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D ire c to r

2 , D e f in i t io n  -  dust may be d e fin ed  as s o l id  p a r t i c l e s  ran g ­
ing  in  s iz e  from le s s  th an  1 m icron to  about 160 m icrons 
( l  m icron equals l/2 5 0 0 0 th  of an in c h ) .  In  in d u s try  d u sts  
a re  produced by red u c in g  s o l id  m a te r ia ls  to  sm all s iz e s  by 
such o p e ra tio n s  as c ru sh in g , g r in d in g , sc re e n in g , d r i l l ­
in g , and b la s t in g

I I ,  P h y s ic a l p ro p e r t ie s  -  when a s o l id  i s  b roken  up in to  f in e ly -  
d iv id e d  p a r t i c l e s ,  im portan t changes occur

Att, S u rface  a rea  i s  g r e a t ly  in c re a s e d , e . g . ,  I f  1 oubio 
ce n tim e te r  of q u a rtz  w ith  a t o t a l  su rfa c e  a re a  of 6 
square ce n tim e te rs  i s  crushed in to  p a r t i c l e s  1 cubic 
m icron in  s iz e ,  th e  new t o t a l  s u rfa c e  a re a  w i l l  be 6 
square m eters

B* Space occupied is  in c rea sed  many tim es over volume 
o f o r ig in a l  mass

C, P h y s ic a l and chem ical a c t i v i t y  o f m a te r ia ls  in  form 
of d u st i s  g r e a te r  th an  when n o t d iv id ed

1. In c re a se  in  r a te s  of 
a® O xidation
b . E vap o ra tio n
o . S o lu b i l i ty
d . E le c t r o s ta t i c  a c t i v i t y
e . A bsorp tion  p ro p e r t ie s
f .  Brownian m otion

D. S e t t l i n g  v e lo c i t ie s  -  r e s is ta n c e  to  th e  s e t t l i n g  
m otion o f a dust p a r t i c l e  th rough  a i r  v a r ie s  w ith  th e
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s in e  and shape of th s  p a r t io le ,  w ith  i t s  v e lo c i ty ,  
and w ith  th e  f l u i d i t y  of th e  a i r

E. F lo c c u la tio n  of d u s ts  -  Brownian m otion of d u s ts  in  
a i r  in o re a se s  frequency  o f c o l l i s i o n  r e s u l t in g  in  
fo rm a tio n  of f lo c c u la te d  masses

1 . E ffe c t o f air* m otion
a . In c re a se d  a i r  m otion a c c e le r a te s  fo rm atio n  

of f lo e s
2 , E ffeo t of hum id ity

a* O rdinary  changes in  hum idity  have l i t t l e  
o r no e f f e c t  on f lo c c u la t io n

b . S u p e rsa tu ra te d  atm ospheres have a n o tic e a b le  
e f f e c t  on f lo o o u la t io n

F . W etting
1 . C e rta in  d u s ts  more e a s i ly  w e tted  th a n  o th e rs  
2« W etting can be o b ta in e d  by

a . In tim a te  and v io le n t  c o n ta c t between d u s t 
and l iq u id

b . A p p lic a tio n  of l iq u id  a t  d u s t source
o. A d d itio n  of agen ts w ith  low su rfa c e  te n s io n  

such as ammonia, a lc o h o l, e t c 0, to  in c re a se  
w e ttin g  power o f w ater

G. E ffe o t o f e l e c t r o s t a t i c  charge
1«. E l e c t r o s ta t i c  charges on d u sts  a re  produced by 

F r io t io n
b* Chemical r e a c t io n  or d i r e c t  d i s s o c ia t io n
c . D irec t a c t io n  of io n iz in g  ag en ts  

I I I 9 C la s s i f i c a t io n  of ducts  acco rd in g  to  com position
A6 O rganic duets

1 . Animal d u sts
a .  F e a th e r  
b» H air
o . L eather
d . Bone

2 . V egetable d u sts
a .  P o llen s
b . G rain , f l o u r ,  s traw
c . Hemp, c o tto n , j u t e ,  r a g , paper
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d . S p ic e s , to b acco , ooffeo  
o . Wool, c o a l, etc«

B, In o rg an ic  d u sts
1 . M e ta ll ic  d usts

a . Lead a rs e n io , m ercury, manganese, z in c , 
e t c .

