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ABSTRACT

"In  o r d e r  to  d e f i n e  th e  « t i n t  o f  gas and p a r t i c u l a r «  e a ia a lo n a  f ro a  
au tom otive  b ra k e s  (an d  c l u t c h « « ) ,  a e o a b ln a t l o n  s e p a r a t i o n  and ico ra aa  
c o l l e c t i o n  sys tem  v a a  d a v la a d .  Unique e m is s io n s  e o l l a c t o r a  f o r  both  di«c 
m d  drua b rak a a  and f o r  a c lu t e h  v a r a  e o n e a iv a d ,  d a a ig n a d ,  and b u i l t  aa 
th* main « a b o d ia a n t  of t h i a  i n a t r u a a n t a t i o n .  Tha hardw are vaa  lna*.all«d 
on a v e h ic l e  v h ie h  v a a  th a n  d r iv e n  th ro u g h  v a r io u a  t e a t  e y e la a  to  d e te r ­
mine the e x t e n t  and ty p e  o f  brake  e m is s io n s  g e n e ra te d  a t  low and high 
o p e ra t in g  t a a p e r a t u r e a .  T y p ic a l  d r i v i n g  c o n d i t i o n « ,  auch aa th e  D e t ro i t  
T r a f f i c  T e a t ,  aa v e i l  aa more abua ive  d r i v i n g  c o n d i t io n «  euch aa fade 
c e a t a ,  were i n c l u d e d .

T y p ic a l  o r i g i n a l  equipm ent and a f t e r m a r k e t  f r i c t i o n  m a t e r i a l«  for 
bo th  d ia e  and d ru a  b ra k e «  were uaed in  the  c e a t a .  Brake r e l i n e a  were 
made to  a i a u l a t e  t y p i c a l  conaum ar-cype p r a c t i c e « .  The b ra k e  e a ia a lo n a  
g ene ra ted  were re a o v e d  f r o a  the  v a r i o u a  c o l l e c t o r «  and maaa b a lance«  
v e r t  pe rfo rm ed . Tha p a r t i c u l a t e «  w ere  p ro c a a a e d  end an a ly zed  by a com­
b in a t io n  o f  o p t i c a l  and e l e c t r o n  a ic r o a c o p y  to  a a c e r c a i n  th e  aabea toa  
co n te n t  and th e  a a b a a c e a  p a r t i c l e  a i z e  d i s t r i b u t i o n  in  the  w ear d e b r ia .  
Comparison« o f  e a im a ic n a  f r o a  new and uaed f r i c t i o n  m a t e r i a l s ,  d i s c  and 
drum b rak e« , and o r i g i n a l  equipm ent an i a f t e r m a r k e t  m a t e r i a l s  were made. 
F i n a l l y ,  an e a c ia a tm  vaa  made of th e  t o t a l  e m is s io n  of a t .  ' t o e  by a l l  
of tha  v e h ie l e a  i n  t h e  country.« on th e  a v e ra g e ,  more than  * 9 .7  p e rc e n t  
of the a a b e a to a  i s  c o n v e r to d ;  ,thg c o n t r i b u t i o n  to  th e  a tm osphere  i a  5060 
pound«, o r  3 .2  p e r c e n t  o f  t h e ' t o t a l  a a b e a to a  « a i a a i o n a .
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a b s t r a c t
Ttie K .tion .1  l n . t i t u t .  fo r Occ»p«tion.l S .f . ty  «nd H rilth  h . .  conducted 

in d u . t r i . l  U re i» «  «  '" . r o o t e r i i .  . i r b .n , .  . . b e o t e  .x p o .u r ..  u d

„ „  p r .c t i e e .  fo r  broke a e c h u ie . .  P .r.on .1  u d  |e n .r» l  «reo t i r  . . .p le o  

„ „  co llec ted  ond onolyied fo r T U . v « i,h t.d  » .e ro ,.  (TVA) .nd peek o .b . , -  

, 0.  f ib e r  r - .e e .e r . t lo « « -  — b1”  c ,U k 1 ,J  u d  tn .ly .e d  for

* ----- -----
„e .rTn. 'K IO SH  rec .an .nded  c . i l i n l ,  of 0.5 f i b e r « / « .  Too of the  pe.k t -  

p i .c  c o l le c te d  . « . «  co .p re .oed  o i r  c l . o n i n ,  . . .  used hod f ib e r  l e v e l ,  tbot 

exceeded the OSHA c e i l i n g  of 10 f i b e r . / « .  C e n . r . l  o r e .  T bV . . . r e  s i . i l . r  

for .11 f o c i l i t i e .  (0 .0b  to  0.15 f i b e r . / « ) .  TEM o n i l y . i .  i n d i c t e d  lover 

f ib e r  c o n c e n t ro t io n .  thxn OPT in  . o . t  . . . p i e .  tnd re v e l le d  t C t J O ^ t h .  

