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FOREWORD

B eoause i t  i s  t h e  d u ty  o f  i n d u s t r y  t o  p r o t e c t  i t s  em ployees 
and b e o a u se  n o  com prehensive  su rv e y  o f  t h e  h a z a rd s  in c id e n t  to  oc­
c u p a t io n a l  d u s t  problem s had y e t  b een  made, i t  was f e l t  t h a t  h e r e  
was a n  o p p o r tu n i ty  t o  re n d e r  a s e r iv c e  t o  th e  p e tro le u m  in d u s tr y  
and i t s  em ployees by m aking suoh a  su rv e y .

I t  i s  hoped t h a t  th e  in fo rm a tio n  p r e s e n te d  i n  t h i s  b u l l e t i n  
w i l l  a s s i s t  i n  f in d in g  p ro p e r  answ ers t o  some o f  th e  many q u e s tio n s  
w hich h av e  r e c e n t ly  a r i s e n  c o n ce rn in g  t h e  h e a l th  h a z a rd s  o f  employ­
ees  w hose w ork in v o lv e s  exposu re  t o  d u s ts  o f  v a r io u s  o r ig in .

An a t te m p t has  been  made to  c o n s o l id a te  o p in io n s  from t h e  
m ost e x p e r ie n c e d  s tu d e n ts  o f  o c c u p a t io n a l- d u s t  p rob lem s t o  show th e  
r e l a t i v e  h a z a rd s  o f  d u s ts  and th e  d u r a t io n  o f  ex p o su re  which may 
p rove  ha m i n i  t o  th e  w orker.

F u r th e rm o re , a  s tu d y  o f  th e  p re v a le n c e  o f  d u s t  p a r t i c l e s  oc­
c u r r in g  i n  v a r io u s  o p e ra t io n s  in  th e  p e tro le u m  in d u s t r y  has b een  
made and in c lu d e d  in  t h i s  r e p o r t j  a l s o  a  d e s c r ip t i o n  o f  th e  p ro ­
t e c t i v e  d e v ic e s  and equipm ent p ro v id ed  f o r  th e  p r o t e c t i o n  of th e  
workmen,

T h is  r e p o r t  sh o u ld  se rv e  as  a g u id e  to  o p e r a t in g  e x e c u tiv e s  
and s a f e t y  e n g in e e rs  i n  h a n d lin g  p e r s o n n e l  and in  p ro v id in g  ad eq u a te  
p r o t e c t io n  in  d u s ty  o c c u p a tio n s . I t  sh o u ld  a l s o  r e s o lv e  many o f  
th e  f e a r s  and q u e s t io n s  o f  i n d u s t r i a l  w o rk e rs  i n  th e s e  o c c u p a tio n s .

The s tu d y  con firm s an o p in io n  t h a t  d u s ty  o c c u p a t io n s ,  t h o r ­
o u gh ly  u n d e rs to o d  and i n t e l l i g e n t l y  h a n d le d  sh o u ld  r e s u l t  in  no 
s e r io u s  d i s a b i l i t y .

W i l la r d  J . Denno, M. D, 
G e n e ra l  M ed ica l D ir e c to r  

S ta n d a rd  O il  Company (N. J. )
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( Incorporated in New Jersey )

30 Rockefeller Plaza 
New York, N. Y.

MEDICO - SAFETY MEMORANDUM

DUST PRODUCING OPERATIONS IN THE PRODUCTION OF PETROLEUM PRODUCTS

AND ASSOCIATED ACTIVITIES

INTRODUCTION -  Long looked  upon a s  o b je c t io n a b le ,  d u s t  to d a y  i s  a l s o  r e c o g n iz ­
ed a s  d an g ero u s  -  e s p e c i a l l y  w ith  re g a rd  t o  o c c u p a t io n a l  d is e a s e  (P n eu m o co n io s is )  and 
d u s t  e x p lo s io n s .  S in c e  th e  d u s t e n c o u n te re d  in  th e  p ro d u c tio n  o f  P e tro le u m  p ro d u c ts  
and a s s o c ia t e d  o p e r a t io n s  a r e  n o n -e x p lo s iv e  u n d e r o rd in a ry  w ork ing  c o n d i t io n s ,  no 
f u r t h e r  a t t e n t i o n  w i l l  be devo ted  to  t h i s  phase  o f  t h e  d u s t  h a z a rd .

S tu d ie s  have r e v e a le d  th a t  t h e  tim e  e lem en t (e x p o su re )  and t h e  c o n c e n t r a t io n  
and  s i z e  o f  t h e  d u s t  p a r t i c l e s  a r e  m a jo r  f a c to r s  i n  p ro d u c in g  h e a l th  h a z a rd s .  H ere­
t o f o r e  d i f f i c u l t y  has b e e n  e n c o u n te re d  i n  d e te rm in in g  a c tu a l  d u s t  c o n c e n t r a t io n s  and 
s i z e s  o f  t h e  p a r t i c l e s ,  b u t  r e c e n t ly  d ev e lo p ed  in s t ru m e n ts  su ch  as  th e  Z e is s  K oni- 
m e te r  and th e  B ausch & Lomb Dust C o u n te r  make i t  p o s s ib le  t o  o b ta in  d u s t  c o u n ts  and 
e s t im a te  s i z e  o f  d u s t p a r t i c l e s  w h ich , w h ile  n o t  a b s o lu t e ly  a c c u r a te ,  a r e  i n d i c a t i v e  
o f  th e  d u s t in e s s  o f t h e  a r e a .

The d a ta  p r e s e n te d  in  t h i s  memorandum a r e  b a s e d  upon m a te r i a l  ta k e n  from  th e  
a v a i l a b l e  l i t e r a t u r e  on th e  s u b je c t ,  upon f i e l d  i n v e s t i g a t i o n s  and c o n fe re n c e s  w ith  
t e c h n i c a l  s p e c i a l i s t s  and upon 1008 a c t u a l  d u s t  c o u n ts  made w ith  a  Z e is s  K o n im e te r, 
u s in g  a  20 t o  30 m ic ro n  ( a  m icro n  i s  a b o u t l /2 5 ,0 0 0  o f  an  in c h )  p o r c e l a in  f i l t e r .

In  th e  r e p o r t  o f  th e  P re v e n tiv e  E n g in e e r in g  Com m ittee o f  th e  A ir  H yg iene 
F o u n d a tio n , P r o f e s s o r  P h i l i p  D rin k e r o f  H a rv a rd , c h a irm a n , and o th e r  t e c h n ic a l  
s p e c i a l i s t s  on th e  C om m ittee w r ite s

" I f  th e  b r e a th in g  o f  d u s t c a u s e s  d i s a b i l i t y  o f  any s o r t  -  s i l i c o s i s  i s  
o n ly  one m a n i f e s t a t i o n  -  th e n  i t  fo l lo w s  t h a t  t h e r e  m ust b e  some d e g re e  o f  a i r  
c l e a n l i n e s s  frofn w h ich  no d i s a b i l i t y  w i l l  r e s u l t  t o  th e  a v e ra g e  man d u r in g  th e  
a v e ra g e  w ork ing  p e r io d .

"T here  i s  no s a t i s f a c t o r y  m e d ic a l  answ er a t  p r e s e n t  t o  t h i s  q u e s t io n ,  b u t  
t h e  e n g in e e r  i s  m ak ing  a  bad m is ta k e  i f  he l e t s  men b r e a th e  heavy  d u s t  concen­
t r a t i o n s  o f  any m a t e r i a l .  I f  no  o th e r  re a s o n  f o r  d u s t  c o n t r o l  c a n  b e  found , 
th e n  one sh o u ld  re a d  t r a n s c r i p t s  o f  some o f  t h e  r e c e n t  s u i t s  a t  common law  i n  
w h ich  f a n t a s t i c  dam ages fo r  a l l e g e d  s i l i c o s i s  w ere  g ra n te d  to  men who b r e a th e d  
d u s t  c o n ta in in g  l i t t l e  o r  no s i l i c a .  The C o u r ts  and  C om pensation  b o a rd s  a r e  
n o t  im p ressed  w ith  s u b t l e  d i s t i n c t i o n s  b e tw een  d u s t s  w ith  10?£ and 40%  q u a r tz ,  
e s p e c i a l l y  when m e d ic a l  e x p e r ts  a r e  r e l u c t a n t  t o  make d e f i n i t e  s ta te m e n ts  as  
t o  t h e  c o m p a ra tiv e  s ig n i f i c a n c e  o f  su c h  d i f f e r e n c e s .

" i t  would be w e ll  to  r e a l i z e  t h a t  men w o rk in g  in  d u s ty  t r a d e s  s u f f e r  f a r  
m ore from r e s p i r a t o r y  t r o u b le s  o f  a l l  k in d s  th a n  do men who work in  c le a n  a i r .  
The e v id en ce  t h a t  e x c e s s iv e  d u s t in e s s  o f  an y  k in d  i s  h a rm fu l i s  beyond a rg u -

« «ft
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PART I - DUST AS A HEALTH HAZARD

I  -  WHY IS THE DUST PROBLEM SO IMPORTANT? -  A lthough  th e  s u b je c t  o f th e  h e a l th  
o f  w o rk ers  in  d u s ty  t r a d e s  has b een  r e o e iT in g  c o n s id e ra b le  a t t e n t i o n  from  s tu d e n ts  o f '  
i n d u s t r i a l  h y g ie n e  f o r  a  number o f y e a r s ,  th e  s e r io u s n e s s  o f  t h i s  p rob lem  was n o t 
f u l l y  r e a l i s e d  u n t i l  i t  was b ro u g h t s h a r p ly  t o  o u r a t t e n t i o n  by  th e  c o n s ta n t ly  growl­
in g  c o u n try -w id e  wave o f  la w s u i t s  i n s t i t u t e d  i n  b e h a l f  o f  t h e  v ic t im s  i n  o u r common 
law  c o u r t s ,  by  th e  m agn itude  o f  th e  gen ero u s v e r d i c t s  aw arded by th e  j u r i e s  and by  a  
r e c e n t  d e c i s i o n  o f th e  F e d e ra l C i r c u i t  C ourt r e v e r s in g  th e  s u b s t a n t i a l  aw ard o f a  
ju r y  i n  a  New J e r s e y  c a s e  (P e n n s y lv a n ia  P u lv e r i z in g  Company v s ,  E ld re d  G. B u t le r ) .  
Owing to  th e s e  d ev e lo p m en ts , t h e  p rob lem  c a n n o t b e  ig n o re d  o r b ru sh e d  a s id e  as  m e re ly  
a n o th e r  form  o f " r a c k e te e r in g "  b y  u n sc ru p u lo u s  la w y e rs  and c o n s p ir in g  d o o to r s .  Dodging 
th e  i s s u e  c a n n o t p ro v id e  th e  n eed e d  s o lu t i o n  b e c a u se  even t h e  m ost u n sc ru p u lo u s  
law y ers  o a n n o t c r e a t e  a  p a th o lo g ic  lu n g  a t  w i l l  a n d , fu r th e rm o re , even  th e  m ost skep­
t i c  o f  c o ro n e rs  f r e q u e n t ly  f in d s  h im s e lf  c o r r o b o r a t in g  a d ia g n o s i s  by h i s  postm ortem  
e x a m in a tio n , E n lig h te n e d  i n d u s t r i a l i s t s  and th e  m e d ic a l p r o f e s s io n  as  w e l l  a s  th e  
bench  and b a r ,  have  came to  t h e  r e a l i z a t i o n  t h a t  exposure t o  o e r t a i n  k in d s  o f  d u s t ,  
su ch  as th o s e  c o n ta in in g  c o n s id e r a b le  am ounts o f  q u a r tz  ( s i l i c a ) ,  has in c re a s e d  th e  
u n h e a l th y  b o d i ly  c o n d i t io n  and  d e a th  r a t e  from  r e s p i r a t o r y  d i s e a s e s i  w h ile  m e ta l l io  
d u s t s ,  suoh  as  le a d  and i t s  com pounds, have b een  a s s o c ia te d  w ith  g e n e ra l  system io  
p o is o n in g  o f  w o rk e rs . " S i l i c o s i s "  i s  now a  d e f i n i t e l y  re c o g n iz e d  d is e a s e  which i s  
d e s t in e d  t o  become one o f  th e  fo re m o s t and  m ost s e r io u s  o f  o c c u p a tio n a l  d is e a s e s  of 
th e  f u tu r e  b e c a u se  th e  number o f  w o rk e rs  i n  d u s ty  t r a d e s  i s  l a r g e r  th a n  a lm o s t any 
o th e r  group  exposed  to  a s i n g l e  known i n d u s t r i a l  h aza rd . The M oC affrey A c t, whioh 
beoame e f f e c t i v e  Septem ber 1 ,  1935, am ending th e  New York C om pensation  Law, in c lu d ed  
s i l i c o s i s  as an  o c c u p a t io n a l  d i s e a s e  s u b je c t  t o  com pensation«

S ix te e n  s t a t e s ,  a s  w e ll as  th o s e  o f  t h e  F e d e ra l G overnm ent and o f  H aw aii,
P u e r to  R ic o , an d  th e  P h i l i p p in e  I s la n d s  (U. S. D ept, o f  Labor B u ll .N o .6 2 5 ,B u r.L ab o r S ta ­
t i s t i c s ) ,  have Workmen's C om pensation  A cts  w hioh  in o lu d e  co m p en sa tio n  f o r  o c c u p a tio n a l 
d i s e a s e s ,  e i t h e r  e x p re s s ly  o r b y  j u d i c i a l  i n t e r p r e t a t i o n ,  o r  s p e c i f i c  o c c u p a tio n a l  
d i s e a s e  a c t s ,

I I  -  WHAT IS MEANT BY "DUST"? « A cco rd in g  t o  W ebster*s U nabridged  D ic t io n a ry ,  
"D u st"  may be d e f in e d  as  f i n e ,  d ry  p a r t i c l e s  o f  e a r t h  o r  o th e r  m a tte r  so  comminuted 
t h a t  th e y  may b e  r a i s e d  and w a fte d  b y  th e  w indj t h a t  w hich i s  crum bled t o  m inu te  
p o r t i o n s |  f in e , powder. As p o in te d ' o u t  by  P h i l i p  D rinker i n  a  p ap e r r e a d  b e fo re  th e  
C hem ioal S e c t io n  o f  th e  N a t io n a l  S a f e ty  C ongress (h e ld  i n  A t l a n t i c  C i ty ,  O c to b er, 
1 9 3 6 ) , d u s ts  in c lu d e  a l l  ty p e s  o f  d ry  e a r th y  p a r t i o l e s  s m a l l  enough t o  b e  blow n a b o u t 
by o rd in a ry  a i r  c u r r e n t s .  D ust s u sp e n s io n s  may b e  g e n e ra te d  as th e  r e s u l t  o f g r in d ­
in g  b l a s t i n g ,  o r  com m inuting p ro c e s s  $ o r th e y  may r e s u l t  from  th e  h a n d l in g  o f  f in e ­
l y  d iv id e d  m a te r i a l s  as  in  m ix in g  .p ro c e s s e s ,  i n  sw eep ing , o r  th e  b lo w in g  a b o u t o f 
wood f l o u r ,  p l a n t  p o l le n s ,  o r  common ro a d  d u s t .  T here i s  n o  ch em io a l l i m i t a t i o n  im­
p l i e d  by th e  te rm  " d u s t"  w h ile  th e  ra n g e  i n  s i z e  o f  d u s t  p a r t i o l e s  e x te n d s  from  th e  
su b -m ic ro s c o p ic  to  sm a ll sand  g r a in s ,  Mr. D. H a rr in g to n , C h ie f  H e a lth  and  S a fe ty  
B ranoh , U, S. B ureau  o f  M ines a d v is e s  t h a t  d u s t  as  a p p l ie d  t o  h e a l t h  and r e s p i r a t o r y  
c o n d i t io n s  may b e  w et a s  w e ll  a s  d ry . U nder some c o n d i t io n s ,  suoh f o r  exam ple as  i n  
w e t d r i l l i n g  i n  m ines, th e  e s c a p in g  a i r  from  t h e  d r i l l  h o le  may ( i n  f a c t  g e n e ra l ly  
d o e s )  c o n ta in  a  c e r t a i n  am ount o f  e n tra p p e d  s o l id  m a te r ia l  w hich  u n d o u b te d ly  i s  w et 
r a t h e r  th a n  d ry ,  y e t  i t  re m a in s  in  t h e  a i r  s u f f i c i e n t l y  lo n g  in  some in s ta n c e s  a t  
l e a s t  to  be b r e a th e d  by th e  w orkers  t o  c o n t r i b u t e  t o  p o s s ib le  h e a l th  t r o u b l e .  The 
s i z e  o f  d u s t  o f  im p o rtan ce  from  a  h y g ie n io  s ta n d p o in t  a r e  th o s e  under t e n  m icrons.
In  f a c t ,  th e  s i z e s  found  in  i n d u s t r i a l  a tm o sp h e re s  a re  u n d e r  tw o m iorons f o r  th e  
l a r g e r  m a jo r i t y  o f p a r t i c l e s ,  sa y  90 t o  95 p e r  c e n t ,  F h y s io lo g io a l ly ,  t h e r e  a r e  a l ­
m o st as many d i f f e r e n t  c l a s s i f i c a t i o n s  o f  d u s t  a s  th e r e  a r e  a u th o rs  on t h e  s u b je c t .  
H ow ever, a c c o rd in g  t o  P r o f e s s o r  D rin k e r  (" D u s t,  Fumes and  Smoke", I n t e r n a t i o n a l  La­
b o r  O f f ic e ,  O c c u p a tio n  and H e a lth  V o l .1 , 930, P .6 0 3 ) a l l  o f  th e s e  c l a s s i f i c a t i o n s
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a r e  w ith o u t much p r a c t i c a l  im p o rtan ce , s in o e  i n d a i l y  p r a c t io e  in  in d u s tr y  th e  h a rm fu l 
e f f e c t  i s  e x e ro ise d  m ore f r e q u e n t ly  b y  d u s ts  m o s tly  o f  mixed o r ig i n .  B e s id e s , w hat i s  
m ost im p o r ta n t i s  th e  p h y s ic a l  and ch em ic a l c o n s t i t u t i o n  o f  th e  d u s ts  and c o n se q u e n t­
l y  t h e i r  a c t io n  on th e  sy s tem .

I l l  -  WHAT ARE THE PHYSIOLOGICAL EFFECTS PRODUCED BY THE INHALATION OF DUST? -  To 
be  h a rm fu l from  a r e s p i r a t o r y  v ie w p o in t ,  d u s t m ust b e  o f  s u f f i c i e n t  f ln e s s  t o  pass 
th ro u g h  th e  n a s a l  f i l t e r s  and be r e t a i n e d  in  th e  a l v e o l i  (m in u te  a i r  s a c s )  o f  th e  
lu n g s . P a r t i c l e s  found in  a u to p s ie d  lu n g s  a re  o f  th e  o rd e r  o f  one m icro n  (a  m icron  
i s  l/lOOO o f  a  m i l l im e te r  o r  a b o u t l /2 5 ,0 0 0  o f an  in c h )  o r  l e s s  in  s i z e  -  a b o u t th e  
s i z e  o f  th e  common b a c t e r i a .  Some d u s t  p a r t i c l e s  found in  lu n g s  a r e  as  l a r g e  as 
f i v e  o r  s i x  m icrons a l th o u g h  th e s e  s i z e s  a r e  r a t h e r  e x c e p t io n a l .

T here  a r e  f iv e  d i s t i n o t  ty p e s  o f  r e a o t io n  p ro d u ced  in  man a s  th e  r e s u l t  o f  in h a l ­
in g  d u s t .  T hese r e a c t io n s  may be b r o a d ly  c l a s s i f i e d ,  b ased  on t h e  p rim ary  c a u s e , as  
fo l lo w s t

( a )  Those w hich r e s u l t  in  lu n g  f i b r o s i s ,  ooramonly r e f e r r e d  t o  as pneu­
m o c o n io s is . T hese  d u s ts  c o n ta in  f r e e  s i l i c a ,  a s b e s to s ,  e tc .  How­
e v e r ,  i t  i s  n o t  n e c e s s a ry  f o r  f ib ro u s  t i s s u e  t o  b e  form ed in  o rd e r  
f o r  th e  d i s e a s e  t o  be c l a s s e d  a s  "P n eum ocon iosis" .

(b )  Those w hioh  a r e  to x io  and  a r e  ab so rb ed  i n t o  th e  b lo o d  s tre a m  such  
a s  le a d ,  cadm ium , e tc .

(o )  Those w hioh r e s u l t  in  w hat i s  commonly r e f e r r e d  t o  as  m e ta l fume 
fe v e r ]  su c h  a s  z in o  o x id e , e to ,

(d )  Those w hioh  a r e  a l l e r g i c  i n  c h a r a c te r ,  su c h  o rg a n ic  d u s t s  as p o l le n ,  
p u lv e r iz e d  wood and f l o u r ,  e tc .  The b r e a t h in g  o f  p u lv e r iz e d  wood 
and f lo u r  i s  f r e q u e n t ly  a s s o c ia te d  w ith  tu b e r o u l o s i s .

( e )  Those commonly r e f e r r e d  t o  as  " n u isa n c e  d u s ts " .  T hese  may cau se  i r ­
r i t a t i o n  o f  t h e  r e s p i r a t o r y  t r a o t  o r  p a s s a g e s  and may o au se  con­
s id e r a b le  d is c o m fo r t ,  a l s o  headaches o f  th e  d ry  " n a s a l"  p assag e  o r  
s in u s  ty p e  and  e x p o su re  t o  them  may be  a s s o c i a t e d  w i th  a  h ig h  i n ­
c id e n c e  o f  r e s p i r a t o r y  i l l n e s s .

The r a t e  and e x te n t  o f  th e s e  r e a c t io n s  a r e  d ependen t upon th e  r e s i s t a n c e  o f  th e  in d i ­
v id u a l ,  th e  ex p o su re  p e r io d  ( c o n c e n t r a t io n  o f  p a r t i c l e s  and l e n g t h  o f  ex p o su re) tem­
p e r a t u r e  and h u m id ity  o f  th e  a i r ,  r a t e  o f  work, and t h e  p e rc e n ta g e  o f  in g r e d ie n ts  
w hioh a r e  harm fu l.

Owing t o  th e  l e n g t h  o f  tim e  r e q u i r e d  to  o b ta in  a  r e a c t i o n  b y  in h a la t i o n  m eth­
o d s , t h e  U n ited  S ta t e s  B ureau  o f M ines and th e  P u b lic  H e a lth  S e r v ic e  ad o p ted  a b o u t 
tw e lv e  y e a r s  ago , a  m ethod o f  i n j e c t i n g  sm a ll q u a n t i t i e s  o f  t h e  d u s t s  t o  b e  s tu d ie d  
i n t o  t h e  p e r i t o n e a l  c a v i t y  o f  g u in e a  p ig s ,  ("R esp o n se  o f  P e r i t o n e a l  T issu e  o f  D usts 
I n tro d u c e d  as F o re ig n  B o d ie s"  by Dr. John  W. M i l l e r ,  D r. R. R. S a y e rs  and Vim. P .Y a n t, 
Jour.A m er,M ed.A ssoc, S e p t,  22 ,1934  -  Y ol. 1 0 3 ,p ps. 9 0 7 -9 1 1 ), I t  was found t h a t  id e n -  ' 
t i c a l  r e a c t io n s  o c c u r  i n  each  an i ma l  in j e c te d  w ith  t h e  same d u s t  u n d e r th e  same con­
d i t i o n s  and exam ined i n  th e  same t im e  i n t e r v a l  a f t e r  i n j e c t i o n ,  T hese r e a c t io n s  w ere 
e s s e n t i a l l y  th e  same m ic r o s c o p ic a l ly  as  t h a t  p ro d u ced  in  th e  lu n g s  and th e  g ro s s  ap ­
p e a ra n c e  o f  t h e  d u s t  n o d u le s  was s u f f i c i e n t l y  d i f f e r e n t i a t e d  t o  a f f o r d  a  m eans o f  
c l a s s i f y i n g  th e  p h y s io lo g ic a l  re s p o n s e  t o  th e  d u s ts .  T h ere  a r e  t h r e e  ty p e s  o f  r e a c t io n s

An a b s o r p t io n  or d i s s o l u t i o n  o f  th e  d u s t ,  
A p r o l i f e r a t i v e  r e a c t io n .
An i n e r t  r e a c t i o n
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I n  th e  i n e r t  r e a c t io n ,  th e  d u s t n e i th e r  cau sed  an in c r e a s e  i n  th e  s i z e  o f  th e  n o d u le s  
no r d is a p p e a re d  from  th e  t i s s u e s ;  in s te a d  t h e r e  was m ore o r  l e s s  a  change i n  i t s  d i s ­
t r i b u t i o n .  S o ap s to n e , carborundum  ( S i l i c o n  C a rb id e ) , j e w e l e r ’ s rouge ( F e r r i c  O x id e ), 
a n t h r a c i t e  c o a l ,  b itu m in o u s  c o a l and c e r t a i n  f i l t e r  c la y s  have i n e r t  r e a c t io n s ,  C a l-  
c i t e ,  l im e s to n e , p r e c ip i ta te d ,  ca lc iu m  c a rb o n a te ,  gypsum, and P o r tla n d  Cement e x h i b i t ­
ed an  a b s o rp t io n  r e a c t io n .  Q u a r tz , c h a t ,  c e r t a i n  f i l t e r  c la y s  and f l i n t  p roduced  a  
p r o l i f e r a t i v e  r e a c t io n ,

■ The p h y s io lo g ic a l  re sp o n se  t o  th e  i n j e c t e d  d u s ts  w ere  found s u f f i c i e n t l y  w e ll 
m arked in  90 days t o  d e te rm in e  th e  ty p e  o f  r e a c t io n ,  p a r t i c u l a r l y  where th e  r e a c t io n  
was one o f  a b s o rp t io n  o r p r o l i f e r a t i o n .  S in c e  th e  r e a c t io n  e l i c i t e d  by d u s t  was 
o o n s ta n t  and u n ifo rm  in  a l l  o f  th e  a n im a ls  i n j e c t e d  w ith  t h e  d u s t ,  i t  i s  b e l ie v e d  
t h a t  t h i s  re sp o n se  o f  p e r i t o n e a l  t i s s u e  t o  v a r io u s  d u s ts  can  be  used a s  a t e s t  t p  de­
te rm in e  th e  p o s s ib le  harm fu ln es 's  o f  i n d u s t r i a l  d u s ts .

The f ib r o s is - p r o d u c in g  p r o p e r t i e s  o f  a  G e o rg ia  f i l t e r  c la y  (30 -60  mesh g ra d e )  
a  sam ple o f  A m erican c o n ta c t  c la y  and a German c o n ta c t  c l a y  were t e s t e d  b y  th e  I n t r a -  
p e r i t o n e a l  M ethod, tu id er t h e  d i r e c t i o n  o f Dr. R. R. S a y e rs ,  M ed ica l O f f ic e r  in  
C harge, U. S. P u b lic  H e a lth  S e rv ic e .  The G eo rg ia  f i l t e r  c l a y  showed an  i n e r t  r e a c t io n  
w ith  a s l i g h t  te n d en cy  to w ard s  a p r o l i f e r a t i o n  i n  t h e  9 0 -d ay  t e s t .  The A m erican con­
t a c t  c la y  showed an i n e r t  r e a c t io n  w ith  e v id e n c e  o f  same s l i g h t  a b s o rp tio n  or d i s ­
ap p ea ran ce  o f  some p a r t  o f  d u s t  i n  th e  180-day  t e s t s .  The German c o n ta c t  c la y  cau sed  
th e  fo rm a tio n  o f  l i g h t  y e llo w ish -b ro w n  n o d u le s  and a s  th e  in t e r v a l  betw een  th e  in ­
j e c t i o n  and th e  e x a m in a tio n  in c re a s e d  th e  n o d u le s  became somewhat f l a t t e n e d ,  b u t  th e  
am ount o f  d u s t  and th e  ap p ro x im a te  s iz e  o f  th e  n o d u le  rem ain ed  th e  same th ro u g h o u t 
t h e  e n t i r e  p e r io d  (9 0 -d a y s )  o f  th e  t e s t .  T h is  can  be  c o n s id e re d  an  i n e r t  r e a c t io n ;  
b u t  a s  th e  d u s t does n o t  d is a p p e a r  from  th e  p e rito n eu m  i t  sh o u ld  be c o n s id e re d  a s  po­
t e n t i a l l y  h arm fu l th o u g h  n o t as  dangerous a s  p u re  s i l i c a .

In  commenting on th e  r e s u l t s  o f  th e  t e s t s  w ith  th e  G eorg ia  f i l t e r  c la y  and th e  
A m erican  c o n ta c t  c l a y ,  D octo r Sayers a d v is e d  t h a t  th e  r e s u l t s  o f  th e  t e s t  in d i c a te d  
t h a t  th e  f i l t e r  c la y  i s  more h a rm fu l th a n  t h e  A m erican c o n ta c t  c la y  b ecau se  th e  d u s t  
rem ain s  i n e r t  i n  t h e  t i s s u e s  a s  t h i s  was t h e  l a r g e s t  p o r t i o n  o f  th e  d u s t  and th e  in ­
e r t  a p p ea ran ce  o f  th e  l e s i o n s  was th e  m ost p ro m in en t. The m o d if ic a t io n  o f  th e  r e a c ­
t i o n  i n  t h e  f i l t e r  c la y  can  b e  a t t r i b u t e d  t o  th e  p re s e n c e  o f  5-10 p e r  c e n t , q u a r tz  
( P e t r o g r a p h ic ) ,  Gypsum in  th e  A m erican c o n ta c t  c la y  may a c c o u n t f o r  th e  s l i g h t  ab­
s o r p t iv e  r e a c t io n .  D octo r S a y e rs  a d v ise s  t h a t  an  i n e r t  d u s t ,  i f  b re a th e d  in  s u f f i ­
c i e n t  c o n c e n tr a t io n ,  may be h a rm fu l. These t e s t s  w ere made in  acco rd an ce  w ith  th e  
p ro c e d u re  d e s c r ib e d  i n  R e p r in t  #1608, P u b lic  H e a lth  R e p o r ts ,  Vol. 49 , No. 3, Ja n u a ry  
19 , 1934, pps, 80 -89 .

The in h a l a t i o n  o f  d u s t  g iv e s  r i s e  t o  "P n eu m o co n io sis"  a  te rm  d e r iv e d  from th e  
G reek  pneunon, lu n g s  and k o n i s , d u s t ,  and u se d  t o  d e s ig n a t e  a  p a th o lo g io a l  c o n d i t io n  
o f  th e  lu n g s  caused  by  th e  i n h a la t i o n  o f  any  d u s t. I t  in c lu d e s  SILICOSIS, a  o h ro n io  
d is e a s e ,  o f  th e  lu n g s  cau sed  by  th e  i n h a l a t i o n  o f  m in u te  p a r t i c l e s  o f  f r e e  s i l i o a  
( S i 0 2 ) d u s t  w hich p ro d u ces  a  perm anent i n q a p a c i t a t i n g  a l t e r a t i o n  o f  th e  lu n g  t i s s u e ;  
ANTHRACOSIS, th e  b la c k  lu n g  o f  th e  m in e r du© t o  c o a l  d u s t j  ANTHRACO-SILICOSIS, th e  
n ew es t o f  o u r m in e ra l d u s t  a f f e c t i o n s  and in t r o d u c e d  by  th e  U n ited  S ta g e s  P u b lic  
H e a lth  S e rv ic e  as  a  r e s u l t  o f  t h e i r  s tu d ie s  i n  th e  A n th r a c i t e  D i s t r i c t  o f  P en n sy l­
v a n ia ,  T h is  a f f e c t i o n  i s  th e  r e s u l t  o f  b r e a th in g  a n t h r a c i t e  c o a l d u s t  t h a t  c o n ta in s  
s i l i c a .  The common name f o r  th e  a f f e c t i o n  i s  "M in e rs ’ A sthm a"; CHALICOSIS, th e  
g ra y -b la c k  lu n g  o f  th e ' s t o n e - c u t t e r  due t o  s to n e  d u s t j  ASBESTOSIS; i n  a s b e s to s  
w o rk e rs  due t o  a s b e s to s  d u s t j  SIDEROSIS, d ue  t o  b r e a th in g  d u s ts  o f  i r o n  o re  (The 
lu n g s  a r e  y e llo w  o r re d  from  m e ta l l i c  o x id e s  g e n e r a l ly  o f  i r o n . ) j  BYSSINOSIS, due t o  
o o t to n  p a r t i c l e s  and v e g e ta b le  f i b r e  d u s t ,  and PNEUMONOULTRAMICROSCOPICSILICOVOL- 
CANOKONIOSIS, a  s p e c i a l  fo rm  o f  s i l i c o s i s  ca u se d  b y  u l t r a - m ic r o s c o p ic  p a r t i c l e s  o f  
s i l i c e o u s  v o lc a n ic  d u s t .  S i l i c o s i s ,  A s b e s to e is ,  and S i l ic o -A n th ra c o s is  a r e  th e  o n ly  
t h r e e  form s o f  p n eum ocon iosis  w hich r e q u i r e  p r a c t i c a l  a t t e n t i o n .
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W hile th e  ty p e  o f  pulm onary l e s i o n  depends on th e  p a r t i c u l a r  d u s t  in h a le d ,  th e  
u n d e r ly in g  p a t h o lo g ic a l  p r in c i p le  i s  th e  same in  a l l  form s o f  t h e  d is e a s e ,  nam ely , an  
u l t im a te  f i b r o s i s  an d  rep la cem e n t o f  th e  e l a s t i c  lu n g  t i s s u e  by  a  h a rd  u n y ie ld in g  f i ­
b ro u s  t i s s u e .  A ll o c c u p a tio n s  t h a t  expose  men to  l a r g e  amounts o f  d u s t  may g iv e  r i s e  
to  pneum ocon iosis  b u t  n o t n e c e s s a r i ly  t o  s i l i c o s i s .  I t  i s  now g e n e r a l ly  a g re e d  t h a t  
in  o rd e r  to  p roduce  t h e  l a t t e r ,  ( s i l i c o s i s )  in h a le d  s i l i c a  d u s t  m ust re a c h  th e  lu n g s 
i n  a c h e m ic a lly  uncom bined c o n d i t io n ,  i n  v e ry  f i n e  p a r t i c l e s  n o t  m ore th a n  t e n  m i- 
o rons (1 0 /2 5 ,0 0 0  in c h )  i n  d ia m e te r  and i n  s u f f i c i e n t  amount and o v e r a  s u f f i c i e n t l y  
lo n g  p e r io d  o f  tim e . In  r e l a t i v e l y  r e c e n t  l i t e r a t u r e  i t  a p p e a rs  t h a t  th e  p ro p o n e n ts  
o f  t h e  id e a  t h a t  o n ly  " f r e e  s i l i c a "  i s  h a rm fu l a r e  b e g in n in g  t o  have some d o u b ts  and 
t o  h av e  th e  th o u g h t t h a t  p o s s ib ly  some s i l i c a t e s  may u n d er some c o n d i t io n s  b e  harm­
f u l ,  G e n e ra l ly  s p e a k in g ,  th e  n e c e s s a ry  le n g th  o f  ex p o su re  t o  p ro d u ce  s i l i c o s i s  i s  i n  
d i r e c t  p ro p o r t io n  t o  th e  s iz e  o f  th e  d u s t  p a r t i c l e s  and  in v e rs e  p r o p o r t io n  t o  th e  
d u s t  c o n c e n tr a t io n  and  th e  amount o f  f r e e  s i l i c a  i n  th e  d u s t. S i l i c o s i s  i s  c h a r ­
a c t e r i z e d  a n a to m ic a l ly  by a g e n e ra l iz e d  f i b r o s i s  o f  th e  lungs and c l i n i c a l l y  by  s h o r t ­
n e s s  o f  b r e a th ,  d e c re a s e d  c h e s t ex p a n s io n  and a  p r o g r e s s iv e ly  le s s e n e d  c a p a c i ty  fo r  
work w hich  i s  ou t o f  p ro p o r tio n  to  th e  o b je c t iv e  p h y s io a l  f in d in g s .  The e f f e c t  o f ex­
p o su re  t o  d u s t  such  a s  s i l i c a  i s  c u m u la tiv e , th e  r a p i d i t y  o f  d evelopm en t o f  t h e  d i s ­
e a se  dep en d in g  upon t h e  tim e and am ount o f  i n h a l a t i o n .  S i l i c o s i s  may d e v e lo p  to  th e  
p o in t  o f  c a u s in g  symptoms o n ly  a f t e r  s e v e r a l  y e a r s  exp o su re  t o  s i l i c i o u s  d u s t ,  b u t i t  
may be p ro g re s s iv e  i n  some ca se s  even  a f t e r  e x p o su re  h as  ceased  and  may c a u se  symp- . 
toms o r  beoome d i s a b l in g  long a f t e r  th e  workman h a s  l e f t  th e  en v iro n m en t t h a t  caused  
th e  c o n d i t io n .  Some may im prove o r  a t  l e a s t  re m a in  s t a t i o n a r y  i n  th e  a b sen ce  o f  in ­
f e c t io n .  W a tk in s -P itc h fo rd  ( J . I n d ,  Hyg. 9 ,1 0 9  -  1 9 2 7 ) t e l l s  o f  W elsh m in ers  who p assed  
th e  p h y s io a l  e x a m in a tio n  f o r  e n l is tm e n t  i n  th e  B r i t i s h  Army, fo u g h t th ro u g h  th e  World 
War, th e n  came back  t o  E ngland , and d ie d  o f  s i l i c o s i s .  U n fo r tu n a te ly ,  i t  i s  n o t  
s t a t e d  w h e th e r th e s e  p e rso n s  d ie d  from  s i l i c o s i s  c o m p lic a te d  w ith  t u b e r c u lo s i s .  B r i t ­
to n  and  Head ( J ,  Am, M ed.A ssoc, 96, 1928 -  1931) g iv e  m ore d e t a i l e d  d e s c r ip t i o n s  o f 
s i m i l a r  l a t e n t  c a s e s  i n  th e  U n ited  S t a t e s .

S i l i c o s i s  i n  G e n e ra l -  I t  i s  g e n e r a l ly  a g re e d  t h a t  s i l i c o s i s  may b e  d e f in e d  
as

"A o h ro n ic  d i s e a s e  due to  th e  b r e a th in g  o f  a i r  c o n ta in in g  s i l i c a  
(S i0 2 ) ,  c h a r a c te r i z e d  a n a to m ic a l ly  by g e n e r a l i z e d  f i b r o t i c  changes 
and m i l ia r y  n o d u le s  in  b o th  lu n g s ,  and c l i n i c a l l y  by s h o r tn e s s  of 
b r e a th ,  d e c re a se d  o h e s t e x p a n s io n , le s s e n e d  c a p a c i ty  f o r  w ork , ab­
sen ce  o f  f e v e r ,  in c re a s e d  s u s c e p t i b i l i t y  t o  t u b e r c u lo s i s  (som e o f 
a l l  o f  w hich may be  p r e s e n t ) ,  and  by c h a r a c t e r i s t i c  r o e n tg e n o lo ­
g i c a l  f in d in g s .  "

In  o th e r  w ords, s i l i c o s i s  i s  a  d i 3 ea.se o f  t h e  lu n g s  i n  w h ich  th e  n o rm al lung  
t i s s u e  i s  r e p la c e d  b y  s c a r  t i s s u e  due t o  b r e a th in g  a i r  c o n ta in in g  s i l i o a  d u s t .  Un­
f o r tu n a t e ly  th e r e  i s  no known c u re  f o r  s i l i c o s i s  -  b u t  SILICOSIS and n e a r ly  a l l  
o th e r  form s o f  d u s t  d i s e a s e s  CAN BE PREVENTED,

R eco g n iz in g  t h e  w ide i n t e r e s t  and even h y s t e r i a  among a p p re h e n s iv e  em ployers 
a g a in s t  whom c la im s had  been  f i l e d  by  a larm ed  w o rk e rs , and th e  n e c e s s i t y  o f  th o u g h t­
f u l  c o n s id e r a t io n  o f  t h e  s i l i c o s i s  p rob lem , t h e  S e c r e t a r y  o f  L ab o r on A p r il  14 , 1936 
c a l l e d  th e  F i r s t  N a t io n a l  S i l i c o s i s  C o n feren ce  a t te n d e d  by m ore th a n  300 p e rso n s  
r e p r e s e n t in g  w o rk e rs ,  em ployers, S t a t e  and F e d e ra l A g en c ie s , In s u ra n c e  com panies, and 
o th e r  i n t e r e s t e d  g ro u p s . Four C om m ittees w ere o rg a n iz e d  to  s tu d y  s p e c i f i c  p h a se s  o f 
th e  s i l i c o s i s  p rob lem s and assem ble  t h e  e s s e n t i a l  f a c t s  abou t s i l i c o s i s  i n  a  s e r i e s  
o f  r e p o r t s ]  a l s o  t o  p r e s e n t  s p e c i f i c  s u g g e s t io n s  f o r  s i l i c o s i s  p r e v e n t io n  and 
s t r a i g h t e n  o u t o th e r  d i f f i c u l t i e s  t h a t  s i l i c o s i s  h as  c re a te d .  R e p o r ts  made by  th e s e  
C om m ittees w ere  fo rm a l ly  ad o p ted  a t  a  second  c o n fe re n c e  he ld  F e b ru a ry  2nd and  3rd  
1937 i n  W ashington , from  w hich we quo te?
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"W hile a few p erso n s  may s t i l l  b e  o f  th e  o p in io n  t h a t  su c h  w o rk e rs” -  
(W orkers hav ing  s i l i c o s i s )  " a r e  ’ through* and doomed t o  an  e a r ly  d e a th ,  every  
s tu d y  conducted th u s  f a r  c o n firm s  th e  f a c t  th a t  th e  g r e a t  m a jo r i ty  o f  th e s e  
men w i l l  no t n e c e s s a r i ly  p ro g re s s  from  b ad  to  w orse. P erh ap s  i t  may be w ise 
to  t r a n s f e r  some w orkers t o  o th e r  em ploym ent, b u t many may be c o n tin u e d  a t  
t h e i r  r e g u la r  o c c u p a tio n s  i f  known m ethods a re  a p p l ie d  t o  c o n t ro l  th e  d u s t 
and i f  s p e c ia l  c a re  i s  em ployed to  p re v e n t  th e  developm ent o f  t u b e r c u lo s i s ,  
pneum onia and o th e r  lung  c o m p lic a tio n s " .

" C o n tra ry  to  p o p u la r  b e l i e f ,  s i l i c o s i s  i s  slow  to  d e v e lo p . U su a lly  i t  ta k e s  
sev en  y e a rs  or more o f  ex p o su re  to  s i l i c a  d u s t f o r  a  w orker to  c o n t r a c t  th e  
d is e a s e .  I t  i s  s a id  th a t  a  few  c a se s  have  been  known t o  d e v e lo p  in  as  s h o r t  
a p e r io d  as  l - l /2  y e a r s ,  b u t  th e s e  w ere u n d e r ex trem e and  u n u su a l c o n d i t io n s .
On th e  o th e r  hand, many w o rk ers  have la b o re d  under o r d in a r y  ex p o su res  t o  
s i l i c a  fo r  more th a n  30 y e a rs  w ith o u t d e m o n s tra tin g  any t r o u b le  w h a tev e r t h a t  
co u ld  be d iagnosed  a s  s i l i c o s i s " .

For th e  co n v en ien t d ia g n o s is  o f  s i l i c o s i s  or o f  s i l i c o s i s  c o m p lica ted  by t u ­
b e r c u l o s i s ,  th e  pulm onary changes a r e  c l a s s i f i e d  in  t h r e e  s ta g e s  by D rinker & H atch 
( " I n d u s t r i a l  D ust" -  1936), I n  t h e  f i r s t  s t a g e ,  th e  d i s e a s e  p ro d u ces  no d i a b i l i t y .
The v ic t im  can work j u s t  as w e ll a s  e v e r . In  th e  seco n d  s ta g e ,  h i s  r e s p i r a t i o n  i s  
a f f e c t e d ;  he i s  b o th e re d  by d y sp n ea  o r la b o re d  b r e a th in g .  I n  th e  t h i r d  s ta g e  dys­
pnea becomes s e v e re  and he i s  l i k e l y  to  c o n t r a c t  pu lm onary tu b e r c u lo s i s ,  g e n e r a l ly  
w ith  f a t a l  r e s u l t s .  W hether he c o n t r a c t s  tu b e r c u lo s i s  o r n o t ,  th e  advanced s i l i ­
c o t i c  i s  f a r  below  norm al and i s  v e ry  s u s c e p t i b l e  to  a l l  r e s p i r a t o r y  d is e a s e s .

T hese th r e e  s ta g e s  o f s i l i c o s i s  can be d i s t in g u is h e d  by  X -ray . A com parison  
o f  th e  X -ray  p la te s  o f  a s i l i c o t i c  w i th  th o s e  o f  a norm al p e r s o n  o f  l i k e  ag e  and 
p h y s iq u e  show s, in  th e  f i r s t  s ta g e ,  d i s t i n c t i v e  shadow s, e v e n ly  d i s t r i b u t e d  in  b o th  
lu n g s . These may be m issed  or m i s i n t e r p r e t e d  by any b u t an  e x p e r t ;  b u t th e  changes 
in  th e  second  and th i r d - s t a g e s  a r e  ob v io u s even  to  a laym an. I t  i s ,  o f  c o u rs e , es­
s e n t i a l  t h a t  th e  X -ray  p l a t e s  be p r o p e r ly  made. Dr. P a n c o s t and Dr, P e n d e rg ra ss  o f 
t h e  U n iv e r s i ty  o f  P en n sy lv an ia  have g iv e n  e x te n s iv e  s tu d y  to  th e  in f lu e n c e  o f  X -ray  
te c h n iq u e  on th e  d ia g n o s is  o f  s i l i c o s i s .  P e n d e rg ra s s  i s  o f  th e  o p in io n  t h a t  shadows 
and ap p e a ra n c e s  o f  f i b r o s i s  can be  a c t u a l l y  p rod u ced  by th e  te c h n iq u e  em ployed.
U nder o th e r  c o n d i t io n s ,  e x i s t in g  f i b r o s i s  can  be e n t i r e l y  m isse d  by u se  o f  im proper 
te c h n iq u e .

S i l i c a t e s  as  a c l a s s  a r e  by no means h a rm le s s . I t  was p o in te d  ou t by  Dr, R,
R. S a y e rs  (U.S, P u b lic  H ea lth  B u l l e t i n  221) t h a t  M iners * C onsum ption was r a t h e r  com­
mon in  t h e  Broken H i l l  d i s t r i c t  o f  A u s t r a l i a  w here th e  rock  c o n ta in s  c o n s id e ra b le  
s i l l i m a n i t e  (A I2 S iO s), f ib ro u s ’ s i l i c a t e ,  and  a  r a th e r  low p e rc e n ta g e  o f  q u a r tz  
( 1 2 .2 3 / ) ,  The s tu d ie s  o f  Badham (R ep t. D ir , Gen. Pub, H e a lth , New S ou th  W ales) g iv e  con­
s i d e r a b l e  su p p o rt t o  W. R, J o n e s ’ ( J . Hyg. 15, 3 0 7 -1933) c o n te n t io n  t h a t  s i l i c a t e s ,  
p a r t i c u l a r l y  th e  f ib r o u s  v a r i e t i e s ,  may w e ll  b e  th e  ca u se  o f  pu lm onary  d i s a b i l i t y , -  
Badham i n  1927 co in ed  th e  word SILICATOSIS t o  co v er d i s a b i l i t y  from  t h e  in h a l a t i o n  
o f  s i l i c a t e s .  O ther s i l i c a t e s  su c h  a s  T a lc  (H2 Mg ( S i0 3 ) )4 J S h a le ;  K a o lin  (H4 Alp 
S i2  0 g ) | F e ld s p a r ;  C r y o l i te ,  (Na3 A lFg ) j  and p u re  M ica g iv e  much l e s s  s p e c i f i c  changes 
t h a n  q u a r tz .  A m odera te  f i b r o s i s  may a p p e a r  a f t e r  expo su re  t o  numerous m a te r ia l s  
b u t  t h i s  f i b r o s i s  i s  u s u a l l y  n o t d i s a b l i n g .  A cco rd in g  to  D r. L anza, " S i l i c a t o s i s "  
i s  n o t  a  re c o g n iz e d  te rm  i n  t h i s  c o u n t ry  and d i s a b i l i t y  from  th e  i n h a l a t i o n  o f  s i l i ­
c a t e s  has  n o t  been  p roven .

Dr, Cary P„ McCord ( in d . Med, J u ly  1933, pps. 4 -1 2 ) s t a t e s  t h a t  a l l  s i l i c a t e s  
ta k e n  i n t o  th e  lu n g s , o f  p a r t i c l e  s i z e  c a p a b le  o f  p a s s in g  th e  c e l l u l a r  m em branes, are 
l i k e l y  t o  induce  some f i b r o s i s  i n  e x c e ss  o f  no rm al b u t  th e  p ro g re s s  o f  su ch  s i l i c a ­
t o s i s  i s  n o t  n e a r ly  so  r a p id  as f o r  s i l i c o s i s .  T u b e rc u lo s is  r a t e s  a r e  h ig h  in  s i l i ­
c a te  u s in g  in d u s t r i e s .  A n te c e d e n t t u b e r c u l o s i s ,  q u ie s c e n t ,  may f l a r e  up a s  a r e s u l t
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o f  exposu re  t o  s i l i c a t e  d u s ts

A s b e s to s is  -  A cco rd in g  to  a u t h o r i t i e s  c i t e d  by D r in k e r  & H atch  in  t h e i r  book 
" I n d u s t r i a l  D u sts" , t h e  p a th o lo g y  p ro d u ced  by a s b e s to s  i s  n o t  l i k e  t h a t  o f s i l i c o s i s .
Dr, L, U, G ard n er o f S a ra n a c  Lake i s  o f  th e  o p in io n  t h a t  th e  a s b e s to s  f ib e r s  g roup  
a b o u t th e  n eck  o f  an a lv e o lu s  and s h u t  i t  o f f ,  c a u s in g  w hat i s  known a s  " A te le c ta s i s  . 
T h ere  i s  no d e f i n i t e  m ig r a t i o n  or t r a n s p o r t a t i o n  o f  th e  d u s t  p a r t i c l e s  t o  th e  lymph 
nodes and no f ib ro u s  n o d u le s .  As th e  a t e l e c t a t i c  a r e a s  in c r e a s e  th e  r e d u c t io n  in  
lu n g  a r e a  c a u se s  s e r io u s  dyspnea o r  la b o re r e d  b r e a th in g .  D r. A, J . L anza (U, S, H e a lth  
R ep ts . , 5 0 j 1 -  1935) s u g g e s ts  t h a t  th e  e n la rg e d  h e a r t s  n o te d  f r e q u e n t ly  in  h is  
c a s e s  o f  second  s ta g e  A s b e s to s is  may b e  due to  th e  in c re a s e d  lo a d  on th e  h e a r t .  I t  
t a k e s  more work to  pump b lo o d  th ro u g h  th e  f ib ro s e d  th a n  th ro u g h  th e  norm al lu n g . Re­
c e n t  p a th o lo g ic a l  s tu d ie s  from  human lu n g s  from c a s e s  o f  a s b e s t o s i s  h av e  in d ic a te d  a 
d i f f u s e  ty p e  o f  i n t e r s t i t i a l  f i b r o s i s  w ith  a c e r t a i n  amount o f  emphysema.

IV -  WHAT IS THE MAXIMUM PERM ISS ABLE DUST CONCENTRATION? -  T here  ap p ea rs  t o  be a 
w ide v a r i a t i o n  in  th e  maximum c o n c e n t r a t io n  o f d u s t  w hich  m ig h t b e  in h a le d  w ith o u t 
su b se q u e n t in ju r y  to  workmen, Some d u s ts  (a s  le a d )  a r e  d e te rm in e d  b y  chem ical 
m ethods and th e  c o n c e n t r a t io n s  in  a i r  a r e  re c o rd e d  g r a v im e t r i c a l l y  a s  m illig ra m s  p e r  
c u b ic  m e te r . However, t h e  a v a i l a b l e  in fo rm a tio n  on th e  am ount o f  le a d  d u s t t h a t  i s  
h a rm fu l and th e  m ethods o f  d e te rm in in g  le a d  a r e  b e t t e r  and  m ore a c c u r a te  th a n  th o s e  
f o r  s i l i c a  d u s t .  I t  i s  r a t h e r  w e ll  a g re e d  t h a t  an  i n t a k e  o f  a b o u t 1 .5  m illig ra m s  o f  
le a d  a day , w hether t h i s  i s  a c q u ire d  by b r e a th in g  d u s t  o r  by  d r in k in g  w a te r  t h a t  con­
t a i n s  le a d ,  i s  th e  maximum a l lo w a b le  q u a n t i ty .  O th e rs  ( a s  s i l i c a ,  w here s iz e  i s  a 
f a c t o r  in  d e te rm in in g  d a n g e ro u s  p a r t i c l e s ) ,  a r e  u s u a l ly  g iv e n  by c o u n t. N e ith e r  
m ethod t e l l s  th e  w hole s t o r y ,  b u t  in  b o th  c a se s  i t  may b e  p o s s ib le  t o  secu re  th e  in ­
fo rm a tio n  n e c e s s a ry  f o r  t h e  p u rp o se .

The maximum s i l i c a  d u s t  c o n c e n t r a t io n  c o n s id e re d  p e r m is s ib le  i n  th e  a i r  b r e a t h ­
ed by a  workman a t  any p o in t  in  th e  no rm al b r e a th in g  zone has  n o t  b een  d e f i n i t e l y  e s ­
t a b l i s h e d .  T here  i s  c o n s id e r a b le  d i f f e r e n c e  o f  o p in io n  r e g a r d in g  th e  ran g e  o f  p a r ­
t i c l e s  t h a t  a r e  co u n ted  when u s in g  th e  P u b lic  H e a lth  S e rv ic e  te c h n iq u e  and l i g h t  
f i e l d  i l lu m in a t io n .  B lo o m fie ld  o f  th e  U n ited  S ta te s  P u b lic  H e a lth  S e rv ip e  and Brown 
o f  th e  U n ite d  S ta te s  B u reau  o f  Mines co n te n d  th a t  th e y  c o u n t p a r t i c l e s  freon one m i­
c ro n  and upw ard, o r e v e n  0 .7  m icron  and upward. The I n d u s t r i a l  Commission o f  W is­
c o n s in  and i t s  A dv iso ry  Com m ittee, com posed o f  b o th  em p loyers  and s c i e n t i s t s ,  how­
e v e r ,  a g re e d  i n  1932 on a  t e n t a t i v e  f i g u r e  o f  15 m i l l i o n  c o u n ta b le  p a r t i c l e s  u n d er 
10 m icro n s i n  lo n g e s t  d im e n s io n  w ith  f r e e  s i l i c a  c o n te n t  o f  35 p e r  c e n t  i n  a c u b ic  
f o o t  o f  a i r  a s  d e te rm in e d  by  U nited  S t a t e s  P u b lic  H e a l th  S e r v ic e  te c h n iq u e . V a r ia ­
t i o n s  in  f r e e  s i l i c a  c o n t e n t  w i l l  make p r o p o r t io n a l  in v e r s e  chan g es i n  t h i s  s ta n d a rd .  
I n  th e  c a s e  o f  p r a c t i c a l l y  p u re  s i l i c a ,  th e  p e r m is s ib le  d u s t  c o u n t sh o u ld  p ro b a b ly  
n e v e r  exceed  5 ,0 0 0 ,0 0 0  c o u n ta b le  p a r t i c l e s .  By c o u n ta b le  p a r t i o l e s  i s  m eant th o s e  
p a r t i c l e s  b e tw een  0 .5  t o  10 m icrons in  th e  lo n g e s t  d im en sio n . P a r t i c l e s  o f t h i s  
s i z e  a r e  th e  ones t h a t  a r e  b e l ie v e d  to  c a u s e  th e  g r e a t e s t  damage and form  no v i s i b l e  
o lo u d . D ust p a r t i o l e s  s m a l l e r  th a n  0 .5  m icro n s i n  t h e  lo n g e s t  d im en s io n  a re  n o t  
o r d i n a r i l y  c o u n ta b le . D u s t p a r t i c l e s  l a r g e r  th an  10 m ic ro n s  i n  lo n g e s t  d im ension  do 
n o t  o r d i n a r i l y  reac h  p a r t s  o f  th e  lu n g  w here th ey  c a n  p ro d u ce  in j u r y  o f  a r e s p i r a ­
t o r y  n a tu r e .  Most i n d u s t r i a l  d u s ts  h av e  b u t  few p a r t i o l e s  above tw o o r  th r e e  m i­
c ro n s  i n  s i z e .  They a r e  u s u a l ly  a b o u t 90 t o  95 p e r  c e n t ,  below  tw o o r  th r e e  m ic ro n s  
and  50 p e r  c e n t ,  below  a b o u t  0 .5  to  0 ,7  m ic ro n s . An e x c e p tio n  t o  t h i s  would b e  a 
d u s t  sam ple ta k e n  c lo s e  t o  th e  p o in t  o f  g e n e ra t io n  o f  d u s t  and  b e f o r e  th e  l a r g e r  
p a r t i c l e s  had tim e  to  s e t t l e  o u t  o f  t h e  a i r .

I n  S o u th  A fr ic a  t h e  f i g u r e  i s  1 m i l l ig r a m  p e r  c u b ic  m e te r  ( o r  300 p a r t i c l e s  
p e r  c u b ic  c e n t im e te r ,  o r  a p p ro x im a te ly  8 ,5  m i l l io n  p e r  c u b ic  f o o t . )  Dr. Lanza found  
i n  1917 i n  th e  J o p l in ,  M is s o u r i  d i s t r i c t  t h a t  w ith  good e n g in e e r in g  p r a c t i c e ,  a  
f ig u r e  o f  1 m ill ig ra m  p e r  100 l i t e r s  o f  a i r  cou ld  b e  a t t a i n e d ,  T h is  v a lu e  a t t r i b u t ­
ed to  L anza ap p e a rs  to o  h ig h  i n  co m p ariso n  w ith  th e  S o u th  A f r ic a n  s ta n d a rd s .  As th e r e
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a r e  1 ,0 0 0  l i t e r s  in  a cu b ic  m e te r , i t  would i n d i c a t e  t h a t  L a n z a 's  e s t im a t io n  r e p re ­
s e n ts  som eth ing  o f th e  o rd e r  o f  80 m i l l io n  p a r t i c l e s  p e r  c u b ic  fo o t .  W ith good en­
g in e e r in g  p r a c t i c e ,  lo w er c o n c e n tra t io n s  th a n  t h i s  can  b e  o b ta in e d . In  f a c t  th e  ex­
p e r ie n c e  in  South  A f r ic a  and a l s o  th e  p r e s e n t  e x p e r ie n c e  in  t h i s  c o u n try  in d ic a te s  
t h a t  i t  can  r e a d i ly  be k e p t  below  o n e - te n th  o f  t h i s  v a lu e  by  u s in g  o rd in a ry  good 
p r a c t i c e s .  The U n ited  S ta te s  P u b lic  H e a lth  S e rv ic e  in  i t s  r e c e n t  s tu d y  in  th e  an­
t h r a c i t e  r e g io n  of P e n n sy lv a n ia , found t h a t  50 m i l l i o n  p a r t i c l e s  p e r  cu b ic  fo o t  w ith  
5 p e r c e n t ,  q u a r tz  i n  th e  c o a rs e  d u s t  and 10 m i l l i o n  p a r t i c l e s  p e r  cu b ic  fo o t  w ith  
35 p e r  c e n t ,  q u a rtz  w ere  a p p a re n t ly  s a t i s f a c t o r y  and o f te n  w ere a t t a in e d .  The f i g u r e  
o f  10 -20  m i l l i o n  p a r t i c l e s  per cu b ic  fo o t fo r  g r a n i t e  d u s t  w ith  35 p e r  c e n t ,  q u a r tz  
c o n te n t i s  o f te n  q u o ted  from th e  Vermont g r a n i t e  s tu d ie s  o f  th e  U n ited  S ta te s  P u b lio  
H e a lth  S e rv ic e .  From a  c o n s id e r a t io n  o f  g e n e ra l  e x p e r ie n c e , Cummings su g g e s ts  6 m i l­
l i o n  p a r t i c l e s  per c u b ic  fo o t  a s  a th r e s h o ld  f o r  d u s ts  h ig h  in  q u a r tz .  T h is  f ig u r e  
i s  based  upon a co m b in a tio n  o f  S o u th  A f r ic a ,  A u s t r a l i a n  and A m erican e x p e rie n c e  b u t  
la c k s  e n t i r e l y  any p u b lish e d  d a ta  in  i t s  s u p p o r t.

A cco rd ing  to  s tu d ie s  quo ted  by P h i l i p  D r in k e r  and T heodore H atch in  t h e i r  book 
" i n d u s t r i a l  D usts" 10 to  20 m i l l io n  p a r t i c l e s  p e r  c u b ic  fo o t by th e  im p inger sam pling  
m ethod, l i g h t  f i e l d  c o u n tin g  i s  a re a so n a b le  f ig u r e  f o r  cem ent and lim e s to n e . R ecen t 
work by D reessen  con firm s th e  u n iv e r s a l ly  a c c e p te d  o p in io n  t h a t  d u s ts  h ig h  in  c a l c i t e  
and low  in  q u a r tz  do n o t  p roduce d i s a b l in g  f i b r o s i s .  The th r e s h o ld  f ig u r e  o f  0 ,15  
m il l ig ra m  p e r cu b ic  m e te r i s  g iv en  f o r  le a d  d u s t ,  p resum ab ly  l i t h a r g e  and w h ite  le a d ,  
o r o th e i s o lu b le  le a d  s a l t s .

I t  shou ld  be n o te d  t h a t  many o f  th e  d a ta  w ere n o t  d e te rm in e d  as th e  H ed ica l 
re q u ire m e n t, b u t  as  b e in g  a t t a in a b le  in  good p r a c t i c e  and  a p p a r e n t ly  s a t i s f a c t o r y  
from  a s a f e ty  s ta n d p o in t .  I t  sh o u ld  be f u r th e r  n o te d  t h a t  t h e  a c c e p te d  f ig u r e s  a re  
o n ly  r e l a t i v e  due to  th e  i n d e f i n i t e  powers o f  r e s i s t a n c e  o f  a n  in d iv id u a l  w hich a re  
an  unknown q u a n t i ty .  One in d iv id u a l  m ig h t r e s i s t  a p r o p o r t io n  o f 200 p a r t i c l e s  p e r 
c u b ic  c e n t im e te r ,  w h ile  a n o th e r  would r e a c t  u n fa v o ra b ly  to  50 p a r t i c l e s ,  The work­
e r ' s  p h y s ic a l  c o n d i t io n  p r io r  to  th e  exp o su re  i s  o f  g r e a t  im p o rtan ce , s in c e  a young, 
h e a l th y  in d iv id u a l  u s u a l ly  can s ta n d  a h ig h e r  c o n c e n t r a t io n  o r  lo n g e r  ex p o su re  b e fo re  
th e  f i r s t  s ta g e  o f  s i l i c o s i s  i s  d ev e lo p ed . However, f a r  g r e a t e r  in f lu e n c e  th a n  
p h y s ic a l  c o n d i t io n  m igh t be th e  a b i l i t y  o f  th e  n o se  and  r e s p i r a t o r y  p assag es  t o  a r ­
r e s t  d u s t .

I n  t h e i r  r e p o r t  t o  th e  N a tio n a l  S i l i c o s i s  C onference  t h e  Committee on P re­
v e n t io n  o f  S i l i c o s i s  th ro u g h  M edical C o n tro l p o in te d  o u t t h a t  s in c e  s ta n d a rd s  o f s a f e  
a tm o sp h e ric  d u s t  c o n c e n tr a t io n ,  b ased  on m e d ic a l f in d in g s  h a v e  been e s ta b l i s h e d  fo r  
o n ly  a few i n d u s t r i a l  d u s t s ,  and in  v iew  o f  th e  f a c t  t h a t  c o n s id e ra b le  s tu d y  and in ­
v e s t i g a t i o n  w i l l  be r e q u i r e d  to  e s t a b l i s h  s ta n d a rd s  f o r  o th e r  i n d u s t r i a l  d u s t s ,  some 
t e n t a t i v e  s ta n d a rd  would be u s e f u l .  I t  was a l s o  s t a t e d  t h a t  t h i s  a r b i t r a r y  s ta n d a rd  
sh o u ld  be  b ased  upon w hat i s  b e l ie v e d  to  be w i th in  th e  l i m i t s  o f good e n g in e e r in g  
p r a c t i c e  p ro v id e d , i t  w i l l  l a r g e ly  c o n t r o l  th e  s i l i c o s i s  h a z a rd  fo r  m ost i n d u s t r i a l  
e x p o su re s . They, t h e r e f o r e ,  s u g g e s t  t h a t

"The maximum p e r m is s ib le  c o n c e n tr a t io n  o f s i l i c a  in  th e  a i r  b re a th e d  m ig h t be 
e x p re s se d  by  th e  fo llo w in g  f o r m u l a , ( D e t e r m i n a t i o n  o f  d u s t  c o n c e n tr a t io n  
a c c o rd in g  to  te c h n iq u e  d e s c r ib e d  by U n ited  S ta te s  P u b lic  H e a lth  s e r v ic e  in  
R e p r in t  No. 1520 from  P u b lic  H ea lth  R e p o r ts ,  March 18 , 1932)?

M u ltip ly  th e  p e rc e n ta g e  o f  f r e e  s i l i c a  by th e  t o t a l  p a r t i c l e  d u s t 
c o u n t. I f  th e  r e s u l t  i s  u n d e r 5 m i l l i o n ,  th e  c o n d i t io n  may be con­
s id e r e d  p e rm is s ib le .  I f  t h e  r e s u l t  i s  o v er 5 m i l l i o n ,  th e  c o n d i t io n  
may be c o n s id e re d  to o  h ig h . For exam ple,

\I

I

1

«

s
I

I

i

I

I

1

I

s
I

I

I

I

I

I

I

1.0% f r e e  s i l i c a  w ith  an  av e rag e  t o t a l  d u s t c o n c e n tr a t io n  o f  
30 m i l l io n  p a r t i c l e s  p e r  cub ic  f o o t  would g iv e  ,1 0  tim es
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30 m i l l i o n ,  w hich e q u a ls  3 m i l l i o n  (good p r a c t i o e ) j  30$, w ith  
a v e ra g e  t o t a l  d u s t  c o n c e n tr a t io n  o f  50 m i l l i o n ,  would e q u a l 
. 3  tim e s  50, o r  15 m i l l i o n  9 ( u n s a t i s f a c to r y ) »

T h is  fo rm u la  i s  n o t  a p p l ic a b le  to  any  d u s t  c o n ta in in g  l e s s  th a n  6$  
f r e e  s i l i c a «  "

T heodore  H atch  in  h is  a r t i o l e  "Some Fundam ental D ata on M echanical D ust T raps"  (Tech« 
Pub, No. 6 3 7-A* 60 , Amer. I n s t ,  Min. & Met. E n g rs . , A ug., 1936) g iv e s  th e s e

S a fe  D ust C o n c e n t r a t io n s , Im pinger Samp le s i

(L ig h t F ie ld ,  Low Power C ounts, )

K ind o f Dust Maximum P e rm is s ib le  C o n c e n tra t io n

C o n ta in in g  no S i l i c a .  ......................................
C o n ta in in g  any  sm all amount o f  s i l i o a *  

f r e e  combined. . . . . . . . . .
C o n ta in in g  20 t o  40 p e r  c e n t .

F ree  S i l i c a  , . » « » . « # » » .  
G r e a te r  th a n  40 per c e n t .

F ree  S i l i c a  . . . .  .............................

