject  available to the layman is  
extremely meagre; 'oven those rated as experts  usually have a more or  less  
theoret ical  conception of  the diseases,  their  causat ion,  remedies,  and pre­
vention,  rather  than actual  experience with them. Unti l  recently,  l i t t le  
at tention has been given to prevention,  and the visual  a t t i tude of the engineer 
upon whom the main rel iance for  prevention ul t imately must  devolve has been 
to " let  sleeping dogs l io",  or  more dofini toly,  to "let  well  enough alone".  
However,  the "laissez faire" at t i tude no longer is  tenable,  and in the past  
few years numerous condit ions have caused those engaged in industry,  includ­
ing mining,  to  bring the subject  before the public with a view to ascertain­
ing the facts  upon which to formulate remedial  measures,  primari ly preventive."  .  .  * "  '  
Further ,  Hoffman (2) ,  in discussing a program for  the prevention of  tubercu­losis  induced by dusts  in industry,  says;  

" in this  program,.as in so many other  notable efforts ,  the sanatorium treat­
ment of  the disease is  overemphasized as  a public quest ion,  when prior .  

-3-



considerat ion should be given to preventive measures giving promise of  
pract ical  results .  The policy of the State should not  be to begin with the 
f i rs t  recognit ion of developed disease in the pat ient ,  but  to recognize 
pretuberculosis  possibi l i t ies  or  predisposing condit ions,  the effect ive 
control  of  which alone can just ify the hope of  far-reaching results ."  

Hamilton (3) ,  in summarizing her  invest igat ions regarding industr ial  poisons,  
wri tes;  

"The sources of  our knowledge of  industr ial  poisoning in the United States 
are nei ther  ful l  nor,  for  the most  part ,  accurate.  We laclf  the sickness 
insurance system which obtains in al l  industr ial  countries  in Europe and 
which brings to l ight  the incidence of  i l lness of  a l l  kinds in al l  groups 
of  workers.  •  * * The Census reports  are of deaths only,  not  i l lness,  and 
the death records lose much of  their  value because of  a  poor c lassif ica­
t ion of workers,  which puts  in the same category men doing work of  very 
different  degrees of  danger,  as  for  instance paper hangers and painters .  
* * * I t  has been my task for  many years to examine records of  hospitals  
and dispensaries and to interview physicians in many parts  of  the country 
in my search for  information about  a  given poisonous t rade* Hot one 
hospital  in twenty has records which yield the sort  of  information which 
the student  of  industr ial  toxicology craves and yet  this  is  not  elaborate- .  
I f  the recording interne would only t reat  the poison from which the man is  
suffering with as much interest  as  he gives to the coffee the pat ient  has 
drunk and the tobacco he has smoked,  i f  he would ask as careful ly about  
the length of  t ime he was exposed to the poison as about  the age a t  which 
he had measles,  the task of the searcher for  the t ruth about  industr ial  
poisons would be made so very much easier ."  

I 

H 

) 
Importance of  Occupational  Disease Recognit ion 

That  the subject  of  occupational  diseases is  receiving increasing recogni­
t ion as a vi tal  factor  in the health of  our industr ies  is  shown by the fol low­
ing discussions.  Hoffman (2) ,  in discussing the health problem of granite  
stone workers wri tes;  

" if  the dust  hazard is  the causat ive factor  in the enormous respiratory 
disease mortal i ty of  granite  and other  stone workers and i f  preventive 
means are possible by which the dust  menance can be brought under control ,  
i t  is  for  the s tate,  for  the labor organizat ions,  and for  the industr ies  
concerned to see to i t  that  what  can be done about  i t  is  done without  
needless delay."  , 

. J . J .  B l o o m f i e l d  a n d  J .  M .  D a l l a v a l l e  ( 4 )  o f  t h e  T I .  S .  P u b l i c  H e a l t h  S e r ­
vice wri te;  

" in recent  years,  the subject  of  the health of  workers in  dusty t rades has 
been receiving considerable at tention from the students  of  industr ial  
hygiene and others interested in the various phases of  this  problem, 
one real izes that  the workmen employed in the dusty t rades comprise the 

When 
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tho largest  group exposed to any one industr ial  hazard,  i t  is  quite  apparent  
that  the importf ince of  this  problem has not  been overest imated.  Furthermore,  
i t  is  now well  established that  exposure to certain kinds of  dusts ,  such as 
those containing considerable amounts of  quartz,  has increased tho morbidity 
and mortal i ty rate from respiratory diseases;  while metal l ic  dusts ,  such as 
lead and i ts  compounds,  have been associated with general  systemic poisoning 
o f  w o r k e r s -  .  

In continuing this  discussion,  Dublin and Vane,  (5)  wri t ing for  tho II .  S.  
Bureau of  Labor Stat is t ics ,  Sayj  

"The occupation is  now recognized as  of  the very f i rs t  importance as  a  factor  
in the causat ion of disabil i ty and evon of  death.  Wo soe this  reflected in 
tho freqUent revisions of  compensation laws to include en increasing number 
of  occupational  diseases.  * * * With their  at tention directed to occupation 
as a possible factor ,  industr ial  physicians are able to diagnose a great  
many obscure cases which previously had puzzled even the most  competent  
c l inicians.  In this  way they discover a  great  many more cases of disease of  
occupational  origin than had been before thought possible.  Thus,  in  191Y, 
about  150 cases of  lead poisoning were discovered at  the Massachusetts  
General  Hospital ,  which are more than Vrero recorded by this  cl inic during the 
5-year period prior  to the adoption of  tho more intensive methods of  s tudy.  
I t  is  general ly recognized that  pat i 'ents  corno to  physicians with pains and 
complaints  of  an indefini te  charecter ,  and i t  is  only when considerat ion is  
given to the occupation and i ts  possible effects  thrt  many of  these cases are 
cleared up."  

Because of  the important  works of  the foregoing authors and many others,  much 
valuable progress has been made with respect  to this  problem in the United 
States.  However,  a t  best  this  progress has as  yet  been slow when compared to 
the great  s tr ides in prevention and control  already made by various European 
countries with similar  problems.  Such countries as  Great  Bri tain,  Germany,  
I taly,  Austral ia ,  the Netherlands,  and South Africa have long recognized the 
prevalence of  occupational  diseases and the necessi ty of  their  scientif ic  
control .  As a  result  of  their  increased experience with such problems,  far-
reaching and beneficial  workman's  compensation laws have been ini t iated.  Conse­
quently i t  may be said that ,  in general ,  the workmen of  these countries have 
heretofore enjoyed a  much higher degree of  protect ion and compensation than 
have those of  our own industr ies .  However,  thanks to tho earnest  and humani­
tar ian efforts  being exerted by our own Federal  Government,  insurance and 
casualty compar t iGS,  and unself ish authori t ies  and special is ts  who aro devoting 
their  resources to this  increasingly vi tal  problem, the wide gap which once 
existed between the United States and other  countries  in this  health and compen­
sat ion program is  rapidly being lessened.  I t  remains now only a  quest ion of  
t ime when industry as a  whole wil l  recognize the importance of  such a movement,  
and lend to i t  their  ful l  support  and cooperat ion.  However,  before such 
recognit ion can be hoped for ,  there is  much work yet  to bo done.  There is  
considerable prejudice and opposit ion that  must  be overcome. Those who bel ieve 
that  such laws are a  necessary evi l  and others who consider  them as an un­
necessary evil  must  be educated to believe in the benefi ts  of  such laws.  Some­
t imes this  opposit ion comes,  s t rangely enough,  from the very workmen these laws 
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are designed to protect ,  but  more frequently from those upon whom the f inan­

cial  hurden evolves.  Those who are forced to bear these costs  must  be 
taught  to bel ieve that  occupational  disease legislat ion is  not  for  the pur­
pose of  imposing excessive and unjust  burdens,  but  is  formulated to provide 
for  the protect ion and securi ty of  our workers in industry—to insure them 
of the healthful  working condit ions which they r ightly deserve,  and to 
guarantee them the span of  l i fe  enjoyed by workers of  other  classes.  

> 

Defini t ion and Classif icat ion of Dusts  

According to Webster 's  Unabridged Dict ionary,  dust  may be defined as f ine,  
dry part icles of  earth or  other  matter  so comminuted (pulverized) that  they 

may be raised and wafted by the windj  that  which is  crumbled to minute por­
t ions;  f ine powder.  Dusts  also may bo general ly defined as the f ine,  sol id 
part icles given off  as  the result  of  certain manufacturing processes or  from 

the handling and treatment of  ar t icles commonly used in everyday l i fe .  The 
s ize of  these dust  part icles may range from .5 microns to 150 microns in 
diameter—a micron being equal  to  l /25,000 of an inch.  However,  the part ic­
ular  dusts  which are usually recognized as capable of  harm are those which 
have a  part icle  s ize of  from .5 to 10 microns.  I t  is  these dusts ,  which are 
often t imes invisible to the naked eye,  that  the workmen and employers are 
prone to regard as harmless.  Such part icles readily pass through the mouth 
and nose,  through the bronchial  passages,  past  the protect ive f i l ters  nature 
provides,  and lodge in the alveolar  t issue or  lung cel ls .  Once lodged in 
the remote parts  of  the lung s tructure,  they cannot  usually be dislodged by 
hawking or  coughing.  I t  is  these part icles that  succeed in reaching the 
lungs that  must  be reckoned with in the prevention of dust  diseases.  

The hygenical ly s ignif icant  dust  part icles may bo l is ted under three class­

if icat ions as fol lows;  

(a)  Dusts  which'  are specif ical ly toxic and comparat ively rapid in their  
manifestat ions,  but  which do not  cause lung f ibrosis .  

Dusts  which cause lung f ibrosis  (pneumoconiosis)  af ter  several  years '  
exposure.  .  

(b)  

(c)  Dusts  which are toxic in their  act ion but  do not  manifest  themselves 
in rapid systemic changes nor produce characteris t ic  pulmonary f ibrosis .  
Among those dusts  are included those of  wood,  bono,  shel l ,  f lour,  grain,  
tobacco,  leather ,  feathers,  s traw, wool,  cot ton,  fel t ,  and jute.  While 
these dusts  are not  general ly given the same weight  of  importance as  
other  of  the commonly known injurious dusts ,  their  signif icance as a  
conveyor of  tubercular  and other  baci l l i  as  well  as  their  capacity to 
promote defini te  respiratory and organic disorders should not  be lost  
s ight  of .  

Toxic Dust  

There exists  a  somewhat general  confusion as to the defini t ion of toxic 
dusts .  The fol lowing explanation wi 11,  i t  is  hoped,  c lar ify this  point  to 
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A toxic dust  may bo defined as any dust  which in any way injures some extent .  
any part  of  the average body or  reduces in eff iciency the normal functions of  
any part  of  the body.  ) 

Organic and Inorganic Dusts  

Organic Dusts  are those which are derived from l iving organisms,  deal ing in 
general  with the compounds produced in plants  and animals and many other  carbon 
compounds of  ar t i f icial  origin.  Such dusts  include those of  wood,  bone,  shel l ,  
f lour,  grain,  tobacco,  leather ,  feathers,  s traw, wool,  cot ton,  fel t ,  and jute.  
( 6 )  

Inorganic Dusts  are those composed of  matter  other  than animal or  vegetable 
and include such as  s i l ica,  sand,  carbon (coal ,  soot)  brick dust ,  marble,  gran­
i te ,  terra cotta ,  cement,  asphalt ,  enamel,  glass,  quartz,  l ime (gypsum, plaster) ,  
merschaum, phosphate ( fer t i l izers) ,  emery,  diamond dust ,  metal  f i l ings ( lead,  
brass,  i ron,  s teel ,  e tc .) ,  arsenic,  and morcury.  (6)  

Terminology of  Dust  Diseases 

The fol lowing terminology of  dust  diseases of  the lungs (7)  is  now used by 
most  wri ters  on the subject  (Prom Harrington and Davenport  (1):  

Pneumoconiosis  — A general  term covering al l  dust  diseases of  the lungs,  
f ibrous or  non-fibrous.  (From Grook pnoumon, lung and konis ,  dust) .  

Si l icosis  — A f ibrosis  caused by free s i l ica (or  quartz)  and the best  known 
scientif ical ly of the dust  diseases of  the lungs.  

Si l icatosis  — A typo of  f ibrosis  found af ter  exposure to certain mineral  dusts  
and assumed to be caused by various s i l icates.  I t  is  dist inct  from the sharply 
defined,  coarse,  nodular  f ibrosis  caused by s i l ica dust .  

Anthracosis  — A dust  disease of  the lungs found in coal  miners;  i t  is  i l l -
defined and is  presumed to depend on inorganic dust  in coal .  The lungs are 
black.  

Siderosis  - -  A term applied to a f ibrosis  of  the lungs found in metal  workers .  
The condit ion is  i l l -definedi  The lungs are yel low or red from metal l ic  oxides 
general ly i ron.  

Asbcstosis  — A f ibrosis  of  the lungs with characteris t ic  microscopical  s t ignata 
(sign of defect)  due to breathing asbestos dust ,  a  s i l icate of magnesium. 

Si l icosis  

Although,  the disease known as  s i l icosis  fal ls  under the general  c lassif ica­
t ion of pneumoconiosis ,  i t  is  usually specif ical ly dealt  with under the t i t le  
of s i l icosis  because this  term is  less unwieldy and usually describes accurately 
the part icular  disease under discussion,  namely that  ar is ing from the inhalat ion 

-J 
-7-



Some wri ters  s t i l l  do describe this  disease under the head-of free s i l ica.  
ing pneuinoconiosis  or  phthisis ,  but  these seem to be rapidly giving way to 
the term si l icosis .  .  

Pathology 

The lung may be said to resemble a  large sponge with a  large number of  small  
a ir  passages .  I ts  function is  to permit  an interchange of  gas between the 
blood and external  a ir .  That  is ,  the lung or  sponge draws in air  from the 
atmosphere and in turn supplies i t  to the many small  boood vessels  which are 
corinected to these air  passages or  cel ls ,  where i t  is  absorbed into the blood 
stfeam. As the lung is  in free communication with the atmosphere,  i t  is  more 
or  less  exposed to the act ion of impuri t ies  present  in the external  a ir  both 
of  a  part icular  and gaseous nature.  However,  nature has provided certain 
mechanisms to protect  the lung from the accumulat ion of  foreign matters .  The 
nose which provides the ini t ial  opening into the respiratory system is  the 
f i rs t  l ine of defense and this  organ is  l ined with a  thick f i l ter  of coarse 
hair  which effect ively removes most  of  the larger  impuri t ies .  Behind the nose 
is  a series of  winding passages with moist  walls  which t rap many of  the 
smaller  part icles.  In addit ion,  the,other  port ions of  the respiratory t ract ,  
the pharynx,  the trachea,  and the bronchi  are l ined with cel ls  containing 
minute vibratory cel ls ,  cal led ci l ia .  These c i l ia  are small  wavelike hairs  
which by their  act ion tend to carry part icles lodging on their  surface away 
from the lung and back toward the surface.  