2 , N on-m eta llio  d u sts
a* S i l i c a  (q u a r tz ,  t r id y m ite ,  c r i s t o b a l i t e ,  

e t c . ) ,  a so e s to s , t a l c ,  gypsum, lim e , lim e­
s to n e , carborundum, emery, m arble, g r a n i te ,  
s la g ,  oement, g la ss

IV, C la s s i f i c a t io n  of d u s ts  acco rd in g  to  p h y s io lo g ic  r e a c t io n
A, A lle rg ic  r e a c tio n s

1 , P o lle n s , most o rgan ic  d u sts
B, Skin and o th e r  c o n tac t su rfa c e s

1. Lime, chromic ac id
i0» System ic po ison ings

1, Lead, manganese
D, R eactions in  th e  lungs (based  on exp erim en ta l p e r i to n e a l  

in je o t io n s )
1« I n e r t  re a c tio n s

a .  Coal
b . P r e o ip i ta to r  ash
c . Soapstone
d . Talc
e . A sbestos
f .  F e ldspar
g. Carborundum
h. Heirat i t  e
i .  S e r ic i te

2, A bso rp tive  re a c tio n s
a . C a lo ite
b . Limestone
c . Gypsum
d. Cement

3 , P r o l i f e r a t iv e  re a c tio n s
a .  Q uartz
b . T r ip o li
c .  S il ic e o u s  c h e rt
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V. F a c to rs  in f lu e n c in g  hazardous e f f e c t  of d u s ts
A, Com position -  p h y s ic a l response  is  dependent upon 

com position
l e Caloiuai ca rb o n a te  -  a b so rp tiv e  r e a c t io n  
2» S i l i c a  ® p r o l i f e r a t i v e  r e a o tio n  
3« Carbon -  i n e r t  r e a c tio n  
4 , Lead -  system ic po iso n in g  

B* P a r t i c l e  sis® ~ p r a c t i c a l l y  a l l  i n d u s t r i a l  d u s ts  a re  
of th e  same p a r t i c l e  s iz e  range

1» P a r t i c l e s  g re a te r  th a n  1C m icrons in  d iam ete r , 
seldom p re se n t in  i n d u s t r i a l  atm ospheres 

2 » P h y s io lo g ic a l s ig n if ic a n c e  of p a r t i c l e s  g r e a te r  
th a n  10 m icrons not d e f in i t e ly  shown because

a . R e la t iv e ly  few a re  p re se n t in  th e  b re a th in g  
zone

b . L arger p a r t i c l e s  a re  caught in  th e  upper 
1 r e s p i r a to r y  t r a c t  and removed by o i l i s r y

a c t io n
c .  A lv eo li a re  not la rg e  enough to  adm it p a r ­

t i c l e s  g re a te r  th a n  10 m icrons in  d iam eter
d . P a r t i c l e s  g re a te r  th a n  10 m icrons in  s iz e  

cannot be pnsgocyted
3. R ecent work in d ic a te s  t h a t  p a r t i c l e s  g r e a te r

th a n  3 m icrons in  d iam eter have le s s  p h y s io lo g ic a l 
im portance th a n  th o se  under 3 m icrons 

4 e P a r t i c l e  s iz e  of to x ic  d u s ts  i s  p robab ly  le s s  
im p o rtan t p h y s io lo g ic a lly  th a n  t h e i r  w e t t a b i l i t y  
and s o lu b i l i t y

5* A sbestos d u s t •» p a r t i c l e s  ran g in g  in  s iz e  up to  
about 180 m icrons a re  of p h y s io lo g ic a l im portance , 
p robab ly  as a r e s u l t  of m echanical i r r i t a t i o n  
of pulmonary t i s s u e

C. C o n cen tra tio n  -  may be exp ressed  in  term s of w eight 
o r number of p a r t i c l e s  per u n i t  volume o f a i r