9 « 50 m i l l io n s p e r c u b ic fo o t

« 9 30 11 u n It

• 9 10 It n n 11

» » 5 It n it It
( P r e f e r a b ly  a s  much l e s s  a s  p o s s ib le )

Dr. R. R, S a y e rs , M edical O f f i c e r  in  C harge, I n d u s t r i a l  Hygiene and  S a n i t a t i o n ,  U .S, 
P u b lic  H e a lth  S e rv ic e  i n  answ er t o  a q u e s t io n  as t o  p e rm is s ib le  d u s t in e s s  w r ite s *

"D uring  r e c e n t  y e a r s ,  i t  h as  b e e n  custom ary  to  recommend th r e s h o ld  
o r  p e r m is s ib le  d u s t l i m i t s  ra n g in g  from  f iv e  t o  t e n  m i l l io n  p a r t i o l e s  p e r  
c u b io  f o o t  a s  d e te rm in e d  by P u b lic  H e a l th  S e rv ic e  te c h n iq u e , e s p e c i a l l y  
w i th  d u s t  i n  which th e  p e rc e n ta g e  o f  f r e e  s i l i c a  i s  above f i v e  p e r  c e n t .
T h ere  i s  no b a s is  f o r  t h e  a p p l i c a t i o n  o f  t h i s  c r i t e r i o n  to  a l l  d u s t s ,  b u t  
i t  i s  g e n e r a l ly  c o n s id e re d  a s a fe  p r a c t i c e  and one w hich can  be a t t a i n e d  
i n  m ost i n d u s t r i e s  by  e x h a u s t v e n t i l a t i o n ,  w e t t in g ,  o r o th e r  m ethods o f  
d u s t  c o n t r o l . "

As p o in te d  ou t b y  D rin k e r  and H atch  ( " I n d u s t r i a l  D ust" -  1 9 5 6 ) i t  i s  u n f o r tu ­
n a t e l y  im p o ss ib le  to  e v a lu a te  d u s t  e x p o su re s  w ith  th e  a r i t h m e t i c a l  n i c e t y  t h a t  we 
sh o u ld  have l i k e d  y e t  i t  i s  commonly c la im e d  -  by laym en -  th a t  p ro lo n g e d  ex p o su re  t o  
low  c o n c e n tr a t io n s  i s  j u s t  as  s e r io u s  a s  s h o r t  exposu res  t o  heavy c o n c e n t r a t io n s .
T h is  c la im  i s  c o n t ra r y  t o  a  fu n d am en ta l law  o f  p h y s io lo g y . In  d i s o u s s in g  th e  su b ­
j e c t  C la rk  and  D rin k er ( " I n d u s t r i a l  M ed ic in e"  -  1935) rem ark  th a t  " . . . » « a  s u b - th r e s ­
h o ld  s t im u lu s  (d u s t  i n h a l a t i o n )  f o r  a  lo n g  tim e  p rod u ces  no r e a c t io n  w h ereas  a  r e l a ­
t i v e l y  b r i e f  s u p e r - th r e s h o ld  s tim u lu s  may ca u se  a  r e a c t io n " .  I f  w o rk e rs  a r e  exposed  
t o  sudden  h eav y  c o n c e n t r a t io n s ,  th e  th r e s h o ld  v a lu e s  su g g e s te d  p r e v io u s ly  would be 
c o r re s p o n d in g ly  low ered . However, m ost th r e s h o ld  v a lu e s  a r e  Weighed —  an  a v e ra g e  
o f  t h e  ra n g e s .

V -  HOW MAY THE CONCENTRATION AND CHARACTER OF INDUSTRIAL DUSTS BE DETERMINED?
The p r o p e r t i e s  o f  a d u s t  w hich d e te rm in e  i t s  h a rm fu ln e s s  have been  shown t o  be i t s  
c o m p o s itio n , c o n c e n t r a t io n  ( th e  q u a n t i ty  suspended  in  th e  i n d u s t r i a l  a tm o s p h e re ) , and 
i t s  p a r t i c l e  s iz e .  The m ethods used  f o r  t h e  d e te rm in a t io n  o f  th e  c o n c e n t r a t io n  and 
c h a r a c t e r  o f  i n d u s t r i a l  d u s t s  v a ry  from  a  r o u t in e  d u s t  co u n t fo r  th e  p u rp o se  o f  
e v a lu a t in g  th e  e f f i c i e n c y  o f  d u s t  c o n t r o l  m ethods t o  a  d e t a i l e d  s tu d y  o f  b o th  th e  
c o n c e n t r a t i o n  and th e  c h a r a c te r  o f  t h e  d u s t  in  c o n n e c tio n  w ith  m e d ic a l and e n g in e e r ­
in g  su rv e y  s .



The Im pinger A p p ara tu s  d ev e lo p ed  a t  th e  U n ite d  S ta t e s  B ureau  o f  M ines,
P i t t s b u r g h  E xperim ent S ta t io n  by G eorge Smith and Leonard  G reeriburg , (D e sc rib e d  in  
R e p r in t  No, 1628 from th e  P u b lio  H e a lth  R epo rts  V ol. 47 , No, 12 , M arch 18, 1932 pp,
654 -675 ) has b een  employed f o r  more th a n  13 y e a rs  a s  a s ta n d a rd  in s tru m e n t f o r  d u s t
s tu d i e s .  In  t h i s  a p p a ra tu s  sam ples o f  a i r  a re  draw n in to  an  im p in g e r tu b e  and f la s k
w here th e  d u s t  p a r t i o l e s  a r e  th row n o r im pinged on a p re p a re d  w e tte d  g la s s  c o l l e c t ­
in g  p la te ,  The r a t e  o f  a i r  flow  i s  f ix e d  a t  one cu b ic  f o o t  p e r  m in u te  w h ile  th e  
d u r a t io n  o f  th e  sam pling  p e r io d  i s  d e p en d e n t upon th e  d u s t  c o n c e n tr a t io n .  The a i r  
p a s s e s  th ro u g h  an o r i f i c e  i n  th e  b o tto m  o f  th e  im p in g e r tu b e  and  s t r i k e s  g la s s  co l­
l e c t i n g  p l a t e  whioh i s  subm erged i n  3 cm. d ep th  o f  d i s t i l l e d  w a te r  or some o th e r  
f l u i d  w ith  s a t i s f a c t o r y  w e t t in g  p r o p e r t i e s ,  ( i f  w a te r  i s  u sed  a s  t h e  f l u i d  i n  th e  
im p in g e r , s i l i c a  p a r t i c l e s  a r e  d is s o lv e d — hence n o t a v a i l a b l e  f o r  c o u n tin g  — u n le ss  
th e  l a b o r a to r y  (c o u n tin g )  work i s  done w ith in  a  few h o u rs  o f  t a k in g  th e  sam ple, )
T h is  a f f o r d s  t h e  means f o r  a c c u r a te ly  d e te rm in in g  th e  q u a n t i ty  and s i z e  o f  th e  par­
t i c l e s .  The l i q u i d  i s  th e n  th o ro u g h ly  shaken  t o  o b ta in  a u n ifo rm  d i s t r i b u t i o n  o f
t h e  p a r t i c l e s j  f i l t e r e d  t o  remove th o s e  over 40 m ic ro n s  i n . s i z e  and a g a in  a g i ta te d .  
Sam ples o f  a p p ro x im a te ly  1 cc , a r e  ta k e n  by means o f  a  p i p e t t e  and p la ced  i n  Sedg- 
w ic k -R a f te r  c o u n tin g  c e l l s .  The u se  o f  a  s u i t a b l e  m icro sco p e  equ ipped  w ith  a W hipple 
m ic ro m e te r  d i s c  to  a id  i n  c o u n tin g , w i l l  p e rm it th e  d e te rm in a t io n  o f  th e  number o f 
p a r t i c l e s  in  one q u a r te r  o f  th e  m ic ro s c o p ic  f i e l d .  From t h i s  f ig u r e ,  th e  number o f 
p a r t i o l e s  o f  d u s t  in  1 cu , f t .  can be  c a lc u la te d .  One s p e c ia l  ad v a n ta g e  o f  t h i s  ap­
p a r a tu s  i s  th e  f a c t  t h a t  a n a ly s i s  o f  th e  sample ca n  be  d e te rm in e d  by c o u n t in g ,  by 
w e ig h in g  o r by  chem ical a n a ly s i s .  The im p inger m ethod i s  n e i t h e r  s im p le  n o r  extrem e­
l y  com plexj how ever, r e l i a b l e  r e s u l t s  can  be o b ta in e d  o n ly  by w e ll  t r a i n e d ,  compe­
t e n t  and e x p e rie n c e d  i n v e s t i g a t o r s .  However, ow ing to  th e  w ide u se  o f  th e  im pinger 
i n  p re v io u s  in v e s t ig a t io n s  t h a t  have b een  c o r r e l a t e d  w ith  th e  p a th o lo g ic a l  f in d in g s ,  
an  im p in g er sh o u ld  be u se d  fo r  any in v e s t i g a t io n  w hich  i s  to  in o lu d e  p a th o lo g ic a l  
f in d i n g s  o r w here th e  r e s u l t s  a re  t o  be in tro d u c e d  a s  ev id e n c e  i n  c o u r t .  Some s t a t e  
c o d es  on d u s t c o n tro l  r e c o g n iz e  t h e  im p in g er m ethod. The U n ite d  S ta te s  B ureau  o f 
M ines h a s  p r a c t i c a l l y  co m p le ted  th e  developm ent o f  a "M idget" im p in g e r w hich  has m ost 
o f  th e 'g o o d  c h a r a c t e r i s t i c s  o f th e  im p in g e r b u t la c k s  m ost o f  i t s  draw backs. This 
m id g e t im p in g er w il l  soon  be  a v a i l a b l e  and w i l l  g r e a t l y  s im p l i fy  b o th  sam p lin g  and 
c o u n tin g .

O th e r d ev ices  a r e  a l s o  a v a i l a b l e  f o r  sam p ling  o f  d u s t  o v e r a  c o n tin u o u s  p e r io d , 
nam ely , th e  e l e c t r i c  p r e c i p i t a t o r ,  t h e  p ap er th im b le , th e  e l e c t r o s t a t i c  p r e c i p i t a t o r ,  
and  th e  h o t  w ire  th e rm a l p r e c i p i t a t o r .  The E n g l is h  a re  w ork in g  on a  d u s t  sam pling  
in s tru m e n t  w hich p r e c i p i t a t e s  th e  d u s t  from  th e  a i r  by th e rm a l means ( " P h y s ic a l  
M ethods f o r  th e  E s tim a tio n  o f  th e  D u st H azards i n  I n d u s t r y " ,  by  H, L. G reen and 
H. H. W atson, P riv y  C o u n c il,  M ed ica l R esearch  C o u n c il, S p e c ia l  S e r ie s  No, 199 , His 
M a je s ty * s  S ta t io n e ry  O f f ic e ,  London, (1 9 3 5 )) . The U.S. .B ureau o f  M ines has been  u s­
in g  a n  e l e c t r i c  p r e c i p i t a t o r  s im i l a r  t o  th o s e  d e s c r ib e d  b y  D rin k e r  ( " A l te r n a t in g  
C u rre n t P r e c i p i t a t o r  f o r  S a n i ta r y  A ir  A n a ly s is !  I  -  An In e x p e n s iv e  P r e o i p i t a t o r  U nit" 
by P. D r in k e r ,  Jour, In d . Byg, , V o l. 14, 1932, p, 364) f o r  c o l l e c t i n g  sam ples o f th e  
t e s t  su sp e n s io n s  used in  t e s t i n g  m e c h a n ic a l f i l t e r  r e s p i r a t o r s  f o r  p e r m i s s i b i l i ty ,

A number o f in s tru m e n ts  a r e  a v a i l a b l e  fo r  making d u s t  d e te rm in a tio n s  f o r  con­
t r o l  p u rp o se s . Among th e s e  i s  th e  K on im eter w hich c a l l s  f o r  b u t  l i t t l e  s k i l l  in  
sam p lin g . I t  i s  l i g h t ,  s im p le  and q u ic k  t o  h a n d le , need s no pow er f o r  o p e ra t io n  and 
r e q u i r e s  on ly  a  m icro sco p e  f o r  c o u n tin g  th e  p a r t i c l e s .  The Z e is s  K onim eter c o n s is t s  
o f  a  m ic ro sco p e  w hich g iv e s  a  m a g n if ic a t io n  o f 200X, a n  a i r  pump, a d u s t  f i l t e r  to  
rem ove v e ry  c o a rs e  d u s t p a r t i c l e s ,  a  sam ple d is c  and a m ic ro m e te r  r u le d  in  sq u a re  
m i l l im e te r s .  The a i r  pump d r iv e s  a m easured  q u a n t i ty  o f  a i r  a g a i n s t  th e  sam ple  d isc  
w h ich  i s  covered  w ith  a  s t i c k y  s u b s ta n c e  ( g ly c e r in e  j e l l y ) .  T h is  sam ple fo rm s a d u s t 
s p o t  w hich  can be exam ined un d er th e  m icro sco p e  f o r  a g e n e ra l  id e a  o f  th e  n a tu r e  o f 
th e  d u s t  and th e  r e l a t i v e  q u a n t i t i e s  p r e s e n t ,  o r  f o r  an  a c t u a l  m easu re , a  " d u s t  co u n t" , 
w hich shows how many d u s t  p a r t i c l e s  a r e  p r e s e n t  i n  one c u b ic  c e n t im e te r  o r i n  one 
l i t r e  o f  th e  a i r  sam ples exam ined. The K onim eter h a s  b een  u sed  v e ry  w idely  i n
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S ou th  A f r ic a  ( F in a l  R e p o rt o f  t h e  Miners* P h th i s i s  P r e v e n t io n  C om m ittee, Jo h an n es­
b u rg , 1919, p. 10) and a l s o  i n  Canada. The U. S. Bureau o f  M ines has  a l s o  used  i t  i n  
some o f  i t s  d u s t  s tu d ie s .  I n  d is c u s s in g  t h e  v a lu e  o f  t h e  K on im eter i n  t h e i r  r e c e n t  
book " I n d u s t r i a l  D ust" (M cG raw -H ill Book Co. , Hew York and  London -  1936) P h i l i p  
D rin k e r  and T heodore H atch  o f  th e  H arvard  School o f  P u b l ic  H e a lth  w r i te s

" I t  i s  th e  m o st com pact and s im p le  sam p ling  d e v ic e .  Space i s  
p ro v id e d  f o r  t h i r t y  sam ples on a s in g le  d is o  and no a u x i l i a r y  
s o u rc e  o f  pow er i s  r e q u ir e d  f o r  i t s  o p e r a t io n .  G rab sam ples 
can  be c o l l e c t e d  w ith  speed  and th e  f l u c t u a t i o n s  in  d u s t in e s s  
and th e  d ev e lo p m en t o f  d u s t f lo o d s  can  be r e v e a le d  in  a  way 
t h a t  i s  im p o s s ib le  w ith  more cumbersome a p p a r a tu s .  S ou th  
A f r ic a n  e x p e r ie n c e  in v o lv in g  th e  c o l l e c t i o n  o f  th o u sa n d s  o f  
sam ples h as  shown t h a t  th e  f ig u r e  o f  m e r i t  g iv e n  by  th e  K oni­
m e te r  i s  d i r e c t l y  r e l a t e d  t o  th e  amount o f  p h t h i s i s  -  p ro d u c­
in g  d u s t in  t h e  a i r .  I t  i s  a  v a lu a b le  r o u t i n e  sam p lin g  in ­
s tru m e n t b u t  b e c a u se  o f  i t s  low  and s e l e c t i v e  e f f i c i e n c y ,  th e  
c o u n ts  r e p o r te d  a r e  p ro b a b ly „ c o n s id e ra b ly  below  th e  t r u e  l e v e l  
and th e y  a r e  n o t  e a s i l y  compared w ith  d a ta  o b ta in e d  in  
E ng lan d , f o r  ex am ple , w ith  th e  Owens a p p a r a tu s ,  o r  in  th e  
U n ite d  S t a t e s  w i th  th e  im p in g e r ,"

E x p e rie n c e  h as  shown t h a t  c o n t ra ry  t o  D r in k e r 's  s ta te m e n t ,  th e  K onim eter i f  
p r o p e r ly  u se d , w i l l  g iv e  r e s u l t s  t h a t  a g re e  v e ry  w e ll w i th  th o s e  o b ta in e d  by th e  u se  
o f  th e  Im p in g er. The U. S. B u reau  o f  M ines E xperim en t S t a t i o n  a t  P i t t s b u r g h  in  m aking 
some c o m p a ra tiv e  s tu d i e s  w i th  th e  K onim eter and th e  Im p in g e r  found t h a t  an  a v e ra g e  o f  
f i v e  K on im eter d e te r m in a t io n s  was w ith in  a b o u t two p e r  c e n t ,  o f  one im p in g er d e te rm i­
n a t io n .  The re a s o n  f o r  t a k in g  an  av e rag e  o f  in d iv id u a l  r e s u l t s  o b ta in e d  by th e  Koni­
m e te r ,  f o r  co m p ariso n  w ith  th o s e  o f  th e  Im p in g e r, i s  d u e  t o  th e  f a c t  t h a t  t h e  K oni­
m e te r  ta k e s  an  in s ta n ta n e o u s  g ra b  sam ple o f  sm a ll v o lu m es and owing t o  th e  h e tro g e n e -  
ous n a tu r e  o f  d u s t  i n  a i r  g ra b  sam ples do n o t  r e p r e s e n t  t h e  a v e ra g e  c o n d i t io n s .  The 
Im p in g er ta k e s  a  c o n tin u o u s  sam p le  o f r a t h e r  la rg e  v o lu m es and i s  th e re b y  r e p r e s e n ta ­
t i v e  o f  th e  a v e ra g e . For t h e s e  re a so n s , i f  i t  i s  d e s i r e d  t o  com pare K onim eter r e ­
s u l t s  w ith  Im p in g e r r e s u l t s  i t  i s  n e c e s s a ry  to  ta k e  s e v e r a l  K onim eter sam ples d u r in g  
th e  c o u rse  o f  t h e  Im p in g er sam p le , in  o r d e r  t o  o b ta in  a v e ra g e  c o n d i t io n s .  Vie h av e  no 
c o r r e l a t i n g  in f o r m a t io n  o f  t h e  K onim eter w i th  th e  20 t o  30 m icron  p o r c e l a in  f i l t e r  
a g a in s t  th e  s ta n d a rd  im p in g e r m ethod.

A Z e is s  K o n im ete r, u s in g  a  20 to  30 m ic ro n  p o r c e l a i n  f i l t e r  was used  in  m aking 
a c t u a l  d u s t  c o u n ts  in  o u r  v a r io u s  d u s t  p ro d u c in g  o p e r a t io n s .  The p a r t i o l e  s i z e  and 
s i z e  c l a s s i f i c a t i o n  was e s t im a te d  r a t h e r  th a n  a c c u r a t e l y  m easured  and  com puted. O nly 
p a r t i c l e s  t e n  m icro n s o r  l e s s  i n  s i z e  w ere  co u n ted  s i n c e  i t  i s  g e n e r a l ly  ag re e d  t h a t  
d u s t  p a r t i c l e s  l a r g e r  th a n  t e n  m icrons i n  s i z e  a r e  n o t  p a r t i c u l a r l y  p a th o g e n ic .

O th e r m ethods i n  common u s e  a re  t h e  Owens j e t  d u s t  sam p ler ( " J e t  D ust C o u n tin g  
A p p a ra tu s"  by J . S. Owens, J o u r .  In d . Hyg. ,V o l. 1 4 ,1 9 3 2 ,P. 5 2 2 ) ,  w hich h as  r e c e n t ly  been  
m a n u fa c tu re d  i n  t h i s  c o u n try  and  th e  p h o to g ra p h ic  d u s t  c o u n te r ,  d e v e lo p e d  by F ic k le n  
and 0 t t„  The 'Owens j e t  d u s t  c o u n te r  i s  u se d  i n  t h i s  c o u n t r y  t o  c o l l e c t  sam ples f o r  
p a r t i c l e  s i z e  d i s t r i b u t i o n  d e te r m in a t io n s .  I t  i s  u sed  p r i n c i p a l l y  i n  A u s t r a l i a  f o r  
d e te rm in a t io n  o f  num ber c o n c e n t r a t i o n  o f  a tm o sp h e ric  d u s t  o f  i n d u s t r i a l  h y g ie n ic  im­
p o r ta n c e .

The l a t e s t  d e v ic e  f o r  d e te rm in in g  d u s t c o n c e n t r a t io n s  i s  th e  Bausoh & Lomb 
D ust C oun ter w h ich  was p la c e d  on th e  m a rk e t a  few m onths ago . T h is in s tru m e n t con­
s i s t s  o f  a d a r k - f i e l d  m ic ro sc o p e  m a g n ify in g  200X, and a n  im p in g in g  a p p a ra tu s  m ounted 
on a  common b a se . The b a s e  i s  a  hollow  cham ber w ith  t h e  b o tto m  h in g e d  t o  p ro v id e  
e a sy  a c c e s s  t o  th e  d a rk  f i e l d  co n d en ser and a c i r c u l a r  g l a s s  spec im en  s l i d e .  By means 
o f  a hand pump, w hich  i s  p a r t  o f  th e  im p in g in g  d e v ic e ,  a  sam ple o f  a i r  i s  drawn



th ro u g h  a m o is te n in g  chamber w hich has  a t  i t s  lo w er end a  narrow  s l i t .  The d u s t  i s  
d e p o s ite d  th ro u g h  t h i s  s l i t  on to  th e  o i r c u l a r  specim en  s l i d e  in  th e  form  o f  a r ib b o n . 
The s l i d e  can  be  r o ta te d  u n t i l  th e  sam ple comes i n t o  p ro p e r  p o s i t i o n  fo r  v iew in g  w ith  
t h e  m ic ro sco p e , o r a maximum o f  tw e lv e  sam p les can  be  c o l l e c t e d  on th e  s l i d e  and th e n  
v iew ed . The s l i d e s  a r e  q u ic k ly  rem ovable and r e p la c e a b le .  T h is  d u s t  c o u n te r  i s  n o t  
d e s ig n e d  fo r  a c c u r a te  d u s t  d e te rm in a tio n  b u t  r a t h e r  as an  in e x p e n s iv e  d e v ic e  fo r  
ro u g h ly  ch ec k in g  d u s t  c o n d i t io n s .  I t  has  n o t  b e e n  a v a i l a b l e  lo n g  enough f o r  a th o ro u g h  
t e s t  i n  a c tu a l  p r a c t ic e .

The p r in c i p a l  o b je c t io n  to  in s tru m e n ts  l i k e  th e  B ausch & Lomb D ust C ounter and 
th e  Owens j e t  d u s t  sam p le r fo r  d e te rm in in g  num ber c o n c e n t r a t io n  i s  t h a t  t h e i r  d u s t  
c o l l e c t i n g  e f f i c i e n c y  d e c re a se s  w ith  an  i n c r e a s e  i n  th e  a tm o sp h e ric  d u s t  c o n c e n tra ­
t i o n  and th e  f a c t  t h a t  th e y  ta k e  g ra b  sam ples«

S inoe  th e  m ajo r p o r t io n  o f  d u s t p r e s e n t  in  i n d u s t r i a l  a tm o sp h eres  i s  sm a ll 
enough to  g a in  e n tra n c e  to  th e  lu n g s , v e ry  l i t t l e  a t t e n t i o n  need be g iv e n  to  d e te rm in a ­
t i o n s  o f  th e  e x a c t s iz e s  o f  p a r t i c l e s .



PART II - DUST PRODUCING OPERATIONS STUDIED

WHAT ARE THE PRINCIPAL DUST PRODUCING OPERATIONS? -  I n  o rd e r  t o  d e te rm in e  to  
w hat e x te n t  i f  any, w o rk e rs  in  th e  p ro d u c tio n  o f  p e tro leu m  p ro d u c ts  and a s s o c ia te d  
a c t i v i t i e s  a r e  exposed to  th e  h aza rd  o f  b r e a th in g  d u s t ,  a  su rv e y  o f  a l l  d u s t  produc 
in g  o p e ra t io n s  was made a t  th e  v a r io u s  p la n ts  c o n ce rn ed . T hese  o p e r a t io n s ,  l i s t e d  
i n  o rd e r  o f t h e i r  a p p a re n t  d eg ree  o f  d u s t in e s s ,  a r e :

I - SAND - BLASTING

Due t o  th e  l a r g e  amount o f  f i n e l y  d iv id e d  s i l i c a  d u s t  p ro d u o ed  by th e  im pact 
o f  t h e  g r a in s  o f  sand  on th e  s u r f a c e  o f  th e  o b je c t  b e in g  c le a n e d , s a n d - b la s t i n g  i s  
th e  m ost dangerous s i l i c o s i s  h a z a rd  e n c o u n te re d  i n  ou r su rv ey . S a n d - b la s t in g  i s  
u sed  r a t h e r  e x te n s iv e ly  a t  o i l  r e f i n e r i e s  fo r  c le a n in g  in s id e  s o a k in g  drum s, b u b b le  
to w e rs ,  t a r  s e p a r a to r s ,  run-dow n pans and s to r a g e  ta n k s  fo r  m e ta l  in s p e c t io n  and to  
p e rm it t h e  a p p l i c a t io n  o f  g u n ite  l i n i n g  as  a m eans o f  p re v e n t in g  c o r ro s io n ,  H eader 
boxes o r  o th e r  s im i la r  p a r t s ,  tu b e s  i n  b ra c k in g  c o i l  f i r e  boxes and r e t u r n  bends 
a r e  s a n d - b la s te d  to  p e rm i t  a  d e t a i l e d  and th o ro u g h  ex a m in a tio n  f o r  c ra c k s  and  d e­
f e c t s .  S a n d -b la s t in g  i s  a l s o  em ployed i n  th e  rem oval o f  c o r r o s io n  from  u n d er f l o a t ­
in g  ro o f  ta n k s ;  fo r  rem oving  ro u g h n ess  or r u s t  from  s t e e l  sh ap es  o r  ro d s ;  f o r  c le a n ­
in g  b e l l  cap s , bubb le  p l a t e s ,  t r a y s ,  and p ip e  p r i o r  to  p u t t in g  them  back  in  s e rv ic e }  
a l s o  on th e  ends o f tu b e s  p r e p a ra to ry  t o  p la c in g  them  fo r  r o l l i n g ;  and fo r  c le a n in g  
c a s t i n g s  w hich a re  to o  l a r g e  o r f r a g i l e  t o  w ith s ta n d  b e in g  tu m b led . I t  h a s  b een  
u se d , t o  a l im ite d  e x t e n t  f o r  c le a n in g  b u i ld in g s  and re n d e r in g  window g la s s  opaque.

The c ra c k in g  c o i l  tu b e s ,  p ip e ,  b e l l  cap s , t r a y s ,  h e a d e r-b o x e s  and s i m i l a r  ob­
j e c t s  a r e  u s u a l ly  s a n d b la s te d  o u t-d o o rs  i n  th e  open  a i r  o r in  a  more o r  l e s s  open 
sh e d , b o th  lo c a t io n s  b e in g  a s  f&r rem oved as  f e a s i b l e  from any  sh o p s, p ro c e s s  u n i t s  
o r  o th e r  w ork ing  p la c e s .  C oarse  r i v e r  sand  is  d is c h a rg e d  th ro u g h  a o n e - h a l f  t o  th r e e -  
q u a r t e r  in c h  n o z z le  w i th  com pressed  a i r  un d er a  p r e s s u r e  o f 30 t o  90 pounds p e r  
s q u a re  in c h . The men a t  th e  n o z z le s  s ta n d  to  th e  windward s id e  o f  t h e i r  w ork  and 
w ear a  "H ea lth g u a rd "  (C h ic ag o  Eye S h ie ld  Company) m ask, a  S ly  Sand B la s t  H elm et o r a 
F re s h  A ir  Hose Mask co v e re d  w ith  a  can v a s  hood. The men a t  th e  Sand B la s t  M achines 
w ear "D ust S afe"  g o g g le s  and a  TL S. A, " Comfo" R e s p i r a to r ,  The M ine S a fe ty  A p p lia n c e s  
Company now has  a s a n d - b l a s t  hood t h a t  i s  m ee tin g  w ith  c o n s id e r a b le  a p p ro v a l b y  in ­
d u s t r y  and a l s o  by th e  U n ite d  S ta te s  Navy D epartm ent, A b low er i s  a v a i l a b l e  f o r  
s u p p ly in g  a i r  t o  th e s e  hoods t h a t  c le a n s  th e  a i r .  T h is  same b lo w e r  ca n  be u se d  in  
c o n n e c t io n  w ith  a i r - l i n e  r e s p i r a t o r s .

When s a n d - b la s t i n g  i s  done i n s i d e  o f  drums h av ing  more th a n  one o pen ing , such  
a s  s o a k in g  drum s, an  a i r  s ip h o n  i s  p la c e d  i n  th e  low er m anhole w hich  draw s o u t th e  
d u s t  and a llo w s  a c o n t in u o u s  c i r c u l a t i o n  o f  f r e s h  a i r  th ro u g h  t h e  drum. I n  drum s 
w here t h e  s ip h o n  c a n n o t b e  u sed , t h e  a i r  c i r c u l a t i o n  i s  poor and  th e .m e n  work in  
s h i f t s  ra n g in g  from 30 m in u te s  to  an  h o u r , d ep en d in g  on th e  s i z e  o f  t h e  drum and  th e  
am ount o f  a i r  c i r c u l a t i o n  in s id e .  T hey a l s o  w ear an  approved  s a n d - b l a s t  h e lm e t,

l

These s a n d - b la s t in g  jo b s  a r e  n o t  c o n tin u o u s  r o u t in e  o p e r a t io n s  b u t a r e  p e r ­
form ed when n e c e s s a ry  b y  men s e le c te d  from  th e  Common Labor gangs o r  th e  M ason’ s De­
p a r tm e n t,  The work i s  r o t a t e d  so t h a t  i n  most c a s e s  i t  o ccu p ies  l e s s  th a n  tw e n ty  
p e r  c e n t ,  o f  t h e  w o rk e r1 s t im e  and t h e r e  i s  an i n t e r v a l  o f  15 t o  20 days b e tw e e n  
s a n d - b la s t i n g  jobs . C o n se q u e n tly , on t h e  a v e ra g e , no one man i s  exposed  t o  m ore th a n  

| a  com bined t o t a l  o f 400 h o u rs  d u r in g  th e  c o u rse  o f  a  y e a r . In  d i s c u s s in g  r o t a t i o n  
" o f  men on s a n d - b la s t in g  jo b s .  Dr. Gehrmann, M ed ica l D ire c to r  o f  t h e  du Pont Company 

w ro te :

" I t  m ust be b o rn e  i n  mind t h a t  s i l i c o s i s  i s  a c u m u la tiv e  d i s e a s e  a n d , 
t h e r e f o r e ,  th e  r o t a t i o n  o f  men i n  t h i s  type o f  work canno-h h n  onncirio ro^
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a s  e n t i r e l y  p r e v e n t iv e .  A ssum ing th a t  a man w orks in  an  a tm o sp h ere  o f  s i l -  
i c a  d u s t  f o r  s e v e r a l  m onths, d u r in g  which tim e  he  i s  bound t o  a b so rb  a  c e r ­
t a i n  amount o f  th e  d u s t  which p ro d u ces  perm anent damage i n  M s  lu n g s j  he  
i s  th e n  removed and th e  p o s s i b i l i t i e s  a r e  t h a t  t h e  damage w h ich  i s  a l re a d y  
done w i l l  be s u f f i c i e n t  t o  c o n t in u e  on and p ro g re s s  t o  th e  p o in t  w here i n  
l a t e r  y e a rs  he w i l l  d ev e lo p  symptoms.

"T h e re fo re , i f  we ta k e  t o  r o t a t i n g  men in  t h i s  ty p e  o f  w ork we a r e  
f a c in g  th e  p o s s i b i l i t y  o f ,  i n  l a t e r  y e a rs ,  d e v e lo p in g  a  l a r g e  number o f  
c a s e s  o f  a m o d era te  s i l i c o s i s  w i th  some p erm anen t d i s a b i l i t y .  The o n ly  
s a f e  e x p e d ie n t which can  be u sed  i s  com plete p re v e n t io n  and t h i s  can  o n ly  
be done by e l im in a t in g  th e  d u s t . "  : . . . . .

D uring  our su rv ey  we found t h a t  men engaged i n  s a n d - b l a s t i n g ,  t h a t  i s  h a n d lin g  
th e  n o z z le  o r  a t te n d in g  t h e  s a n d - b l a s t  m achine, w ere more o r l e s s  p ro p e r ly  p r o te c te d  
w h ile  a c t u a l l y  d o in g  th e  work b u t  o f t e n  tim es th e y  removed t h e i r  p r o t e c t iv e  eq u ip ­
ment b e f o r e  g e t t in g  c o m p le te ly  away from  th e  w orking  a re a ,

A l a r g e  amount o f  v e ry  sm a ll p a r t i c l e s  i s  p roduced  by s a n d - b la s t i n g .  In  an 
a n a ly s i s  o f  d u s t  sam ples c o l l e c t e d  b o th  ou tdoors and  in d o o rs  d u r in g  s a n d - b la s t in g ,  
th e  fo llo w in g  d i s t r i b u t i o n  (P u b lic  H e a l th  B u l l e t i n  No, 217 ~ p , 52 ) on a s i z e  f r e ­
quency b a s i s  was found*

S iz e  Group i n  M icrons Per C ent o f  T o ta l

0, 00 - 1 , 4
0. 50 „ 0 . 9 9 ............................ ............................ 1 9 . 7
1, 00 — 34. 7
1. 50 - 1. 99. ..................................... ........................ 2 0 . 3
2. 00 « ? 4Pk. O JC 4 9 1 2 .6
2 .5 0 » 5 , 2
3. 00 « 2. 8
3, 50 « 3» 99» «4B4«««4 « 1 . 6
4,  00 « 4» 49«• • ««• «»«  0 «• »»»»• «*»»»*»««« 1 . 1
4. 50 - 99« »• ««a4««»e«»*oo4««e s **«»4$ 0,  2
5 .0 0 5» 49« 0 , 2
5 ,5 0 B3 13d99d«»«*e9««4»»9i »»»6«»««»eo*6 0.  2

W hile i t  h a s  been  e s tim a te d  t h a t  f r e e  s i l i c a  d u s t  p a r t i c l e s ,  1 m ic ro n  i n  d ia m e te r ,  r e ­
q u i r e  8 h o u rs  t o  f a l l  6 f t .  in  s t i l l  a i r j  p a r t i c l e s  5 m icrons i n  d ia m e te r  r e q u i r e  
l e s s  th a n  1 h o u r to  f a l l  th e  same d i s ta n c e .  C o n s id e r in g  t h i s  f a c t ,  i t  i s  a p p a re n t  
t h a t  t h e  d u s t  h aza rd  from  a  p a r t i c u l a r  o p e ra t io n  may, even th o u g h  c a r r i e d  o u t  fo r  
s h o r t  p e r io d s ,  be a c u te  th ro u g h o u t t h e  w orking day . I n  v iew  o f  t h e  f a c t  t h a t  th e  con­
d i t i o n  o f  s t i l l  a i r  i s  r a r e l y ,  i f  e v e r  a ch iev ed , and  th a t  d a n g e ro u s  p a r t i c l e s  e x i s t  
i n  s i z e s  below  one m icro n , i t  i s  e v id e n t  th a t  a  h a z a rd  e x i s t s .

F o r tu n a te ly  m ost o f  th e  o u t s i d e  s a n d - b la s t in g  i s  done i n  m ore o r l e s s  i s o l a t e d  
lo c a t io n s  w hich makes i t  r a t h e r  im p ro b a b le  t h a t  t h e r e  w i l l  b e  an y  u n s a fe  s i l i c a  d u s t  
exp o su re  t o  o th e r  workmen. H ow ever, sh o u ld  i t  become n e c e s s a ry  f o r  any w ork to  be  
done in  t h e  v i c i n i t y  o f  s a n d - b l a s t i n g  o p e ra t io n s  e i t h e r  on p ro c e s s  u n i t s  o r  th e  sand ­
b l a s t  sh e d s  o r  y a rd s ,  i t  sh o u ld  be remembered t h a t  th e r e  may be s i l i c a  d u s t  in  th e  

/ u  even though  i t  can  n o t be  s e e n . D u st c o u n ts  as  h ig h  as  5 ,3 4 4 ,1 6 0  p a r t i c l e s  t e n  
|j  ¡rons o r  l e s s  p e r  cu b ic  fo o t w ere  found  in  sam ples ta k e n  a b o u t 50 f e e t  "downwind" 
^.Vv^nd b lo w in g  abou t 15 to  20 m ile s  p e r  hour) w h ile  s a n d - b la s t i n g  c ra c k in g  c o i l  tu b e s  j 

abou t 95%  o f  th e s e  d u s t p a r t i c l e s  a p p e a re d  a n g u la r  c r y s t a l l i n e  u n d e r  th e  K onim eter 
m icro sco p e  and w ere a b o u t f iv e  m ic ro n s  o r l e s s  in  s iz e .  Sam ples ta k e n  a b o u t 100 f e e t  
"downwind" from s a n d - b la s t in g  o p e r a t i o n  had c o u n ts  as  h ig h  a s  1 ,8 1 2 ,4 8 0  p a r t i c l e s  p e r  
cub ic  f o o t .
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Dust coun t?  as h ig h  a s  1 3 ,9 3 3 ,4 4 0  and a s  low a s  4 5 3 ,120  p a r t i c l e s  p e r  cu b ic  
I  ^ o t  were found i n  sam ples ta k e n  d u r in g  t h e  f i l l i n g  o f  t h e  Send B la s t  M achine feed  
f: U ppers. The h ig h  co u n ts  w ere found when sand  was s h o v e l le d  in to  a sm a ll c i r c u l a r
^  '^ sc reen  and shaken  by hand , t h e  lo w er c o u n ts ,  when th e  san d  was s im p ly  s h o v e lle d  in ­

to  t h e  hopper. The a v e ra g e  d u s t  produced  by  f i l l i n g  o r  c h a rg in g  th e  S a n d -B la s tin g  
M achines was 4 ,9 5 0 ,3 1 6  p a r t i c l e s ,  t e n  m icrons o r l e s s ,  p e r  cu b ic  fo o t .

D ust c o u n ts  as h ig h  as  4 ,9 8 4 ,3 2 0  p a r t i c l e s ,  t e n  m icrons o r  l e s s ,  w ere found in  
sam ples ta k e n  in s i d e  a  S a n d -B la s t in g  Room w h ile  c le a n in g  c a s t in g s .  The a v e ra g e  d u s t  
i n  t h i s  room d u r in g  s a n d - b la s t i n g  was 3 ,8 7 3 ,6 2 5  p a r t i c l e s  p e r  c u b ic  f o o t .  About 80% 
o f  th e s e  p a r t i c l e s  w ere a n g u la r  c r y s t a l l i n e  t h r e e  m icrons o r l e s s  i n  s i z e  and ab o u t 
20% appeared  rounded , q u a r t z - l i k e  c r y s t a l s  a b o u t t e n  m ic ro n s  i n  s i z e .  T here  w ere a  
few  r u s t - l i k e  s c a le s  o v e r t e n  m ic ro n s  in  s i z e  and a  v e r y  l a r g e  number o f  m in u te  d a rk  
m e ta l l i c  p a r t i c l e s  to o  sm a ll t o  be co u n ted  a c c u r a te ly .  The d u s t in e s s  o f  t h i s  o p e ra ­
t i o n  cou ld  be g r e a t ly  red u ce d  b y  th e  u se  o f  s t e e l  a b r a s iv e s  e x c lu s iv e ly .

A ll  o f  th e  sam ples f o r  d u s t  c o u n ts  r e f e r r e d  t o  above  w ere ta k e n  a t  f a c e  le v e l  
i n  th e  v i c i n i t y  o f  workmen, A

6 , 000, 000- d u s t  p a r t i c l e s  p e r  cu b ic  f o o t  i s  th e  t e n t a t i v e  maximum a llo w a b le  
l i m i t  o f  d u s t p a r t i c l e s  c o n ta in in g  f r e e  s i l i c a  o f  a  s i z e  l e s s  th a n  10  m ic ro n s  recom­
mended fo r  s a n d - b la s t in g .

II - FILTERING OPERATIONS

The p ro c e s s  o f f i l t e r i n g  i s  e x te n s iv e ly  u se d  in  t h e  r e f i n i n g  o f p e tro leu m  
P ro d u c ts  to  im prove th e  c o l o r  s t a b i l i t y  and t o  rem ove im p u r i t i e s  from m o to r l u b r i -  

In ts  and p a r a f f in e  w axes. The t h r e e  m a te r ia ls  m ost commonly vised fo r  t h i s  purpose 
a r e  F i l t e r  C lay  o r  F u l le r s  E a r th ,  C o n ta c t C lay  and Bone B lack . C o n s id e ra b le  d u s t i s  
p roduced  by th e  h a n d l in g ,  c h a rg in g  and r e c o n d i t io n in g  o f  th e s e  m a te r ia ls .

A -  FILTER CLAY OR FULLERS EARTH;

What i s  F i l t e r  C lay o r F u l l e r s  E a rth ?  F i l t e r  c l a y  c a n n o t b e  i d e n t i f i e d  from  
ch em ica l co m p o sitio n  b u t  c o n s i s t s  o f  s i l i c a ,  a lu m in a , i r o n  and a l k a l i n e  e a r th s  i n  
v a ry in g  p e rc e n ta g e s .  The d i s t i n g u i s h i n g  p r o p e r t i e s  a r e  l a c k  o f  p l a s t i c i t y  and th e  
pow er to  remove c o lo r  from  o i l s .  T here a re  num erous d e p o s i t s  o f t h i s  c la y  and o th e r  
f i l t e r i n g  e a r th s  i n  t h e  U n ite d  S ta te s }  th e  o ld e s t ' and among th e  m ost e x te n s iv e  a r e  
th o s e  found c lo s e  t o  th e  F lo r id a - G e o r g ia  l i n e ,  One o f t h e s e ,  a t  A tta p u lg u s , G eo rg ia , 
s u p p l ie s  a  m ajor p o r t io n  o f  t h e  c la y  used by  th e  a f f i l i a t e d  S tan d a rd  O il Company 
(New J e r s e y )  o r g a n iz a t io n s .  A t th e  mine t h i s  m a te r i a l  c o n ta in s  on an av e ra g e  a p p ro x i­
m a te ly  32% s i l i c a  and 45% m o is tu r e .  The a v e ra g e  c o m p o s itio n  a f t e r  b e in g  p ro c e s se d  
and p re p a re d  fo r  sh ip m en t i s  a p p ro x im a te ly ;

SiC>2. . . . .................................................. 67. 46 p e r c e n t
AlgOg............ . . . .................................... 10 . 08 i i i t

Fe203 . . ..................................................... 2. 49 u 11
MgO . « . . a . . .  e t a .  . . . . . . . . .  . . . . . . 4. 09 i t u
Combined M o is tu re . . . . . . . . . . . . . 5, 61 n t r

F ree  M o i s t u r e . . . . . . . . . . . . . . . . . 6. 28 u i t

The c o m p a ra tiv e ly  low  d u s t  c o u n ts  found even in  p la c e s  w here  th e r e  was c le a n in g  and 
a  ‘ le ep in g  i s  no d o u b t due t o  t h e  f a c t  t h a t  t h i s  f i l t e r  c l a y  i s  o f  a r a t h e r  c o a rs e  n a -  
^ | ^ 6r e  and w ith o u t a p p r e c ia b le  am ount o f  f in e s .

T here a p p e a rs  t o  be  a w ide v a r i a t i o n  in  t h e  c o m p o s itio n  and f r e e  s i l i c a  con­
t e n t  o f f i l t e r  c la y s  u sed  i n  E uropean  r e f i n e r i e s .  "T erra ria"  a German F i l t e r  c la y  
u sed  in  Poland  shows;



L oss in  c a l c i n a t i o n ......... . . . . . . . . .  6« 05 p e r  c e n t
F ree  S i l i c a  ( S i0 2 ) .................................  83 ,27  " "

J  A I2O3 and F6203................................. ...... 8 ,27 " "

The f i l t e r  c l a y  used  in  Roumania i s  r e p o r te d  as  h a v in g  6 0 ,4  p e r c e n t ,  f r e e  
s i l i c a  o r  75,5%  t o t a l  s i l i c a t e s ,  "G ra n o sil"  c la y  u sed  in  Belgium  c o n ta in s  ft t o t a l  
p e rc e n ta g e  o f 7 3 -1 /2  p e r  c e n t, o f  s i l i c a t e s  e x p re s s e d  a s  S i0 2 , The p e rc e n ta g e  o f  f r e e  
s i l i c a  was no t d e te rm in e d .

How i s  F i l t e r  C lay  Mined and P repared?  -  The d e p o s i t  v a r i e s  from 2 t o  12 f e e t  
in  th i c k n e s s ,  p ro b a b ly  a v e ra g in g  a b o u t 7 f e e t .  T h e re  i s  an  o verbu rden  o f  a b o u t 35 
f e e t  w hich  i s  removed b y  an e l e c t r i c a l l y  o p e ra te d  d ra g  l i n e  o r  a steam  s h o v e l.  The 
o la y  i s  lo a d e d  i n t o  s m a ll  c a r s ,  t r a n s p o r te d  t o  t h e  w et c la y  sh ed  where i t  i s  dumped 
on t o  th e  d ry in g  f l o o r  and d r ie d  fo r  th r e e  d ay s. I t  i s  th e n  p ic k e d  up by o ran g e  p e e l  
b u c k e ts ,  lo a d e d  in t o  p o r ta b l e  d i s t r i b u t o r s  and d e l iv e r e d  to  b e l t  conveyors w h ich  d i s ­
c h a rg e  t h e  e a r th  in to  r o l l e r  c ru s h e r s  where i t  i s  red u ced  to  s i z e s  up to  a  maximum o f  
two in c h e s .  From th e s e  c ru s h e r s  th e  c la y  goes t o  seco n d ary  c ru s h e rs  w here i t  i s  r e ­
duced t o  a  maximum o f  one in c h . S in c e  th e  c la y  i s  m ore o r  l e s s  damp v e ry  l i t t l e  
d u s t  i s  p ro d u ced . The c la y  i s  th e n  t r a n s f e r r e d  t o  tandem  o i l - f i r e d  r o t a r y  d r y e r s ,
50 t o  60 f e e t  lo n g  and s i x  t o  sev en  f e e t  in  d ia m e te r .  In  th e  20 m inu tes r e q u i r e d  
fo r  t h e  c la y  to  p a ss  th ro u g h  th e  d r y e r s  th e  v o l a t i l e  and m o is tu r e  c o n te n t i s  red u ced  
40 t o  50 p e r  c e n t ,  t o  a  maximum o f  15 per c e n t . The av e ra g e  d u s t  te n  m ic ro n s  o r 
l e s s  in  s i z e  in  sam ples ta k e n  a t  v a r io u s  p o in ts  a ro u n d  th e  d ry e r s  and c o n v ey o rs  was 
1 ,5 6 4 ,9 6 9  p a r t i c l e s  p e r  c u b ic  fo o t .  This r a t h e r  low  d u s t c o u n t i s  th e  r e s u l t  o f  th e  
i n s t a l l a t i o n  o f  hoods w ith  d u c ts  t o  ex h au st fa n s  p la c e d  o ver t h e  d is c h a rg e  p o in t s  t o  
th e  co n v ey o rs  o r  e l e v a to r s .  A bout Q5%  o f th e s e  d u s t  p a r t i c l e s  w ere a n g u la r  c r y s t a l ­
l i n e  i n  a p p e a ra n o e  u n d e r  th e  K onim eter m icro sco p e  an d  a b o u t f i v e  m icrons o r  l e s s  i n  

I z e j  a b o u t 15% w ere o v e r t e n  m ic ro n s  in  s i z e .  The l a r g e r  p a r t i c l e s  had ro u g h  edges 
Sind ap p e a re d  to  c o n ta in  s e v e r a l  sm a ll a i r  b u b b le s .  The c la y  i s  removed from  th e  
d ry e r s  to  h o t  ro c k  c o o l in g  t a n k s ,  th e n  to  a v i b r a t i n g  s c re e n . The o v e r s iz e  i s  n e x t  
p u lv e r iz e d  in  a r o l l e r  m i l l  and th e  p ro d u c t conveyed  to  a s i f t e r .  An e x h a u s t sy stem  
f o r  t h e  m i l l s  and e le v a to r s  h a s  b een  i n s t a l l e d .  T h is  p ro c e s s  may be r e p e a te d  u n t i l  
th e  d e s i r e d  s iz e  m a t e r i a l  h as  b een  o b ta in e d  and g ra d e d  t o  s ta n d a rd  mesh s i z e s ,  t h e  
b e t t e r  known o f w h ich  a r e  1 5 -3 0 , 3 0 -6 0 , 60 -90 , an d  t h e  200 m esh. The 60 -90  g ra d e  i s  
p ro b a b ly  th e  m ost commonly u sed  in  t h e  p e tro leu m  in d u s t r y  v>hen d e c o lo r in g  by  p e r c o la ­
t i o n ,  and th e  200 when c o n ta c t in g .  However, t h e  30 -6 0  i s  p r e f e r r e d  by m ost o f  our 
r e f i n i n g  u n i t s  i n  th e  U n ite d  S t a t e s .  The s i z e  s e l e c t e d  i s  a p p a r e n t ly  d e te rm in e d  
l a r g e l y  by th e  ty p e  o f  r e b u rn in g  equipm ent.

S c re e n  t e s t s  a r e  made h o u r ly  t o  in s u re  t h a t  th e  s i z e s  a r e  w ith in  th e  s p e c i f i ­
c a t io n s .  H ere 'a r e  two t y p i c a l  s c r e e n  an a ly se s}

30 -  60 GRADE FILTER CLAY

Mesh P e r  C en t,

O ver 30 . , 
30 -  40.
40 -  60.
60 -  82. 
T hru  82 . .

9 ,7  
47. 5 
40. 3 

1. 5 
1 .0

T o ta l 100 , 0
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FIUES (100 -  up ) GRADE FILTER CLAY

Mesh

Over 97 ............
97 -  157___
157 -  200___
Thru 200 ............

P er Cent.

0 .6
22.7  

8.0
68 .7

T o ta l 100,0

T here  i s  v e ry  l i t t l e  d u s t  produced b y  th e  s i f t i n g  o p e ra tio n . A ll  o f  th e  con - 
n e c t io n s  a r e  d e s ig n e d  to  be d u s t  t i g h t  b u t  t h e r e  i s  some leak ag e . Samples o f  a i r  
ta k e n  a t  v a r io u s  p o in ts  around  th e  s i f t e r s  w h ile  in  o p e ra t io n  had an  av e ra g e  o f  
2 ,2 0 8 ,9 6 0  d u s t  p a r t i c l e s  l e s s  th a n  te n  m ic ro n s  p e r c u b ic  fo o t. A bout 85$ o f  th e s e  
d u s t  p a r t i c l e s  w ere  s l i g h t l y  a n g u la r  c r y s t a l l i n e  in  ap p e a ra n c e  and f i v e  m icro n s o r  
l e s s  in  s i z e j  a b o u t 15$ w ere s l i g h t l y  ro u n d ed  sem i-opaque  te n  m icrons o r  o v er i n  s i z e .  
The l a r g e r  p a r t i c l e s  had sm a ll c ra c k s  o r  f i s s u r e s  and s e v e r a l  sm a ll a i r  b u b b le s .

Hen spen d  abou t two hou rs  a day  c le a n in g ,  r e p a i r i n g  o r r e p la c in g  s i l k  s c re e n s  
i n  th e  s i f t e r s .  Samples ta k e n  d u rin g  t h i s  o p e ra t io n  c o n ta in e d  an  a v e ra g e  o f 
2 ,0 3 9 ,0 4 0  d u s t  p a r t i c l e s  l e s s  than te n  m icrons p e r  cu b ic  fo o t .  About 97$ o f  th e s e  
d u s t  p a r t i c l e s  w ere  a n g u la r  c r y s t a l l i n e  i n  ap p e a ra n c e  and f iv e  m icrons o r l e s s  i n  
s i z e j  a b o u t 3$ w ere opaque o v er f iv e  m icro n s in  s i z e .

A f t e r  b e in g  s i f t e d  and graded  th e  c l a y  i s  ready  f o r  sh ipm ent. The 30-60 mesh 
g rad e  i s  p la c e d  i n  b u r la p  bags h o ld in g  128 pounds and lo a d e d  in to  r a i l r o a d  box o a r s j  

b o u t 400 bags t o  a c a r  on an  av e ra g e . D ust co u n ts  o f sam ples ta k e n  d u r in g  th e  f i l i ­
ng o f  th e  bags w ith  th e  30-60  mesh grade show t h a t  t h e r e  a re  from  7 ,5 8 9 ,7 6 0  to  

9 ,9 6 8 ,6 4 0  d u s t  p a r t i c l e s  l e s s  th a n  te n  m ic ro n s  p e r cu b io  f o o t  w hich  in d ic a te s  t h a t  
a l l  men engaged i n  bag g in g  and h a n d lin g  b ag s  in  t h i s  a r e a  should  w ear approved  r e s p i ­
r a t o r s  su c h  as th e  "M. S. A, Comfo", About 80$ o f  th e  d u s t  p a r t i c l e s  in  sam ples ta k e n  
d u r in g  th e  f i l l i n g  and h a n d l in g  o f th e  bags a p p e a r  s l i g h t l y  a n g u la r  c r y s t a l l i n e  u n d e r 
th e  m ic ro sc o p e  and a re  f i v e  m icrons o r l e s s  i n  s i z e j  20$  a re  rounded c r y s t a l l i n e ,  t e n  
m icro n s o r  over i n  s iz e .

B ulk  L o ad in g  o f r a i l r o a d  box c a r s  w i th  th e  30 -60  mesh g rad e  p roduces c lo u d s  o f  
d u s t ,  b u t  a  m a jo r  p o r t io n  o f  t h i s  d u s t i s  a p p a r e n t ly  l a r g e r  th a n  30 m icrons in  s i z e  
a s  sam ples ta k e n  d u r in g  t h i s  b u lk  lo a d in g  had  an  a v e ra g e  o f o n ly  6 ,8 5 3 ,4 4 0  p a r t i c l e s ,  
t e n  m icro n s o r  l e s s  in  s i z e  p e r  cub ic  f o o t .

The F in es  (1 0 0 -u p ) g ra d e  is  p u t i n t o  128-pound c o t to n  bags. D u st co u n ts  i n  
sam ples ta k e n  d u r in g  t h i s  o p e r a t io n  showed t h a t  t h e r e  w ere from 4 ,6 4 4 ,4 8 0  to  1 4 ,2 1 6 ,6 4 0  
d u s t  p a r t i c l e s  l e s s  th a n  t e n  m icrons p e r  c u b ic  fo o t in  t h e  a i r  b e in g  b re a th e d  by th e  
f i l l e r s ,  w e ig h e rs , sew ers and t r u c k e r s .  A bout 80$ o f  th e s e  p a r t i c l e s  w ere ro u n d ed , 
sem i-opaque c r y s t a l l i n e  in  a p p e a ra n c e  un d er t h e  K onim eter m icroscope  and f iv e  m ic ro n s  
o r l e s s  i n  s i z e j  20$  w ere sem i-opaque  c r y s t a l l i n e  from  a b o u t seven  t o  f i f t e e n  m ic ro n s  
i n  s iz e .  T h e re  w ere  a l s o  a  l a r g e  number o f  v e ry  sm a ll p a r t i c l e s  a b o u t one m icro n  o r  
l e s s  in  size®

How i s  F i l t e r  Clay Used? -  Upon a r r i v a l  a t  th e  r e f in e r y ,  t h e  bags o f  c l a y  a re  
removed from  th e  b ox  c a rs  by  a crew o f men u s u a l ly  from  th e  G e n e ra l Labor D epartm ent! 
4 ' “ jo b  b e in g  r o t a t e d  so  t h a t  th e  same men do n o t do t h i s  p a r t i c u l a r  o p e ra t io n  more 

y jn. p e rh ap s  tw e lv e  hours tw ic e  a y e a r  on an  a v e ra g e . G oggles and "M. S. A. Comfo" 
j j ^ p p i r a t o r s  a r e  g e n e r a l ly  p ro v id e d . The c l a y  i s  e i t h e r  tru c k e d  o r  d ragged  t o  an  
a£H e v a to r  o r  co n v ey o r hopper and dumped and t h e  b ag s a r e  p i l e d  f o r  s to r a g e .  A t p o in ts  
where t h e  c la y  i s  re c e iv e d  in  b u lk , i t  i s  u n lo a d ed  by a  la r g e  wooden scoop p u l le d  by 
a  m o to r d r iv e n  d r a g - l in e .  U nload ing , h a n d l in g ,  and dum ping th e  c l a y  i s  one o f  th e
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d u s t i e s t  p a r t s  o f  th e  f i l t e r i n g  o p e ra t io n .  The amount o f  d u s t  p roduced  i s  o f  c o u rse

i  m pendent on how th e  work i s  done, th e  v e n t i l a t i o n  p ro v id e d , and  th e  c a r e  u sed  by th e  
t d o in S H ere a r e  scans a v e ra g e  d u s t  c o u n ts  o f  p a r t i c l e s  l e s s  th a n  t e n  mi~

. ^ r o n s  i n  sam ples ta k e n  d u r in g  th e  u n lo a d in g  o f  b ag s  o f  30-60  m esh A tta p u lg u s  c la y

P a r t i c l e s  P er 
Cubic Foot

U n lo ad in g  and dumping b ag s  (128 lb s .  ) i n t o  H opper a t  a
S o u th e rn  R e f i n e r y . .................................................

Dumping c la y  from  Bags i n t o  E le v a to r  H opper a t  a
N o r th e rn  R e f in e r y . ................................. ............. ..

H a n d lin g  bags from  S to ra g e  and  Dumping i n t o  E le v a to r  H opper
a t  a n o th e r  N o r th e rn  R e f in e r y . ........................

I n s id e  Box C ar D uring  U n l o a d i n g . . » 9. . . . . . . . . . . . .
" " 11

I n  F i l t e r  H ouse Passagew ay b e in g  used  t o  T ru ck  C lay t o
E le v a to r  hopper. . . . . . . . . . . . . . . . . . . . . . . . .

A v erag e  D ust P roduced  w h ile  sw eeping  up* i n s i d e  c a r  a f t e r
u n lo a d in g . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .

A p p a re n tly  u n lo a d in g  c l a y  i n  th e  b u lk  i s  l e s s  d u s ty  th a n  h a n d l in g  and dumping 
o f  t h e  c l a y  i n  b a g s . Samples t a k e n  d u rin g  th e  u n lo a d in g  o f  b u lk  c la y  gave th e s e  
a v e ra g e  co u n ts  o f  d u s t  under t e n  m icrons i n  s i z e ?

I n s i d e  c a r  d u r in g  u n lo a d in g . ............ ................................... 962, 880 p a r t i c l e s  p e r cu b ic  fo o t
O u ts id e  " " " ................................................... 6 2 3 ,0 4 0  " " " "

T here  i s  o f  c o u rse  more d u s t p ro d u ced  in  t h e  v i c i n i t y  o f  b u lk  u n lo a d in g  th a n  i s  p ro ­
duced when h a n d lin g  and dumping c l a y  in  b ag s.

A f te r  dum ping, th e  new c l a y  is  ta k e n  by e l e v a to r s  and co nveyo rs  t o  s to r a g e  
b in s  w hich  h o ld  a b o u t 20 to n s  each . T his i s  a l s o  a d u s ty  o p e r a t io n  due t o  th e  f a i l u r e  
t o  c o v e r  th e  s to r a g e  b in s  o r  t o  p la c e  hoods o v e r  th e  j u n c t io n  p o in ts  o f  e l e v a to r s  and 
b e l t  co n v ey o rs . Samples ta k e n  d u r in g  th e  f i l l i n g  o f  s to r a g e  b in s  w ith  new c la y  had 
t h e s e  a v e ra g e  d u s t  co u n ts  o f  p a r t i c l e s  l e s s  th a n  10  m icrons i n  sizes:

D ust o v e r B ins a round  e l e v a to r s  And co n v e y o rs  d u rin g
f i l l i n g  a t  a N o r th e rn  R e f in e ry ................. .. 1 ,9 1 0 ,4 3 2

" " " & Conveyors w h ile  f i l l i n g  a t  a n o th e r
N o rth e rn  R e f i n e r y .  ......... .............................. .. 4 ,2 7 5 ,8 4 2

" 11 " & Conveyors w h ile  f i l l i n g  a t  a
S o u th ern  R e f in e ry .................................................... 4 ,5 3 1 ,2 0 0

“ Face L ev e l on Walkway o v e r S to ra g e  B ins N o rth e rn
R e fin e ry  w h ile  F i l l i n g  B in . ........................ . . . . . . . . . . . . . .  2 ,3 0 7 ,7 7 6

D ust C oun ts as h ig h  as 8 ,6 0 9 ,2 8 0  p a r t i c l e s  p e r  c u b ic  f o o t  w ere  found in  sam ples ta k e n  
n e a r  t h e  d is c h a rg e  o f  one b e l t  co n v ey o r in t o  t h e  to p  o f a  s to r a g e  bin« A bout 90%  o f  
th e s e  d u s t  p a r t i c l e s  ap p e a re d  a n g u la r  c r y s t a l l i n e  under th e  K onim eter m ic ro sco p e  and 
w ere f i v e  m icro n s  o r  l e s s  i n  s i z e j  a b o r t  10%  w ere  b la c k , opaq u e , many s c a l e - l i k e  in  
a p p e a ra n c e  and t e n  m icrons o r  o v e r  in  s ize«

"BURNING" CLAY -  From th e  s to r a g e  b in s  t h e  c la y  i s  co n d u c ted  by c h u te s  a n d /o r  
1̂ yconvey 0 rs  and e l e v a to r s  to  gas o r  o i l  f i r e d  Wedge B urners o r  R o ta ry  B u rn e rs  o r K iln s  

i n  w h ich  i t  i s  "b u rn ed "  o r r o a s te d ,  and th e n  d is c h a rg e d  in t o  r o t a r y  c o o le r s  w here i t  
i s  c o o le d . Where a l l  o p en in g s, c h u te s  and e l e v a t o r  o u t l e t s  a s  w e ll a s  th e  ends o f  
r o t a r y  c o o le r s  a r e  p ro p e r ly  e n c lo se d  and an  e x h a u s t  d u c t i s  p la c e d  o v er t h e  b u rn e r ,  
v e ry  l i t t l e  d u s t  (a n  a v e ra g e  o f  o n ly  604 ,160  p a r t i c l e s ,  t e n  m ic ro n s  o r  l e s s  i n  s i z e

5 ,4 0 3 ,4 5 6

2 ,2 3 7 ,2 8 0

755,150
1 ,1 1 0 ,1 4 4

372,924

339,840

651,360
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p e r  cub ic  f o o t )  i s  p ro d u ced  and no r e s p i r a t o r y  p r o t e c t io n  i s  n e c e s s a ry . T hree ty p e s  
a of  b u rn e rs  o r k i l n s  a r e  u se d  to  r e c o n d i t io n  f i l t e r  c la y .  A verage d u s t  c o u n ts  o f
p  Jam p les ta k e n  d u r in g  th e  o p e r a t io n  o f  th e s e  b u rn e r s  g iv e  a com parison  o f  th e  amount

o f  d u s t ( p a r t i c l e s  te n  m ic ro n s  o r  l e s s  per cu b ic  f o o t )  p roduced  by each ;

T o ta l G enera l
Type o f  F urnace Feeding; About F urnace  C o o le rs  A verage___

H erm an-Frasoh O il o r
Gas F i r e d . .................

Wedge Gas F ire d ......................
R o ta ry  " " ......................

The p r e s e n t  p r a c t i c e  o f  u s in g  a  com pressed a i r  hose  t o  c le a n  up th e  c la y  on 
th e  v a r io u s  f lo o r s  o f  t h e  F urnace H ouse a t  one o f  th e  R e f in e r ie s  i s  p a r t i c u l a r l y  ob­
je c t io n a b le  due to  th e  e x c e s s iv e  d u s t  (1 2 ,6 8 7 ,3 6 0  p a r t i c l e s  t e n  m icrons o r l e s s  p e r  
c u b ic  fo o t)  w hich i s  s t i r r e d  up.

About 90$ o f  th e  d u s t  p a r t i c l e s  in ''s a m p le s  ta k e n  d u r in g  th e  b u rn in g  o f  f i l t e r  
d a y  w ere a n g u la r  t r a n s p a r e n t  c r y s t a l l i n e  in  a p p e a ra n c e  and f iv e  m icro n s o r  l e s s  in  
s i z e j  5%  w ere round opaque, t e n  m icrons o r o v er and 5%  w ere rounded sem i-opaque, t e n  
m icrons o r over in  s iz e .

E xposure to  d u s t p ro d u ced  by b u rn in g  o r r e c o n d i t io n in g  c la y  i s  r a th e r  l im i te d .  
U su a lly  th e r e  i s  one f ir e m a n  fo r  each  s h i f t  o f  e ig h t  h o u rs ,  t h r e e  s h i f t s  p e r  24 h o u rs  
and a p o r te r  f o r  th e  day s h i f t  o n ly . S in ce  one o f  th e  p o r t e r ’ s m ain  jobs i s  to  
" c le a n -u p 1.' he i s  exposed m ore c o n t in u o u s ly  to  d u s t  th a n  a r e  th e  firem en ,
j

CHARGING FILTERS -  The c o o le d , burned  c la y  (3 0 -6 0  g ra d e )  i s  conveyed to  th e  
f i l t e r s  by means o f  e l e v a to r s  and b e l t  conveyors and ch arg ed  th ro u g h  c h u te s  from th e  
conveyor b e l t  t r i p p e r  a t  a r a t e  o f  from  one and a q u a r t e r  to  e ig h t  to n s  p e r hour. 
These v e s s e l s  h o ld  from  se v e n  to  f i f t y  to n s  each . The am ount o f  d u s t p roduced  d u rin g  
th e  c h a rg in g  o p e ra t io n  dep en d s upon t h e  g rade o f  c l a y  b e in g  h a n d le d , t h e ' r a t e  of 
c h a rg in g , th e  p o s i t io n  o f  th e  c la y  on th e  conveyo r b e l t ,  th e  c o n d i t io n  o f  th e  convey­
o r  b e l t ,  t r i p p e r  and c h a rg in g  c h u te j  a l s o  w h e th e r  th e  to p  m anhole o f  th e  f i l t e r  i s  
l e f t  open d u r in g  th e  f i l l i n g .  A g e n e r a l  a v e ra g e  o f  54 d u s t  c o u n ts  made o f sam ples 
ta k e n  d u r in g  th e  c h a rg in g  o f  f i l t e r s  a t  a l l  o f  o u r p l a n t s  u s in g  30-60 mesh A tta p u lg u s  
F i l t e r  C lay was 3 ,7 1 7 ,8 8 4  p a r t i c l e s  t e n  m icrons o r  l e s s  i n  s i z e  p e r  c u b ic  fo o t. The 
amount o f  d u s t  produced b y  th e  c h a rg in g  o p e r a t io n  v a r i e s  c o n s id e ra b ly  a t  th e  v a r io u s  
p la n ts  as  i s  shown by  th e s e  a v e ra g e s ;

2 , 6 2 4 , 3 2 0 . . . .  3 ,7 0 0 ,4 8 0 . . . ,  2 ,7 3 2 ,8 8 0 .........  2 ,990 ,542
5 ,3 9 9 ,6 8 0 ___  1 ,5 2 2 ,4 5 9 . . . .  2 ,1 0 8 ,5 9 0 .........  2 ,395 ,971
2 ,0 6 7 ,3 6 0 ___  1 ,0 7 0 ,0 4 6 . . . .  3 ,1 1 5 ,2 0 0 .____ 1 ,8 18 ,206

R e f in e ry C h arg in g  R ate P a r t i c l e s  p e r  c u b ic  fo o t

B aton  Rouge 8 to n s  p e r  hour 4 ,2 7 1 ,4 1 3
Bayway 1 -1 /4  " 2 ,4 3 5 ,5 2 0
Bayonne 3 -1 /2  " " 2 ,2 4 2 ,9 4 4
E ag le  Works 0 II 11 11 1 ,0 4 2 ,9 7 6

I t  i s  th e  g e n e ra l  b e l i e f  t h a t  th e  m ore tim es  a c la y  h as  b een  u sed  and r e c o n d i t io n e d ,  
th e  l e s s  d u s t  i s  p ro d u ced  d u r in g  i t s  h a n d lin g . Our s tu d y  does n o t co n firm  t h i s  b e ­
l i e f  a s  a p p l ic a b le  t o  d u s t  p roduced  w h ile  c h a rg in g  f i l t e r s .  A verages o f  d u s t  c o u n ts  
in  sam ples ta k e n  d u r in g  t h i s  o p e r a t io n  w ere;

$  1 C lay. . . . . . . . . . . . . . . . . .  2 ,2 4 2 ,9 4 4  p a r t i c l e s  p e r  cu b ic  fo o t
#  3 " . . . . . . ____. . . -------- 4 ,6 0 4 ,8 3 2  " " " "
#  10 " ....................................... .. 3 ,8 9 6 ,8 3 2  " " " "
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A cco rd in g  t o  an  a n a l y s i s  o f  p a r t i c l e  s i z e  made b y  t h e  Bayonne L a b o ra to ry  o f  a  
sam ple o f  Raw (30 -60  g ra d e  A tta p u lg u s  C lay) N o ,1 , No*3, and  No, 8 Wedge c la y s ,  th e  
fo llo w in g  i s  t h e  s i z e  c l a s s i f i c a t i o n  or d i s t r i b u t i o n :

j§ )
Raw C lay #1  C lay  #3  Clay  #8 C lay

C o a rse r  th a n
100 mesh 98. 5$. . ........... . .  99. 4 $___ •  * * » . «  98® 7%a * »  •  « . .  98 ,3$

D iam eter o f  P a r t i c l e s Raw C lay  

P er C ent

#3 C lay 

P e r  Cent

#8 C lay 

P er C ent _M il l im e te r s M icrons

.1 4 9  to  ,0 7 4 149 to 74 0 .1 4 3 5 5 1. 00750 0, 54159

.0 7 4  " .0 4 4 74 I t 44 0 .5 5 0 9 5 0 .17186 0 ,08449

.0 4 4  " - ,0 3 5 44 I I 35 0 .2 9 7 6 0 0 .05369 0. 04585

.0 3 5  " .0 2 5 35 1 ! 25 0 .21555 0 .03887 0 .01603

.0 2 5  " .015 25 1 ! 15 0 .1 7 5 5 0 0 .01729 0 .00847

.0 1 5  " ,005 15 I t 5 0Ì 11640 0. 01027 0. 00336

.0 0 5  " ,001 5 U 1 0. 00045 0. 00052 0. 00021

About 85$ o f  th e  d u s t  p a r t i c l e s  in  sam p le s  ta k e n  d u r in g  th e  c h a rg in g  o f  #3 
c la y  w ere s l i g h t l y  a n g u la r  in  ap p ea ran ce  and f i v e  m icrons o r  l e s s  in  s i z e j  15$ w ere 
rounded  sem i-opaque , t e n  m ic ro n s  o r  over in  s i z e .  A bout 75$ o f  th e  p a r t i c l e s  in  
sam ples ta k e n  d u r in g  th e  c h a rg in g  o f  =-10 c la y  w ere s l i g h t l y  a n g u la r  c r y s t a l l i n e ,  f iv e  
m ic ro n s  o r l e s s  in  s i z e j  a b o u t 20$  were o ver t e n  m icrons in  s i z e  and w ere sem i-opaque 
a b o u t 5$ w ere round  sem i-o p aq u e  betw een f iv e  and  te n  m ic ro n s  in  s iz e .  A l l  o f  th e  
l a r g e r  p a r t i c l e s  a p p e a r  t o  c o n ta in  sm all b u b b le s . T here  a re  numerous s m a ll  b la c k  
sp eck s  about o n e - q u a r te r  m ic ro n  in  s iz e .