Part icles that  succeed in passing;  these t raps penetrate direct ly into the 
terminal  a ir  spaces of  the lungs.  Lurking between these air  spaces are a 
number of  cel ls  cal led phagocytes or  scavenger cel ls .  These cel ls  are the 
watchdogs of  the lung and their  duty is  to r id the lung of  any foreign 
part icles that  succeed in passing the barr iers .  As the part icles enter  the 
air  spaces,  they are seized by the every watchful  phagocytes and carr ied off  
and deposited into a  special  drainage system known as  the lymphatics.  The 
lymphatics are minute vessels  or  ducts  which serve to convey the foreign 
substances deposi ted by the phagocytes to special  waste basins known as  lymph 
nodes.  From this  point ,  the part icles tend to be removed from the lung and 
to pass into the waste system of the body.  

1 

The above act ion is  that  which takes place in a normal lung with ordinary 
amounts of  lung pollut ion.  However,  as  the amounts of  dust  reaching the lung 
become excessive,  then the trouble begins.  Natures 's  protect ive mechanisms 
are no longer able to entirely cope with the abnormal burden being imposed-
on'  them and thoir  eff iciency gradually decreases.  The phagocytes are forced 
to work overt ime continually in removing the part icles from the air  cel ls  of  
the lungs and their  effect iveness becomes less  unti l  soon they are succeed­
ing in removing only a part  of  the foreign substance.  Those part icles which 
are not  removed from the lung colls  remain there and slowly begin the pro­
cess known as  f ibrosis .  Likewise,  the drainage basins,  or  lymph nodes f ind 
themselves confronted with a s imilar  problem, namely that  they are unable to 
throw off  as  waste the increasing amount of  substance being deposited by 
the lymphatics or  waste conveying ducts .  In s i l icosis ,  these lymph nodes are 
the f i rs t  to show signs of  f ibrosis .  
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How Fibrosis  of  the Lunrs is  ProducgS'  -  For many years i t  was bel ieved that  the f ibrosis  condit ion characteris t ic  of  s i l icosis  was caused by the i rr i tat ing act ion of the hard,  crystal l ine quartz or  free s i l ica en the lung t issues.  Whal© this  view has some meri t ,  most  "modern authori t ies  ere of  the opinion that  s i l icosis  is  not  the result  of  a  physical  act ion but  of  a  chemical  one.  Just  how this  chemical  act ion"takes place is  not  defini tely known but  the result  is  that  the s i l ica present  in the lung tends to dissolve in the lung t issue.  As this  chemical  process continues,  the normal lung t issue is  gradually replaced by a  form of  scar  t issue.  With the continued exposure to harmful  quanti t ies  of  f ibrosis  producing dust ,  natural ly more and more of  the healthy lung cel ls  aro converted into this  herd,  crystal l ine formation.  The ul t imate result  then of this  deleterious process is  the formation of  what  is  known as  a "si l icot ic  lung".  

There are s-e 'veral  other  theories advanced by authori t ies  as  to the act ion of s i l ica in producing s i l icosis  but  the foregoing principle is  suff iciently sub­stantiated by rel iable medical  test imony to insure i ts  reasonable accuracy.  

The Serici te  Theory of  Si l icosis  -  Although most  wri ters  seem to agree readily that  s i l icosis  is  the direct  result  of  inhalat ion of free s i l ica,  there remain a few who do not  accept  this  theory.  For example,  Jones (8) ,  af ter  considerable invest igat ion among stoneworkers and miners came to the conclusion that  s i l i ­cosis  was not  the result  of  "free s i l ica" or quartz but  pf  a  substance known as  serici te ,  a  s i l icate.  Jones sums up his  conclusions by saying thnt  the mineral  residues he has obtained from si l icot ic  lungs show defini tely that  i t  is  not  quartz or  any kind of  free s i l ica that  forms the bulk of  these residues.  He suggests  that  s i l icosis  is  not  mainly duo to free s i l ica,  as has hi therto been accepted,  but  to s i l icate minerals  occuring in the form of minute f ibers  loosely hold together in the rocks so that ,  during handling,  dr i l l ing,  and blast ing,  thoy are readily freed into the atmosphere and inhaled into the lungs.  

This  theory is ,  as yet ,  relat ively new but  i t  is  believed by some wri ters  to be worthy of  considerat ion.  

The Carbon Dioxide Theory of  Si l icosis  -  One authori ty.  Edge (9) ,  advances the theory that  s i l icosis  may be caused direct ly as the result  of  gas bubbles of  carbon dioxide in immense quanti t ies ,  contained in minute cavit ies  in the quartz.  Mr.  Edge's  theory is  based on the bel ief  that  these gas bubbles in the quartz • cavi t ies  are under a  tremendous pressure of  more than a.half  ton to the square inch and that  when these quartz part icles are dissolved in the lUng t issues,  a  tremendous pressure is  suddenly released.  The compressed carbon dioxide,  when released,  would almost  instantaneously expand to about  400 t imes the volume which i t  occupied in the cavit ies .  Just  what  would happen i f  these quartz part icles disintegrated and discharged their  pressure into the lung cel ls  does not  seem to be clearly known but  the possibi l i t ies  are believed by some to bo food for  thought.  

Whether or  not  s i l icosis  is  the result  of  free s i l ica alone,  serici te ,  or  carbon dioxide gas bubbles exert ing abnormal pressures,  is  a subject  worthy of  a  discussion of  i ts  own. However,  the predominance of  nodical  evidence points  to "free s i l ica" as the predisposing factor  in the promotion of  this  dust  
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disease,  and on the basis  of  almost  conclusive test imony,  this  theory,  a t  .  
least  for  the present ,  must  be accepted as the most  rel iable.  

) 
So far ,  only the factors  producing pulmonary 
I t  now remains to be seen just  what  effect  

The Effects  of  Lung Fibrosis  -
f ibrosis  have been discussed,  
this  f ibrot ic  condit ion may have on the human system. 

These changes in the normal lung s tructure,  according to Goodrich (10),  
which seem to accurately describe the result ,  make the lungs less  elast ic ,  
increase their  bulk,  make aerat ion of the blood less  eff icient ,  and decrease 
circulat ion through the lungs.  As a  result ,  a  moro vigorous respiratory 
effort  is  necessary to supply the blood with an adequate amotmt of  oxygen and 
to remove the accumulated carbon dioxide in the blood.  An increase in inspira­
tory effect  is  needed to create greater  negative pressure within the chest  in 
order to draw into the less elast ic  lungs the some amount of  a ir ,  and an in­
crease in the normal a ir  volume is  needed because of  the decreased aerat ion of 
the damaged alveolar  s tructures ( lung cel ls)  and the impaired circulat ion 
through these alveoli .  As the volume of  the lungs increased from the continu­
ing deposit  of  s i l ica and the increasing amount of  f ibrous t issue,  the chest  
gradually is  held,  and later  f ixed in a posi t ion of part ial  inspirat ion and 
breathing becomes more and more diaphragmatic .  Even diaphragmatic breathing 
eventually becomes less  eff icient  because of  the usual  development of  a  
basal  pleurisy which causes the inelast ic  lungs to adhere to the upper sur­
face of  the diaphragm, ( l )  

The Relat ionship of  Tuberculosis  to  Sil icosis  -  I t  is  seldom that  a fatal  case 
develops from si l icosis  alone.  Post-mortem examinations usually reveal  that  
death was due to complicat ions from other  respiratory infect ions such as 
tuberculosis  or  pneumonia.  The s i l icot ic  lung seems to provide a very fer t i le  
f ield for  bacterial  infect ions to begin their  work.  Most  wri ters  seem to 
agree that  this  is  probably due to the i rr i tat ion of the respiratory t issues 
by the inhaled dust  part icles which weakens the mucous membranes and renders 
them susceptible to infect ion.  Also,  the toxic effects  of  certain inorganic 
dusts  on the t issues may be a  contr ibuting factor .  (11) 

) 

There can be do doubt  that  the s i l icot ic  lung is  a weakened t issue and as 
such is  less  able to resist  the at tacks of infect ious baci l l i  than the normal 
lung.  There are those who also bel ieve,  and reasonably enough,  that  the in­
fected lung,  in turn,  accelerates the progression of s i l icosis .  If  the lat ter  
is  t rue,  then the inhalat ion of s i l ica dust  into the lungs evolves into a 
"vicious cycle".  That  is ,  the s i l ica,  f i rs t  promotes infect ion and the in­
fect ion in turn promotes s i l icosis .  I t  would seem, that  under such condi­
t ions,  the exposed worker would have very l i t t le  chance.  

Symptoms of  Si l icosis  

The fol lowing symptoms (1)  of  s i l icosis  are based on the f indings of  9,662 
examinations of  7,722 employees a t  the r icher Clinic of  the Bureau of  Mines 
( 1 2 ) .  
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Shortness of  breath has been general ly recognized as  the principal  symptom of 
s i l icosis .  This dyspnea or  shortness of  breath accompanies exert ion in the 
earl ier  stages of  s i l icosis  and increases progressively unti l  in  the later  
stages i t  often prevents  any labor.  The apparent  distress on exert ion fre­
quently noted in s i l icot ics  who deny shortness of  breath seems out  of  pro­
port ion to the very s l ight  r ise in pulse rate taken 2 minutes af ter  exert ion.  

Chest  Pains were admitted frequently,  general ly anteriorly or  toward the front  
but  more often on one s ide only.  In many instances,  the pains seemed of  a  
ref lex character .  In nearly a l l  cases they were vague and f l i t t ing and did not  
scom to interfere with manual  labor. .  Pains in the shoulder and possibly in the 
posterior  part  of  the chest  probably are considered by many of  the men as  
"rheumatic"j  such pains seem part ly responsible for  the large number of  com­
plaints  of  rheumatism. 

Cough is  a  symptom frequently admitted in si l icosis  and general ly is  unproduc­
t ive or dry.  

Expectorat ion as  a  symptom was admitted infrequently.  When present  in uncom­
plicated s i l icosis ,  the sputum usually is  clear  or  has a  bluish t inge and is  
of a  viscid,  tenacious consistence,  very diff icult  to cough up.  1  

Hemoptysis  (spi t t ing of blood) appeared to be more common among s i l icot ics  than 
was expected.  In some instances,  part icularly in second as well  as  in third-
stage s i l icosis ,  f ibrot ic  areas may mask a  tuberculosis  lesion which remains 
unrecognized unti l  i t  becomes an open lesion,  when the sputum wil l  show the 
tubercle baci l l i ,  or  hemorrhage wil l  cal l  at tention to the true condit ion.  

The loss of  s trength admitted by s i l icot ics  in most  instances probably was 
connected with thoir  dyspnea or  exert ion and was due to respiratory insufficiency.  
This  probabil i ty is  strengthened by the small  number of  s i l icot ics  with poor 
physical  development (4 of  a  total  of-1,062).  

Gastrointest inal  symptoms were pronounced in the more advanced cases and loss 
of  appeti te  was admitted."  Other pronounced symptoms in advanced cases of  
s i l icosis  wore const ipat ion,  epigastr ic  (stomach) discomfort ,  and other  vague 
complaints  which the men termed "indigest ion".  The causes of  the gastroin­
test inal  symptoms were not  ascertained.  

The fol lowing cl inical  f indings in s i l icosis ,  as  summarized by Sayers (13) 
wil l  be of  interest  to the diagnosing physician and wil l  not  be readily under­
standable by the average laymen.  Sayers wri tes  as fol lows;  "The pract ical ly 
constant  cl inical  signs are j  A certain lack of  e last ici ty of the chest  wall  
during the movements of  respirat ion,  together with a  somewhat reduced air  entry,  
and a characteris t ic  al terat ion of the inspiratory murmur from the normal 
"vosicular" character  to a higher pi tched or  "harshened",  " thinned",  and 
commonly somewhat shortened type,  the expiratory murmur,  a l though somewhat pro­
longed,  remaining fainter  thfn the inspiratoryi  

This type of  breath sound is  very characteris t ic ,  with some modificat ions,  of  .  
s i l icosis  in al l  i ts  stages,  and this  cl inical  s ign has also the signif icant  
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character  of  more of  less  complete general izat ion.  I t  is  f i rs t  noticeable at  
the anterior ,  lateral ,  and basal  regions.  (13) 

In the minori ty of  cases,  however,  the breath sounds may be s imply dimin­
ished,  but  breath sounds which are simply diminished or  which,  on the other  
hand,  are merely somewhat louder or  more "pronounced" than normal are not  
specif ical ly characteris t ic  of  s i l icosis .  

Usually there are not  accompaniments,  but  a  s tray ronchus may be heard here 
and there .  

) 

This complex of  physical  s igns (13) is  almost  constantly present  in cases 
of  a  s l ight  degree of  "simple s i l icosis".  The cough may be put  down to the 
coincident  bronchit is  and bronchioli t is ,  the recurrent  pains,  to  sl ight  inter­
current  local  pleurisies.  

Stages -  With respect  to the classif icat ion of s i l icot ic  appearances based 
upon known pathological  changes ( l ) ,  Pancoast  and Pendergrass (14) suggest  
the fol lowing stages;  

1 .  Peribronchial-perivascular- lymph node predominance or  type.  This may be 
rapid or  s low, usually the lat ter .  

2.  Early interst i t ial  predominance.  This  may be extremely or  moderately 
rapid,  depending on the . .s i l ica intake.  I t  may or  may not  have an 
associated,sl ight  nodular  appoarance.  

3 .  Advanced interst i t ial  predominance.  

4 .  Nodular  predominance.  Rapidly or  s lowly progressing.  

Advanced diffuse or  terminal  f ibrosis .  
Conglomerate nodular  type.  
Interst i t ial  type.  
Massive f ibrot ic  type.  

5 .  

The above cl inical  manifestat ions of  s i l icosis  symptoms cannot  be regarded 
as absolutely conclusive because various special is ts  have their  own methods 
of  diagnosis  and i t  would be highly improbable for  any two authori t ies  to 
exactly agree on a l l  points  concerned.  However,  i t  should be recognized that  
the above f indings are not  based on any casual  observations but  are the result  
of  intensive and exhaust ive s tudies into the f ield of s i l icosis  by some of  
the greatest  known authori t ies  on this  subject .  Because of  the undenied re­
l iabi l i ty of this  test imony,  i t  should be of  considerable assistance to those 
physicians encountering,  for  the f i rs t  t ime,  cases of  suspected pulmonary 
f ibrosis .  