to tx l  f i b e r  populAtion . . .  <5 -  1 » C  The . « « t r i e  . . . »  c b r y . o t i l .  f ib e r

^ T 7 r T ^ r r r i r ^ . . , t . r .  « . i y . i .  t « . .  so-.

i l l
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INTRODUCTION
One of the  o b j e c t i v e s  of  th e  N a tio n a l  I n s t i t u t e  f o r  O ccupational Safety 

and H ealth  (NIOSH) i s  to  e v a lu a te  environm enta l exposures of working popula­

t i o n s  th rough  i n d u s t r i a l  hygiene f i e l d  su rv ey s .  A ccord ingly , NIOSH conducted 

comprehensive i n d u s t r i a l  hygiene surveys t o ;  c h a r a c t e r i z e  dus t  exposures 

r e s u l t i n g  from v e h ic l e  brake s e r v ic in g  o p e r a t io n s ,  make a thorough a s s e s s ­

ment of work p r a c t i c e s  u t i l i s e d ,  and document th e  types  of p e rso n a l  pro­

t e c t i v e  equipm ent u sed .  Of p a r t i c u l a r  i n t e r e s t  wax th e  p o t e n t i a l  f o r  ex­

posure to a s b e s to s  f i b e r s  which could  be g e n e ra te d  by th e se  ty p es  of opera­

t i o n s .  L imited s t u d i e s  o f  workers involved  in  b rak e  s e r v ic in g  have suggested 

th a t  t h e i r  w o rk - r e la te d  exposures may be a s s o c ia te d  v i th  a sb e s to s - in d u c ed

.. 1d i s e a s e s .

NIOSH e s t im a te s  t h a t  a work fo r c e  of 151,000 b rake  mechanics and garage 

workers in  th e  U .S . i s  p o t e n t i a l l y  exposed to  a s b e s t o s . 2 P o te n t i a l  exposures 

are a r e s u l t  of 125 m i l l io n  pounds o f  a sb e s to s  used annua lly  in  the U.S. 

fo r  th e  p ro d u c t io n  of brake f r i c t i o n  m a t e r i a l s . 3 Besides a s b e s to s ,  o th e r  

m a te r ia ls  ( e . g . ,  b in d e r s ,  f r i c t i o n  m o d i f i e r s ,  f i l l e r s )  a r e  used in  the manu­

f a c tu r e  of b ra k e  l i n i n g s ,  t h a t  can l ik e w ise  have a p o t e n t i a l  f o r  exposure.

As noted in  one s tu d y ,  50 m a te r i a l s  an d /o r  compounds th a t  make up the 

b in d e r s ,  f i b e r  r e i n f o r c e r s ,  p ro p e r ty  m o d i f ie r s ,  e t c . ,  were i d e n t i f i e d  du ring  

brake l i n i n g  m a n u fa c tu r in g .2
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t i

BRAKE MATQ^IALS, PRODUCTS, AND USACE

u i .enei cal t . r . l « r M t(  r r lc ,i0 "
n .  r , , o i r . . . n t >  o f  « r i ,  . - t o m b a l e  f r i c t i o n  « » r i a l .  « »  r e l a t i v e ly

P a s s « , . r e a r .  . « r e  l i . h t  « 4  d . . i , n . d  f o r  1 «  . , « . 4  o p e ra t io n s ,  

■ r t k t t  u « r .  o f  »  « s t o m a l  c o n t r a c t « ,  ty p e  « 4  u t i l i s e d  •  v a r ie ty  of « « • ­

r i t i . !  t h i s  i n c lu d e d  l e a t h e r  « 4  i . p r . « « . t . d  c o t to n  p ro d u c ts  vhich «oro 

to m o n ly  0 . . 4  . l o o ,  with . . . 1  oo4 f o l t .  1= 1903 -o .o n  . . b o o t . ,  f r i t t i . »  

„ t o r i o l o  « r .  f i r s t  « r k . t . 4  io  the  « n i t . 4  l u t t i  by t h .  Koo.b.y « 4  

M t t i o o o  Conpany o f  « b i e r ,  P en n sy lv an ia .5 Because o f  t h e i r  su p e r io r  hoot 

r e s i s t « »  ond d u r a b i l i t y  they  ra p id ly  in c re a s e d  in  u s .  and soon 4 o . i n . t e d  

, h .  « r k e t .  The »oven a s b e s to s  b ra k e ,  co n tinued  to  be t h .  4 o . i n . n t  product 

used in  a u t o n o b i l e s  u n t i l  about 1930. They t y p i c a l l y  co n ta in ed  701 or . o r .  

u i r e - c o r e d  a s b e s t o s  y-.rn i n p r . « r . . t e i  with d r y i n ,  o i l s ,  such a .  l in seed  and

bitum inous m a t e r i a l .