C harg ing  o f  f i l t e r s  i s  u s u a l ly  done b y  one man p e r  s h i f t  f o r  each  f i l t e r  
house. T here a r e  t h r e e  s h i f t s  a day, These men have a n  a v e ra g e  s e r v ic e  o f  a b o u t 20 
y e a r s  and work e ig h t  h o u rs  a  s h i f t ,  n ine s h i f t s  ou t o f  f o u r te e n ,

V e n t i l a t i o n  i s  p ro v id e d  in  th e  newer f i l t e r  h o u ses  by e i ^ i t e e n - in c h  ro o f  ven ­
t i l a t o r s  e x te n d in g  a b o u t tw e lv e  in ch es  above t h e  ro o f  and a l s o  by windows which oc­
cupy abou t 80$ o f  th e  w a ll  sp a c e  in  f r o n t  o f  t h e  to p  o f  th e  f i l t e r s ,

DUMPING FILTERS -  A f te r  t h e  f i l t e r s  a r e  ch arg ed  w i th  c l a y  th e y  a r e  p la te d  up 
and th e  o i l  i s  a llo w e d  to  p e r c o l a t e  th rough  t h e  c la y  f o r  s e v e r a l  h o u rs , th e  le n g th  o f  
tim e  depend ing  upon t h e  n a tu r e  o f  th e  o i l  ru n  and  th e  " y ie l d "  o f  th e  c la y .  The o i l  
i s  a l l  d ra in e d  o f f  and th e  c la y  i s  th en  w ashed w ith  n a p h th a  o r  "V a rso l"  and steam ed 
t o  remove a l l  t r a c e  o f  th e  n a p h th a . A f te r  t h i s  t h e  f i l t e r  i s  dumped on t o  a canvas 
b e l t  conveyor and th e  c la y  r e tu r n e d  to  th e  k i l n  f o r  b u rn in g  o r r e c o n d i t io n in g .  F i l t e r  
c la y  i s  used  a s  many a s  f o u r te e n  tim es  b e fo re  i t  i s  f i n a l l y  d is c a rd e d . In  o rd e r  t o  
d e te rm in e  what e f f e c t  t h e  r e c o n d i t io n in g  o f  f i l t e r  c la y  had  on i t s  f r e e  s i l i c a  con­
t e n t  sam ples w ere a n a ly z e d  by th e  New York S t a t e  D epartm ent o f  L abor, D iv is io n  o f  In ­
d u s t r i a l  H ygiene w ith  t h i s  r e s u l t :

Times B urned $  F ree S i l i c a

Raw C l a y . . . . . . . . . . . . . . . .  6. 30
\ O nce........................... .. 8 .5 0

{ . J  T h ree .................. .. 9, 20
E i g h t . . . ....................... .. 9, 30

C onsiderable steam i s  u s u a l ly  given o f f  during th e  dumping which probably
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e x p la in s  th e  s m a lle r  d u s t  co u n t (a  g e n e ra l a v e ra g e  o f  o n ly  2 ,5 1 8 ,7 8 1  p a r t i c l e s  t e n  
m iororis o r  l e s s  in  s i z e  p e r  oub ic  f o o t )  th a n  w ould  b e  expec ted . The d u s t i e s t  p a r t  o f  
th e  f i l t e r  dumping o p e r a t io n  i s  sw eep ing  up th e  f lo o r  under th e  f i l t e r s  a f t e r  dump­
in g  i s  com ple ted . Sam ples ta k e n  d u r in g  t h i s  sw eeping  o r  c le a n in g  up  had as  h ig h  as 
1 6 ,6 3 8 ,8 8 0  p a r t i c l e s  p e r  oubic f o o t ,  a lth o u g h  th e  g e n e ra l  av e rag e  o f  sam ples ta k e n  
d u rin g  dumping a t  th e  v a r io u s  r e f i n e r i e s  was 2 ,5 1 4 ,8 1 6  p a r t i c l e s  p e r  cxibic fo o t .  About 
95$ o f th e s e  d u s t  p a r t i c l e s  a r e  s l i g h t l y  a n g u la r  c r y s t a l l i n e  i n  a p p e a ra n c e  u n d e r th e  
K onim eter m iorosoope and  a r e  above f iv e  m iorons o r  l e s s  in  s i z e j  a b o u t 5$ a r e  rounded  
sem i-opaque o v e r f iv e  m ic ro n s  in  s i z e .  O c c a s io n a lly  th e  c la y  d o e sn ’ t  "flow" when th e  
f i l t e r  i s  opened and m u st be s t a r t e d  "flow ing"  b y  means o f an  i r o n  b a r .  T h is  a c t i o n  
cau ses  some d u s t  (2 ,8 8 8 ,6 4 0  p a r t i c l e s  p e r  c u b ic  f o o t )  b u t  n o t a s  much a s  pounding  th e  
bo ttom  and  low er s id e s  w ith  a s le d g e  (4 ,2 4 8 ,0 0 0  p a r t i c l e s  p e r  cu b ic  f o o t )  as  i s  some­
tim e s  done. A f te r  th e  c la y  has ru n  o u t ,  t h e  i n s i d e  o f ; th e  f i l t e r  i s  sw ep t ou t w i th  a  
broom w hich  p ro d u ces  a  l i t t l e  d u s t  (a n  a v e ra g e  o f  792 ,960  p a r t i c l e s  p e r  cu b ic  f o o t ) .  
The f i l t e r  i s  th e n  p l a t e d  up and i s  read y  f o r  re c h a rg in g .

The work o f  dumping f i l t e r s  i s  done by one man per s h i f t ,  f o r  each  f i l t e r  
house . T hese men have an av e ra g e  s e r v ic e  o f  a b o u t t e n  y e a rs  and work e ig h t  h o u rs  a  
s h i f t ,  n in e  s h i f t s  o u t o f  fo u r te e n .  Thqy a r e  exposed  to  d u s t l e s s  th a n  60 p e r  c e n t , 
o f  t h e i r  w orking  tim e.

S p en t c la y  i s  u se d  to  a l im i t e d  e x te n t  fo r  p ack in g  a round  v a lv e s  and f i r e  hy­
d r a n ts  t o  p re v e n t f r e e z in g ]  a ls o  f o r  c e r t a i n  o th e r  sm a ll a b so rb in g  jo b  su ch  as  on th e  
w arehouse  f lo o r s  o f  some o f  th e  l a r g e r  b u lk  s a l e s  p la n ts  w here l u b r i c a t i n g  o i l s  a r e  
t r a n s f e r r e d  from  b a r r e l s  o r  drums t o  s m a lle r  c o n ta in e r s ,  o r lo a d e d  in t o  f iv e  g a l lo n  
oans from  b u lk . Most o f  th e  sp e n t c l a y  i s  d is p o s e d  o f ,  how ever, by dumping i t  on 
n e a rb y  Company p ro p e r ty  and , to  a l e s s e r  e x te n t  on r a i l r o a d  p ro p e r ty  n e a r  r i v e r  b an k s .

C om position  o f  F i l t e r  House A ir Borne D ust; Samples o f  d u s t  from A tta p u lg u s  
C lay , w hich had s e t t l e d  on th e  to p s  o f  e l e v a to r  h o u s in g s  and on g i r d e r s  o v e r t h e  
s to r a g e  b in s  In  f i l t e r  h o u se s , w ere su b m itte d  t o  th e  U nited  S ta te s  B ureau  o f  M ines Ex­
p e r im e n t S ta t io n  f o r  p e t ro g ra p h ic  e x am in a tio n . O r d in a r i ly  p o s i t i v e  r e s u l t s  a r e  n o t 
o b ta in e d  in  p e t ro g ra p h ic  t e s t s  fo r  th e  i d e n t i f i c a t i o n  o f  m in e ra ls  i n  a tm o sp h e r ic  d u s t .  
H owever, th e  sam ples s u b m itte d  w ere c o a r s e  enough t o  g iv e  r e s u l t s  i n  m ost c a s e s .  In  
s tu d y in g  th e  r e s u l t s  o f  th e  p e tro g ra p h ic  e x a m in a tio n s  i t  sh o u ld  b e  b o rn e  i n  m ind t h a t  
t h e  sam ples su b m itte d  w ere s e t t l e d  d u s t ,  and t h a t  th e y  a re  n o t  r e p r e s e n t a t i v e  o f  th e  
c o m p o s itio n  o f  th e  d u s t t h a t  would be  b re a th e d  g e n e r a l ly  owing t o  t h e  d i f f e r e n t i a l  
s e t t l i n g  r a t e s  and th e  ea se  w ith  w h ich  th e  v a r io u s  m in e ra l  c o n s t i t u e n t s  can  be c ru sh ­
ed to  a powder.

" M o n tm o rillo n ite "  ((Mg, Ca) 0. A l2 O3 , 5S i 02» nH20 — n = 5 t o 8 )  i s  th e  m in e r­
a l  t h a t  i s  c h a r a c t e r i s t i c  o f many ty p e s  o f  f u l l e r s  e a r th .  Hot a l l  o f  th e  l e s s  im­
p o r ta n t  m in e ra ls  found w ere f u l l y  i d e n t i f i e d .

C lay d u s t  from  to p  s h e l l  o f  e le v a to r  -  Top # 2 , H erm an-F rasch  P urnaoe3

Q u artz  -  10$ M o n tm o r i l lo n i te  -  80$
C a lc i t e ,  M ic ro c l in e  and U n id e n t i f ie d  -  10$

D ust from  a c c u m u la tio n  on g i r d e r  over c la y  s to r a g e  b in s  -  # 4  F i l t e r  House.

Q u artz  -  10$ M o n tm o r i llo n i te  -  70$
P o s s ib ly  o th e r  c la y  m in e ra ls  p r e s e n t ,  opaque -  20$

D ust from  a c c u m u la tio n  on g i r d e r  over c la y  s to r a g e  b in s  -  #1 F i l t e r  House,

Q u a rtz  ~ Over 1$ 
Opaque -  40$

M o n tm o r i llo n i te  -  55$ 
U n id e n t i f ie d  -  5$



C o n tro l o f  F i l t e r  C lay  D ust? D ust i n  a  f i l t e r  p la n ts  r e s u l t s  p r i n c i p a l l y  from  
th e  o p e ra t io n  o f  th e  c l a y  h a n d l in g  m a ch in e ry . The c o n d i t io n  i s  a g g ra v a te d  by th e  
p r e s e n t  p r a c t i c e  a t  some r e f i n e r i e s  by  u s in g  an  a i r  h o se  t o  blow accu m u la ted  d u s t and 
s p i l l e d  c la y  from  equ ipm en t, w a l l s  and f l o o r s .  H andling  a f in e  l i g h t  d u s t  p ro d u c in g  
m a te r i a l ,  such  as  f i l t e r  c la y ,  i n  a sy stem  w h ich  in c lu d e s  open  b e l t  co n v ey o rs  i s  in ­
h e r e n t ly  a  d u s ty  o p e ra t io n ,  (1 2 ,6 8 7 ,3 6 0  p a r t i c l e s ,  t e n  m icro n s or l e s s  in  s i z e ,  p e r 
c u b ic  f o o t ) .  I t  i s  d i f f i c u l t  t o  p re v e n t some d u s t frcsn b e in g  g e n e ra te d  a t  u n lo a d in g  
p o in t s  w here th e  c la y  f a l l s  in t o  c h u te s  o r b i n s ,  b u t  i t  can  and sh o u ld  be c o n t r o l le d  
by means o f  hoods, e n c lo s u re s ,  and  a d e q u a te  e x h a u s t sy stem s w ith  e f f e c t i v e  d u s t  c o l l e c ­
t o r s .

- T here w i l l  alw ays be an  i r r e d u c ib l e  minimum o f s p i l l a g e  and d u s t  s e t t le m e n t  
w h e rev e r d u s ty  m a te r i a l  i s  h a n d le d  in  sy s te m s  such  as  e x i s t  i n  m ost r e f i n e r y  f i l t e r  
h o u se s . T his i s  an  economic w a s te  and in o r e a s e s  th e  d i f f i c u l t y  o f  th e  d u s t  c o n t r o l  
p rob lem . U n less  th e  p r e s e n t  p r a c t i c e  o f  c le a n in g  d u s t  s p i l l a g e  by  b low ing  w ith  com­
p re s s e d  a i r  i s  changed , th e  n e c e s s a ry  p e r io d i c  c le a n in g  wi-11 c o n t in u e  to  be a  v e ry  
d u s ty  and u n h e a l th f u l  o p e r a t io n  even th o u g h  a l l  p r e c a u t io n s  have b een  ta k e n  t o  p re ­
v e n t  th e  e scap e  o f  d u s t from c l a y  h a n d lin g  equ ipm en t. A modern i n d u s t r i a l  vacuum 
c l e a n in g  sy stem  would do th e  jo b  e f f i c i e n t l y ,  w ith o u t c r e a t in g  any  d u s t .

The p r in c i p a l  so u rc e  o f  d u s t  in  f i l t e r  b u i ld in g s  i s  th e  b e l t  conveyo r w hich i s  
u s u a l ly  lo c a te d  a t  th e  to p  o f  t h e  b u i ld in g .  G usts o f  wind from th e  m o n ito r  blow  th e  
c l a y  and d u s t  from th e  b e l t .  A c e r t a i n  am ount o f d u s t  i s  a l s o  g e n e ra te d  by  c la y  f a l l ­
in g  in t o  th e  t r i p p e r  c h u te  (6 ,0 6 0 ,4 8 0  p a r t i c l e s  p e r c u b ic  f o o t)  and d is c h a rg in g  from  
th e  t r i p p e r  c h u te  in t o  th e  c h u te  le a d in g  t o  th e  v a r io u s  f i l t e r s  (7 ,3 0 6 ,5 6 0  p a r t i c l e s  
p e r  c u b ic  f o o t ) .  T his co u ld  be c o n s id e r a b ly  red u ced  by  i n s e r t i n g  can v as o r  s h e e t  i r o n  
c o n n e c tio n s  be tw een  th e  ends o f  th e  t r i p p e r  c h u te s  and th e  ch u te s  t o  th e  f i l t e r s ,  
and  by u s in g  a  p ro p e r ly  d e s ig n e d  b e l t  t r i p p e r  on th e  conv ey er b e l t .

B ins f o r  t h e  s to ra g e  o f  f i l t e r  c l a y  sh o u ld  be C losed  w ith  s t e e l  d eck s  h av in g  
th e  s m a l le s t  p o s s ib le  o p en in g s  i n  th e  form  o f  c h u te s  t o  r e c e iv e  c la y  from  th e  convey­
e r s .  I f  c a re  w ere ta k e n  n o t  t o  o v e rflo w  t h e  b in s ,  th e  d u s t  and s p i l l a g e  c o u ld  be 
g r e a t l y  red u ced .

For co m p le te  c o n t r o l  o f  d u s t ,  an e x h a u s t  system  equ ipped  w ith  d u s t  c o l l e c t o r ,  
f a n ,  d u c ts  and hoods sh o u ld  b e  i n s t a l l e d  t o  remove d u s t  from  th e  p o in t s  o f  o r ig i n ,  
su c h  a s ,  a l l  u n lo a d in g  p o in t s  ( e x c e p t m ovab le  t r i p p e r s )  o f  each  b e l t  co n v ey e r i n  th e  
b u i l d in g ,  new c la y  b in s  and b u rn ed  c la y  b in s .  One e s t im a te  w hich h a s  b een  p re p a re d  
f o r  su ch  an i n s t a l l a t i o n  c a l l s  f o r  an  e x h a u s t system  w ith  a  c a p a c i ty  o f  ap p ro x im a te ly  
1 5 ,0 0 0  c u b ic  f e e t  o f d u s t  la d e n  a i r  p e r  m in u te ,  and i s  b a s e d  on m a in ta in in g  an  inw ard  
flo w  o f  a i r  a t  openings in t o  hoods and b in s  a t  a recommended v e l o c i ty  o f  200 f e e t  o r 
m ore p e r  m in u te . In  c o n s id e r in g  d u s t  c o l l e c t o r s ,  i t  sh o u ld  be b o rn e  i n  mind t h a t  th e  
c y c lo n e  ty p e  w i l l  n o t rem ove th e  f in e  d u s t  p a r t i c l e s  ( t e n  m io rons o r  l e s s  i n  s i z e )  
w h ich  a r e  m ost in ju r io u s  t o  h e a l th ,  and  t h a t  t h e  c lo th  bag  ty p e  f i l t e r  h a s  b e e n  p roven  
t o  be more s u c c e s s fu l  in  rem oving th e s e  f i n e  p a r t i c l e s .

Under e x i s t i n g  c o n d i t io n s  a t  m ost p l a n t s  i t  i s  a lm o s t im p o s s ib le  to  k eep  th e  
p l a n t s  c le a n ,  r e g a r d le s s  o f  how c a r e f u l ly  t h e  equipm ent i s  o p e ra te d . However, t h e  i n ­
s t a l l a t i o n  o f a  vacuum system  and a d e q u a te  d u s t  c o l l e c t o r s  sh o u ld  en co u rag e  o p e r a to r s  
t o  e x e r c i s e  m ore c a re  in  th e  o p e r a t io n  o f  equ ipm en t and th u s  c u t down th e  amount o f  
d u s t  and s p i l l a g e .

B -  CONTACT CLAYt

Most c o n t a c t  c l a y s ,  p a r t i c u l a r l y  in  t h e  U n ited  S t a t e s ,  a r e  a c id  t r e a t e d  "Ben­
t o n i t e " ,  B e n to n i te  is  a n o n - r e f r a c t o r y  c l a y ,  a  doub le  s i l i c a t e  o f  iro n  and aluminum , 
d e r iv e d  from  t h e  sh a le  o f t h e  F o r t  B enton fo rm a tio n  in  th e  up p er M isso u ri v a l l e y .
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T h ere  ap p ea rs  t o  b e  a  w ide v a r i a t i o n  in  th e  c o m p o s itio n  and f r e e  s i l i c a  con­
t e n t  o f  A m erican and E u ropean  c o n ta c t  o r  a c t iv a t e d  c la y s .  " F i l t r o l "  an  e x te n s iv e ly  
.used A m erican c o n ta c t  c l a y  i s  r e p o r te d  to  c o n ta in  a b o u t 57$ f r e e  . s i l i c a  ( s i l i c a  w hich 

' i s  in s o lu b le  in  c o n c e n tr a te d  h y d ro c h lo r ic  a c id ) ,  "M ilw h ite " , a n o th e r  e x te n s iv e ly  
u sed  A m erican c o n ta c t  c l a y ,  c o n ta in s  65$ f r e e  s i l i c a .  The c o n ta c t  c la y s  l i s t e d  a r e  
th o s e  m ost e x te n s iv e ly  u se d  in  E urope %

In s o lu b le  i n  In s o lu b le  i n  C o n c e n tra te d
C o n cen tra te d  HCL HCL and 5%  NAp. CO5 .

" Iv ry "  C lay ( F r e n c h ) . . . . . . , .  7 5 .0 $ .............................  6 4 .6 $
" T e rra n a  E x tra "  (G e rm a n ) , . . .  6 4 .4 $ .............................  2 7 ,2 $
" C la r i t "  ( I t a l i a n ) . , ___ . . . .  4 9 .5 $ .............................. 5 0 .6 $

" T o n s il  AC", a n o th e r  F rench  c o n ta c t  c la y , has  6 1 .7 5 $  f r e e  s i l i c a .

The main c o n s t i t u e n t s  o f  " P e t r i s i l " ,  a  German c o n ta c t  c l a y ,  are*

T o ta l  S i l i c a . ...............,k........... .... 51, 57$
Lime (C aO )......................................  0 .6 3 $
Aluminum and I r o n  O x id e s .. . ,  18, 83$
Loss on ig n i t i o n  ( W a t e r ) . . . .  2 3 .6 2 $

The b a la n c e  p ro b a b ly  c o n s i s t s  o f  
p o ta s s iu m  and sodium  o x id es .

The fo llo w in g  i s  th e  r e s u l t  o f  a p e tro g ra p h ic  ex a m in a tio n  
o f " P e t r i s i l "  w h ich  was made a t  th e  U n ite d  S ta te s  B ureau  
o f M ines ex p e rim e n t s t a t io n s

Q u a r t z . . . , , « 4,«« 5$
M o n tm o r i l lo n i te ............ 90$
U n id e n t i f ie d  M in e ra ls , . . . . . . .  5$

The use  o f  c o n t a c t  c la y  f o r  im prov ing  th e  c o lo r  o f  l u b r i c a t i n g  o i l s  i s  a r e ­
c e n t  developm ent.

A t p r e s e n t  th e  p r i c e  o f  c o n ta c t  c la y  i s  so  low  th a t  i t  i s  u sed  on ly  once and 
th e n  d is c a rd e d .

A lth o u g h  th e r e  a r e  many c o n ta c t  c la y s  on th e  m ark e t, a  l a r g e  p e rc e n ta g e  o f  t h a t  
u sed  by th e  S tan d a rd  g ro u p  i s  known a s  " F i l t r o l " ,  c o n s e q u e n tly  t h i s  was in c lu d e d  i n  
o u r d u s t  s tu d ie s .

What i s  " F i l t r o l "  and How i s  i t  P roduced? " F i l t r o l "  i s  a p u lv e r iz e d  a c id  t r e a t ­
ed B e n to n i te ,  u se d  as a  d e c o lo r iz e r ,  a b s o rb e n t and d e o d o r iz e r  i n  th e  r e f in i n g  and 
p r e p a r a t i o n  o f  b o th  o rg a n ic  and in o rg a n ic  o i l s .  I t  comes from  "open  c u t"  m ines i n  
M is s i s s i p p i  and C a l i f o r n i a ,  and o ccu rs  in  beds a b o u t two and o n e - h a l f  f e e t  t h i c k  
u n d er a n  o v e r-b u rd e n  o f  some e ig h te e n  to  tw e n ty - f iv e  f e e t .  T h ere  h as  b een  some do u b t 
a s  t o  i t s  o r ig in ,  b u t  i t  i s  now b e l ie v e d  to  have b een  v o lc a n ic  d u s t  t r a n s p o r te d  by  
th e  a i r  and d e p o s ite d  u n d e r  th e  w a te rs  o f  e i t h e r  a  la k e  o r  a  s e a . Raw B e n to n ite  i s  
m ined and  lo a d ed  o n to  t r u c k s  w i th  steam  s h o v e ls ,  and  th e n  ta k e n  to  th e  p x -ep a ra tio n  
p la n t .  A t r a c t o r  scoop  l i f t s  th e  raw m a te r ia l  from  th e  s to r a g e  shed  f lo o r  and p la c e s  

, i t  i n  a  hopper o u t  o f  w hich i t  i s  fe d  in to  an e l e v a to r  b y  means o f  a  s t e e l  pan fe e d ­
e r ,  The e le v a to r  d is c h a rg e s  in t o  a  c ru s h e r  w hich  b re a k s  th e  m a t e r i a l  down s u f f i c i e n t ­
l y  t o  e n a b le  i t  t o  p ass  th ro u g h  a  s c re e n  ( t h r e e  m eshes t o  an  in c h )  o n to  a b e l t  con­
v e y e r  w hich  ta k e s  i t  t o  a  p re -m ix e r  w here i t  i s  m ixed w ith  w a te r  t o  form  a " s l u r r y " .  
T his s l u r r y  i s  p assed  i n t o  l a r g e  wooden ta n k s  and t r e a t e d  w ith  d i l u t e  s u lp h u r ic  a c id
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a g i t a t e d  w ith  a i r  and steam* I t  i s  th e n  dumped in to  th ic k e n e r s ,  w ashed, and d e l i v e r ­
ed to  an  O l iv e r  f i l t e r »  From th e r e  i t  goes i n  tu r n  t o  a  pug m i l l ,  d ry in g  to w er, cag e  
and imp m i l l ,  and c l a s s i f i e r .  The f in i s h e d  p ro d u c t i s  p la c e d  in  a  b in  w here i t  i s  
p u t  in to  f i f t y  pound B a te s  V alve p ap er bags b y  means o f  a  B a te s  Bag P ack e r. I t  i s  
sh ip p ed  in  r a i l r o a d  box  c a r s ,  each  h av in g  a  c a p a c i t y  o f  from  1600 t o  2000 bags. The 
th r e e  g rad es  o f  " F i l t r o l "  i n  g r e a t e s t  demand a re s

GRADE
(P e r  c e n t ,  t h r u  

200 m esh)

P er c e n t ,  o f 
T o ta l  

P ro d u c tio n

C o a rse r  
Than 

200 Mesh
200 -  325 

Mesh

F in e r  
Than 

325 Mesh

86 -  88 80 1 4 .0 $ . 1 6 .0# 70, 0%
76 -  88 16 23« 0% 24,09S 53.09t
90 -  93 6 8, 0% 2 3 ,0% 69.09?

The o n ly  r e a l  d u s t  p ro d u c in g  o p e ra t io n s  in  th e  p ro d u c tio n  o f  F i l t r o l  a r e  th e  
f i l l i n g ,  s ta c k in g  and  h a n d l in g  o f  th e  f i f t y  pound b a g s . Samples o f  d u s t  ta k e n  d u r in g  
th e s e  o p e ra t io n s ,  r e v e a le d  th e  fo llo w in g t“

Op e r a t io n  P a r t i c l e s  p e r  cu  f t .

A verage d u s t  f i l l i n g  b ag s  w ith  85-88  grade 1 0 ,4 1 6 ,0 9 6
" " p a c k in g  room w h ile  f i l l i n g  bags 9 ,5 7 2 ,1 8 0
" " p roduoed  in  h a n d lin g  o f  f i l l e d  b a g s  5 ,8 4 5 ,2 4 8

An e x h a u s t sy stem  has b e e n  i n s t a l l e d  t o  reduce  and c o n t ro l  t h e  d u s t p roduced  
d u r in g  th e  p a c k in g  o f  F i l t r o l ,  T h is c o n s i s t s  o f  a m e ta l  hood above th e  f i l l i n g  tu b e s  
in  f r o n t  o f  th e  m a ch in e , w i th  a  b a s in  below . A s e v e n - in c h  d u c t le a d s  from  th e  b a s in  
and a s ix - in c h  d u o t to  a  canopy  in  back o f  t h e  p a c k e r, b o th  c o n n e c tin g  w ith  a  t e n -  
in c h  m ain d u c t w hioh ru n s  t o  a  S tu r te v a n t  Fan (1750 R. P.M. ) d e s ig n e d  to  h an d le  1 ,6 2 0  
c u b ic  f e e t  o f  a i r  p e r  m in u te  a g a i n s t  f o u r - in c h  w ater s t a t i c  p re s s u re .  A c y c lo n e  d u s t  
c o l l e c t o r  rem oves t h e  l a r g e r  p a r t i c l e s  from th e  a i r  b e f o r e  d e l iv e r in g  i t  t o  a  t u b u l a r  
c l o t h  d u s t  c o l l e c t o r .

About s i x t y  p e r c e n t ,  o f  th e  d u s t p a r t i c l e s  o f  sam ples ta k e n  d u r in g  th e  f i l ­
l i n g  o p e r a t io n  a r e  s l i g h t l y  a n g u la r  c r y s t a l l i n e  in  a p p e a ra n c e  u n d e r th e  K onim eter m i­
c ro sc o p e , and a r e  a b o u t tw o m ic ro n s  or l e s s  in  s iz e s  a p p ro x im a te ly  tw en ty  p e r  c e n t ,  
a p p e a r  t o  be ro u n d ed  c r y s t a l l i n e ,  g l a s s - l i k e ,  b u t  w ith  r a t h e r  smooth ed g es , and o v er 
t e n  m iorons i n  s i z e .  T h ere  a r e  a  la rg e  num ber o f v e ry  sm a ll g ra y  p a r t i o l e s  (a b o u t 
tw e n ty  p e r c e n t .  ) to o  m in u te  and to o  num erous t o  c o u n t a c c u r a te ly .

What i s  t h e  C hem ical C om position  o f  " F i l t r o l " ?  Below i s  th e  r e s u l t  o f  an  a n ­
a l y s i s  by a  com m ercial c h e m ic a l la b o ra to r y  i n  Los A n g e les , C a l i f o r n ia ,  o f  a  sam ple 
o f  F i l t r o l  from  th e  Jack so n  ( M is s i s s ip p i )  p l a n t t

d

S i l i c a  ( S i0 2 ) . . . . . . . . . . .
A lum ina (A 1 2 0 3 ).. . . . . . . .
F e r r i c  O xide (F e g O g ).. . .
T itan iu m  O xide (T i0 2 )» . .  
C alcium  O xide (C a O ).. .  . , 
Magnesium O xide (M gO).. .  
M anganese D io x id e  (MnOg) 
Carbon D io x id e  ( C 0 g ) . . . .
P o tass iu m  O xide (K g O )...

P e r  C ent,

9 9 4 0 « 9 Ö e « 0

O O O 9 O 0 O 0 0 «

56, 90 
15. 97 

1 . 44 
0. 10 
2» 82 
3» 55

I

I

I

!

1

i

1

I

I
1

1

1

1

I

1

.1

1

I
1

*

. t

. t

r
0. 03
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P er Cent»

t ^  j Sodium Oxide (N a20)................................................ 0 ,0 4
Chlorine (C l)....................................................
P h o sp h o ric  A nhydride (P 2O5 ) .............................
S u lp h u r ic  A nhydride (SO3 ) . ...............................  0» 63
T o ta l i g n i t i o n  l o s s ................... 20. 00

I F ree  M o is tu re ..............................................................  12» 23

" I t  i s  cu stom ary  t o  s e p a r a t e ly  r e p o r t  m a te r i a l s  such  a s  S i l i c a  (S i0 2 )  
and  Alumina (A I2O3 ) in  u l t im a te  a n a l y s i s  a l th o u g h  th e  e lem en ts  a r e  
known t o  be i n  co m b in a tio n  w i+h one a n o th e r .  I t  i s  d i f f i c u l t  t o  g e t  
an a n a l y s i s  o f  f r e e  S i l i c a  and  s in c e  t h e  q u a n t i ty  c o n ta in e d  in  F i l -  
t r o l  would be v e ry  s m a ll ,  we have n o t a t te m p te d  to  have t h i s  p a r ­
t i c u l a r  a n a l y s i s  m ade,"

The fo llo w in g  i s  th e  r e s u l t  o f  a n  a n s l y s i .  o f  "S u p e r - F i l t r o l " w hich was made 
in  F rances

P er Cent,

M o is tu re  a t  120 d e g re e s  C ...............................  16, 5
Loss on i g n i t i o n . ..................................................... 3 3 .5
I n s o lu b le  i n  c o n c e n tra te d  HCL......................  5 5 .0

( T o ta l  S i l i c a  and u n a t ta c k e d  c r y s t a l s )
In s o lu b le  in  HCL and in  a 5%  Na2 C03 s o lu t i o n .  15, 0 

( S i l e y ,  q u a r tz  and u n a t ta c k e d  c r y s t a l s )

A m ic ro sc o p ic  e x a m in a tio n  shows a  few p a r t i c l e s  w ith  
" a c u te  a n g le s " .

An e x a m in a tio n  made by th e  U n ited  S ta t e s  B ureau  o f  Mines E xperim en t S ta t io n  i n  
P i t t s b u r g h ,  P e n n sy lv a n ia  showed t h a t  F i l t r o l  c o n ta in s  m ore th a n  1%  q u a r tz ,  95% 
M o n tm o r i l lo n i te  ((Mg, Ca) 0 .A l203~5S i02-riH20—-n=5 to  8 ) and 5%  u n id e n t i f i e d  m in e ra ls ,  
A s im i l a r  e x a m in a tio n  o f A tta p u lg u s  F in es  (200 m esh) showed 5% q u a r tz  and 95%  Mont­
m o r i l lo n i te »

How i s  C o n ta c t C lay Used? The c la y  i s  m ixed w ith  o i l ,  a g i t a t e d  and h e a te d ,  and 
e i t h e r  a llo w e d  to  s e t t l e  o r  ru n  th ro u g h  a f i l t e r  p r e s s .  I t  i s  th e n  d is c a rd e d . The 
c la y  i s  e i t h e r  dumped d i r e c t l y  i n t o  th e  o i l  o r  p la c e d  i n  a  hopper from  which i t  flow s 
in t o  in d u c to r s  o r  m ix in g  cham bers where i t  i s  m ixed w ith  th e  o i l  and  th e n  pumped t o  a  
f i l t e r  ta n k . The o n ly  d u s ty  o p e ra t io n s  a r e  t h e  u n lo a d in g  o f  th e  m a te r i a l  and dum ping 
i t  i n t o  th e  h o p p e rs  o r  m ix ing  cham bers. The h ig h e r  d u s t  coun ts  w ith  th e  c o n ta c t  c la y  
a s  com pared t o  f i l t e r  c la y  i s  p ro b a b ly  due t o  th e  f a c t  t h a t  i t  i s  a  f i n e r  m a te r i a l ,  
o r  a t  l e a s t  d i s i n t e g r a t e s  more e a s i l y  th a n  t h e  f i l t e r  c la y s  s tu d ie d ,

Sam ples ta k e n  d u r in g  th e  dumping o f  F i l t r o l  and A tta p u lg u s  F in es  in t o  a  r e a c ­
t i o n  cham ber gave th e  fo llo w in g  d u s t  c o u n ts .

Op e r a t io n  P a r t i c l e s  p e r  cu , f t .

A v erag e  d u s t p roduced  w h ile  dum ping 50 pound 6 ,7 6 8 ,4 8 0  
b ag s  o f  " F i l t r o l " .

A verage d u s t p roduced  w h ile  dum ping 100 pound
bags o f  "A tta p u lg u s  F i n e s " , . . . . . . . . . . . . . . . ,  9 ,2 6 0 ,6 4 0
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U nder th e  K o n im ete r M icroscope th e  p a r t i c l e s  w ere rounded  in  a p p e a ra n c e . The " A tta -  
p u lg u s  F in es"  a p p e a re d  more c r y s t a l l i n e  and  a n g u la r ,  and had a g r e a t e r  p ro p o r t io n  o f  
p a r t i c l e s  f iv e  m ic ro n s  o r  l e s s  i n  s i z e  th a n  d id  th e  " F i l t r o l " ,  The c o u n ts  i n d i c a t e  
t h a t  m ore d u s t  r e s u l t s  from  dum ping A tta p u lg u s  F ines th a n  from  dum ping F i l t r o l  a c t i ­
v a te d  c la y .

Dumping f i f t y  pound bags o f  "M ilw h ite "  (90%  th ro u g h  200 m esh ), a  Texas c o n ta c t  
c l a y ,  in to  th e  fe e d  h o p p ers  t o  th e  in d u c to r s  o r  m ix ing  cham bers i s  a n  e x c e e d in g ly  
d u s ty  o p e ra t io n ,  Sam ples ta k e n  d u r in g  t h i s  o p e ra t io n  had a s  h ig h  as  1 4 ,0 4 6 ,7 2 0  p a r ­
t i c l e s  t e n  m ic ro n s  o r  l e s s  i n  s i z e  p e r  c u b ic  f o o t ,  Sam ples ta k e n  i n  th e  m id d le  of 
th e  room j u s t  a f t e r  t h i r t y  b ag s had b een  dumped in to  th e  h o p p er had 5 5 ,8 4 7 ,0 4 0  p a r ­
t i c l e s  p e r  c u b ic  fo o t .  U nder th e  K on im eter M icro sco p e , a b o u t 90/2 o f  th e s e  p a r t i c l e s  
a p p e a re d  s l i g h t l y  c r y s t a l l i n e ,  and w ere f i v e  m icro n s o r  l e s s  in  s i z e ;  10 ;o w ere ro u n d , 
sem i-o p aq u e , t e n  t o  tw en ty  m icro n s i n  s i z e .  T here w ere a l s o  a few s c a le  l i k e  p a r ­
t i c l e s .

F o u rte e n  men w ith  an a v e ra g e  s e r v ic e  c r e d i t  o f  s i x  y e a rs  a r e  in v o lv e d  in  t h i s  
o p e r a t io n .  T h ree  men a r e  exposed  to  th e  d u s t  d u r in g  s i x  h o u rs  o f  eac h  e ig h t  h o u r 
s h i f t  f o r  n in e  o f  th e  fo u r te e n  s h i f t s  d u r in g  th e  85^ o f  t h e  tim e th e  f i l t e r i n g  p l a n t  
i s  i n  o p e ra t io n .  They w ear H. S. A. "Comfoil r e s p i r a t o r s .

A f te r  e x te n s iv e  s tu d y  and i n v e s t i g a t i o n  th e  l o c a l  management h a s  made a r ra n g e ­
m en ts  to  r e c e iv e  th e  c la y  in  ta n k  c a rs  s i m i l a r  to  th o s e  m a n u fa c tu red  by th e  G en era l 
A m erican Tank Car Company, T hese  c a r s  a r e  s e l f - u n lo a d in g  and w i l l  d is c h a rg e  in to  an  
e n c lo se d  hopper. The c la y  w i l l  th en  be t r a n s p o r te d  to  s to r a g e  b in s  by means o f  a  
sc rew  conveyor c o m p le te ly  e n c lo se d  in  t e n - i n c h  tu b in g . I t  w i l l  be w ithd raw n  from th e  
b o tto m  of th e  b i n s ,  p a s s in g  th ro u g h  w e ig h in g  s c a le s ,  in t o  th e  in d u c to r s  w here i t  w i l l  
be m ixed  w ith  t h e  o i l .  T h is  w i l l  p ro v id e  a c o m p le te ly  c lo s e d  sy stem  ana sh o u ld  
e l im in a te  a l l  a i r  c o n ta m in a tio n ,

C -  BONE BLACK OK CHAFJRLD BODE*

R efin ed  wax i s  f i l t e r e d  th ro u g h  bone b la c k  or c h a r re d  bone t o  im prove i t s  
c o lo r .  T h is  m a te r i a l  i s  o b ta in e d  from  v a r io u s  m eat pack ing  firm s  i n  f i n e l y  woven c o f ­
fe e  bags t h a t  h o ld  ab o u t 150 pounds each« An open b e l t  co n v ey e r and e l e v a to r  c a r r y  
th e  bone d i r e c t l y  from  th e  r e a c t i v a t i n g  f u r n a c e  to  th e  c o v e re d  f i l t e r  c h a rg in g  h o p p er. 
M e ta l c h u te s  le a d  d i r e c t l y  from  t h i s  h o p p er i n t o  f i l t e r s  w h ich  h o ld  a b o u t  3 ,000  
potm ds o f  bone b la c k .  Upon c o m p le tio n  o f  f i l t r a t i o n  th e  bone i s  w ashed w ith  " V a rs o l" ,  
steam ed  f o r  a b o u t 24 h o u rs ,  w ashed w ith  h o t  w a te r ,  steam ed f o r  two h o u rs  m ore, and 
th e n  dumped upon b e l t  c o n v e y e rs  w h ich  c a r r y  i t  t o  th e  r e a c t i v a t i n g  f u r n a c e  w hich i s  
gas f i r e d .  The bone goes th ro u g h  th e  fu rn a c e  a t  a te m p e ra tu re  o f  a b o u t 1100 d e g re e s  
F a h re n h e i t  and a t  th e  r a t e  o f  a b o u t 250 pounds p e r  hour. Bone b la c k  c a n  he u se d  o v er 
and o v e r  a g a in . Three men one on e a c h  s h i f t ,  w ith  an  a v e ra g e  s e r v ic e  c r e d i t  o f  
f i f t e e n  y e a r s ,  a r e  engaged  in  t h i s  o p e ra t io n .  T h e ir  p e r io d  o f  e x p o su re  t o  d u s t i s  
a b o u t one h o u r p e r  s h i f t .  The g r e a t e s t  am ount o f  d u s t  p ro d u ced  r e s u l t s  from  th e  open 
c o n v e y e rs , p a r t i c u l a r l y  i n  dum ping th e  m a te r i a l  from  th e  fu rn a c e  o n to  t h e  conveyer 
b e l t .  Sam ples ta k e n  d u r in g  t h i s  o p e ra t io n  had  as h ig h  a s  1 1 ,0 4 4 ,8 0 0  p a r t i c l e s  o f  t e n  
m icro n s o r  l e s s  i n  s iz e  p e r  c u b ic  f o o t .  C o n s id e ra b le  d u s t  (1 4 ,2 7 3 ,2 8 0  p a r t i c l e s  p e r  
cub io  f o o t )  a l s o  a r i s e s  from  t h e  open h a tc h  o f  th e  f i l t e r  c h a rg in g  h o p p e r d u r in g  
f i l l i n g .  An e i g h t - in c h  m o to r d r iv e n  e x h a u s t f a n  has been  i n s t a l l e d  t o  suck  b ack  th e  
d u s t  from  w here t h e  e l e v a to r  b u c k e ts  dump th e  r e a c t iv a t e d  bone in t o  th e  c h u te  t o  t h e  
c h a rg in g  h o p p er. The d u s t  lo s s  from t h i s  f i l t e r i n g  o p e r a t io n  is  e s t im a te d  t o  be a b o u t 
1500 pounds p e r  m onth,

' Under th e  K onim eter M icroscope  a b o u t o f th e  d u s t  p a r t i c l e s  o f  sam p les  ta k e n
■'^‘d u r in g  th e  r e a c t i v a t i o n  o f  bone b la c k  a p p e a r  t o  be b la c k ,  opaque, s c o t - l i k e ,  and  a r e  

f iv e  m ic ro n s  o r  l e s s  in  s i z e ;  5%  a r e  ro u n d ed , sem i-o p aq u e , t e n  m ic ro n s ,o r  m ore in  s i z e .  
The a n g u la r  c r y s t a l l i n e  and l i g h t  grey p a r t i c l e s  w hich c o n s t i t u t e  a b o u t 30%  a r e  p ro b a b ly



bone ash«

III ■ INSULATING OPERATIONS

I n s u la t io n  p la y s  an  im p o r ta n t  p a r t  in  th e  p ro o e s s in g  o f  p e tro le u m  p ro d u c ts*
The two ty p es  o f  in s u l a t i n g  m a t e r i a l  m ost f r e q u e n t ly  u sed  a r e  "Sponge F e l t"  ( a s b e s -  
t o s  w ith  ground sponge t o  g iv e  dead a i r  space  and th u s  in c re a s e  th e  e f f e c t iv e n e s s  
o f  th e  in s u la t io n )  and a  m ix tu re  o f  85$ m agnesia and 15%  a s b e s to s .  Rock wool i s  
u sed  to  a  c o n s id e ra b ly  l e s s e r  d e g re e . In  th e  o rd in a ry  com m ercial fo rm , Rock Wool, 
as  used' a t  our r e f i n e r i e s ,  does n o t  p r e s e n t  a d u s t  h a z a rd . I t  i s  a l s o  u sed  fo r  
h o u se  I n s u la t io n ,  and i s  a v a i l a b l e  i n  sm a ll n o d u le  form  w hich c a n  b e  blow n in to  
p la o e . "85$ m agnesia" i s  a  m ix tu re  o f  m agnesia  and g r a n u la te d  a s b e s to s  and p re s s e d  
i n t o  b lo c k s  o f  v a r io u s  s i z e s  and sh ap es  ( u s u a l ly  16" x  18" x  l - l / 2 " ) .  The m ost d u s t  
oomes from  d ism a n tlin g  o ld  i n s u l a t i o n  and g r in d in g  s c r a p  m a te r ia l  f o r  u se  a s  a  p la s ­
t e r  o r  " g a n is te r " .  The a v e ra g e  s e r v ic e  o f  men engaged in  i n s u l a t i n g  o p e ra t io n s  i s  
a b o u t f i f t e e n  y e a r s .  M ost o f  t h e s e  men have b e e n  t r a n s f e r r e d  from  th e  Common Labor 
D epartm ent, They work n in e  o u t o f  f o u r te e n  e ig h t-h o u r  s h i f t s ,  i n  gangs o f  from  two 
t o  s i x  men, and a r e  a c t u a l l y  exposed  t o  d u s t  f o r  l e s s  th a n  s ix ty  p e r  c e n t , o f  t h e i r  
w ork ing  tim e. G oggles a r e  som etim es p ro v id e d , and o c c a s io n a l ly  MSA "Comfo" R e sp ira ­
t o r s ,  b u t  t h i s  equ ipm ent i s  n o t u se d  a s  muoh as i t  sh o u ld  b e . G e n e ra l ly  sp e a k in g , 
a b o u t 86$  o f  t h e i r  work i s  w ith  sponge f e l t  and 15$  w i th  85$ m ag n esia  in s u la t io n .
At one o f  th e  l a r g e r  s o u th e rn  r e f i n e r i e s  ab o u t 300 ,000  sq u a re  f e e £  o f  sponge f e l t  and 
5 0 ,0 0 0  sq u are  f e e t  o f  86$  m a g n esia  a r e  hand led  a  y e a r .

A -  What P h y s io lo g ic a l  R e a c tio n s  a r e  Provoked by I n s u l a t i n g  M a te r ia ls ?  A ccord ing  
t o  Dr, Leroy U, G ardner ( Jo u ra . I n d u s t ,  Hyg, Mar, 1 9 3 7 ,V ol. 1 9 , No. 3 , P » 1 2 l) a s b e s to s  d u s t  
w ith  i t s  f ib ro u s  p a r t i c l e s  d o es  n o t  seem  to  be r e a d i ly  h a n d le d  b y  th e  p r o te c t iv e  
m echanism  of th e  lu n g s . Q u o tin g  from  h is  a r t i c l e ?

"They a re  n o t  removed t o  th e  lym phoid t i s s u e  b u t  rem ain  in  c o n ta c t  
w ith  th e  d e l i c a t e  w a lls  o f  th e  a i r  sp a c e s . They become su rro u n d ed  by 

■an i r o n - c o n ta in in g  c o a t in g  t h a t  f r a c t u r e s  and g i v e s - r i s e  t o  th e  pecu­
l i a r  s t r u c t u r e s  known as  * a s b e s to s is  b o d ie s* , The f i b e r s  a r e  i r r i ­
t a t i n g ,  p erh ap s b e c a u se  o f  t h e i r  form, and th e y  e x c i t e  a  f i b r o s i s  
w hich b eg in s  a b o u t th e  te r m in a l  b ro n c h io le s  and s p re a d s  t o  form  d i f ­
fu s e  p a tc h e s  in  th e  parenchym a. O ften  th e  d i s t r i b u t i o n  i s  s u b - p le u r a l .
In  th e  p re se n c e  o f  i n f e c t i o n ,  th e  r e a c t io n  to  a s b e s to s  d u s t  i s  muoh 
m ore s e v e re  th a n  t h a t  c a u se d  by th e  d u s t  a lo n e ,"

There i s  n o th in g  i n  th e  p e r t i n e n t  l i t e r a t u r e ,  n o r does th e  B ureau o f  M ines 
know o f  any ev id en o e , w hich  w ould d e m o n s tra te  m a g n e s ite  (a  n a t u r a l  magnesium ca rb o n ­
a t e )  t o  be  h arm fu l. I t  w ould f a l l  i n  th e  c la s s  o f  "n u isa n o e  d u s ts "  such  as  gypsum. 
W hile many of th e  s o - c a l l e d  " n u is a n o e  d u s ts "  have n e v e r  been  found  to  be h a rm fu l, i t  
i s  th e  o p in io n  o f  m ost i n v e s t i g a t o r s  in  th e  f i e l d  o f  i n d u s t r i a l  h y g ien e  t h a t  no work­
e r  sh o u ld  be exposed t o  any d u s t  i n  a  c o n c e n t r a t io n  ex o eed in g  75 o r  100 m i l l i o n s  
o f  p a r t i o l e s  p e r  cubio  f o o t  o f  a i r .

B -  What a r e  th e  P r i n c i p a l  I n s u l a t i n g  Op e r a t io n s  and How Much Dust i s  Produced 
D uring  Such Op e ra t io n s ?  T here i s ,  o f  co u rse , a  w ide v a r i a t i o n  in  th e  am ount o f  in s u ­
l a t i o n  work and th e  am ount o f  d u s t  produced . A few exam ples, how ever, w i l l  g iv e  a  
good g e n e ra l  idea?

INSULATING 12" STEAM LINES? 6" x 18" x  l - l / 2 "  b lo c k s  o f  86$  mag­
n e s ia  a r e  t i e d  on th e  steam  l i n e  w ith  1 4 -g au g e  g a lv a n iz e d  w ire  and 
covered  w ith  r o o f in g  paper t o  make i t  w a te rp ro o f .  O ften  tim e s  t h i s  
work i s  perform ed  on s c a f f o ld s  tw e lv e  t o  f i f t e e n  f e e t  above th e  g ro u n d , 
w ith  men ly in g  on t h e i r  b ack s  under th e  l i n e  p a r t  o f  th e  tim e .
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C o n s id e ra b le  d u s t  (a s  h ig h  as 1 8 ,1 2 4 ,8 0 0  p a r t i c l e s  o f  l e s s  th a n  t e n  
m icrons p e r  cu b ic  f o o t )  r e s u l t s  from  ta p p in g  th e  b lo c k s  i n t o  p la c e . 
Sam ples ta k e n  d u r in g  t h e  e n t i r e  o p e r a t io n  had  a n  av e ra g e  c o n c e n tra ­
t i o n  o f  6 ,8 8 1 ,7 6 0  p a r t i c l e s  p e r  c u b ic  f o o t .  A bout 90$ o f  th e s e  d u s t  
p a r t i c l e s  w ere s l i g h t l y  a n g u la r ,  c r y s t a l l i n e  i n  ap p ea ran o e  and above 
f i v e  m ic ro n s  o r  l e s s  i n  s iz e  (a s  s e e n  under t h e  K onim eter M io ro sco p e)j 
5$  w ere rounded opaq u e , t e n  m icro n s  o r  more i n  s i z e ;  and 6$  w ere 
opaque s c a l e - l i k e ,  f i v e  m icrons o r  m ore i n  s i z e .  Samples ta k e n  w h ile  
a p p ly in g  a s b e s to s  sp o n g e  f e l t  t o  a  1 2 " steam  l i n e  had a  d u s t  concen­
t r a t i o n  a s  h ig h  a s  2 3 ,7 8 8 ,8 0 0  p a r t i c l e s  o f  t e n  m ic ro n s  o r  l e s s  in  
s i z e  p e r  cu b ic  fo o t .  The av e ra g e  was 1 2 ,5 7 4 ,0 8 0  p a r t i c l e s  p e r  c u b ic  
f o o t .  T hese  d u s t  c o n c e n tr a t io n s  a r e  c o n s id e re d  to o  h ig h  f o r  work­
in g  w ith o u t a d e q u a te  p r o te c t io n .

INSULATING A 750-P0UND CRACKING COIL ACCUMULATORS 6" x 36" b lo c k s  
o f  Jo h n s-M a n v ille  " F i r e  F e l t"  a r e  f i r s t  a p p l ie d  and p la s t e r e d  w ith  
e x t r a  AA R ubbero id  A sb e s to s  Cement and  w a te rp ro o fe d  w ith  Jo h n s-  
M a n v ille  " I n s u lk o te " .  The d u s t in e s s  o f  h a n d l in g  th e s e  m a te r i a l s  has  
b e e n  c o n s id e ra b ly  re d u c e d  s in c e  th e  m a n u fa c tu re rs  began  s h ip p in g  th e  
" F i r e  F e l t "  in  c a rd b o a rd  c a r to n s  c o n ta in in g  t h i r t e e n  o r tw en ty  
b lo c k s , an d  th e  p l a s t e r  i n  hundred-pound  p a p e r b ag s . Sam ples ta k e n  
d u r in g  t h i s  o p e r a t io n  had  an a v e ra g e  d u s t  c o n c e n t r a t io n  o f  4 ,5 0 2 ,8 8 0  
p a r t i c l e s ,  t e n  m ic ro n s  o r  le s s  in  s i z e  p e r c u b ic  f o o t .  A bout 75$ o f  
th e s e  d u s t  p a r t i c l e s  w ere  s l i g h t l y  a n g u la r  i n  a p p e a ra n c e , f i v e  m i­
c ro n s  o r  l e s s  i n  s i z e j  10$  w ere s c a l e - l i k e j  opaquej and 15$ were 
r o d - l i k e  and  f ib r o u s .

INSULATING TREATING PLANT ACID SUCTION LINE* S e c t io n s  o f  "Sponge 
F e l t  P ip e  Cover" a r e  c u t  to  f i t  p ip e  le n g th s  w ith  a n  o rd in a ry  c a rp e n ­
t e r ’ s hand  saw. T h is  o p e ra t io n  p ro d u ces  on a n  a v e ra g e  8 2 1 ,280  p a r­
t i c l e s  o f  d u s t ,  t e n  m ic ro n s  o r  l e s s  i n  s i z e ,  p e r  c u b ic  fo o t .  Under 
t h e  K on im eter M icro so o p e  a l l  o f  th e s e  p a r t i c l e s  a r e  s l i g h t l y  a n g u la r ,  
c r y s t a l l i n e  in  a p p e a ra n c e , and f i v e  m icro n s o r  l e s s  in  s i z e .  The 
b lo c k s  o r  s e c t io n s  o f  th e  p ipe  c o v e r  a r e  h e ld  i n  p la c e  b y  w rapping  
#16 gauge g a lv a n iz e d  w ire  abou t each  one.

INSULATING CRACKING COIL HOT OIL LINESt A l l  h o t  o i l  l i n e s  a t  c r a c k ­
in g  c o i l s  a r e  in s u l a t e d  w ith  2" a s b e s to s  tu b in g  (8 5 $  m agnesia  and 15$ 
a s b e s to s )  h e ld  i n  p l a c e  by f in e  co p p e r w ire . S e c t io n s  o f  th e  tu b in g  
a r e  c u t t o  f i t  p a r t i c u l a r  a re a s  b y  means o f  a n  o r d in a r y  c a r p e n te r ’ s 
hand saw. T h is  p ro d u c e s  7 ,7 8 8 ,0 0 0  p a r t i o l e s  o f  d u s t ,  t e n  m icro n s o r  
l e s s  in  s i z e ,  p e r  c u b ic  fo o t .  Under th e  m ic ro sc o p e , 90$ o f  th e s e  
d u s t  p a r t i c l e s  a p p e a re d  to  be rounded  c r y s t a l l i n e  and  a b o u t th r e e  m i­
c ro n s  o r l e s s  in  s i z e .  Each s e c t io n  o f  tu b in g  i s  pounded in t o  p la c e  
w ith  th e  open hand so  t h a t  i t  f i t s  sn u g ly  a g a i n s t  th e  p ip e , and th e n  
w ire d  in to  p o s i t io n .  The d u s t  p ro d u ced  from  b o th  o f  th e s e  o p e ra t io n s  
a v e ra g e s  a b o u t 3 ,3 7 9 ,5 2 0  p a r t i c l e s  p e r  c u b ic  fo o t .  Under th e  m ic ro ­
sco p e , a p p ro x im a te ly  80$ o r  90$ o f  th e  d u s t  p a r t i c l e s  a p p e a r  c r y s t a l ­
l i n e ,  more o r  l e s s  a n g u la r ,  and f i v e  m io ro n s o r  l e s s  i n  s i z e j  th e  r e ­
m ain ing  10 $  o r  m ore a r e  rounded in  a p p e a ra n c e , and o v er t e n  m icrons 
i n  s iz e .

DISMANTLING OR REMOVING OLD INSULATION» As a g e n e r a l  r u l e ,  th e  
d is m a n tl in g  o r  rem o v a l o f  o ld  i n s u l a t i o n  is  a  m ore d u s ty  o p e ra t io n  
th a n  th e  a p p l i c a t i o n  o f  new in s u l a t i o n .  The o ld  i n s u l a t i o n  i s  chopped 
o r  c u t  w ith  a  h a t c h e t  o r  sm a ll h a n d -a x e , and p r ie d  lo o s e  and p u l le d  
o f f  w ith  th e  h an d s . T h is p roduces d u s t  c o n c e n t r a t io n s  as h ig h  a s  
6 ,8 9 0 ,5 6 0  p a r t i c l e s ,  t e n  m ic ro n s  o r  l e s s  in  s i z e ,  p e r  cu b ic  f o o t .  In
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d is m a n tl in g  a n  o ld  c ra o k in g  c o i l  4" t a r  l i n e ,  t h e  av erag e  d u s t  concen­
t r a t i o n  was 2 ,3 2 2 ,2 4 0  p a r t i c l e s  p e r  c u b ic  f o o t .  In  ap p ea ran ce  th e s e  

\  p a r t i o l e s  w ere c l e a r  c r y s t a l l i n e ,  r a t h e r  ro u n d ed , and f iv e  m icrons o r
J  l e s s  i n  s iz e .  No f ib r e s  w ere o b serv ed  i n  any o f  th e  d u s t sam ples from

u y  d is m a n tl in g  o p e r a t io n s .  A f te r  a few w eeks o r  m onths s e rv ic e ,  in s u la ­
t i o n  on h o t  l i n e s  d r ie s  o u t and a p p e a rs  t o  d i s i n t e g r a t e .  T h is  i s  p rob­
a b ly  due to  t h e  f a c t  t h a t  su ch  i n s u l a t i o n  i s  u s u a l ly  covered  w ith  a  
w e a th e r -p ro o f  m a te r ia l  whioh p re v e n ts  a b s o r p t io n  o f  m o is tu re  from  th e  
a i r .

l
CRUSHING SCRAP ASBESTOS} S crap  a s b e s to s  i n s u l a t i o n ,  u s u a l ly  th e  

85$ m agnesia  ty p e ,  i s  c ru sh e d  in  a  b e l t - d r i v e n  W illiam s c ru s h e r  t o  p ass  
- th ro u g h  a  s o r e e n  w ith  o n e - in c h  h o le s  o r  s l o t s ,  and i s  th e n  m ixed w ith  

new a s b e s to s  t o  make i n s u l a t i n g  p l a s t e r .  T h is  o p e ra t io n ,  w hich i s  a  
v e ry  d u s ty  one, i s  perfo rm ed  by  tw o m en, w ith  an  av erag e  s e r v io e  c r e d i t  
o f  a b o u t tw e lv e  y e a r s .  G oggles and MSA, "Comfo" o r  W illso n  D ust R esp i­
r a t o r s  a r e  w orn. C o n s id e ra b le  d u s t  i s  p ro d u ced  in  b re a k in g  up th e  
s c ra p  i n s u l a t i o n  by hand p r i o r  t o  c r u s h in g  (1 0 ,1 9 5 ,’200 p a r t i c l e s ,  t e n  
m icro n s o r  l e s s ,  p e r c u b ic  f o o t ) ,  and a l s o  when fe e d in g  th e  c ru s h e r  
w hioh i s  done b y  s h o v e l l in g  th e  b ro k e n -u p  p ie c e s  in to  th e  hopper and 
poking  them  down w ith  a s h o r t  wooden s t i o k  (1 4 ,8 3 9 ,6 8 0  p a r t i o l e s  p e r  
c u b ic  f o o t ) .  D ust c o u n ts  a s  h ig h  a s  2 7 ,5 2 7 ,0 4 0  p a r t i c l e s  p e r  cu b ic  
f o o t  w ere found  i n  sam ples ta k e n  from  o v e r  th e  hopper. These d u s t  con­
c e n t r a t i o n s  a r e  d a n g e ro u s ly  h ig h . A bout 95%  o f  th e s e  p a r t i c l e s  a r e  
s h a rp ly  a n g u la r ,  c r y s t a l l i n e  in  a p p e a ra n c e  and f i v e  m icrons o r  l e s s  in  
s i z e j  5%  a r e  opaque s c a l e - l i k e ,  s i x  m ic ro n s  o r  more in  s i z e .  C ru sh in g  
so ra p  a s b e s to s  i s  n o t  a s te a d y  r o u t i n e  o p e r a t io n ,  th e  exposu re  v a ry in g  
from  e ig h t  h o u rs  a  month to  abou t tw e lv e  ho u rs  a week,

CRUSHING OLD CORK INSULATION} T h is  o p e r a t io n  i s  perform ed  a p p ro x i­
m a te ly  tw ic e  a y e a r  and ta k e s  abou t tw e n ty  o r t h i r t y  m in u te s . The i n ­

s u l a t i o n  i s  o ru sh e d  on a b e l t - d r i v e n  W illiam s c ru s h e r ,  by  th e  same men 
who o ru s h  th e  s c r a p  a s b e s to s .  T h is  c ru s h e d  co rk  i s  used  fo r  i n s u l a t i n g  
l i n e s  i n  th e  c o ld  s e t t l i n g  p la n t .  The a v e ra g e  amount o f  d u s t p roduced  
i s  2 0 ,0 1 6 ,1 7 8  p a r t i o l e s ,  t e n  m icrons o r  l e s s  in  s i z e  p e r  cu b ic  fo o t .
About 80$ o f  t h e  p a r t i o l e s  a r e  s l i g h t l y  a n g u la r ,  c r y s t a l l i n e ,  i n  a p -  
p e a ra n o e , and f i v e  m icrons o r  l e s s  in  s i z e ]  20$  a r e  ro u n d , sem i-opaque , 
t e n  m io rons o r m ore. T here a r e  a l s o  a  l a r g e  number o f v e ry  sm all b la c k  
o r  d a rk  g rey  s p e c k s , *

IV - GUNITING OPERATION

What i s  G u n ite  and How i s  i t  App l ie d ?  -  G u n ite  i s  a  m ix tu re  o f  a p p ro x im a te ly  
one p a r t  (one  94 pound b a g ) o f P o r t la n d  Cement and  two p a r t s  ( tw e lv e  scoop  s h o v e ls )  
o f  c le a n  s h a rp  sand . The sand and cement a r e  m ixed  d ry ,  sh o v e led  in t o  th e  h o p p er 
o f  a  G u n ite  m ach ine , u s in g  w a te r un d er a b o u t 40 -pounds p e r  sq u a re  in c h  p re s s u re  and  
com pressed  a i r  a t  t h i r t y  to  n in e ty  pounds p e r  s q u a re  in c h . I t  i s  a p p l ie d  un d er p r e s ­
s u re ,  as  a  s e m i - f lu id ,  a g a in s t  th e  s u r f a c e  t o  b e  p r o te c te d  (v isu a lly  p ro c e s s  equ ipm en t, 
suoh a s ,  c r a c k in g  o o i l  so ak in g  drums and s t o r a g e  ta n k s ) .  I n  p r a c t i c a l l y  ev ery  c a s e  
w here g u n i t in g  i s  d o n e , i t  fo llo w s  im m e d ia te ly , a f t e r  th e  sand b l a s t i n g  jo b  used  t o  
c le a n  th e  s u ra c e . I n  m ost c a s e s ,  t h e  work i s  p e rfo rm e d  by th e  same crew , The i n d i ­
v id u a l  h o ld in g  th e  g u n i te  n o z z le  i s  p ro v id ed  w i th  th e  same p r o te c t io n  as  i s  th e  

„. o p e ra  o f  th e  sand b l a s t  n o z z le ,  and th e  men te n d in g  th e  g u n ite  m ach ines a r e  p ro ­
v id e d  w ith  r e s p i r a t o r s  and a r e  r e q u ir e d  t o  u s e  them  w h ile  a c tu a l ly  h a n d lin g  th e  san d  

" ,x' | and cem ent. T h is  in v o lv e s  m ix ing  th e  m a t e r i a l s  and c h a rg in g  them in to  th e  m ach ines 
( th e  two d u s t i e s t  p a r t s  o f  a g u n i t in g  jo b ) .  Sam ples ta k e n  d u rin g  th e s e  o p e ra t io n s  
showed t h e  fo llo w in g  d u s t  co u n ts  o f  p a r t i c l e s  t e n  m icrons o r  l e s s  i n  s ize*
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Op e r a t io n  P a r t i c l e s  per ovu f t .

S c re e n in g  sand p r i o r  t o  m ix in g  w ith  c e m e n t.. 2 ,4 9 3 ,1 6 0
M ixing  b a tc h ................... ...................................................  1 ,6 9 9 ,2 0 0
S h o v e lin g  m ix  in t o  h o p p e r................. ....................... 6 ,4 8 5 ,2 8 0

A bout 40$ o f  th e  d u s t  p a r t i c l e s  i n  sam ples ta k e n  w h ile  m ix ing  th e  b a tc h  and 
f i l l i n g  t h e  h o p p er w ere c r y s t a l l i n e ,  q u a r t z - l i k e  i n  a p p e a ra n c e , and a b o u t f iv e  mi­
c ro n s  in  s i z e .  The rem a in d e r w ere d a rk  g re y  in  c o lo r  and  below  one m ioron  in  s iz e .  
The d u s t  p a r t i c l e s '  i n  a i r  ooming o u t o f  th e  b o tto m  m anhole of a  so a k in g  drum b e in g  
g u n ite d  a v e ra g e d  528 ,640  p a r t i c l e s  p e r  c u b ic  f o o t ,  and  w ere  s l i g h t l y  a n g u la r ,  
c r y s t a l l i n e  i n  a p p e a ra n c e  and fou r m icro n s o r  l e s s  i n  s i z e ,

A g u n i te  crew  c o n s i s t s  o f s ix  men. The a v e ra g e  s e rv io e  c r e d i t  o f  th e  men in  
t h e  Crews s tu d i e d  was e ig h t  y e a r s .  Two "n ozzle -m en" who " s p e l l "  each  o th e r  ev e ry  
tw o o r  t h r e e  h o u rs  ap p ly  t h e  g u n ite . T h e re  i s  one man a t  th e  g u n ite  m aoh ine, and 
t h r e e  men s o re e n  th e  sand and mix i t  w ith  cem ent. O nly ab o u t 25$ o f  t h e i r  w ork ing  
t im e ,  o r  n in e  h o u rs  per week p e r  man, i s  dp v o ted  t o  g u n it in g .