The recognit ion of  symptoms is  a very important  s tep in the control  of  
s i l icosis  by the industr ial  physician,  but  this  must  bo regarded as  only the 
f i rs t  step in the proper handling of the disease.  There is  no subst i tute for  
correct  and posi t ive diagnosis  af ter  the possible existence of  s i l icosis  is  
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discovered,  for  i t  is  only in this  way that  the physician can accurately deter­
mine whether or  not  the disease is  actual ly present  and to what  extent  i t  has 
progressed.  

At this  point ,  i t  seems advisable to offer  a few words of  caution to the 
industr ial  worker.  SELF-DIAGNOSIS should never bo reverted to.  If  even the 
exporienced industr ial  physician f inds i t  diff icult  to recognize this  disease 
with al l  his  medical  knowledge and equipment a t  his  disposal ,  i t  is  not  a t  a l l  
l ikely that  the average layman could be successful .  I f  the workman bel ieves 
he is  exposed to s i l ica in harmful  concentrat ions and that  i t  is  affect ing his  
heal th,  he should immediately consult  with a physician qualif ied in this  type 
of  work.  He should also tel l  his  employer of  his  fears .  The employer can then 
cal l  in expcriencod s tate industr ial  engineers so that  dust  tests  can be taken 
at  the po.int  of  exposure.  The results  of  these tests  wil l  great ly aid the 
physician in the proper diagnosis  of  the workman's  condit ion.  I t  may prove,  
that  what  the worker bel ieved to be s i l icosis  is  only a  minor ai lment which is  
of no serious consequence.  Also,  the dust  analysis  may reveal  that  the dust  
which the man bel ieved to be s i l ica,  was not  s i l ica at  al l  and that  his  fears  
were groundless.  Above a l l ,  the workman should never assume that  he is  ex­
posed to s i l ica and as  a result  is  contract ing s i l icosis .  I t  is  undoubtedly 
t rue that  many workmen would continue work,  without  complaint ,  even i f  they 
believed that  by doing so they were injuring their  heal th and decreasing their  
span of  l i fe .  Such men are afraid to complain of  ei ther  their  heal th or  work­
ing condit ions for  fear  of being replaced by younger,  more eff icient  men.  Thus 
through ignorance,  these men may fear  an exposure that  does not  even exist .  '  
Such a  fear  may have been created through erroneus information or  by a  bel ief  
that  wherever there is  dust  there must  exist  s i l icosis .  Fear is  undoubtedly 
the worst  enemy of  mankind and the fear  of  disease has probably caused more 
deaths than disease i tself .  This s tate of mind in the workman cannot  help but  
have a  serious effect  on his  heal th.  Today,  there is  no need for  such guess­
work.  Ample faci l i t ies  are now provided the worker,  through medical  aid con­
tracts ,  medical  associat ions rnd cl inics,  so that  there is  no longer any 
necessi ty for  him to remain in ignorance.  I t  is  hoped that  the industr ial  
employee wil l  awake to real ize that  every possible effort  wil l  be made to  guard 
his  health i f  ho is  only wil l ing to take advantage of  the protect ion offered.  

Diagnosis  of  Si l icosis  

To those readers,  who are not  s tudents  of  medicine or  industr ial  hygiene,  
the fol lowing disoucsion on the diagnosis  of  s i l icosis ,  wil l  be,  for  a large 
part ,  of  l i t t le  value because of  i ts  more or  less  technical  nature.  Nor i s  
i t  essential  that  the average reader be famil iar  with the medical  terms in­
volved.  I t  is  to the diagnosing physician that  we must  look for  medical  con­
t rol  and i t  is  for  his  interest  that  this  is  primari ly wri t ten.  

According to the Sil icosis  (Medical  Arrangements)  Committee of  Great  Bri tain 
(1) ,  (15),  s i l icosis  can be diagnosed even in i ts  earl iest  s tages but  the 
diagnosis  is  often accompanied by diff icult ies .  For instance,  the cl inical  
signs of  s i l icosis  resemble to a great  extent  those of  other  chronic diseases 
of  the chest .  Also s i l icosis  may bo complicated by the presence of  tuberculosis  
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in any s tage.  Irvine (16),  s tates that  i t  is  impossible to deduce a  prac­
t ical  standard of  diagnosis  ftfom accounts of  the disease furnished separately 
by the pathologist ,  radiologist ,  and the cl inician.  Clinical  examination is  
obviously an essential  factor  in the decision in any individual  case since 
i t  provides important  information not  otherwise available such asj  the gen­
eral  and local  condit ion of the pat ient;  the degree of  incapacitat ion,  i f  any;  
and the presence or  obsonce.of  complicat ion by act ive infect ion or  by diseases 
of  other  organs.  

) 

However,  with a disease l ike s i l icosis ,  (16),  cl inical  evidence is  in many 
cases inconclusive and may be misleading.  Other means of  diagnosis  are 
radioscopy,  radiography and as the last  result  the pathological  conditon found 
af ter  death.  

Radiography also has i ts  l imitat ions,  as  on the one hand,  not  a l l  forms of  
pulmonary f ibrosis  revealed by i t  are of  s i l icot ic  origin,  and on the other  
hand,  certain types of radiograph,  which do not  show clear  and specif ic  signs 
of  s i l icosis ,  may in some circumstances be regarded as affording legit imate 
evidence as to the presence of  the disease.  

An accurate and rel iable general  s tandard of  diagnosis  for  the disease 
s i l icpsis  can be obtained only by correlat ion of the results  of  pathological  
observations in a large number of  cases,  with radiographs taken from the chests  
of  the same individuals  short ly before death,  and with the results  of  cl inical  
examinations made during l i fe .  Also,  tho f inal  adjudicat ion in any individual  
case must  always incorporate the addit ional  evidence supplied by expert  
cl inical  examination,  which frequently becomes tho deciding factor  in border­
land cases.  (16) 

Furthor valuable information as to the proper method of  diagnosis  of  the 
disease comes from the examinations at  the Picher Clinic (1) ,  (12) which in­
cluded collect ion of data on race,  family history,  personaly history,  past  
history of i l lness,  occupational  history and physical .  X-ray,  and laboratory 
examinations .  A brief  summary of  some of  the results  of  the examinations 
follows J 

Family History -  The incidence of  s i l icosis  or  s i l icosis  complicated with 
tuberculosis  was found to increase as the family histories of  the men wore 
classed as good,  average,  or  poor.  

Personal  History -  The use of  tea,  coffee or  tobacco apparently has no rela­
t ion to si l icosis  or  tuberculosis;  but  af ter  s i l icosis  has developed,  the use 
of  alcoholic drinks and patent  medicines increases decidedly;  the men take 
these to al leviate the symptoms of  s i l icosis  so that  they can continue work.  

A s tudy of age groups in  published results  of  several  invest igat ions on 
s i l icosis  shows that  in the early years of  the occupational  l i fe  of those in 
dusty operat ions,  tho incidence of  s i l icosis  is  low, but  with increase in the 
age group,  regardless of  length of employment,  i t  increases s l ightly up to 
about  the age of  40,  af ter  which there is  a marked increase.  Age,  therefore,  
has an important  bearing on the occurence of  s i l icosis  and should be considered 
in employing men for  work in dusty atmospheres.  
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Past  Eistory of  I l lness -  The data seem to indicate that  al l  infect ious diseases 
of  childhood except  diphtheria and scarlet  fever probably decrease resistance 
to tuberculosis  and s i l icosis .  Men who have had maleria in the past  seem to 
hpve a  high incidence of  tuberculosis  and s i l icosis .  Tonsil l i t is ,  especial ly 
i f  the at tacks are recurrent ,  seems to be associated with tuberculosis 'hut  
apparently has no relat ion to s i l icosis .  The highest  incidence of  tuberculosis ,  
s i l icosis ,  or  both was among men who reported bronchit is ,  pleurisy,  and asthma. 
The lewest  incidence was among those who reported influenza,  pneumonia,  coryza,  
and hay fever.  An unknown* and distrubing factor  in the at tempt to discover 
a  relat ionship between s i l icosis  or  tuberculosis  and other  diseases was the 
diff iculty in determining in many instances whether they occurred hofore or  
af ter  s i l icosis  and tuberculosis  had been contracted.  The data shows that  the 
incidence of  physical  defects  increases among men with s i l icosis  and tubercu­
losis .  Several  explanations are offered for  this  fact ;  men with s i l icosis  or  
tuberculosis  usually are somewhat older  than men in the essential ly negative 
group;  the s i l icot ics  have a  much longer period of service in the mines than 
the negative subjects;  certain physical  defects  may increase susceptibi l i ty to 
si l icosis .  

Masai  obstruct ions and chronic catarrh,  enlarged turbinates,  adenoids,  or  
other  condit ions that  cause mouth breathing are associoted with an increase in 
the incidence of  s i l icosis .  Persons having a vert ical  hanging heart  are more 
l ikely to develop tuberculosis  or  already have i t .  (12) 

Occupational  history -  A detai led statement of  occupation is  the most  important  
s ingle i tem in the history of  the s i l icot ic  .  

Physical  examination -  No marked symptoms of  i l l  health such as ,  paleness,  loss 
of  subcutaneous fat ,  or  decrease in muscular  development appear unti l  s i l icosis  
is  complicated with tuberculosis .  

As s i l icosis  advances,  weight  shows a  s l ight  tendency to increase unti l  the 
disease is  complicated with tuberculosis .  This  increase may be due to some 
extent  to the increase in age.  

An analysis  of  systol ic  blood pressure by age groups shows that  the bipod 
pressure of  the younger men did not  change appreciably but  that  of  the average 
of  the older  men who had s i l icosis  was s l ightly higher than for  those in the 
corresponding age group who were essential ly negative.  Clinical  observation 
shows that  the blood pressure of  s i l icot ics  tends to remain normal or  increase 
only s l ightly,  but  in tuberculosis  cases i t  shows a  defini te  tendency to drop.  
Any persistent  marked drop in the blood pressure of  s i l icot ics  indicates prob­
able tuberculosis  infect ion.  

I t  is  general ly accepted that  the cardinal  physical  f inding in si l icosis  is  
diminished chest  expansion.  Emphasis  should be put  not  upon chest  expansion,  
but  rather  upon the importance of  comparison with a  man's  earl ier  chest  expan­
sion.  Probably,  i f  the vi tal  capacity were taken on a  large,  unselected series 
for  comparison,  the decrease in vi tal  capacity in si l icosis  would be greater  
than any chest-expansion measurements,  however careful ly taken,  would indicate.  

-15-



The s l ight  changes revealed by examination of  the heart  probably could be 
at t r ibuted to the ages of  the s i l icot ics .  (12) 

I 
Determination of  Si l icosis  by X-ray -  The most  rel iable means of  detect ing 
the prevalence of  a  s i l icot ic  condit ion is  by use of  the X-ray.  However,  be­
fore the ful l  benefi t  can bo real ized from this  typo of  examination,  i t  is  
highly important  that  both the technician taking the pictures and the one 
interpret ing them be thoroughly famil iar  with this  work.  

According to Pancoast  arid Pendergrass ( l ) ,  (17),  the abil i ty to interpret  
roetgenogroms (X-rays)  of  cases of  pneumoconiosis  properly must  be based upon 
several  very important  factors  which may be enumerated as  fol lows:  A knowledge 
of  the anatomy of  the chest  and many of  the physiological  problems associated 
with i ts  anatomical  const i tuents;  thorough famil iar i ty with normal roetgeno-
graphic and f louroscopic appearances and permissable variat ions therefrom with­
in the normal l imitsj  knowledge of  the histology of the lungs and especial ly 
of  the lymphatic system; clear  perception of the pathology of  the condit ion 
of  pneumoconiosis  and of  a l l  condit ions which may s imulate i t  in roetgeno-
graphical  appearances;  experienced int ir tacy with the roetgenographic appear­
ances of  the condit ion in quest ion and of  those that  resemble i t ,  based upon 
fundamental  knowledge of  the pathology represented;  knowledge of  the physical  
factors  involved in the production of the suspected or  al leged pneumoconiosis;  
and the employment of  the proper technique to show to ful l  advantage,  any or  
a l l  of the abnormali t ies  present ,  for  technique may ful ly enlighten,  may so 
modify appearances as  to be confusing,  or  may be quite  misleading.  (17) 

According to the above authori t ies ,  the roetgenological  phases of  this  con­
di t ion may be summarized as  fol lows:  (17) .  

1 .  The perivascular-peribronchial- lymph node aspect  is  due to the relaying 
of  phagocyted dust  to  the pulmonary lymph nodes and their  subsequent  enlarge­
ment and ul t imate part ial  f ibrosis  to the gradual  enlargement of  lymphoid 
deposi ts  along the course of  lymph vessels  and the subsequent  thickening of 
these vessels  and the stasis  of  contents .  This  is  characterized roetgeno-
graphical ly by increased prominence of  the hilum and trunk shadows and l inear  
markings.  This  appearance is  by no means characteris t ic  of  pneumoconiosis  
alone,  and even i f  i t  does indicate the condit ion,  the phase is  absolutely 
not  incapacitat ing.  There is  also a barely perceptible appearance of  macro­
scopic nodules.  

I 

2.  The nodular  aspect  is  due to the gradual  enlargement of  lymphoid deposi ts  
and their  coalescence into quite  apparent  macroscopic nodules symmetrical ly 
scat tered throughout both lungs.  I t  is  conspicuously absent  in many indus­
t r ies ,  especial ly when the s i l ica intake is  rapid.  

3 .  The interst i t ial  type of  the condit ion results  from a hilumvrard and 
pleuralward block in the lymphatics and the escape of  dust  phagocytes in  
large numbers into the interst i t ial  interalveolar  t issue and subsequent  
f ibrosis .  I t  appears as  a  faint  homogeneous haze,  f i rs t  on the r ight  s ide,  
then on the lef t .  If  the s i l ica intake is  comparat ively slow, i t  may 
acoompany the perivascular-peribronchial- lymph node aspect ,  but  i f  more rapid.  

i 
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i t  may be associated with the nodular  type or  may progress without  the lat ter  
direct ly into the terminal  s tage of  the condit ion without  any evidence of  
nodulat ion.  The unprotected or  inadequately protected sand-blaster ,  sand 
pulverizer ,  and sandstone abrasive worker or  granite  cutter  have been among 
those especial ly prone to present  this  rapid interst i t ial  aspect* 

4.  Terminal  and incapacitat ing s i l icosis  is  characterized by three general  
appearances -  a terminal  diffuse f ibrosis  of  a  conglomerate nodular  type,  one 
which is  quite  s imilar  in appearance to a general ized chronic f ibroid tubercu­
losis ,  and the terminal  s tage characterized by large f ibrous consolidated 
areas,  which closely resemble tuberculous consolidat ions quite  frequently,  but  
which we are now learning to differentiate one from the other .  (17) 

Importance of  Proper Diagnosis .  The value of  the X-ray or  roetgenogram cannot 
bo overest imated in the proper diagnosis  of  pulmonary f ibrosis .  Absence of  
physical  symptoms should never be considered as a posi t ive assurance that  the 
condit ion is  not  present .  