Molded brake l i m n , .  . . r e  developed in  t h .  e a r ly  1910's and , . i n . d  . n c r e . s -  

i n ,  u s .  k i th  t h .  in t ro d u c t io n  of i n t . m . l  sho . b rake ,  in  1 9 " .  By 19J0 v i r ­

t u a l ly  a l l  a u to a e b i l e s  v . m  equ ipp«  . i . h  « 1 4 «  brake l i m n , . ,  a l th o u .h  

„ „ „  products  c o n t in o ,  to  b .  u . . d  in t ru c k s ,  heavy . , u i p « . t  and fo r  .p e ­

c u l i o «  a p p l i c a t i « . .  Th. « I d e d  l i n i . , »  i "  —  «“ * «  1 ,n« 'h ............

U l y  by t k .  - n u f . t o u r e r ,  and « u n t e d  on b r . k ............... ....  r i v e t s .  O m i l

t h .  « d  1910's brak.. war. only « « t e d  .. m a r  « . . 1.1 bo..ver, vith th. 

d . T . l o p h u t  of i n t e r n a l  she.., four « » 1  —

a ,  . „ „ « b i l e .  . . r .  d e s i ,n e d  f o r  . . .  a t  M l » '  — >*■ t o *k* ^

proved i .  b o th  d u a l i t y  « d  p e r f o r m - .  V arious  -  * * » " * ' *  « «  ‘ " " 0-  

duced a .  f i l l e r s ,  b i n d e r s ,  and f r i t t i . ,  « d i f i e r s .  1 .  19d‘  bonded brake

2



l i a i n g s  « «  d . v . l o p . d  f ° r  *PP” “ “ ' « ‘ '  40! ° f " "  o r l5 '

i „ !  „ » i p « «  It . «  - r k . . .  1» • « » » • -  th *y r i f U l 1  <l0“ “ ' , d  ” ‘

p l . e a a e a t  „ r k . t  b . c . u s .  o f  t h .  c o n . i d . r . b l .  . . r i n g s  i »  1*b«r  d“r “ ‘  l n ’ u l - 

U t i o a  In 1965 t h .  f i r s t  d isc  b r . k . s  r « r .  m t r o d u c .d  Oh « « r i c a  

b U . s  .n d  r . p i d l ,  i n c r a i s e d  ih  In .975 . i r t u . l l ,  .1 1  o r . , i n . l  . , « i p « n t  

„ r .  bad f r o n t  r t . . l  b r . k . s  o f t h i s  t , p « .  b . „ » s .  o f  l«»« s t r m , . n t

b r . k i = ,  r . , u i r „ . n t .  .n d  t h .  d i f f i t u l t ,  of . d . p t i n ,  « a h . h i t . l  p . r k t n .

b r . k . s  to  t h .  d i s c  c o n f ig u r s t i o n ,  t h ................... b r . k . s  -  95* of c u r r . h t l ,

sold e . r s  . r .  s t i l l  o f t h .  d r u .

Rfquirowerits fo r  Brake Lining?

.  c o . s - .n t  or . U , h t l y  d e a r , . . . , . ,  c o . f f i c i . n t  of f r i c t i o n  .CD . i t h  t « -  

p « r . tu re  up ro .bout .000 F i s . r . , u , r . d  fo r  .n  . f f i c i . n t  b r .k .  l in ing !  OF 

, . lu . ,  of f r o .  0.50 to  0 .45 . r .  . » p u l l ,

b r . k . s  r . , u . r i n ,  « c . s s  p . d . l  p r . s . u r . ,  .nd  t h o s .  . i t h  h i « h . r  v . l u . s  . r .

„0  . . „ . i t . . .  -0 P r e s » -  -  d .v . l . p  . . . . . .  . . . r -  l d . . H „  « *  d . s . r . d

f r i c t . o n .1  q u . l i t i . s  should b .  « i . t . i n . d  throughout t h .  l i t .  of t h .  U n tn ,  

„ t . n . l  • Ourtn. b r . k i n , .  c h . . i c . l  .nd p h y s i c i  c h .n g .s  “ =“ r  ,n  ,h *

■ at.r isl . t  th . br.kint surf jo ts. fh«s. 'lunges “ >' produc *n incre.s 

f ^ l d ^ p .  or .  d .c r . .s .  ( f .d .)  in fried»»- ^ ‘ . f . c o r ,  * M X

s lig h t l , upon r .p ..t .d  .p p lic .tio « ., but . i l l  r .tum  to th .ir  in . t t . l  . . . . .

upon cooling-.

u .  „ . r  o f t h .  l i h i h « .  i .  . » ■ » *  f "r  r ? 1
considerations. hou.v.r, hi....... «  h. ..»ci.,.d 1th *.