N
E

E

c

Rem oval o f  G u n ite  L in in g* Pneum atio  c h i s e l s  a r e  u se d  to  rem ove g u n ite  l i n i n g ,  RZ 
Sam ples ta k e n  from  i n s i d e  a  c ra c k in g  c o i l  t a r  s e p a r a to r  d u rin g  t h i s  o p e r a t io n  had as  
h ig h  as  1 6 ,5 9 5 ,5 2 0  p a r t i c l e s  o f  d u s t ,  t e n  m ic ro n s  o r  l e s s  in  B ize , p e r  oub io  f o o t ,  RZ
and an  a v e ra g e  o f  1 0 ,8 0 4 ,0 8 0  p a r t i c l e s  p e r  c u b ic  f o o t .  A bout 75$ o f  th e s e  p a r t i c l e s  
w ere  ro u n d ed , a n g u la r ,  m ore o r l e s s  opaque , i n  a p p e a ra n c e , one m io ron  o r  l e s s  i n  RtZ
s i z e ,  and 25$ w ere a n g u la r ,  q u a r t z - l i k e ,  a b o u t t e n  m io rons o r l e s s  i n  s iz e ,  A chem i­
c a l  a n a l y s i s  o f  th e  g u n i t e  l i n i n g  showed t h a t  i t  c o n ta in e d  68, 2$  f r e e  s i l i c a .  F our RZ

'p  from  t h e  P la n t  Labor D epartm en t, w ith  an  a v e ra g e  s e r v io e  o f  se v e n  y e a r s ,  spend 
Jo u t tw e n ty  h o u rs  p e r  week rem oving  g u n i te  l i n i n g s  from  p ro o ess  equipm ent,, An a i r  RZ

syphon p ro v id e s  v e n t i l a t i o n ,  and  th e  men a r e  r e q u ir e d  t o  u s e  th e  g o g g le s  and r e s p i r a ­
t o r s  w hich  a r e  f u r n is h e d  them , R l

V  - WELDING AND CUTTING OPERATIONS

W elding  h a s  n e v e r  b e e n  c o n s id e re d  a  d u s t-p ro d u c in g  o p e ra t io n . However, ou r 
s tu d i e s  and th o s e  o f  o th e rs  i n d i c a t e  t h a t  t h e  u se  o f  t h e  modern c o a te d  e le c t r o d e s  o r 
ro d s  p ro d u ces  a  l a r g e  am ount o f  d u s t  i n  a d d i t i o n  to  th e  fumes w h ich  a r e  ev o lv ed , An 
e l e c t r i c  a r c  i s  u sed  f o r  m ost o f  th e  w e ld in g  around  r e f i n e r i e s .  T h ere  a r e  a  number 
o f  w e ld in g  jo b s ,  how ever, f o r  w hich o x y -a c e ty le n e  i s  used« O x y -a c e ty le n e  i s  a l s o  
u se d  f o r  p r a c t i c a l l y  a l l  b u rn in g  o r c u t t i n g .

A « WELDING OPERATIONS;

1» ELECTRIC ARC WELDING; E l e c t r i c  a r c  w e ld in g  i s  u sed  an a l l  ty p e s  o f  co n ­
s t r u c t i o n  and r e p a i r  work. The a v e ra g e  s e r v i c e  o f  t h e  e l e c t r i c  w e ld e rs  i s  
a b o u t tw o y e a r s  and m ost o f  them  came from  th e  L abo r D epartm en t, h a v in g  
b een  d e v e lo p e d  in t o  w e ld e rs  a t  th e  i n d i v id u a l  p la n t s .  They a r e  exposed  t o  
p a r t i c u l a t e  m a t te r  g e n e ra te d  by th e  w e ld in g  o p e r a t io n  on an a v e ra g e  o f  s i x  
h o u rs  p e r  s h i f t ,  n in e  s h i f t s  ou t o f  f o u r te e n ,  T h is  p a r t i c u l a t e  m a t t e r  i s  
o r d i n a r i l y  r e f e r r e d  t o  as  "fumes o r  sm okes". The p a r t i c l e s  when fo u n d  
have  a  much s m a l le r  s i z e  ra n g e  th a n  t h a t  o f  d u s t ,  suoh  a s  s i l i c a .  W ith  same 
o p e r a t io n s  t h e r e  may a l s o  be some d u s t  p r e s e n t ,  b u t  th e  p ro d u c t form ed from  

'v o l a t i l i z i n g  th e  m e ta l  and ro d  c o a t in g s  i s  commonly te rm ed  a  "fum e". A ll  
w e ld e rs  a r e  p ro v id e d  w ith  approved  hand s h i e l d  o r  h e lm e ts  equ ipped  w i th  #10 
N oviw eld l e n s .  W eld ing  i n  shops i s  done in  canvas o r  wooden b o o th s . A 
steam  o r  a i r  syphon i s  i n s t a l l e d  when any  a rc  w e ld in g  i s  done in s id e  o f  c lo s e d  
v e s s e l s  su c h  as drums o r  tow ers«

What a r e  C oated  E le c t r o d e s ? C oated e le c t r o d e s  a r e  m e ta l w e ld in g  ro d s co v e re d

Jfc

Jfcz
J t

• l r
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w ith  a  co m p o sitio n  w hich p r e v e n ts  o x id a t io n  and p e rm its  th e  fo rm a tio n  o f  s t r o n g e r  and 
‘p o r e  u n ifo rm  w elds.

What Do These E le c t r o d e s  C o n ta in  and What P ro d u c ts  R e s u l t  From T h e ir  TJse? I n  
g e n e ra l ,  th e  c o a tin g s  u se d  i n  m odern co a ted  w e ld in g  e le c t r o d e s  a r e  p a te n te d  o r t r a d e  
s e c r e t s ,  w ith  s p e c ia l  v i r t u e s  a t t r i b u t e d  to  each . O b v io u sly , i t  i s  in a d v is a b le  t o  
p u t  in to  th e s e  c o a tin g s  m a te r i a l s  w h ich  m ig h t p ro d u ce  p ro d u c ts  h a rm fu l t o  man. 
N e v e r th e le s s ,  chem ica l a n a ly s e s  o f  b o th  th e  c o a t in g s  and t h e i r  p ro d u c ts  in d i c a te  t h a t  
th e  c o n t in u a l  u se  o f same o f  th e s e  ro d s  m ight p o s s ib ly  le a d  t o  c o m p lic a tio n s .

M ost o f  th e  a r c  w e ld in g  a t  ou r a f f i l i a t e d  p la n ts  i s  done w i th  #5  F le e tw e ld  
c o a te d  e le c t r o d e s  w hich come in  two s iz e s  (5 /3 2 "  and 3 / l 6 " )  and w i th  G en era l E le c ­
t r i c  W-20 5 /32" c o a te d  r o d s . -  O th e r ro d s  som etim es u sed  a r e  # 4  S ta in w e ld  Ka2S a l l o y  
w e ld in g  ro d , 5 /32" S ta in w e ld  A ro d s f o r  s t a i n l e s s  s t e e l ,  and M urex N io k e l S te e l  c o a t ­
ed ro d s . Among th e  c o n s t i t u e n t s  o f  some o f  th e s e  e le c t r o d e s  c o a t in g s  a re s

C oated E le c t r o d e  Brand
P e r C ent.

SiOz F lu o r in e  C alcium  F lu o r id e

" F le e tw e ld " , L in c o ln  E l e c t r i c  Co......................30 .28
"M urex", A m erican M e ta l & T h erm ite  Co..........28.05
"USS Cr-Ni 1 8 -8 " , Amer. S t e e l  & W ire Co, . . . 3 7 ,  20
" S ta in w e ld " , L in c o ln  E l e c t r i c  C o . . . ...............12,101 2 1 ,2 0
" R e z i s t a l  K -A -25", C ru c ib le  S t e e l  C o .. . . . , 2 4 . 0 3  1 3 .4 0

14, 50 
43, 50 
p r e s e n t

A ll  o f  th e  above c o a t in g s  a lso ' c o n ta in  I ro n  Oxide (F 6203) M anganese O xide, 
e i t h e r  Mn203 o r MnO o r b o th ,  and Aluminum Oxide (A I2O3 ) ,  i n  v a ry in g  p e r ­
c e n ta g e s .

The c o m p o sitio n  o f  th e  f lu x e s  o r  c o a t in g s  used  in  G & E ty p e s  W-20, W-22 and 
W-23 i s  n o t  a v a i l a b l e ,  b u t  i t  i s  known th a t  th e y  c o n ta in  am ounts o f  f r e e  s i l i c a t e s  
and f r e e  s i l i c a .  . A cco rd in g  t o  d e te rm in a t io n s  made by th e  G en era l E l e c t r i c  Company, 
th e  maximum c o n c e n t r a t io n  o f  f r e e  s i l i c a  on any  o f  t h e i r  e le c t r o d e s  un d er a  p a r t i c u l a r  
s e t  o f  c o n d i t io n s  i s  1 ,5 7 5 ,0 0 0  p a r t i c l e s  p e r  c u b ic  fo o t  o f  a i r  w i th  W-20, 7 7 8 ,0Q0 
w ith  W-22, and 1 ,0 9 3 ,0 0 0  w ith  W-23 u n d er o th e r  c o n d i t io n s  th e  c o n c e n t r a t io n s  m ig h t be 
h ig h e r  o r  low er th a n  th o s e  g iv e n . The maximum p e rm is s ib le  c o n c e n t r a t io n  as  l i s t e d  
by th e  M e tro p o l i ta n  L i f e  In s u ra n c e  Company i s  7 ,0 0 0 ,0 0 0  p a r t i c l e s  p e r  cu b ic  f o o t  o f  
a i r .

C o a tin g s  a l s o  c o n ta in  c o t to n  f i b e r ,  c e l l u l o s e ,  o r  o th e r  o rg a n ic  p u lp  w hich 
c r e a t e s  fum es, b u t  s in c e  we a r e  o n ly  co n ce rn ed  w ith  d u s t  i n  t h i s  s tu d y  a l l  fume p ro ­
d u c in g  m a te r ia l s  w i l l  r e c e iv e  no f u r t h e r  c o n s id e ra t io n .

W elding c o r r o s i o n - r e s i s t i n g  s t e e l  w ith  c o a te d  c o r r o s i o n - r e s i s t i n g  s t e e l  e l e c ­
t r o d e s  form s a  s l a g ,  among th e  m a jo r  c o n s t i tu e n t s  o f  w hich  a r e t

"S ta in w e ld "  USS CR-Ni 18-8  " R e z i s t a l"

F lu o r in e  ( F ) ......... ..........................................
S i l i c a  (SÌO 2 ) . . . . . . . . . . . . . . . . . . . . . .
I r o n ,  Chromium and M anganese O xides 
C alcium  Oxide (CaO).

« ft 6 11. 4%.
2 5 .1  %
22 $

50, 7%a

« 9 0 0 0 00
ft « ft « 0 .9 9

o a $ 0 » « 9

a o 0 9 a » e

69 6/Oa e
3 80 $
24$ 2%» « 
28© Ojï&s «

0 0 ft « a o 0

e 0 ft 9 0 0 ft

ft O Q 0 ft ft 0

9 ft ft ft o 0 9

. .14® 9% 
a o 13® 
a 0 1 6 .Z%
e e 26« TI%

'} The m a jo r c o n s t i t u e n t s  o f  d u s ts  s e p a ra te d  from a tm o sp h ere  by g r a v i t y  and c o l  
l e c te d  from  th e  bo ttom s o f  w e ld in g  cham bers a f t e r  w eld ing  c o r r o s i o n - r e s i s t i n g  s t e e l  
p l a t e s  w ith  c o a te d  c o r r o s i o n - r e s i s t i n g  s t e e l  w e ld in g  ro d s a re?
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"S ta in w e ld "  USS CR-Ni 18-8  " R e z is ta l"

S i l i c a  (SiO  ) ............................................ 1 1 .0 $ .............................. 1 9 . 6 $ ................  1 0 .0 $
I  J  Caloium  F lu o r id e  (CaF ) ................... ...... 4 0 .5 $ ....................  1 1 ,4 $     2 3 ,4 $
h-J.y1" O xides o f  I ro n , Aluminum and N ic k e l , 3 0 ,2 $ ...................  5 2 .1 $     3 6 .6 $

The fo llo w in g  i s  a n  i n t e r e s t i n g  com parison  be tw een  t h e  c o m p o s itio n s  o f  d u s t
form ed when u s in g  b a r e  m ild  s t e e l  e l e c t r o d e s  and  when u s in g  c o a te d  e le c t r o d e s  fo r  
w e ld in g  g a lv a n iz e d  s t e e l t

B rand B are E le c tro d e s C oated E le c t r o d e s
$  ZnO $  Feg03 $  ZnO $  F e203

" F le e tw e ld " 7 9 .2 20,0 6 7 .5 3 1 ,9
"W ilson" 6 2 ,6 60 .5 78. 8 2 1 .5
"Murex" 6 0 .5 4 0 .0 7 2 .0 2 8 ,0

I n v e s t i g a t io n s  h a v e  shown t h a t  th e r e  may b e  as  much as  a  f iv e  p e r  c e n t ,  v a r i a ­
t i o n  in  co m p o sitio n  o f  d u s t  p roduced  by th e  same make and k in d  o f  e l e c t r o d e  when u sed  
u n d e r  c o n s ta n t  c o n d i t io n s  b u t  by d i f f e r e n t  o p e ra to r s .

F e r r i c  o x id e  (Fe2Q3) w h ich  em anates from a l l  w e ld in g  a r c s ,  r e g a r d l e s s  o f  th e  
ty p e  o f  c o a t in g ,  i s  d i s a g r e e a b le  b u t  n o t h a rm fu l. C o n c e n t r a t io n s  o f  i r o n  o x id e  o f  ab o u t 
t e n  m i l l ig r a m s  p e r  cu b ic  m e te r  a r e  s a id  t o  be e n t i r e l y  n o n - in ju r io u s  t o  th e  r e s p i r a ­
t o r y  o rg a n s .

B re a th in g  th e  d en se  c lo u d s  o f  fum es o f z in c  o x id e , form ed when th e  z in c  o f  th e  
g a lv an ized  c o a t in g  i s  b o i l e d  o f f  by  th e  h e a t  o f  th e  w e ld in g  a r c ,  c a u se s  w hat i s  com- 

.¿ o n ly  known as  "fume f e v e r " .  T h is i s  ev idenced  by n a u se a  fo llo w e d  by c h i l l s  and un­
p le a s a n t  f e v e r .  The fume f e v e r  does no l a s t i n g  harm  e x c e p t a f t e r  p ro lo n g e d  ex p o su re , 
and  th e  e f f e c t s  a r e  n o t c u m u la tiv e . O rd in a ry  v e n t i l a t i o n ,  w hich  i s  n e c e s s a r y  in  any 
w e ld in g 'o p e r a t io n ,  i s  c o n s id e re d  a d e q u a te  t o  p re v e n t  fume f e v e r .

What I s  The Amount And What A re The C h a r a c t e r i s t i c s  o f  D ust Produc ed By The 
V a rio u s  E l e c t r i c  Arc W eld ing  O p e ra tio n s?  T here i s  a w id e  v a r i a t i o n  i n  th e  amount and  
c h a r a c te r  o f  d u s t  p ro d u ced  by  d i f f e r e n t  ty p e s  o f ro d s  on d i f f e r e n t  m a te r i a l s  under 
d i f f e r e n t  o p e ra t in g  c o n d i t io n s .

FUME, OR DUST PRODUCED BY ARC WELDING

M a te r i a l  B eing 
W elded

E le c t r o d e
Used

S iz e  o f  
E le c t r o d e

P a r t i c l e s  
P er cu, f t .

C h a r a c t e r i s t i c s  o f  D ust 
P a r t i c l e s ,  ( S iz e s  and P e r­
c e n ta g e s  E s tim a te d )

R iv e ts  i n s i d e  
C ross C o il  
Drum,

G-E W-20 
C oated

5 /3 2 " 2 0 ,0 5 0 ,5 6 0 A bo u t 98$ s in g u la r c r y s t a l ­
l i n e ,  5 m ic ro n s  o r  l e s s  i n  
s i z e j  2$  rounded  sem i-o p aq u e , 
10  m ic ro n s  o r m ore i n  s iz e .

M ild  S t e e l  
B lanks I n s id e  
Bopth,

G-E W-20 
C oated

5 /3 2 " 1 4 ,8 3 9 ,6 8 0 A bout 80$ round  b la c k  o r r e d ­
d i s h  brown s p e c k s , 1  m icrons o r  
l e s s  i n  s i z e j  20$  s l i g h t l y  angu­
l a r  c r y s t a l l i n e ,  10  m icrons or 
l e s s  b u t  m o s tly  a b o u t 5 m icro n s 
and  l a r g e  number r e d d is h  brown 
sp e c k s  to o  sm a ll and numerous 
t o  co u n t.
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FUME OR DUST PRODUCED BY ARC WELDING ( C o n t in u e d )

M a te r ia l  B eing  
Welded

E le c t r o d e
Used

S iz e  o f 
E le c tro d e

P a r t i c l e s  
P e r cu . f t .

C h a r a c te r i s t i c s  o f  D ust 
P a r t i c l e s ,  (S iz e s  and P e r­
c e n ta g e s  E s tim a te d )

1 /4 ” B o i le r  
P la te  I n s id e  
Booth*

#5 F le e t -
w eld
C o ated

5 /52"

1

1 1 ,4 4 1 ,2 8 0 About 8 0 / a n g u la r  c r y s t a l l i n e ,  
3 m ic ro n s  o r l e s s  i n  s i z e ;
10%  round  sem i-opaque, 10  
m icro n s  o r  more i n  s iz e ?  10% 
opaque s c a le  l i k e ,  10  mi­
c ro n s  o r  le s s  i n  s i z e .  C ount­
l e s s  number o f  m in u te  p a r ­
t i c l e s ,  r e d d is h  brown smudge.

1 -1 /4 "  I l i ld  
S te e l  Expan­
s io n  J o i n t  In ­
s id e  Bootln

#5 F l e e t -
w eld
C oated

3/16" 1 9 ,8 6 1 ,7 9 3 A bout 9 5 /  a n g u la r  c r y s t a l ­
l i n e ,  3 m icrons o r  l e s s  i n  
s i z e j  5%  rounded sem i-opaque  , 
10 m ic ro n s  o r  l e s s .  Count­
l e s s  number o f  p a r t i c l e s  
r e d d is h  brown smudge.

1 /2 "  R o lle d  
S te e l
(5 5 ,0 0 0 /f p e r  
sq , iru  T e n s i le  
s t r e n g th )  I n ­
s id e  6+Foot 
D ia, drum n e a r  
head  o f  c lo se d  
end.

#5  F l e e t -
w eld
C oated

3/16" 2 ,2 6 5 ,6 0 0 A ll  p a r t i c l e s  5 m icrons o r  
l e s s  i n  s i z e ;  ab o u t 10 /  
a n g u la r  sem i-opaque.

W elding  F lange  
on 4" S te e l  
L in e  P ip e , In ­
s id e  Booth*

Mur ex  
C oated

3/32" 2 ,7 5 6 ,4 8 0 A l l  p a r t i c l e s  2 m icrons o r 
l e s s  i n  s i z e j  s l i g h t l y  
a n g u la r ,  g l a s s - 1 ik e j d a rk  
g re y  smudge.

5 /8 "  B o ile r  
P l a t e  I n s id e  
B ooth .

#5 F l e e t -
w eld
C oated

5/32" 490 ,880 A bout 7 5 /  ro u n d , m e ta l l i c  
opaque, 5 m icrons in  s i z e j  
25%  sem i-opaque , c r y s t a l ­
l i n e ,  C o u n tle ss  number o f  
m in u te  p a r t i c l e s

W eld ing  R iv­
e t s  in
C o u rtn ey  Edge 
I n s id e  C rack­
in g  C o il 
S o ak in g  Drum.

#5 F l e e t -  
w eld
C oated

5/32" 6 ,4 5 6 ,9 6 0 A bout 90%  s h a rp ly  a n g u la r  
c r y s t a l l i n e ,  a b o u t 1  m ic ro n  
o r l e s s  i n  s i z e j  10 /  
rounded  sem i-opaque, 5 m i­
c ro n s  o r  more. C o u n tle ss  
number o f  m inu te  p a r t i c l e s .
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FUI-IE OR DUST PRODUCED BY ARC WELDING ( C o n t in u e d )  -M a te r i a l  B eing E le c tro d e S iz e  o f P a r t i c l e s C h a r a c t e r i s t i c s  o f  D ust 1

Welded Used E le c tro d e P e r cu, f t . P a r t i c l e s ,  ( S iz e s  and P er­
c e n ta g e s  E s tim a te d ) 1

18-8  S t a i n l e s s S ta in w e ld 5 /3 2 " 8 4 9 ,600 About 60$  s l i g h t l y  a n g u la r 1
S te e l  Band a t A sem i-opaque, 5 m ic ro n s  o r

1Top o f  S o ak in g C oated l e s s  i n  s i z e j  20$  rounded ,
Drum Manhead over 10  m ic ro n s j 20$  

-v e ry  g l a s s - l i k e ,  10  m i- V
c ro n s  o r l e s s .

•
1 /2 "  B o i l e r G-E W20 3 /1 6 " 2 3 ,2 2 2 ,4 0 0 About 80$ sesm i-opaque, r e d - m
P la t e  t o  6" C oated d is h  brown ro u n d ed , c r y s t a l - m

P ip e  I n s id e l i n e ,  5 m icro n s  o r l e s s j  20$
f tBooth« round g lo b u le s  o f  m e ta l 5 

m icrons o r  more i n  s i z e .
f tC o u n tle ss  number o f  sm a ll

p a r t i c l e s .
f t

1 /2 "  B o i le r R o e b lin g 5 /3 2 " 2 6 ,5 9 2 ,4 8 0 A bout 90$ b la c k  opaque, 1
f tP la t e  t o  6" I ro n m icron  o r  l e s s  in  s i z e j  5$

P ip e  In s id e Rod ro u n d e d m e ta l l io  g lo b u la r ,
ft:Booth, 5 m icrons o r  l e s s j  5$ s l i g h t ­

l y  a n g u la r ,  sem i-o p aq u e , 
c r y s t a l l i n e ,  3 m icro n s o r 
l e s s .  C o u n tle s s  number r e d ­
d is h  brown p a r t i c l e ? , '

f t

f t

Back W elding F le e tw e ld 5 /3 2 " 382,496 A bout 95$ b la c k  opaque f t
a  F la n g e  on #7 m e ta l l i c ,  2 m ic ro n s  o r
6" S ta n d a rd C oated l e s s j  5$  a n g u la r  c r y s t a l l i n e  , f t
P ip e  i n  O ut- 5 m icrons o r l e s s .  C ount-
s id e  W elding le s s  number o f  r e d d is h Kl
Shop« brown p a r t i c l e s .

f t
Back W elding E L eetw eld 5 /3 2 " 1 ,0 0 0 ,6 4 0 A bout 95$ b la c k  opaque

f ta  F la n g e  on #7 m e t a l l i c ,  2 m ic ro n s  o r
6" S ta n d a rd C oated l e s s j  5 $ a n g u la r  c r y s t a -

f tP ip e  In s id e l l i n e ,  5 m ic ro n s  o r  l e s s .
Booth« C o u n tle ss  num ber o f  

b la c k  p a r t i c l e s . f t

W elding R iv - F le e tw e ld 5 /3 2 " 6 ,2 5 3 ,0 5 6 About 95$ a n g u la r  c r y s t a l - fc j
e t s  I n s id e #7 l i n e ,  5 m icro n s  o r  l e s s ,

f tC rack in g C o ated m o stly  a round  2 m ic ro n s j5 $
C o il V apor- sem i-o p aq u e , ro u n d , 5 m i-
i z e r  (M ild c ro n s . C o u n tle s s  num ber o f
S te e l  Alum i­
num C oated)»

b la c k  p a r t i c l e s .
f t

3C3
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FUME OR DUST PRODUCED BY ARC WELDING ( C o n t in u e d )

M a te r ia l  B eing 
Welded

E le c tr o d e
Used

S iz e  o f 
E le c tro d e

P a r t i c l e s  
P e r  cu , f t .

C h a r a c t e r i s t i c s  o f  D ust 
P a r t i c l e s .  (S iz e s  and P e r­
c e n ta g e s  E s tim a te d )

W elding 2" R ing  
on 1" M ild 
S t e e l  B o ile r  
P la t e
I n s id e  Booth,

F le e tw e ld
#7
C oated

3 /Ï6 " 2 7 ,6 6 2 ,9 7 6 A l l  p a r t i c l e s  l e s s  th a n  2 
m ic ro n s . 70$ ro u n d , opaquej 
30$ s l i g h t l y  a n g u la r ,  c r y s t a l ­
l i n e ,  C o u n tle ss  number o f 
b la c k  p a r t i c l e s ,  r e d d is h  
brown smudge.

M ild  S te e l  
So ra p  P la te s  
I n s id e  Booth,

S ta in w e ld
A

C oated

5 /32" 2 ,6 0 5 ,4 4 0 A l l  p a r t i c l e s  b la c k  opaque, 
2 m ic ro n s  o r  l e s s  in  s i z e .

KagS S te e l
I n s id e
B ooth ,

S ta in w e ld
A

Coated

5 /32" 1 2 ,4 6 0 ,8 0 0 A bout 80$ a n g u la r  opaque, 2 
m icro n s o r l e s s j  20$  s l i g h t ­
l y  a n g u la r  c r y s t a l l i n e ,  5 
m icro n s  o r l e s s .  C o u n tle ss  
number b la c k  p a r t i c l e s ,  
b ro w n ish  g re y  smudge.

The U, S.N avy r e c e n t l y  co n d u c ted  some e x te n s iv e  t e s t s  w ith  c o a te d  e le c tro d e s ,,  
and found t h a t  th e  q u a n t i ty  o f  d u s t  o r fumes d ev e lo p ed  w h ile  w eld ing  on g a lv a n iz e d  
s t e e l  p l a t e  was g r e a te r  th a n  when b a r e  s t e e l  p l a t e s  w ere u sed  and th e  d u s t  rem ain­
ed in  s u sp e n s io n  f o r  f a r  lo n g e r  p e r io d s  o f  t im e .  I t  was a l s o  found t h a t  th e  
a v e ra g e  s i z e  o f  th e  d u s t  p a r t i c l e s  was 0 .2 7  m ic ro n s  and t h a t  th e r e  w ere  130 ,000  p a r ­
t i c l e s  u n d e r fo u r  m ic ro n s  d ia m e te r  p e r  c u b ic  c e n t im e te r .  Q uoting  th e  Navy r e p o r t t

!,I t  i s  a p p a re n t  t h a t  c o n s id e ra b le  q u a n t i t i e s  o f  d u s t  a r e  found i n  any  a ro  
w e ld in g  o p e ra t io n .  The d u s t  formed when o p e ra t in g  on p l a in  m ild  s t e e l  
o r  c o r r o s io n  r e s i s t i n g  s t e e l  i s  l a r g e l y  d e r iv e d  from  th e  f lu x  c o a t in g  on 
th e  e l e c t r o d e s ,  as  i s  shown b y  th e  c o m p o s itio n  o f  th e s e  d u s t s " .

What P h y s io lo g ic a l  E f f e c t  on W elders i s  P roduced by The Use o f  C oated  
E le c t r o d e s .  A cco rd ing  t o  a  s tu d y  made by D o c to rs  A. T. Doig and A. P. G. M cLaughlin 
on lu n g s  o f  E l e c t r i c  Arc W elders (L a n c e t -  V .2 0 j 771 -  775 (A p r il  4 , 1 9 3 6 ) ) ,  d e f i ­
n i t e  pulm onary le s io n s  w h ich  gave r i s e  t o  s t r i k i n g  X -ray  changes in  th e  ap p ea ran ce  
o f  th e  lu n g s  w ere found in  w e ld e rs  w h ich  had  b re a th e d  +he d u s t  o r fume from  c o a te d  
e l e c t r o d e s .  Q u o tin g  D o cto rs  D oig and M cLaughlins

"The e le c t r o d e s  o r  w e ld in g  ro d s  w h ich  c o n ta in  a c o re  o f  m e ta l and an  
o u te r  c o v e r in g  a re  consum ed g r a d u a l ly  by  th e  h e a t  g e n e ra te d  (a b o u t 1500°C. ) 
d u r in g  th e  w eld ing  o p e r a t io n .  The m e ta l  i n  th e  c o re  o f  th e  rod becom es 
m o lte n  and , a s s i s t e d  by  th e  f lu x  c o n ta in e d  in  th e  c o v e r in g , sp re a d s  over 
th e  s u r f a c e  o f  th e  m e ta l  w hich  i s  b e in g  w elded . The fume i s  t h e r e f o r e  made 
up o f  th e  v o l a t i l i z e d  c o n s t i t u e n t s  o f  t h e  c o v e rin g s  o f  th e  ro d s t o g e th e r  
w ith  f in e  p a r t i c l e s  o f  o x id iz e d  m e ta l ,  u s u a l ly  in  th e  form  o f  i r o n  o x id e s .
In  a d d i t io n  th e  fumes p ro b a b ly  c o n ta in  g a s e s  such as n i t r o g e n  p e ro x id e  and 
ozone w hich a r e  form ed by th e  a c t i o n  o f  an  e l e c t r i c  s p a rk  on th e  a i r .  The 
c o m p o s itio n  o f  th e  c o v e r in g s  o f  th e  e l e c t r o d e s  o r w e ld in g  rods becom es, in  
th e  c irc u m s ta n c e s ,  a  m a t te r  o f  some im p o rta n c e . Many s u b s ta n c e s ,  a l l  o f 
w hich  we do n o t p ro p o se  t o  en u m era te , a r e  used . The b a s i s  o f  th e  m a jo r i ty  
o f  th e  c o v e rin g s  i s  sodium  s i l i c a t e  w hich  a c t s  as a f lu x .  A gain , th e
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c o v e r in g s  o f  a  c e r t a i n  ty p e  o f  e l e c t r o d e  c o n ta in  a s b e s to s .  The ro d s  a r e  
som etim es d ipped  i n  a  m ix tu re  c o n ta in in g  pow dered a s b e s to s  and  sodium  s i l i ­
c a t e ,  o r  a s b e s to s  y a r n  is  wound round th e  rod and f ix e d  by  sodium  s i l i c a t e .  
I n  some c a se s  th e  a s b e s to s  c o m p le te ly  co v ers  t h e  ro d s , and i n  o th e rs  i t  i s  
m e re ly  a  co rd  w h ich  i s  wound s p i r a l l y  ab o u t th e  ro d .

"The c o m p o s i tio n  o f  th e  fumes a r i s i n g  from  e l e c t r i c  w e ld in g  e le c t r o d e s  
h a s  n o t  y e t  b e e n  f u l l y  in v e s t ig a t e d ,  Mr, L ,C , M cN air, H.M« E n g in e e r in g  In ­
s p e c to r  o f  F a c t o r i e s ,  has how ever had p a r t i a l  a n a l y s i s  made o f  th e  fumes 
ev o lv ed  from an  a s b e s to s - c o v e r e d  e le c t r o d e  and some a s b e s to s  f i b r e s  w ere 
found . When th e  p a r t i c u l a t e  m a t te r  o f th e  fumes was c o l l e c t e d  in  an  Owen's 
d u s t - c o u n te r ,  i t  was se e n  t h a t  a  l a r g e  p r o p o r t io n  c o n s is te d  o f  i r o n  o x id e  
p a r t i c l e s ,  w ith  an  o c c a s io n a l  a s b e s to s  f ib r e ,

"The X -ray  a p p e a ra n c e s  i n  t h e  w ell-m arked  c a s e s  d i f f e r  from  th e  u s u a l  
p i c tu r e  o f  a s b e s t o s i s .  I n  none o f  th e  p o s i t i v e  c a se s  and  i n  o n ly  one o f  
t h e  s u s p ic io u s  c a s e s  was t h e r e  any  b lu r r in g  o f  th e  d ia p h ra g m a tic  shadow, 
and in  no c a se  was t h e  h e a r t  o u t l in e d  b lu r r e d .  The l i n e  o f  t h e  i n t e r l o ­
b a r  septum  (a  f e a t u r e  p re s e n t  i n  a  nfonber o f  f i l m s  o f  c a s e s  o f  a s b e s to s i s )  
i s  seen  in  o n ly  one p o s i t i v e  c a se . The o p a c i t i e s  i n  th e  f i lm s  a r e  n o t  a c ­
c e n tu a te d  a t  th e  b a s e s  o f  th e  lu n g s ,  b u t on th e  c o n t r a r y  th e  u p p er lu n g  
f i e l d s  ap p ea r t o  b e  t h e  e a r l i e s t ,  and in  e s t a b l i s h e d  c a s e s ,  m o st m arked ly  
a f f e c t e d .  B e fo re  a s b e s t o s i s  can  be e l im in a te d  from  th e  d i f f e r e n t i a l  
d ia g n o s is  i t  m ust b e  remembered t h a t  th e  a s b e s to s  f i b r e s  a r e  b e in g  s u b je c te d  
t o  in t e n s e  h e a t  and a r e  n o t i n  th e  same p h y s ic a l  s t a t e  a s  th e  f i b r e s  w hich 
a r e  in h a le d  by  w o rk e rs  in  an  a s b e s to s  f a c to ry .  I t  i s  p o s s i b le  t h a t  a  
t y p i c a l  p ic tu r e  o f  a s b e s to s i s  m ig h t be p roduced  b y  th e  i n h a l a t i o n  o f  a l t e r ­
ed a s b e s to s .  M erew ether. say s  t h a t  -  ' t h e  r a d io g r a p h ic  a p p e a ra n c e s  o f  th e  
d ev e lo p ed  o r advanced  s t a t e s  o f  a s b e s to s i s  a r e  d i s t i n c t i v e ,  a l th o u g h  th e y  
a r e  n o t  s p e c i f i c .  W h ile , as i s  t h e  case  w ith  s i l i c o s i s ,  c e r t a i n  r a d io -  
g ra p h ic  ap p ea ran ces-m ay  be lo o k ed  upon as  t y p i c a l  o f  th e  d i s e a s e ,  f r e q u e n t ­
l y  m o d if ic a t io n s  o f  and  d e p a r tu r e  from th e  t y p i c a l  p i c t u r e  o c c u r ’ , The 
X -ra y  ap p ea ran ces  i n  o u r c a se s  m ost c lo s e ly  re se m b le  th o s e  o f  a  f i n e  s i l i -  
o o s i s ,  b u t  th e  c l i n i c a l  f e a t u r e s  show two im p o r ta n t  d i f f e r e n c e s .  In  th e  
f i r s t  p la c e , th e  e l e c t r i c  w e ld e rs  whom we exam ined a r e  a l l  i n  good h e a l th  
and a r e  f i t  t o  w ork . The o n ly  symptoms o b se rv e d  w ere s l i g h t  cough and 
m o rn in g  e x p e c to r a t io n ,  and in  th e  f i r s t  c a se  a  s m a ll  h aem o p ty s is  o c c u rre d . 
T h is  man has n o t b e e n  away from  work even f o r  a  day  s in c e  h e  was f i r s t  
se e n  i n  June, 1933 , and h i s  h e a l t h  a t  th e  p r e s e n t  tim e  i s  good. None o f  
t h e  men s u f f e r s  fro m  dyspnaea. S econdly  none o f  them  h as  c o n c o m ita n t 
pu lm onary  t u b e r c u lo s i s ,

"M ilia ry  t u b e r c u l o s i s  can  b e  ru le d  o u t o f  t h e  d i f f e r e n t i a l  d ia g n o ­
s i s  f o r  c l i n i c a l  r e a s o n s ,  and t o  same e x te n t  on th e  r a d i o l o g i c a l  a p p e a r­
a n c e s .  None o f  t h e  c a s e s  shows th e  dysp n aea , c y a n o s is ,  and t a c h y c a r d ia  
o f  a c u te  o r  s u b a c u te  m i l i a r y  tu b e r c u lo s i s .  C h ro n ic  o r h e a le d  m i l i a r y  
t u b e r c u lo s i s  i s  r a r e  and i t  i s  d i f f i c u l t  t o  im ag in e  t h a t  a  c o n d i t io n  o f  
su ch  r a r i t y  w ould b e  found in  6 o u t o f  one g roup  o f  16 men. I n  th e  
X -ra y  f i lm s  o f  th e  w e ld e r s ’ c h e s t s  th e  f i n e  o p a c i t i e s  a r e  i r r e g u l a r  in  
s i z e  and sh ap e , w h e re a s  in  m i l i a r y  t u b e r c u lo s i s  o f  th e  lu n g  th e  shadows 
a r e  more un ifo rm ,

"A f u r t h e r  p o s s i b l e  e x p la n a t io n  of th e  X -ra y  a p p e a ra n c e s  in  t h i s  
s e r i e s  o f  c a se s  i s  t h a t  th e  i n h a l a t i o n  o f  s m a ll  q u a n t i t i e s  o f  n i t r o u s  
fumes to g e th e r  w ith  t h e  su p erad d ed  e f f e c t  o f  f i n e  iro n  o x id e  d u s t  m ig h t 
s e t  up  sm all a r e a s  o f  c h ro n ic  in f la ira ra to ry  c h a n g e , c o n g e s t io n ,  o r  f i ­
b r o s i s  i n  th e  lu n g s . A gain , th e  i r o n  ox ide  p a r t i c l e s  m ig h t b e  opaque 
t o  t h e  X -rays  and p ro d u c e  th e  p i c t u r e  w ith o u t t h e  a s s o c ia te d  p re s e n c e
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o f . f i b r o s i s  and c o n g e s t i o n .

2. OXY-ACETYLENE '.ELDING; O x y -ace ty len e  w e ld in g  i s  more o r  l e s s  co n fin e d  to  
sm a ll r e p a i r  jo b s  o r  t o  c e r t a i n  em ergency o p e ra t io n s  w here a r c  w eld ing  i s  n o t  
a v a i l a b l e  o r  p r a c t i c a l .  Exposure o f  men d o in g  w eld in g  i s  more o r l e s s  i r r e g u ­
l a r ,  They u s t ia l ly  w ear A m erican O p tic a l  Company o r W illso n  W elding G oggles 
w ith  ifjr4 Noviweld le n s .  The amount o f  d u s t  p rod u ced  by o x y -a c e ty le n e  w eld in g  
i s  c o n s id e ra b ly  l e s s  th a n  t h a t  caused  by th e  u se  o f  c o a te d  e le c t ro d e s  in  a rc  
w e ld in g , and v a r ie s  c o n s id e ra b ly  w ith  th e  s t y l e  t i p  and w e ld in g  rod  b e in g  
u sed  as w e ll as  th e  m a t e r i a l  w elded , as  i s  shown by  th e  fo llo w in g  t a b l e t

DUST PRODUCED BY OXY-ACETYLENE WELDING

M a te r ia l  Being 
Welded

W elding Rod Tip Used P a r t i c l e s  P e r 
Cvu Ft.

C h a r a c t e r i s t i c s  o f  Dust 
P a r t i c l e s  (S iz e s  and P e r­
c e n ta g e s  E s tim a te d )

G alv an ized  
M etal Hood 
W elding Shop.

Norway
5/32"

A ireo
#4

396 ,480 A bout 70/o s l i g h t l y  a n g u la r ,  
sem i-opaque , g r e y is h ,  5 m i­
c ro n s  o r l e s s ;  20$ rounded 
sem i-opaque , g r e y is h  c r y s ­
t a l l i n e ,  10 m icrons o r  m ore; 
10%  amorphous, s c a l e - l i k e ;  
10 m icrons o r more in  s iz e .

l / 4 "  x 2" Bar 
I ro n ,  W elding 
Shop.

Oxweld cop - 
p e r iz e d  
s t e e l  3 /1 6 "

A ireo
#8

5 0 9 ,760 About 80%  b la c k  opaque, 1 
m ic ro n  o r le s s  i n  s i z e ;  ab o u t 
20% rounded , c r y s t a l l i n e ;
5 m icro n s o r l e s s  i n  s iz e .

l / 2 , r B o ile r  
P l a t e ,  S o f t 
S t e e l ,  Weld­
in g  Shop,

Oxweld cop - 
p e r iz e d  
s t e e l  l / 8 "

Oxweld 1 ,0 1 9 ,5 2 0 A bout 80%  ro u n d , sem i-opaque, 
5 m icro n s o r l e s s  i n  s i z e ;
10%  a n g u la r  c r y s t a l l i n e .  
C o u n tle ss  number o f  sm a ll 
b la c k  p a r t i c l e s .

l / 8 "  G alvan­
iz e d  S h ee t 
I r o n ,  Weld­
in g  Shop,

Oxweld c o p - 
p e r i  zed  
s t e e l ,  
l / 8 "

Oxweld 1 ,3 5 9 ,3 6 0 A bout 80%  rounded , sem i­
opaque , d a rk  g re y , 1 m icron  
o r  l e s s  in  s i z e ;  10$ s l i g h t l y  
a n g u la r  c r y s t a l l i n e ,  3 m i­
c ro n s  o r  l e s s ;  10%  s h a rp ly  
a n g u la r  c r y s t a l l i n e ,  5 m i­
c ro n s  o r  l e s s ;  c o u n t le s s  
number o f  sm all d a rk  g rey  
p a r t ic le s ®

W elding T ee th  
on Band Saw.

Simmons Saw 
W elding 
Rod, 3 /6 4 "

Aero­
p lan e
#2

1 ,4 7 2 ,6 4 0 A bout 98% round b la c k  opaque, 
a b o u t 1 m icron o r  l e s s  in  
s i z e ;  2%  s l i g h t l y  a n g u la r ,  
c r y s t a l l i n e ,  3 m icro n s o r  
l e s s  i n  s iz e .

B -  BURNING OR CUTTING OPERATIONS;

1« WITH OXY-ACETYLENEt The o x y -a c e ty le n e  t o r c h  i s  used  b o th  in  th e  c o n s t r u c t io n
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and th e  d e m o lit io n  o f  p ro c e s s  equipm ent and works s t r u c t u r e s .  I t  a l s o  p la y s  
an  im p o r ta n t p a r t  i n  em ergency and re sc u e  w ork. Goggles w ith  shade #5 N ovi- 
w eld le n s  a re  p ro v id e d  and t h e i r  u se  i s  r e q u i r e d .  At th e  l a r g e r  p la n t s  men 
w ith  an  av e ra g e  s e r v i c e  c r e d i t  o f  s i x  y e a r s  spend  a b o u t t h r e e - f o u r t h s  o f 
t h e i r  w ork ing  tim e  on c u t t in g  o r  b u rn in g  o p e r a t io n s  (a b o u t h a l f  t h e i r  tim e  
i s  g iv e n  to  " b u rn in g  s t e e l "  fo r  new c o n s t r u c t io n ) .  The am ount o f  d u s t  p ro ­
duced i s  u s u a l ly  g r e a t e r  th a n  t h a t  caused  by  o x y -a c e ty le n e  w eld in g .

DUST PRODUCED BY OXY-ACETYLENE BURNING

M a te r i a l  Being 
Burned - - T ip  Used

P a r t i c l e s  
p e r  cu, f t .

C h a r a c t e r i s t i c s  o f  D ust P a r t i c l e s  
(S iz e s  and  P e rc e n ta g e s  E s tim a te d )

B u rn in g  6" 
F lu e s  (1 -1 /2 "  
t h i c k )  Out o f  
S h e l l  S t i l l .

Oxweld
#2

1 ,8 6 9 ,1 2 0

\

A bout 75/o round  b la c k ,  2 m icrons 
o r  l e s s  in  s i z e j  20%  s l i g h t l y  
a n g u la r ,  c r y s t a l l i n e ,  2 m icro n s 
o r  l e s s j  5%  opaque, s c a l e - l i k e ,  
v a r io u s  s i z e s .

l / 2 "  B o i le r  
P l a t e  ( s o f t  
s t e e l )

Oxweld
#4

2 ,7 1 8 ,7 2 0 A bout 90%  sem i-opaque , b la c k ,  2 
m ic ro n s  o r  l e s s  10% ro u n d , d a rk  
g rey , o v e r 5 m icrons in  s iz e .

2« WITH NATURAL GAS? A la rg e  p a r t  o f  th e  b u rn in g  o r  c u t t i n g  a t  one o f  t h e  
l a r g e r  s o u th e rn  r e f i n e r i e s  i s  done w i th  oxygen and n a t u r a l  gas (60 pounds 
p e r  sq u a re  in c h  p r e s s u r e ) ,  A s p e c i a l  to r c h  w ith  a l / l 6 "  x 5 / l 6 "  t i p  made in  
th e  r e f i n e r y  shops i s  used . Two men w ith  an  a v e ra g e  s e r v ic e  o f  t h i r t e e n  
y e a r s  spend a  m a jo r p o r t i o n  o f  t h e i r  w ork ing  tim e  on t h i s  n a t u r a l  gas., They 
w ear g o g g le s  w ith  #5 shade Noviweld le n s .  Sam ples ta k e n  w h ile  b u rn in g  h o le s  
i n  3" s ta n d a rd  p ip e  in  th e  y a rd  o u ts id e  o f  w e ld in g  shop w ith  oxygen a,nd n a tu ­
r a l  gas  had a  c o n c e n tr a t io n  o f  471 ,811  p a r t i c l e s ,  t e n  m icro n s o r  l e s s  in  s i z e ,  
p e r  c u b ic  fo o t .  A bout 15% o f th e s e  p a r t i c l e s  w ere  s l i g h t l y  a n g u la r  c r y s t a l ­
l i n e  i n  a p p e a ra n c e  u n d e r  th e  K onim eter m ic ro sco p e , and w ere f i v e  m icro n s o r  
l e s s  in  s i z e j  25%  w ere rough s c a l e - l i k e ,  opaque, t e n  m icrons o r  l e s s  in  s iz e .  
T h ere  w ere a l s o  many m in u te  p a r t i c l e s ,

-  HEALTH HAZARDS PRODUCED BY WELDING AND BURNING OPERATIONS .»Although our 
s tu d y  was c o n fin e d  t o  th e  fumes o r  d u s t  p ro d u ced  by  W elding and C u t t in g  o p e ra ­
t i o n  t h e  p b s s i b i l i t y  o f  le ad  p o is o n in g  from  w e ld in g  o r c u t t i n g  i r o n  p l a t e s  
t h a t  have been  p r e v io u s ly  c o a te d  w ith  re d  le a d  sh o u ld  be p o in te d  o u t .  Lead 
p o is o n in g  from  t h i s  s o u rc e  i s  r a t h e r  common, e s p e c i a l l y  in  c u t t i n g  up o ld  
s c r a p ,  b r id g e s ,  t a n k s ,  and o th e r  i r o n  s t r u c t u r e s  t h a t  have th ro u g h  many y e a r s  
o f  u se  r e c e iv e d  p r o t e c t i v e  c o a t in g s  o f  r e d  le a d .  The a c t io n  o f  th e  flam e 
v o l a t i l i z e s  t h i s  le a d  m a te r i a l  and c r e a t e s  a  smoke t h a t  i s  p o iso n o u s . The 
same h a z a rd  e x i s t s  i n  c u t t i n g  o u t r i v e t s  in  new s t r u c t u r e s .

I t  sh o u ld  a l s o  b e  p o in te d  o u t  t h a t  some o f  th e  w e ld in g  ro d s  c o n ta in  
m anganese w hich  i s  v e ry  po isonous when ta k e n  in t o  th e  body. T h ere  i s  a n  ap ­
p a r e n t  h a z a rd  from  v o l a t i l i z i n g  t h i s  m a t e r i a l ,  o r  r a t h e r  ch an g in g  i t  t o  th o  
o x id e  o f  m anganese, and b re a th in g  t h e  fumes p ro d u ced . T here a r e  f u r t h e r  d an g ers  
from  ca rb o n  m onoxide and oxygen d e f ic ie n c y  owing to  th e  u se  o f  g a s - c u t t i n g  o r 
w e ld in g  flam es i n s id e  sm a ll ta n k s  o r  s i m i l a r  c o n f in e d  sp a c e s .

I t  i s  becom ing more and more re c o g n iz e d  t h a t  p e rso n s  engaged  in  c u t t i n g  
and w e ld in g  o p e r a t io n s ,  e i t h e r  by a r c  o r flam e , sh o u ld  have r e s p i r a t o r y  p r o te c ­
t i o n ,  in  a l l  work w here  th e r e  i s  a p o s s i b i l i t y  o f  th e  workmen b r e a th in g  fumes 
and d u s ts  c r e a te d .



VI - GRINDING OPERATIONS

Power g r in d e r s  a r e  p e rh a p s  th e  m o st u n iv e r s a l ly  used  o f  th e  sm all pow er- 
d r iv e n  to o ls«  The u s u a l  power g r in d e r ,  commonly known a s  th e  emery w heel, c o n s i s t s  
o f  a  c a s t  m e ta l  s ta n d  and tw o a b ra s iv e  w h e e ls  mounted on a  th ro u g h  s h a f t  w hich i s  
e i t h e r  b e l t  o r  m otor d r iv e n .  T here a r e  a l s o  s e v e ra l  g r in d in g  w h e e ls , such  a s  a r e  
found  on m achine to o l  equ ipm en t where g r in d in g  ta k e s  th e  p la c e  o f  l a t h e  and  p la n e r  
work. A ll  g r in d in g  o p e r a t io n s  produce d u s t  t o  a  g r e a t e r  o r  l e s s e r  d e g re e , d ep en d in g  
on th e  c o m p o s itio n  and c o n s t r u c t io n  o f  t h e  w heel, the- m a te r i a l  b e in g  ground and  th e  
v e n t i l a t i o n  o r  e x h a u s t hoods p ro v id e d ,

...W hat i s  th e  C o m p o sitio n  of G rin d in g  W heels? G rin d in g  w heels a r e  made o f  
e i t h e r  b a u x i te  w hich  i s  m ined , o r s i l i c o n  c a rb id e  w hich i s  made by  h e a t in g  a  m ix­
t u r e  o f  q u a r t s  sand , coke  and common s a l t  in  an  e l e c t r i o  fu rn a c e . The b a u x i t e  or 
s i l i c o n  c a r b id e  a r e  c ru s h e d  to  th e  d e s i r e d  g r a in  s i z e ,  m ixed  w ith  a n  a d h e s iv e  sub­
s ta n c e  c a l l e d  a  bond, an d  form ed i n t o  w h e e ls , d i s c s ,  cones o r  c y l in d e r s .  T here  a r e  
many w h ee ls  i n  w hich t h e  b in d e r  i s  s h e l l a c ,  ru b b e r ,  b a k e l i t e  and o th e r  o rg a n ic  cam“ 
pounds. B a u x i te  w heels a r e  known in  th e  shop  as  "Alundum" and  " A lo x i te " ,  w h ile  
s i l i c o n  c a r b id e  w heels a r e  known as  " C ry s to lo n "  and "Carborundum ", Alundum w heels 
sh o u ld  be u se d  on m a te r i a l  o f  low t e n s i l e  s t r e n g th s  such  as  c a s t  i r o n ,  b r a s s ,  a lu m i­
num, co p p er and  m arble»

I s  A b ra s iv e  Dust H arm ful? A cco rd in g  t o  Dr, W. I r v in g  C la rk  i n  a  p a p e r  re a d  
a t  a  m e e tin g  o f  Government O f f i c i a l s  i n  In d u s tr y  (B o s to n  -  May 21, 1931) th e  a r t i f i -  
c a l  a b r a s iv e s ,  aluminum o x id e  and s i l i c o n  c a rb id e  do n o t c o n ta in  f r e e  s i l i c a  and 
t h e i r  d u s t  c a n n o t p roduce  s i l i c o s i s .  The d u s t ,  l i k e  any  o th e r  in o rg a n ic  d u s t ,  c an , 
how ever, i f  b r e a th e d  f o r  a  lo n g  p e r io d  o f  tim e  in  l a r g e  q u a n t i t i e s ,  p ro d u ce  a n  X -ray  
p i c t u r e  s i m i l a r  to  t h a t  o f  e a r l y  s i l i c o s i s .  T h is p i c tu r e  ohanges v e ry  s l i g h t l y  as 
y e a r s  o f  ex p o su re  in c r e a s e ,  and a t  no tim e  a r e  th e  n o d u le s , c h a r a c t e r i s t i c  o f  s i l i ­
c o s i s ,  e v id e n t .  U n like  s i l i c o s i s ,  t h e r e  i s  no p ro g re s s  i n  th e  p ro c e s s  a f t e r  expo- 
s u r e  c e a se s  and  th e r e  a p p e a rs  t o  be no m arked p h y s ic a l  d i s a b i l i t y .  A lth o u g h  th e r e  
i s  no s i l i c o s i s ,  th e  X -ra y s  do show s ig n s  o f  -pneum oconiosis.

Carborundum  d u s t ,  c h e m ic a lly ,  i s  s i l i c o n  c a rb id e . A ccord ing  t o  M il l e r  and  
S ay ers  (U ,S , P u b ,H e a lth  Rep. V ol. 49 #3  o f  Ja n , 19 , 1934) carborundum  d u s t  when in ­
je c te d  in t o  th e  p e r i t o n e a l  c a v i ty  o f  g u in e a  p ig s  p roduced  no r e a c t io n  an d  was te rm ed  
" i n e r t " .  D u sts  such  a s  q u a r tz  and f l i n t  -  s i l i c o s i s  p ro d u c in g  d u s ts  -  p roduced  a  
p r o l i f e r a t i v e  r e a c t io n ,

L eroy  U, G ardner (U. S, P u b ,H e a lth  Rep. V ol, 50 $21 o f  May 24 , 1935) r e p o r t s  
t h a t  carborundum  p ro d u ces  p r a c t i c a l l y  no r e a c t io n  when in h a le d  b y  g u in e a  p ig s  i n  
h ig h  c o n c e n t r a t io n s  o v e r a  p e r io d  o f  tim e . Q u o tin g  from  Dr, G ard n er’ s a r t i c l e ,  th e  
p a r t  p e r t a i n i n g  t o  carborundum  d u s ts

"The d u s t  w hich  does re a c h  th e  t r a c h e o b r o n c h ia l  lym ph nodes a p p a re n t­
l y  la c k s  th e  p ro p e r  p h y s io c h e m ic a l p r o p e r t i e s  t o  s t im u la t e  any b u t  a  v e ry  
s l i g h t  p r o l i f e r a t i o n  o f  c o n n e c tiv e  t i s s u e .  I n  th e  lu n g s ,  th e r e  i s  p ra c ­
t i c a l l y  no f i b r o s i s ,  "

The J o u rn a l  o f  th e  A m erican M ed ica l A s s o c ia t io n  (N otes and Q u e rie s  103 , 1472, 
1934) makes t h i s  s ta te m e n t r e g a rd in g  th e  h e a l t h  h a z a rd  o f  b r e a th in g  dus£ from  a r t i ­
f i c i a l  a b ra s iv e s ?

"O nly s i l i c a  (S iO g) i s  c a p a b le  o f  in d u c in g  s i l i c o s i s ,  b u t  any o th e r  
m in e ra l  d u s t  under c o n d i t io n s  o f  p ro lo n g e d  and g ro s s  expo su re  may cau se  
some in c r e a s e  in  pu lm onary  f i b r o s i s .  I f  th e  r e l a t i v e  p o t e n t i a l  harm o f 
s i l i c a  i s  r a te d  as 100 , th e s e  o th e r  n o n - to x ic  m in e ra l d u s ts  may be r a t e d
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o n ly  on th e  o rd e r o f  5 o r  10. "

D e s p i te  t h i s  c o m p a ra tiv e ly  low  r a t i n g  o f  h a rm fu ln e s s  o f  th e s e  d u s ts  i t  i s  
g e n e r a l ly  c o n s id e re d  a d v is a b le  t o  u se  d u s t  hoods and e x h a u s ts  w h e rev e r p r a c t i c a l  a s  
t h e r e  i s  c l i n i c a l  ev id en ce  t h a t  w o rk e rs  exposed t o  heavy c o n c e n t r a t io n s  o f  d u s t  o f 
an y  k in d  a r e  more l i a b l e  t o  d ev e lo p  d i s e a s e s  a f f e c t i n g  th e  n o se , t h r o a t  and c h e s t  
d u r in g  th e  w in te r  months th a n  th o s e  n o t  exposed t o  d u s t .  Dr, C la rk  b e l i e v e s  t h a t  
a n  e f f o r t  sh o u ld  b e  made t o  k eep  th e  d u s t  coun t below  tw en ty  m i l l i o n  p a r t i c l e s  of 
l e s s  t h a n  t e n  m icrons p e r  c u b ic  fo o t  o f  a i r .

l
1 , What a r e  th e  More F re q u e n tly  Used Types o f  G r in d e r s , th e  Q u a n t i ty  and C h a ra c te r  

o f  t h e  D ust They Produce? The g r in d e r s  m ost commonly found i n  t h e  r e f i n e r i e s  and a s ­
s o c i a t e d  a c t i v i t i e s  are*  ~

A -  TANDEM FLOOR TOCL GRINDERS: Tandem f lo o r  to o l  g r in d e r s ,  t h e  m ost f r e ­
q u e n t ly  u sed  ty p e , a r e  i n  m ost c a s e s  m o to r -d r iv e n  and o p e ra te  a t  a  sp e e d  o f  from 
1450 t o  1850 RFM. The ty p e  o f  w heel o r  g r in d in g  m edia s e l e c t e d  depends upon th e  ma­
t e r i a l  t o  be  ground. G e n e ra l ly  sp e a k in g , th e  w heels found  i n  m ost o f  t h e  m achine 
shops and wood w orking shops a ro u n d  o u r r e f i n e r i e s  u sed :

l - l / 2 "  x 10" N orton  Alundum (G rade P, G r i t  46 ) w heels  f o r  
sh a rp e n in g  to o l s  and f o r  g e n e ra l  s e r v ic e  g r in d in g ,

1 -1 /2 "  t o  3" x 14" Carborundum  w heels f o r  m is c e lla n e o u s  
g r in d in g ,

3" x 16" Carborundum ( G r i t  30, Grade K) w heels f o r  g r in d ­
in g  la th e  and o th e r  m ach in e  to o l s .

Som etim es two d i f f e r e n t  w heels  a r e  u sed  on tandem  t o o l  g r in d e r s j  f o r  exam ple, a  2" x 
14" g r a in  24, g rade Q N orton  Alundum v i t r i f i e d  w heel on one s id e  and a  2" x  14" g r a in  
4 4 , g ra d e  M Alundum w heel on th e  o th e r  s id e .

The amount o f  d u s t p ro d u ced  by th e  o p e ra t io n  o f  tandem  t o o l  g r in d e r s  depends 
p r i m a r i l y  upon th e  c o m p o s itio n  o f  t h e  w h ee l and th e  h a rd n e s s  and c h a r a c te r  o f  th e  
o b j e c t  b e in g  ground. T h e o r e t i c a l ly ,  t h e  o p e ra t in g  sp e e d  and th e  p r e s s u r e  sh o u ld  
a l s o  b e  d e te rm in in g  f a c t o r s ,  b u t  th e s e  w ere n o t  s tu d ie d .  The fo llo w in g  a r e  a v e ra g e  
d u s t  c o u n ts  o f  p a r t i c l e s  t e n  m icrons" o r  l e s s  p e r  c u b ic  fo o t  in  sam p le s  ta k e n  i n  th e  
b r e a t h in g  zone o f  th e  p e rso n  u s in g  th e  g r in d e r  d u rin g  th e  g r in d in g  o f  v a r io u s  ob­
j e c t s  on v a r io u s  w heels  o f  tandem  f l o o r  g r in d e r s :

Op e r a t io n
P a r t i c l e s  p e r  

c u b ic  fo o t

G r in d in g  C ast I ro n  on 2" x 12" A lo x i t e  (46M G r i t )  W h e e l . . » , . . . . .
a  S te e l  S le e v e  on a  l / 2 "  x  10" Carborundum W h ee l.. . . . . .

Hard S te e l  C h is e l  on a 5/ 8" x 8 - l /2 "  Alundum W h ee l,, .
" " " " 1 / 2 " x 10" Carborundum  W h ee l..

" " " " " 3 /4 "  x 10" » " . .
Pneum atic Tool S te e l  C h is e l  on a  3 - l / 2 " x 14" N o rto n
Alumdum (3836 -  0, 5B) W heel, .................................................. ......
C h ise l B ar on th e  same w h ee l (3836 -  0. 5B A lum dum ).,» 
Tool S te e l  C h is e l  on a 1" x  10" Carborundum  (G ra in  
46m) W h e e l . . »» . . »»««»»». «». » , »  

T ool S te e l  on a  2" x 14" Alundum (24 g r a in ,g r a d e  Q) Wheel
» » II II II II ^44 II I! H

a  L athe  Tool on a  l / 2 "  x 12" " (G rade P) W h ee l.. . . . . .
«  «  »  »  1 1  h  i t  ^  1 1  p  ^  1 1

11
h
n
»
11

11
IS

1!
it
1!
It

It
II
II
II

II
II

fi fi 9 fi 9

1 1 ,6 4 8 ,9 6 0
8 ,1 2 7 ,8 4 0
7 ,4 7 6 ,4 8 0
1 ,6 7 0 ,8 8 0

9 0 6 ,240

1 ,8 6 9 ,1 2 0
4 ,1 3 4 ,7 2 0

2 ,5 9 4 ,1 1 2
396 ,480

1 ,0 1 9 .5 2 0
339 ,840

1 ,3 3 1 ,0 4 0
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O p e ra tio n  (C o n tin u e d )
P a r t i ó l e s  p e r  

c u b ic  f o o t

G rin d in g  a  L a th e  T o o l on a  3" x 16" Carborundum  ( g r i t  3 0 ,g rad e  K)
W heel.................  362,496

M ild  S te e l  on a  l - l / 2 "  x 10" Alundum W heel...............................  6 ,6 5 5 ,2 0 0
S te e l  D ies on a  3" x 14" Carborundum  W heel................................ 56 ,640
S q u a r in g  S hear B lades on a l « l / 2 "  x l 6 "  Carborundum  W heel. 2 ,5 7 7 ,1 2 0

D ust P roduced  By Op e r a t io n  o f  Tandem F lo o r  G r in d e rs .  As would b e  e x p e c te d , 
t h e r e  i s  a  w ide v a r i a t i o n  i n  th e  a p p e a ra n c e  o f  t h e  d u s t  p a r t i o l e s  u n d e r  t h e  K oni- 
m e te r  m ic ro sco p e . T hese exam ples how ever, w i l l  g iv e  an  id e a  o f  th e  c h a r a c t e r i s t i c s  
o f  th e  d u s t p roduced  d u r in g  th e  o p e ra t io n  o f  Tandem F lo o r  G r in d e rs i

S

M a te r ia l  B eing  
Ground

S iz e  o f  
W heel Type o f  Wheel

C h a r a c t e r i s t i c s  o f  D ust P a r t i c l e s .  
(S iz e s  and  P e rc e n ta g e s  E s tim a te d )

1" x 3" M ild  
S te e l  Bar

1 -1 /2 "  x 10" Alundum 
( G r i t  46 , 
Grade P)

About 70$ a n g u la r  c r y s t a l l i n e ,  6 
m ic ro n s  o r  l e s s  in  s iz e ?  30$ me­
t a l l i c  s h re d s j  10$ w h ite  opaque, 
s l i g h t l y  a n g u la r ,  over 10 m icrons? 
many s m a ll  b la c k  specks»

T oo l S te e l 2" x 14" Alundum v i t ­
r i f i e d  ( G r i t  
4 4 ,Grade M)

A bout 90$ a n g u la r  c r y s t a l l i n e ,  2 
m ic ro n s  o r  l e s s  in  s iz e ?  10$ 
opaque, 1 m ic ro n  o r l e s s  i n  s iz e .

T ool S te e l  
(Same ma­
t e r i a l  as 
ab ove)

2" x 14" Alundum v i t ­
r i f i e d  ( G r i t  
24, Grade Q)

A bout 60$  ro u n d , sem i-opaque , 10 
m ic ro n s  o r  l e s s  i n  s iz e ?  40$ 
a n g u la r  opaque, 5 m icrons o r  l e s s  
i n  s iz e »

L a th e  Tool 3" x  16" Carborundum 
(G r i t  30 
Grade K)

A bout 75$ ro u n d , c r y s t a l l i n e ,  5 
m ic ro n s  in  s iz e ?  25$ s l i g h t l y  
a n g u la r .

C h is e l  Bar 2 -1 /2  x 14" Alundum 
(3836-0 . 5B)

A bout 70$ s l i g h t l y  a n g u la r ,  3 
m ic ro n s  in  s iz e ?  30$ b la c k ,  
opaque, m e ta l l io .

P neum atic  
Hand Tool 
S t e e l  
C h is e l

2- I / 2 " x 14" Alundum 
(3836-0 . 5B)

About 98$ ro u n d , b la c k , opaque, 
one m ic ro n  or l e s s  i n  s i z e .

L a th e  Tool I - I / 2 " x  12" Alundum 
(G rade P)

About 50$  a n g u la r  c r y s t a l l i n e ,  
2 m ic ro n s  o r l e s s  i n  s iz e ?  50$ 
ro u n d , b la c k ,  m e t a l l i c , 1 m i­
c ro n  o r  l e s s  i n  s i z e .

L a th e  Tool 
(Same as 

ab o v e)

I - I / 2" x  12" Alundum 
(G rade R)

A bout 75$ a n g u la r  c r y s t a l l i n e ,  
2 mioronB o r  l e s s  i n  s iz e ?  25$ 
ro u n d , b la c k ,  m e ta l l i c ,  1 m i­
c ro n  o r  l e s s  i n  s ize«



DUST PRODUCED BY TANDEM FLOOR GRINDERS (C o n c lu d e d )

M a te r ia l  B eing 
Ground

S iz e  o f  
W heel Type o f  Wheel

C h a r a c t e r i s t i c s  o f  D ust P a r t i c l e s .  
( S iz e s  and P e rc e n ta g e s  E s tim a te d )

C ast I r o n 2" x 12" A lo x ite  
( G r i t  46 , 
G rade H)

A bout 85$ s h a rp ly  a n g u la r ,  c r y s ­
t a l l i n e ,  5 m ic ro n s  o r  l e s s j  10$ 
rounded  a n g u la r  c r y s t a l l i n e ,  o v e r 
10 m ic ro n s j 5$ opaque s c a l e - l i k e  
m e t a l l i c ,  10 m ic ro n s  o r  le s s }  
l a r g e  number o f  b la c k  m e t a l l i c  
sp e c k s .

Where "h a rd "  w heels  a r e  u se d  f o r  g r in d in g  s o f t  c a s t  s t e e l ,  a b o u t 98$ o f  th e  d u s t  p a r ­
t i c l e s  a r e  m e ta l l i c  and l e s s  th a n  o n e - h a l f  m ic ro n  in  s ize*

W ith  th e  e x c e p tio n  o f  a v e ry  small.^ num ber o f  men who d e v o te  a b o u t 95$ o f 
t h e i r  w ork ing  tim e  to  a c t u a l  g r in d in g ,  th e r e  i s  a  v e ry  wide v a r i a t i o n  i n  th e  number 
o f  men exposed  and th e  le n g th  o f  su ch  expo su re  t o  d u s t  p ro d u ced  by  th e  o p e r a t io n  o f  
tandem  f l o o r  t o o l  g r in d e r s .  In  o n ly  one c a s e  was a  r e s p i r a t o r  worn. G oggles have 
b een  p ro v id e d  and t h e i r  u se  r e q u i r e d  in  m ost cases»

B -  TANDEM BENCH GRINDERS; These g r in d e r s  a r e  sm a ll in  s i z e  and a r e  u sed  fo r  
s h a rp e n in g  sm a ll t o o l s  and  l i g h t  g r in d in g . They a r e  a l l  m otor d r iv e n  and o p e ra te  a t  
a b o u t 3400 R ,P .M, D i f f e r e n t  g ra d e  w heels a r e  u se d , u s u a l ly  l - l / 8 "  x 8" Carborundum  
(G ra in  # 8 0 ) on one s id e ,  and on th e  o th e r  a  1" x  8" Carborundum (G ra in  # 9 0 ) . The 
am ount o f  d u s t  p roduced  by  th e  o p e r a t io n  o f  tandem  bench  g r in d e r s  v a r i e s  w ith  th e  ma­
t e r i a l  b e in g  ground and t h e  c o m p o s itio n  o f  t h e  w heel, but. t h e s e  a v e ra g e  d u s t  c o u n ts  
a r e  f a i r l y  r e p r e s e n t a t i v e ;

O p e ra tio n  P a r t i c l e s  p e r  c u . f t .