For example Smith ( l ) , (18),  points  out  the str iking discrepancies between 
symptoms and physical  s igns and pulmonary f ibrosis  as  shown by the X-ray.  In 
a study of rock dri l lers  in the vicini ty of  Few Yorki  25% of those,  whose X-rays 
showed unmistakable s i l icosis  had no symptoms whatever,  and in a  recent  s tudy 
of  granite  workers (19) in the same local i ty,  6 cases of  17 with advanced 
s i l icosis  had no symptoms.  Smith quotes an incident  reported by Watkins-Pitoh-
ford (20)j  of  a  group of  541 miners who had been receiving compensation for  
s i l icosis  on the basis  of  physical  examination alone,  41^ were found not  to 
have i t  when X-rays were introduced.  This  authori ty considers a  physical  
examination somewhat of  a  luxury where large groups of  workers are being ex­
amined for  s i l icosis  and advances the opinion that  where economy of  t ime and 
expense is  desirable,  i t  would seem legit imate to l imit  the examination to a 
good roetgenogram supplemented by occupational  history.  

The examination of the roetgenogram only however,  should not  be assumed to 
offer  conclusive evidence of  the pathological  condit ion and this  should be 
supplemented by the occupational  history,  and cl inical  examination of  the 
pat ient  during l i fe .  I f ,  af ter  death,  a  doubt  s t i l l  l ingers,  a  chemical  ex­
amination for  the quanti tat ive determination of  s i l ica aids in reaching the 
correct  diagnosis .  -

Medical  Control  of  Dust  Diseases 

As yet ,  medical  science has devised no defini te  cure for  pulmonary f ibrosis .  
This can certainly not  be at t r ibuted to a  lack of s incere effort  on the part  
of  those men who have unself ishly devoted years of  labor to this  major indus­
t r ial  problem, but  the very nature of  the disease seems to offer  a  problem that  
baff les  i ts  solut ion.  There appears to be no way of  re-establishing the normal,  
heal thy structure of the lung once a  f ibrot ic  condit ion has begun to progress.  

At the present  t ime considerable research is  being done in this  country at  
the IJ .  S .  Bureau of  Mines,  Saranac Lake,  and Rochester  and i t  is  hoped that  
these studies wil l  in t ime shed addit ional  l ight  on the subject  of  medical  
control .  
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I t  was f i rs t  believed that  the disease was not  of  a  progressive nature and 
that  i f  the vict im were removed from the source of  exposure,  that  the disease 
could be successful ly arrested at  that  point .  The general ly accepted opinion 
among medical  authori t ies  now, however> is  that  a case of  s i l icosis ,  once 
begun. ,  continues to develop af ter  the person has been removed from exposure.  
This  contention is  substantiated by medical  records which show cases df  death 
from si l icosis  several  years af ter  men had discontinued work.  This  is  not  
meant  to  infer  that  once a  case of  s i l icosis  is  ini t iated,  the pat ient  has 
no choice but  to s i t  back and pat iently await  ul t imate death,  because i t  is  
entirely possible that  he may l ive to a "r ipe old age" and outlast  those who 
never heard of  the tern "si l icosis ."  However,  i t  is  most  essential  that  the 
condit ion be recognized before i rreparable damage has been done.  

The best  accepted theories as  to what  to  do for  the s i l icot ic  pat ient  seem 
to be to remove him from exposure,  al low him to be up and around,  and not  to 
send him to a sanitarium, at  the same t ime treat ing him for  cardiac impair­
ment,  tuberculosis  and bronchit is  that  are l ikely to ensue.  (1)  

) 

There has recently been advanced the theory that  certain dusts  may serve 
as curat ive agents  and a few authori t ies  claim some measure of  success using 
this  method.  The use of  such dusts  as  curat ive agents  as  well  as  preventive 
wil l  be discussed in detai l  in another sect ion of this  wri t ing.  However,  i t  
should suff ice at  this  point  to say that  such a bel ief  is  not  upheld by the 
majori ty of  experts  because of  the lack of defini te  cl inical  proof.  I ts  
future possibi l i t ies  should not  be overlooked though,  for  when one is 'grasp­
ing at  straws",  every reasonable solut ion should be considered.  

How Medical  Control  Can Best  Be Effected -  In order that  the ful l  value of  
medical  control  can be real ized,  a  program along the fol lowing l ines is  
essential•  

1 .  Establishment of  an adequately equipped medical  department.  -  The men 
entrusted with this  work should be thoroughly qualif ied and with some 
experience,  a t  least ,  ±n problems of  this  nature.  In addit ion there 
should be provided ample faci l i t ies  for  adequate roetgenographical  ex­
aminations  ̂  '  .  

2 .  Routine examination of  a l l  applicants  for  employment.  -  This should not  
only consist  of  a  physical  examination but  should include that  of  family 
history,  personal  history,  and past  history of i l lness.  This examination 
is  the most  important  medical  weapon in the control  of  dust  diseases .  
By this  method,  certain defects  and diseases that  would render the employ­
ment sought  by the applicant  hazardous to him, as  well  as  to his  fel low 
workers,  can be uncovered.  This  is  not  meant  to  imply that  employment 
in  industry should be reserved only for  those men who are healthy and 
physical ly competent  and thus deprive those who are less  fortunate in 
part icipat ing in gainful  occupations for  there remain posi t ions in every 
plant  of  reasonable s ize that  can be f i l led very eff iciently by persons 
with substandard condit ions,  of  heal th.  I t  would not  be fair ,  however,  
to  the employer,  fel low workmen,  and especial ly the workman himself  i f  he 
were al lowed to part icipate in work that  would further  complicate his  
condit ion.  
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3.  Select ion of workers for  employment.  -  This phase of  the progrem has boon 
substantial ly covered under (2)  and applies to the placing of workers in 
posi t ions to which they are bost  sui ted.  Thus a  man of  sound physique and 
with a good reserve of  respiratory capacity should bo selected for  the 
work of  a  dusty nature in preference to one whose past  history indicates 
susceptibi l i ty to respiratory diseases or  who now is  aff l icted with such 
an ai lment.  The quest ion of age also enters  into this  phase of  the program 
and as a general  rule persons over the ages of  approximately 50,  unless 
their  physique is  exceptional ,  should not  be confined to occupations where 
a  known dust  hazard exists .  This is  based on the fact  that  in persons of  
around this  age,  there is  an increased tendency to a reduction in the 
expansi le  power of  the chest  wall  and a prone.ness to  bronchit is  and emphy­
sema. Also,  there is  apt  to bo an increase in the amount of  f ibrous t issue 
as age advances.  

4 .  Periodical  physical  examinations.  -  I t  is  highly important  that  workers en­
gaged in hazardous occupations be examined a t  regular  intervals  so that  the 
presenco of  any now pathological  symptoms may be detected.  Probably the 
best  means of  accomplishing this  is  by the use of  the X-ray but  i f  this  
method proves impractical ,  the f luorscope may yield the information for  
which the physician is  searching.  Such an examination when compared to the 
X-ray f i lm taken upon admission for  employment should enable tho examining 
physician to detect  any serious changes in the employee 's  condit ion.  _ 

,  Perhaps the above program may be termed'  by some as  that  of  an ideal is t  but  i t  
is  only by the ut i l izat ion of a t  least  a part  of  these methods that  any pro­
gression can bo made in medical  control .  ,  

Principal  Dust  Factors Influencing Pulmonary Disoaso 

I t  is  now general ly bel ieved that  the principal  factors  to be considered in 
determining whether exposure to dust  wil l  produce pulmonary disease are* (1)  
Nature of  dust ,  (2)  part icle  s ize,  (3)  quanti ty of  dust ,  and (4)  the length of  
exposure.  

Nature of  Dust .  Free s i l ica or quartz has come to be regarded as the outstand­
ing dust  factor  in the promotion of  dust  diseases in industrv.  I t  has the 
chemical  formula SiOg which indicates that  is  is  a combination of  the element 
s i l icon and oxygen.  When i t  occurs alone or  in the free form, i t  is  known as  
s i l ica or  "free s i l ica",  and when i t  appears in combination with other  elements,  
i t  is  cal led "combined s i l ica" .  

Sil ica occurs most  frequently in nature in various forms and is  roughly re­
garded as const i tut ing approximately 60% of the earth 's  crust .  For example,  
quartz and rock crystal  are made up of  free s i l ica in the pure crystal l ine 
form. Other minerals  whose essential  composit ion is  5102 or  free si l ica but  
which have been changed in color  and appearance by the addit ion of oxides from 
other  elements are agate,  amethyst ,  bloodstone,  cat 's  eye,  f l int ,  onyx,  opal ,  
and rose quartz.  Many common rocks contain a  high percentage of  free s i l icc 
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Such as  sandstone which is  composed essential lv of quartz with some feldspar,  
mica,  and other  materials  added j  quartai te ,  a  product  of  sandstonej  ganister ,  
a  sedimentary rook with a very high percentage (about  98^) of  f ree s i l icaj  
granite ,  composed essential ly of quartz and feldspar,  containing 25 to 35 
percent  of  free s i l ica;  and pegmati te ,  a  form of  granite .  Ordinary sand is  
almost  ent irely quartz or  free s i l ica.  (1)  

Combined s i l ica (si l icates)  occurs in almost  every rock species and forms 
the essential  substance of  such common materials  as  clay,  mica,  feldspar,  
s late ,  end asbestos ( l ) .  

This element or  i ts  compounds possesses many quali t ies  which make i t  of 
industr ial  value such as ,  hardness,  resistance to solut ion (even in acid) ,  
resistance to heat  under some condit ions,  and resistant  to temperature 
changes and for  these reasons,  as  well  as  others,  is  used quite  widely 
throughout industry in various s izes,  shapes,  and forms.  

Following are some of  the industr ial  uses of  s i l ica;  (21) 

) 

1.  As an abrasive in the manufacture of  scouring and polishing soaps and 
powders .  

2.  In the manufacture of  sandpaper.  
3 .  In sand blast  operat ions.  
4 .  In metal  buffing,  burnishing,  and polishing.  
5.  For sawing and polishing granite .  
6 .  In the manufacture of  whetstones,  grindstones,  buhrstones,  pulpstones,  

and oi ls tones.  
7.  In the manufacture of  tooth powders and paste.  
8 .  For wood polishing and f inishing.  
9.  In the manufacture of  s i l ica f irebrick and other  refractories.  

10.  In foundry-mold wash.  
11.  As a  foundry part ing sand.  
12.  In the manufacture of  carborundum. 
13.  In the manufacture of  paint ,  as  an inert  extender.  
14o In the manufacture of  fer t i l izers  and insect icides.  
15.  As a  f i l ler  in rubber,  and hard rubber pressed and molded goods.  
16.  In the manufacture of  road asphalt  surfacing mixtures.  
17.  In the manufacture of  ceramics,  such as pottery.  
18.  In the manufacture of  building stone.  
19.  In the manufacture of  ordinary glass.  
20.  In the manufacture of  lenses and optical  apparatus.  

At this  point  i t  seems wise to emphasize the fact  that  the above is  only a  
brief  summary as  to where s i l ica may be found in industry in ei ther  free or  
combined forms and does not  necessari ly mean that  a  s i l icosis  hazard may be 
deemed to exist  in al l  of  these instances.  I t  should not  be lost  s ight  of  
that  there are s t i l l  four factors  thet  must  be considered before a harmful  
exposure is  said to exist ,  namely,  nature or  type of  dust ,  part icle  s ize,  
quanti ty,  and length of  exposure.  Also,  i t  should be mentioned that  al though 
free s i l ica is  regarded as the most  serious of  the f ibrosis-producing dusts ,  
i t  is  not  the only dust  capable of  producing disease.  For instance certain 
of  the s i l icates such as  s i l icate of magnesium (asbestos)  are now recognized 
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as promoting defini te  pathologicQl condit ions in the lung.  Serioi te  or  hydrated 
s i l icate of aluminum and potassium has alrocdy been mentioned as  a factor  to 
be given serious considerat ion.  Nor should i t  be assumed that  the s i l icates or  
free s i l ica are the only types of  dust  producing pulmonary disease.  Any dust-
f i l led lung should be regarded os an unhealthy lung from which are l iable to 
proceed vorious diseases,  be i t  f ibrosis ,  tuberculosis ,  asthma, bronchit is ,  
omphysems,  pneumonia,  or  others.  I t  is  merely because s i l ica and the s i l icates 
are recognized as  producing the more serious damage to the human system, and 
because i ts  use is  encountered so frequently in industry,  that  i t  is  usually 
given primary considerat ion.  

Part icle Size.  The s ize of the dust  part icles to be considered in the produc­
t ion of lung diseases has already been discussed previously in the chapter  
t i t led 'defini t ion and Classif icat ion of Dusts" In order for  a  dust  to damage 
the lung i t  must  f i rs t  reach the lung and,  as  pointed out  before,  such part icles 
are general ly recognized as being from .5 to 10 microns in s ize,  a  micron being 
equal  to  l /25,000 of an inch.  I t  is  these part icles that  escape beyond the 
protect ive devices of  the upper respiratory t ract ,  which must  be regarded as 
dangerous.  The part icles larger  than this  are effect ively thrown off  by the 
human system and are not  regarded as a  factor  to be considered in the develop­
ment of  pulmonary disease.  

I t  fol lows,  that  the smaller  the dust  part icles,  the more l ikel ihood of their  
entrance into the lungs and for  this  reason those part icles ranging from .5 to 
2 microns in size are the ones bel ieved to be the most  dangerous.  

Not only do these part icles pass more readily into the lungs,  but  because of  
their  s ize,  they remain in suspension in the working atmosphere for  longer 
periods of  t ime.  For example,  i t  has been est imated that  the smaller  part icles 
of dust  may take as long as from 6 to 8 hours to set t le  to the working f loor.  
This means that  the dust  wil l  remain in suspension at  the breathing level  for  
possibly.several  hours af ter  the dust-producing operat ion is  coinpleted.  

Another important  factor  to be respected in connection with these smaller  
part icles when considering their  inherent  nature is ,  that  such dusts ,  are in­
visible and unless the employer and employee are warned,  they are not  aware 
that  a  hazard exists .  The measurement of  such dusts  can only be determined by 
the use of  a  konimeter  or  other  dust  sampling instrument.  

Quanti ty of  Dust .  I t  is  somewhat diff icult  to establish defini tely just  how 
much dust  must  be present  in the air  before a  hazard may be said to exist .  In 
considering the disease s i l icosis ,  most  wri ters  now hel ieve that  the l iabi l i ty 
is  direct ly dependent  upon the amount of  f ree s i l ica contained in the dust .  
As a  result  of  an extensive study of the granite  industry,  the IJ .  S.  Public 
Health Service has arr ived at  the opinion that  free s i l ica present  in the work­
ing atmosphere in quanti t ies  of  approximately 5,000,000 part icles per  cubic 
foot  and more const i tutes a defini te  health hazard.  This ,  of  course,  refers  to 
those part icles of  a  s ize less than 10 microns.  .  