,.«d.nc, of th. lihin, to ,1.», ............. r,duc,.on .n . F ^

. . .  ___________ __ .1 1 .1 .4  * -  - 1—  *  1“ “ ‘  “
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r i a l  to  o ccu r ,  p y r o l y s i s  o f  the organic b in d e rs  and thermal decomposition 

o f  th e  c h r y s o t i l e  f ib e r s  under b rak ing  p ro v id e  the necessary  con tinu ing  

renew al of th e  l i n i n g  s u r f a c e .

f tie  l i n in g  sh o u ld  be n o n -a b ra s iv e  to  the d rua  su rfa ce .  In  a d d i t io n  to ca u s ­

i n g  rap id  d ru a  weac, a b r a s iv e  l i n i n g s  score th e  druas which, in  tu rn ,  leads  

t o  a  rap id  w ear in g  of the l i n i n g .  Druas aade o f  cas t  i ro n  and s t e e l  are 

coaaon with s t e e l  being ao re  s u s c e p t ib le  to  sc o r in g .  S ince brake druas have 

a hardness  of  f r o a  3.5 to  4 .0  on the MOH 'm in e ra l  hardness range of 1 to  

IS  in  which t a l c  i s  r a te d  1 and diaaond 15) s c a l e ,  v i r t u a l l y  a l l  l in in g  

m a t e r i a l s  used have lower h a rd n ess  v a lu e s .

O th e r  necessa ry  or d e s i r a b le  p ro p e r t i e s  of b rake  l in in g s  in c lu d e :  p h y s ica l  

s t r e n g t n ,  d im ens iona l  s t a b i l i t y ,  q u ie t  o p e r a t io n ,  and sa fe  and n o n -o f fen ­

s iv e  d e g ra d a t io n  p ro d u c ts .  Of the var io u s  p r o p e r t ie s  d e s i r e d  in  the l i n ­

i n g s ,  g r e a t e s t  a t t e n t i o n  i s  pa id  to  b u i ld -u p / fa d e  and recovery  c h a r a c t e r i s ­

t i c s .  t e a r  problem s are not as  s e r io u s  and can aore r e a d i ly  be overcoae 

w ith  the m a t e r i a l s  a v a i l a b l e .

Compounding I n c r e d ie n t s  of Brake L in ing7,S,0> 10 •

To achieve th e  d e s i r e d  f r i c t i o n  p r o p e r t i e s ,  a wide v a r ie ty  of in g re d ie n ts  

a r e  c o n o n ly  us  ad  in  the  a a n u f a c tu r e r  of autom obile  brake l i n i n g s .  These 

i n c lu d e :

‘ —• #
A sbestos

A sbestos  i s  u s e d  fo r  f i b e r  r e in f o r c e n e n t  of  th e  f r i c t i o n  p ro d u c t .  Chryso­

t i l e  i s  used a lm o s t  e x c lu s iv e ly  and co n p r ise s  f r o a  40 to  50 p ercen t  of the



brake l i n i n g .  F ib e r  t r a d e s  4 th rough  7 a re  u sed ,  and o cc a s i o n a l l y ,  seve ra l  

s i s e s  a r e  mixed or even c a lc in e d  to  improve performance c h a r a c t e r i s t i c s .  

A a o s i te ,  c r o c i d o l i t e ,  or o th e r  amphibole a s b e s to s  v a r i e t i e s  a r e  not used 

because  they a r e  too  harsh and tend to sco re  the  brake drums.

O rganic b in d e rs

O rganic b in d e r s  a r e  p r im a r i ly  pheno lic  type  r e s i n s  s e le c te d  f o r  high b in d ­

ing  s t r e n g t h ,  Unmodified p h en o l ic  re s in s  when su b jec ted  to  hea t usually  

become hard and b r i t t l e .  To p re v e n t  t h i s ,  l i n s e e d ,  eashev n u t ,  or China 

wood o i l s  o r  c r e s o l s  a re  added. Rubber, which a l s o  f in d s  use as a b in d e r ,  

im p a r ts  d e s i r a b l e  f r i c t i o n  q u a l i t i e s  and improves the  f l e x i b i l i t y  of the  

l i n i n g  m a t e r i a l .

F r i c t i o n  m o d i f ie r s

F r i c t i o n  m o d i f ie r s  a r e  added to  achieve a d e s i r a b l e  CF over a l l  o p e ra t in g  

c o n d i t i o n s .  These m o d if ie rs  a l s o  produce a more homogeneous l i n in g  s u r f a c e .  

In c luded  among th e s e  m a te r ia ls  a r e  lead ,  s i n e ,  b ra s s ,  cashew nut o i l ,  graph 

i t e ,  and o x id es  of i ro n  and c o p p e r .