G r in d in g  Cold C h ise l on l ~ l / 8 "  G ra in  #80 Carborundum  W h e e l . , . .  6 ,9 0 9 ,4 4 0  
" " " " 1" x 8" " #90  " " . . . »  8 ,4 0 1 ,6 0 0
" l / 2 "  B o i le r  P l a t e  on 1” x 8"#90 " " . . . .  1 2 ,4 6 0 ,8 0 0
" Hard S te e l  C h is e l  on 5 /8 "  x 8 ~ l /2 "  Alundum

(G ra in  46., Grade P ) ............ .............................. ................ 7 ,4 7 6 ,4 8 0

D ust p a r t i c l e s  i n  sam ples ta k e n  d u r in g  th e  o p e r a t io n  o f  th e  tandem  bench  
g r in d e r  have th e  fo l lo w in g  c h a r a c t e r i s t i c s ;

M a te r i a l  B eing  
Ground

S iz e  o f  
W heel Type o f  Wheel

C h a r a c t e r i s t i c s  o f  D ust P a r t i c l e s .  
(S iz e s  and P e rc e n ta g e s  E s tim a te d )

Medium S te e l  
Cold C h is e l

l~ l /2 " x 8 " Carborundum 
(#80  G ra in )

About 75$ s l i g h t l y  a n g u la r  c r y s ­
t a l l i n e ,  5 m icrons o r  l e s s  in  
s i z e j  20$ round  opaque, m e t a l l i c ,  
one m icron  o r  le s s }  5$ sem i­
opaque, o v er 10 m icro n s  and lo o k  
l i k e  c h ip s  o f  g la s s .

Medium S te e l  
Cold C h is e l 
( Same t o o l  as 
A bove)

COKf—î Carborundum 
(#90 G ra in )

A bout 80$ round  opaque, 2 m icro n s 
o r  l e s s  i n  s iz e }  20$ s l i g h t l y  angu­
l a r  c r y s t a l l i n e ,  5 m ic ro n s  o r 
l e s s  i n  s iz e «
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DUST PRODUCED BY TANDEM BENCH GRINDERS (C oncluded !

M a te r ia l  B e in g  
Ground

S iz e  o f  
Wheel Type o f  W heel

C h a r a c t e r i s t i c s  o f  D ust P a r t i c l e s .  
(S iz e s  and P e rc e n ta g e s  E s tim a te d )

l / 2 "  S o f t  
S te e l  B o i l e r  
P l a t e  (T ak in g  
o f f  rough  
ed g es)

1" x 8" Carborundum 
(#90 G ra in )

About 90$ ro u n d , b la c k ,  m e t a l l i c ,  
2 m icrons o r  l e s s  in  s iz e ?  10$ 
s l i g h t l y  a n g u la r  c r y s t a l l i n e ,  5 
m icro n s o r l e s s  i n  s i z e .

Hard S te e l  
C h is e l

5 /8 "  X
8- I / 2"

Alundum 
(G ra in  46, 

Grade P)

About 85$  ro u n d , b la c k  opaque, 2 
m icro n s o r  l e s s  i n  s iz e ?  15$ 
rounded  c r y s t a l l i n e ,  10 m icro n s 
o r o v e r.

C -  SINGLE FLOOR TOOL GRINDERS; T here  a r e  o n ly  a few s i n g l e  f l o o r  g r in d e r s  
i n  u se . They ran g e  in  s i z e  from 1" x id "  m o to r -d r iv e n  (1750 RFM) t o  2 - l / 2 "  x 20" 
b e l t - d r i v e n  (1250  RFM). The l a r g e r  s i z e  i s  u sed  f o r  heavy  g r in d in g  such a s  b la n k s  
and  l a r g e  t o o l s ?  th e  s m a l le r  s iz e s  f o r  sh a rp e n in g  to o l s  and m is c e lla n e o u s  g r in d ­
in g , The w heel on th e  l a r g e  g r in d e r  i s  Carborundum  ($9G G ra in ) ,  For th e  s m a l le r  
s i z e  c l a s s  G ra in  46, G rade M Carborundum w heels  a r e  used  on th e  1" x 10" and G ra in  
24, G rad e’Q Alundum w heels  in  th e  l ~ l / 2 "  x 14" s i z e .  Sam ples ta k e n  d u r in g  th e  o p e ra ­
t i o n  o f  S in g le  F lo o r G r in d e rs  had d u s t  c o u n ts  a s  fo llo w s ;

Op e r a t io n  P a r t i c l e s  per cu , f t .

G rin d in g  T o o l S te e l  on l - l / 2 "  x 14" Alundum Wheel
(G ra in  24, G rade Q ) . ............  6 7 9 ,6 8 0

" C h is e l on 1" x 10" Carborundum W heel
(G ra in  46 , G rade M ). ................... 2 ,5 9 4 ,1 1 2

" l / 2 "  x 4" M ild  S te e l  B ar on 2 - l / 2  x 20"
Carborundum Wheel (G ra in  9 0 ) , . . . . . . .  4 ,4 5 1 ,9 0 4

The hoods w hich  a lm o s t c o m p le te ly  e n c lo se  t h e s e  w heels a c t  as p r a c t i c a l  d u s t  c o l l e c ­
t o r s .

D ust p a r t i c l e s  p rod u ced  b y  th e  f o r e g o in g  g r in d in g  had th e s e  c h a r a c t e r i s t i c s  
when exam ined u n d e r  th e  K onim eter m ic ro sco p es

M a te r i a l  B eing  
Ground

S iz e  o f  
Wheel Type o f  Wheel

C h a r a c t e r i s t i c s  o f  D ust P a r t i c l e s ,  
(S iz e s  and P e rc e n ta g e s  E s tim a te d )

H ard S te e l  
T oo l B i t

I - I / 2" X  
14"

Alundum 
(G ra in  24, 
Grade Q)

A l l  p a r t i c l e s  w ere 2 m ic ro n s  o r 
l e s s  i n  s i z e .  About 60$ w ere an­
g u la r  c r y s t a l l i n e ?  40$ w ere 
rounded  opaque.

I / 4" x  2" M ild  
S te e l  B ar

1" x  1 0 " Carborundum 
(G ra in  46, 
G rade M)

A bout 98$ w ere b la c k  opaque , 2 mi­
c ro n s  o r l e s s  i n  s iz e ?  2%  s l i g h t l y  
a n g u l a r ,5 m ic ro n s  o r l e s s  i n  s iz e .

1 / 2" x4" M ild  
S te e l  B ar

2 -1 /2 "  x20'^ Carborundum! 
(G ra in  90)

A bout 8 5 $ w ere  s l i g h t l y  a n g u la r  
c r y s t a l l i n e ,  5 m icro n s o r  l e s s  in  
s i z e j a b o u t  1 5 $ b la c k  sem i-o p aq u e , 
a n g u la r  m e t a l l i c ,  2 m icro n s o r 
l e s s  in  s i z e .



\  D -  UNIVERSAL GRINDERSt As th e  name would in d i c a te ,  u n iv e r s a l  g r in d e r s  a re  
jed f o r  a w ide v a r i e t y  o f  p u rp o se s  and t h e r e f o r e  a r e  i n  m ore c o n tin u o u s  o p e ra ­

t i o n  th a n  a r e  th e  o th e r  g r in d e r s ,  w ith  th e  e x c e p tio n  o f  th e  tandem  f l o o r  t o o l  g r in d ­
ers» T h e re  a r e  two ty p e s  o r  m akes, th e  Brown & Sharpe U n iv e rs a l G r in d e r  w hich has 
an o p e r a t in g  speed  o f 3750 RPM. and th e  Grand R apids U n iv e rs a l  G r in d e r  w hich 
o p e ra te s  a t  ab o u t 3850 RPM. The fo llo w in g  a b r a s iv e  w heels a r e  used}

l/? ."  x 5" N o rto n  Co. 3846 J  5B Alundum w heel f o r  g r in d in g  
h a rd en ed  ca rb o n  t o o l  s t e e l ,

1 /2 "  x 7" N orton  Co. 3846 I  8B Alundum w heel f o r  g r in d in g  
h ig h  sp eed  t o o l  s t e e l .  -  - w  •; -- - -

2" x  3 - l /2 "  Carborundum  Co. g r i t  4 0 1 -P -2 5 , ty p e  12 
A lo x ite  w heel f o r  g r in d in g  c a se  hardened  s t e e l .

l / 4 "  x 10” Carborundum  Co. w heel used f o r  c u t t in g .

1" x 10” ” ” ” ” ” sh a rp e n in g
t o o l s ,  re a m e rs , d ie s  and d r i l l  b i t s .

Sam ples ta k e n  d u r in g  th e  o p e r a t io n  o f  th e  v a r io u s  U n iv e r s a l  g r in d e r s  had 
d u s t  c o u n ts  a s  fo llow s*

O p e ra tio n P a r t i c l e s  p e r  cu. f t .

D re s s in g  l / 2 ” x 7" Alundum (3846 I  8B) Wheel w i th  a
’’Diamond P o in t” . ..........................................................................
(E v id e n t ly  th e  c lo u d s o f  d u s t  w hich come o f f  d u r in g  

d r e s s in g  have p a r t i c l e d  l a r g e r  th a n  30 m ic ro n s)
G r in d in g  High Speed T oo l S te e l  on l / 2 ” x 7” Alundum Wheel

(3846 1 8B ) . « ♦ . . » . « . » . » . » » • » » * » . . . » . » » . »
" H ardened C arbon Tool S te e l  on 1 /2 "  x 5” Alundum Wheel

- ( 3846 J  5B ). . . ...........................................................
" Case H ardened S te e l  on 2" x 3 - l / 2 ” A lo x i te

( G r i t  401 -  P -  25 Type 2 ) . . . » . . . . ..........»
C u t t in g  o f f  Tool S te e l  w ith  l / 4 ” ?x 10" Carborundum W h e e l,.,»

1 ,3 9 7 ,1 2 0

1 ,8 4 6 ,4 6 4

6 ,6 8 3 ,5 2 0

8 4 ,9 6 0
1 ,4 1 6 ,0 0 0

D u st p a r t i c l e s  in  sam ples ta k e n  d u r in g  th e  o p e ra t io n  o f  U n iv e r s a l  g r in d e r s  
have th e s e  c h a r a c t e r i s t i c s  *

M a te r i a l  B eing 
Ground

S iz e  o f  
Wheel Type o f  Wheel

C h a r a c t e r i s t i c s  o f  D ust P a r t i c l e s  
(S iz e s  and P e rc e n ta g e s  E s tim a te d )

D re s s in g  Wheel 
W ith a
"Diamond P o in t”

l / 2 "  x  7" Alundum 
(3846 I  8B)

A bout 80$ s l i g h t l y  a n g u la r  c r y s ­
t a l l i n e ,  A bout 3 m ic ro n s  in  s i z e j  
20$ b la c k  opaque, ro u n d , a b o u t 1 
m ic ro n  o r l e s s  i n  size®

H igh  Speed 
j T oo l S t e e l  (a  

L a n d is  P ipe  
C h a s e r )

1 /2"  x 7 ” Alundum 
(3846 I  8B)

A bout 60$ opaque a n g u la r ,  a b o u t 2 
m icro n s  o r l e s s  in  s i z e j  40$  
s l i g h t l y  a n g u la r ,  c r y s t a l l i n e ,  5 
m ic ro n s  or o v er in  s i z e .



- 4 5 -

< Dust p a r t i c l e s  i n  sam p les  ta k e n  d u r in g  th e  o p e r a t io n  o f  U n iv e rs a l  g r in d e r s
Aave th e s e  c h a r a c t e r i s t i c s  (C o n tin u ed )?

M a te r ia l  B eing 
Ground

S iz e  o f  
Wheel Type o f  Wheel

C h a r a c t e r i s t i c s  o f  D ust P a r t i c l e s .  
( S iz e s  and P e rc e n ta g e s  E s tim a te d )

H ardened C ar­
b o n a te d  S te e l  
(P ip e  G rip  f o r  
P ip e  M achine)

I / 2" x 5" Alundum 
(3846 J  5B)

A bout ZO%  a n g u la r  c r y s t a l l i n e ,  
a b o u t 2 m ic ro n s  o r  l e s s  i n  s i z e j  
10%  round  b la c k  opaque, l e s s  th a n  
1 m ic ro n  i n  s i z e .  Numerous b la c k  
sp e c k s  to o  s m a l l  t o  c o u n t. S e v e ra l 
l a r g e  ob long  b la c k  opaque p a r ­
t i c l e s  a b o u t 20 m ic ro n s  w ide and 
35 o r  40 m ic ro n s  long«

C ase H ardened 
S t e e l  (P lu n g ­
e r s  f o r  F i l l ­
in g  M achine)

2" x  3 - I / 2" A lo x ite  
( G r i t  4 0 1 -P-^ 

25 Type 12)

A l l  p a r t i c l e s  b la c k  o p aq u e ,' 1 mi­
c ro n  o r  l e s s  i n  s ize«

E -  SURFACE GRINDERS? S u r fa c e  g r in d e r s  a r e  u sed  a lm o s t e x c lu s iv e ly  on v a lv e s  
and d ies»  They a r e  e q u ip p ed  w ith  e i t h e r  l / 2 "  x 8" N o rto n  Alundum (1946H ) w heels o r  
l / 2 "  x 4" t o  6" Carborundum  ( A lo x i te )  w heels . No d u s t  c o l l e c t o r s  a r e  p ro v id e d , th e  
d u s t  b e in g  th row n  o u t i n t o  th e  a tm o sp h ere . - Sam ples ta k e n  d u r in g  th e  o p e ra t io n  o f  
s u r f a c e  g r in d e r s  had th e  fo llo w in g  d u s t  c o n c e n t r a t io n  (1 0  m icro n s o r  l e s s ) i

Op e r a t io n P a r t i c l e s  p e r  cu , f t .

G r in d in g  S o f t  C ast S t e e l  V a lv e  on l / 2 "  x 6" C arborundum
A lo x i t e  W heel.

" T o o l S te e l  D ie  on l / 2 "  x 8" Alundum (1946H) 

D re s s in g  S u r fa c e  o f  l / 2 "  x  8" Alundum Wheel w ith  a  "Diamond
PA! Tp{-^A  V / A  J. 1 U * • « » «

5 6 6 ,400

1 ,0 1 9 ,5 2 0

1 ,1 3 2 ,8 0 0

A bout 10%, o f  th e  p a r t i c l e s  from  g r in d in g  th e  s t e e l  d ie  w ere m e t a l l i c ,  3 m i­
c ro n s  o r  l e s s ,  w h ereas  98?S o f  t h e  p a r t i c l e s  from  g r in d in g  th e  s o f t  s t e e l  v a lv e  w ere 
m e t a l l i c .  Many o f  th e  p a r t i c l e s  w ere to o  s m a ll  t o  i d e n t i f y  o r c o u n t a c c u r a te ly .

F -  LANDIS TOOL GRINDERS? L an d is  t o o l  g r in d e r s  a r e  u s u a l ly  equ ip p ed  w ith  two 
d i f f e r e n t  ty p e s  o f  w h e e ls , one f o r  s id e  g r in d in g  and  th e  o th e r  th e  o r d in a r y  ty p e , 
l - l / 2 "  x 12" Carborundum  A lo x i t e  ( G r i t  40 , G rade H, Bond 33) i s  vised fo r  g e n e ra l  
p u rp o se  g r in d in g  such a s  b u l l  c h i s e l s ,  diamond p o in t s ,  c o ld  c h i s e l s ,  f la n g e s  and 
s c r a p p e r s .  The S ide  G r in d in g  Type i s  u s u a l l y  a 2 - l / 2 "  x 1 -1 /2 "  x  12" G r i t  46A-P 
P678 A lo x ite  b ra n d  AA w h ee l u sed  fo r  g r in d in g  L an d is  d ie s .  A t one p la n t  th e  w heels 
o f  th e  L and is t o o l  g r in d e r  a r e  e n c lo se d  by hoods a t  th e  r e a r  o f  each  o f  w hich  i s  
a t t a c h e d  a tw o - in c h  p ip e  c o n n e c te d  to  a  t h r e e - in c h  p ip e  w hich  d is c h a rg e s  i n t o  a 
sew er. S u c tio n  i s  in d u c e d  by a s tre a m  o f com pressed  a i r  from  a  h a l f - i n c h  p ip e  in ­
s e r t e d  in  th e  tw o - in c h  p ip e  j u s t  b ack  o f  th e  hand . T h is  a rran g em en t a c t s  a s  a  sy­
phon and p u l l s  t h e  d u s t away from  th e  p e rs o n  u s in g  t h e  g r in d e r«  Sam ples ta k e n  d u r -  

'/ing  th e  o p e r a t io n  o f  L a n d is  t o o l  g r in d e r s  had d u s t  c o n c e n t r a t io n s  a s  fo llo w s?
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Op e r a t io n  P a r t i c l e s  p e r  cu , f t .

D reas in g  l - l / 2 "  x 12" A lo x ite  W heel (G r it  4 0 ,G rade H,
Bond 3 3 ) , ............................... .. 226 ,560

(E v id e n t ly  p a r t i c l e s  i n  th e  c lo u d  o f d u s t  th ro w n  o f f  by 
t h e  2 -1 /2 "  x 6" M e tc a lf  Emery Wheel D re s se r  a r e  l a r g e r  
th a n  30 m icro n s i n  s i z e )

G rin d in g  "Diamond P o in t"  C h is e l on l - l / 2 "  x 12" A lo x ite  Wheel
( G r i t  40 , G rade H )............................................................................................... 2 ,0 6 7 ,3 6 0

G rin d in g  2 - l / 2 "  x 6" L and is d ie  on 2 ~ l/2 " 'X  l - l / 2 "  x 12"
A lo x i te  Wheel ( G r i t  46A-P P 678)..................... ..........................................  755 ,203

Under t h e  K on im eter m ic ro sco p e  d u s t p a r t i c l e s  in  sam ples ta k e n  w h ile  d r e s s in g  
th e  l - l / 2 "  x 12" A lo x i te  Wheel ap p ea red  s l i g h t l y  an g x ila r w ith  a  y e l lo w is h  t i n g e  and 
w ere f i v e  m icrons o r  l e s s  i n  s iz e .  About 15%  o f  th e  p a r t i c l e s  from  g r in d in g  th e  
L an d is  d ie  w ere ro u n d , opaque, and lq s s  th a n  1 m icro n  in  s i z e j  25%> w ere s l i g h t l y  
a n g u la r  c r y s t a l l i n e ,  l e s s  th a n  2 m ic ro n s . P a r t i c l e s  from  g r in d in g  th e  diam ond p o in t  
c h i s e l  w ere l e s s  q u a r t z - l i k e  th a n  th o s e  from  g r in d in g  th e  d ie . T h is  d i f f e r e n c e  i s ,  
o f  c o u rs e ,  due t o  d i f f e r e n c e  i n  th e  c o m p o sitio n  o f  t h e  two w h e e ls . On an  a v e ra g e ,  
L an d is  t o o l  g r in d e r s  a r e  u sed  a b o u t tw en ty  h o u rs  a  week, u s u a l ly  by  d i f f e r e n t  men,

G — YANKEE DRILL GRINDER; Used fo r  g r in d in g  a l l  ty p e s  o f  d r i l l  b i t s .  Has a 
s id e  g r in d in g  ty p e  1" x  1 -1 /2 "  x 9" Carborundum A lo x i te  ( G r i t  30 , G rade M, Bond 28) 
W heel, O p e ra tin g  sp eed  1735 RR1, On an  av e ra g e  a  Yankee D r i l l  G r in d e r  ru n s  a b o u t 
t h r e e  h o u rs  a  day  and i s  u sed  by f o u r  d i f f e r e n t  men w ith  an  a v e ra g e  s e r v i c e  o f 
tw e lv e  y e a r s .

Sam ples ta k e n  d u r in g  th e  g r in d in g  o f  a 2 -5 /1 6 "  h igh  sp eed  d r i l l  had an  ave­
ra g e  o f  1 ,0 0 0 ,8 2 9  p a r t i c l e s ,  t e n  m ic ro n s  o r l e s s ,  p e r  cub ic  f o o t .  A bout 10%  o f  th e s e  
d u s t  p a r t i c l e s  a r e  s l i g h t l y  c r y s t a l l i n e  in  a p p e a ra n c e , f i v e  m ic ro n s  o r  l e s s " i n  s i z e j  
ZO% w ere ro unded , sem i-o p aq u e , over t e n  m icrons i n  s i z e .  T here  w ere a l s o  a  few 
s m a ll  m e ta l l i c  s h re d s .  No e x h a u s t o r  d u s t c o l l e c t o r  i s  u sed  i n  t h i s  g r in d in g .

H -  AUTOMATIC CIRCULAR SAW SHARPENING MACHINE; T here  a r e  a  num ber o f th e s e  
g r in d e r s  i n  u se  in  t h e  wood w o rk in g  o p e ra t io n s  -  su c h  as i n  th e  p ro d u c t io n  o f  wooden 
b a r r e l s ,  boxes and c r a t e s  -  c l o s e l y  a s s o c ia te d  w ith  th e  r e f i n i n g  o f  p e tro le u m  p ro ­
d u c ts ,  S in ce  th e y  a r e  a u to m a tic  when once p u t  i n  o p e r a t io n ,  t h e r e  i s  v e ry  l i t t l e  
d u s t  h a z a rd  ex c e p t w h ere  no e x h a u s t o r  d ust c o l l e c t o r s  have  b een  i n s t a l l e d  and t h e  
d u s t  p roduced  i s  th ro w n  in t o  th e  f i l i n g  room a tm o sp h e re . A utom atic  C i r c u la r  Saw 
S h a rp en in g  M achines a r e  eq u ipped  w ith  l / 4 "  x 8" N orton  Alundum W heels (G ra in  60, 
G rade N ), 3 /8 "  x  8" N o rto n  Alundum (1946 M) w h e e ls , o r  l / 2 "  x  6" Carborundum  w h ee ls . 
The a v e ra g e  d u s t  p ro d u c e d  d u r in g  o p e ra t io n  o f  th e s e  m ach ines  i s ;

Wheel P a r t i c l e s  p e r  cu , f t .

l / 2 "  x  6" Carborundum . ........................
1 /4 "  x 12" " ....................................
3 /8 "  x  8" Alundum (1946M ). ............ ............
l / 4 "  x 8" " (G ra in  60 , G rade N)

. .  1 ,9 2 3 ,2 8 0

. .  3 ,5 6 8 ,3 2 0

. .  2 ,0 9 5 ,6 8 0
1 ,4 6 1 ,3 1 2

A bout 98%  o f  d u s t  p a r t i c l e s  i n  sam ples ta k e n  w h ile  s h a rp e n in g  c i r c u l a r  saws 
on th e  Carborundum  w h e e ls  w ere b la c k  m e ta l l ic  i n  a p p e a ra n c e , and  one m ic ro n  o r  l e s s  
i n  s iz e .  About 75%> o f  t h e  p a r t i c l e s  from  th e  Alundum w heels w ere ro u n d ed  c r y s t a l ­
l i n e ,  6 m ic ro n s  o r  u n d e r  i n  s i z e ,  and 25%  round  b la c k  m e t a l l i c ,  a b o u t one m ic ro n  o r  
l e s s  in  s i z e .  T here  w ere  a  number o f  sm all m e t a l l i c  s h re d s  i n  th e  sam ples from  th e  
t h i c k e r  ( 3/ 8" x 8 " )  w h ee l.

I — AUTOMATIC BAND SAW GRINDER; A f te r  th e  Band Saw h as  b e e n  in s e r t e d  and t h e
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m achine a d ju s t e d ,  t h i s  g r in d e r  works a u to m a t ic a l ly .  The wheel o r d in a r i l y  u sed  i s  a  
l / 2 "  x 8" G ra in  50, G rade N N orton  Company Alundum. The wheel i s  r e fa c e d  o r  d re s s e d  
w ith  a H e tc a l f  Emery Wheel D re s se r  a b o u t tw ic e  a  day. The a v e ra g e  d u s t  p roduced  by 
t h i s  d r e s s in g  o p e r a t io n  i s  2 ,2 8 4 ,4 8 0  p a r t i c l e s  l e s s  th a n  te n  m icro n s  p e r  c u b ic  f o o t .  
About 95$ o f  t h e s e  d u s t  p a r t i c l e s  a re  s h a r p ly  a n g u la r  c r y s t a l l i n e  i n  a p p e a ra n c e  
under th e  K onim eter m ic ro sc o p e , and a b o u t f i v e  m ic ro n s  o r  le s s  i n  s iz e .  The d u s t  
p roduced  d u r in g  th e  sh a rp e n in g  or g r in d in g  o f  th e  band  saw b la d e  i s  on a n  a v e ra g e  
o n ly  877 ,920  p a r t i c l e s  p e r  c u b ic  fo o t .  A bout 50$ o f  th e s e  p a r t i c l e s  ap p e a r a n g u la r  
c r y s t a l l i n e  and  a b o u t 50$ round  b la c k  opaque« A ll  o f  them  a re  a b o u t two m ic ro n s  o r 
l e s s  i n  S ize ,

J  -  AUTOMATIC BAND SAW LAP GRINDERt Used t o  g r in d  ends o f  band saw p re p a ra ­
to r y  t o  w e ld in g  them to g e th e r .  The g r in d in g  w heel u s u a l ly  used  i s  5 /8 "  x  10" G ra in  
46 , Grade M, N o rto n  Company Alundum, No d u s t  c o l l e c t o r  i s  p ro v id ed  a l th o u g h  a  d u s t  
co u n t as  h ig h  a s  1 6 ,1 4 2 ,4 0 0  p a r t i c l e s ,  t e n  m ic ro n s  o r  l e s s ,  was found i n  one sam ple 
ta k e n  in  f r o n t  o f  th e  w heel w h ile  i t  was i n  o p e ra t io n .  The av e ra g e  d u s t  p roduced  
by t h i s  l a p  g r in d e r  was 4 ,9 8 4 ,3 2 0  p a r t i c l e s  p e r  c u b ic  f o o t .  About 80$ o f  th e s e  d u s t  
p a r t i c l e s  w ere  sem i-o p aq u e , s l i g h t l y  a n g u la r  i n  a p p e a ra n c e , and two m ic ro n s  or l e s s  
i n  s i z e j  20$ w ere  b la c k  opaque, ab o u t one m ic ro n  o r  l e s s  in  s iz e .

K -  PLANING KNIFE BIADE GRINDERt U ses a  l / 2 "  x 8" G rain  4 6 , G rade N, N o rto n  
Company Alundum w heel. O p e ra tin g  sp eed  3000 RPM, No hood o r any o th e r  p r o te c t io n .  
A verage d u s t  p roduced  w h ile  sh a rp e n in g  a  P la n e r  K n ife  B lade  was 5 6 6 ,400  p a r t i c l e s ,  
t e n  m icro n s o r  l e s s  p e r  cu b ic  fo o t .  About 60$  o f  th e s e  d u s t p a r t i c l e s  w ere s l i g h t ­
l y  a n g u la r  c r y s t a l l i n e  i n  a p p e a ra n c e  and a b o u t two m ic ro n s  o r l e s s  i n  s i z e j  40$  w ere 
opaque o f  v a r io u s  s i z e s  from  a b o u t seven  m ic ro n s  o r  l e s s .  There w ere  a few s m a ll  
m e ta l l i c  s h r e d s .

L -  LINDERMAN CUTTER GRINDER; S h arp en s  c u t t e r s  from  th e  L inderm an m achine 
f o r  to n g u e in g  and g ro o v in g . G rin d e r u se s  a  l / 2 "  x 6" N orton Alundum (G ra in  6 0 ,Grade 
N) cup w heel. O p e ra tin g  sp eed  3000 RPM. T here  i s  a  hood guard  o v e r th e  to p  o f  th e  
g r in d in g  w h ee l, b u t  no e x h a u s t  or d u s t  c o l l e c t o r ,  a l th o u g h  d u s t co u n ts  a s  h ig h  as 
1 4 ,3 8 6 ,5 6 0  p a r t i c l e s ,  t e n  m ic ro n s  o r  l e s s ,  w ere found  a t  th e  f r o n t  o f  th e  g r in d e r  i n  

|  o p e ra t io n ,  and 1 2 ,5 7 4 ,0 8 0  p a r t i c l e s  p e r c u b ic  fo o t  i n  th e  back. The a v e ra g e  d u s t
p roduced  was 9 ,1 3 7 ,9 2 0  p a r t i c l e s  p e r  c u b ic  f o o t .  A bout 70$ o f  th e s e  d u s t  p a r t i c l e s  

|  a r e  round sem i-o p aq u e  i n  a p p e a ra n c e  u n d e r  t h e  K on im eter m ic ro sco p e , and th r e e  m i­
c ro n s  o r l e s s  i n  s i z e j  20$  a r e  round , g lo b u la r  l i k e  p a r t i c l e s ,  sev en  m ic ro n s  o r l e s s  

|  i n  s i z e j  and 1 0 $  a r e  m e t a l l i c  sh re d s  a b o u t tw o m ic ro n s  w ide and 20 t o  30 m ic ro n s  lo n g .
T h ere  a r e  many m in u te  c r y s t a l l i n e  p a r t i c l e s  to o  s m a ll  and to o  numerous t o  co u n t ao - 

g c u r a te ly .

|  M « GANG SAW BLADE GRINDER; Uses a  5 /8 "  x 10" G ra in  50, G rade M, N orton
Company A1 undrum w h ee l, o p e r a t in g  a t  1800 RPM, A r a t h e r  c ru d e  d u s t  c o l l e c t o r  h as  

|  b een  i n s t a l l e d ,  b u t  t h e  a v e ra g e  d u s t  (8 ,7 6 0 ,3 2 0  p a r t i c l e s  p e r cub ic  f o o t )  p roduced
b y  t h i s  g r in d e r  i n  o p e r a t io n  in d i c a t e s  t h a t  i t  i s  in a d e q u a te .  A bout 90$  o f  th e  

|  d u s t  p a r t i c l e s  i n  sam p les  ta k e n  d u r in g  th e  g r in d in g  o f  a  Gang Saw B lad e  w ere semi»»
opaque in  a p p e a ra n c e  and a b o u t two m icro n s o r  l e s s  i n  s i z e j  10$ w ere b la c k  ro u n d ,

1 opaque, one m ic ro n  o r  l e s s  i n  s i z e .  T here w ere  num erous m in u te  b la c k  sp eck s to o
sm a ll t o  c o u n t a c c u r a te ly .

1 N «• EDGER SAW GRINDER; Uses a  3/ 8" x  8" G ra in  6 0 , Grade N, N o rto n  Company 
|  . Alundum w h ee l, o p e r a t in g  a t  1650 RPM, No hood o r an y  o th e r  d u s t  c o l l e c t o r  f o r  t h i s  

g r in d e r ,  The low  d u s t  c o u n t ,  an  a v e ra g e  o f  o n ly  4 5 3 ,1 2 0  p a r t i c l e s ,  t e n  m icro n s  o r  
l e s s  Pe r cub ic  f o o t ,  i n d i c a t e s  t h a t  t h e r e  i s  v e ry  l i t t l e  r e a l  need  fo r  such eq u ip ­
m ent. The d u s t  p a r t i c l e s  p roduced  w h ile  g r in d in g  an  E dger Saw B lade  a r e  a n g u la r  

|  c r y s t a l l i n e ,  a b o u t two m ic ro n s  o r l e s s  in  s i z e .

0 -  CIRCULAR SLAB CUT-OFF SAW GRINDER; U ses a 3 /4 "  x 10" G ra in  N. N orton



- 4 8 -

Company Alundum w heel o p e r a t in g  a t  1650 RFM, A r a t h e r  i n e f f e c t i v e  d u s t  c o l l e c  o r as 
Ibeen i n s t a l l e d ,  b u t  th e  a v e ra g e  h ig h  d u s t  c o n c e n t r a t io n  (1 0 ,9 3 1 ,5 2 1  p a r t i c l e s  per 

-o u b ic  f o o t )  shows t h a t  i t  i s  in a d e q u a te .  About 80%  o f  th e  d u s t  p a r t i c l e s  i n  samp es 
ta k e n  d u r in g  th e  sh a rp e n in g  o f  a C i r c u la r  S lab  C u t-o f f  Saw w ere^opaque in  a p p e a ra n c e , 
two m ic ro n s  o r l e s s  in  s i z e j  20%  w ere s l i g h t l y  a n g u la r  c r y s t a l l i n e ,  f i v e  m icro n s o r 
l e s s  i n  s i z e .  T here  w ere a ls o  a l a r g e  number o f  m in u te  b la c k  opaque p a r t i c l e s .

P -  "HOG KNIFE" GRINDER; U ses a  1 -1 /2 "  x 24" Carborundum w heel o p e ra t in g  a t  
300 RFM. T h is  g r in d e r  i s  co m p le te ly  e n c lo se d  b y  a  m e ta l hood, b u t  th e  d u s t  $.s d i s ­
ch a rg e d  o n to  th e  f lo o r  th ro u g h  an  o p en in g  in  th e  lo w er p a r t  o f th e  hood. The av e ra g e  
d u s t  p ro d u ced  b y  th e  o p e r a t io n  o f  t h i s  g r in d e r  i s  1 ,8 6 9 ,1 2 0  p a r t i c l e s  p e r  cub ic  
fo o t .  A bout 75%  o f  th e s e  d u s t p a r t i c l e s  w ere a n g u la r  c r y s t a l l i n e  in  a p p e a ra n c e  u n d er 
t h e  K on im eter m icro sco p e  and fo u r  m ic ro n s  o r  l e s s  i n  s i z e j  Z5%> w ere  ro u n d , b la c k  
opaque, tw o m iorons o r  l e s s  in  s i z e .

Q -  CUTTER GRINDER;*. Uses a 3 - l / 2 "  x 2 - l / 2 "  x  l / 2 "  N orton  Alundum w h ee l (3846 
K B 5 ) .  The am ount o f  d u s t  p rod u ced  depends upon th e  m a te r ia l  b e in g  ground  as  i s  
shown b y  th e  fo llo w in g ; *

G r in d in g  a  s t e e l  c o u n te r  s in k .  
" " " r e a m e r . . . . . . .

............ .. 7 3 6 ,320  p a r t i c l e s  p e r cu , f t .

............ .1 ,0 1 9 ,5 2 0  " " " »

The d u s t  p a r t i c l e s  a re  a b o u t 98/. opaque m e ta l l i c  i n  ap p ea ran ce  and ab o u t one m icron 
o r  l e s s  i n  s iz e .

What P re c a u t io n s  Should Be A dop ted  For S a fe g u a rd in g  Those Who Use G r in d in g 
J /h ee ls?  A u th o r i t i e s  g e n e r a l ly  a g re e  ( Jo u r. In d u s t»  Hyg. Vol, V II No. 8 A ugust 1925 
p. 351) t h a t  w orkers who h a b i t u a l l y  u s e  g r in d in g  w h ee ls  w i l l  r u n  b u t  s l i g h t  r i s k  o f  
d e v e lo p in g  pneum oconiosis i f  th e y  u s e  c e r t i f i e d  a b r a s iv e  r a t h e r  th a n  s a n d s to n e  w heels 
f o r  a l l  g r in d in g  o p e ra t io n s  and i f  t h e  m achines upon  w hich th e  a r t i f i c i a l  a b ra s iv e  
w h ee ls  a r e  m ounted a r e  p r o p e r ly  hooded and e x c e s s iv e  d u s t removed b y  s u c t io n .

C o n tro l o f  D ust From G rin d in g , P o l i s h in g  and B u ff in g  W heels. E x h a u s t sy stem s 
f o r  g r in d in g ,  p o l i s h in g  and b u f f in g  w heels v a r y  w id e ly  in  d e s ig n . I n  t h e  ca se  o f  
g r in d in g ,  t h e  hoods u sed  se rv e  n o t  o n ly  t o  p ro v id e  means f o r  c a p tu r in g  th e  d u s t  b u t  
a l s o  a c t  t o  'p ro te c t  th e  w orker i n  c a s e  th e  w h e e l b u r s t s .  The c h i e f  d i f f i c u l t y  t o  be 
overcom e i n  g r in d in g  w h e e ls , .a c c o rd in g  t o  U. S. P u b lic  H e a lth  B u l l e t i n  No. 217, "The 
D e te rm in a t io n  and C o n tro l o f  I n d u s t r i a l  D ust" (1 9 3 5 ) ,  i s  th e  ou tw ard  sw eep o f  a i r ,  a 
fa n  a c t i o n ,  due t o  th e  re v o lv in g  w h e e l. T h is  e f f e c t  i s  v e ry  m arked w ith  h ig h  sp eed  
and rou g h  w heels and i s  so s t r o n g  t h a t  i n  many in s ta n c e s  i t  i s  s u f f i c i e n t  t o  c o u n te r ­
a c t  th e  no rm al inw ard  f lo w  o f a i r .  The same e f f e c t  e x i s t s  w ith  p o l i s h i n g  and b u f f in g  
w heels  b u t  t o  a l e s s  m arked d e g re e .

P r a c t i c a l l y  a l l  i n d u s t r i a l  S t a t e s  have co d e s  r e g u la t in g  th e  c o n s t r u c t io n  and 
d u s t  c o n n e c tio n s  fo r  g r in d in g ,  p o l i s h i n g  and b u f f in g  w heels. They a ls o  r e g u la t e  th e  
a i r  r e q u i r e d  f o r  w heels o f  v a r io u s  s i z e s  in  te rm s  o f  s t a t i c  s u c t i o n  in  t h e  c o n n e c t­
in g  d u c ts .  T hese codes p o s se s s  no u n ifo rm ity .  However, th e  re q u ire m e n ts  d e s ig n a t­
ed by  S t a t e  codes m ust be  fo llo w e d . I n  S ta te s  w here  no codes h av e  b een  a d o p te d  i t  
i s  d e s i r a b l e  t o  p ro v id e  e x h a u s ts  on a l l  g r in d in g  w h ee ls  w ith  a  s u c t i o n  a t  th e  con­
n e c t io n  t o  th e  hood s u f f i c i e n t  t o  p ro d u c e  a d i f f e r e n c e  o f  l e v e l  o f  a t  l e a s t  two 
in c h e s  o f  w a te r  betw een t h e  two s id e s  o f  a U -shaped  tu b e .
J
f  A number o f  th e  w heels  h av e  b e e n  p ro v id e d  w ith  s u c t io n  e x h a u s t p roduced  by a
m otor d r iv e n  fa n  o r  a hood, w ith  a tw o -in c h  p ip e  one end o f  w hich i s  im m ersed in  a  
b u c k e t o f  w a te r . The d u s t  i s  draw n i n  b y  th e  r a p id  r e v o lu t io n  o f  th e  w heels  (1750 
RPM). T h is  s im p le  a rran g em en t i s  p a r t i c u l a r l y  e f f e c t i v e .  T hree sam p les  ta k e n  n e a r  
th e  d is c h a r g e  o f  a  m otor d r iv e n  s u c t io n  fan  c o n n e c te d  w ith  th e  hood o f  l - l / 2 "  x 10"
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Alundum ( G r i t  4 6 , Grade P) w heel w h ile  a t o o l  was b e in g  sh a rp e n e d  had  an  av e ra g e  o f  
, 2 ,0 7 6 ,9 8 9  p a r t i c l e s  p e r  c u b ic  fo o t  w hich  w ould have o th e rw is e  b een  th ro w n  in t o  th e  

|5, /  m ach ine  shop a tm osphere ,

As p o in te d  ou t b y  Dr. W, I r v in g  C la rk  in  h i s  p a p e r  "D ust H azard s  and th e  P re ­
v e n t io n  o f  I n ju r y  from  th e  Same" r e a d  a t  a  m ee tin g  o f  G overnm ent O f f i c i a l s  in  In d u s ­
t r y  a t  B o sto n , H ass, on May 21, 1931 , th e  m ost e f f e c t i v e  m ethod o f  rem oving  f in e  
p a r t i c l e s  o f  d u s t  i s  b y  s u c t io n  a p p l ie d  a s  c lo s e  as  p o s s ib le  t o  th e  p o in t  where th e y  
a r e  g e n e ra te d  and  th e  am ount o f  t h i s  s u c t io n  i s  g r e a t  enough t o  overcom e th e  d i s ­
p e r s in g  a c t io n  upon t h e  d u s t  o f  th e  work b e in g  done. The v e l o c i t y  a t  t h e  a i r  d u c ts  
o f  an  e f f i c i e n t  d u s t  rem ov ing  tu b e  sh o u ld  b e  1500 l i n e a r  f e e t  p e r  m in u te . Q uoting  
Dr. C la rk ;

"No m a t te r  how w e ll  a  workman i s  p ro te c te d  h e  sh o u ld  b e  k e p t  under 
m e d ic a l s u p e r v is io n  and have a  p e r io d ic  e x a m in a tio n  o f  h is  h e a r t  
and lu n g s . I n  a d d i t i o n ,  th e  X -ra y  shou ld  b e  employed f r e e l y  i n  
o rd e r  t o  d e t e c t  e a r l y  s ig n s  o f  f i b r o s i s  in  t h e  lu n g s  and to  show 
a ry  s ig n s  o f  e a r l y  pulm onary tu b e r c u lo s i s .  I n  my e x p e r ie n c e  w ith  
w o rk ers  exposed  t o  in o rg a n ic  d u s t ,  n o n - s i l i c o u s  i n  c h a r a c t e r ,  a  
y e a r l y  p h y s ic a l  e x a m in a tio n  w ith  an  X -ray  e v e ry  second  y e a r  a f t e r  
t e n  y e a r s  e x p o su re  i s  s u f f i c i e n t  b u t  i t  m ust be  remembered t h a t  
t h i s  i s  th e  r e s u l t  o f  work in  a f a c to r y  w here th e  c h a r a c te r  o f  
th e  d u s t  i s  r e l a t i v e l y  h a rm le ss  and  where e x c e l l e n t  d u s t  remov­
in g  d e v ic e s  a r e  i n s t a l l e d  on e v e ry  m achine w here i t  i s  p o s s ib le .
Where f r e e  s i l i c a  i s  p r e s e n t  i n  l a r g e  q u a n t i t i e s  th e  ex am in a tio n s  
sh o u ld  b e g in  a f t e r  two o r  t h r e e  y e a r s  ex p o su re  and an X -ray  sh o u ld  
be ta k e n  ev e ry  y e a r .

Dr. C la rk  a ls o  s t a t e s  t h a t  men who a r e  a s th m a tic ,  who s u f f e r  from  ch ro n ic  
b r o n c h i t i s ,  o r  who have had  pu lm onary  tu b e r c u lo s i s  sh o u ld  n o t  work a t  a d u s ty  jo b .

VII - HANDLING POWDERED OR PULVERIZED MATERIAL

A la r g e  am ount o f  pow dered o r  p u lv e r iz e d  m a te r i a l s  a re  u sed  i n  th e  t r e a tm e n t  
o f  p e tro le u m  p ro d u c ts  and b o i l e r  w a te r and i n  th e  m a n u fa c tu re  o f  g re a s e s  and in s e c ­
t i c i d e s .  I n  m ost c a s e s  ap p ro v ed  r e s p i r a t o r y  p r o te c t io n  i s  p ro v id e d  and i t s  u se  r e ­
q u ir e d  when h a n d l in g  th e  m a t e r i a l s .  E x p o su re  t o  d u s t  i s  u s u a l ly  i n t e r m i t t e n t  and o f 
s h o r t  d u r a t io n .  Anong th e  pow dered o r  p u lv e r iz e d  m a te r i a l s  u sed  in  th e  r e f in i n g  o f 
p e tro le u m  p ro d u c ts  and a s s o c ia t e d  a c t i v i t i e s  are»

A -  LIME; Lime i s  e x te n s iv e ly  u sed  i n  t h e  h y d ra te d  form  and to  a  muoh l e s s e r  de­
g re e  a s  I m p  q u ic k lim e ,

1« Hy d ra te d  Lim e; Used in  t h e  p r e p a r a t io n  o f lim e so ap  g re a s e  and  th e  manu­
f a c t u r e  o f  p r e s s u r e  gun and  cu p  g r e a s e j  a l s o  in  th e  t r e a tm e n t  o f  b o i l e r  f e e d -  
w a te r  t o  " s o f t e n  i t " .  I t  com es i n  f i f t y  pound p a p e r b ag s by r a i l r o a d ,  u s u a l ­
l y  a b o u t 1 ,0 0 0  bags t o  a  c a r .  A cco rd in g  t o  a c h em ica l a n a ly s i s  o f  a  t y p i c a l  
sa m p le , h y d ra te d  lim e  c o n t a in s ;

FegOgAlgOg, o & a  O a  30 p e r  c e n t .
GaO, » »  o 73* 64 I t fl
MgO, . . . . . . . . . . . . . .

I n s o lu b le  S i l i c a
.  *  *  0« 93 I T 11

v  V

R esidue . . .  . .  1*01 I t 11

(R em ainder m o s tly  M o is tu re  and V o l a t i l e  M a tte r )

From 150 t o  350 pounds o f  l im e  a r e  used  p e r  b a tc h  in  th e  m a n u fa c tu re  o f  g re a s e s .
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The sa c k s  o f  lim e  a r e  u s u a l ly  opened and dumped i n t o  th e  m ix in g  k e t t l e .  Con- 
; s id e r a b l e  d u s t (a s  h ig h  as 3 4 ,8 9 0 ,2 4 0  p a r t i c l e s  l e s s  th a n  t e n  m ic ro n s  p e r  cu - 

y b ic  f o o t  in  one sam p le) i s  p roduced  by t h i s  o p e r a t io n .  The a v e ra g e  d u s t p ro ­
duced i s  4 ,7 3 3 ,3 0 5  p a r t i c l e s  p e r  cu b ic  fo o t  and th e  a v e ra g e  e x p o su re  p e r  b a tc h  
i s  a b o u t f iv e  m in u te s . The number o f  b a tc h e s  made p e r  week v a r i e s  from one t o  
tw e n ty - f iv e .  No r e s p i r a t o r s  a r e  worn by men dum ping h y d ra te d  l im e  a t  any of 
th e  p o in t s  w here i t  i s  used w ith  th e  e x c e p tio n  o f  B a to n  Rouge w here  th e  w ear­
in g  o f  th e  MSA "Comfo" r e s p i r a t o r  i s  r e q u ire d .  A bout 85%  o f  th e  d u s t p a r t i c l e s  
i n  sam ples ta k e n  w h ile  dumping lim e  in  m ix ing  k e t t l e s  a r e  s l i g h t l y  a n g u la r , 
s l i g h t l y  opaque, c r y s t a l l i n e ,  i n  ap p ea ran ce  u n d e r  t h e  K o n im ete r m ic ro sc o p e ,a n d  
f i v e  m icro n s o r  l e s s  i n  s ize}  15%  a r e  rounded , sem i-o p aq u e , w ith  a  m e ta l l i c  
g r e y is h  c o lo r , t e n  m icro n s or o v e r . There a r e  a l s o  a  c o u n t le s s  num ber o f  v e ry  
sm a ll p a r t i c l e s .

Only a sm a ll q u a n t i ty  o f H y d ra ted  Lime i s  u sed  i n  th e  t r e a tm e n t  o f b o i l e r  
fe e d w a te r . A bout 70 pounds o f  l im e  i s  mixed p e r  b a t c h  and a b o u t s ix  b a tc h e s  
a r e  made every  day (24  h o u rs ) .  The m ixing i s  done b y  one man on each s h i f t .  
A lth o u g h  th e  e x p o su re  i s  v e ry  s h o r t ,  th e  men a t  I n g le s id e  R e f in e ry  w ear W illso n  
" D u s t - t i t e "  r e s p i r a t o r s  w h ile  dumping lim e. The a v e ra g e  d u s t  produced d u r in g  
t h i s  o p e ra t io n  i s  o n ly  657 ,024  p a r t i c l e s ,  t e n  m ic ro n s  o r l e s s ,  p e r  cu b ic  fo o t. 
T h is  low d u s t c o n c e n t r a t i o n  i s  th e  r e s u l t  o f a  s p r a y  o f  w a te r  from  a tw o in c h  
p ip e  a c ro s s  th e  h a tc h  o f  th e  m ik in g  ta n k  ju s t  b e lo w  th e  o p e n in g  w h ile  sack s  a re  

■ b e in g  dumped. C o n seq u en tly , th e  m a te r i a l  i s  w et a lm o s t a s  so o n  a s  th e  lim e  i s  
in tro d u c e d . A bout 95%  o f  th e  d u s t  p a r t i c l e s  i n  sam p les  ta k e n  w h ile  th e  lim e  
was b e in g  dumped in to  t h e  m ix ing  ta n k  were s e m i-a n g u la r  c r y s t a l l i n e  in  a p p e a r ­
a n c e , and from f iv e  m ic ro n s  o r l e s s  in  s iz e ,  and 5%  w ere ro u n d  opaque, two m i- 
o ro n s  o r le s s  i n  s i z e .

2. Lump Q uicklim e? U sed to  " s o f te n "  b o i l e r  f e e d w a te r .  The l im e  used  f o r  t h i s  
p u rp o se  i s  O y s te r  S h e l l  Lump Q u ick lim e {91% CaO), I t  comes i n  f i f t y  pound 
p a p e r - l in e d  b u r la p  b a g s ,  and e i g h t  bags a re  u s u a l l y  used p e r  b a tc h .  One b a tc h  
i s  made p e r  s h i f t .  The dumping and m ixing  r e q u i r e s  abou t t e n  m in u te s  p e r  b a tc h ,  
and th e  man d o in g  t h i s  work i s  p r o te c te d  by  r u b b e r  ty p e  g o g g le s ,  b u t no r e s p i ­
r a t o r ,  The a v e ra g e  d u s t  produced  by  h a n d lin g  t h e  b ag s  o f  lum p O y ste r S h e l l  
Q u ick lim e  i s  2 ,6 0 5 ,4 4 0  p a r t i c l e s  p e r  cu b ic  f o o t .  The a v e ra g e  d u s t  p roduced  
w h ile  dumping th e  b a g s  o f  lump O y s te r  S h e ll  Q u ic k lim e  in t o  t h e  m ix in g  ta n k  i s  
2 9 4 ,528  p a r t i c l e s ,  l e s s  th a n  te n  m ic ro n s , p e r  c u b ic  fo o t .  The h a n d lin g  and 
dumping o f  t h i s  C lyster S h e ll  Q uifiklim e produoes l e s s  d u s t  th a n  i s  p roduced  by 
t h e  h y d ra te d  lim e  u s u a l l y  used . About 95%, o f  t h e  d u s t  p a r t i c l e s  in  sam ples 
ta k e n  d u rin g  t h e  dum ping o f  O y s te r  S h e ll  Q u ick lim e in t o  th e  m ix in g  k e t t l e  ap­
p e a r  s l i g h t l y  a n g u la r ,  c r y s t a l l i n e  under th e  K o n im e te r m ic ro s c o p e , and a r e  f iv e  
m io ro n s o r l e s s  i n  s iz e »  2%, a r e  ro u n d , sem i-o p aq u e , over t e n  m ic ro n s  in  s i z e j  
and  5%, a r e  b la c k  opaque s c a l e - l i k e ,  f iv e  m ic ro n s  o r  l e s s  i n  size®

What Phy s i l o g i c a l  E f fe c t  i s  Produced by  Lime D ust?  A cco rd in g  to  th e  I n t e r ­
n a t io n a l  Labor O f f ic e  (O ccu p a tio n  and H ea lth , Vol® I I ,  1934) p a r t i c l e s  o f  lim e  m ix 
w ith  th e  sw eat o f  workmen h a n d lin g  i t  and i r r i t a t e  th e  un o o v ered  p o re s  o f  th e  
sk in}  l e s i o n s  o f  th e  muoous membranes a re  a ls o  s e t  up. We a r e  t o l d  t h a t ;

"The a c t i o n  o f  q u ic k lim e  i s  due p a r t l y  t o  i t s  a v i d i t y  f o r  w a te r 
( d e h y d r a t io n ) ,  t o  th e  h e a t  g iv en  o f f  i n  i t s  r e a c t io n  w i th  w a te r , 
and p a r t l y  t o  th e  p e c u l i a r  c a u s t i c i t y  o f  t h e  a l k a l in e  o x id e s  o r 
a l k a l i n e  e a r t h s .  Q u ick lim e e x e r ts  e s s e n t i a l l y  a l o c a l  a c t io n  
(on th e  s k in  and mucous membranes) i r r i t a t i n g  and c a u s t i c ,  w hich  
i s  n a t u r a l l y  l e s s  marked in  th e  c a s e  o f  s la k e d  lim e . M ilk  o f  
lim e i s  a  f e e b l e  c a u s t i c  a c t in g  on ly  on th e  mucous membranes.
The d i l u t e  l y e s  a re  o n ly  c a u s t ic  t o  th e  s k in  a f t e r  p ro lo n g e d  a c ­
t i o n  and e s p e c i a l l y  when th e y  a re  w arn.
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" I n  p r a c t i c e  i t  i s  t h e  d u s t  o f  q u ic k lim e  and s la k e d  lim e , g iv e n  
o f f  i n  th e  c o u rse  o f  m an u fac tu re  and m a n ip u la t io n ,  w hich g iv e s  
r i s e  t o  th e  w e ll  known le s io n s .  T h is  v e ry  f i n e  d u s t  i s  d e p o s i t ­
ed r e a d i l y  on th e  mucous membranes and sk in . When in h a le d  i t  
may p e n e t r a t e  as f a r  as th e  r e s p i r a t o r y  t r a c t . "

A lthough  lim e  has a ten d en cy  to  i r r i t a t e  th e  mucous membranes o f  th e  r e s p i r a ­
to r y  t r a c t ,  i t  i s  n o t  c o n s id e re d  p a r t i c u l a r l y  h a z a rd o u s  when b re a th e d  in  sm a ll 
q u a n t i t i e s  a t  i n t e r m i t t e n t  i n t e r v a l s .  However, c o m p lic a tio n s  may r e s u l t  when a  
la rg e  am ount o f  th e  d u s t  i s  b re a th e d  more o r  l e s s  r e g u l a r l y .  T h e re fo re , i t  i s  
d e s i r a b l e  t o  w ear an  ap p ro v ed  r e s p i r a t o r  su c h  a s  th e  MSA "Comfo11 o r  th e  W illso n  
" D u s t - t i t e " .

B -  METALLIC ZINC DUST? M e ta l l ic  z in c  d u s t  (90%  th ro u g h  .300 mesh) i s  a n  im p o rta n t 
c o n s t i t u e n t  i n  P ip e  T hread  C o a tin g  Compound. A bout 1500 pounds o f  t h i s  m a te r ia l  i s  
u sed  p e r b a tc h ,  and a b o u t f i f t y  b a tc h e s  a r e  made p e r  m onth. The z in c  d u s t  comes i n  
400 pound wooden kegs o r  500 pound s t e e l  drum s. A cco rd ing  t o  a  c h em ica l a n a l y s i s ,  
t h i s  z in c  d u s t  i s  99. 20%m e ta l l i c  z in c  and 0 ,8 0 ^  z in o  o x id e  (ZnO). The p a r t i c l e  s i z e  
d i s t r i b u t i o n  of a  t y p i c a l  sam ple as d e te rm in e d  b y  a  s ta n d a rd  s c re e n  a n a ly s i s  i s t

A ll  th ro u g h  120 mesh s c re e n

3» 76% r e ta in e d  on 200 mesh 
2 .0 4 ^  " " 250 "

22 .2 4 $  " " 325 "

The z inc  d u s t  i s  dumped from  th e  keg  o r drum o n to  a m e ta l s h e e t  i n  f r o n t  o f  th e  k e t ­
t l e  and s h o v e le d  in to  th e  k e t t l e  b y  two o r t h r e e  men ( w i th  an  av e ra g e  s e r v ic e  o f  

/ab o u t t h r e e  m on ths) from  th e  G enera l L abor D epartm en t. T h is  i s  a v e ry  d u s ty  o p e ra ­
t i o n .  One sam ple  ta k e n  d u r in g  th e  s h o v e l in g  o f  z in c  d u s t  had as h ig h  a s  6 8 ,7 6 0 ,9 6 0  
p a r t i c l e s  p e r  c u b ic  f o o t  o f  a i r  th e  a v e ra g e  c o n c e n t r a t i o n  b e in g  2 8 ,3 3 1 ,3 2 8  p a r ­
t i c l e s ,  l e s s  th a n  te n  m ic ro n s , per c u b ic  f o o t .  The workmen a r e  exposed to  t h i s  d u s t  
a b o u t t h i r t y  m in u te s  p e r  b a tc h  o r a p p ro x im a te ly  2 ~ l/2  h o u rs  p e r  month. They w ear 
d u s t  r e s p i r a t o r s .  A bout 95%  o f  th e s e  d u s t p a r t i c l e s  a r e  d a rk  g re y , opaque, a n g u la r  
i n  ap p ea ran ce  u n d er th e  K onim eter m ic ro sc o p e , and a b o u t f i v e  m icrons o r  l e s s  in  
s i z e ;  5%  a p p e a r  s l i g h t l y  a n g u la r ,  c r y s t a l l i n e ,  t e n  m ic ro n s  o r  l e s s  i n  s iz e .  The 
c r y s t a l l i n e  m a te r i a l  i s  p ro b a b ly  z in c  oxide.

What P h y s io lo g ic a l  E f f e c t  i s  P roduoed by  Z inc D ust?  A lthough  z in c  o x id e  (ZnO) 
p ro d u ces  d e f i n i t e  p h y s io lo g ic a l  e f f e c t s ,  m e ta l l i c  z in c  d u s t  does n o t  seem t o  a f f e o t  
th e  p e rso n  b r e a th in g  i t  o th e r  th a n  t h a t  c a u se d  by th e  i n h a l a t i o n  o f  any i n e r t  d u s t .  
N e v e r th e le s s  some i n v e s t i g a t o r s  a r e  o f  th e  o p in io n  t h a t  z in o  i s  n o t  e n t i r e l y  i n e r t  
and h a rm le s s . C e r t a in ly  i t  i s  n o t as h a rm fu l a s  le a d  o r  a r s e n i c ,  b u t  th e  U n ited  
S ta t e s  P u b lic  H e a l th  S e rv ic e  h as  c e r t a i n  l i m i t a t i o n s  on th e  amount o f  z in o  t h a t  i s  
p e rm i t te d  i n  d r in k in g  w a te r . A ccording t o  Nuck, E, Remy, and  F. F o ltzm ann  ( J o u r .  
In d u s t ,  Hyg. , V o l .12, 1930, page 171 Ab, ) Z inc d u s t  c a n  c a u se  lu n g  t r o u b le  a f t e r  
b e in g  in h a le d  i n  l a r g e  q u a n t i t i e s .  Z inc d u s t  i s  a l s o  v e ry  d e f i n i t e l y  e x p lo s iv e .

C. -  ASBESTOS 11 FLOAT"? F lo a t  a s b e s to s  i s  used  in  t h e  m a n u fa c tu re  o f  t r a c t o r  l u b r i ­
c a n ts ,  I t  comes in  150 pound c lo th  bags by r a i l r o a d ,  a b o u t  2000 b ag s t o  a  c a r .
From 200 to  3000 pounds a r e  u sed  p e r  b a tc h  and from tw o t o  f i f t e e n  b a tc h e s  a r e  made 
p e r  m onth. The b ag s  o f  a s b e s to s  f l o a t  a r e  dumped in to  th e  m ix in g  k e t t l e  by t h r e e  

• men w ith  an  a v e ra g e  s e r v ic e  o f  tw elv e  y e a r s .  These l a b o r e r s  a r e  exposed  to  d u s t  
£ ^<fabout f o r ty  m in u te s  p e r  b a tc h .  Dust c o n c e n t r a t io n  a s  h ig h  as  8 ,2 6 9 ,4 4 0  p a r t i c l e s ,  

t e n  m icrons o r  l e s s  in  s i z e ,  p e r cu b ic  f o o t  a r e  p ro d u ced  d u r in g  th e  dumping o f  a s ­
b e s to s  f l o a t ,  t h e  a v e ra g e  b e in g  3 ,0 5 8 ,5 6 0  p a r t i c l e s  p e r  cu b ic  f o o t .  A bout 98?2 o f  
th e s e  p a r t i c l e s  a r e  s l i g h t l y  a n g u la r ,  ro u n d , t r a n s p a r e n t  i n  a p p ea ran ce  under th e  
K onim eter m ic ro sc o p e , and tw o m icrons or l e s s  i n  s iz e ?  2%  a r e  ro u n d , sem i-o p aq u e ,



p l a t e  l i k e ,  f i v e  m icro n s o r over in  s iz e ,

R eoent in v e s t i g a t io n s  h av e  in d i c a te d  t h a t  th e  i n h a l a t i o n  o f  a s b e s to s  p a r t i c l e s  
t e n  m icro n s  o r  l e s s  i n  s i z e  i s  even  m ore h aza rd o u s  th a n  was o r i g i n a l l y  b e l ie v e d ,  and 
t h a t  i n  o rd e r  t o  p re v e n t harm ful e f f e c t s  c o n c e n tr a t io n s  sh o u ld  be  k e p t below  f iv e  
m i l l i o n  p a r t i c l e s  (10 m icro n s o r  l e s s )  p e r  c u b ic  f o o t .  The p h y s io lo g ic a l  e f f e c t s  
have a l r e a d y  b e e n  d is c u s s e d  u n d er "ASBESTOSIS" so  need  n o t be  g iv e n  any  f u r t h e r  con­
s i d e r a t i o n .  Men h a n d lin g  a s b e s to s  f l o a t  sh o u ld  b e  re q u ire d  t o  w ear ap p ro v ed  r e s p i ­
r a t o r s .

D «  GROUND MICA? Ground m ica (80  m esh) i s  u se d  in  th e  m a n u fa c tu re  o f  a x le  g re a s e . 
I t  comes i n  100 pound b u r la p  b ag s . A bout f i f t y  pounds o f  ground m ica i s  u sed  p e r  
b a tc h  a n d .a n  a v e ra g e  o f  f iv e  b a tc h e s  a r e  made p e r  month. The period , o f  exposure  
w i l l  n o t  exceed  te n  m in u te s  a  b a tc h .  H and ling  ground  m ica  p ro d u c e s  a n  a v e ra g e  o f  
2 ,5 7 7 ,1 2 0  p a r t i c l e s  t e n  m icrons o r  l e s s  i n  s i z e ,  p e r  cu b ic  f o o t .  A bout 60$ o f  th e s e  
p a r t i c l e s  a re  t r a n s p a r e n t  i r r e g u l a r l y  shaped  s c a l e  l i k e  in  a p p e a ra n c e  u n d e r  th e  
K onim eter m ic ro sco p e , an d  f iv e  m ic ro n s  or l e s s  i n  s i z e j  a b o u t 40$ a r e  o v e r t e n  m i­
c ro n s  in  s 1ee. The t r a n s p a r e n t  p l a t e s  have s m a ll  l i n e s  o r  f i s s u r e s  and a p p e a r  to  
c o n ta in  sm a ll a i r  b u b b le s , k

A lthough  ground m ica h as  n e v e r been  c o n s id e re d  a  h aza rd o u s  d u s t ,  some r e c e n t  
s tu d ie s  made among th e  w orkers in  N o rth  C a ro l in a  i n d i c a t e  t h a t  c o n t in u e d  ex p o su re  t o  
l a r g e  q u a n t i t i e s  o f  ground m ica  o v e r a p e r io d  o f  y e a r s  w i l l  p ro d u o e  a  f i b r o s i s .  How­
e v e r , t h e r e  i s  v e ry  l i t t l e  p r o b a b i l i t y  o f  an y  t r o u b l e  w here c o n c e n t r a t io n s  a r e  k e p t 
below  1 0 ,0 0 0 ,0 0 0  p a r t i c l e s  per c u b ic  fo o t  o f  a i r  and w here th e  ex p o su re  t o  m ica  dusfc 
i s  su c h  a  sm all p e rc e n ta g e  o f  th e  e m p lo y e e ^  w ork ing  tim e ,

E -  SULPHUR? S u lp h u r f lo u r  i s  u sed  fo r  s u lp h u r iz in g  c u t t i n g  o i l s  and in  th e  
p r e p a r a t i o n  o f  s p e c i a l  l u b r i c a n t s  f o r  h y po id  g e a rs .  C rude s u lp h u r  i s  u sed  in  th e  
m a n u fa c tu re  o f  s u lp h u r ic  a c id  and i n  th e  t r e a tm e n t  o f  g a s o l in e  and n a p h th a  f o r  r e ­
m oval o f  im p u r i t i e s  su ch  as th e  m e rc a p ta n s .

S u lp h u r  F lour? S u lp h u r f l o u r  comes i n  p a p e r - l in e d  wooden b a r r e l s ,  100-pound 
c l o t h  b ag s , o r  150-pound b u r la p  b a g s . About 2500 pounds o f  t h i s  s u lp h u r  i s  
dumped in to  t h e  m e lt in g  k e t t l e  b y  two men w ith  a n  a v e ra g e  s e r v i c e  o f  tw e lv e  
y e a r s ,  once a  day . T h e ir  e x p o su re  to  th e  d u s t w hich r e s u l t s  from  h a n d lin g  
and dumping th e  b a g s ,  an  a v e ra g e  o f  1 ,5 4 0 ,6 0 8  p a r t i c l e s ,  t e n  m ic ro n s  o r 
l e s s ,  p e r c u b ic  f o o t ,  i s  a b o u t f i f t e e n  m in u te s  per man p e r  s h i f t  on an  ave­
r a g e .  No g o g g le s  o r  r e s p i r a t o r s  a r e  w orn. A bout 90$ o f  th e  d u s t  p a r t i c l e s  
i n  sam ples ta k e n  d u r in g  th e  dum ping o f th e  s u lp h u r  f l o u r  w ere s l i g h t l y  angu­
l a r  c r y s t a l l i n e  in  a p p e a ra n c e  u n d e r  th e  K onim eter m ic ro sco p e , and  f i v e  mi­
c ro n s  o r  l e s s  i n  s i z e j  10$ w ere  sem i-o p aq u e , ro u n d ed , and  o v e r f i v e  m icro n s 
i n  s i z e .  The l a r g e r  p a r t i c l e s  a p p e a r  t o  c o n ta in  sm a ll a i r  bubbles®  T here 
w ere  a l s o  a  number o f  v e ry  s m a ll  speoks.

A bout 370 pounds o f  f lo u r  s u lp h u r  i s  u sed  p e r  b a tc h  i n  th e  p r e p a r a t io n  
o f  h y p o id  g e a r  l u b r i c a n t .  Two b a tc h e s  a r e  made p e r week on a n  a v e ra g e .
The ex p o su re  t o  th e  su lp h u r d u s t  i s  on ly  a b o u t two h o u rs  p e r week on an  
a v e ra g e . S in o e  th e  su lp h u r  i s  dumped in to  drums o f o i l  b e in g  a g i t a t e d  by 
a  r a p id ly  r e v o lv in g  p r o p e l l e r  ty p e  m ixer m ore d u s t  i s  p rod u ced  th a n  w here 
t h e  bags a r e  s im p ly  dumped in t o  a  k e t t l e .  Sam ples ta k e n  d u r in g  t h i s  o p e ra ­
t i o n  had as h ig h  a s  6 ,9 1 0 ,0 8 0  p a r t i c l e s ,  t e n  m icro n s o r  l e s s  in  s i z e ,  pe r 
c u b ic  fo o t .  The a v e ra g e  was 3 ,7 8 3 ,5 5 2  p a r t i c l e s  per c u b ic  fo o t .  The d u s t  
p a r t i c l e s  had th e  same c h a r a c t e r i s t i c s  a s  th o s e  g iven  in  th e  p re c e d in g .  

f  p a ra g ra p h .