Since the abil i ty of a  dust  to  produce s i l icosis  depends on the quanti ty of  
free s i l ica present ,  i t  is  obvious that  the permissible dust  amount wil l  vary 
with different industries. For example, granite contains approximately 55% 
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free s i l ica and therefore a dust  count  of  14,000,000 part icles or  less  in 
the granite  working industry should be a  reasonably safe l imit .  On tho other  
hand,  where sand blast ing is  done with quartz sand of  about  90/? f ree s i l ica 
content ,  the al lowable safe dust  concontrat ion would be about  5,500,000 
part icles.  I t  can thus be seen that  before 'establishing a defini te  thres­
hold l imit  in any industry,  there must  f i rs t  be a  thorough knowledge of  the 
material  being used and the type of  work being done.  In many cases the free 
s i l ica content  of  a  dust  can be determined only by chemical  analysis .  This  
analysis  in many instances is  the source of  considerably error  as  there seems 
to bo a  long-established convention of  report ing the chemiccl  analysis  in 
terms of  chemical  compounds rather  than elements.  For instance,  in analy­
sing average granite  al l  of  the s i l icon is  isolated in the form of s i l ica 
and i ts  chemical  analysis  would report  i t  as containing about  10% si l ica.  
However,  only about  35$ of  the granite  consists  of  s i l ica while the remain­
der is  made up of  s i l icptes,  chiefly feldspar and mica» I t  is  fnr  this  
reason that  the term free s i l ica was originated in order to dist inguish be­
tween the s i l ica that  joes to make quartz and the combined s i l ica or  s i l icates.  
Furthermore certain rocks that  show as much as  69^ s i l ica on analysis  may 
actual ly contain no frae s i l ica or  quartz.  Since the danger of  s i l icosis  to 
workers in certain dusty t rades is  determined chiefly by the amount of  s i l ica 
present  in the free form, i t  is  important  that  this  dist inct ion be accurately 
made.  

) 

Length of  Exposure.  After  establishing the fact  that  an exposure exists ,  
the period of  t ime required to produce s i l icosis  seems to depend upon the 
individual .  Some persons are more physical ly capable than others in ward­
ing off  the effects  of  dust  and these workers may continue in dusty operat ions 
without  any apparent  damage for  many years•  

However,  i t  has been shown that  s i l icosis  may develop af ter  relat ively 
short  exposure.  For example,  the United States Public Health Service,  in an 
invest igat ion of  the granite  industry (1) ,  (22),  found that  in the group of  
workers exposed to the heaviest  dust  the f i rs t  case of  s i l icosis  appeared 
af ter  approximately 2 years,  and by 4 years a l l  in this  group seemed to  have 
developed at  least  an early case of  s i l icosis .  In the same group the f i rs t  
case of  more developed s i l icosis  appeared af ter  5 years of  service,  and by 
9 years approximately 90 percent  had advanced to this  stage.  In the group 
with an average exposure of  less  than 10 mil l ion part icles per  cubic foot  
of  a ir ,  2 cases of  early s i l icosis  had developed af ter  10 years '  exposure 
and 1  case of  moderate s i l icosis  af ter  6 years.  

In a further  study (1) ,  (23),  as  to the effects  of  exposure to dust  in 
coal  mining the Public Health Service found an apparent  relat ion between the 
occurranoo of  general ized f ibrosis  and length of  t ime the workers had been 
employed in the industry.  The percentage r ises from 4.8^ in the group with 
less  than 5 years ' .service to 69^ in the group with more than 15 years '  
service;  even i f  at tention is  confined to workers under 45 years of  age,  the 
percentage in the group with more than 15 years '  service is  66.7^.  

Pancoast  and Pendergrass (1) ,  (24) found that  the longest  period of  occu­
pation in a  sand-pulverizing plant  was 2.5 years at  intervals ,  and the short­
est  was said to have been only 35 days during a  period of a  l i t t le  over 1  
year before symptoms of  lung affect ion appeared.  \ 
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Quaintanco and Morris  ( l ) ,  (25),  examined 58 pottery workers in an industr ial  
plant  manufacturing bathroom ware,  using a s i l ica content  of  approximately 25 
percont .  After  an average exposure of  16 years 8.6% of these workers had 
advanced f ibrosis;  ZB% had second-stage or  moderate f ibrosis ,  and 63.5^ had 
only s l ight  f ibrosis .  

Chapman ( l ) , (26),  reported three cases of  acute s i l icosis ,  among the f i rs t  
cases in American industry,  in which the appearance of  respiratory symptoms 
af ter  8,  21,  and 29 months of  exposure to an alkal ine dust  of  high s i l ica con­
tent  marked a  more rapid and severe s i l icosis  than usual .  According to 
Chapman, Russel l  (27) saw the disease ful ly developed in a lens grinder who 
inhaled a pure quartz spray for  8 months.  McDonald ( l ) ,  (28) described the 
rapidly fatal  cases of  two young gir ls  wh9 had been employed 2.75 and 4.25 
years packing a s i l ica soap powder.  

From the foregoing test imony i t  appears that  i t  would be extremely diff icult  
for  one to set  a  prescribed t ime l imit  in which s i l icosis  would develop.  The 
best  and most  pract ical  method of  chocking the onset  of  the disease is  by 
periodic physical  examination.  

I t  has been shown what  the principal  factors  influencing dust  disease are.  
I t  now remains to be seen in what  industr ies  the exposure may be found and to 
what  degree a  hazard exists .  

A Study of  Dust  Exposure in Industry 

I t  would be impractical  to discuss in detai l  a l l  the sources of  exposure to 
inorganic dusts  in industry both because of  the many varied operat ions conduc­
ted and because in many cases the exist ing information and s tat is t ics  are not  
complete.  

However,  i t  does seem well  to  devote some space to a few of the more import­
ant  industr ies  where heal th hazards are known to exist  and concerning which 
there is  considerable medical  and scientif ic  data.  

The Foundry Industry ( l )  — In a survey of  225 foundries conducted by the 
Speolal  Industr ial  Disease Commission of  Massachusetts  (29),  there were made 
1,614 physical  and X-ray examinations.  In the foundries s tudied,  excessive dust  
counts were found in connection with many of  the operat ions.  The need for  
effect ive control  of  dust  condit ions was evidenced by the fact  that  s i l icosis  
was found in 8.8^ and s i l icosis  with tuberculosis  in 2.6^ of the workers 
examined.  

McConnell  and Fehnel  (30) in a study of  this  same industry,  found that  the 
death rate from respiratory diseases ( including al l  forms of  tuberculosis  and 
influenza) for  i ron and s teel  foundry workers was about  two and one-third 
t imes that  for  the average of  workers in al l  industr ies  combined.  More than 
a third of a l l  deaths among foundry workers were caused by some form of 
respiratory disease,  whereas but  l i t t le  more than one-fif th of the deaths in 
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all  industr ies  combined were due to these causes.  One outstanding fact  re­
vealed was that  the,rate of  pneumonia,  bronchit is ,  etc . ,  was nearly three 
•t imes as  great  for  foundry workers than for  that  of  a l l  other  workers com­
bined! Among i ron and s teel  molders,  founders and casters ,  whore 12 deaths 
from pneumonia might ,have been expected,  there actual ly \vere 38--a rat io 
of actual  to expected deaths of  315^;  24 deaths were recorded for  respira­
tory tuberculosis  whore 13 might  have been expccted--a rat io of 179?o;  the 
rat io for  influenza was 216%, based on 23 actual  compared with 11 expected 
deaths.  In an analysis  conducted by the Metropoli tan Life Insurance Co.  i t  
was found the pneumonia was the loading cause of  death among foundry workers,  
a  condit ion not  t rue of any of  the other  71 occupations included in the 
survey. .  I t  is  not  probable that  this  higher incidence of  respiratory diseases 
was due.  ent irely to the dust  inhaled,  because foundry workers are also con­
t inually exposed tp great  variat ions in temperature and humidity which tend 
to weaken the human resistance,  but  McConnell  and Fehnel  emphasize the harmful  
effects  of  dust  on the lungs of  the workers exposed;  67 of  215 X-rays taken 
were diagnosed as  posi t ive for  s i l icosis .  Advanced cases of  s i l icosis  were 
not  found,  among those examined,  but  suff icient  evidence of  occurence of  the 
disease was presented.  

) 

The principal  sources of  dust  exposure in the average foundry are in the 
applicat ion of part ing compounds to foundry molds,  the conducting of  shake-
out  operat ions and in the abrasive cleaning of cast ings.  

I t  is  possible to control  these dust  hazards by the use of  the fol lowing 
methods* (1)  subst i tut ion of non-dust  producing of harmless substances,  
(2)  isolat ion of dusty processes,  and (3)  local  exhaust  venti lat ion applied 
at  the point  of  dust  generat ion.  These methods have a l l  been used with 
considerable success in many instances.  ) 

In considering that  the.  chief  source of  exposure to foundry molders is  from 
the part ing compounds used,  this  hazard has been considerably reduced by the 
subst i tut ion of non-si l icious compounds in  place of  the almost  pure s i l ica 
which was formerly used.  Also with abrasive cleaning,  the subst i tut ion of  
metal  shot  for  quarts  sand in many plants  has resulted in a substantial  im­
provement in  health condit ions.  , 

With respect  to the second preventive method,  isolat ion of the dusty process,  
this  may be used with great  advantage wherever excess dust  is  produced.  Un­
fortunately,  al though this  method offers  defini te  possibi l i t ies ,  i t  is  not  
general ly used.  Many plants  were designed and buil t  before the comparat ively 
new era of  occupational  disease recognit ion and prevention,  and l i t t le  thought 
was usually given to local izing the dust .  However,  i f  isolat ion is  not  
pract iced in some degree,  not  only is  the workman performing the^ dusty opera­
t ion exposed,  but  the other  workers throughout the plant  as  well .  A good 
example of  the results  from fai l ing to isolate the dusty process is  in the 
shake-out  operat ion,  where molders who may be exposed to a dust  concentra­
t ion of 6,000,000 part icles per  cubic foot  under normal.condit ions are ex­
posed to a concentrat ion of more than 50,000,000 part icles when shake-out  
operat ions are carr ied on near-by.  . 

* 
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This same condition exists when annealing flasks containing ground slag are 
emptied in malleable iron foundries, frequently exposing grinders and tumbling 
barrel attendants at work close by. 

One method of reducing the harm from shako-out operations, and one which has 
four.! wide use among foundries, is the limiting of this work to periods when a 
minimum number of men are present in the plant, such as during a night shift. 
However, although this proce-dure may result in considerable benefit, it cannot 
be said to be a completely successful isolation. It is only by carrying on the 
shake-out operation in separate quarters provided with adequate exhaust venti­
lation that positive isolation is realized. 

The greatest  need for  isolat ion is  in the process of  abrasive cleaning,  
especial ly i f  sand blast ing is  used.  This  is  the most  harmful  dust-producing 
operat ion in the foundry and should always be carr ied out  in a separate en­
closure,  t ightly sealed from the remainder of  the plant .  

brass foundries -  While brass foundry workers are subject  to tho seme general  
occupational  hazards as  ordinary i ron and stool  foundry workers,  there is  an 
increased exposure in* this  branch of  the industry duo to the enormous quanti t ies  
of  zinc oxide which is  given off  during smelt ing and cast ing.  Stat is t ics  
assembled by the United States Public Health Sorvioe show that  a  number of  
brass foundry molders suffer  from what  is  cal led "brass foundry men's  ague",  
caused from tho inhalat ion of zinc oxide.  The symptoms of  this  ague seem to 
bo a general  feel ing of i l lness accompanied by a  s t i ffening of tho back and 
arms.  Other symptoms which may bo present  are dull  headaches,  metal l ic  taste,  
i rr i tat ion of the threat ,  coughing,  burning of the eyes and thirst .  Those 
f i rs t  symptoms may develop into fevers or  chi l ls  but  the effects  soem to pass 
off  in a  day or  so.  I 

The best  and one of  tho cheapest  methods of  improving these condit ions is  by 
providing good exhaust  venti lat ion and a plentiful  supply of  frosh air ,  say 
about  one complete a ir  change,  in the areas affected,  every 7 minutes.  

abrasive cleaning -  Abrasive cleaning may bo accomplished by various methods 
depending upon the type and s ize of  tho cast ings being cleaned and the quanti ty.  
Roughly,  these methods are divided as fol lows;  (1)  Rooms (2)  Barrels  (3)  
Tables (4)  Cabinets .  (Bloomfield and Dalle.val lo,  31) 

Rooms -  Abrasive cleaning rooms are usually constructed of  heavy metal  plate 
with (Jimensions approximately 10 x 10 x 8 feet  high.  Tho operator  of  the 
abrasive cleaning equipment should be provided with a posi t ive pressure helmet,  
ospocial ly.f i t ted to his  person to prevent  leakage of  dust  into tho helmet,  
and proviiod with approximately 6 cubic feet  of  frosh air  per minute.  Con-
siderr- .blo care should be exercised that  the fresh air  supplied to the operator  
is  taken from a source free from any contamination.  

In addit ion,  exhaust  venti lat ion should be provided for  in overy caso.  One 
of  the bost  accepted venti lat ion pract ices for  this  typo of  work is  to provide 
air  inlet  openings toward the top of the enclosure,  in back of  tho operator ,  
with the exhaust  openings in tho front  wall  beneath tho locat ion of the 
material  to  be cleaned.  In this  manner,  tho air  passes down, over,  and away 
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from the operator ,  across the material  to  be cleaned and then into the exhaust  
openings.  Thus,  the cleaning spray tends to be always carr ied away from the 
operator 's  breathing level  and reduces his  l iabi l i ty to exposure consider­
ably.  Also,  this  method great ly faci l i tates the collect ion of the abrasive 
material  which may be collected and re-used.  I t  is  very important  that  the 
air  supplied through the openings in the top of the room should not  be unduly 
cold or  damp as this  wil l  subject  the workman to a considerable draught  and 
result  in an unhealthy working condit ion.  Air  of  an even,  comfortable tem­
perature should be introduced.  

) 

The exact  amount of  venti lat ion required in abrasive cleaning rooms has not  
been defini tely established,  but  some of  the modern types use from 8 to 12 
and sometimes as  high as 20 a ir  changes per  minute.  The accepted level  wil l  
depend to a large extent  on the abrasive being used and the dust  concentrat ion 
present  and can best  bo determined by a  study of  the part icular  condit ions 
involved.  