D. Length o f exposure 
E« Dust r e te n t io n

1 . A pproxim ately 50 p er cen t o f in h a le d  d u s ts  a re  
r e ta in e d
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2 . P ercen tage  re ta in e d  in c re a se s  w ith  in c re a s in g  
r e s p i r a to r y  r a te s  up to  20 r e s p i r a t io n s  per 
m inu te . Above t h i s  r a t e  no f u r th e r  change occurs 

S. Mouth b re a th e rs  r e t a in  le s s  d u s t th an  nose 
b re a th e rs

4 . F ib ro s is -p ro d u c in g  d u s ts  a re  more r e a d i ly  r e ta in e d  
In  th e  lungs th a n  smokes whioh c o n s is t  o f much 

' s m a lle r - s iz e d  p a r t i c l e s
F . In d iv id u a l s u s c e p t ib i l i t y  

V I, Methods employed in  d ust d e te rm in a tio n s
A, Com position -  a i r -b o m e  dust may d i f f e r  from th e  

m a te r ia l  from which i t  i s  d e riv ed  because of d i f f e r «  
e n t i a l  d i s in te g r a t io n  and s e le c t iv e  s e t t l i n g

g 1 , C o lle c tio n  of a ir -b o rn e  samples
a . S e ttle m e n t -  r a f t e r  samples
b . By means of

(1 ) l i q u id  media
(2 ) E le c t r i c a l  p r e c ip i ta t io n
(3 ) F i l t r a t i o n
( 4) Impingement 
( 5) Thermal p r e o ip i ta t io n  

2 , A naly sis
a , Chemical

3al  b . P e tro g ra p h ic
c .  X -ray d i f f r a c t i o n

B. P a r t i c l e  s iz e
y. 1 , C o lle c tio n  -  s im ila r  methods employed as no ted

above^under "com position”
2» Methods of measurement 

je a .  L in ea r measurement
(1 ) E ye-p iece  m icrom eter in  c o n ju n c tio n  

w ith  m icroscope
(2 ) P ro je c tio n  of m iorosoopio  f i e l d  or 

photom icrograph on a sc re e n  f o r  com« 
p a riso n  w ith  sc a le

(3 ) E lu t r i a t io n
( 4 ) C ount-w eight method -  based  on know-

ly led g e  o f th e  d e n s ity  of th e  m a te r ia l
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«aid th e  number o f d u st p a r t i c l e s  p e r 
! gram

C, C o n cen tra tio n  
1» C o lle c tio n

a .  S e ttlem en t -  r a f t e r  sam ples
b ,  F i l t r a t i o n  -  sugar tu b e ,  paper th im b le ,

li f i l t e r  paper
e .  Washing -  r a in ,  m is t ,  sp ray
d . Impingement « d u s t- la d e n  a i r  impinged on 

jjj s ta t io n a r y  su rfa c e  produces a su d d en ' change
in  th e  d i r e c t io n  o f  flow  w ith  oonsequent 
lo s s  of k in e t ic  energy of th e  d u st and 
s e p a ra tio n  of th e  d u s t from th e  a i r

(1 ) Grab sample im pingers -  (impingement 
on m icroscope s l id e )

(a )  Konim eter -  a i r  s tream  induced
■ by a s p r in g -a c tu a te d  v a lu e le s s

1* p is to n  pump a g a in s t  a m icroscope
s l id e  covered  w ith  a th in  f i lm  
o f pe tro leum  o r g ly c e r in e  j e l l y

(b ) Owens’ J e t  d u s t ooun ter » nozz le
i v e lo c i ty  h ig h e r  th a n  th a t  o f

konim eter and no adhesive  sub-
i s ta n c e  used on im pinging su rface«

Dust p a r t i c l e s  a re  caused to  ad­
h e re  to  cover s l i p  by conden sa tio n  
o f m o is tu re  about d u s t p a r t i c l e s  
w hich r e s u l t s  from  a g re a t drop 
in  p re s s u re  w ith  consequent low er­
ing  of tem p era tu re  in c u rre d  by 
a i r  p a ss in g  th ro u g h  th e  n o zz le

(2 ) in te r v a l  sam pling im pingers -  (im pinge­
ment and t r a p p in g  in  l iq u id  media)