Crude Su lphur?  Crude s u lp h u r  comes in  box c a r s  h o ld in g  a b o u t 90 ,000  pounds, 
u s u a l ly  from  E re e p o r t ,  Texas. Towers a r e  f i l l e d  w ith  t h i s  s u lp h u r  by  fo u r
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men w i th  an  a v e ra g e  s e r v i c e  o f e ig h t  y ears*  I t  r e q u i r e s  ab o u t tw o h o u rs  t o  
f i l l  a  to w er w ith  ab o u t 1 0 ,0 0 0  pounds o f  crude s u lp h u r .  Two to w e rs  a r e  c h a rg -  

, ed  e v e ry  week* C o n seq u en tly , th e  men a r e  exposed a b o u t fo u r  h o u rs  a  week t o  
t h e  s u lp h u r  d u s t  cau sed  by  b re a k in g  up th e  lumps (4 ,3 0 4 ,6 4 0  p a r t i c l e s ,  t e n  m i­
c ro n s  o r  l e s s ,  p e r c u b ic  f o o t )  and s h o v e lin g  th e  c ru d e  s u lp h u r  i n t o  th e  to w er 
e l e v a to r  (a n  av e ra g e  o f  3 ,3 5 7 ,6 4 0  p a r t i c l e s  p e r c u b ic  f o o t ) .  The amount o f  
d u s t  p roduoed  by t h i s  o p e r a t io n  i s  somewhat red u ced  by  th e  s team  tu rn e d  on i n ­
s id e  th e  e l e v a to r  s h a f t  t o  p re v e n t d u s t e x p lo s io n s . A bout 60$ o f  th e  d u s t  
p a r t i c l e s  i n  sam ples ta k e n  w h ile  th e  to w e r  waB b e in g  f i l l e d  w ere  s l i g h t l y  angu­
l a r  c r y s t a l l i n e  i n  a p p e a ra n c e  u n d er th e  K onim eter m lcro so o p e  and  f i v e  m ic ro n s  
o r  l e s s  i n  s i z e j  35$ w ere  ro u n d e d , sem i-o p aq u e , t e n  m ic ro n s  o r  o v e r  in  s i z e j  and 

-6 $  w ere opaque s c a le  l i k e ,  betw een  f iv e  and tw e lv e  m ic ro n s  i n  s i z e .

S u lp h u r  d u s t  p a r t i c l e s  a re  e x p lo s iv e  b u t  o th e rw is e  a r e  n o t  c o n s id e re d  h a z a rd ­
ous any m ore th a n  any o f  t h e  o th e r  " n u is a n c e 1’ d u s t s ,  a l th o u g h  th e y  w i l l  i r r i t a t e  th e  
muoous membranes and th e  ey es  a f t e r  s l i g h t  exp o su re . C o n seq u en tly , i t  i s  a d v is ­
a b le  to  w ear ru b b e r  ty p e  g o g g le s  and ap p ro v ed  r e s p i r a t o r s ,  su c h  as  th e  MSA Comfo 
ty p e .

In  a n  a r t i c l e  by A ldo C e s ta r i  (A roh, I n te r n ,  H harm acadynam ie, 1933, v o l ,  46 , 
pp. 3 0 0 -3 1 4 ) i t  i s  s ta te d »

" I n t r a t r a c h e a l  i n j e o t i o n  o f  s u l f u r  su sp e n s io n s  b r in g s  a b o u t ex ­
c r e t i o n  o f  h y d ro g en  s u l f i d e  i n  a p e r io d  o f  60 h o u rs . T here  a r e  
s l i g h t  e x u d a tiv e  and  i n f i l t r a t i v e  r e a c t io n s  i n  th e  lu n g s . I t  
i s  supposed  t h a t  a  s u b s ta n c e  s im i l a r  t o  g lu t a th io n e  re d u c e s  th e  
s u l f u r  t o  h y d ro g en  s u l f i d e ,  "

£  -  LITHARGE» L i th a rg e  i s  added to  th e  P lu m b ite  o r  "D o c to r"  S o lu t io n  to  a s s i s t  i n  
t h e  rem o v a l o f  m e rc a p ta n s , o th e r  s u lp h u r  compounds and u n s a tu r a te d  h y d ro ca rb o n s  from  
g a s o l in e  and  n a p h th a . From one t o  f iv e  600-pound drums o f  l i t h a r g e  a r e  u sed  i n  a  
b a to h ,  d ep en d in g  upon t h e  s to o k  t o  b e  t r e a t e d  and th e  c o n d i t io n  o f  th e  "D o c to r So­
l u t i o n " ,  The l i t h a r g e  i s  rem oved from  t h e  drum a  sh o v e l a t  a  t im e , and a b o u t f i f t e e n  
m in u te s  a r e  r e q u i r e d  t o  dump one b a to h , A b a to h  i s  made onoe a  week on an  a v e ra g e . 
The a v e ra g e  s e r v ic e  o f  t h e  men in v o lv e d  i n  t h i s  o p e r a t io n  i s  sev en  y e a r s .  They w ear 
MSA Comfo r e s p i r a t o r s  w i th  a n  app roved  le a d  f i l t e r  and ru b b e r  ty p e  g o g g le s . A ll  o f 
t h e  w ork o f  ad d in g  l i t h a r g e  i s  done in  th e  open a i r  on a  p la tfo rm  a t  th e  to p s  o f  th e  
s o l u t i o n  ta n k s .

The A verage d u s t p rod u o ed  d u r in g  th e  dumping o r  s h o v e lin g  o f  l i t h a r g e  in to  
t h e  s o lu t i o n  t a n k  i s  3 ,0 7 7 ,4 8 0  p a r t i c l e s ,  t e n  m iorons o r  l e s s  i n  s i z e ,  p e r  cu b io  
f o o t ,  a l th o u g h  th e r e  w ere a s  h ig h  a s  9 ,2 8 8 ,9 6 0  p a r t i c l e s  p e r  c u b ic  f o o t  d u r in g  th e  
o p e r a t io n ,  A ro u g h  e s t im a t io n  o f t h i s  l i t h a r g e  c o n c e n t r a t io n  in d io a te s  th e  p re se n c e  
o f  from  f i v e  t o  f i f t e e n  m il l ig ra m s  o f  l e a d  p e r t e n  cu b ic  m e te rs  -  th e  am ount t h a t  an  
a v e ra g e  p e rso n  d o in g  m o d e ra te  work w ould  b re a th e  i n  one day. T h is i s  i n  e x c e ss  o f  
1 ,5  m il l ig ra m s  i n  te n  o u b ic  m e te rs  w hich  i s  th e  maximum a l lo w a b le  l i m i t  s e t  by  th e  
U n ite d  S ta t e s  P u b lic  H e a l th  S e rv ic e , A bout 80$ o f  th e s e  d u s t  p a r t i o l e s  w e r e . rounded , 
t r a n s p a r e n t ,  o r y s t a l l i n e  i n  ap p e a ra n c e  u n d e r th e  K onim eter m ic ro sc o p e , and  f i v e  mi­
o ro n s  o r  l e s s  i n  s iz e j  a b o u t  15$ w ere o v e r te n  m ic ro n s  and ap p e a re d  t o  c o n ta in  sm a ll 
a i r  b u b b le s j  6 $  w ere d a rk  opaque s c a l e - l i k e ,  from  f iv e  t o  t e n  m io ro n s in  s i z e ,

U e c e s sa ry  P r e c a u t io n a r y  M easures When H a n d lin g L i th a r g e. L i th a rg e  i s  a  com­
pound o f  l e a d ,  and c o n s e q u e n t ly  t h e r e  i s  th e  p o s s i b i l i t y  o f  le a d  p o is o n in g  u n le s s  a  
/ew s im p le  p r e c a u t io n s  a r e  o b se rv ed  t o  p re v e n t th e  e n t r a n c e  o f  le a d  in t o  th e  body 

' ?by sw a llo w in g  m in u te  p a r t i c l e s  o f  th e  l i t h a r g e  d u s t ,  b y  in h a l in g  th e  d u s t ,  o r by 
a b s o r p t io n  from  th e  s k in  when h a n d lin g  th e  l i th a rg e *  An e f f o r t  sh o u ld  be made to  
c a u s e  as l i t t l e  d u s t  as  p o s s i b l e .  I n s t r u c t i o n s  i s s u e d  by th e  M ed ica l D epartm en t r e ­
q u i r e  th a t»
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I
"1 . Ho em ployee s h a l l  h a n d le  l i t h a r g e  u n t i l  he h as  been  exam ined 

\  and c e r t i f i e d  as p h y s ic a l ly  q u a l i f i e d  b y  th e  Company D octor» {
/

"2 . Em ployees m ust be s e n t  to  th e  Company D o cto r f o r  p h y s ic a l  ex - |
a m in a tio n  a t  l e a s t  e v e ry  s ix  m onths o r  a t  th e  f i r s t  s ig n  o f
i l l  h e a l th ,  8

"3 , R e s p i r a to r s  -  An ap p ro v ed  ty p e  o f  le a d  d u s t  r e s p i r a t o r ,  p ro p e r -  |
l y  a d ju s te d ,  s h a l l  b e  worn when h a n d lin g  l i t h a r g e .  A ll  r e s p i ­
r a t o r s  s h a l l  b e  th o ro u g h ly  c le a n e d  w ith  so ap  and warm w a te r ,  |

"4 , C lo th in g  -  U n io n a l ls ,  cap s  o r  some head  c o v e r in g  and g a u n t l e t  |
g lo v e s  s h a l l  be  w orn when h a n d lin g  l i t h a r g e .  Upon th e  com ple­
t i o n  o f  t h i s  o p e r a t io n  th e  o u te r  c lo th in g  m u st b e  rem oved and |
p la c e d  in  a  lo c k e r  u sed  fo r  t h i s  pu rp o se  o n ly . U n io n a l ls
sh o u ld  b e  w ashed a t  l e a s t  once a  week, 1

"5, B a th in g and lo c k e r  f a c i l i t i e s  -  A c o n v e n ie n t ly  lo o a te d  lo o k e r  |
and was h  room s h a l l  b e  d e s ig n a te d  f o r  u se  o f  em ployees hand­
l i n g  l i t h a r g e .  S e p a ra te  lo c k e rs  sh o u ld  be  p ro v id e d  f o r  s t r e e t  |
c l o th e s ,  work c l o t h e s ,  and one f o r  U n io n a l ls  worn when hand­
l i n g  l i t h a r g e .  I n  p la n t s  where men a r e  h a n d l in g  l i t h a r g e  |
th ro u g h o u t th e  s h i f t ,  o n ly  two lo c k e r s  n eed  b e  p ro v id e d . The
f lo o r s  o f  th e  lo c k e r  rooms w here th e  men ch an g e  t h e i r  d u s t  |
co v ered  U n io n a l ls  and th e  benches s h a l l  b e  th o ro u g h ly  m o is te n ­
ed b e fo re  b e in g  c le a n e d ,  |

"6 , P e rs o n a l c l e a n l i n e s s  -  G enera l p e r s o n a l  c l e a n l i n e s s  i s  o f  f i r s t  |
im p o rtan ce ,

I
(a )  Hands m ust be th o ro u g h ly  washed on th e  c o m p le tio n  o f  th e

l i t h a r g e  h a n d lin g  o p e ra tio n . Hands m ust a l s o  be  th o ro u g h ly  (
w ashed b e fo re  e a t in g  o r p la c in g  a n y th in g  in  th e  m outh. A
s p e c i a l  e f f o r t  sh o u ld  be made t o  c le a n  t h e  f in g e r  n a i l s  so  |
a s  t o  remove any  l i t h a r g e ,

I
(b )  N ever e a t  u n t i l  l i t h a r g e  co v e re d  c lo th in g  has  been rem oved

and th e  hands w ashed, §

(c )  T e e th  sh o u ld  be b ru sh ed  a t  l e a s t  tw io e  a  day and th e  t e e t h  |
and  gums k e p t i n  good c o n d i t io n .

(d )  The m outh  sh o u ld  be r in s e d  th o ro u g h ly  b e f o r e  e a t in g .

(e )  N ever u se  to b a c c o  in  any  form w h ile  w o rk in g  i n  and a ro u n d
l i t h a r g e , " (

The r e s p o n s i b i l i t y  f o r  t h e  c a r e f u l  o b se rv a n c e  o f  ALL o f  th e s e  i n s t r u e -  £
t i o n s  sh o u ld  be p la c e d  upon th e  forem an,

K
G — SODA ASH; Soda a s h  (58^? Na.g0 )  i s  used t o  form  a  s o l u t i o n  f o r  n e u t r a l i z i n g  a c id  
o i l .  T h i r ty  200-pound c l o th  b ag s o f  soda ash  a r e  dumped i n t o  a  ta n k  o f  w a te r  p e r (

jb a tc h  by  s i x  men, w ith  a n  a v e ra g e  s e r v ic e  o f  f i v e  y e a r s ,  from  th e  G e n e ra l Labor De- 
^ p a r t m e n t j  t h r e e  b a tc h e s  a week. Men exposed t o  d u s t  r e s u l t i n g  from  o p en in g  and |

dumping th e  bags o f so d a  ash  a b o u t f iv e  hou rs  a  week, E ig h t  men spend a b o u t h a l f  a 
day a  m onth u n lo a d in g  b ag s from r a i l r o a d  box c a r s .  The men who do th e  u n lo a d in g  £
w ear MSA Comfo r e s p i r a t o r s  and a r e  n o t  th e  same men as th o s e  d o in g  th e  m ix in g  who do 
n o t  w ear any r e s p i r a t o r s  o r  g o g g le s .  The a v e ra g e  d u s t  p ro d u ced  by th e  dumping and  g
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m ix ing  o p e r a t io n  i s  1 ,0 0 3 ,3 3 7  p a r t i c l e s ,  l e s s  th a n  te n  m ic ro n s , p e r  c u b ic  f o o t  o f  
a i r .  T hese p a r t i o l e s  a r e  a l l  s l i g h t l y  a n g u la r ,  c r y s t a l l i n e  in  a p p e a ra n c e  un d er th e  
K onim eter m io ro sco p e  and  abou t f i v e  m icrons in  s i z e .  Many a r e  t r a n s p a r e n t ,  g la s s  
l i k e .  T h ere  a r e  a- num ber o f  sm a ll b la c k  sp e c k s ,

II -  TALC o r  "SOAPSTONE"; P u lv e r iz e d  t a l c  o r  " so a p s to n e "  i s  u sed  as a  f i l l e r  in  th e  
m a n u fa c tu re  o f  "h o t n e c k "  g re a se s  u sed  in  t h e  s t e e l  m i l l s .  A ccord ing  t o  R, B, Ladoo 
(U .S. B u reau  o f  M ines B u i, No. 213, 1919) o r d in a r y  t a l c  o r so a p s to n e  i s  S t e a t i t e  
(hydrous m agnesium  s i l i c a t e  -  H2M gg(SiOg)4.), I n  t h e  form  o f  pow der, t h e  t a l o  i s  
g re y is h  w h ite .  A s s o c ia te  Chem ist F re d e r ic k  Goldman o f  th e  U ,S, B ureau  o f  M ines, whp 
made a  c h e m ic a l a n a l y s i s  o f  sam ples o f  t a l c  a s  m a rk e te d , re p o r ts *

—  ■ • 3 "r-j - -  : SiOg............ .................. .. 4 6 .0 4  p e r  c e n t
CaO............................ .. 4, 39 " "
MgO............................... 2 6 .2 0  " "
Combined O x id e s . . . . .  1 5 ,6 4  " "

G rease  m akers u s u a l ly  c o n s id e r  th e  co m p o s itio n  o f  " so a p s to n e "  which th e y  u se  a s  ap­
p ro x im a te ly  90$ m agnesium  s i l i c a t e  and 10$ c a lc iu m  c a rb o n a te .  I t  comes i n  90-pound 
p ap e r b a g s , 700 bags t o  a box c a r .  A bout 7200 pounds a r e  u sed  p e r  b a tc h  and one 
b a tc h  i s  made a  day on a n  av e rag e . The " so a p s to n e "  i s  dumped in t o  th e  m ix ing  k e t t l e  
by  two men w i th  an  a v e ra g e  s e r v ic e  o f  t e n  y e a r s .  T h is  dumping which r e q u i r e s  a b o u t 
a n  hour p e r  b a tc h  i s  a  r a th e r  d u s ty  o p e ra t io n .  One sam ple ta k e n  a t  f a c e  l e v e l  j u s t  
a f t e r  a bag  had b een  dumped had as  h ig h  as  2 2 ,9 9 5 ,8 4 0  p a r t i c l e s ,  t e n  m icro n s o r  l e s s  
i n  s i z e ,  p e r  cu b ic  f o o t  o f  a i r .  The a v e ra g e  d u s t  p roduced  was 1 3 ,0 6 4 ,9 6 0  d u s t  p a r ­
t i c l e s  p e r  c u b ic  f o o t .  About 98$ o f  th e s e  d u s t  p a r t i c l e s  w ere t r a n s p a r e n t ,  c r y s t a l ­
l i n e ,  i r r e g u l a r l y  sh ap ed  p la te s  and r o d s ,  i n  a p p e a ra n c e  un d er th e  K on im eter m ic ro ­
scope. M ost o f  th e s e  p a r t i c l e s  (a b o u t 98$) w ere f i v e  m ic ro n s  o r  l e s s  in  s i z e ,  th e  
rem ain d er b e in g  te n  m ic ro n s  or o v e r j  a b o u t 2$  w ere s c a l e - l i k e ,  sem i-o p aq u e , f i v e  mi­
c ro n s  o r l e s s  in  s i z e ,

P h y s io lo g io a l  E f f e c t s  P roduoed By T alo  D u s ts , About two y e a r s  ago Dr. W. C, 
D re e sse n , P asse d  A s s i s t a n t  Surgeon, and  J ,  M. D a l l a  V a lle ,  A s s i s t a n t  S a n i t a r y  E ng i­
n e e r ,  U n ited  S ta t e s  P u b l i c • H e a lth  S e rv ic e ,  made a  s tu d y  t o  a s c e r t a i n  w h e th e r  th e r e  
i s  a c o n n e c tio n  betw een  t a l c  d u s t e x p o su re  and th e  r e l a t i v e l y  h ig h  tu b e r c u lo s i s  
d e a th  r a t e  i n  M urray C ounty , G eo rg ia , w here two t a l o  m i l l s  and m in es  a r e  lo c a te d .
They found (R e p r in t  No, 1669 from  th e  P u b l ic  H e a l th  R e p o rts  V ol. 5 0 , No, 5 , Feb. 1, 
1935, pages 131-143)*

" P h y s ic a l  and  ro e n tg e n o lo g io  e x a m in a tio n s  w ere made o f 66 men and 
women who w ere  exposed o r  had  b een  ex p o sed  to  t a l c  d u s t .  I n  th e  
h ig h e r  d u s t  g ro u p s  c o m p ris in g  33 men, 8 w ere found  to  have Pneumo­
c o n io s i s  I  and  8 to  have P neum ocon iosis  I I  o r  I I I ,  S ix  o f  th e  
t h i r t e e n  exam ined  were d ia g n o se d  a s  h a v in g  P neum oconiosis I .  No 
advanced  s t a g e s  o f  th e  d i s e a s e  w ere fo u n d  in  t h i s  group. I n  th e  
g ro u p  exposed  t o  low c o n c e n t r a t io n s  o f  d u s t ,  no P neum oconiosis 
was fo u n d ,"

The f i n a l  c o n c lu s io n  o f  t h i s  s tu d y  was t h a t  a l th o u g h  G eo rg ia  t a l c  a p p e a rs  to  be "m ore 
in ju r io u s  th a n  t r e m o l i t e  t a l c "  th e  h ig h  t u b e r c u l o s i s  m o r t a l i t y  r a t e  in  th e  County 
"co u ld  n o t  be  a t t r i b u t e d  t o  th e  t a l c  in d u s tr y " .

I n v e s t i g a to r s  h av e  su g g e s te d , how ever, t h a t  f o r  more o r  l e s s  c o n tin u o u s  expo­
s u re s  c o n c e n t r a t io n s  o f  t a l c  or " so a p s to n e "  d u s t  sh o u ld  n o t exceed 1 5 ,0 0 0 ,0 0 0  p a r ­
t i o l e s ,  t e n  m ic ro n s  o r  l e s s  i n  s i z e ,  p e r  c u b ic  f o o t  o f  a i r .

I  -  GRAPHITE* Powdered g r a p h i te  (8 0 $  t o  85$  g r a p h i t i c  ca rbon  and 15$ p ro b a b ly  
m agnesium  s i l i c a t e )  i s  u sed  in  th e  m a n u fa c tu re  o f  s p r in g  and p r e s s u r e  l u b r i c a n t s .  I t
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oomes i n  m e ta l  drums o r  100-pound p a p e r  l in e d  b a g s . About 3700 pounds o f  powdered 
g r a p h i te  i s  used  p e r  b a t c h  and one b a tc h  i s  made p e r  day on an  av e rag e . The 
j r a p h i t e  i s  dumped in t o  t h e  m ix ing  k e t t l e  by men w i th  an  a v e ra g e  s e rv ic e  o f  seven  

l^ e a r s .  T h is  o p e r a t io n  r e q u i r e s  a b o u t f o r ty  m in u te s  per b a tc h  p e r  man on a n  av e rag e . 
T hree  men a r e  u s u a l ly  engaged  in  t h i s  dumping. They wear r e s p i r a t o r s  w h ile  hand­
l i n g  and dumping g r a p h i t e ,  w hich i s  n o t  a  p a r t i c u l a r l y  d u s ty  o p e ra t io n , The av erag e  
d u s t  p roduced  i s  1 ,8 0 3 ,0 8 0  p a r t i c l e s ,  t e n  m icrons o r  l e s s ,  p e r  cu b ic  f o o t  o f  a i r .
A ll o f  th e s e  d u s t  p a r t i c l e s  a r e  rounded  or s l i g h t l y  a n g u la r ,  b la c k  opaque, am orphous, 
s o o ty  o r d a rk  g re y  in  a p p e a ra n c e  u n d e r  th e  K o n im ete r m ic ro sco p e , and t h r e e  m icrons 
o r l e s s  i n  s i z e .

<J -  SLATE FLOUR? S la t e  f lo u r  (300  mesh) g iv e s  r i g i d i t y  t o  a s p h a l t  on " f a s t  s u r ­
fa c e s "  su ch  as s t e e p  r o o f s  and p ip e  l i n e s ,  and p re v e n ts  i t s  ru n n in g  o f f .  I t  a l s o  
p ro d u ces  d e s i r a b l e  w e a th e r in g  p r o p e r t i e s ,  M ix tu re s  as  low  as 10 $  s l a t e  f l o u r  and 
as h ig h  as  40$ a r e  vised. An av e ra g e  o f  two to n s  o f  s l a t e  f l o u r  i s  used  to  each  
s t i l l  w h ich  a v e ra g e s  a b o u t 800 b a r r e l s  of steam  red u ced  a s p h a l t .  S ince th e  s l a t e  
f lo u r  i s  in t ro d u c e d  by th e  u se  o f c lo s e d  "pipe l i n e s  and c e n t r i f u g a l  pumps, th e  on ly  
d u s t  p roduced  i s  t h a t  w hich  r e s u l t s  d u r in g  th e  u n lo a d in g  o f  th e  sacks and dumping 
them  in t o  t h e  hop p er. The s l a t e  f l o u r  comes in  50-pound p ap er b a g s , 750 b a g s  t o  a 
r a i l r o a d  box c a r .  Four men w ith  an  average* s e r v i c e  o f  ab o u t a  y e a r ,  open th e  bags 
and dump t h e  s l a t e  f lo u r  d i r e c t l y  in t o  a hopper from  w hich i t  i s  s iphoned  by cam- 
p re s s e d  a i r  to  a  s to r a g e  ta n k  h o ld in g  ab o u t 15 t o n s .  About f o u r  c a r lo a d s  a  month 
a r e  r e c e iv e d  and a n  a v e ra g e  o f  ab o u t 5 ~ l/2  h o u rs  i s  r e q u ire d  t o  unload  each  c a r .
A bout one and t h r e e - q u a r t e r  m i l l io n  pounds w ere dumped d u r in g  th e  l a s t  q u a r t e r  
p e r io d .  The men w ear MSA Comfo r e s p i r a t o r s .  A s c r e e n  a n a l y s i s  o f  t h i s  s l a t e  f lo u r  
showed t h a t  9 9 .7 $  p a s se d  th ro u g h  a 200 mesh s c r e e n  and 9 6 ,8 $  th ro u g h  a  325 mesh 
s c re e n . Due to  th e  f in e n e s s  o f  s l a t e  f lo u r  and i t s  low b u lk  d e n s i ty  ( 1 ,0 4 )  con­
s id e r a b l e  d u s t ,  a n  a v e ra g e  o f 1 2 ,0 0 7 ,6 8 0  p a r t i c l e s ,  te n  m ic ro n s  o r  le s s  i n  s i z e ,
|er c u b ic  f o o t  o f  a i r ,  and co u n ts  a s  h ig h  a s  1 6 ,5 3 8 ,8 8 0  p a r t i c l e s  per c u b ic  f o o t ,  

a r e  p ro d u ced  d u r in g  dum ping th e  sa c k s  and f i l l i n g  th e  s to r a g e  ta n k . A bout 98$ o f 
th e s e  d u s t  p a r t i c l e s  a r e  s l i g h t l y  a n g u la r ,  t r a n s p a r e n t ,  c r y s t a l l i n e  in  a p p e a ra n c e  
u n d e r th e  K on im eter m ic ro sc o p e , and f i v e  m ic ro n s  o r  l e s s  in  s i z e )  2$ a r e  sem i-o p aq u e , 
s l i g h t l y  a n g u la r .  T here  w ere a  few p l a t e  l i k e  p a r t i c l e s  w hich ap p ea red  t o  c o n ta in  
sm a ll a i r  b u b b le s ,  and a  l a r g e  num ber o f  sm a ll b l a c k  p a r t i c l e s .

A p e t ro g ra p h ic  e x a m in a tio n  made o f  a s l a t e  f lo u r  sam ple a t  th e  U n ite d  S ta te s  
B ureau c f  M ines E x p erim en t S t a t i o n  i n  P i t t s b u r g h ,  P e n n sy lv a n ia  showed t h a t  i t  con­
ta in e d  m ore th a n  1 $  Q u a rtz  (S i0 2 )» 30$ S e r i c i t e  (K2 O-3A I2O3-6  SiOg-gHgO), 40$
opaque and 30$ f iv e  d i f f e r e n t  u n id e n t i f i e d  c o n s t i t u e n t s .  A ch em ica l a n a l y s i s  o f  
s l a t e  g ra n u le s  and f l o u r  ( Jo u r . I n d u s t .  Hyg. V o l. XV. ,No, 2 ,M ar, 1933, p, 67) r e p o r t s  th e s e  
c o n s t i tu e n t s ?

S i l io o n  D iox ide  . . . . . . . . 5 9 .  27$
T ita n iu m  D io x id e . . . . . . . .  0, 99$
Aluminum O xide. . . . . . . . . .  18. 81$
F e r r ic  O x id e .. . . . . . . . . . .  1, 12$
F e rro u s  Oxide . . . . . . . . . .  6, 58$
M anaganous O x id e .. . . . . . .  0. 13$
C alcium  O xide.......... .. 0. 42$
Barium  O xide. . . . . . . . . . . .  0. 05$

M agnesium  O x id e ,...............2, 21$
P o ta s s iu m  O x id e .. . . . . . .  3, 75$
Sodium  O x id e . ..........1, 88$
W ater below  110°C. . . . .  0, 32$

" above 11 . . . . . .  3 ,9 8 $
P h o sp h o ric  O x id e .. . . . . , 0 .  11$
Carb on D io x id e .. . . . . . . .  0, 21$
F e r r i c  S u lp h id e . . . . . . . . 0 . 1 5 $

S p e c i f ic  G ra v ity  -  2 ,7 9 5

"The s i l i c o n  found , th o u g h  e x p re sse d  in  t h e  c h em ica l a n a ly s i s  as 
s i l i c o n  d io x id e ,  i s  n o t  d i f f e r e n t i a t e d  c h e m ic a lly  as  t o  th e  
form s p r e s e n t  i n  th e  o r i g i n a l  m in e ra ls ,  w h e th er f r e e  s i l i c a  o r  
s i l i c a t e ,  "



E f f e c t  o f  S la te  F lo u r  on The Lungs -  In  h is  paper " E f f e c t s  o f  C e r ta in  S i l i c a t e  
D usts in  t h e  Lungs" re a d  b e fo re  th e  I n d u s t r i a l  H ygiene S e c t io n  o f  t h e  A m erican P u b lic  
H e a lth  A s s o c ia t io n  a t  W ash ing ton , D. C. on O ctober 27, 1932, Dr, Waldemar C. D reessen  
¿Of th e  U n ite d  S ta te s  P u b l ic  H e a lth  S e rv ic e ,  r e p o r t i n g  th e  r e s u l t s  o f  h i s  s tu d ie s  o f  

'w o rk e rs  exposed  to  s l a t e  d u s t ,  w ro te t

"O f th e  48 c a s e s  o f  pneum ocon iosis  o b se rv ed , a l l  w ere in  th e  f i r s t  
s ta g e  e x ce p t 5 c a s e s .  In  g e n e ra l ,  t h e  pneum ocon iosis  o b se rv e d  in  
th e  e a r ly  o r f i r s t  s ta g e  c a se s  resem b led  t h a t  in d u ced  b y  cem ent 
d u s t .  The b r o n c h ia l  s t r i a t i o n s ,  how ever, w ere  somewhat m ore prom i­
n e n t .  T here was a lw ays a  m o d era te  b i l a t e r a l  in c r e a s e  i n  th e  s i z e  
and  d e n s i ty  o f  t h e  h i l a r  shadows w ith  a c c e n tu a t io n s  o f  b r o n c h ia l  
s t r i a t i o n s  w h ich  e x ten d ed  w e ll  o u t i n t o  each lu n g  f i e l d .  The 
l i n e a r  s t r i a t i o n s  seemed " s o f t e r "  i n  a p p e a ra n c e  and la c k e d  some of. 
t h e  s h a rp n e s s  o f  d e t a i l  w hich  i s  u s u a l ly  o b se rv e d  in  th e  X -ray s  o f 
in d iv id u a l s  who have in h a le d  s i l i c a  d u s t. T h is  d i f f u s e ,  f i n e  

. g e n e r a l iz e d  f i b r o s i s  was c h i e f ly  c o n f in e d  to  th e  low er tw o - th i r d s
o f  th e  lu n g  f i e l d s ,

" I n  th e  second  s ta g e  an in c re a s e d  prom inence o f  th e  ab o v e  m en tio n ­
ed c h a r a c t e r i s t i c s  vías p r e s e n t  w ith  th e  a p p e a ra n c e  o f  f l a k e  l i k e ,  
dap p led  a re a s  o f  in c re a s e d  d e n s i ty  in  b o th  lu n g  f i e l d s .  I n  th e  
t h i r d  s ta g e  t h e s e  dapp led  a re a s  seemed to  c o n g lo m e ra te , and in  t h i s  
m anner gave way t o  m a ss iv e , c louded  a re a s  o f  in c re a s e d  d e n s i t y . "

Dr. D re e sse n  found t h a t  a l th o u g h  th e  s i l i c a t e  d u s ts  o f  s l a t e  " in d u c e  a f i n e  d i f f u s e ,  
b i l a t e r a l  f i b r o s i s  o f  th e  lu n g s  w hich  i s  d e f i n i t e l y  d e m o n s tra b le  i n  th e  X -ray "  
w orkers  exposed  t o  s l a t e  d u s t  do n o t b e g in  t o  show d e f i n i t e  f i r s t  s ta g e  pneum oconio­
sis u n t i l  a f t e r  m ore th a n  t e n  y e a r s ' ex p o su re . He d id  n o t  f in d  any  e v id e n c e  th a t  

che r e s u l t a n t  p n eu m o co n io sis  had le d  t o  d i s a b i l i t y .

K -  GRIIIDIMG PERRIS ROOTt D e r r is  r o o t  i s  used  in  th e  m a n u fa c tu re  o f  i n s e c t i c i d e s .  
I t  comes i n  500-pound b a l e s  from  th e  D utch E a s t I n d ie s .  In  o rd e r  t o  re d u c e  d u s t ,  
th e  b a l e s  a r e  th o ro u g h ly  w e tte d  w ith  w h ite  o i l .  The r o o t  i s  g round  a t  th e  r a t e  o f  
500 pounds an  hou r t o  p a s s  th ro u g h  a 3 /8 " - s o re e n .  One man w ith  t h r e e  y e a r s ’ s e r v ic e  
i s  exposed  t o  an  a v e ra g e  d u s t  c o n c e n t r a t io n  o f 1 ,6 0 4 ,8 0 0  p a r t i c l e s ,  t e n  m icro n s o r  
l e s s ,  p e r  c u b ic  fo o t  o f  a i r .  About 80% o f  th e s e  d u s t  p a r t i c l e s  a r e  r a t h e r  ro u n d , 
c r y s t a l l i n e  in  a p p e a ra n c e  u n d er th e  K onim eter m ic ro sc o p e , and a b o u t f i v e  m icrons 
i n  s i z e j  20% a re  s h a rp ly  a n g u la r ,  f i v e  m icrons o r  l e s s  i n  s i z e .  The p a r t i c l e s  a p ­
p e a r  t o  be m ore in o rg a n ic  th a n  o rg a n ic  i n  c h a r a c te r .  E v id e n tly  t h e  l i g h t e r  r o o t  
d u s t  p a r t i c l e s  a r e  e i t h e r  l a r g e r  th a n  30 m icrons and w ere , t h e r e f o r e ,  f i l t e r e d  o u t 
b y  t h e  K onim eter f i l t e r  o r  w ere c a r r i e d  o u t by th e  e x h a u s t v e n t i l a t i o n ,  th u s  le a v in g  
t h e  d i r t  o r  s o i l  w hich had  ad h e re d  t o  th e  r o o ts .  The g r in d e r  i s  lo c a te d  i n  a  sm a ll 
room w e ll  v e n t i l a t e d  by  means o f  a 3 0 - in c h  m o to r -d r iv e n  fa n . T h is  e x p la in s  th e  low  
d u s t  c o n c e n t r a t io n  in  th e  sam ples ta k e n  d u r in g  th e  g r in d in g  o p e r a t io n .  The o p e ra to r  
w ears  ru b b e r  g lo v e s ,  c o v e r - a l l s ,  and i s  p ro v id e d  w ith  a  f r e s h  a i r  h o se  ty p e  o f  mask 
w h ile  g r in d in g .

To What E x te n t i s  D e r r is  T o x ic?  A cco rd ing  t o  r e c e n t  s tu d ie s  by  th e  U n ited  
S ta t e s  D epartm ent o f A g r ic u l tu r e  ( i n d u s t ,  & Eng. Chem. V ol. 28 , N o .7 , J u ly  1936, 
p p s . 8 1 5 -8 2 1 ) D e r r is  i s  a  p o s s ib le  h e a l t h  h a z a rd  to  th o s e  engaged i n  m i l l i n g ,  g r in d ­
in g ,  and d i l u t i n g  i t  (Derris) without th e  use of suitable protective measures® 
P h a rm a c o lo g ic a l s tu d ie s  show t h a t  D e r r i s  and i t s  w a te r  e x t r a c t s  a f f e c t  th e  r e s p i r a -  

p ry  c e n t e r  w hich i s  i n i t i a l l y  s t im u la te d  and th e n ,  a f t e r  f a t a l  d o s e s ,  c o m p le te ly  
R e p re s s e d , w ith  d e a th  r e s u l t i n g .  D e r r is  d u s t when a p p l ie d  t o  th e  a rm p i ts  was a l s o  
Jxound to  p rovoke  a "m ild  e v a n e sc e n t i r r i t a t i o n . "

L_ -  GRINDING PYRETHRUH FLOWERS; P y re th rum  f lo w e rs  a r e  an  im p o r ta n t so u rc e  o f  one



o f  th e  e s s e n t i a l  in g r e d i e n ts  o f i n s e c t i c i d e s .  They come from  Japan  in  m at co v ered  
h a le s  w eigh ing  ab o u t 450 pounds. On an  a v e ra g e , ab o u t t e n  b a le s  a r e  g round  per 
s h i f t .  O pening th e  b a l e s  o f  com pressed f lo w e rs  i s  t h e  d u s t i e s t  p a r t  o f  th e  o p e ra ­
t i o n ,  p ro d u c in g  on an  a v e ra g e  2 ,0 3 9 ,0 4 0  p a r t i c l e s ,  t e n  m ic ro n s  o r l e s s ,  p e r  cu b ic  
fo o t  o f  a i r .  A bout 85$ o f  th e s e  p a r t i c l e s  a r e  a n g u la r ,  c r y s t a l l i n e  i n  ap p ea ran ce  
u n d e r th e  K on im eter m ic ro sc o p e , and th r e e  m ic ro n s  o r  l e s s  i n  s i z e j  a b o u t 15$ a re  
f l a t  round p a r t i c l e s  and  d is c s  and s h r e d s ,  t e n  m icro n s o r  l s s s .  The c r y s t a l l i n e  -  
a p p e a rin g  d u s t  p ro b a b ly  o r ig in a te s  from  th e  s o i l  w hich  h a s  blow n on th e  flo w e rs  o r 
p la n ts ,  One man i s  ex p o sed  p e r  s h i f t  f o r  a b o u t fo u r  h o u rs  a  day d u r in g  a n in e  m onth 
p e r io d . He w ears  a  W il ls o n  d u s t  r e s p i r a t o r .  The g r in d e r  i s  en c lo se d  i n  a  m e ta l 
h o u s in g  c o n n e c te d  by a  f o u r te e n - in c h  d u c t t o  a  s ix te e n - in c h  m otor d r iv e n  ex h au st fa n .

P yreth rum  d u s t  seem s t o  i r r i t a t e  th e  s k in  o f  some in d iv id u a ls  and n o t a f f e c t  
o th e r s  i n  th e  l e a s t ]  a s  a  m a tte r  o f  f a c t  i t  cau ses  an  a l l e r g i c  ty p e  o f  r e a c t io n  i n ‘? 
some in d iv id u a l s  t o  su c h  an  e x te n t  t h a t  i t  i s  in a d v is a b le  f o r  suoh p e rso n s  t o  work 
i n  p y re th ru m  d u s t .

M -  MIXING AND PACKING " FLIT" POWDER; " F l i t "  pow der i s  a  m ix tu re  o f  p u lv e r iz e d  
d e r r l s  r o o t ,  p y re th ru m  f lo w e rs  and o th e r ' i n g r e d i e n ts .  I t  i s  mixed in  a s p e c i a l  
room p ro v id ed  w ith  e x h a u s t v e n t i l a t i o n  b y  a  man w e a rin g  a  r e s p i r a t o r .  The d u s t i e s t  
p a r t  o f  t h i s  o p e r a t io n  i s  s i f t i n g  th e  p u lv e r iz e d  d e r r i s  and p y re th ru m  which p ro d u ces  
an  a v e ra g e  o f  8 ,7 2 2 ,5 6 0  p a r t i c l e s ,  te n  m ic ro n s  o r  l e s s ,  p e r  cu b ic  f o o t  o f  a i r .
A bout 95$ o f  t h e s e  d u s t  p a r t i c l e s  a re  a n g u la r ,  c r y s t a l l i n e  i n  a p p e a ra n c e  u n d er th e  
K on im eter m ic ro sc o p e , and a b o u t th r e e  m ic ro n s  in  s i z e j  a b o u t 5$ a r e  l e s s  c r y s t a l l i n e  
and more opaque, f iv e  m ic ro n s  o r l e s s  in  s i z e .

F i l l i n g Cans; T h re e -q u a r te r  and two and o n e - q u a r te r  ounce t i n  can s  a r e  f i l l ­
ed by a u to m a tic  m ach in es , th e  f i l l e r  ends o f  w hich a r e  e n c lo se d  in  a  m e ta l  h o u sin g  
w ith  a f o u r - in c h  ex h a u s t d u c t  to  a f o u r te e n - in c h  m o to r -d r iv e n  fa n . T h a t t h i s  ex­
h a u s t  a rra n g e m e n t i s  f a i r l y  e f f e c t iv e  i s  shown by a n  a v e ra g e  d u s t c o n c e n t r a t io n  in  
sam ples ta k e n  a t  f a c e  l e v e l  o f  th e  o p e r a to r  d u r in g  th e  f i l l i n g  o p e ra t io n  o f  
1,755-,840 p a r t i c l e s ,  t e n  m icrons o r  l e s s ,  p e r  cu b ic  f o o t  o f  a i r .  The g i r l  a t  th e  
S e a le r  w ears a  b a g - ty p e  d u s t  r e s p i r a t o r ,

VIII - CLEANING TUBES AND DRUMS C O N T E N T S

C le a n in g  tu b e s  and drums o f b o i l e r s  and  p ro c e s s  equipm ent i s  a  r o u t in e  o p e ra ­
t i o n  w hich p ro d u ces  c o n s id e ra b le  d u s t  b e lo n g in g  more t o  t h e  " n u is a n c e ” c la s s  th a n  to  
th e  f i b r o s i s  c a u s a t io n  g ro u p . N e v e r th e le s s ,  c o n s id e r a t io n  shou ld  b e  g iv e n  t o  k e e p in g  
su ch  d u s t  down t o  a minimum o f  n o t more th a n  1 0 ,0 0 0 ,0 0 0  p a r t i c l e s  p e r  c u b ic  f o o t  due 
t o  th e  number o f  men engaged in  t h i s  work and  t h e i r  m ore o r  l e s s  c o n tin u o u s  ex­
p o su re

I .  -  CRACKING COIL SOAKING DRUMS; C rack in g  c o i l  so a k in g  drums ”co k e-u p "  a b o u t 
once a m onth, so  t h a t  i n  many ca se s  th e y  a r e  a lm o s t c o m p le te ly  f i l l e d  w i th  th e  ex­
c e p t io n  o f  an  open ing  down th ro u g h  th e  c e n t e r  no g r e a t e r  th a n  tw e lv e  in c h e s  in  diam ­
e t e r .  A t m ost p l a n t s ,  t h i s  coke i s  rem oved by a  s p e c i a l  m achine] a t - t h e  o th e r s ,  men 
w ith  an a v e ra g e  s e r v ic e  o f  t e n  y e a rs  a r e  r e g u la r ly  engaged  in  c le a n in g  th e s e  drums by  
means o f  a c o n c r e te  b u s t e r  ty p e  o f  p n eu m atic  c h i s e l ,  s t a r t i n g  a t  th e  to p  o f  th e  drum, 
One man works in s id e  and tw o o u ts id e  a t  t h e  to p  m anhole. The te m p e ra tu re  in s id e  th e  
drum i s  ab o u t 90 d e g re e s  F a h re n h e i t ,  E ach  man works h a l f  an h o u r in s id e  and i s  th e n  
r e l i e v e d  fo r  a b o u t an h o u r . On an a v e ra g e , each man w orks ab o u t two and a h a l f  h o u rs  
p e r  s h i f t ,  two s h i f t s  a  week, A " b o a tsw a in "  c h a ir  i s  used to  g e t in  and o u t o f  th e  
drum. They w ear " h a rd b o ile d "  h a ts  and l i f e - b e l t s .  E x c e l le n t  v e n t i l a t i o n  i s  p ro v id e d  
by a steam  o r an  a i r  syphon  p laced  in  t h e  bo ttom  m anhole o f  th e  drum, a s  a r e s u l t  o f  
w hich  sam ples ta k e n  a t  f a c e  le v e l  o f  men d u r in g  th e  o p e ra t io n  o f  th e  pneum atic  c h i s e l  
had an  av e ra g e  o f  on ly  3 1 1 ,520  d u s t p a r t i c l e s ,  t e n  m ic ro n s  o r  l e s s ,  p e r  c u b ic  fo o t  o f



u n d e r  th e  K onim eter m ic ro sco p e , and ab o u t f iv e  m icro n s o r  l e s s  i n  s i z e ;  35$ w ere 
ro u n d , sem i-opaque, c r y s t a l l i n e ,  a b o u t t e n  m ic ro n s  o r o v er) and a b o u t 5$  w ere  sm a ll 

x b la c k  p a r t i c l e s .  T here w ere a l s o  a  few b la c k  s c a l e - l i k e  p a r t i c l e s  over t e n  m icro n s 
j i n  s i z e .  The m a jo r p o r t io n  o f  t h i s  d u s t  i s  p ro b a b ly  coke o r  c a rb o n  and th e  s c a l e -  

l i k e  p a r t i c l e s  a r e ,  no d o u b t, m e ta l from  th e  s id e s  o f th e  drum o r  from th e  o h i s e l .

I I .  -  CRACKING COIL TUBES? T here a r e  183 tu b e s  i n  a  h ig h  p r e s s u r e  c ra c k in g  
c o i l  u n i t .  A f te r  ru n n in g  from  tw e n ty  to  tw e n ty - f iv e  d ay s , depend ing  upon th e  c h a r ­
a c t e r  o f  th e  s to c k  b e in g  run , t h e  te m p e ra tu re  and  p r e s s u re ,  th e  p e tro le u m  coke w hich  
i s  d e p o s ite d  on th e  tu b e s  m ust be  removed. L i b e r ty  a i r - d r i v e n  tu b e  c l e a n e r s  w ith  
cone and s t a r  c u t t e r s  o p e ra te d  by men w ith  an  a v e ra g e  s e r v ic e  o f  s i x  y e a r s  a r e  u sed  
f o r  t h i s  p u rpose . The men work in  gangs o f  s i x  t o  e ig h t  and a r e  exposed  t o  d u s t  
ab o u t s i x  hours ev e ry  two s h i f t s  on a n  a v e ra g e , They w ear n e i th e r  g o g g le s  n o r  r e s p i ­
r a t o r s  a lth o u g h  a  d u s t  sam óle ta k e n  „ im m ed ia te ly  a f te r . - r e v e r s in g  th e  c le a n in g  
m ach in e  w h ile  i n  a  tu b e  c o n ta in e d  a s  h ig h  a s  9 ,0 6 2 ,4 0 0  p a r t i ó l e s ,  t e n  m icro n s o r  
l e s s  i n  s i z e ,  p e r  c u b ic  fo o t .  A bou t 30$ o f  t h e s e  d u s t p a r t i c l e s  a r e  b la c k ,  opaque
in  a p p e a ra n c e  u n d e r t h e  K onim eter m ic ro sc o p e , and  two m ic ro n s  o r  l e s s  i n  s i z e ;  40$ 
a r e  a n g u la r ,  t r a n s p a r e n t ,  p l a t e - l i k e ,  te n  m ic ro n s  o r l a r g e r )  and 30$ a r e  a n g u la r ,  
t r a n s p a r e n t  c r y s t a l l i n e ,  f iv e  m ic ro n s  o r l e s s  i n  s iz e ,

‘t
Samples ta k e n  on th e  C le a n in g  P la tfo rm  w h ile  c le a n in g  C rack in g  C o il  Furnace 

tu b e s  a t  a N o r th e rn  r e f in e r y  had a n  a v e ra g e  o f  113 ,280  p a r t i c l e s  p e r  cu b ic  fo o t .  
N in e ty -e ig h t  p e r  c e n t , o f th e s e  d u s t  p a r t i c l e s  w ere rounded  c r y s t a l l i n e  in  ap p ea ran ce  
u n d e r  th e  m icro sco p e  and f iv e  m ic ro n s  o r l e s s  i n  s i z e .  Sam ples ta k e n  in  t h e  p assag e ­
way b a c k  o f th e  fu rn a c e  w h ile  tu b e s  w ere b e in g  c le a n e d  had as  h ig h  as 1 ,0 7 6 ,1 6 0  
p a r t i c l e s ,  te n  m ic ro n s  o r  l e s s  in  s i z e ,  p e r  c u b ic  fo o t o f  a i r .  T h is  in d i c a te s  t h a t  
th e  men in  th e  passagew ay, back  o f  th e  fu rn a c e  a r e  exposed t o  m ore d u s t th a n  th o s e  
on th e  c le a n in g  p la tfo rm .

I I I .  , -  WATER HEADERS AND BOILER TUBES? Tubes and h e a d e rs  a r e  c le a n e d  tw io e
a y e a r  b y  means o f  a i r - d r i v e n  t u r b i n e s .  I t  h as  b een  found t h a t  c le a n in g  can  be done 
m ore e f f e c t i v e l y  i f  done d ry  r a t h e r  th a n  w et b e c a u se  th e  d u s t  can b e  b low n o u t. I f  
w a te r  w ere u se d , th e  lo o se n e d  m a t e r i a l  w ould so o n  form a p a s te  w hioh-w ould  be  sm ear­
ed b ack  on th e  tu b e s  b y  th e  a c t io n  o f  th e  c l e a n in g  tu rb in e .  R e g a rd le s s  o f  th e  d u s t  
w hich  i s  p roduced  in  c o n c e n t r a t io n s  a s  h ig h  a s  3 0 ,3 5 9 ,0 4 0  p a r t i ó l e s ,  t e n  m icro n s o r 
l e s s  in  s iz e  p e r  cu b ic  fo o t o f a i r ,  workmen p r e f e r  w orking  in  d ry  drums r a t h e r  th a n  
i n  w et ones. E ig h t men (tw o on e a c h  tu r b in e )  a r e  engaged in  t h i s  c le a n in g  o p e ra t io n  
w h ich  r e q u i r e s  ab o u t tw e lv e  days a  y e a r .  Men w ith  an  a v e ra g e  s e r v ic e  o f  f i f t e e n  y e a rs  
a r e  a s s ig n e d  t o  t h i s  jo b  from  th e  L ab o r D epartm en t, The te m p e ra tu re  i n s i d e  o f  th e  
drums o r  h e a d e rs  i s  a b o u t 70 d e g re e s  F a h re n h e i t .  In  a c c o rd a n c e  w ith  th e  u s u a l  p r a c ­
t i c e ,  men o p e ra t in g  th e  tu r b in e s ,  in s id e  th e  drum o r h e a d e r ,  work a b o u t t e n  m in u te s  
an d  a r e  r e l i e v e d  f o r  t e n  m in u tes  b y  t h e i r  c o -w o rk e rs  who a s s i s t  i n  h a n d l in g  th e  a i r  
h o se  in  and o u t  o f  th e  drum m anhole. R e s p i r a to r s  have been  p ro v id e d  i n  m ost c a s e s  
b u t  a r e  n o t a lw ays w orn. The a v e ra g e  d u s t  p ro d u c e d  w h ile  c le a n in g  w a te r -h e a d e rs  and  
b o i l e r  tu b e s  i n  sam ples ta k e n  from?

Lovier P la t fo rm , F ro n t W ater H eader................................... 1 8 ,3 0 6 ,0 4 8  p a r ts  p e r  cu® f t .
I n  #2 Drum W hile C lean in g  W ater Wall and T u b e s , , , ,  5 ,6 6 4 ,0 0 0  " " "
In s id e  M anhole Drum #3 W hile B e in g  C lean ed . . . . . . . .  2 8 ,3 2 0 ,0 0 0  11 "

A bout 40$ o f  t h e  d u s t p a r t i c l e s  i n  t h e  sam ples ta k e n  on th e  lo w er f r o n t  w a te r -h e a d e r  
platform, while header was being c le a n e d ,  w ere rounded , d a rk  re d  in  a p p e a ra n c e  u n d e r 
t h e  K onim eter m ic ro sc o p e , and a b o u t two m icro n s i n  s i z e ;  50$ w ere opaque, more o r 

\  l e s s  a n g u la r ,  and a b o u t f i v e  m ic ro n s  in  s i z e )  10$  were c r y s t a l l i n e ,  s l i g h t l y  a n g u la r ,  
_.y and  o v e r te n  m icro n s in  s iz e .  A bout 65$ o f  th e  p a r t i c l e s  in  th e  sam ple ta k e n  i n s id e  

-¡j-2 drum d u rin g  c le a n in g  w ere b la c k ,  opaque, a n g u la r ,  l e s s  th a n  two m ic ro n s  in  s i z e j  
and  a b o u t 15$ w ere round , more o r l e s s  opaque, o v e r  t e n  m ic ro n s . The c o n c e n t r a t io n  
o f  d u s t  INSIDE th e  drum d u r in g  c le a n in g  a p p e a rs  t o  d e c re a se  w ith  th e  d i s t a n c e  from



th e  m anhole a s  i s  d em o n stra te d  b y  th e s e  c o u n ts  i n  sam ples from  Drum $ 2  (R ile y  B o il­
e r ) ;

L o o a tio n P a r t i c l e s  pe r  cu. f t .

I n s  id  e ManI;ol
A bout 8 f t .  I n s id e  D r u m ,» . , . . ............................. . ...............................................

n n  « h irXI O $ 0 O e » » » O a » « » * « « 0 9 9 « e * » « 4 0 « 4 * » * * * * * 9 9 4 9 4

I t  1  f i  I t  I t  u

I l  P 4 .  i t  i t  i f

1 9 ,2 5 7 ,6 0 0
4 ,0 7 8 ,0 8 0
2 ,2 6 5 ,6 0 0
1 ,5 8 5 ,9 2 0
1 ,1 3 2 ,8 0 0

The d u s t  p a r t i c l e s  from  i n s i d e  th e  drum a p p e a r  b la c k ,  a n g u la r  and w ere l e s s  th a n  two 
m io rons i n  s iz e » -' - The d u s t  fro m  th e s e  c le a n in g  o p e r a t io n s  a r e  supposed  t o  b e  l a r g e ly  
th e  r e s u l t s  o f  m e ta l c o r r o s io n  and sed im en t ( l a r g e l y  C alcium  C arb o n a te  and C alcium  
P h o sp h a te )  d e p o s ite d  b y  t h e  t r e a t e d  B o i l e r  Feed W ater. A p e t ro g r a p h ic  ex a m in a tio n  
o f  a  sam ple o f  d u s t from  th e  F ro n t W ater W all H eader was made b y  .th e  U n ite d  S ta te s  
B ureau  o f  M ines E xperim en t S t a t i o n  a t  P i t t s b u r g h ,  P e n n sy lv a n ia , who r e p o r te d ;

Q uartz  (S iO g) ............................. v.............................  1 p e r  o e n t.
Opaque o r  C oated  w ith  Opaque M a te r i a l . .  90 " 11
U n id e n t i f ie d  C l a y - l i k e .  .................................  9 " "

A cco rd in g  to  a c h e m ic a l a n a l y s i s  o f  t h i s  same m a t e r i a l  made b y  a  r e g u la r  r e ­
f i n e r y  c h e m is t u s in g  th e  m ethod o f  A dolph  Knopf, U .S. P u b lic  H e a lth  S e r v ic e ,  th e  d u s t 
c o n ta in e d ;

F ree  S i l i c a ...............................................................  0 ,7 0  p e r  c e n t .
Combined S i l i c a ...................................................... 41. 01 " "

A lth o u g h  th e  a n a ly s i s  o f  th e  d u s t  shows a low f r e e  s i l i c a  c o n te n t ,  th e  h ig h  
d u s t  c o n c e n tr a t io n s  fou n d  and th e  p o s s i b i l i t y  t h a t  a t  t im e s  su ch  c o n c e n t r a t io n s  may 
be h ig h e r  th a n  th o s e  fo u n d , d e m o n s tra te  t h e  d e s i r a b i l i t y  o f  w ea rin g  r e s p i r a t o r s  r e ­
g a r d le s s  o f  th e  k ind  o f  d u s t  e n c o u n te re d . ’

IX - FOUNDRY OPERATIONS

D uring  r e c e n t  y e a r s  c o n s id e r a b le  a t t e n t i o n  h as  b e e n  fo c u se d  upon th e  h e a l th  o f 
fo u n d ry  w orkers by th e  o p e r a t io n  o f! th e  s o - c a l lo d  " S i l i c o s i s  R ack e t"  w hich h as  ex­
t r a c t e d  l a r g e  sums o f money from  th e  Foundry In d u s try ,  I t  i s  d i f f i c u l t  t o  i s o l a t e  
t h i s  ty p e  o f  work which g iv e s  r i s e  t o  a  v e ry  g e n e ra l e x p o su re  t o  d u s t  w h ich  may in ­
v o lv e  a l l  w o rk e rs  em ployed i n  th e  fo u n d ry . In  many c a s e s  th e  w o rk e r i s  i n  such  c lo s e  
c o n t a c t  w ith  th e  duty  a tm o sp h e re  as  t o  c a u se  s e r io u s  ex p o su re . Much p r o g r e s s  has  
b e e n  made in  re d u c in g  t h e  d u s t in e s s  o f  o u r foundry o p e ra t io n s  and p la n s  a r e  now b e in g  
c o n s id e re d  w hich  w i l l  f u r t h e r  s a fe g u a rd  o u r  foundry  w o rk e rs . The fo l lo w in g  is  a 
b r i e f  o u t l i n e  o f  foundry  d u s t  p ro d u c in g  o p e ra t io n s ;

A, -  POURING MOLTEN METAL INTO SAND MOULDS -  A bout 1 9 ~ l/2  to n s  o f  m e ta l a r e  
p o u red  p e r  " h e a t" .  T h i r t y - f i v e  men w ith  an  av e ra g e  s e r v i c e  o f  tw e lv e  y e a r s  spend 
a b o u t one and a h a l f  h o u rs  p o u r in g  and  s ix  and a h a l f  h o u rs  m ou ld ing  p e r  day , f i v e  
days a  week. G oggles, a s b e s to s  le g g in g s  and c o n g re s s - ty p e  shoes a r e  w orn by  th e  men 
h a n d l in g  th e  m o lten  m e ta l .  A bout QO%  o f  t h e  m ould ing  s a n d , w hich  i s  t h e  p r in c i p a l  
s o u rc e  o f  d u s t ,  i s  f r e e  s i l i c a  (S iO g ). D uring  th e  p o u r in g  o p e ra t io n  th e  fo u n d ry  a i r  
ap p e a rs  t o  be f u l l  o f d u s t  and smoke, how ever, sam ples ta k e n  d u r in g  t h i s  work a v e r -  

Jaged  o n ly  396 ,480  p a r t i c l e s  t e n  m ic ro n s  o r  l e s s  i n  s i z e  p e r  c u b ic  fo o t  o f  a i r .  P ra c ­
t i c a l l y  a l l  o f  th e s e  d u s t  p a r t i c l e s  a p p e a re d  a n g u la r , c r y s t a l l i n e  u n d e r  t h e  K onim eter 
m io ro so o p e  and were a b o u t two m ic ro n s  o r l e s s  in  s iz e .



- 6 1 -

g iv e n  a  p e t ro g ra p h ic  e x am in a tio n  by th e  U, S, Bureau o f  M ines E x p erim en t S t a t i o n  in  
P i t t s b u r g h ,  P e n n s y lv a n ia  who re p o r te d  50$ q u a r tz  (S i0 2 )}  15$ C lay  M in e ra l n o t com- 

^ p l e t e l y  i d e n t i f i e d ,  K a o l in i te  i s  AlgOg. 2 SiO 2« 2H2Oj 5$ C a lo i te  (Ca COg ) and 30$ 
Opaque.

B, -  "SHAKING OUT" CASTINGS -  A f te r  p o u r in g , th e  c a s t in g s  a r e  a llo w ed  to  
c o o l ,  th e n  th e  m oulds a r e  l i b e r a l l y  sp r in k le d  w ith  w a te r  from  a  h ose . The bands o r  
d am p s  a r e  removed and th e  f l a s k  i s  thrown over and b ro k en  open. The rough c a s t in g s  
a r e  p u lle d  o u t ,  p i le d  up  and t r u c k e d  to  th e  C le a n in g  Room. "S hak ing  O ut" i s  con­
s id e r e d  one o f  th e  s e r io u s  o ccu p a tio n A l d is e a s e  h a z a rd s  e n c o u n te re d  in  in d u s try  and 
t h e  d u s t i e s t  o p e r a t io n  in  fo u n d e r ie s  b u t due t o  t h e  th o ro u g h  w e tt in g  and c a r e fu l  
h a n d lin g  by th e  men, sam p les  ta k e n  d u r in g  th e  o p e r a t io n  had an  av e rag e  o f  on ly  
858 ,230  d u s t p a r t i c l e s  t e n  m icro n s o r  l e s s  p e r  c u b ic  fo o t  o f  a i r .  The im p in g er ~ 
m ethod would no doub t r e v e a l  much h ig h e r  c o u n ts . A bout 98$ o f  th e  d u s t  p a r t i c l e s  
w ere s l i g h t l y  a n g u la r  c r y s t a l l i n e  i n  ap p ea ran ce  u n d e r  th e  K onim eter m icro sco p e  and 
w ere  one m icron  or l e s s  i n  s iz e .  "S hak ing  Out" i s  r a th e r  h o t  work, th e  men p e r­
s p i r e  f r e e ly  so  t h a t  i t  would be  d i f f i c u l t  t o  e n fo rc e  th e  w ea rin g  o f  g o g g le s  and r e s ­
p i r a t o r s .  Tw elve men w ith  an  a v e ra g e  s e rv ic e  o f  e ig h t  y e a r s  work on t h i s  jo b , e ig h t  
h o u rs  p e r  s h i f t ,  f i v e  s h i f t s  p e r  week.

A f te r  t h e  c a s t i n g s  have  b een  removed th e  m o u ld in g  sand i s  a g a in  w e tte d  and 
th o ro u g h ly  w orked o v e r  w ith  a  m o to r -d r iv e n  sand c u t t e r  w hich  i s  a  s e r i e s  o f  r e v o lv ­
in g  b la d e s ,  s im i l a r  t o  th o s e  on a lawn mower, o p e ra te d  by  an  e l e o t r i o  m o to r, m ounted 
on a  r u b b e r - t i r e d  fo u r-w h e e le d  c a r r i a g e  w hich moves b a c k  and f o r th  o ver th e  m ould ing  
f lo o r .  M o is tu re  t e s t s  a r e  made and when th e s e  t e s t s  i n d i c a t e  4 .6  t o  5 .6  m o is tu re  
th e  sand  i s  c o n s id e re d  re a d y  f o r  th e  m oulders. D uring  th e  o p e ra t io n  o f  t h i s  sand  cub- 

\ t e r ,  th e  o p e ra to r  i s  exposed  t o  an  av erage  d u s t  c o n c e n t r a t io n  o f  1 ,5 2 9 ,2 8 0  p a r t i c l e s  
t e n  m ic ro n s  o r  l e s s  p e r  c u b ic  f o o t .  These p a r t i c l e s  w ere l e s s  th a n  twc m icrons and 
w ere s l i g h t l y  a n g u la r  c r y s t a l l i n e  i n  ap p ea ran ce  un d er th e  K onim eter m icro sco p e .

C. -  CLEANING CASTINGS -  V ario u s  m ethods a r e  u sed  t o  c le a n  c a s t in g s  depend­
in g  on th e i r  s i z e  and sh ap e . A ll o f  th e s e  m ethods p roduce m ore o r  l e s s  d u s t  some o f  
w h ich  can  be ta k e n  c a re  o f  by  e x h a u s t v e n t i l a t i o n s ,  o th e rs  can n o t. The m ethods m ost 
commonly em ployed a re?

(a )  P r e l im in a r y C le a n in g  -  C a s tin g s  a r e  b ro u g h t from  th e  m oulding f l o o r  d u r in g  
th e  n ig h t  and d e p o s i t e d  in  t h e  C le a n in g  Room, The fo llo w in g  m orning th e  c o re s  a r e  
knocked  o u t, t h e  s p ru e s  and g a te s  a r e  broken o f f  and some s c r a tc h  c le a n in g  i s  done. 
T h is  work p ro d u c e s  c o n s id e r a b le  d u s t  e s p e c ia l ly  when th e  sand  and o ld  c o re s  a re  
s h o v e l le d  th ro u g h  th e  p r a t i n g  in to  th e  c a r  o r b u c k e t  below  (3 ,4 5 5 ,0 4 0  p a r t i c l e s  t e n  
m ic ro n s  o r l e s s  p e r  c u b ic  f o o t  o f  a i r ) .  Under th e  K onim eter m icroscope  a b o u t 70$ o f  
t h e  d u s t  p a r t i c l e s  a p p e a r  a n g u la r ,  c r y s t a l l i n e ,  t h r e e  m icro n s o r  l e s s  in  s i z e j  20$ 
w ere  rounded c r y s t a l l i n e ,  f i v e  m ic ro n s  in  s i z e  and  ab o u t 5$ w ere s c a l e - l i k e  sem i­
opaque w ith  a  re d d is h -b ro w n  t i n g e  and over t e n  m ic ro n s  in  s iz e *  Pulm osan R e s p ir a to r s  
h a v e  b een  p ro v id e d  b u t  a r e  n o t  alw ays worn by men do ing  t h i s  work, NO a t te m p t has  
b e e n  made to  c o n t r o l  d u s t  from  p re l im in a ry  c le a n in g  a l th o u g h  some s tu d y  has  been 
g iv e n  to  th e  p r o v is io n  o f  a  s p e c i a l  a i r - t i g h t  room w ith  a  g r a t i n g  f l o c r  and a  h opper 
u n d e rn e a th  w ith  a  sc rew  c o n v ey o r a t  th e  bo ttom  t o  convey th e  d e b r is  t o  th e  d is p o s a l  
c a r  o r  b u ck e t and th u s  e l im in a te  t h e  d u s t-p ro d u c in g  s h o v e l l in g  and h a n d lin g . Under
t h i s  plan exhaust ducts with a series of outlets around the top of the hopper carry 
o f f  th e  d u s t .  A ir  i s  a l s o  in t ro d u c e d  in to  th e  room ab o u t a  m an’ s b r e a th in g  l e v e l  and 

. t h e  amount o f  a i r  ta k e n  o u t i s  g r e a t e r  th a n  t h a t  in tro d u c e d  s o  t h a t  a n e g a t iv e  p r e s -  
jifsu re i s  m a in ta in e d  and a  c o m p le te  a i r  change i s  made a b o u t e v e ry  th r e e  m in u te s .

(b )  T um blast -  The T um blast i s  a m achine w hich  com bines tum bling  w ith  a i r  b l a s t ­
in g . From 400 t o  1500 pounds o f  c a s t in g s  a r e  p u t  in to  a drum w hich re v o lv e s  ab o u t 
10 RfM. They ru n  from  a b o u t 20 m in u te s  to  f o u r  h o u rs ,  d ep en d in g  upon th e  ty p e  o f



a b l a s t  o f  $20 S te e l  s h o t  th ro u g h  th r e e  5 / l 6  in c h  n o z z le s  under an  a i r  p r e s s u r e  o f  
85 pounds p e r  s q u a re  in c h , T h is machine i s  o p e ra te d  b y  th r e e  men, w ith  an  a v e ra g e  
^ se rv ice  o f e i g h t  y e a r s ,  f o r  a p e rio d  o f  tw o and a  h a l f  hou rs  p e r  man p e r day , f i v e  
days a week, Pulm osan D ust r e s p i r a t o r s  a r e  p ro v id e d  b u t  a r e  n o t  alw ays worn. A 
t e n - in c h  e x h a u s t p ip e  h as  b e e n  i n s t a l l e d  a t  th e  to p  o f  t h e  m achine and a  s ix - in c h  
e x h a u s t p ip e  o v e r  th e  s c re e n , The s u c t io n  on th e s e  e x h a u s t p ip e s  i s  s a id  t o  be 
a b o u t 2 -1 /2  in c h e s  w a te r . Samples ta k e n  d u r in g  th e  o p e r a t io n  o f  t h i s  m ach ine  a v e r ­
aged 1 ,2 0 0 ,7 6 0  d u s t  p a r t i c l e s ,  te n  m ic ro n s  o r  l e s s  i n  s i z e ,  p e r c u b ic  f o o t  w h ich  i n ­
d ic a te s  t h a t  t h e  d u s t  c o n t r o l  m easures w h ich  have b een  p ro v id e d  a r e  g e t t i n g  r e s u l t s  
a l th o u g h  th e r e  i s  s t i l l  room f o r  im provem ent. About 9 8$  o f  th e  d u s t p a r t i c l e s  ap­
p e a r  q u a r t z - l i k e  un d er t h e  K onim eter m icroscope}  a b o u t 60$  a re  f i v e  m icro n s  o r  l e s s  
i n  s iz e  and a r e  a n g u la r  c r y s t a l l i n e  in  ap p ea ran ce}  40$  a r e  te n  m ic ro n s  o r . o v er i n  
s i z e ,  and r a t h e r  rounded  in  app ea ran ce . T h ere  a r e  a l s o  a  la rg e  number o f  m in u te  b la c k  
m e ta l l i c  specks e n t i r e l y  to o  sm all and num erous t o  c o u n t a c c u r a te ly .