Barrels  -  This method includes two different  types of  abrasive cleaning.  
One is  by the use of  blast  cleaning barrels ,  in which the material  to be 
cleaned is  placed in a sealed revolving drum or cyl inder.  An abrasive blast  
is  then introduced by means of  nozzles located in the drum and tho revolving 
motion serves to bring the material  under the abrasive spray.  

The other  type of  barrel  cleaning is  that  of  the tumbling barrel .  With this  
method,  the rough cast ings are placed in a sealed cylinder along with metal  
shot  or  other  pieces of  sui table material .  The revolving motion tends to bring 
al l  the materials  into int imate contact  and the fresh cast ings are thus cleaned.  
These barrels  have,  in the past ,  been sources of  heavy dust  concentrat ions but  
most  of  the modern equipment is  so constructed that  there is  l i t t le  opportun­
i ty for  the dust  to escape.  Many old type barrels ,  however,  which are s t i l l  
in use in many foundries,  are s t i l l  sources of  much uncontrol led dust .  

Tables -  This type of  abrasive cleaning is  accomplished by means of  a  heavy,  
substantial ly constructed,  s low revolving table of approximately 7 feet  dia­
meter  on wh"ch the cast ings to be cleaned are placed.  The table is  divided 
into two halves by means of  a  series of  f lexible,  spl i t  rubber curtains.  One 
half  of  the table is  completely enclosed and is  provided with several  moving 
nozzles which direct  the spray of abrasive on the cast ingso  At the other  half  
of  the table stands an operator  whose task i t  is  to remove the cast ings which 
are cleaned and replace them with fresh ones.  

Although this  operat ion is  conducive to large quanti t ies  of  dust ,  i f  proper 
venti lat ion and isolat ion of the cleaning half  has been provided for ,  the 
at tendant  should not  suffer  any undue exposure.  

Cabinets  -  When cleaning small  cast ings,  the blast  cleaning cabinet  is  some­
t imes used.  Such cabinets  are usually of  s teel  plate construct ion and approxi­
mately 5x3x7 feet  in height .  With this  method,  the material  to be cleaned 
is  placed inside the cabinet  and the operator  s tands without .  A heavy plate 
glass window is  furnished in the front  of  the cabinet  through which the 
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operator  may view the work.  Handholos,  to  which are aff ixed heavy countlets ,  
enable the operator  to place his  hands within the cabinet  and direct  the 
materials  under the abrasive spray v/hich issues from a f ixed nozzle located 
within.  Exhaust  venti lat ion is  usually provided for  in order to reduce the 
dust  and permit  the operator  to see the work being done.  

summary of  abrasive cleaning -  In connection with the various methods outl ined 
for  abrasive cleaning,  i f  the cast ings are f i rs t  washed with water  or  oi l  be­
fore introduction into the cleaning devices,  the potential  source of  dust  
concentrat ion can be great ly minimized.  

From the foregoing discussion,  i t  can be seen that  i t  is  entirely possible to 
reduce the amounts of  dust  ar is ing from this  type of  operat ion below a harmful  
level  and insure healthful  working condit ions.  As has been pointed out ,  this  
result  can be obtained only by the use of  adequate equipment.  However,  even 
the most  expensive equipment obtainable is  of l i t t le  value unless used and 
maintained properly.  For this  reason,  the workmen concerned should be instruc­
ted and cautioned regarding the proper operat ion and care of these devices.  

summary of  the foundry industry -  When considering a program designed to. .pro­
mote more heal thful  working condit ions,  there is  no doubt , that  this  industry 
should receive major considerat ion.  Not only is  the mortal i ty rate from , 
rospirntpry diseases above that  for  the general  averare of  other  workers but  
the period of  occupational  l i fe  is  shorter .  

However,  these facts  become less  depressing,  when i t  is  real ized that  there 
is  a pract ical  solut ion present  to rect ify these condit ions and that  i t  appears 
to be now merely a  quest ion of t ime embraaing protect ive measures wil l  be 
established in those foundries which have not  already done so.  

Grinding Industry -  Again,  as  in the foundry industry,  the s tat is t ics  for  
grinding workers show an abnormal amount of  fatal i t ies  from respiratory diseases 
when compared with working groups of  other  working industr ies .  

According to Hofftnan (1)(32) the industr ial  insurance mortal i ty s tat is t ics  of 
the Prudential  Insurance Company from 1897 to 1914 showed that  out  of  305 
deaths among grinders,  14-3 or  46.9^ were due to pulmonary tuberculosis .  In 
another group of  5,938 grinders,  which included cutlers ,  scissors grinders,  axe,  
plow and other  s teel  grinders but  excluded foreman and superintendents , ,  the 
actual  mortal i ty from al l  causes was 11% in excess of  the expected mortal i ty.  

The type of  dust  exposure to which the average workmen of  this  industry are 
subjected depends upon the kind of  grinding being done and consequently the 
grinding substance being used.  For instance,  when grinding is_done on rela­
t ively soft  materials  such as cast  i ron,  brass and bronze,  a  vtr if ied wheel-
of  s i l icon carbide is  frequently used.  When the material  to  bo ground is  of 
a  harder substance such as,  cut lery steely axe.  and plow s teel  and others,  the 
wheel  employed is  general ly composed of  Aluminus Oxide (synthetic  emery).  

I f  the above types of  grinding wheels  are used,  namely those of  s i l icon 
carbide and aluminus oxide,  the workman mil  experience l i t t le  danger from the 
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disease s i l icosis .  This statement is  be.sed on the fol lowing conclusions:  
The s i l icon carbide wheel  is  composed,  almost  ent irely,  of  what  has been 
proviHusly defined as "combined s i l ica" and there is  very l i t t le ,  i f  any,  
of  the free s i l ica which contr ibutes to s i l icosis ,  given off  in  the grind­
ing operat ion.  In the case of the Aluminus Oxide wheel ,  the nature of  i ts  
const i tuents  precludes the possibi l i ty of  a  s i l icosis  exposure.  Thus,  with 
most  of  the commonly used grinding wheels ,  the main sources of  danger from 
dust  disease l ies  not  in s i l icosis  but  from a general  pneumoconiosis  caused 
by an excessive inhalat ion of f ine part icles of  f ine,  inorganic dusta.  This  
pneumoconiosis ,  or  general  disease of  the lungs,  may be evidenced in various 
forms such as  tuberculosis ,  pneumonia,  bronchit is  and other  respiratory 
diseases.  ' '  • '  •  ! '  • 

However,  in  Some cases,  a  s tone composed of  a  large amount of  pure quartz 
or  free s i l ica may bo employed and when this  is  t rue,  there-is  a l iable 
exposure to s i l icosis .  For example,  in  a German-axe- grinding plantJotten 
(1)(33),  i t  was• noticed that  the ' ,  incidence of  s i l icosi-s  increased after  the 
subst i tut ion of pfalz for  Eifel  grindstone.  Subsequent  invest igat ion re­

'  vealed that  the Pfalz stone was 33$ higher in s i l ica than the Eifel  .Stone.  
This  further  bears out  the theory that  the higher the free s i l ica pre-sent ,  
the more,  dangerous the dust .  .  , ••  

.  .  .  .  .  .  a  r, t ^ t ^ •  . . . .  . # . » » - •  -  ̂  . 1  .  i  -  »  « •  -

In the case of  the grinding industry,  the best  possible,  protect ion from, 
dust  exposure l ies  in local ized exhaust  venti lat ion.  This method may be 
supplemented with some success by the use of  wet  grinding but  the lat ter  
should never be considered as offering a complete solut ion to the problem 
when used alone.  Yet ,  some bolieve that  s ince the water  succeeds in al loy­
ing to a large extent  the visible dust  that  a  harmful  condit ion does not  
exist  when water  is  employed.  I t  should be repeated there that  i t  is  not  the 
large part icles of  dust  which are capable of  doing harm,,  but  these of  such 
smallness as  to render them pract ical ly invisible,  and upon which the water  
has l i t t le  effect .  I t  is  from these part icles that  f ly off  the wheel  tangen-
t ial ly and disperse into the atmosphere that  one may expect  the chief  source 
of  danger.  '  '  •' •  .  

Although i t  is  always advisable whenever possible to subst i tute wheels  of  
a  less  dangerous composit ion,  i f  the proper design of exhaust  venti lat ion 
equipment is  provided and maintained,  this  wil l  in i tself  supply a suff icient  

'  amount of  protect ion under a l l  condit ions.  The instal lat ion-of such equipment 
is  the only way thst  ful l  protect ion can be assured.  

Mining Industry -  Any'minebe i t  metal  or  coal ,  is  a potential  source of  an 
enormous amount of  dust  and unless provisions are made for  the control  of  
the dust  a t  the source,  and for  adequate venti lat ion,  as  well  as  for  personal  
protect ive equipment,  such as masks .or  respirators  whenever possible,  there 
is  l iable to bo present  a  tremendously serious danger to the health of  these 
workers.  Such danger is  not  only from the free s i l ica dust ,  which is  present  
in large quanti t ies  in the rocks and materials  being worked,  and which is  
general ly regarded by most  authori t ies  as  the cause of  s i l icosis ,  but  from the 
abnormal quanti t ies  of  other  dusts  present  that  cannot  fai l  to be inhaled in­
to the lungs in extremely hazardous amounts unless posi t ive protect ive measures 

\ 
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are taken.  In fact ,  tho amount of  free s i l ica present  may form only a  small  
percentage of  the total  dust .  Because the dust  condit ions in mines are known 

to cause other  lung diseases than s i l icosis ,  such as miner 's  consumption,  
minor 's  asthma, anthrncosis ,  s iderosis  and pneumonia,  such disease® for  tho sake 
simplici ty are general ly classif ied under the heading "pneumoconiosis",  a  term 
describing al l  diseases of  the lungs due to dust ,  be they f ibrous or  non-fibrous.  
The s i l icosis-producing s i l ica dust  owes i ts  damage to the fact  that  this  dust  
is  soluble in the lung t issues and enters  into a chemical  combination with,  and 
f inal ly gradually supplants  the normal lung structure with a f ibrous growth 
which is  known as f ibrosis  of  the lungs.  The other  dusts  usually found in the 
mine a ir ,  with the exclusion of highly poisonous dusts  such as  lead and arsenic,  
are general ly regarded as being dangerous in that  they are insoluble or  
diff icult ly soluble ' in the f luids and t issues of  the respiratory organs.  Be­
cause of  this  general  insolubil i ty,  i t  is  diff icult  for  tho lungs to throw off  
this  foreign matter ,  and over a  period of prolonged exposure the lungs grad­
ually become f i l led with various dusts .  The effects  of  this  just  inhalat ion 
has been previously discussed.  

) 

I t  was not  by accident  that  miners were discovered to be affected seriously 
by diseases of  the respiratory organs.  As early as 1900 in the South African 
mines on the Rand,  i t  was forcibly brought to  the at tention of mine owners that  
the workers in  some parts  of  the mines were l i teral ly "dying off  l ike f l ies" 
due to lung infect ions.  A thorough invest igat ion was begun by doctors and 
engineers covering a  period of several  years,  with the result  that  not  only was 
i t  revealed that  the staggering mortal i ty rate was due almost  ent irely to the 
dust  exposure,  but  measures of  effect ive control  and protect ion were evolved 
to combat the hazard.  Since this  period,  the effect  on tho health of  under­
ground workers from' breathing large quanti t ies  of  dust  has received more at ten­
t ion than that  of  any other  dust-producing industry,  and rapid and vast ly 
important  s tr ides have been taken by our own United States Bureau of  Mines and 
Public Health Service,  as  well  as  others,  to  make our mines a  more heal thful  
placo in which to work.  

invest igat ions of  tho mining industry -  ( l )  (Harrington and Davenport)  The 
f i rs t  invest igat ion of  s i l icosis  in the mining industry of  the United States 
was made in  1914-15 by the United States Bureau of  Mines,  in  cooperat ion with 
the United States Public Health Service,  in the Joplin,  Mo.,  mining distr ict  
(34).  Of 93 men examined,  S4 showed plain and defini te  evidence of  pulmonary 
disease.  To gain a  more accurate idea of  the prevalence of  consumption among 
the miners in the Joplin distr ict ,  i t  was decided to examine a  large number of  
men and consequently 720 miners were examined.  Of this  group,  45.7?? had 
s i l icosis  and tuberculosis ,  and 5.3^ had tuberculosis .  Thus,  over half  of  the 
men were suffering from respiratory disease.  

Further  invest igat ions by Harrington and Lanza (35) in Butte,  Montana,  in  
1921 revealed that  42.4% of 1,018 miners examined showed defini te  signs of  
lung damage due to dust .  

An examination in 1921 of  303 gold miners in Nevada disclosed that  QQt% hed 
s i l icosis ,  and a study in California in the same year  revealed that  25% of  101 
gold miners had s i l icosis .  
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According to the United States Public Health Service (23),  anthraci te  miners 
and their  helpers show increased signs of  pneumoconiosis  as  their  length of 
service increases,  r is ing to 1Q% for  persons under 45 years of  age af ter  com­
plet ion of 15 years '  work.  I t  was found that  the percentage of  deaths from 
respiratory diseases among anthraci te  minors in Pennsylvania was defini tely 
higher than that  of other  adult  males in the general  populat ion.  Also,  of  
95 X-rays of  bi tuminous coal  miners,  40 showed general ized f ibrosis .  