F i l l e r s  ‘

F i l l e r s  such a s  ru b b e r  s c r a p ,  b a r i t e s ,  c l a y s ,  s i l i e a ,  coke, coa l and o t h e r  

m in e ra ls  a r e  u s e d .  These s l s o  have u t i l i t y  in  ach iev in g  d e s i r e d  f r i c t i o n  

p r o p e r t i e s ,  i n  some cases  th ro u g h  ac t io n  a s  a b ra s iv e s  to  re c o n d i t io n  b ra k ­

in g  s u r f a c e s .  One major purpose  of the r e c o n d i t io n in g  ag en ts  i s  to  r e t a r d  

th e  fo rm a tio n  o f  f o r s t e r i t e  which may accum ula te  on the s u r f a c e  of the 

b rake  l i n i n g .  F o r s t e r i t e  i s  u m ineral not o r i g i n a l l y  p re s e n t  in  the brake

bu t i s  c r e a te d  by d eh y d ro x y la t io n  and « c r y s t a l l i s a t i o n  of eh ry so  

t i l e  a s b e s to s  a t  high t e m p e ra tu re s .  The h a rd n ess  of f o r s t e r i t e  (6 .5-7*0
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„  t o l . r u  « b  t o .  i t  —  »  - «  -  «“ «• b r “ '  *"a

( t o « »  J.5). « « “  - TS,r" " ' ’ r" r," ,lU '
u t l .„ . (  ehrysotile to f . r . t . r i t .  i .  u  t o . « . .  . « « « •

Curing agen ts

* * «  . . . . . .  - / » '  — ’ *" “" d “  “ *” ■
Ml „ « . i» .  ..--ur » „ » « .  to — i k" k*

-  . ,f ........... . > »  Pro....«

a  ... toi.. .f * " » « «  •' * * .  u.u«. » » -------

................ « iU to  ..  «Hi... • -  ™ »  •'
These in c lu d e :

r » »  * . — —  *■ —  *■ t o r *c i

a.. . ,1b... » c .  . vtr. bub,«. to " " "  “

„ to .. .  » , .»  « , » 'to  — »  I»»»* *' 'h'S ,,r*

to .,» « , — • -  " m4“
.1 .«  - t o  btoto.

u „ in ( i  or » t o  p" tr "  V" 1 '

are in l i t t l e  use today.

Extruded L in in g s
................ .. by « — to -  -or. ,U «U  «*«* “  *""■
!  L r . i . »  - t o - ,  o r i t i c o .  1.  . U U l »  —  —

.  added to  produce a hard  i n f l e x i b l e  f in ish e d  p re ­
l i n i n g .  c u r in g  ag e n ts  a r e  added to  proa

d u e ts .
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Sheet L in in g s

These i r e  la m in a te d  s t r u c t u r e s  foneed by winding i  0 .0 0 1 -0 .0 0 2  inch  film 

of s tock  abou t i hot r o l l e r .  Since the f a b r i c a t i o n  p ro cess  i s  a r e l a t i v e ly  

expensive one ,  l i n in g s  o f  t h i s  type are not commonly produced f o r  general

use .

Dry Hixed ty p e s

This p ro c e s s  in v o lv e s  th e  dry mixing of v a r io u s  i n g r e d ie n t s  cap ab le  of pass­

ing a 200 mesh s c re e n ,  and then a d d i n g  the l i n in g  under p r e s s u r e s  of from 

1000 to  .W O pounds p e r  square  inch .  The r e s u l t i n g  l i n i n g  i s  among the most 

heat s t a b l e  of  f r i c t i o n  m a te r ia ls  in  use today and o b ta in s  wide use in  the 

m anufacture of brake b lo c k s  fo r  heavy duty  s e r v ic e .

M illboard Type

The m an u fac tu re  of t h i s  type  of brake l i n i n g  m a te r ia l  i s  by a p rocess  s im i­

l a r  to  t h a t  u t i l i s e d  in  th e  paper i n d u s t ry .  Wet s to ck  i s  formed and passed 

over r o l l e r s  w ith  v a r io u s  dry ing  and baking o p e ra t io n s  producing  shee ts  

of uniform l i n i n g  m a t e r i a l .  The equipment f o r  producing such m a te r ia l s  i s  

ex p en s iv e ,  bu t th e  volume of production  le ad s  to  an econom ically  produced

molded l i n i n g .
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ld  b»v. c . «  f r o .  t h .  c - t t i n ,  and f l t t i n *  1  t b .  « « »  U “ " ‘

^ , ” ’ 7 « , ,  lib e lr  . i r b . n , .  fib .r  — —  * "  c o n . i d . r . b l y
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.V t b .  - . b a n d ,  i n a t a l l i n ,  t b . . .  Tb. . . .  -  r . U . d  l . - P  r e a r e d

I .  f r i c , i „  . a t e r i a l  t .  a b a . ,  d r i l l ! . .  b . l e .  f . r  r i v e t ,  -  -  
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' i u " ‘  ' h ; „  : :  . r . .  i d »  -  - — -
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“ 4 .  . . .  and r i v e t  i n ,  nn . f  t b .  -  —  - *  " "
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t0  g r u t e r  e n s u r e ,  th en  t h a t  « « - ’ » ' » >  the  .