(c )  S ly  Tumbling M il l  -  C leans b r a s s  c a s t in g s  by  a  co m b in a tio n  o f tu m b lin g  and 
a i r - b l a s t i n g  w i th  -$5 Sand B la s t  Sand and 85 pounds p e r  s q u a re  in c h  a i r  p r e s s u re .  The 
M il l  ho ld s from  100 to  1500 pounds o f  c a s t in g s  and c le a n s  f i v e  lo a d s  a day. Two men , 
w ith  an a v e ra g e  s e r v ic e  o f  15 y e a rs , o p e r a te  t h i s  m i l l  w hich  ru n s  a b o u t f i v e  hours a 
day. They w ear Pulm osan D ust r e s p i r a t o r s  and ro g g le s  when open ing  th e  m achine. T h is  
M il l  i s  hooded w ith  an  8 - in c h  exhaust p ip e  h a v in g  a 2 - in c h  w a te r s u c t io n ,  a l s o  a 
1 0 - in c h  e x h a u s t p ip e  o v er t h e  sand s c re e n  a t  th e  r e a r  o f  th e  m achine. Sam ples of 
d u s t  ta k e n  d u r in g  th e  o p e r a t io n  of th e  S ly  Tum bling M i l l  had as h ig h  as  2 ,4 9 2 ,1 6 0  
p a r t i c l e s  t e n  m ic ro n s  o r l e s s  in  s i z e  p e r  c u b ic  f o o t  o f  a i r  and an  a v e ra g e  o f  
1 ,3 9 3 ,3 4 4  p a r t i c l e s  p e r  c u b ic  fo o t. About 90$ o f  th e s e  d u s t  p a r t i c l e s  w ere rounded 
c r y s t a l l i n e  i n  a p p e a ra n c e  u n d e r  th e  K on im eter m ic ro sco p e  and two m icrons o r  l e s s  in  
i i z e ;  5$ w ere b la c k ,  opaque s c a l e - l i k e  and 5$ w ere ro u n d ed  c r y s t a l l i n e  a b o u t f iv e  
A icrons in  s i z e .

(d ) T u m b lin g B a r r e l s  -  36" x 42" W h itin g  Tum bling B a r r e ls  remove sand from  c a s t ­
in g s .  They h o ld  from  1200 t o  1500 pounds o f  c a s t i n g s  p e r  lo a d  and re v o lv e  a t  10 RPM, 
The c a s t in g s  a r e  tum bled  a b o u t two h o u rs  w i th  ab o u t 700 pounds o f  o n e - in c h  u n a n n e a l­
ed c a s t  m a l le a b le  i r o n  s t a r s  and ja c k s . An e x h a u s t sy s te m  w ith  a  6 - in c h  p ip e  th ro u g h  
th e  t ru n n io n  h a v in g  a  s u c t i o n  o f  l - l / 4  in c h e s  w a te r . T h is  s u c t io n  has b e e n  found in ­
a d e q u a te  to  g iv e  th e  d e s i r e d  r e s u l t s  c o n s e q u e n tly  t h e  s u c t io n  i s  to  b e  in c re a s e d  t o  
4—in c h e s  w a te r . Sam ples ta k e n  d u rin g  th e  o p e r a t io n  o f  t h e  Tum bling B a r r e ls  had an  
a v e ra g e  o f 1 ,3 4 8 ,0 3 2  d u s t  p a r t i c l e s ,  te n  m icro n s  o r  l e s s  i n  s i z e  p e r c u b ic  f o o t  o f 
a i r .  About 90$  o f  th e s e  p a r t i c l e s  w ere a n g u la r  c r y s t a l l i n e  i n  ap p ea ran ce  u n d e r  th e  
K onim eter M ic ro sco p e  and t h r e e  m icrons o r  l e s s  i n  s iz e ?  a b o u t 10$ w ere ro u n d ed  sem i­
c r y s t a l l i n e ,  t e n  m icrons in  s i z e .  T here w ere  a l s o  a few  t r i a n g u la r - s h a p e d  opaque 
m e ta l l i c  p a r t i c l e s .  T hree  men, w ith  an  a v e ra g e  s e r v i c e  o f  tw e lv e  y e a r s ,  o p e ra te  
th e s e  tu m b lin g  b a r r e l s  e i g h t  hou rs  a s h i f t ,  f i v e  s h i f t s  a  week. Pulmosan D ust P ro o f  
r e s p i r a t o r s  and  go g g les  h a v e  b een  p ro v id e d  b u t  a r e  n o t  a lw ays worn.

The ty p e  o f  Tum bling B a r re ls  b e in g  used  has b e e n  condemned by  a  m a jo r com­
pany b e c a u se  i t  i s  im p o s s ib le  t o  v e n t i l a t e  i t  p ro p e r ly .  The h o le s  in  t h e  end l i n e r s  
c lo g  up when th e  b a r r e l  s t a r t s  re v o lv in g , th u s  p r e v e n t in g  c i r c u l a t i o n  o f  a i r  th ro u g h  
th e  b a r r e l .  T h is  c o n d i t io n  has been re m e d ie d , in  a new d e s ig n  now on th e  m a rk e t, by  
th e  u se  o f two s h e l l s  -  an  in n e r  p e r f o r a te d  and an  o u te r  s o l i d  s h e l l .  B oth  t r u n ­
n io n s  a r e  h o llo w  and a r e  co n n ec ted  with t h e  a i r  chamber between the two shells. Air 
un d er p r e s s u r e  i s  in t ro d u c e d  th ro u g h  one t r u n n io n  and ex h au s te d  th ro u g h  th e  other*,

J ( e )  A i r - B l a s t i n g -  C a s tin g s  w hich c a n n o t be tum b led  due to  t h e i r  s i z e  and f r a ­
g i l i t y  a r e  c le a n e d  by a i r - b l a s t i n g  (85 pounds p e r sq u a re  in c h )  w ith  m ix tu re  o f  ap­
p ro x im a te ly  h a l f  and h a l f  san d  and $40 S te e l  G r i t ,  S y ra c u se  Core sand i s  u sed  when 
a  s p e c ia l  f i n i s h  i s  d e s i r e d .  There a r e  t h r e e  men, w ith  a n  av e rag e  s e r v ic e  o f  t h r e e  
y e a r s ,  on t h i s  jo b  who w ork 45 m inu tes o f  e v e ry  h o u r, e i g h t  hours a s h i f t ,  f o r  one
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w h ile  w e a rin g  a  S ly  S a n d -b la s t  H elm et s u p p lie d  w ith  o u ts id e  f r e s h  a i r  p ro v id e d  by  a 
s p e c ia l  b lo w er u sed  f o r  t h a t  p u rp o se  only* Sam ples ta k e n  in s id e  th e  room w h ile  a  
c a s t in g  was b e in g  a i r - b l a s t e d  had  an  a v e ra g e  o f  3 ,7 3 8 ,2 4 0  d u s t  p a r t i c l e s  t e n  m ic ro n s  
o r  l e s s  p e r  c u b ic  f o o t  o f  a ir#  A bout 80$ o f  th e s e  d u s t  p a r t i c l e s  w ere s h a rp ly  angu­
l a r  c r y s t a l l i n e  i n  ap p ea ran o e  u n d e r  th e  K on im eter m icro sco p e  and t h r e e  m ic ro n s  o r  
l e s s  in  s i z e j  20$ w ere rounded q u a r t z - l i k e  c r y s t a l s  a b o u t t e n  m icro n s i n  s ize*  T h ere  
w ere a l s o  a  few r u s t - l i k e  s c a le s  and a l a r g e  number o f  b la c k  m e ta l l io  p a r t i c l e s  to o  
m in u te  and to o  num erous t o  be co u n te d  a c c u r a te ly .  The s i l i o o s i s  h a z a rd  o f  t h i s  o p e ra ­
t i o n  co u ld  be  g r e a t l y  reduced  by th e  u se  o f  s t e e l  a b r a s iv e s  e x c lu s iv e ly ,  ,

( f )  Rough  Snagg ing  Wheels -  These m ach ines a re  u sed  f o r  rem oving  p r o je c t io n s  
such  a s  s p ru e s ,  p a r t s  a n d .g a te s  from  c a s t i n g s .  T here a r e  tw o ty p e s  o f  th e s e  w h e e ls t 
t h e  DOUBLE END u s in g  e i t h e r  1 9 -1 /2 "  x  3" Carborundum  and " V i t r i f i e d  o r  24” x  2 - 1 /2 ” 
Redmanol ( B a k e l i te  bound) W heelsj and th e  HORIZONTAL DISC G rin d e r  h a v in g  a  50" 
d ia m e te r  v i t r i f i e d  wheel# These w heels a r e  u se d  by  sev en  men h a v in g  a n  a v e ra g e  
s e r v ic e  o f  n in e  h o u rs  p e r  s h i f t ,  f i v e  s h i f t s  p e r  week. Each w heel i s  hooded and h as  
a  f o u r - in c h  s u c t io n  p ip e . T here i s  an  e i g h t - i n c h  s u c t io n  p ip e  on th e  H o r iz o n ta l  
G rin d e r. G oggles and r e s p i r a t o r s  a r e  p ro v id e d  b u t  th e  l a t t e r  a r e  n o t  a lw ay s worn 
w ith  th e  e x c e p tio n  o f  t h e  men on th e  H o r iz o n ta l  G rin d e rs . V i t r i f i e d  w h ee ls  a r e  ru n  
a t  a  s lo w er sp eed  (1800 RFM) th a n  th e  B a k e l i t e  Bound W heels w hich o p e r a te  a t  3400 
RFM* Sam ples ta k e n  d u r in g  th e  o p e r a t io n  o f  th e  Rough Shagging  W heels h ad  th e  f o l ­
low ing  d u s t c o n c e n t r a t io n s .

Double End Snagging W heelst

A verage D ust from  V i t r i f i e d  W h e e l s . . . . . .
" 11 " Carborundum " . . . . . .
" " " B a k e l i t e  Bound W heels.

. 3 , 6 5 3 , 2 8 0  p a r t i c l e s  p e r  cu b ic  f o o t  
. . .  3 ,3 2 2 ,8 2 0  " " " ' "
. 2 , 6 6 2 , 0 8 0  " " " "

H o r iz o n ta l  P iso  G rinder?

A verage D ust from  50" V i t r i f i e d  W h e e l , . . .» .* » 2 ,1 2 4 ,0 0 0  p a r t i c l e s  p e r  cu b ic fo o t

The av e rag e  d u s t  p roduced  by a l l  th e  Rough S n agg ing  Wheels was 2 ,3 2 2 ,8 2 0  p a r t i c l e s ,  
t e n  m icrons o r l e s s  i n  s i z e ,  p e r  c u b ic  f o o t  o f  a i r .

A bout 80$ o f  th e  d u s t  p a r t i c l e s  from  th e  v i t r i f i e d  w heels a p p e a re d  b la c k  angu­
l a r  opaque u n d er th e  K onim eter m ic ro sco p e  and tw o m icro n s o r l e s s  i n  s i z e j  20$ an ­
g u la r  c r y s t a l l i n e  -about one m ic ro n  or l e s s .  T here  w ere a l s o  a l a r g e  number o f  b la c k  
m inu te  p a r t i c l e s  to o  sm a ll and num erous to  c o u n t .  The d u s t  p a r t i c l e s  from th e  H o r i­
z o n ta l  ( V i t r i f i e d )  w heel w ere a p p ro x im a te ly  90$  a n g u la r ,  c r y s t a l l i n e  and 10$ b la c k  
opaque. A ll  o f  t h e s e  p a r t i c l e s  w ere a b o u t tw o m ic ro n s  o r l e s s  in  s ize*  About 60$ 
o f  th e  d u s t  p a r t i c l e s  from  th e  B a k e l i t e  bound w heel w ere b la c k  a n g u la r  tw o m icro n s 
or l e s s  i n  s i z e j  25$ w ere a n g u la r  c r y s t a l l i n e ,  l e s s  th a n  one m icron  i n  s i z e  and a b o u t 
15$ w ere rounded c r y s t a l l i n e  a b o u t f iv e  m ic ro n s  in  s iz e ,

(g )  F in e  Snag g in g  and P o l i s h i n g W heels -  These w heels  g r in d  o f f  sm a ll p r o je c ­
t i o n s  and remove r u s t  from  s to c k  w hich  has b e e n  in  s to r a g e .  There a r e  th r e e  ty p e s?

DOUBLE 4" x 14" POLISHING EMERY WHEELS -  W heels a f t e r  b e in g  made up a r e  d ip p e d  in  
g lu e  and then rolled in Alundum Grinding G ra in , s iz e s  60, 80 and 120 mesh. DOUBLE 
DISC GRINDERS -  36" d is c s  co v ered  w ith  if/46 C a s t I ro n  G ra in  o r S i l i c o n  C a rb id e  (a n  
e l e c t r i c  fu rn a c e  p ro d u c t)  and WIRE SCRATCH BRUSHES « made up w ith  f o u r  12" s e c t i o n s ,  

/ x h a u s t  hoods w ith  a  s u c t io n  o f  from  th r e e  t o  f i v e  in c h e s  w a te r ,  h ave  b een  i n s t a l l e d  
- o n  th e  P o l is h in g  W heels and D isc G rin d e rs . T here  i s  NO hood on th e  W ire S c ra tc h  

B rushes. T hese w heels a r e  used by fo u r  men w ith  an a v e ra g e  s e r v ic e  o f  two y e a r s .  They 
w ear gogg les and g lo v e s  b u t  no r e s p i r a to r s #  Sam ples ta k e n  a t  fa c e  l e v e l  d u r in g  th e  
o p e ra t io n  o f  t h i s  equ ipm ent had th e  fo llo w in g  a v e ra g e  d u s t c o n c e n tra t io n s ?
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Dust P roduced  by  3611
II I! II - ^ g l l

II II II ^11

D isc G r in d e r ...................
W ire S c ra tc h  B r u s h . . . . . .
x 14" P o l i s h in g  W heels. .

1 ,4 1 6 ,0 0 0  p a r t i c l e s  p e r  c u b ic  fo o t 
736 ,320  " " " "
481 ,440  " " "

These c o m p a ra t iv e ly  low d u s t  c o u n ts  i n d i c a t e  t h a t  th e  d u s t c o n t ro l  m e asu re s  w hich 
have b een  p ro v id e d  a re  e i t h e r  e f f e c t i v e  o r  t h e  d u s t  p a r t i c l e s  produced  a r e  over 30 
m ic ro n s  i n  s i z e  and were th u s  f i l t e r e d  o u t b y  th e  K onim eter f i l t e r .  U nder th e  mi­
c ro s c o p e  d u s t  p a r t i c l e s  from  th e  P o l i s h in g  W heels ap p ea red  a l l  round c r y s t a l l i n e  and 
a b o u t one m ic ro n  in  s i z e .  About 40$ o f  t h e  d u s t  p a r t i c l e s  p roduced  b y  th e  Double 
D isc G rin d e r  w ere  s h a rp ly  a n g u la r ,  opaque a b o u t t h r e e  m icrons o r  l e s s  in  s i z e j  60$ 
w ere l e s s  a n g u la r  c r y s t a l l i n e  a b o u t one m ic ro n  i n  s i z e .  The d u s t  p a r t i c l e s  produced  
by  ..the . W ire S c r a tc h  B rush w ere a l l  ro u n d ed , c r y s t a l l i n e  and a b o u t one m ic ro n  in  s iz e .  
T h ere  w ere  no m e ta l l i c  p a r t i c l e s  in  any  o f  t h e  sam ples exam ined. Few e x h a u s t  hoods 
h ave  b e e n  i n s t a l l e d  on W ire S c r a tc h  B rushes b e c a u se  i t  has  b e e n  g e n e r a l ly  assum ed 
t h a t  t h e s e  b ru s h e s  d id  n o t  p ro d u ce  any  d u s t .  T h is  a ssu m p tio n , how ever, i s  u n tru e  as 
one sam p le  from  a  w ire b ru s h  a t  a S o u th e rn  R e 'f in e ry  had a s  h ig h  a s  6 ,6 8 3 ,5 2 0  p a r ­
t i c l e s  t e n  m ic ro n s  o r l e s s  p e r  c u b ic  f o o t  o f  a i r .

(h )  Cone G rin d in g  W heels -  These w h ee ls  a r e  o p e ra te d  w ith  com pressed  a i r  and 
a r e  u sed  t o  do m isc e lla n e o u s  g r in d in g  on c a s t i n g s  by fo u r  men, w ith  a n  a v e ra g e  s e r ­
v i c e  o f  tw e lv e  y e a r s ,  a b o u t two h o u rs  a day on an av e ra g e . The cones a r e  5 - l / 4 "  x 
3 -1 /4 "  v i t r i f i e d  and p ro d u c e  an  a v e ra g e  d u s t  o f  1 ,8 6 9 ,1 2 0  p a r t i c l e s  t e n  m ic ro n s  o r  
l e s s  p e r  c u b ic  f o o t  o f a i r .  A bout 80$ o f  t h e s e  p a r t i c l e s  a r e  s h a rp  a n g u la r  c r y s t a l ­
l i n e ,  I n  a p p e a ra n c e  un d er th e  K o n im ete r m ic ro sc o p e  th e y  a r e  f iv e  m ic ro n s  o r  l e s s  i n  
s i z e j  20$ a r e  ro u n d  opaque b u t  n o n - m e ta l l ic  i n  ap p ea ran ce  and f iv e  m ic ro n s  o r  over 
in  s i z e ,  , T h ere  a r e  no hoods over th e s e  w h ee ls  and th e  o p e ra to r s  w ear no r e s p i r a t o r s .

A v erage D u s tin e s s  o f  C le a n in g Room A ir  -  A s e r i e s  o f  f iv e  sam p les w ere 
-aken  b e tw een  9*30 and 9 ;4 0  A.II. t o  d e te rm in e  t h e  av e rag e  amount o f  d u s t  i n  th e  a i r  
o f  th e  c l e a n in g  room w h ile  th e  v a r io u s  c l e a n in g  o p e ra t io n s  w ere in  f u l l  b l a s t .  An­
o th e r  s e r i e s  o f  f i v e  sam ples w ere ta k e n  a b o u t 3*30 P»M, i n  th e  a f te r n o o n  a f t e r  th e  
room had b e e n  g iv e n  i t s  r e g u la r  c le a n -u p .  T h e re  was q u i t e  a d i f f e r e n c e  i n  th e  am ount 
o f  d u s t  i n  th e  a i r  d u r in g  th e  m o rn in g  (2 ,1 6 6 ,4 8 0  p a r t i c l e s  t e n  m icro n s o r  l e s s  p e r  
cu b ic  f o o t  o f  a i r )  and d u r in g  th e  a f te r n o o n  to w ard  th e  c lo s e  o f  th e  s h i f t  (338 ,272  
p a r t i c l e s  p e r  c u b ic  f o o t ) .  A bout 95$ o f  th e  d u s t  p a r t i c l e s  i n  th e  e v e n in g  sam ples 
w ere a n g u la r  c r y s t a l l i n e  i n  a p p e a ra n c e  and a b o u t two m icrons i n  s iz e .  T h e re  were a  
few la r g e  sem i-o p aq u e  o r  s c a l e - l i k e ..p a r t i c l e s  a b o u t 20 m ic ro n s  in  s i z e .  About 98$ 
o f  th e  d u s t  p a r t i c l e s  in  th e  m o rn in g  sam ples w ere  a n g u la r  c r y s t a l l i n e  tw o m icrons o r  
l e s s  in  s i z e  and ab o u t 2$ w ere ro u n d , c r y s t a l l i n e  o v e r f i v e  m icrons i n  s i z e ,

A sam ple o f  d u s t  from  to p  o f  one o f  t h e  la r g e r  E x h a u s t D ucts i n  th e  c e n te r  
o f  t h e  c l e a n in g  room was g iv e n  a p e t ro g r a p h ic  ex am in a tio n  b y  th e  U .S. B u reau  o f  M ines 
E xperim en t S t a t i o n  a t  P i t t s b u r g h ,  P e n n s y lv a n ia  and found t o  c o n ta in  40$  Q u a rtz  
(S iO g ), 20$ C lay M in e ra l n o t  c o m p le te ly  i d e n t i f i e d j  40$ opaque,

Dc -  CORE MAKING -  A l a r g e  number o f  c o re s  a re  made by th e  Demmler A ir  Ope­
r a te d  C ore M achine w hich  u se s  a m ix tu re  o f  tw o - th i r d s  s e a  s a n d , o n e - th i r d  r i v e r  sand  
and one g a l lo n  c o r e  o i l  p e r  60 g a l lo n s  sand . T h ere  a re  t h r e e  s o u rc e s  o f  d u s t  in  th e  
o p e r a t io n  o f  t h i s  m achine?

(1 )  S h o v e l l in g  Sand to  f i l l  th e  M achine H o p p e r . ,1 ,0 1 9 ,5 2 0  p a r t i c l e s  p e r  cu b ic  f o o t
(2 )  B low ing  o u t C o r e - b o x e s . , . . . . , , . . , . . . . . . . . . , ,  736,320 " " " "

|t '‘^ 4  ' ( 3 )  B low ing sand  in to  t h e  C o r e - M o u l d s . , . . . » . . , . .  755,200 11 11 " "
'''.'Ah . /

About 98$ o f  th e  d u s t  p a r t i c l e s  from  b lo w in g  o u t th e  c o re  boxes a r e  d a rk , 
opaque in  a p p e a ra n c e  and a b o u t one m icron  in  s iz e .  The d u s t  p a r t i c l e s  from  b low ing  
sand i n t o  th e  c o re  moulds o re  a n g u la r  c r y s t a l l i n e  l e s s  th a n  one m ic ro n  in  s i z e .
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Cores a r e  "sm oothed up" a f t e r  b e in g  baked in  t h e  c o re  oven by  s c r a tc h in g  
o f f  th e  rough  edges w i th  an. o ld  hacksaw  b la d e . T his o p e r a t io n  p ro d u ces  an  a v e ra g e  o f 

^ 9 0 6 ,2 4 0  d u s t p a r t i c l e s  t e n  m icro n s o r  l e s s  in  s i z e  p e r  c u b ic  fo o t  o f  a i r .  About 98$
J  o f  th e s e  p a r t i c l e s  a r e  a n g u la r ,  c r y s t a l l i n e  in  ap p ea ran ce  un d er th e  K onim eter m i­

c ro sc o p e  and a r e  l e s s  th a n  one m ic ro n  in  s iz e .

E, -  SEPARATION OF BRASS FOUNDRY SKIMHINGS -  A S t e i n l e i n  S e p a r a to r ,  r e v o lv ­
in g  ab o u t 25 RPM, s e p a r a te s  b r a s s  from  abou t 100 pounds o f  skimmings an  h o u r. The 
s e p a r a to r  has a  4 - in c h  e x h a u s t d u c t  t o  a  1 2 - in c h  fa n  w hich  p ro d u ces  a s u c t io n  o f  
a b o u t fo u r  in c h e s  w a te r .  Sam ples ta k e n  d u r in g  th e  o p e r a t io n  o f  t h i s  m achine had an 
a v e ra g e  o f  1 ,2 3 1 ,9 2 0  p a r t i c l e s  t e n  m icrons o r l e s s  per c u b ic  fo o t  o f  a i r .  About 95$ 
o f  t h e  d u s t  p a r t i c l e s  in  sam ples ta k e n  above t h e  c h a rg in g  c h u te  a p p e a re d  opaque 
a n g u la r  b la c k  in  c o lo r  u n d e r t h e  K onim eter m ic ro sco p e  and w ere  l e s s  t h a n  one m ic ro n  > 
i n  s i z e .  About 80$ o f  t h e  d u s t p a r t i c l e s  in  sam ples from  th e  t r u n n io n  w ere more 
c r y s t a l l i n e  and rounded  i n  a p p e a ra n c e  and l e s s  th a n  one m icro n  in  s i z e .  T his was 
a l s o  t r u e  o f th e  sam ples ta k e n  in  f r o n t  o f  t h e  m achine w here t h e  s l a g  d ro p s  down in t o  
a b u c k e t .  The d u s t  p a r t i c l e s  in  sam ples from  th e  m e ta l b e in g  d is c h a rg e d  from th e  
m achine w ere a b o u t 50$ m e ta l l i c  i n  ap p ea ran ce  ab o u t 50$ a n g u la r  c r y s t a l l i n e .  B o th  
c r y s t a l l i n e  and opaque p a r t i c l e s  w ere about tw o m icrons o r  l e s s  in  s i z e .  S ix  men, 
w ith  an  av e rag e  s e r v ic e  o f  sev en  y e a r s ,  ta k e  tu r n s  o p e ra t in g  t h i s  m achine w hich ru n s  
a b o u t two hours p e r day on an a v e ra g e ,

X - MASON’S OPERATIONS

I .  -  TEARING OUT STILL FIRE BOXES -  Two men w ith  a n  a v e ra g e  s e r v ic e  o f  t e n  
y e a r s ,  spend two days a m onth on an  av erage  t e a r i n g  ou t s la g -c o v e re d  b o tto m s o f  c ra c k ­
in g  c o i l  fu rn a c e  f i r e  boxes. T em p era tu re  in s id e  f i r e  box i s  a b o u t 85°F, The b o t­
tom s w hich a r e  composed o f  f i r e  b r i c k  a re  b ro k en  up w ith  " B u ll  P o in t"  Pneum atic  
c h i s e l s .  Samples ta k e n  in s id e  th e  f i r e  box w h ile  t h i s  work was i n  p ro g re s s  had d u s t  
c o n c e n tr a t io n s  as h ig h  a s  1 ,0 1 9 ,5 2 0  p a r t i c l e s  t e n  m icrons o r  l e s s  p e r  c u b ic  fo o t  o f  
a i r .  These p a r t i c l e s  w ere g la s s y  s h a r p ly  c r y s t a l l i n e  in  a p p e a ra n c e  u n d e r  th e  K oni­
m e te r  m icro sco p e . About 90$ w ere f i v e  m icrons o r  l e s s  in  s i z e  and 10$ w ere  over t e n  
m ic ro n s . The l a r g e r  p a r t i c l e s  w ere  sem i-opaque. There w ere a l s o  a  l a r g e  number o f  
round  b la c k  opaque p a r t i c l e s  a b o u t one m icron  o r  l e s s  i n  s i z e .  A f te r  t h e  bo ttom s
had b e e n  b roken  up by t h e  pneu m atic  c h i s e l s  th e y  a r e  s h o v e lle d  o u t th ro u g h  th e  f i r e ­
box door and th e n  r e s h o v e l le d  in t o  t r u c k s  to  b e  h a u le d  away. This o p e r a t io n  n a t u r a l ­
l y  p rod u ces  m ore d u s t th a n  th e  b r e a k in g  up in s id e  th e  f i r e  box. A lth o u g h  no w ind was 
b lo w in g  sam ples ta k e n  a t  f a c e  le v e l ,  d u r in g  th e  s h o v e l l in g  an d  lo a d in g  had d u s t con­
c e n t r a t i o n s  a s  h ig h  as 2 ,4 3 5 ,5 2 0  p a r t i c l e s  te n  m icrons o r l e s s  per c u b ic  f o o t  o f  a i r  
and a n  av e ra g e  o f  1 ,3 4 5 ,2 0 0 , G ogg les b u t no r e s p i r a t o r s  w ere  worn by th e  workmen, II. III.

I I .  -  CHIPPING OR CUTTING CONCRETE -  A l a r g e  number o f  em ployees w ith  an 
a v e ra g e  s e rv ic e  o f  t h r e e  y e a r s ,  spend a t  l e a s t  t e n  p e r  c e n t ,  o f  t h e i r  t im e  d ism an t­
l i n g  o r  c u t t in g  c o n c re te  s t r u c t u r e s  w ith  pneum atic  c h i s e l s  i n  t h e  rem oval o f  o ld  
fo u n d a tio n s ,  c o n c r e te  s u p p o r ts  and b lo c k s  and i n  c u t t i n g  h o le s  i n  w a lls  and f lo o r s .  
Sam ples ta k e n  d u r in g  th e  c u t t i n g  o r  c h ip p in g  o f  c o n c re te  h ad  a s  h ig h  a s  6 ,9 1 0 ,0 8 0  
p a r t i c l e s  te n  m icro n s  o r  l e s s  i n  s i z e  per cu b ic  fo o t  and a  g e n e r a l  a v e ra g e  o f 
1 ,5 9 1 ,0 5 1  p a r t i c l e s  p e r  c u b ic  f o o t .  A ll o f  th e s e  d u s t p a r t i c l e s  a r e  s l i g h t l y  a n g u la r  
c r y s t a l l i n e  in  a p p e a ra n c e  u n d e r  th e  K onim eter m ic ro sco p e . A bout 85$ o f  th e  d u s t p a r ­
t i c l e s  '-e re  f i v e  m icrons o r  l e s s  i n  s i z e )  10$  betw een f i v e  and te n  m io rons and ab o u t 
5$ o v e r  te n  m io ro n s in  s i z e .  I n  many c a se s  n e i th e r  g o g g le s  o r r e s p i r a t o r s  w ere worn 
by t h e  workmen. R e g a rd le s s  o f  th e  r a t h e r  low d u s t  c o u n ts  found , men engaged in  c h ip ­
p in g  o r  c u t t in g  c o n c re te  sh o u ld  w ear c o n c re te  due to  th e  h ig h  s i l i c a  c o n te n t  in  th e  
y s u a l  a g g re g a te  u sed  in  c o n c r e te .if??

I I I .  -  CHIPPING MORTAR FROM BETV/EEN BRICK -  C h ipp ing  M o rta r w ith  pneum atic 
c h is  e l s  from betw een  b r ic k s  i n w a l l s  o f  s t r u c t u r e s  p r e p a r a to r y  t o  w e a th e r -p ro o f in g  i s  a  
p a r t i c u l a r l y  d u s ty  o p e ra t io n .  Sam ples ta k e n  d u r in g  t h i s  work had d u s t  c o n c e n tr a t io n s



as  h ig h  as 2 0 ,9 5 6 ,8 0 0  p a r t i c l e s  te n  m icro n s  o r  l e s s  p e r  c u b ic  f o o t  o f  a i r  and a  
’̂ general a v e ra g e  o f  1 3 ,8 4 8 ,4 8 0  p a r t i c l e s  p e r  cu b ic  fo o t .  A l l  o f  th e s e  p a r t i c l e s  w ere 
'a n g u la r  c r y s t a l l i n e  in  a p p e a ra n c e  under th e  K onim eter m ic ro sc o p e  and a b o u t s i x  m i­
c ro n s  o r  l e s s  in  s i z e .  T here  w ere a ls o  a  c o u n t le s s  number o f  m in u te  r e d d is h - g r a y  
p a r t i c l e s .  T h is  work was done by an o u ts id e  c o n t r a c to r  w hose em ployees wore go g g les  
b u t no d u s t  r e s p i r a t o r s ,

IV. -  CRUSHING FIRE BRICK -  F i r e  b r ic k s  a r e  c ru sh e d  in  a  b e l t - d r i v e n  W illiam s 
o r  a  M o to r-d r iv e n  S tu r te v a n t  B ric k  C rusher so  t h a t  80$ w i l l  p a ss  th ro u g h  a  3 /8"  o r  a  
150-m esh s c r e e n  -  much o f  i t  i s  powdered d u r in g  th e  c r u s h in g .  T h is m a t e r i a l  i s  th e n  
m ixed w ith  f i r e  c la y ,  c ru sh e d  a s b e s to s  and cem ent t o  make " G a n is te r"  w h ich  i s .  u sed  in  
tu b e  s h e e t  l i n i n g s ,  p a c k in g s  o r  as  m o rta r  in  b u i ld in g  f i r e  boxes o f  fu rn a c e s .
Sam ples ta k e n  d u r in g ~ th e  b ru s h in g  o f : f i r e  b r i c k  had  d u s t  c o n c e n t r a t io n s  a s  h ig h  a s  
1 1 ,5 6 4 ,5 6 0  p a r t i c l e s  t e n  m ic ro n s  o r l e s s  i n  s i z e  p e r  c u b ic  f o o t  and a  g e n e ra l a v e ra g e  
o f  2 ,5 6 2 ,9 6 0  p a r t i c l e s  p e r  c u b ic  fo o t ,  C ru sh in g  new f i r e  b r i c k  p ro d u c e s  ab o u t s i x  
tim e s  as many d u s t  p a r t i c l e s  (4 ,3 7 5 ,7 3 3  p e r  cu b io  f o o t )  a s  i s  p roduced  when c ru s h in g  
o ld ,  used  f i r e  b r i c k  (7 3 6 ,3 2 0  p a r t i c l e s  p e r  c u b ic  f o o t ) .  U nder th e  k o n im e te r  m i­
c ro sc o p e  a b o u t 94$ o f  th e  d u s t  p a r t i c l e s  p roduced  b y  c r u s h in g  new f i r e  b r i c k  a p p e a r  
a n g u la r  c r y s t a l l i n e ,  one m ic ro n  o r l e s s  i l l  s i z e j  a b o u t 5 $  a r e  opaque o v e r t e n  m i­
c ro n s  and a b o u t 1$  a r e  d a rk  opaque, s c a l e - l i k e  a b o u t f i v e  m io rons i n  s i z e .  The d u s t  
pa r t i c l e s  from  c r u s h in g o ld  u sed  f i r e  b r i c k  a re  m ore ro u n d e d  c r y s t a l l i n e  in  a p p e a ra n c e  
and a r e  ab o u t f i v e  m ic ro n s  o r  l e s s  in  s i z e .  An a n a l y s i s  o f  Alamo F i r e - c l a y  B r ic k , 
w hich i s  commonly u sed  and was th e  new u n u sed  f i r e  b r i c k  b e in g  c ru sh e d  a t  th e  tim e  
o u r sam ples w ere ta k e n ,  s u p p lie d  by th e  m a n u fa c tu re rs  (H a rb iso n -W a lk e r R e f r a c to r ie s  
Company) r e p o r t s t

S 1 C # » « • 0«»»« • « 9 e o •> » «00 51. 8 p e r c e n t .
A lum ina and T i ta n i a ..........„. 45, 4 11 It
F e r r i c  O xide. ........................ 1 . 1 11 11
LilU0» » •«»«.»«»¿««««»eae 0. 5 tl 11
M a g n e s ia . .......................... .. 0. 3 11 11
A l k a l i e s . ...................................... 1 . 1 11 11

F ir e  b r i c k  i s  crus 'hed  by  two men a s s ig n e d  from  th e  L abor D epartm en t, th e  a v e r ­
ag e  s e r v ic e  o f  th e s e  men i s  a b o u t 14 y e a r s .  Two to  t h r e e  to n s  a r e  c ru sh e d  p e r  day.
The t o t a l  le n g th  o f  e x p o su re  p e r  month d epends upon t h e  demand f o r  c ru sh e d  f i r e  
b r i c k  and w i l l  v a ry  from  a g e n e ra l  av e ra g e  o f  f i f t e e n  h o u rs  p e r  man p e r  m onth to  a s  
much as tw e lv e  h o u rs  a  week. G oggles and M, S, A. Comfo d u s t  r e s p i r a t o r s  a r e  worn,

V. -  SHAPING FIRE BRICK ON EMERY WHEEL -  F i r e  b r i c k  a r e  ground to  a s p e c i f i e d  
sh ap e  and s i z e  on a 2" x 24" Carborundum ( G r i t  16 , G rade 1 , Bond 6C) Wheel w hich r e ­
v o lv e s  900 RPM. This w heel i s  a lm ost c o m p le te ly  e n c lo s e d  by a  hood w hich  has  a  4 - 
in c h  d u c t to  a 2 4 - in c h  m o to r -d r iv e n  fa n  o p e r a t in g  a t  1750 RPM, , b u t t h i s  e x h a u s t i s  
e v id e n t ly  in a d e q u a te  a s  sam p les  ta k e n  w h ile  ro u n d in g  o f f  t h e  edges o f  a f i r e  c la y  f u r ­
n a c e  b lo c k  had a d u s t  c o n c e n t r a t io n  as h ig h  as 4 ,0 7 8 ,0 8 0  p a r t i c l e s  t e n  m ic ro n s  o r  
l e s s  in  s i z e  p e r  c u b ic  fo o t  o f  a i r .  The g e n e ra l  a v e ra g e  was 2 ,0 0 1 ,6 5 8  p a r t i c l e s  p e r  
c u b ic  fo o t .  A ll  o f  th e s e  d u s t  p a r t i c l e s  w ere  s l i g h t l y  a n g u la r  and s l i g h t l y  opaque in  
a p p e a ra n c e  u n d er th e  m ic ro sc o p e  and f iv e  m ic ro n s  o r  l e s s  i n  s i z e .  One man w earin g  
g o g g le s  and a  M, S.A, Comfo r e s p i r a t o r ,  w i th  ab o u t 15 y e a r s  s e r v i c e ,  spends an  a v e ra g e  
o f  a b o u t two days a month s h a p in g  f i r e  b r i c k  and b lo c k s  on t h i s  w heel,

V I. -  DISMANTLING MASONRY -  D ism a n tlin g  M asonry s t r u c t u r e s  such  as o ld  b o i l e r  
/a n d  s t i l l  s e t t i n g s  i s  a v e ry  d u s ty  o p e r a t io n  b u t was n o t in c lu d e d  in  t h i s  d u s t  s tu d y

as  th e r e  was no work o f  t h i s  ty p e  in  p ro g re s s  a t  any  o f  t h e  p la n ts  a t  t h e  tim e  o f  o u r 
su rv ey .
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XI - WOODWORKING OPERATIONS

Woodworking o p e r a t io n s ,  as perfo rm ed  in  c o n n e c tio n  w ith  th e  r e f in i n g  o f  pe­
tro le u m  p ro d u o ts  and a s s o c ia te d  a c t i v i t i e s ,  a r e  u sed  in  t h e  p ro d u c tio n  o f  p a t t e r n s ,  
box s h o o ts ,  c o n t a in e r s ,  and c o n s t r u c t io n  o r m a in te n a n c e  w ork. These woodworking 
o p e ra t io n s  p roduce m ore o r  l e s s  d u s t  which i s  l a r g e l y  o rg a n ic  and a l th o u g h  i t  may 
have some sp o re s  and h av e  an  a l l e r g i o  e f f e o t  on some in d iv id u a l s ,  i t  i s  n o t  c o n s id e r ­
ed h arm fu l, Mr, D. H a r r in g to n  o f th e  U. S. B ureau  o f  M ines a d v ise s  t h a t  th e  U, S. De­
p a rtm en t o f L abor i n  a  r e c e n t  b u l l e t i n  i n d i c a t e  t h a t  w o rk ers  b r e a th in g  wood d u s t  a r e  
f a r  more d e f i n i t e l y  a f f l i c t e d  w ith  tu b e r c u lo s i s  th a n  th e  g e n e ra l 'r im  o f  i n d u s t r i a l  
w orkers. I n  l a r g e  q u a n t i t i e s ,  how ever, wood d u s t  b e lo n g s  in  th e  ’'n u is a n c e "  c l a s s  and 
may a l s o  be an e x p lo s io n  h a z a rd

A. -  BOX SHOOK MANUFACTURE -  A ll  p in e  lum ber u se d  i n  th e  m a n u fa c tu re  o f  box 
shooks i s  " k i ln - d r i e d "  and a l l  gum lum ber i s  " a i r - d r i e d " .  Men work e ig h t  h o u rs  a 
s h i f t ,  f iv e  s h i f t s  a  week.

(a )  Resaw ing -  Band saw s, tw e n ty - f iv e  f e e t  fo u r  in c h e s  in  c irc u m fe re n c e , r e ­
saw f o u r - q u a r te r  and f i v e - q u a r t e r  lum ber in to  3 /8 - in c h  and l / 2 - in e h  shooks r e s p e c ­
t i v e l y .  Sam ples ta k e n  d u r in g  t h i s  re sa w in g  had an a v e ra g e  d u s t  c o n c e n tr a t io n  o f 
155 ,760  p a r t i c l e s  t e n  m icro n s o r  l e s s  per c u b ic  fo o t  o f  a i r  when saw ing p in e  and 
996 ,864  p a r t i c l e s  p e r  c u b ic  fo o t  when saw ing gum. These low co u n ts  i n d i c a t e  t h a t  
th e  e x h a u s t and d u s t  c o l l e c t i n g  system  w hich h a s  b een  p ro v id e d  i s  fu n c t io n in g .  T h is  
e x h au s t system  in c lu d e s  hoods over each saw w ith  8 - in c h  d u c ts  t o  a b e l t  d r iv e n  fa n
w ith  f i v e - f o o t  b la d e s  re v o lv in g  3500 RFM, A bout 60$ o f  th e  d u s t p a r t i o l e s  in  sam ples
ta k e n  w h ile  re sa w in g  p in e  w ere c r y s t a l l i n e ,  r a t h e r  g l a s s - l i k e  in  ap p e a ra n c e  -  p rob ­
a b ly  r e s i n  -  u n d e r t h e  K onim eter m icro sco p e  and o v er t e n  m icro n s in  s i z e j  40$ .were 
round w ith  ro u g h  edges g ray  and opaque, f i v e  m ic ro n s  o r l e s s  in  s iz e .  About 80$ o f  
th e  d u s t  p a r t i c l e s  from  c u t t i n g  gum lum ber w ere  round c r y s t a l l i n e  sem i-opaque i n  ap ­
p e a ra n c e , f i v e  m ic ro n s  o r  l e s s  in  s i z e j  20$ w ere  o v e r f i v e  m icrons in  s i z e .  Gum lum­
b e r  i s  resaw ed  o n ly  a b o u t  fo u r  days a month.

(b ) R ip s  aw ing -  R ip saw s, 14 in c h e s  i n  d ia m e te r  c u t  end 3 from f o u r - q u a r te r  
gum lum ber. An e x h a u s t sy stem  has  b een  p ro v id e d  w ith  a hood o v er each  saw and fo u r  
in c h  m e ta l d u c ts  t o  a  b e l t - d r i v e n  fa n  w ith  s i x - f o o t  b la d e s  re v o lv in g  3500 RFM, Sam ples 
th k e n  d u r in g  t h i s  o p e r a t io n  had an a v e ra g e  d u s t  c o n c e n t r a t i o n  o f  169 ,920  p a r t i c l e s  
te n  m icro n s o r  l e s s  p e r  c u b ic  fo o t  o f  a i r .  A l l  o f  t h e s e  p a r t i c l e s  w ere a n g u la r  c r y s ­
t a l l i n e  sem i-opaque  i n  a p p e a ra n c e  under th e  K on im eter m ic ro sco p e  and ab o u t t h r e e  m i­
c ro n s  i i i  s iz e ,

( c )  C u t-O ff  Saw ing -  Saw f o u r - q u a r te r  lum ber t o  make box ends. About 85$ o f  
th e  tim e  gum lum ber i s  sawed, and 15$ p in e  lu m b er i s  saw ed. Samples ta k e n  w h ile  saw­
in g  gum lum ber had an  a v e ra g e  d u s t c o n c e n t r a t io n  o f  877 ,920  p a r t i o l e s  t e n  m io rons o r 
l e s s  p e r  c u b ic  f o o t  o f  a i r .  About 50$ o f  th e s e  p a r t i c l e s  w ere round c r y s t a l l i n e  sem i­
opaque, g ray  i n  o o lo r  and  from  f iv e  t o  t e n  m ic ro n s  in  s i z e j  50$ w ere s l i g h t l y  angu­
l a r  c r y s t a l l i n e  in  a p p e a ra n c e  under th e  K onim eter m icro so o p e  and th r e e  m ic ro n s  o r l e s s  
i n  s iz e .  T h e re  w ere a l s o  s e v e r a l  v e ry  sm a ll b la c k  sp eck s . The low d u s t  c o u n t i n d i ­
c a te s  t h a t  e i t h e r  t h e  p a r t i c l e s  w ere m o s tly  o v e r  30 m ic ro n s  i n  s iz e  and w ere th u s  
f i l t e r e d  o u t b y  th e  p o r c e l a in  f i l t e r  o r t h a t  th e  e x h a u s t sy stem  was e f f e c t i v e ,

(d )  P la n in g  -  P la n e rs  o r d o ub le  s u r f a c e r s  r e s u r f a c e  th e  f o u r - q u a r te r  and f iv e  
q u a r te r  lum ber t o  g iv e  i t  t h e  p ro p e r  f i n i s h .  T here  i s  a n  exhaust hood over eac h  ma­
c h in e  w ith  an  e i g h t - in c h  m e ta l d u c t to  a b e l t - d r i v e n  fa n  w ith  s ix - f o o t  b la d e s  r e v o lv ­
in g  3500 RFM. Sam ples ta k e n  d u r in g  th e  o p e r a t io n  of p la n e r s  o r doub le  s u r f a c e r s  had 
a  g e n e ra l  a v e ra g e  d u s t  c o n c e n tr a t io n  o f  5 0 9 ,7 6 0  p a r t i c l e s  t e n  m icrons o r l e s s  p e r  
cu b ic  f o o t  o f  a i r  when p la n in g  p in e  lum ber and 4 1 5 ,360  p a r t i c l e s  p e r  cu b ic  fo o t  when 
p la n in g  gum lum ber. P a r t i c l e s  o f  d u s t p ro d u ced  w h ile  p la n in g  p in e  lum ber w ere



f i v e  m ic ro n s  o r  l e s s  i n  s i z e j  25$  w ere l a r g e r  th a n  tw o m icro n s and r a t h e r  opaque.
D ust p a r t i c l e s  from  p la n in g  gum lum ber w ere round  opaque i n  ap p ea ran ce  and one m i-
r o n  o r  l e s s  i n  s i z e ,

w

D u s tin e s s  o f  Shook F a c to ry A ir -  A s e r i e s  o f  f i v e  sam ples w ere ta k e n  a t  f iv e  
s t r a t e g i c  p o in t s  t o  d e te rm in e  th e  a v e ra g e  d u s t  c o n c e n t r a t io n  o f  th e  f a c t o r y  a i r .
T hese sam ples gave an  a v e ra g e  c o n c e n t r a t io n  o f  on ly  1 4 1 ,6 0 0  d u s t  p a r t i c l e s  t e n  m i­
c ro n s  o r  l e s s  p e r  c u b ic  fo o t  o f  a i r  w hich in d i c a t e s  t h a t  e i t h e r  t h e  m a jo r p o r t io n  o f  
th e  d u s t  i s  o v e r  30 m icrons in  s iz e  o r  t h a t  t h e  v e n t i l a t i o n  sy stem  i s  p ro v in g  e f f e c ­
t i v e ,  The l a t t e r  i s  p ro b a b ly  th e  more l o g i c a l  e x p la n a t io n  a l th o u g h  th e  e x c e l l e n t  
h o u se k e e p in g  i s  u n d o u b te d ly  a n  im p o r ta n t f a c t o r .  A bout 98/2 o f  th e  d u s t p a r t i o l e s  i n  
t h e  f a o to r y  a i r  sam ples w ere  s l i g h t l y  a n g u la r  c r y s t a l l i n e  in  a p p e a ra n c e  u n d e r  th e  
K on im eter m ic ro sc o p e  and a b o u t f iv e  m ic ro n s  o r  l e s s  i n  s i z e j  2%  w ere  ro u n d , opaque 
d a rk  g ra y  i n  c o l o r  and two m ic ro n s  o r  l e s s  i n  s i z e .

B, -  BELT SANDERS, SAND DISCS AND SPINDLES OR CYLINDERS -  T h is  equ ipm en t i s  
u sed  f o r  " s q u a r in g  u p "  and sm oo th ing  s u r f a c e s  o f  wooden p a t t e r n s ,  o le a n in g  and 
f i n i s h i n g  b a r r e l - h e a d in g  and s ta v e s  and g e n e ra l  m i l l  work in  th e  C a rp e n te r  Shops, 
S an d e rs  a r e  a  n o to r io u s  s o u rc e  o f  f i n e  wood d u s t s .  They a r e  a l s o  c o n ta m in a te d  w ith  
a n  a p p r e c ia b le  amount o f  s i l i c a ,  i f  a s a n d - ty p e  o f  a b r a s iv e  i s  u se d , c o n s e q u e n tly  
e i t h e r  hoods f o r  th e  m ach ines o r  r e s p i r a t o r s  f o r  th e  men engaged i n  o p e r a t in g  th e s e  
m ach ines s h o u ld  b e  p ro v id e d . We a p p r e c ia te  t h a t  i t  i s  r a th e r  d i f f i c u l t  t o  p ro p e r ly  
hood a s a n d e r  t o  p re v e n t  th e  f i n e  d u s t  b e in g  c a r r i e d  around  by th e  a b r a s iv e  member, 
p a r t i c u l a r l y  d is o  s a n d e rs . Our a t t e n t i o n  h a s  b een  c a l l e d  t o  a c a se  w here a  man en -. 
gaged  in  t h e  u se  o f  s a n d e rs  s u f f e r e d  r e c u r r in g  r e s p i r a t o r y  i l l n e s s  and u l t im a te ly  
d e a th  from  pneum onia. H is a t t a c k s  o f  i l l n e s s  seemed t o  c o r r e l a t e  w ith  ex tended  
u se  o f  t h e  s a n d e r s .

( a )  B e l t  S anders  -  An 8" x 2 8 -1 /2  f t .  B e l t  S an d er (L ig h tn in g  A dalox  C lo th  
l - l / 2  -  40 X G 'r i t  N orton  A b ra s iv e s )  runs on an  av e ra g e  o f  two h o u rs  p e r  day  and i s  
used  by e ig h t  d i f f e r e n t  men w ith  an  av e ra g e  s e r v ic e  o f  f i f t e e n  y e a r s .  Sam ples ta k e n  
w h ile  f i n i s h i n g  # 1  P in e  lum ber had a  d u s t  c o n c e n t r a t io n  a s  h ig h  as  1 5 ,5 1 9 ,3 6 0  p a r ­
t i c l e s  t e n  m ic ro n s  o r  l e s s  p e r  cu b ic  fo o t o f  a i r  and a g e n e ra l  a v e ra g e  o f  3 ,4 4 3 ,7 1 2  
p a r t i c l e s  p e r  c u b ic  f o o t .  A bout §0%  o f th e s e  p a r t i c l e s  w ere a n g u la r  c r y s t a l l i n e  i n  
a p p e a ra n c e  u n d e r th e  K onim eter m ic ro sco p e  and f iv e  m ic ro n s  o r l e s s  i n  s i z e j  5%  w ere 
o v er f i v e  m ic ro n s  in  s i z e j  5%  w ere opaque s c a l e - l i k e ,  t e n  m icrons o r  l e s s  i n  s i z e .  
T here  was no hood o v er t h i s  s a n d e r  and th e  d u s t  p roduced  was th row n  in t o  th e  shop 
a i r ,

A 6 in .  x  18 f t .  B e l t  S an d in g  m achine ($3  P ro d u c tio n  C lo th  M in n eso ta  M ining  
Company) ru n s  on a v e ra g e  from  fo u r  to  s ix  h o u rs  a week and  i s  u sed  by fo u r  d i f f e r e n t  
men, w i th  a n  a v e ra g e  s e r v ic e  o f  f o u r  y e a r s .  T h is  work was fo rm e rly  done by  hand on 
a  l a t h e  w i th  sand  p a p e r . Sam ples ta k e n  w h ile  f i n i s h i n g  t h e  o u ts id e  o f  a  b a r r e l  had  
an  a v e ra g e  d u s t  c o n c e n t r a t io n  o f  481 ,440  p a r t i c l e s  t e n  m ic ro n s  o r  l e s s  p e r  cub io  
fo o t .  T h ese  p a r t i c l e s  w ere l a r g e l y  a n g u la r  c r y s t a l l i n e  in -a p p e a ra n c e  u n d e r  th e  K oni­
m e te r  m ic ro sc o p e . About 5C$ w ere f iv e  m ic ro n s  o r l e s s ,  and 50%  w ere o v e r  f i v e  m i­
c ro n s  i n  s i z e ,

(b) Sand D iscs or W heels -  These d i s c s  ru n  from  40%  t o  6 0 /  o f  th e  t im e  and 
a r e  u s u a l l y  u sed  b y  everybody  in  th e  shop  in  w hich  th e y  a r e  lo c a te d .  Sam ples ta k e n  
during the operation of sand discs or wheels had the following dust concentrations?
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No. S iz e  
(D ia. )

A b ras iv e
Used

Work B eing 
Done

P a r t i c l e s  P er 
Cubic Foot

C h a r a c t e r i s t i c s  o f D ust 
P a r t i c l e s  (S iz e s  and P e r­
c e n ta g e s  E s tim a te d )  t

I 7" #24 Sand 
P ap er Minn, 
M ining Co.

C le an in g
h ead s
F in is h e d
B a r r e l s

604,160 A n g u la r c r y s t a l l i n e  
a b o u t 50$ f i v e  m icrons 
o r  l e s s  and 50$ l a r g e r  
th a n  f i v e  m ic ro n s .

I I 24" # 1 -1 /2  G ar­
n e t  P aper. 
Minn. Min­
in g  Co,

S q u a rin g
Wood
P a t t e r n  _

623,040 About 85$ a n g u la r  c ry s ­
t a l l i n e  two m icro n s 

. o r  l e s s ;  5$  q u a r t z - l i k e  
ro u n d ed  a b o u t 10 mi­
c ro n s  i n  s i z e ,

I I I 30" #40 G r i t  
on B r i s to l  
Board, 
G ardner Ma­
c h in e  Co,

Sm oothing 
o f f  P a t­
t e r n

1 ,9 2 5 ,7 6 0 A bout 90$ a n g u la r  c ry s ­
t a l l i n e  t h r e e  m icrons 
o r  l e s s j  10$  opaque 
a n g u la r  one m icron  in  
s i z e .

IV 30" #2 G arnet 
N et Back. 
G ardner 
M achine 
Co,

S q u a rin g  
Wood P a t ­
t e r n

3 ,6 2 4 ,9 6 0 A bout 98$ sem i-o p aq u e , 
s a n d - l i k e ,  one m ic ro n  
o r l e s s ,  2$ opaque 5 
m ic ro n s  o r  over in  
s i z e .

The sand d is c  in  No, I  was u sed  in  a  w e ll  v e n t i l a t e d  c a b in e t  co n n e c te d  to  a  
48" m otor d r iv e n  fa n  by a 7 - in c h  d u c t . The men wore g o g g le s  and "Comfo" r e s p i r a ­
t o r s .  . The sand  w heels i n  No« I I  and No« I I I  had hoods w ith  a b o u t 3 ~ l/2  in c h e s  
w a te r  s u c t io n  co n n ec ted  to  a  24" m o to r d r iv e n  fa n  by 4 - in c h  d u c ts .  The men wore 
n e i t h e r  g o g g le s  n o r  r e s p i r a t o r s .  The w heel i n  No. IV had an  e x h a u s t hood w ith  a 6« 
in c h  d u c t co n n ec ted  to  a 2 4 - in c h  d u c t  w hich in  tu r n  was c o n n e c te d  w ith  a  3 6 - in c h  mo­
t o r  d r iv e n  fan .

( c )  Sand Sp in d le s  o r  C y lin d e rs  -  Sand s p in d le s  o r  c y l in d e r s  a r e  used  on an  
a v e ra g e  o f  ab o u t two h o u rs  p e r  man p e r  day. No hood o r  s u c t io n  e x h a u s t has  b een  p ro ­
v id e d  f o r  t h i s  equipm ent. Men u s in g  i t  do n o t w ear g o g g le s  o r  r e s p i r a t o r s  a l th o u g h  
th e  d u s t p a r t i c l e s  produced a r e  m ore a n g u la r  in  ap p e a ra n c e  th a n  th o s e  p roduced  by 
san d  d is c s  o r w heels .

Sam ples ta k e n  d u r in g  th e  o p e r a t io n  o f  Sand S p in d le s  o r C y lin d e rs  had th e  f o l ­
low ing  d u s t  c o n c e n t r a t io n s t

S ize  
(D ia. ) A b ra s iv e  Used

Work B eing  
Done

P a r t i c l e s  P er 
C ubic Foot

C h a r a c t e r i s t i c s  o f  D ust 
P a r t i c l e s  (S iz e s  and 
P e rc e n ta g e  E s tim a te d )

3" # G arn e t P aper 
G ardner M achine 
Co,

C u tt in g  In s id e  
Core Boxes

2 ,3 2 2 ,2 4 0 A bout 60$ q u a r t z - l i k e  
i n  a p p e a ra n c e , t e n  m i­
c ro n s  o r o v e r in  s i z e j  
40$ sem i-opaque  f iv e  
m icro n s o r l e s s  in  s i z e .
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DUST PRODUCED BY SAND SPINDLES OR CYLINDERS ( C oncluded )

S iz e  
(D ia . ) A b ras iv e  Used

Work B eing 
Done

P a r t i c l e s  P er 
Cubic Foot

C h a r a c t e r i s t i c s  o f  D ust 
P a r t i o l e s  ( S iz e s  and 
P e rc e n ta g e  E s tim a te d )

3 -1 /2 " # l - l / 2  G a rn e t 
Paper Minn, 
M ining Co.

P u t t i n g  
T aper on 
P a t t e r n .

877 ,920 A bout 90%  a n g u la r  c ry s ­
t a l l i n e  tw o m icro n s i n  
s i z e j  10%  o p aq u e1 f iv e  
m icro n s o r  l e s s  in  
s iz e .

C. -  MAKING WOODEN CRATES -  Two ty p e s  o f saws a r e  u sed  in  p r e p a r in g  lum ber fo r  
m aking  c r a te s  f o r  g a s o lin e  pumps and ta n k s j

( a )  Band Saws -  Sam ples ta k e n  d u r in g  th e  o p e r a t io n  o f  Band Saw had  a d ust 
c o n c e n t r a t io n  o f  453,120 p a r t i c l e s  t e n  m ic ro n s  o r  l e s s  p e r  cu b ic  fo o t o f  a i r .  A ll o f  
t h e s e  d u s t p a r t i c l e s  w ere ro u n d , opaque in  a p p e a ra n c e  u n d e r  th e  K onim eter m icroscope  
and th r e e  m ic ro n s  o r l e s s  in  s iz e .

(b )  R a i lro a d  Saws -  Sam ples ta k e n  d u r in g  t h e  o p e r a t io n  o f  an 18" R a ilro a d  
Saw had a d u s t  c o n c e n t r a t io n  o f  3 ,9 6 4 ,8 0 0  p a r t i c l e s  t e n  m ic ro n s  o r le ss , p e r  cub ic  
fo o t  o f  a i r .  A ll  o f t h e s e  p a r t i c l e s  w ere ro u n d , g r a y is h  opaque i n  a p p e a ra n c e  under 
th e  K onim eter m icro sco p e  and a b o u t f iv e  m icro n s o r  l e s s  i n  s i z e .  T here w ere a ls o  nu­
m erous m in u te  g ray  sp e c k s  to o  sm a ll t o  c o u n t a c c u r a te ly .

' XII - ROCK EXCAVATION

Rock e x c a v a tio n  i s  u s u a l l y  a d u s t  p ro d u c in g  o p e r a t io n  w hich i s  l im i t e d  to  con­
s t r u c t i o n  a c t i v i t i e s  in  t h e  p e tro le u m  in d u s t r y .  The h a z a rd o u sn e s s  o f  ro c k  e x c a v a tio n  
depends e n t i r e l y  upon t h e  n a tu r e  o f  th e  ro c k  b e in g  e x c a v a te d , th e  le n g th  o f  ex p o su re  
and th e  m ethods b e in g  fo llo w e d . The p r i n c i p a l  s o u rc e s  o f  d u s t  a r e  ro o k  d r i l l i n g ,  
b l a s t i n g ,  m ucking and h a n d l in g  o f  th e  ro ck . Of t h e s e ,  d r i l l i n g  p ro b a b ly  p roduces t h e  
g r e a t e s t  amount o f  d u s t .

A, -  DRILLING -  The p n eu m atic  ro c k  d r i l l  o p e r a te s  e s s e n t i a l l y  as  a c ru s h in g  
d e v ic e  w hich s h a t t e r s  th e  ro c k  t o  a  powder a t  th e  p o in t  o f  im p ac t. A c c o rd in g  to  
T heo d o re  H atch  o f  th e  H a rv a rd  S ch o o l o f  P u b lic  H e a lth  (N. Y. Ind . B u l l ,  V ol. 15 , No, 9 -  
S e p t,  1936) th e  p a r t i c l e s  o f  d u s t  th u s  g e n e ra te d  v a ry  i n  s i z e  from  o n e - q u a r te r  in c h  
o r  l a r g e r  down t o  s u b -m ic ro s c o p ic  d ia m e te r s .  The d u s t  i s  removed from  t h e  d r i l l  h o le  
b y  a  s tre a m  o f  a i r  o r w a te r  o r  a  c o m b in a tio n  o f th e  tw o in t ro d u c e d  th ro u g h  th e  ho llow  
d r i l l  s t e e l .  I n  th e  c a s e  o f  ja c k h a m m e r d r i l l i n g  a c o n s id e r a b le  am ount o f  ro ck  d u s t 
e j e c t e d  from  th e  h o le  f a l l s  b a c k  t o  be c ru s h e d  f u r t h e r  b e fo re  i t  i s  rem oved a g a in , 
Q u o tin g  Mr, Hatch?

" T h e  a m o u n t  o f  d u s t  p r o d u c e d  b y  a  r o c k  d r i l l  i s  s u r p r i s i n g l y  
l a r g e  -  a  ja ck -h am m er, o p e r a t in g  a t  th e  o v e r - a l l  r a t e  o f  100 
f e e t  o f  d r i l l i n g  p e r  d ay , a c t u a l l y  c ru s h e s  m ore th a n  200 pounds 
o f  ro ck  in  e i g h t  h o u rs . Cf t h i s ,  a t  l e a s t  f i v e  p e r  c e n t ,  i s  in  

•>- /  th e  form o f  p a r t i c l e s  s m a l le r  th a n  t e n  m ic ro n s | h e n c e , more th a n
f i f t y  grams o f  d u s t  s m a ll  enough to  be a i r  f l o a t e d  i s  g e n e ra te d  
p e r  fo o t d r i l l e d .  I n  te rm s o f  num bers o f  p a r t i c l e s  th e  f i g u r e s  
a r e  enormous -  i t  has  b een  found t h a t  a ja c k  hammer p ro d u ces  as

o c n n  ta V\ i  T 1 n am rvn v»-L ■? «1 q n «  P ^ irw t a n i  a  i  n4-Qv«oc4' rlur* i  no* a h A



- 7 1 -

B, -  BLASTING -  I t  i s  o f te n  sa id  t h a t  b l a s t i n g  p ro d u ces  th e  g r e a t e s t  am ount 
Hof d u s t in  ro o k -excavation«  T h is  s ta te m e n t i s  c o n t r a d ic te d  by  some a u t h o r i t i e s  who 
'r e f e r  t o  th e  f a c t  t h a t  th e  b l a s t  d is lo d g e s  a  g r e a t  d e a l  o f  d u s t from  th e  ro c k  s u r ­
fa c e s  d e p o s ite d  t h e r e  from  e a r l i e r  d r i l l i n g  o p e r a t io n  in  a d d i t io n  t o  t h a t  a c t u a l l y  
g e n e ra te d  by i t .  Under t h i s  c o n d i t io n  b l a s t i n g  i s  u n d o u b te d ly  fo llo w ed  by  a  h ig h e r  
d u s t  c o n c e n tr a t io n  th a n  i n  th e  c a s e  when a l l  th e  d u s t p roduced  by  d r i l l i n g  i s  cap ­
tu r e d  and conveyed to  a rem o te  c o l l e c t o r  so  t h a t  o n ly  t h a t  a c t u a l l y  g e n e ra te d  by  th e  
e x p lo s io n  e sc a p e s  in to  th e  a i r .

W hile i t  i s  u n d o u b te d ly  t r u e  th a t  i f  d r i l l i n g  i s  done d ry , t h e r e  w i l l  be d e­
p o s i t io n  o f some o f  t h e  d u s t  on th e  s u r fa c e s  o f  th e  e x c a v a t io n  and l a t e r  be r a i s e d  
by b la s t in g ,  how ever, d u s t  from  t h i s  so u rce  i s  m in im ised  i f  d r i l l i n g  i s  done w et, 
beoause  th e  s lu sh e d  o u t p a r t i c l e s  te n d  t o  fo rm  a g g lo m e ra te s , whioh a r e  n o t so  r e a d i ­
l y  r a i s e d  by t h e  b l a s t i n g  o p e ra t io n .  A lso , when good p r a c t i c e  i s  fo llo w e d , th e  fa c e  
and s id e s  a r e  w et down w ith  w a te r  b e fo re  b l a s t i n g ,  and i n  m in ing  work, th e r e  i s  a 
co n tin u o u s  w a te r  s p ra y  t h a t  i s  s t a r t e d  o n to  t h e  h e a d in g  b e f o r e  th e  b l a s t  ta k e s  p la c e  
and c o n tin u e d  f o r  some tim e  a f t e r  t o  h e lp  a l l a y  th e  d u s t  and to  w et down th e  m a te r i a l ,  
so  t h a t  d u s t r a i s e d  d u r in g  m ucking w i l l  be a t  a  minimum.

C* -  MUCKING -  The amount o f  d u s t p rod u ced  by m ucking  and o th e r  ro c k -h a n d lin g  
o p e ra t io n s  v a r i e s  g r e a t ly  w ith  th e  n a tu re  o f  th e  o p e ra t io n .  On open e x c a v a tio n  i t  
i s  p ro b ab ly  o f  l i * t t l e  im p o rta n c e , b u t  in  c o n f in e d  so u rc e s  a s  in  tu n n e ls  and m ines 
th e  d u s t  c o n c e n tr a t io n  a s s o c ia te d  w ith  ro ck  h a n d lin g  may re a c h  dangerous l e v e l s .

D® -  DUST CONTROL -  M ethods fo r  t h e  c o n t r o l  o f  d u s t i n  ro c k  e x c a v a tio n  as 
su g g e s te d  by Mr. H atch  in o lu d e t

(a )  -  Wet D r i l l i n g and  W e ttin g Down Rook W alls and  Muck P i le s  -  In  g e n e r a l  i t  
may be s a id  t h a t  w a te r  i s  l e s s  e f f e c t iv e  a g a i n s t  q u a r tz - b e a r in g  ro c k  th a n  a g a i n s t  
s i l i o a - f r e e  m a te r i a l  such  as l im e -s to n e . The u s e fu ln e s s  o f  w a te r i s  l im i te d  when 
f r e e z in g  te m p e ra tu re s  a r e  e n c o u n te re d  and i t  p ro d u ces  o b je c t io n a b le  w orking c o n d i t io n s  
e s p e c ia l ly  fo r  o v e rh ea d  d r i l l  o p e ra to rs  and i s  c e r t a i n l y  t o  be  av o id ed  i f  a  pneu­
m onia h aza rd  e x i s t s ,  A fu n d am e n ta l o b je c t io n  t o  th e  w et m ethod i s  t h a t  th e  d u s t  i s  
n o t removed from  th e  sc e n e  o f  o p e ra t io n  b u t s im p ly  su p p re s se d  n e a r  i t s  so u rc e  w here
i t  rem ains to  be th row n in t o  th e  a i r  by a su b se q u e n t d is tu rb a n c e  such  as b l a s t i n g .

(b ) -  G e n e ra l V e n t i l a t i o n  - T h e  p u rp o se  o f  g e n e ra l  v e n t i l a t i o n  i s  t o  d i l u t e  
th e  d u s ty  a i r  w ith  s u f f i c i e n t  c le a n  a i r  t o  b r i n g  th e  c o n c e n tr a t io n  down t o  a  s a t i s ­
f a c to r y  le v e l ,  Two p r e c a u t io n s  a r e  req u ire d *

1 s t .  -  th e  f r e s h  a i r  i t s e l f  m ust be f r e e  from  d u s t  and 
2nd, -  i t  m ust b e  p ro p e r ly  d i s t r i b u t e d  th ro u g h  th e  work­

in g s  to  in s u re  maximum m ix in g  w ith  th e  d u s t la d e n  
a i r .