From these s tat is t ics  and many others prepared by the most  rel iable sources,  
there seems to be l i t t le  doubt that  the occupation of  mining carr ies  with i t  
a serious menace to  health.  And yet  there are those who continue to scoff  
and r idicule the idee,  of  the miner 's  job being dangerous.  Such individuals  
are defini tely s t i l l  l iving in the "horse and buggy age".  In discussing this  
s i tuat ion,  D. Harrington,  Chief  of  the Health and Safety Branch of  the U. S.  
Bureau of  Mines says,  " instead of recognizing the menace duo to the diseases 
of  various kinds associated with the breathing of dust  and instead of taking 
advantage of  the methods available for  combating or  preventing them -  or at  
least  making a  study of  the si tuat ion with a  view to al leviat ing the harmful  
condit ions and their  terr ible results  -  there appears to have been a concerted 
effort  to hide the facts  in most  instances and to take as few measures as  
possible toward el imination of the diseases and of  the condit ions causing 
them. Miners,  especial ly metal  miners,  whose heal th is  most  direct ly affec­
ted usually refuse to al low themselves to be examined physical ly previous to 
or  during employment.  They frequently oppose the use of  wet  dr i l ls  -  which 
probably more than,  anything else wil l  remedy the dangerous dust  condit ion -
and in many instances they destroy or  t ry to make ineffect ive the water  at tach­
ments to  dri l ls .  When water  is  provided to wet down dust  i t  is  general ly not  
used except  when the mine boss forces the worker to do i t .  And metal-mine 
workers only too frequently destroy or  part ly destroy venti lat ion equipment 
instal led for  their  safety,  comfort  and heal th.  Mine operators  or  off icials  
sometimes deny the existence of miners '  consumption or  other  dust  disease 
among employees even when they know or  suspect  i ts  existence,  yet  frequently 
some of  the mine bosses themselves are aff l icted by such disease.  Suggest ions 
as  to remedial  methods or  equipment -  such as  sprinkling or  the use of  water  
in dri l l ing or on muck pi les ,  or  the use of  fresh-air  currents  to remove dust  
-  are held to be impracticable or  are considered the dream of the theorist ,  
even though these methods or  devices are in thoroughly successful  use in  other 
mines or  in other  local i t ies .  While sometimes the object ion to change is  due 
to disincl inat ion or inabli t iy to withstand the probably f inancial  outlay,  
frequently the main obstacle is  the fact  that  mine off icials  are of  the reac­
t ionary type;  the old t imer with years of  experience and more or  less  l imited 
education usually hates to do anything that  he has not  been accustomed to 
doing.  He repels  the idea that  dust  in his  part icular  mine is  or  can be harm­
ful  and very often denies the possibi l i ty of having enough dust  present  to bo 
harmful  

I 

The most  important  s tep in the regulat ion and control  of  this  dust  hazard 
l ies  primari ly in education;  - -  education of  the mine owners as  to the effects  
on the health of  their  workers,  of  working in mines where protect ive measures 
have not  been taken,  and the consequent  tremendous expense that  may ar ise from 
law sui ts  or  high insurance rates as a  result  of  mine-contracted diseases;  
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eduontion of mine employees to  respect  the equipment and precautions estab­
l ished for  their  benefi t ,  and to make use of  every available type of protec­
t ion offered;  education of  doctors so.  that  they may correct ly diagnose the 
disease,  prescribe remedies,  for  i ts  control  or  cure,  issue the proper death 
cert i f icates and thus give publici ty to the prevalence of  such disease and i ts  
cause.  

sources of  and control  of  dust  in  mines 

Metal  Mines-  Harrington (36) gives the fol loxving as  the main sources of  dust  in  
motel  mines and tunnels  in order of  their  importance;  ( l )  dry dri l l ing of 
holes for  blast ing -  the dry dri l l ing of holes pointed upward,  especiai ly those 
from about  60 degrees to vort ical ,  is  in general  the worst  producer of  dust .  
(2)  blast ing of dry rock or  ore which produces dangerous gases and throws 
immense quanti t ies  of  f inely divided dust  into the air .  (3)  shoveling or  muck­
ing of very f ine dry material  a t  the working face,  which is  usually poorly 
venti lated.  (4)  loading cars  from chutes.  (5)  dumping loaded cars  into chutes.  
(6)  t imbering.  Dry crushing and other  occupations in metal  mines and in 
metal-mine mil ls  also produce dangerously dusty condit ions.  

Coal  Mines -  The United States Bureau of  Mines (1)  (37) in an invest igat ion 
conducted in 15 representat ive coal  mines in six coal  mining s tates revealed 
the fol lowing as the chief  sources of  dust ,  ( l )  Jackhammer-dri l l ing produced 
the greatest  concentr ' . ' . t ions of  dust  of  any of  the mine operat ions,  ten t imes 
as  much as  any of  the others,  and the other  dust-producing operat ions arranged 
in decreasing orier  of  concentrat ion were electr ic  dri l l ing,  undercutt ing coal  
by dry methods,  auger-dri l l ing by hand,  loading coal ,  undercutt ing coal  with 
the applicat ion of water  on cut ter  bar  of  mining machines,  s imultaneous pick-
ming and loading coal ,  loading rock haulage,  and f inal ly,  pick-mining.  (2)  
The largest  total  amount of  dust  was raised by dry undercutt ing.  (3)  Under­
cutt ing coal  without  the use of  water  on the cutter  bar  raised the greatest  
concentrat ion of  dust  of  any of  the common mine operat ionsj  loading coal  ranked 
next ,  and haulage,  last .  

As specif ic  remedial  measures for  the dus ' t  condit ions in mining,  Harrington 
(36) suggests  the fol lowing;  (1)  mechanical  venti lat ion to force moving 
currents  of  fresh pure a ir  to every place where men are working and thus re­
move or  a t  least  di lute the '  dust  and gases in the air  breathed by the workers .  
(2)  the use of  water  in al l  dri l l ing,  in sprinkling ore and rock pi les ,  and in 
wett ing t imbers,  manways,  haulageways,  and every place where dust  may be 
found.  (Harrington s tates that  next  to adequate venti lat ion,  the intel l igent  
and systematic use of  water ,  in his  opinion,  offers  the best  present  known 
method of  combatt ing the health hazard from breathing dust)  (3)  where possible,  
a l l  the blast ing should be done af ter  a shif t ;  i f  this  cannot  be done there 
should be enforcement of  s t r ict  regulat ions as to the wott ing of  the region of  
blast ing both before and af ter  the shots  are f i red,  as  to the removal  of  a l l  
explosive fumes by adequate a ir  currents  and as  to the prevention of  entrance 
into a blasted place unti l  a l l  dust ,  fumes,  e tc»,  have been removed.  (4)  
s t r ict  physical  examinations of  undergrouhd workers before employment and a t  
periods of  not  less  than every 6 months during employment,  with prompt removal  
of  worker from dangerously dusty work should unfavorable symptoms be found.  
I t  may be added that  posi t ive air-supply respirators  of  l ight  construct ion can 
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bo used with considere.ble success 4 There are s lso on the market  various 
typos of  dr i l l ing machinery and dust  t raps which can he used most  effedtively 
in the control of the dust problem4 

Granite Industry -  Because granite  contains about  35% free s i l ica and be­
cause during the working of  this  stone large quanti t ies  of  dusts  are given 
off ,  the occupation of  a  granite  worker is  considered to offer  a serious 
exposure to dust  disease.  In summarizing his  report  of  dust  pneumoconiosis  
in  the granite  industry,  Hoffman (2)  s tates that  even with granite  workers 
enjoying above average condit ions of  sanitat ion and housing and with gener­
al ly superior  physiques than the average of  other  workers,  the mortal i ty rate 
of  this  group is  decidedly above the average normal to  industr ial  occupations.  

f 

The chief  occupational  disease experienced by these workers is  s i l icosis  or  
s i l icosis  with tuberr-oi los is» and the degree of  exposure depends direct ly upon 
the amount of  dust  inhaled.  Thus the principal  cases of  disease according to 
Hoffman (2)  are mostly among the men employed in granite-stone cutt ing,  i t  
being especial ly severe among men using pneumatic tools .  Other occupations 
such as polishing,  tool  sharpening,  bed-set t ing,  e tc . ,  do not  show a marked 
excess,  i f  any,  in  the mortal i ty from tuberculosis .  In Massachusetts  i t  was 
found that  the death rate from pulmonary tuberculosis  among granite  cutters  
was f ive t imes the normal experience in the populat ion at  large.  Although 
s i l icosis  and tuberculosis  are the main causes of  s ickness and death among 
this  group,  other  respiratory infect ions such as bronchit is ,  pneumonia and 
asthma are also of common occurrence.  

control  of  dust  disease in the granite  industry -  Medical  control  in this  in­
dustry is  of great  importance in the select ion of qualif ied workers best  sui ted 
for  dusty tasks and for  periodical  check-ups by-physical  examination.  However,  
the most  successful  and only sure method of  rel ief ,  as  in the other  dust-pro­
ducing industr ies ,  is  by engineering control .  Again,  exhaust  venti lat ion is  
the best  solut ion obtainable.  There are some types of granite  cutt ing equip­
ment which are designed to remove the dust  a t  the point  of  cut t ing by use of  
a  hood integral  with the machine and surrounding the cutt ing tool  to which is  
at tached a pneumatic a ir  tube,  drawing away and deposi t ing most  of  the gene­
rated dusts  into a dust  col lector .  Where these types of  machines prove too 
cost ly,  a  system of general  exhaust  venti lat ion,  i f  designed intel l igently,  
may solve the dust  problem. Respirators ,  too,  offer  a degree of  protect ion 
al though these used in the absence of  any other  equipment wil l  not  remedy the 
condit ion.  Also,  as  with other  industr ies  using a mechanical  system of ex­
haust  venti lat ion,  i t  is  important  that  such equipment be maintained in 
eff icient  working order a t  al l  t imes.  

\ 
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'Cement Industry -  I t  is  general ly conceded by most  authori t ies  that  cement 
workers as  a  whole experience more freedom from si l icosis  and tuberculosis  than 
those of other  industr ies  who are exposed to dusts  of  a  high s i l ica content .  
In fact  there are many who bel ieve that  the cement worker enjoys increased 
immunity from tuberc\ i losis  due to the nature of  the dust  he breathes into his  
lungs.  The chemical  analysis  of  cement shows i t  as containing about  62% l ime 
or  calcium hydroxide and 22% si l ica.  Hov/ever,  most  of  this  s i l ica is  in the 
"combined" form and there is  actual ly present  only about  6.5% in the crusher 
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houses,  raw mil l ,  and stone house,  and only about  \% in the f inished.  The re­
mainder of  the cement is  composed of  about  7.5^ alumina,  1.5^ sulphur t r ioxide,  
and 2.SJo each of  i ron oxide and magnesia.  The chemical  composit ion is  not  
f ixed,  however,  and the percentages of  the const i tuents  may vary during differ­
ent  stages in i ts  manufacture.  

The apparent  immunity from si l icosis  and tuberculosis  may be part ial ly ex­
plained by the presence of  a  large amount of  calcium which is  regarded as one 
of  the least  harmful  of  the inorganic dusts .  There is  also some evidence to 
support  the theory that  calcium dust  actual ly retards the act ion of tuberculosis  
and therefore acts  as a curat ive agent .  This  curat ive effect  wil l  be discussed 
later .  

However,  regardless of  the evidence advanced by some that  cement workers do 
not  suffer  the same degree of  exposure from respiratory diseases as  other  workers 
in  dangerously dusty occupations,  i t  does not  appear t rue that  these men 
experience no occupational  disease hazard due to the dust  inhaled.  

In an invest igat ion conducted by the United States Public Health Service (38) 
of  the cement industry,  i t  was found that  among cement workers there were twice 
as many absentees from work,  for  two days or  more,  because of  respiratory 
diseases,  than there wore among the workers of  11 factories in other  industr ies .  
In comparing the health of cement workers with those of  a  rubber company,  those 
men in the cement industry were found to have almost  three t imes as  many 
absences due to colds,  bronchit is ,  influenza and grippe as the rubber workers.  
Also diseases of  the eyes and oars ,  of  the pharynx and tonsi ls  each occurred 
three t imes as often.  

There was found to bo a  tendency toward self-el imination from the industry 
of  those workers who were more susceptible to respiratory disease and who 
showed the harmful  effects  of  the dust ,  as  the respiratory incidence among men 
who quit  work during the period of s tudy was 68^ higher than those who remained 
in the industry.  Among those who did remain,  the rate for  respiratory diseases 
was low during the f i rs t  few years,  but  af ter  eight  years '  employment there was 
a  tendency for  the rate to increase.  This  fact  i . s  considered to indicate that  
as  the seasoned workers were real ly a selected group,  this  increase in the 
respiratory rate occurred in spi te  of  an inherent  abi l i ty to resist  disease.  
This  t rend seemed to bo the same for  men under and those over 45 years of  age.  

About one-third of  the employees,  as  represented by the years of  l i fe  under 
observation,  had one or  more respiratory defects  or  chronic respiratory diseases 
and these diseases were found to be most-  f requent  among those workers exposed 
to largo quanti t ies  of  dust .  X-rays of  the chests  of  37 employees who had been 
employed in the industry more than three years showed that  15 had pneumoconiosis ,  
3 of  these workers also having tuberculosis ,  while of  the remaining 22,  6 gave 
evidence of  arrested tuberculosis ,  4 wore negative for  ei ther  disease and 10 
were considered doubtful .  I t  seems of  important  s ignif icance that  8 showed 
s igns of arrested tuberculosis .  This  offers  a certain amount of  support  to  the 
claim that  cement dust  has a  retarding act ion on this  disease.  In the majori ty 
of  other  industr ies ,  such an infect ion instead of being arrested would be 
aggravated.  
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In conclusion,  while thor® is  reason to believe that  the cement industry 
is  one of  the least  hazardous of  a l l  dusty industr ies ,  there is  s t i l l  present  
a  suff icient  detr iment to health from dust  as  to make posi t ive control  
measures necessary.  As in  other  cases,  this  control  is  best  effected by 
mechanical  exhaust  venti lat ion.  

Abrasive Industry -  (Manufacture of  ar t i f icial  abrasive wheeld)  In recent  
the increased manufacture and use of  ar t i f icial  abrasive wheels  has years,  

pract ical ly el iminated the natural  sandstone wheel  which is  known to produce 
a s i l icosis  hazard,  al though this  lat ter  type wheel  is  s t i l l  used to some 
extent  in the manufacture of  cut lery and axes.  The ar t i f icial  abrasive wheels  
most  commonly used are those of  s i l icon carbide and al though these substances 
are composed of  hard,  tough cutt ing crystals  which cannot  help but  have a  
harmful  effect  when inhaled into the lungs,  they are not  instrumental  in  
causing s i l icosis  .  

In a study of the dust  hazard in the abrasive industry (39) made by Winslow, 
Greenburg and Greenburg over a  period of  14 years in the largest  s ingle 
abrasive and grinding wheel  factory in the world,  i t  was found that  out  of  
approximately 500 employees examined,  only one had defini te  signs of  early 
s i l icosis .  This worker was not  employed where there was abrasive dust ,  but  
in the clay plant ,  where an analysis  of  the clay showed i t  contained about  
% of pure or  free s i l ica in the form of feldspar.  Although pictures of  the 
lungs of  workers exposed to ar t i f icial  abrasive showed no s igns of  pneu­
moconiosis ,  there was evidence that  the lungs of  some of  the men were work­
ing hard to keep themselves free of dust .  In comparison of  the death rate 
from tuberculosis  of  the workers in the plant  with that  of  the surrounding 
community,  i t  was found that  the rate for  abrasive workers was only s l ightly 
higher than those outside the industry,  their  death rate being 6-g^ from 
tuberculosis  as  against  5% for  the community.  These wri ters  conclude that  
in those abrasive factories employing eff icient  means of  dust  removal ,  such 
as  the mechanical  exhaust  blowers used in the factory invest igated,  there is  
l i t t le  danger of  pneumoconiosis .  