,  th# ««4 fo r d r i l l i n g ,  fac ing , or
b i tb  , b .  in t ro d u c tio n  . f  b .n d .d  l i n m , .  tb. . . .  ^

. r i n d i n .  . p e r a t i . n .  d u r i n ,  i n . t a U . t i »  d . c r . . . . d  >
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* , » . «  r . p l . « . . n t  of i n t . r n . 1  » . «  b r , k . .  c _  p r . c t i c .  . . .  »  r „ . v .

Cb. b r . k .  . . . r  d o »  f r o .  t b ,  K . u . i n ,  b ,  . i r  b l o v i n ,  o r  b r» .K in « .  A f t . r  . 0 , 0  

i n e r t . s i n «  . . . r . n . . .  o f  t b .  K » . r d .  cf . . b . » . .  -  i t .  p r t . t n c .  in  b r . k t -  

l i n i n «  d u . t  1 .4  to  . . .  b ro .b .n « ,  . . .  v i p » « ,  dry b ro .K .n« , o r  « . » * . .

v . r k  p r . e t i c .  »  »»»« » o k .  « « , « « . ,  ............................ ......

i a p r o v e i  work p r a c t i c e s  are n e t  u n iv e r s a l .

U  t h .  . 0 3 0 ' .  » d  1 0 « ' .  . 0 . '  . n . o o o b i l .  .Kop. . . r .  r . l . t i v . l y  m i l  .nd  

. . . .  ■ . c h .n i c s  p « r fo rn .d  .11 . » . . « * 1 «  “ ‘ " ' " . n c .  » d  r . p . i r  . c t i v l t i . . .  

r . c . n .  K . . . v . r ,  . K . r .  K . .  b . . .  -  i K t r . . . i b «  . « d o n o r  « « • * ■

. p» i . l i d . . i . . .  . U K  .KOP. o n u . d - d  f . r  Kr.K0. -  " o n ,  -

H or.t .K i l .  .................. n r . —  d o rin j b r .k .  . . r k  »  •»  — « * “

b . 1 . . .  .K .« « . . .  of * "  "

considerab ly .longer periods of t in e .
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ELECTION OF FACILIT IES SL'R'EicD
m .  pu rp o „  eP » .  i n d u . t r i . l  hy t i e n e  . t e d ,  . . .  »  i n v e i t i « . »  •»* char-

a t t e r i »  » » » . » - ,  d e . ,  e » ............. ...... f r e e  v . n . C .  » . . .  - i n t . n -

„ »  and r e p a i r  » » ' » t i e n .  . . w i n ,  ante -  " »

Ttierefore, i t  . . .  n e t......... . »  » » »  ... .................. .. *

a e r v i c i n .  t . c h n l . u e .  ■ • »  —  »  - «  “  “ h' "  ........................ “

m e  n u , « r  e f  v e h i e i e .  i . r v . c e d .  T re  eP th e  . »  Ü » .  » » t » d  f r  » ,

„ „ » « . t i e n  . . r e  . - » « . »  b ..................... * “ *  — 4 *

to  45 b rak e  jo b s  p e r  *eek a t an a v e ra je  of t>3 « in u te »  per y e h ic l

M in i n «  Pour f i l i t i . ,  - a e e d  n . t n  -  —  -  b - » « *  ' » *

;  „  * ,  O r . »  J e b .  per . e r i .  T n .  . e r r i »  t i n .  v a r ie d  d e p e n d » «  on » ,  type

r f  v e n i e » .  D e f i l e d  . » » m e  d e , ,  . . . p i » «  .u r v -y s  v e r ,  ten d u e , ,d  „  . . »

f a c i l i t y .

DES CRI PT ICS CF BRAKE SERVICI SC. OPERATIONS

I t ,  a e r v i c i n «  p re c e d e re .  Prend . ,  e . »  — U >' “  " U “ S-

* «  venir» i. driven » »  * —
n a t io n ,  . » d i n ,  r . p . i r „  » •  - e e l .  . r e  e le v a te d ,  rearved . .nd » , n  t n .P e c t -

ed. »... deft i. cleaned P r e .  tn, d r » ,  .n d  b r . n ...... bl*.. »

. . .  e r  d r ,  . i p i n d / n r e » » « ,  e . i n .  c e . p r , . . . d  . i r ,  e r  .  < » > » * ' » ” • '  

Mtheda. Par,. . . .  » « ,  rep laced  er » » . r e d  a .  needed and » .  » • »  —

»  reaeaenb led  -  . d i » » ! .  T e . t  d r iv in ,  » ,  v e n i e »  Per P r .Per  P l . t » .