(c )  -  D ust E x h au s t Hoods on D r i l l s  and  O ther M uoking O p e ra tio n s  and L o o a l 
S o u rces  o f D ust -  E f f e c t iv e  d u s t  c o n t ro l  c a n  b e  s e c u re d  by means o f  a d u s t t r a p  w hioh 
su rro u n d s  th e  d r i l l  s t e e l  a t  th e  ro c k  s u r f a c e .  The d u s t - l a d e n  a i r  i s  c a p tu re d  a s  i t  
em erges from th e  d r i l l - h o l e  by  th e  in flo w  o f  c l e a n  a i r  i n t o  th e  t r a p .  To be  e f f e c ­
t i v e ,  th e  i n l e t  v e l o o i t i e s  m u st be g re a t  enough  t o  p re v e n t th e  outw ard movement o f  
th e  d u s t  and s u f f i c i e n t  v e l o c i t y  m ust be m a in ta in e d  a t  a l l  p o in ts  w ith in  th e  t r a p  t o  
p re v e n t s e t t l i n g  and c lo g g in g . The c o l l e c t e d  d u s t  i s  conveyed  by  th e  a i r - s t r e a m  
jh ro u g h  hose and p ip in g  t o  a  s u i t a b l e  d u s t  s e p a r a t o r  in  w h ich  th e  a i r  i s  f r e e d  from 

-»^Lts d u s t lo a d  and th u s  i s  d is c h a rg e d  from t h e  a p p a ra tu s  a s  c le a n  a i r .  T raps o f  d i f -  
f e r e n t  d es ig n s  a r e  re q u ire d  w ith  v a r io u s  d r i l l i n g  o p e r a t io n s  and s p e c ia l  s u p p o r t in g  
d e v ic e s  a re  n e c e s s a r y  to  h o ld  th e  t r a p  i n  p ro p e r  a l ig n m e n t w ith  th e  s e v e r a l  o p e r a t ­
in g  positions®  (NOTE* The d u s t  t r a p  is  s a t i s f a c t o r y  u n d er many c o n d i t io n s ,  b u t  a g a in  
under many o th e r  c o n d i t io n s  h a s  n o t  proved s a t i s f a c to ry ®  RSB)
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The d u s t  d is p e r s e d  d u rin g  m ucking , a s  w e l l  as  t h a t  a r i s i n g  from  ro c k  d r i l l «  
in g , c a n  be c o n t r o l l e d  by lo c a l  exhavist v e n t i l a t i o n  and r e q u ir e s  no e l a b o r a te  ap ­
p a r a tu s .

(d )  -  P e rs o n a l  P r o te c t io n  By Means o f  R e s p i r a to r s  and P o s i t i v e  -  P r e s s u r e  
Masks -  An e f f e c t i v e  r e s p i r a t o r  o r  a  p o s i t i v e - p r e s s u r e  mask s u p p lie d  w ith  an  ad e q u a te  
q u a n t i ty  o f  d u s t - f r e e  a i r  p ro v id e s  th e  w e a re r  w ith  p r o te c t io n  when i t  f i t s  th e  f a c e  
p r o p e r ly  and i s  worn c o n tin u o u s ly  in  d u s ty  a tm o sp h eres . R e s p ir a to r s  and m asks have 
a  l e g i t i m a t e  p la c e  in  t h e  f i e ld  o f  s i l i c o s i s  c o n t r o l ,  e s p e c i a l l y  t o  p ro v id e  p ro ­
t e c t i o n  a g a in s t  in f r e q u e n t  unexpec ted  d u s t  c o n c e n t r a t io n s  b u t c a n n o t be recommended 
a s  a  s u b s t i t u t e  fo r  d u s t  c o n t r o l  in  c o n tin u o u s  o p e r a t io n s .
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PART III - MEASURES FOR REDUCTION OF THE DUST HAZARD

HOW CAN THE DUST HAZARD BE REDUCED? -  The q u a n t i ty  o f  d u s t  in h a le d  may be 
m in im ized  by  th e  employment o f  th e s e  fo u r  m ethods o u t l in e d  by  Dr. It, Kummel in  "M edi- 
o a l  R ecord"? -

Ml .  Suppr e s s io n  o f  D ust N ear I t 1 s O r ig in , by  th e  u se  o f  e x h a u s t d ra u g h t,  
d u s t  t r a p s  o r  w a te r . The w a te r  has th e  a d v an tag e  o f  a  f ly - p a p e r  e f f e c t  on 
th e  s i l i c a  p a r t i c l e s ,  b u t t h e  h u m id ity  c r e a te d  te n d s  t o  fa v o r  i n f e c t i o n  by 
p ro lo n g in g  th e  l i f e  o f  p a th o g e n ic  o rg an ism s o u ts id e  t h e  body and f a c i l i t a t ­
in g  t h e i r  e n tra n c e  in to  t h e  body,

112. A dm ixture o f  A d u lte ra n t  D ust w i th  th e  s i l i c a  w hich may a s s i s t  in  
th e  e x p u ls io n  o f  s i l i c a  from  th e  lu n g s , r e t a r d  t h e  p ro c e s s  o f  t h e  d is e a s e  
o r p re v e n t th e  developm ent o f  tu b e r c u lo s i s .  However, t h e  in t r o d u c t i o n  o f  
an  a d d i t io n a l  f o r e ig n  body in to  th e  lu n g s  i s  o f  d o u b t f u l  v a lu e  f r a u g h t  
w ith  p o t e n t i a l  danger and sh o u ld  be r e g a rd e d  v e ry  c a u t io u s ly  and con­
s e r v a t i v e ly ,

” 3, P ro p e r  V e n t i l a t i o n ,  i n  c o n n e c tio n  w ith  o th e r  methods®

” 4, Masks sh o u ld  be an  i d e a l  p r e v e n t iv e  m easure b u t ,  u n f o r tu n a te ly ,  
m ost o f  t h e  masks s to p p in g  th e  d u s t  a l s o  s to p  th e  r e s p i r a t i o n ,  th u s  ne­
c e s s i t a t i n g  t h e i r  f r e q u e n t  rem oval. They shou ld  b e  o f  an  ap p ro v ed  ty p e , 
p ro p e r ly  m a in ta in e d , s t r i c t l y  su p e rv is e d  and t h e i r  u se  r i g i d l y  e n fo rc e d ,"

We do n o t  b e l ie v e  t h a t  th e  u se  o f  w a te r  w ould have  any o u ts ta n d in g  e f f e c t s  on 
r a i s i n g  th e  h u m id ity  in  m ost o f  th e  d u s t  p ro d u c in g  o p e ra t io n s  in  th e  P e tro le u m  In ­
d u s t r y ,  a n y m o re  th a n , f o r  exam ple , s p r in k l i n g  one’ s  íaw n would h av e . We b e l ie v e  i t  
rem a in s  to  be p roved  beyond d o u b t t h a t  th e  h u m id i f io a t io n  o f  a i r  a c t u a l l y  fa v o rs  
b a c t e r i o l o g i c a l  grow th to  th e  e x te n t  t h a t  th e  in o id e n c e  o f  d i s e a s e  from  p a th o g e n ic  
o rgan ism s i s  r a i s e d  s i g n i f i c a n t l y .  T here  has  been  much d is c u s s io n  on t h i s  s u b je c t ,  
b u t  l i t t l e  h a s  b e e n  p roven . T h e o r e t i c a l ly ,  i t  may be  a d m itte d  t h a t  th e s e  o rgan ism s 
l i v e  lo n g e r  i n  a  m oist a tm o sp h e re  th a n  in  a d ry  a tm o sp h e re , b u t i t  i s  r a t h e r  h a z a rd ­
ous re a so n in g  t o  conc lu d e  t h a t  f o r  th e  re a s o n s  s t a t e d ,  t h e  u se  o f  w et m ethods in  d u s t  
c o n t r o l  c a u se s  a n  in c re a s e  in  d is e a s e .

Dr, Kummel’ s s ta te m e n t  t h a t  m ost m asks (we presum e h e  means r e s p i r a t o r s )  t h a t  
s to p  d u s t  a l s o  s to p  r e s p i r a t i o n s ,  i s  a  l i t t l e  s t r o n g .  T h e re  a r e  a v a i l a b l e  to d a y  
r e s p i r a t o r s  t h a t  a d e q u a te ly  rem ove d u s t  w i th o u t  c r e a t in g  a  r e s i s t a n c e  t o  b r e a th in g  
i n  ex cess  o f  15 to  30 m i l l i m e t e r s  o f  w a te r  co lum n, and t h e  te n d e n c y  o f  p ro g re s s iv e  
m a n u fa c tu re rs  o f  suoh d e v ic e s  i s  t o  f u r t h e r  lo w er th e  r e s i s t a n c e .  Men d u r in g  th e  
w ar a c t u a l l y  d id  f i g h t i n g  w h ile  w e a rin g  r e s p i r a t o i y  p r o t e c t i v e  d e v ic e s  t h a t  had a s  
much a s  50 t o  75 m i l l im e te r s  r e s i s t a n c e .  The r e s i s t a n c e  f i g u r e s  g iv e n  f o r  r e s p i r a ­
t o r s  a r e  m easu red  a t  a r a t e  o f  a i r  flow  o f a b o u t t h r e e  c u b ic  f e e t  a  m in u te  w hich i s  
e q u iv a le n t  t o  t h e  amount o f  a i r  b re a th e d  by a  p e rso n  d o in g  h a rd  p h y s ic a l  work»

D ust R e s p ir a to r s  and A ir Masks -  R e s p i r a to r s  and m asks o f  v a r io u s  ty p e s  have 
b een  u sed  s in o e  th e  days o f  t h e  a lc h e m is ts  and a r e  m en tio n ed  by A g r ic o la ,  R am azzin i 
and o th e r s .  C o n tro l o f  th e  d u s t  h aza rd  by m eans o f  r e s p i r a t o r y  p r o t e c t iv e  eq u ip ­
m ent i s  e f f e c t i v e ,  p ro v id ed ?

(1 )  th e  p r o t e c t i v e  equipm ent i s  e f f i c i e n t ,  and

(2 )  i t  i s  worn c o n tin u o u s ly .

E f f i c i e n t  equ ipm ent is  a v a i l a b l e ,  b u t  fo r c o n t in u o u s  u se , day  a f t e r  d a y , t h i s  m ethod



o f  c o n t r o l  c a n n o t b e  depended  upon t o  p ro v id e  th e  f i r s t  l i n e  o f  d e fe n s e j  i n  t h i s  r e ­
s p e c t  i t  may b e  l ik e n e d  t o  th e  u se  o f  p e r s o n a l  im m u n iza tio n  a s  a  p rim a ry  s a fe g u a rd  
a g a i n s t  t h e  s p re a d  o f  ty p h o id  fever»  D ust r e s p i r a t o r s  and a i r  m asks do , how ever, 
have  a  d e f i n i t e  p la c e  in  th e  f i e l d  o f  d u s t  c o n t r o l ,  e s p e c i a l l y  a s  an  em ergency 
m e asu re , a s  a  means o f  p r o t e c t i o n  on in f r e q u e n t  d u s ty  o c c u p a tio n s  and as  an  a d ju n c t 
t o  o th e r  m ore fund am en ta l m ethods o f  p re v e n tio n .

i
R e p o rts  made to  th e  N a tio n a l  S i l i c o s i s  C on feren ce , c a l l e d  b y  th e  S e c re ta ry  o f  

L abor i n  F e b ru a ry  (1937 ) t o  -s tu d y  s p e c i f i c  p h ases  o f  th e  s i l i c o s i s  p ro b lem  and p re ­
s e n t  s u g g e s t io n s  f o r  i t s  s o l u t i o n ,  c o n ta in e d  many recom m endations b y  q u a l i f i e d  au ­
t h o r i t i e s  on t h e  s u b je c t  w hich  have b een  s u c c e s s f u l ly  em ployed u n d e r  a c t u a l  o p e ra t in g  

- c o n d i t io n s .  B r i e f l y  sum m arized m easures f o r  th e  c o n t r o l  o f  d u s t and th e  p re v e n t io n  
o f  p n eu m o co n io s is  ino lude*

A. -  DESIGN PLANT FOR DUST CONTROL -  Much can  be acco m p lish ed  th ro u g h  d e s ig n  
when new b u i ld in g s  a r e  c o n te m p la te d  o r  when o ld  " b u ild in g s  a r e  t o  be rem o d e led . For 
i n s t a n c e ,  s t r u c t u r a l  p r o je c t io n s  and le d g e s  may be m in im ized  t o  p re v e n t t h e  accumu­
l a t i o n  o f  d u s t  t h a t  m ig h t l a t e r  be r e l e a s e d  in to  th e  a tm o sp h ere  by a i r  c u r r e n t s  o r  
by b u i l d in g  v i b r a t i o n  c a u se d  b y  t r a v e l l i n g  c ra n e s ,  v i b r a t i n g  m a ch in e ry , and equipm ent 
t h a t  have l a r g e  r e o ip r o c a t in g  p a r t s .  The E n g in e e r in g  Com m ittee r e c o g n iz e d  th e  f a c t  
t h a t  our p r e s e n t  day e n g in e e r in g  and s t r u c t u r a l  m a te r i a l s  f o r  f a c t o r i e s  do n o t  p e r­
m i t  e l im in a t io n  o f  in n u m erab le  le d g e s  and p r o je c t io n s  w ith o u t p r o h ib i t i v e  b u i ld in g  
and r o o f in g  c o s t s .  However, b u i ld in g  i n t e r i o r s  sh o u ld  be so  c o n t ru c te d  t h a t  th e y  may 
be  e a s i l y  c le a n e d  by w ash in g , h o s in g , vacuum c le a n in g  o r  b ru s h in g .  In  some c a se s  
o p e r a t io n s  may be  lo o a te d  o v e r g r a t i n g s ,  b e n e a th  w hich equ ipm ent i s  p ro v id e d  fo r  r e ­
m oving  th e  m a t e r i a l s  and d u s t  t h a t  f a l l  th ro u g h .

B. -  PROVIDE BUILDING VENTILATION -  N a tu ra l  v e n t i l a t i o n  sh o u ld  u s u a l ly  be 
c o n s id e re d  o n ly  an  a d ju n c t  in  rem oving  or re d u c in g  d u s t in  th e  a i r .  Even though  i t  
i s  p o s s i b l e  t o  have h ig ji r o o f s  in  o n e - s to r y  s t r u c t u r e s  w h ich  w i l l  g iv e  th e  g r e a t e s t  
b e n e f i t  from  n a t u r a l  v e n t i l a t i o n ,  such  m ethods can n o t b e  r e l i e d  upon t o  p ro v id e  com­
p l e t e  p r o t e c t i o n  in  d u s ty  o p e r a t io n s .  Where m e ch an ic a l v e n t i l a t i n g  sy stem s a r e  p ro ­
v id e d ,  c a r e  sh o u ld  b e  ta k e n  t o  p r e v e n t  s t r o n g  d r a f t s  from  open windows and d o o rs  de­
s t r o y in g  t h e  e f f e c t iv e n e s s  o f  t h e  sy stem . G uards and s h i e l d s  sh o u ld  b e  p la c e d  in  th e  
v i c i n i t y  o f  hooded and p a r t i a l l y  e n c lo se d  p ro c e s s e s  t o  p r e v e n t  such  a c o n d i t io n ,

C. -  STORE DUSTY MATERIALS IN DUST-TIGHT BINS -  D usty  m a te r i a l s  sh o u ld  be 
s t o r e d  in  d u s t - t i g h t  b in s ,  t a n k s ,  o r  e n c lo s u r e s ,  b u t each s t r u c t u r e  o f t h i s  ty p e  
sh o u ld  b e  p ro v id e d  w ith  a b r e a th e r  o r  v e n t  s ta c k  p e rh ap s  w ith  an  e x h a u s t fa n  in  
t h e  s ta c k  — t o  p e rm it th e  a i r  d is p la c e d  d u r in g  lo a d in g  t o  be  c a r r i e d  o u ts id e  th e  
b u i ld in g .  B asem ents may be u se d  fo r  s to r a g e  p u rp o ses  b u t  sh o u ld  n o t  be u se d  f o r  
d u s ty  m a n u fa c tu r in g  o p e r a t io n s .

D® -  ENCLOSE MATERIAL HANDLING EQUIPMENT -  E x c e ss iv e  d u s t  c r e a te d  b y  mechan­
iz e d  m a te r i a l  -  h a n d lin g  eq u ipm en t c a n  u s u a l l y  be c o n t r o l l e d  by  p r o v is io n  o f  ad eq u a te  
h o u s in g  and a p p l i c a t i o n  o f  e x h a u s t systems® Some m a te r i a l s  can  b e  k e p t i n  a m o is t 
c o n d i t io n  w h ile  b e in g  h a n d le d , b u t  when t h i s  i s  done, th e  m a t e r i a l  may d ry  o u t and b e  
d is p e r s e d  in t o  th e  a tm o sp h ere  a s  d u s t .

E® -  ISOLATE DUSTY PROCESSES -  Where p o s s ib le ,  s e v e r a l  o r  a l l  d u s ty  p ro c e s s e s  
may be i s o l a t e d  from  th e  r e s t  o f  th e  p la n t .  This som etim es p e rm its  th e  i n s t a l l a t i o n  
o f  a  m ore com pact exhaust sy s te m  r e s u l t i n g  in  more e f f i c i e n t  o p e r a t io n  and low er m ain - 

en an ce  c o s t .

F. — PROVIDE WET METHODS OF OPERATION -  W ater, o i l ,  and o th e r  l i q u i d s  may be 
u se d  e f f e c t iv e l y «
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1, To S uppress  d u s t  a t  th e  p o in t  o f  o r ig i n  i n  suoh  o p e ra t io n s  a s  
r o c k - d r i l l i n g j ‘ h a n d l in g ,  p u lv e r iz in g ,  and  m i l l i n g  ro c k  and o re j  
g r in d in g  m e ta l on g r in d s to n e s ;  a b ra s iv e -w h e e l o u t t i n g  o f  
g r a n i t e  and sa n d s to n e .

2. To p re v e n t t h e  r e - d i s p e r s i o n  o f  d u s t  t h a t  h as  s e t t l e d  on th e  
f l o o r s ,  w a l l s ,  and o th e r  su r fa o e s  su c h  a s  in  th e  g r a n i t e  in d u s ­
t r y  and in  fo u n d r ie s ,

G, -  DESIGN1 EQUIPMENT TO CONTROL DUST -  When new m aoh inery  o r  o th e r  equipm ent 
i s  co n te m p la te d , t h e  m a n u fa c tu re r  can  f r e q u e n t ly  be en co u rag ed  t o  in o lu d e  d u s t con­
t r o l  f e a tu r e s  such  as  e x h a u s t hoods as an i n t e g r a l  p a r t  o f  th e  d e s ig n  and co n stru o -_ ., 
t i o n ,

H. -  PROVIDE EXHAUST SYSTEMS -  In  some o p e r a t io n s ,  e x h a u s t sy stem s may be 
i n s t a l l e d  to  rem ove d u s t  a t  i t s  p o in t o f  o r ig in *  In  many, c a se s  s e v e r a l  sm a ll sy stem s 
a r e  p r e f e r a b l e  t o  a  l a r g e r  sy stem . Any m e c h a n ic a l v e n t i l a t i o n  sy stem  sh o u ld  b e  de­
s ig n e d  to  m eet a t  l e a s t  th e  minimum re q u ire m e n ts  o f  l o c a l  S t a t e  law s o r  i n d u s t r i a l  
c o d e s , o r la c k in g  su c h  r e q u ire m e n ts ,  shou ld  b e  i n s t a l l e d  a c c o rd in g  to  th e  b e s t  ac ­
c e p te d  p r a c t i c e .

D ust A r r e s t e r s  -  P ro v is io n  o f  d u s t  a r r e s t e r s  w i l l  p re v e n t 
h a z a rd o u s  d u s ts  from  b e in g  c i r c u l a t e d  i n t o  o th e r  p a r t s  o f  th e  
p l a n t  o r  i n t o  t h e  n e ighbo rhood . The l o c a t i o n  o f  d u s t  a r r e s t e r s  
i s  v e ry  im p o r ta n t ,  p a r t i c u l a r l y  i f  d ry  ty p e s  o f  a r r e s t e r s  a r e  
u sed . P r o v is io n  sh o u ld  be made f o r  rem oval o f  t h e  c o l le c t e d  
d u s t  w ith o u t i t s  e scap e  in to  th e  a r e a  w here th e  a r r e s t e r  i s  
lo c a te d ,

I .  -  ESTABLISH MAINTENANCE AND GOOD HOUSEKEEPING PROCEDURE -  Good h o u sek eep in g  
i s  u n q u e s tio n a b ly  th e  c h e a p e s t  s in g le  method o f  c o n t r o l l i n g  d u s t.  M ain tenance  goes 
w ith  i t  hand i n  hand . The b e s t  equipm ent i n  th e  w orld  w i l l  n o t  c o n t r o l  d u s t  i f  su ­
p e r in te n d e n ts  , fo rem en , and w o rk ers  a r e  c a r e l e s s  and d i s o r d e r ly  i n  t h e i r  work. E ig h t 
s u g g e s tio n s  a r e  advanced  b y  th e  C onference Com m ittees

1, I f  d u s t - t i g h t  equipm ent i s  i n s t a l l e d  i t  sh o u ld  be in s p e c te d  a t  
r e g u la r  and f r e q u e n t  i n t e r v a l s  and a l l  d e f e c t s  sh o u ld  be c o r ­
r e c te d  as so o n  as th e y  a r e  d e te c te d .

2, O p e ra tio n s  sh o u ld  be  perfo rm ed  in  a manner t h a t  w i l l  o r e a te  th e  
minimum am ount o f  d u s t.

3, Use w a te r  u n d e r p r e s s u re  w here p o s s i b l e  t o  c le a n  b u i ld in g  i n ­
t e r i o r s .

4, I f  p r a c t i c a b l e ,  oombine w a te r  w ith  a i r  f o r  c le a n in g  p u rp o se s ,
A ll c le a n in g  sh o u ld  be done, i f  p o s s i b le  o u ts id e  o f  w orking 
h o u rs  and men engaged in  th i s  o p e r a t io n  sh o u ld  be p ro v id ed  
w ith  d u s t  r e s p i r a t o r s ,

5, Vacuum c le a n in g  removes d u s t  w ith o u t d i s p e r s in g  i t  e lsew h ere ,

6, B ru sh in g  i s  p a r t i c u l a r l y  a d a p ta b le  f o r  c le a n in g  b u i ld in g s  o f  
th e  o ld e r  ty p e  o f  c o n s t r u c t io n .

7, L o w -p re ssu re  steam  can  som etim es be u sed  t o  a d v a n ta g e .



8. A r e s p o n s ib le  p e rs o n  sh o u ld  be a s s ig n e d  t h e  t a s k  o f  s u p e rv is ­
in g  m a in te n a n c e  and h o u sek eep in g  a c t i v i t i e s .  Among o th e r  
th in g s  he  sh o u ld  make t e s t s  from  tim e  t o  t im e  t o  make su re  
t h a t  t h e  d u s t  c o n t r o l  program  i s  a c h ie v in g  th e  d e s i r e d  r e ­
s u l ts «

J„ -  PROVIDE RESPIRATORS -  The C o n fe ren ce  C om m ittee was o f  th e  unam inous o p in ­
io n  t h a t  " d u s t  e l im i n a t io n  m ust be g iv e n  p r im a ry  c o n s id e r a t io n  in  s o lv in g  th e  s i l i ­
c o s i s  p rob lem ". N e v e r th e le s s ,  when known m ethods o f  e l im in a t io n  a r e  n o t  a p p l ic a b le  
o r  a r e  i n e f f e c t i v e ,  r e s p i r a t o r s  sh o u ld  be  p ro v id e d  as  " a  l a s t  r e s o r t  an d  f o r  oc­
c a s io n a l  ex p o su re  o n ly . R o ta t io n  o f  p e r s o n n e l  under t h e s e  c o n d itio n s  i s  a d v is a b le .  " 
The r e p o r t  d e f i n i t e l y  s t a t e s ,  t h a t . th e r e ,  w i l l  .a lw a y s ; b e ._ p laces . w here o th e r  m ethods 
w i l l  be in a p p l i c a b le  an d  i n e f f e c t i v e ,  and r e s p i r a t o r s ‘w i l l  b e  r e q u ir e d  f o r  d o in g  th e  
w ork, a l s o  t h a t  th e r e  w i l l  b e  s i t u a t i o n s  w here  r e s p i r a t o r s  w i l l  b e  th e  p rim ary  
means o f  p r o t e c t i n g  th e  workmen. The scope o f  good u se  o f  r e s p i r a t o r s  i s  c o n s id e r ­
a b ly  beyond t h a t  o f  o c c a s io n a l  e x p o sw e . The need o f  r o t a t i n g  p e r s o n n e l depends on 
th e  ty p e  o f  work done and th e  s u p e r v is io n  g iv e n  th e  workmen. In  some o p e r a t i n s ,  
r e s p i r a t o r s  a r e  as  much a  p a r t  o f  th e  workman’ s equ ipm en t a s  h is  to o l s .  C e r ta in ly ,  
i t  c an n o t b e  ex p e c te d  t h a t  a  p e rso n  can  w ear a r e s p i r a t o r  f o r  s e v e r a l  h o u rs  con­
t i n u o u s ly  -  b u t  how many jo b s  a r e  t h e r e  t h a t  would r e q u i r e  a  p e rso n  to  k e e p  th e  r e s ­
p i r a t o r  on c o n t in u o u s ly  f o r  an  ex ten d ed  p e r io d  o f  tim e . The common p r a c t i c e  in  th e  
m a jo r i ty  o f  i n d u s t r i a l  o c c u p a tio n s  i s  t h a t  th e  p e rso n  i s  i n t e r m i t t e n t l y  exposed  and 
i s  a f fo rd e d  many o p p o r tu n i t i e s  fo r  th e  p e r io d ic  rem oval o f  th e  r e s p i r a t o r y  p ro te c ­
t i v e  d ev ice . The two g e n e r a l  ty p e s  o f  r e s p i r a t o r s  w hich th e  Com m ittee c o n s id e re d  
s u i t a b l e  fo r  p r o te c t io n  a g a i n s t  s i l i c a  d u s t  a re?

( a )  A i r - p u r i f y in g  r e s p i r a t o r s  t h a t  f i l t e r  o u t th e  d u s t p a r t i c l e s .

(b )  S u p p l i e d - a i r  r e s p i r a t o r s  in  w hich  d u s t - f r e e  a i r  b re a th e d  by  
t h e  w orker comes t o  him from an  u n c o n ta m in a te d  o u ts id e  s o u rc e .

M ost r e s p i r a t o r  m a n u fa c tu re r s  have su b m itte d  t h e i r  d e v ic e s  f o r  t e s t i n g  and  a p p ro v a l 
b y  th e  U. S. B u reau  o f  M ines, and  only  th o s e  w hich h av e  b e e n  app roved  sh o u ld  b e  u sed .

( a )  A i r - P u r i f y in g  Types o f  R e s p i r a to r s  -  O f th e  a i r - p u r i f y i n g  c l a s s ,  th e  ty p e  
m ost commonly u sed  i s  t h e  m e ch a n ic a l f i l t e r  r e s p i r a t o r  f o r  m e c h a n ic a l ly -g e n e ra te d  
d u s t .  T hese r e s p i r a t o r s  g iv e  no  p r o te c t io n  from  g a se s  and  v a p o rs . They g e n e r a l ly  
c o n s i s t  o f  h a l f  f a o e p ie c e s  t o  w hich a r e  a t ta c h e d  an  e x h a u s t v a lv e  and a  f i l t e r i n g  
medium t h a t  rem oves th e  d u s t  from  th e  in h a le d  a i r j  some a r e  equipped  w i th  a  f i l t e r  
medium t h a t  rem oves p a i n t  m is t s  and some fum es. They a r e  l i g h t  i n  w e ig h t and in e x ­
p e n s iv e . F i l t e r  pads m u st b e  changed a t  c e r t a i n  i n t e r v a l s ,  depend ing  on th e  concen­
t r a t i o n  o f  d u s t.  Some ty p e s  r e s t r i c t  th e  f i e l d  o f  v i s i o n .  The g e n e ra l  r e q u ire m e n ts  
o f  a  s a f e  and s u i t a b l e  M e c h a n ic a l f i l t e r  r e s p i r a t o r  a r e  ( l )  a d e q u a te  p r o t e c t i o n ,  (2 )  
r e a s o n a b le  c o m fo r t and c o n v e n ie n c e , (3 )  an  a c c e p ta b le  s e r v i c e  l i f e  p e r io d  o f  p r o te c ­
t i o n ,  (4 )  ea sy  c le a n in g  and s t e r i l i z a t i o n ,  and (5 )  low  c o s t  o f  m a in te n a n c e  in  good 
s e r v ic e a b le  c o n d i t io n .

S tu d ie s  o f  m e c h a n ic a l f i l t r a t i o n  by f ib r o u s  m a t e r i a l s  made by s u c h  a g e n c ie s  a s  
th e  U n ited  S ta te s  B ureau  o f  M ines (U .S , Bur, o f  M ines, Tech. P ap er No. 394 (1 9 2 6 ) and 
U.S. P u b .H e a lth  B u ll.N o . 177 (1 9 2 8 ))  and th e  H arv ard  S choo l o f  P u b lic  H e a l th  (Jo u rn . 
I n d u s t .  Hyg. 9 ,2 6  (1 9 2 7 ))  r e v e a le d  t h a t  f i l t e r i n g  e f f i c i e n c y  v a r i e s  w ith  t h e  p a r t i c l e  
^ iz e  and t h e  am ount o f  s o l i d  p a r t i c u l a t e  m a t te r  r e t a i n e d j  a l s o  t h a t  th e  r e s i s t a n c e  t o  

tjk ir  flow  v a r i e s  w ith  t h e  am ount o f s o l i d  p a r t i c u l a t e  m a t te r  r e ta in e d  and th e  r a t e  o f  
a i r  flow . A f te r  a l l ,  t h e  fu n d am e n ta l b a s is  f o r  ju d g in g  t h e  s u i t a b i l i t y  o f  a  r e s p i ­
r a t o r  i s  w h e th er o r  n o t t h e  amount o f  d u s t  t h a t  i s  u n r e ta in e d  o r e sc a p e s  th ro u g h  th e  
f i l t e r  u n d e r c o n d i t io n s  o f  p r a c t i c a l  u se  i s  below  th e  am ount t h a t  would b e  h arm fu l 
t o  b r e a th e .  T h is  i s  n o t  r e l a t e d  to  any p e rc e n ta g e  e f f i c i e n c y .  I n  o rd e r  t o  m eet th e
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d u s ts  o f  th e  fo llo w in g  s i z e  c h a r a c t e r i s t i c s ?

99 per c e n t  s m a l le r  th a n  2 ,8 0  m icrons
95 II ii ti tt .1 , 80 rt
90 tr it it It 1« 40 ti
80 1! ii tt 11 1 .0 0 n
70 ii it it It 0 , 85 u
60 it tr n tt 0 .7 2 tt
50 it it f! tt 0 .6 0 ti

I t  w i l l  be n o te d  t h a t  80 per c e n t  o f  t h e  d u s t  u sed  in  th e s e  a p p ro v a l t e s t s  i s  below  
one m ic ro n  ( l / 2 5 ,0 0 0 th  o f  an  in c h )  and 50 p e r  c e n t  i s  b e low  0 ,6  m ic ro n s . C a n is te r s  
w i l l r|n o ^ , '^ ^ < ^ e i td u s ta - o f  th e s e  c h a r a c t e r i s t i c s  and sh o u ld  n o t  be  u sed  a s  d u s t r e s p i ­
r a t o r s ;  '

I n  o rd e r  t o  o b ta in  th e  d e s i r e d  p r o t e c t i o n ,  i t  i s  e s s e n t i a l  t h a t  th e  fa o e -  
p ie c e s  o f  th e  m e c h a n ic a l - f i l t e r  r e s p i r a t o r s  f i t  t h e  f a c e  o f  th e  workman sn u g ly  b u t  
w ith  a  minimum o f  head-band  te n s io n .  A s im p le  p r a c t i c a l  t e s t ,  su g g e s te d  by C a r l to n  
E. Brown o f th e  U, S, B ureau o f M ines E x p erim en t S t a t i o n  in  P i t t s b u r g h ,  P e n n sy lv a n ia  
( J o u r ,  In d u s t,  Hyg, Feb, 1937 V ol. 19 , No, 2 , p, 9 8 ) ,  t h a t  anyone can  ru n  t o  d e te rm in e  
w h e th e r  a  r e s p i r a t o r  f a c e p ie c e  i s  m aking a  t ig ih t  s e a l ,  i s  t o  w ear i t  in  a  h ig h  con­
c e n t r a t i o n  o f  c o a l  d u s t .  The tim e  o f  t h e  t e s t  can  be s h o r te n e d  by b low ing  a  s tream  
o f  a i r  c o n ta in in g  a  h ig h  c o n c e n t r a t io n  o f  c o a l  d u s t  a ro u n d  th e  edges o f  th e  f a c e -  
p ie c e ,  The l o c a t i o n  and ap p ro x im a te  m a g n itu d e  o f  th e  le a k s  a r e  shown by  s t r e a k s  o f 
c o a l  d u s t  on t h e  p a r t  o f  th e  f a c e  c o v e re d  b y  th e  fa c e p ie c e .  A n o th er t e s t ,  a c c o rd in g  
t o  Mr, Brown, c o n s i s t s  o f p lu g g in g  t h e  in ta k e s  o f  th e  r e s p i r a t o r  and th e n  a t te m p t in g  
t o  in h a le .  T h is  ty p e  o f  t e s t  co u ld  w e l l  be su p p lem en ted  by  th e  C oal d u s t  t e s t .

(b )  Supp l ie d  A ir  R e s p ir a to r s  -  I n d u s t r i a l  p ro c e s s e s  su ch  as  pneum atic  d r i l l i n g , a b ­
r a s i v e  b l a s t i n g  and sp ra y  c o a t in g  h av e  in t r o d u c e d  a tm o sp h e r ic  c o n d i t io n s  f o r  w h ich  
th e  a i r - p u r i f y i n g  ty p e  o f r e s p i r a t o r s  a r e  n o t  p a r t i c u l a r l y  s u i t a b l e .  C e r ta in  k in d s  
o f  pneum atic d r i l l i n g  a r e  r e s p o n s ib le  f o r  d u s t  c o n c e n tr a t io n s  so h ig h  t h a t  th e y  would 
r a p id l y  o v e rlo a d  a  d u s t  r e s p i r a t o r .  The o p e r a to r  o f an  a b r a s iv e  b l a s t i n g  o u t f i t  
m ust be p r o te c te d  n o t on ly  a g a in s t  th e  i n h a l a t i o n  o f  a i r  c o n ta in in g  h ig h  c o n c e n tra ­
t i o n s  o f  d u s t ,  b u t  a l s o  a g a in s t  im p ac t and  a b r a s io n  o f  th e  head and s h o u ld e r  b y  th e  
re b o u n d in g  a b r a s iv e  and lo o se n e d  ab rad e d  m a t e r i a l .  S p ray  c o a t in g  i s  r e s p o n s ib le  f r e ­
q u e n t ly  fo r  p o l l u t i o n  o f  th e  su r ro u n d in g  a tm o sp h ere  b y  a  c o m b in a tio n  o f  p a r t i c u l a t e  
m a t te r  (m is ts  t h a t  a r e  l iq u id  p a r t i c l e s  o r  a  c o m b in a tio n  o f  s o l i d  and l i q u i d  p a r ­
t i c l e s )  and h a rm fu l v ap o rs  r e s u l t i n g  from  th e  e v a p o ra t io n  o f  th e  l i q u id  v e h i c l e  o f  
th e  c o a t in g  u sed  in  th e  sp ray  gun.

S in c e  th e s e  o p e ra t io n s  a r e  c a r r i e d  o u t f r e q u e n t ly  in  i s o l a t e d  p la c e s  and a t  
d i f f e r e n t  l o c a t io n s  a t  v a r io u s  t i me s ,  th e y  do n o t  len d  th e m se lv e s  alw ays t o  g e n e ra l  
c o n t r o l  m e asu re s . T h e re fo re , s u p p lie d  a i r  r e s p i r a t o r s  p e rfo rm  a d e f i n i t e  se rv ice »
The ty p e s  in  g e n e ra l  u s e  a re  th o s e  commonly known as h o se  m asks, a i r - l i n e  r e s p i r a t o r s ,  
and  a b r a s iv e  b l a s t i n g  r e s p i r a t o r s  such  p s  sand b l a s t  m asks, h e lm e ts , and hoods.

S u p p l i e d - a i r  r e s p i r a t o r s  have th e  f o l lo w in g  a d v a n ta g e s  f o r  r o u t i n e  non -em er­
gency  u se  over th o s e  o f  th e  a i r - p u r i i y i n g  r e s p i r a t o r s  su ch  as  gas m asks, m e c h a n ic a l-  
f i l t e r  r e s p i r a t o r s  and th e  c o m b in a tio n  o f  gas mask w ith  a m e ch a n ic a l f i l t e r ?

1» NO r e s i s t a n c e  to  in h a la t i o n .

2, Freedom from  inw ard le a k a g e  o f  c o n ta m in a te d  a ir«

3. P r o te c t io n  a g a in s t  a l l  k in d s  o f  c o n ta m in a n ts  and even a g a in s t  a t ­
m ospheres  d e f i c i e n t  in  oxygen w hich  w i l l  n o t p o iso n  o r i r r i t a t e  
th e  s k in .



4« The In f lo w in g  a i r  re d u c e s  e x c e s s iv e  p e r s p i r a t i o n  and te n d s  
 ̂ t o  c o o l th e  fa c e ,

5. When a  h a n d -o p e ra te d  blow er i s  u se d  a second  p e rso n  i s  a lw ays 
p r e s e n t ,  (W ith a n  approved  m ask, p ro v id e d  th è  f a c e p ie o e  i s  
t i g h t ,  t h e  w eare r c a n  in h a le  enough a i r  th ro u g h  th e  h o se  t o  e s ­
cap e  i f  th e  b lo w er sh o u ld  s to p ) .

The A ir - L in e  R e s p i r a to r  c o n s i s t s  o f  a  t i g h t - f i t t i n g  fa c e p ie c e ,  a  lo o s e ly  f i t ­
t i n g  f a c e p ie c e  o r  even a h e lm e t o r  hood c o v e r in g  th e  head  and  e x te n d in g  down over th e  
neck  o r s h o u ld e r s .  The a i r  s u p p l ie d  to  th e s e  r e s p i r a t o r s  h a s  b een  l a r g e l y  t h a t  ob­
ta in e d  from  th e  com pressed  a i r  s o u rc e  u sed  i n  th e  p e rfo rm a n ce  o f  t h e  w ork , as in  
sand  b l a s t i n g ,  pneum atic  d r i l l i n g  and s p ra y  p a in t in g .  T h is  a i r  i s  f r e q u e n t l y  con - — 
ta m in a te d  w i th  o b je o t io n a b le  an d , i n  some i n s t a n c e s ,  h a rm fu l s u b s ta n c e s  w h ich , t o  some 
e x t e n t ,  c a n  b e  removed by  means o f  a i r - p u r i f y i n g  a p p u r te n a n o e s . I n  d i s c u s s in g  "Res­
p i r a t o r y  P r o t e c t i v e  D ev ices" i n  th e  F e b ru a ry  (1937 ) i s s u e  o f  th e  J o u rn a l  o f  Indus­
t r i a l  H yg iene  and  T o x ico lo g y , Mr, C, E, Brown o f  th e  U n ite d  S ta te s  B ureau  o f  Mines 
w ro te i

"U sin g  a i r  from  th e  o rd in a ry  com p ressed  a i r  sy s te m  found in  in d u s tr y  
t o  su p p ly  r e s p i r a t o r s  i s  n o t  to  be i n d i s c r im i n a t e l y  recommended. These 
com p ressed  a i r  sy stem s a r e  u s u a l ly  o f  th e  h ig h  p r e s s u r e ,  i n t e r n a l l y  l u ­
b r i c a t e d ,  r e c ip r o c a t in g - c o m p r e s s o r  ty p e .  The a i r  s u p p lie d  b y  th e s e  
sy stem s  i s  c o n ta m in a te d  f r e q u e n t ly  w i th  m alodorous c o n s t i t u e n t s  su ch  
a s  v a p o rs ,  m is ts  and p ro d u c ts  o f  d e c o m p o s itio n  o f  th e  co m p resso r l u ­
b r i c a n t ,  s lu g s  o f  w a te r ,  and r u s t  from  th e  p ip e  l i n e .  A l l  o r  m ost o f  
t h e s e  c o n ta m in a n ts  c a n  be  removed p ro b a b ly  b y  some o f  th e  com m ercia l 
a i r  p u r i f i e r s  s o ld  f o r  t h i s  p u rp o se . A p r e s s u r e - r e d u c in g  m eohanism  
sh o u ld  b e  u sed  a l s o  in  th e  l i n e  t o  p r e v e n t  any p o s s i b i l i t y  o f  sudden  
a c c i d e n t a l  b l a s t s  o f  h ig h - p r e s s u r e  a i r  from i n j u r i n g  th e  lu n g s  o f  th e  
w e a re r  o f  th e  r e s p i r a t o r .  W ith a  co m p re sso r o f  t h i s  ty p e  t h e r e  i s  a lw ays 
t h e  p o s s i b i l i t y ,  how ever r a r e  i t  may b e  in  w e l l - k e p t  sy s te m s , o f  th e  
g e n e r a t io n  o f  c a rb o n  m onoxide due t o  o v e rh e a t in g  of th e  co m p resso r l u ­
b r i c a n t  ( J o u r . I n d u s t .  Hyg, 1 8 ,4 6 1  (1 9 3 6 ) ) .  T h is  d a n g e r c a n  b e  m in im ized  o r 
e l im in a te d  by th e  u se  o f  te m p e ra tu re  c o n t ro l s  o r  ca rb o n  m onoxide a la rm s  
on th e  com p resso r w h ich , o f c o u r s e ,  sh o u ld  b e  so  m a in ta in e d  a s  t o  p r e ­
v e n t  t h e  g e n e r a t io n  o f  c a rb o n  m onoxide,

"The t r e n d  in  s u p p l i e d - a i r  r e s p i r a t o r s  i s  t o  u s e  s p e c ia l  lo w -p re s s u re ,  
e x t e r n a l l y  l u b r i c a t e d ,  p o s i t i v e - p r e s s u r e  a i r - s u p p ly  d e v ic e s . M ost o f  
t h e  o b je c t io n s  t o  t h e  h ig h - p r e s s u r e  r e c i p r o c a t i n g - ty p e  c o m p re sso r do 
n o t  a p p ly  t o  an  a i r - s u p p l y  o f  t h i s  k in d . S in ce  t h e s e  d e v ic e s  a r e  n o t  
common i n  in d u s t r y ,  how ever, i t  i s  u s u a l ly  n e c e s s a r y  to  p u rc h a s e  a  
s p e c i a l  one f o r  u se  w i th  th e  r e s p i r a t o r .  S in c e  a i r  p u r i f i e r s ,  p r e s ­
s u r e - r e d u c in g  m echan ism s, and s p e c i a l  c o m p re s s o r -c o n tro l  o r  a la rm  me­
ch an ism s a r e  n o t n e c e s s a r y ,  th e  p r i c e  o f  t h i s  r e s p i r a t o r  c o m p le te  w ith  
a i r - s u p p l y  d e v ic e  sh o u ld  n o t  exceed t h a t  o f  th e  o th e r  ty p e  o f  r e s p i r a ­
t o r  w ith o u t  th e  a i r  su p o ly  system .

"The u s e  o f a s p e c i a l  a i r - c o n d i t i o n i n g  u n i t  t o  r e g u la te  t h e  te m p e ra ­
t u r e  and h u m id ity  o f  th e  a i r  s u p p lie d  t o  th e  r e s p i r a t o r  w e a re r  i s  de~

J  s i r a b l e . "1

The minimum a i r  s u p p ly  fo r  a r e s p i r a t o r  d e s ig n e d  t o  use  a l l  th e  a i r  f o r  r e s ­
p i r a t o r y  n eed s  a t  a h ig h  d e g re e  o f  e f f i c i e n c y  is  g e n e r a l ly  a g re e d  among I n d u s t r i a l  
H y g ie n is t s  t o  be  a t  l e a s t  f o u r  to six t im e s  th e  air breathed p er m in u te . As a 
g e n e r a l  c l a s s ,  r e s p i r a t o r s  w i th  l o o s e - f i t t i n g  f a c e p ie c e s ,  ho o d s, o r  h e lm e ts  r e q u i r e
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m ore a i r  th a n  th o s e  w ith  t i g h t  f i t t i n g  f a c e p ie c e s .

■J' T here i s  some d i f f e r e n c e  o f  o p in io n  among u s e r s  o f  r e s p i r a t o r s  as  t o  w hether 
or n o t  ad ju s tm e n ts  sh o u ld  be p ro v id e d  whereby th e  w earer can  v a ry  th e  flo w  o f  a i r  t o  
m eet v a r i a t io n s  in  h i s  r e q u ire m e n ts .  I t  was th e  o p in io n  o f  th e  N a tio n a l  S i l i c o s i s  
C onference Comm ittee t h a t  d e f i n i t e  recom m endations f o r  a l l  s i t u a t i o n s  c a n n o t be 
made, b u t  f o r  many s i t u a t i o n s ,  and p a r t i c u l a r l y  w here t i g h t - f i t t i n g  fa o e p ie o e s  a r e  
u se d , an  a d ju s ta b le  f lo w  i s  d e s i r a b l e  and may even  be  n e o e s s a ry j  a l s o ,  m ost workmen 
can  le a r n  t o  a d ju s t  t h e  a i r  p r o p e r ly .  On th e  o th e r  hand f ix e d - f lo w  p ro c e d u re s  r e ­
q u ir e  a minimum amount o f  i n s t r u c t i o n  and s u p e r v is io n  and a r e  t h e  m ost conducive  t o  
s a f e ty  under a l l  c o n d i t io n s .

W hile Hose Masks and A ir -L in e  R e s p ira to r s  have  m a n y 'd e f I n i^ 'a d v a n ta g e s  th e  
a r e a  o f  t r a v e l  o f  th e  w e a re r  i s  l im i t e d  to  th e  le n g th  o f  t h e  h o s e , and movements a re  
h an d icap p ed  t o  some e x t e n t  by th e  hose . M a n ife s t ly ,  t h e  a i r  f o r  th e  h o se  and th e  
mask sh o u ld  be f r e s h  and p u re , b u t  u n f o r tu n a te ly  t h i s  i s  n o t  a lw ay s  so .

A b ras iv e  B la s t i n g R espi r a t o r  -  A b ra s iv e  b l a s t i n g  r e s p i r a t o r s  c o n s i s t  e s se n ­
t i a l l y  o f  a  hood, w ith  w indow s, t h a t  f i t s  lo o s e ly  over t h e  h ead  and sh o u ld e rs  and 
d e s ig n e d  to  w ith s ta n d  and  p r o t e c t  th e  w ea re r’ s h ead , n e c k  and s h o u ld e rs  from  a b ra ­
s io n  b y  th e  reb o u n d in g  o f  p a r t i c l e s  o f  sand o r  g r i t j  and a  s u p p ly  o f  f r e s h  a i r ,  a t  
l e a s t  s i x  cu b ic  f e e t  p e r  m in u te ,  blow n in to  th e  hood. O nly eq u ip m en t w hich has m et 
th e  U n ited  S ta te s  B ureau  o f  M ines t e s t  re q u ire m e n ts  and w hich  i s  app roved  by th e  
M ed ica l and S a fe ty  D epartm en ts  sh o u ld  be used.

( c )  A ccep tance and Use o f  P e r s o n a l  Respi r a t o r y  P r o te c t io n  by Workman -  As s t a t e d  
i n  a  p ap e r by G, M. K in tz  and H. C, Fowler o f  t h e  U n ited  S ta te s  B ureau  o f  Mines 
( I . C , 6915 N o .v l936) p re s e n te d  a t  th e  I n t e r n a t io n a l  P e tro le u m  E x p o s it io n  and C o n g ress , 
T u lsa , Oklahoma, May 21 1936, s e l e c t i n g  r e s p i r a t o r y  p r o t e c t i v e  equipm ent i s  s im p le
com pared w ith  g e t t i n g  men to  w ea r i t  a f t e r  i t  i s  s u p p lie d .  G e n e ra l ly  workmen w i l l  
w ear m asks r e a d i ly  in  p la c e s  w h ere  th e y  have se e n  o th e rs  a s p h y x ia te d ,  o r in  some 
s im i la r  t r o u b le ,  b u t  th e y  a r e  l i k e l y  to  r e s i s t  w e a rin g  p r o t e c t iv e  equipm ent w h ere  
th e  d u s t  can n o t b e  s e e n  o r  w h e re  th e  fumes and m is t  have  no  o b je c t io n a b le  odor.
T here a r e  th r e e  m a in  re a so n s  f o r  such  r e s i s t a n c e s

F i r s t ,  in b re d  o b je c t io n  to  any new id e a j

Second, t h e  f e e l i n g  t h a t  th e  in d iv id u a l  i s  a  superm an and 
can. " ta k e  i t "  w ith o u t p r o te c t io n !  a n d ,

T h ird , t h e  in c o n v e n ie n c e  o f  w e a rin g  th e  equ ipm en t.

I n  a  su rv e y  co n d u c ted  among th e  em ployees o f  t h e  Col g a t  e -P a lm o liv e -P e e t  Com­
pany b y  Mr, F, H, W alln e r o f  t h a t  Company’ s In su ra n c e  D ep artm en t, i t  was found t h a t  
t h e  men d id n ’ t  l i k e  th e  d i s f i g u r i n g  ap p e a ra n c e  o f  a  "m uzzle" o v er t h e i r  f a c e s .  T h is  
su rv e y  a l s o  d is c lo s e d  t h a t  some w ork ers  o b je c te d  t o  th e  r e s p i r a t o r  b eca u se  th e y  
th o u g h t  i t  made b r e a th in g  d i f f i c u l t  when th e  r e a l  t r o u b l e  was t h a t  th e y  w ere n o t 
b r e a th in g  c o r r e c t ly .  B re a th in g  th ro u g h  a  r e s p i r a t o r  sh o u ld  be  done d e e p ly  and slow ­
l y  and  a f t e r  th e  p ro p e r  h a b i t  h a s  b een  a c q u ire d  much d ls o a m fo r t  may be  e l im in a te d .  
Q u o tin g  Mr. W a lln e rt

"Forem en sh o u ld  a p p r e c ia te  t h a t  th e  p o s i t i o n  o f  t h e  s t r a p s  t h a t  
h o ld  th e  r e s p i r a t o r  in  p l a c e  has much t o  do w ith  c o m fo rt. They shou ld  
l e a r n  w h e th e r  t h e  s t r a p s  sh o u ld  be  w orn over t h e  head  o r a ro u n d  th e  
neck . Some ty p e s  h ave  tw o s t r a p s ,  one t o  be w orn around  th e  n eck , th e  
o th e r  a round  th e  h ead . "

P ro b ab lv  th e  m ost e f f e c t i v e  n la n  in vo-thinc ressnirntnrK wnm is first, to " s e l l "



•the s u p e rv is in g  p e r s o n n e l who in  t u r n  sh o u ld  " s e l l "  th e  w o rk e r by e d u c a tio n ,  p o s s ib ly  
t ^ /ocom panied by s t r i o t  and  f a i r  s u p e rv is io n  and d i s c i p l i n e .  Em ployees exposed  t o  d u s t  

h a z a rd s  r e q u i r i n g  th e  w e a r in g  o f  r e s p i r a t o r s  sh o u ld  be c o n v in c e d  t h a t  i t  i s  e s s e n t i a l  
t o  s a c r i f i c e  some co m fo rt and d ig n i ty  t o  a v o id  s e r io u s  c a s e s  o f  d i s a b i l i t y  and s u f f e r ­
in g . Every w orker sh o u ld  h av e  h is  own r e s p i r a t o r .  I t  r e q u i r e s  tim e  and e f f o r t  t o  
a d j u s t  t h i s  p r o t e c t iv e  d e v ic e  so i t  c o n ta o ts  th e  f a c e  s n u g ly  w ith  a  minimum o f  h ead - 
band te n s io n .  I t  c an n o t be  ex p ec ted  th a t  t h e  a v e ra g e  workman w i l l  r e a d j u s t  a  d i f ­
f e r e n t  r e s p i r a t o r  each d ay . A lso , th e  p s y o h o lo g io a l e f f e o t  o f  u s in g  a  r e s p i r a t o r  
w orn p re v io u s ly  b y  a n o th e r  workman i s  n o t u n im p o rta n t . A lth o u g h  h e  may n o t  say  any­
th in g  ab o u t i t ,  i t  i s  n a t u r a l l y  r e v o l t i n g  t o  m ost men’ s p r i n c i p l e s  o f  b o d i l y  s a n i ­
t a t i o n  to  have  t o  clamp o v e r  h i s  fa c e  a d e v io e  t h a t  has  b e e n  so ak ed  w ith  sw e a t and 
d i r t _  o f a n o th e r  man’ s ,fa p e _ a n d _ in to  w hioh one or m ore men h a v e  b re a th e d  d ay  a f t e r  
day! I t  i s  to o  muoh l i k e  u s in g  th e  o th e r  f e l lo w ’ s t o o t h  b ru s h . The b e s t  p r a c t i c e  i s  
t o  mark ev ery  r e s p i r a t o r  so  each  workman c a n  i d e n t i f y  h i s  own,

(d )  U se, M ain ten an ce  a n d  C are  o f  R e s p ir a to r s  -  P e r s o n a l  r e s p i r a t o r y  p r o t e c t iv e  de­
v ic e s  m ust be m a in ta in e d  i n  a  c o n d i t io n  s u b s t a n t i a l l y  t h e  same as  when r e c e iv e d  freon 
th e  m a n u fa c tu re r . D epending on th e  d e n s i ty  o f  th e  d u s t  r e p la c e a b le  f i l t e r s  shou ld  
be changed f r e q u e n t ly  to  p r e v e n t  t h e i r  becom ing c lo g g e d  and  u s u a l l y  i t  i s  d e s i r a b le  
t o  u se  a r e s p i r a t o r  w ith o u t  a  f a c e l e t .  However, i f  th e y  a r e  c o n s id e re d  n e c e s s a ry ,  
t h e  f a c e le t s  s h o u ld  be ch an g ed  o f te n  t o  av o id  s k in  i r r i t a t i o n ,  A c le a n  f a c e l t  g iv e s  
th e  r e s p i r a t o r  a  c le a n  a p p e a ra n c e  and rem oves one o b j e c t i o n  to  w earin g  i t .

The C o lg a te -P a lm o liv e -P e e t  Company fou n d  t h a t  t h e  h a b i t  o f  some w orkers  o f  
rem oving t h e i r  r e s p i r a t o r s  a t  i n t e r v a l s  c a u se d  s k in  i r r i t a t i o n ,  E very tim e  th e y  d id  
t h i s ,  d u s t  s e t t l e d  on th e  s u r f a c e s  t h a t  l a y  n e x t t o  th e  w o rk e r ’ s fa o e  and i r r i t a t i n g  

a r t i c l e s  w ere t r a n s f e r r e d  t o  th e  sk in  when th e  d e v ic e  w as r e p la c e d . I t  i s ,  t h e r e -  
/ f o r e ,  b e s t  to  h av e  th e  em ployee w ear h is  r e s p i r a t o r  c o n s t a n t l y  w h ile  u n d er ex p o su re .

In  some c a s e s ,  o in tm e n ts  o r  p e tro le u m  j e l l y  h a s  h e lp e d  t o  overcam e t h e  i r r i t a t i n g  e f ­
f e c t  o f  p o in ts  t h a t  c o n t a c t  t h e  sk in .

Where a  c o n s id e r a b le  number o f  r e s p i r a t o r s  a r e  u se d , i t  i s  good p r a c t i c e  to  
have a  " R e s p i r a to r  Room" w ith  an  a t te n d a n t  who i s s u e s  t h e  r e s p i r a t o r s  and c le a n s ,  
s t e r i l i z e s  and  o th e rw is e  k e e p s  them in  good c o n d i t io n .  R e s p i r a to r s  may b e  c le a n s e d  
by w ashing  and b ru s h in g  them  w ith  an a n t i s e p t i c  so ap  and warm w a te r . They sh o u ld  be  
checked  f o r  dam aged o r im p ro p e r ly  fu n c t io n in g  p a r t s  su o h  a s  ru b b e r  v a lv e  s e a t s  and 
h ead -b an d s. I f  d e f e c t iv e ,  t h e s e  shou ld  be  r e p la c e d  b y  new p a r t s ,

WHAT MEDICAL CONTROL SHOULD BE EXERCISED IN THE SELECTION AND SUPERVISION OF 
MEN WORKING ON DUSTY JOBS? -  I t  i s  e s s e n t i a l  t h a t  a d e q u a te  m e d ic a l o o n t r o l  be  esev­
e re  i s  ecL, Such c o n t r o l  s h o u ld  in c lu d e  th e  e x a m in a tio n , p r i o r  t o  i n i t i a l  w o rk in g  on 
d u s ty  jo b s  o f  th e  w orker t o  in s u r e  t h a t  he i s  a  s u i t a b l e  p h y s ic a l  s u b je c t .  T h is  ex>- 
a m in a tio n  sh o u ld  p r e f e r a b l y  in c lu d e  X -ray  e x a m in a tio n  o f  t h e  lu n g s  w hioh  p e rm its  
c l o s e r  c o n t r o l  w i th  s u b se q u e n t X -ray  t e s t s  a s  w e ll  as b e in g  a  p r o te c t io n  t o  th e  em­
p lo y e r  in  th e  e v e n t o f  an y  l a t e r  l e g a l  a c t io n .

A w o rk er, t o  be c l a s s e d  as p h y s ic a l ly  s u i t a b l e ,  sh o u ld  b e  in  a d d i t io n ,  de­
te rm in e d  t o  be  a n o s e - b r e a th e r  r a th e r  th a n  a  m o u th -b re a th e r  and th e  n a t u r a l  f i l t e r ­
in g  c a p a c i ty  o f  t h e  h o se  s h o u ld  be found t o  b e  s a t i s f a c t o r y ,  G„ Lehmann ( J , Ind,B jyg, 
1 7 ,3 7  « 1935) i n d i c a t e s  t h a t  t h e  " S i l i c o t i c  s u s c e p t i b i l i t y  o f  w o rk e rs  w ith  p o o r  n a -  

f i l t r a t i o n  i s  muoh g r e a t e r  th a n  th a t  o f  men w ith  good n a s a l  f i l t e r s " .  He a d -  
j s e s  t h a t  jo b s  w i th  a  s i l i o o s i s  h aza rd  be h e ld  o n ly  by  men w ith  good n a s a l  f i l t e r s "  

j/ "^xd t h a t  m outh b r e a t h e r s  a r e  a n  e s p e c ia l ly  b ad  r i s k .  He s u g g e s ts  t h a t  th e  " d u s t  r e ­
t a i n i n g  c a p a c i ty  o f  th e  n o se  b e  used as  an  in d e x  o f  t h e  i n d i v i d u a l ’ s q u a l i f i c a t i o n  
fo r  w ork ing  in  a  s i l i c o s i s  p ro d u c in g  a tm o sp h ere" . I t  i s  p o s s ib le  t h a t  S t e r n s t e i n ’ s 
te c h n iq u e  f o r  m e a su rin g  n a s a l  r e s i s t a n c e  ( " I n d u s t r i a l  D u s ts  -  p#66) c o u ld  be  d e v e lo p ­
ed in t o  a s im p le  p ro c e d u re  f o r  s e le c t in g  men b e s t  a d a p te d  t o  d u s t  ex p o su re .
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f o r  d u s ty  jo b s  men who a re  p a s t  th e  age o f  40 and n o t  young men j u s t  ta k in g  up a  
t r a d e .

A ll  w o rk ers  engaged i n  harm fu l d u s ty  o p e ra t io n s  sh o u ld  be  p e r i o d i c a l l y  t h o r ­
o u g h ly  re -e x a m in e d , in c lu d in g  X -ray  t e s t s .  P a r t i c u l a r  em phasis shou ld  b e  p la c e d  on 
any  in d i c a t i o n  o f  s h o r tn e s s  o f  b r e a th  and c h e s t  p a in s

R e g u la tio n s  sh o u ld  b e  en fo rced  c o n c e rn in g  th e  t im e  l i m i t a t i o n  o f  w ork o f  any 
em ployees in v o lv e d  in  a d u s t  p ro d u c in g  o p e ra t io n .  Suoh Company r e g u la t io n s  c o n c e rn ­
in g  s a n d b la s t in g  c a l l i n g  f o r  a  f ix e d  s ix -m o n th  maximum p e r io d  on suoh  w ork , a f t e r  
whioh a  minimum s ix -m o n th  p e r io d  away from  d u s t  p ro d u c in g  work sh o u ld  b e  fo llo w e d  
more c lo s e ly .

For p r o t e c t io n  from  a l e g a l  a n g le ,  t h e  w orker sh o u ld  be  g iv e n  a  f i n a l  t h o r ­
ough e x a m in a tio n  in c lu d in g  X -ray  b e fo re  b e in g  p e rm a n e n tly  t r a n s f e r r e d  t o  seme o th e r  
ty p e  o f  w ork, l a i d  o f f  o r  d is c h a rg e d . '

CONCLUSION
T here  i s  s t i l l  a trem endous amount t o  be le a rn e d  a b o u t pneum ocon iosis  and 

d u s t-p ro d u c in g  o p e r a t io n s .  One th in g ,  how ever, i s  c e r t a i n  - t h e r e  i s  a v e ry  d e f i n i t e  
te n d e n c y  t o  r e q u i r e  co m p en sa tio n  f o r  i n d u s t r i a l  o r  o c c u p a tio n a l  d i s e a s e s .  I f  th e s e  
co m p en sa tio n  c o s t s  a r e  t o  b e  k e p t  t o  a minimum and  th e  h e a l th  and s a f e ty  o f  workman 
a r e  t o  be prom oted i t  w i l l  b e  n e c e s s a ry  t o  make f u r th e r  s tu d ie s  and t o  p ro m p tly  
a d o p t ad eq u a te  p r e c a u t io n a r y  m easures. Many o f  th e s e  a r e  now in  e f f e c t ,  t h e  o th e rs  

.sh o u ld  be  p u t i n  f o r c e  a s  soon  as  p o s s ib le .  A f te r  y e a r s  o f  s tu d y  and d i r e c t  c o n ta c t  
w ith  t h e  D ust P rob lem , Mr, Dan H a rr in g to n , C h ie f , H e a lth  and S a f e ty  B ranoh, U n ite d  
S t a t e s  B ureau o f  M ines, h a s  come t o  t h i s  c o n c lu s io n  (Eng, & Min, Jo u r , M arch 1937 
p p s ,119-21) w ith  w hich  we a r e  h e a r t i l y  i n  acc o rd

" I n  t h e  maze o f  u n c e r t a i n t i e s  co n n e c te d  w ith  a lm o s t a l l  p h ases  o f  
th e  c a u s a t io n  and d ia g n o s is  o f  d u s t  d i s e a s e ,  a b o u t th e  o n ly  r e a l l y  
w e ll-d e te rm in e d  f a c t  a v a i l a b l e  i s  t h a t  b r e a th in g  l a r g e  q u a n t i t i e s  o f  
d u s t  ( o r  p o s s ib ly  o f  c e r t a i n  d u s t )  o v e r ex te n d e d  p e r io d s  i s  l i k e l y  
un d er some c o n d i t io n s  t o  be h a rm fu l t o  h e a l t h  and  t h a t  su b se q u e n t a l ­
l e v i a t i o n  o r  c u re  i s  d i f f i c u l t  o r  im p o ss ib le ,  T h e re fo re , i t  would 
seem to  b e  l o g i c a l  t o  t r y  t o  p re v e n t d u s t  fo rm a tio n  th u s  p re v e n tin g  
i t  from  h a rm in g  w o rk ers  th ro u g h  r e s p i r a t i o n  o r  o th e rw ise . H ere i s  a  
r e a l  job  f o r  th e  e n g in e e r ,  and l i t t l e  o r  no  h e lp  can  b e  ex p ec ted  i n  
th e s e  v i t a l  f u n c t io n s  from  any ag en cy  e x c e p t th e  e n g in e e rs  and o p e r a t ­
in g  o f f ic ia ls ®

"The m o st h a rm fu l o f  th e  o rd in a ry  d u s ts  t o  b r e a th  i s  p ro b a b ly  
s i l i c a  d u s t ,  b u t ,  on th e  o th e r  h and , n o t  even  f r e e  s i l i c a ,  supposed­
l y  th e  m o s t d e t r im e n ta l  o f  th e  s i l i c a  d u s t s ,  i s  h a rm fu l u n le s s  i t  i s  
b r e a th e d ,  i n  c o n s id e ra b le  q u a n t i t i e s  and o v e r ex ten d ed  p e r io d s .  No 
human b e in g  e v e r l i v e d  any  c o n s id e ra b le  t im e  on t h i s  e a r t h  o f  ou rs  
w ith o u t b r e a th in g  s i l i c a  d u s t  ( f r e e  s i l i c a  d u s t ) ,  y e t  by no means a l l  
o f  t h e  p e o p le  o f  th e  w o rld  have o r have  had s i l i c o s i s .  I n  o th e r  w o rd s, 
th e  q u a n t i t y  o f  d u s t  ta k e n  in to  t h e  r e s p i r a t o r y  o rg an s  i s  a c o n t r o l l ­
in g  f a c t o r  in  d u s t r e s p i r a t o r y  h a rm fu ln e s s .

g i
"One com m on-sense answ er i s  t h a t  any  a tm o sp h e re  in  w hich d u s t i s  

v i s i b l e  t o  th e  naked eye i s  c e r t a i n l y  to o  d u s ty  t o  be b re a th e d  w ith  
s a f e ty  by  human, b e in g s ,  and th e  w is e , f a r s ig h t e d ,  human em ployer w i l l  
im m e d ia te ly  s t a r t  t o  d e c re a s e  th e  d u s t  c o n te n t  in  any  a tm o sp h ere  w here 
d u s t  i s  v i s i b l e .  A f te r  he has e l im in a te d  v i s i b l e  d u s t ,  t h e r e  mav
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s t i l l  re m a in  enough v e ry  sm a ll i n v i s i b l e  d u s t  t o  cause  h a m  t o  th e  
h e a l t h  o f  th o s e  who b r e a th  i - t ,  b u t  i n  any  ev e n t i f  he has  e x e r te d  s u f ­
f i c i e n t  w e l l - d i r e o te d  e f f o r t  t o  rem ove th e  v i s i b l e  d u s t  i t  i s  c e r t a i n  
t h a t  much o f  th e  s m a l le r  i n v i s i b l e ,  and  p ro b a b ly  m ost h a rm fu l d u s t  h a s  
a l s o  been  rem oved.

" M a n ife s t ly ,  i f  d u s t i s  k e p t  o u t  o f  th e  a i r  b r e a th e d  b y  w o rk e rs , 
t h e  l a t t e r  c a n n o t sucoumb t o  d u s t  d i s e a s e  o f  a  r e s p i r a t o r y  c h a r a c t e r , "

I n  d o s i n g ,  we acknow ledge w ith  g r a t i t u d e  th e  s u p p o r t and c o o p e r a t io n  o f  
_Dr, Vi, J , Denno, G en e ra l M ed ica l D i r e c t o r ,  S ta n d a rd  O i l  Company (New J e r s e y )  w hose 

v i s i o n  and  a c t i v e  i n t e r e s t  i n  M e d io o -S a fe ty  p roblem s made t h i s  D ust S tudy  p o s s i b l e .  
We a l s o  a p p r e c i a t e  th e  a d v ic e  and a s s i s t a n c e  re n d e re d  byr

Mr, W. P, Y an t, D ire c to r  o f  R e se a rc h  & D evelopm ent,
Mine S a fe ty  A p p lia n c e s  Company, P i t t s b u r g h ,  P e n n sy lv a n ia ,

Dr. L eonard  G reenburg , E x e c u tiv e  D i r e c to r ,
D iv is io n  o f  I n d u s t r i a l  H y g ien e , D epartm en t o f  L ab o r,
S t a t e  o f  New Y ork, New Y ork, N,Y,

Dr, R. R, S a y e rs , S e n io r  S u rg eo n ,
U ,S ,P u b lic  H e a lth  S e rv io e
C h ie f , D iv is io n  o f  I n d u s t r i a l  H ygiene,
N a tio n a l  I n s t i t u t e  o f  H e a l th ,  W ash ing ton , D.C,

Mr. D a n ie l H a r r in g to n , C h ie f ,  H e a lth  and S a fe ty  D iv is io n  
U n ite d  S ta t e s  B ureau o f  M ines, W ash ing ton , D. C.

Dr, A, J , L an za , A s s i s t a n t  M ed ioal D i r e c to r ,
M e tro p o l i ta n  L i f e  In s u ra n c e  Company, New Y ork, N,Y.

Mr, E, H. B arlow , C h ie f  E n g in e e r ,
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