(a )  G reenburg-Sm ith im pinger -  n ozzle  
and im pinging p la te  a re  immersed 
in  l i q u id .  Impingement ta k e s  p la c e  
in  a i r  s in c e  incom ing a i r  s tream  
keeps p la te  dry« P h y s ic a l s t a t e  
of d u s t p a r t i c l e s  w ith  t h i s
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method o f impingem ent i s  a l t e r e d  
and w e t t a b i l i t y  i s  in c re a s e d  so 
t h a t  th e y  may be r e ta in e d  in  th e  
l iq u id  medium

(3 )  C ontinuous sample im pingers
(a )  h aza rd  re c o rd e r  -  ( impingement 

on a c e l lu lo id  s t r i p  and p h o to ­
e l e c t r i c  d e te rm in a tio n  of d u s t 
in te n s i ty )

e .  E l e c t r i c a l  p r e c ip i t a t i o n  -  b ased  on e l e c t r o ­
s t a t i c  a t t r a c t i o n  and io n ic  bombardment o f 
th e  e l e c t r i c  wind c re a te d  by corona d isc h a rg e

f ,  Thermal p r e c ip i t a t i o n  « based  on th e  p r in ­
c ip le  o f  th e  p re sen ce  o f  a w e l l -d e f in e d  
d u s t - f r e e  a re a  around a h o t ro d . When d u s t­
la d e n  a i r  i s  p assed  th ro u g h  a h o t- c o ld  tu b e , 
th e  dust* i s  p r e c ip i t a t e d  on th e  co ld  s u r fa c e

2» Measurement
a .  W eighing -  w eight of d u s t d e te rm in ed  a f t e r  

c o l le c t io n  in  paper th im b le s , i n t e r v a l  im­
p in g e rs , e l e c t r i c a l  p r e c i p i t a t o r s ,  th e rm a l 
p r e c ip i t a to r s

b . C ounting -  by means o f a m icroscope and 
n e c e ssa ry  c a lc u la t io n ,  th e  t o t a l  number o f 
p a r t i c l e s  of d u s t i s  d e te rm ined  f o r  a u n i t  
volume o f a i r .  This p ro ced u re  i s  q u i te  
s im i la r  t o  t h a t  used  in  making b lood  co u n ts

c .  Comparison method -  d e te rm in a tio n  of t o t a l  
dust; c o n c e n tra t io n  p er u n i t  volume o f  a i r  
based  on a com parison of an unknown sam ple 
hav ing  a g iven  appearance  w ith  th a t  o f  a 
known s ta n d a rd

d . Chemical a n a ly s is  -  s o lu t io n  o f d u s ts  in  
chem ical re a g e n ts  and t h e i r  subsequen t 
quant i t  a t  iv e  d e t e rm ina t io n

June 1952
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HO* TO OBTAIN INDUSTRIAL HÏGXENE SERVICES

The D ir e c to r^  o ff ic e  and the  C entral Laboratory of the 
Bureau are  loca ted  in  H arrisburg . D is t r ic t  o f f ic e s  are  main­
ta in ed  in  Altoona, E rie , H arrisburg , P h ilad e lp h ia , P ittsb u rg h , 
Scranton and W illiam eport.

Requeete fo r  se rv ices  of the  Bureau should be d ire c te d  to  
the proper d i s t r i c t  o ff ic e  or to  —

JOSEPH SHILEN, U. D ., D irector 
Bureau of In d u e tr ia l  Hygiene 
Pennsylvania Department of Health 
432 South O ffice  Building 
H arrisburg , T e l. 5151 ex t. 2124

D is t r ic t  O ffice  Addressee

Altoona
327 C entral T rust Bldg 
T el. -  3-1361

P h iladelph ia
155 S. 2nd S tre e t 
T e l. -  Walnut 2-2399

Erie P ittsb u rg h
3400 Forbes S tre e t 
T el. r Mayflower 1-1949

152.1 G. Daniel Baldwin Bldg 
T el. -  2 -2 7B2

H arrisburg
1400 N. Cameron S tre e t 
T el. -  5151 e x t. 687 -  2894

Scranton
306 Scranton N a t 'l  Bank Bldg 
T el. - 4-3212

f

W illiam sport
140 E. Third S tre e t 
T el. -  2-2759