. th# fiBal ph*s* of the s e r v i c i n C o p e ra t io n .  A b r ie f  de- 
aad ad justm ent i s  the f in * i  F

.eriptien .f «h. »divide.! “  " “ 1“ 4 l" '
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sa m p l e  c o l l e c t io n A.SD ANALYSIS METHODS
Airborne Saur ies

» 4  , - r . l  . »  « , 1 »  « «  « . » « « -  «

« „ . I - .  — .  * 3—  « “  " r ' ‘ C‘ " ‘  ‘

................. .. i .  » .  *  * * “  * " k * ‘ t h i "  *‘ Ch U C l l l ' V

» u - r - » p—  d i t *- p , r , " ‘ 1 *>r

. . . .  c a iu c t td  ta  . *  —  -  • '  -  * “ • ■ " h*"i c * “ , , n‘ p ;

=—  Tyr« 3P <-» -

, « . »  p t .  ............... .. ” r '  ; r : f n „ r !

,  c , n b r , » 4  . » P i - «  “ »> t f  =-° U " ”  F t r  a P '  ‘ j  r

. « r ,  eb , n » 4  p . r « i « . » P  * « » » .  « -  Fr,V" '  F , " ‘ C“ *'■ '

u . * «  . 0 « .  * ' " * ' • , w i  f i b s r  c" " n; r , t i ;  ccn

, « « » . 4  f o r  * .  « «  T « «  * • " « “ "  .............  F"  ‘

— * -  -  -  ......... . * -  d“,T ,r: : ; ;
,„ d  s w r l t »  P" ” “ 1 p' ,k  'P P ' ! “ rM  *, r * "  '

6 . , ,  Fu .F.  c . U b r , „ 4  «  —  » • *  ^  « “ * “ 4 “  “  '

c .  “ • f s r  r '* k

p i e i .  m  -  - — i a " Fi f ° r

lu c„ 4  by , b , . « b „  «  « « « * ■ -  * *  FFFt' i “" *

, f . ,  -  « *  — -  -  -  siosh - 1 ; ; ; : r

C ll H.t bb4, «CAM 3 b ,»  r r K —  *............ ....

■; -t M n  5 „  in  » „ „ b  » 4  . i *  «  > « • '  •  3 «• ■ « - « *  -

: z ' p -  — ■» — -  * “ , m , ‘ c , , ‘ on

; : ; 0. 4 ioS . = « b » b » » » b . » .  • •  « * "  ~ e u b ie

0 ! t i r  lf ib « P s/cc  ) •
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. well as  those samples I
U n d «  s a . p l « ,  f ro*  • —  f *“ U , y  s u r v , ' ! d - “

■— r a t i o n s  as de te rcined  by the o p t i c a l  coun tu i l  o«tho.,
h i th  fib«*" conc en t ra t ions ,  as

„ 1 , . -  »  * —  • l « “ “  " t l U t i n ‘  " l " " ä

a r e .  d . c t r o n  d i f f r a c t a o b  « * »  • ..... .............* l ' r "  ,  ,
(« U , .  « r .  o b . . rv « d  .T.OOOX - . n i f  i e . t i . n  « *  ^  “

. , p , a e  r a t i o » . i » d  by I c n . t h  -  ‘ caae tc r .  * “  “  “  * "  ° b‘

, , „ , d  f i b e r s  f=r  i d e n t i f i » - ■ >"

4i „ d u , -  f i b e r s  d e t e r . » .  * * "

„ d  M U  elemental  s P e c t r «  ......................

U b r v s c i l .  and f o r s t e r i t e  ebtaaned fro* -  »•»•

W .  p re p a ra t io n  -  - H -  « "  “ “ “  * *
„ , „ r - r ,  > l .s .»  and Evaluat ion o f  Analyt ical  " « ' hc- ! f ' r

in the Technical Report ^

Environ» » , .1  Stud ies  of Fibrous Fare,co la ,o  E x p o .o r , - .

Conor.,. . r e s  seoPie.  f o r  » . »  - » » •  **“ •

panose> v o r .  co l l e e i e d  . s  . » >  S' * Pl"  ^  ‘

. . . P i e r s  -  •  " »  «f ”  " "  ^  "
,  aacplans t r a i n  and « . *  r a t .  l i k e  -bat  used f o r  . . b e . . . .  « * «  o o U e c o n  

........................ analysed f o r  o e t a l .  by a to .a c  abso rp t ion  speo .ropbotowtrv

i0 accordanco uitb tb. H O »  «tbod. N C »  «■— ' « •  S, W' i"J'' *"

Slbb . “ ’15

Bull: Samples

U . ; : ,  o f  b rake s e a r  d o , ,  . . r e  » n e t t e d  f r o .  t b ,  brake d r  o n ,  o f  - . 1