Pottery Industry -  The Bri t ish Home Office (40),  in  an invest igat ion of com­
pensation problems in the pottery industry discovered an excessive mortal i ty 
rate among potters .  The rate  for  mil l  workers,  s l ip-makers,  and potters  was 
found to be 64% above the average and that  of  earthenware,  china-kiln and 
oven men,  more than average.  The deaths from respiratory tuberculosis  
in those workers was exceptionally high,  especial ly af ter  the age of  35,  which 
would seem to mean that  the prevalence of  this  disease increased with the 
length of  occupation,  and therefore was due direct ly to the type of work done.  
In addit ion,  there were found several  cases of  s i l icosis .  The invest igat ing 
committee concluded that  "a considerable proport ion,  i f  not  a l l ,  of  the 
deaths from respiratory tuberculosis  in excess of  those occurring in the 
general  populat ion must  be accounted for  by injury to the lungs result ing from 
the inhalat ion of dust ."  

The occupations,  in  this  industry which appear to offer  the greatest  exposure 
to the dust  hazard are those in which the raw materials  are handled,  such as 
in f l int  mil l ing,  the manipulat ion of the composite  body of  the ware,  the 

>1 

I -34-



placing of  f l int  or  sand used in  f i r ing biscui t  ware and the removal  of  the 
sand adhering to  the ware,  end occupat ions involving exposure to  other  dusts ,  
as  in  mold and sagger  making and glaze dipping.  

Prevent ive or  Curat ive Dusts  -  There i s  a  wide divergency of  opinion concerning 
whether  or  not  cer ta in  dusts  oxert  not  only a  protect ive inf luence,  but  possess  
in  addi t ion cer ta in  curat ive qual i t ies  when inhaled into the lungs.  

For  several  years  many authori t ies  have considered such dusts  as  coal ,  shale ,  
hemati te ,  l imestone,  cement  and c lay as  being not  only harmless  in  themselves  
but  of  great  benefi t  when inhnled along with other  moro harmful  dusts .  While  
there  is  considerable  evidence that  these dusts  are  less  harmful  than others ,  
most  invest igators  are  of  the  opinion that  any minute  dust  inhaled in  suff ic ient  
quant i t ies  wil l  produce harm in  some degree.  However ,  i t  cannot  be denied that  
there  is  some logical  reasoning behind th ' j  theory that  cer ta in  dusts  serve as  
protect ive or  curat ive agents ,  and i t  would resul t  in  l i f t ing a t remendous 
burden off  industry i f  i t  could be def ini te ly  proved that  such was the caso.  

Most  authori t ies  support ing this  theory base their  conclusions on the bel ief  
that  the ini t ia l  react ion of  tho lung i s  greater  for  " iner t"  dusts  - than 
"dangerous" dusts ,  and that  the former are  el iminated moro rapidly.  I t  is  
thought  that  whon such iner t  dusts  as  coal  or  shale  are  mixed with the more 
dangerous dusts ,  such as  those containing f ree  s i l ica  or  those which are  
diff icul t ly  soluble ,  the phagocyt ic  act ion of  the lung is  s t imulated and as  a  
resul t  much more of  the dangerous dusts  are  removed than i f  they were present  
in  the lung a lone.  The pr incipal  dust  of  th is  nature ,  or  a t  least  the one '  that  
has  received the most  a t tent ion,  i s  coal  dust .  This  dust  has  even been used 
in  the c l inical  t reatment  of  pulmonary disease and in  some cases  has  proved 
moderately successful .  However ,  as  yet  such a  t reatment  does not  seem to  bo 
suff ic ient ly  arrest ing to  enable  i t  to  be c lassed as  a  def ini te  or  oven par t ia l  
cure  •  

What  may prove to  be a  vi ta l ly  important  discovery in  the control  of  
s i l icosis  i s  the use of  f inely powdered aluminum hydroxide.  Since i t  is  bel ieved 
that  f ree  s i l ica  is  dangerous because of  i t s  tendency to  dissolve in  the lung 
t issues  and form f ibrosis ,  some authori t ies  bel ieve,  that  i f  there  could be 
found some way to  prevent  those par t ic les  from dissolving,  a  solut ion of  th is  
problam might  be reached.  After  many oxhaust ive experiments  i t  was revealed 
that  when aluminum hydroxide was present  with the s i l ica  dust  in  a  tost  tube,  
the.  s i l ica  would not  enter  into solut ion.  From this  and fur ther  tes ts ,  the 
conclusion was reached that  the aluminum dust  formed a  coat ing over  the s i l ica  
par t ic les  and prevented thom from enter ing into chemical  solut ion with the lung 
cel ls .  I t  is  now thought  that  by spraying this  powdered aluminum hydroxide in  
small  quant i t ies  (as  l i t t le  as  1% seoms to  prevent  solut ion)  in  locat ions where 
the men are  exposed to  s i l ica  dust ,  th is  hazard wil l  be re l ieved or  a t  least  
considerably lessened.  As yet  i t  seems to  ear ly  to  accept  th is  method as  any 
posi t ive cure ,  as  a  great  deal  of  tho work done so far  has  boon in  the labora­
tory with animals ,  and such laboratory conclusions are  sometimes not  found 
appl icable  when t r ied in  the f ie ld  and on human beings.  However ,  the  evidence 
al ready assembled indicates  that  i t  is  worthy of  ser ious considerat ion and i t  
is  s incerely hoped that  this  may prove a  posi t ive solut ion for  the prevent ion 
of  s i l icosis .  
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In  conclusion i t  should bo said,  that  a l though cer ta in  authori t ies  are  of  
the opinion that  the act ion of  some of  the " iner t  dusts" '  i s  def ini te ly  
favorable  towards both the retarding and cur ing of  s i l icosis  and tuberculosis ,  
and al though there  are  records of  successful  t roatnent  of  these diseases  with 
such dusts ,  i t  appears  a t  the present  somewhat  ear ly  to  accept  def ini te ly  that  
such t reatment  offers  a  f inal  solut ion to  this  occupat ional  problem. 

Personal  Protect ive Equipment  for  Workers  

Respirators  -  Although the use of  respirators  should be encouraged among a l l  
workmen,  i t  should never  be assumed that  such devices  furnish the solut ion to  
the dust  problem. The most  eff ic ient  respirator  i s  usual ly  that  typo which 
contains  the most  f i l ter ing mater ia l ,  and consequent ly  offers  the greatest  
res is tance to  normal ,  comfortable  breathing.  For  th is  reason i t  is  of t imes 
diff icul t  and in  some cases  pract ical ly  impossible  to  induce the workmen to  
wear  such apparatus .  

As a  resul t  of  the  increased diff icul ty  in  breathing caused by the use of  
respirators ,  the workmen's  energy is  more rapidly expended and i t  becomes 
necessary to  s top for  per iodic  and f requent  res t  per iods.  Also,  th is  equip­
ment  i s  uncomfortable  to  weer ,  especial ly  af ter  i t  has  been moistened by ex­
haled humid a i r ,  and as  a  resul t  skin rashes are  of  common occurrence among 
the workers .  In  addi t ion they frequent ly  do not  f i t  properly and the dusts  
succeed in  passing direct ly  to  the nose through openings between the mask and 
face.  

Whenever  dust  respirators  are  used,  each man should be provided with an 
individual  mask which i s  s ter i l ized per iodical ly ,  and a lso with a  supply of  
extra  f i l ters  which should be changed regular ly .  ) 

In  some c lasses  of  work where i t  is  very diff icul t  to  local ize  the dust ,  
respirators  offer  the only pract ical  solut ion for  workmen protect ion,  but  
whenever  possible  they should be supplemented by some form of  exhaust  vent i ­
la t ion.  

Posi t ive Pressure Respirators  -  A more expensive but  more eff ic ient  type of  
respirator  i s  one to  which i s  suppl ied a  posi t ive f low of  f resh clean a i r .  
One such type consis ts  of  a  mask-f i t t ing respirator  to  which i s  at tached a  
small  f lexible  a i r -hose.  The other  end of  the  a i r -hose is  at tached to  a  
miniature  a i r  compressor  which i s  s t rapped on the wais t .  The compressor  draws 
in  a i r  through a  f i l ter  in  i ts  intake s ide,  whero i t  is  cleansed and then 
forces  the dust-free a i r  through the tube to  the respirator .  In  this  manner  
the workman i s  assured of  a  posi t ive supply of  f i l tered air  without  any 
accompanying diff icul ty  in  breathing.  Another  s imilar  method i s  for  the work­
man to  wear  the  mask to  which i s  at tached the ai r -hose,  but  instead of  the  
other  end of  the hose being connected to  the compressor  a t  the wais t ,  i t  can 
be connected to  an a i r -pipe running through the plant  which i s  designed for  
that  purpose.  The workman can then perform his  work with less  encumberance.  
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Posi t ive Pressure Helmets  -  In the dust-producing industr ies ,  th is  type of  
protect ive apparatus  i s  used most ly  for  abrasive cleaning or  sand-blast ing work.  
They are  usual ly  constructed of  heavy substant ia l  mater ia l  and bui l t  to  • 
completely enclose the head of  the operator .  Air  i s  suppl ied to  the helmet  
through a  f lexible  hose which i s  connected a t  the other  end to  an a i r  compressor .  
Between th '  compressor  and helmet  there  i s  usual ly  an a i r - f i l ter  to  remove any 
entrairw dust  and a lso a  water  separator  to  remove excess  moisture  from the a i r .  
These helmets  have a  very high eff ic iency,  but  have the disadvantage of  being 
heavy and cumbersome.  

Dust  Measuring Instruments  

In  order  to  determine when an occupat ional  hazard due to  dust  exis ts ,  i t  i s  
necessary to  have some means of  measuring the amount  of  harmful  dust  in  the a i r .  
The method employed should be as  s imple and yet  as  eff ic ient  as  possible  and 
the resul ts  obtained should be able  to  be calculated quickly and with a  high 
degree of  accuracy.  

The konimeter  -  One of  the  best  known instruments  used for  dust  measurement  i s  
the Zeiss  konimeter .  I t  is  compact ,  l ight  in  weight ,  requires  l i t t le  ski l l  to  
operate ,  i s  rapid in  operat ion,  and can be used for  a  large number of  tes ts  
without  re-set t ing.  In  addi t ion,  the microscope which forms an integral  par t  
of  i t s  construct ion enables  the operator  to  readi ly  count  the  dust  par t ic les  in  
the air-sample taken.  There are  several  dif ferent  types of  Zeiss  konimeters  on 
the market .  The pr imary funct ion of  the knoimeter  i s  to  introduce into the 
machine a  sample of  a i r  of  a  def ini te  volume.  I ts  secondary funct ion i s  to  
provide a  means of  rapidly and accurately count ing the par t ic les  of  dust  con­
tained in  the known volume.  This  i s  accomplished 'as  fol lovvsj  A'small  cyl inder  
containing a  pis ton with an adjustable  s t roke is  the means by which the sample 
i s  introduced.  The pis ton can be set  in  e i ther  of  two posi t ions,  one for  a  
displacement  volume of  5  cubic  cent imeters ,  and the other  for  10 cubic  cent i ­
meters .  The 5c .c .  sot t ing is  used for  a  very dusty atmosphere and the IGc.c .  
for  those less  dusty.  In  set t ing for  a  tes t  the pis t ion is  pul led back against  
the act ion of  a  spr ing to  whichever  volume set t ing is  to  be used,  and hold 
there  by a  t r ip  catch.  When the tes t  i s  taken the t r ip  catch is  released and 
the tension on the spr ing causes  the pis ton to  move rapidly in  the cyl inder ,  
creat ing a  suct ion.  The suct ion s ide of  the cyl inder  i s  connected to  the 
atmosphere through a  f ine mesh ecreen whoso purpose i s  to  al low only those par­
t ic les  of  dust  approximately 10 microns or  smaller  to  enter  the instrument . . . .  
e i ther  6  c .c .  or  10 c .c .  of  a i r  being drawn in  depending upon the set t ing of  
the machine.  After  the sample i s  introduced,  the compressive act ion of  the 
cyl inder  impinges the sample on a  glass  disc  v/hioh has  been coated with a  thin 
layer  of  vasel ine so that  the par t ic les  wil l  adhere readi ly .  This  disc  contains  
spaces  for  30 different  tes ts  and a  new set t ing is  made by revolving i t  so that  
a  c lean space appears  over  the impringment  opening.  The number of  dust  par­
t ic les  in  the sample are  now counted by means of  the microscope,  the  end of  
which can be brought  d i rect ly  over  the par t ic les  to  be counted by fur ther  re­
volving of  the glass  disc .  
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Besides  the konimeter  there  are  a lso many other  eff ic ient  means of  measur­
ing the quant i ty  of  dust  in  the a i r .  The chief  methods employed by these 
other  types for  sampling are-  Condensat ion,  f i l t ra t ion,  washing,  sedimenta­
t ion,  e lectrostat ic j  resis tance,  and impingement .  Some of  these methods 
possess  an advantage over  the konimeter  in  that  larger  quant i t ies  of  dust  
can be counted and e.  somewhat  h igher  count ing accuracy i s  obtained.  However ,  
for  a l l -around effect iveness  and eff ic iency,  the konimeter  i s  recognized as  
being one of  the best  of  the  dust-measuring instruments .  

) 

SUMMARY OF SOURCES, EFFECTS AND 
MEDICAL CONTROL OF INDUSTRIAL DUSTS 

We have now seen where some of  the  pr incipal  sources  of  harmful ,  inorganic  
dusts  are  found in  industry,  what  their  possible  effects  on the l ives  and 
heal th  of  our  workmen may be,  and how medical  science can effect ively reduce 
the occurrence and danger  of  disease resul t ing from the inhalat ion of  these 
dusts .  

There has  a lso been presented s ta t is t ics  on mortal i ty  and disabi l i ty  re­
sul t ing from dust  inhalat ion in  var ious industr ies .  However ,  a  great  many of  
those s ta t is t ics  have been arr ived a t  some years  ago before  occupat ional  
diseases  were given the benefi t  of  the concern and control  they receive today.  
In  this  connect ion the reader  would perhaps obtain a  more accurate  picture  of  
the s i tuat ion as  i t  exis ts  a t  the present  t ime i f  the f igures  given in  many 
of  the  instances c i ted were considered as  represent ing those of  except ional ly  
bad condi t ions,  and not  ent i re ly  t rue of  these industr ies  as  a  whole.  

I 

While  i t  i s  correct  that  many individual  plants  and factor ies  have made 
pract ical ly  no progress  of  any kind s ince the f i rs t  ini t ia t ion of  occupat ional  
disease legis la t ion in  this  country,  there  are  many others  who have taken a t  
least  some, . i f  not  a l l ,  of  the correct ive measures  possible ,  and for  this  
reason i t  would not  be exact ly  fa i r  to  assume that  such s ta t is t ics  are  s t i l l  
ent i re ly  t rue for  a l l  the individual  members  of  such industr ies .  However ,  
these vi ta l  f igures  do serve as  a  means of  gauging what  resul ts  may be ex­
pected.  i f  l i t t le  or  no form of  occupat ional  disease control  i s  pract iced.  
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