„ b i d . ,  t h a t  were b c i n ,  s e r r i e d  d o r i n ,  , b ,  . » n r e p s .  T b . . .  « « "
. i d e n t i f i c a t i o n  o f  f i b ro u s  p a r t i c  

a n a lr to d  by TEM f e r  c h . r . c t . r i c . t . c n  and a d e b ta f s e a t i
-r fiber s ite  distributions, 

ulates and for d e l e g a t i o n  of fiber s i .
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M3RK PRACTICE CHARACTERICATION

During the  surveys c o n s id e ra b le  emphasis was p laced  on d e t a i l i n g  work pro­

ced u res  du ring  b rake  s e rv ic in g  in  o rde r  to  document the types of cleaning 

p r a c t i c e s  ( e . g . ,  vacuum, compressed a i r ,  b ru sh in g )  used in  re p la c in g  brakes . 

As p re v io u s ly  d e s c r ib e d  in the s e c t io n  "D esc r ip t io n  of Brake S erv ic in g  

O p e ra t io n s"  the b rake s e rv ic in g  work p r a c t i c e s  u t i l i s e d  were s im i l a r  fo r  

a l l  f a c i l i t i e s  su rv ey ed ;  the major d i f f e r e n c e  observed was th e  methodology 

u t i l i s e d  f o r  c l e a n - o f f  of brake wear dust  from th e  b ra k e -sh o e /b ack in g -p la te  

a s s e m b l ie s .  There were s ix  d i f f e r e n t  types of c l e a n -o f f  methods observed 

d u r in g  the  s tu d y .  Those s ix  methods a r e  d e sc r ib ed  as fo l lo w s:

1. C c r r r e s s rd  Air Blcw-Pff. A compressed a i r  stream was used to blow 

away brake wear dust from th e  brake assem blies  and drums.

2 . Cor.rrcssed A ir -S to d ia rd  Solvent Mist Blow-Off. The same as *1 ex­

cept a spray gun co n ta in in g  Stoddard so lv en t  was used to  produce 

a s o lv e n t  m is t  fo r  b lo w -o ff .

3. Dry B rush ing .  Brake wear du s t  was brushed away with a sm all u t i l i t y  

b rush  u s u a l l y  1 inch in  d ia m e te r .

4 .  Wet B ru sh !n e .  B a s ic a l ly  th e  same as  dry b rush ing  except th e  brush 

was kep t s a t u r a t e d  with a l i q u id  such a s  g a s o l in e ,  w a te r ,  o r

'S to d d a rd  s o lv e n t .

11



S. S e u i r . - o f f .  0 s i u i r . - b o . t l .  een to in inb  . . . e r  . . .  — <■ ••

, l s h  o»»y broke dust .  This . . .  f U o . . d  by 

with a c lo th .

6 . c i . d M n . ,  » .bop . iP «  “ l " '  * K m

f i l t e r . , « »  used in co.bmo.ion v i.h  « .pressed  nib. » ! •  »> " *  

included .  broke .n cop .u l.ti.»  c lin d er  tb .. = . .p l . . . ly  

the br.ke-shoe/bsekind p l .t .  . . . . . b l f -  -obonid oP-roted .  c -

pressed oir n.--=l« inside .be-enclosure to b io. o f f  tb. broke

d u o t ,  vbich . . .  i - e d i . t . l y  d r . . .  in to  .b e  v .c u u .  . . . . . . .  » *'P*-

.................................................. .. .0 r . e u u .  .b e  d u s .  f r o .  .b e  broke d r w s .

*HEPA: High Ef f ic iency P a r t i c u la te  

f e r  0 . 3  wo diameter  ae roso ls .

Air F i l t e r  -  9 0 .7 '  e f f i c i e n c y

In Methods 1 to 3. and e spec ia l ly  1 to 3. 

p o t e n t i a l  to  en te r  the ambient a i r  of the 

in  Method e the dust i s  contained bv the

th e  brake dus t  has the 

f a c i l i t y .  Conversely, 

HEPA f i l t e r  which »ay be

removed f ro«  the vacuua c lean ing  systea f e r  d i sposa l .



s u rv e ,  u s m s  c t  » i « « sl0S

. n b . r  <h t P“ k P*r ’ " * 1,
b .  O ftii» 1 ■ » • « .  r ’  ! t „s ,  are n » " » *  l "

- *  * * « " “ * * " *  ’ “ P l "  " U , = "  0 .0  0 .2 5  f i * . » ' «

salt l o c i *  ran*ed f r o .  b t» t  explained
• , .„ d e d  to f l u c t u a t e .  This i s  p« »

— ■ f o r — -  « - • -  p , r io r* iB‘
T . » n a t i o n *  ln  '  '  us r , p 4 i r  .h o p s ,  « 0  0 " * “”

-  -  -  • - » • —
: l e , n - . i f  1 .  ^  ^  t w l „  ................... of » "

• f  «■. ^ r f 0 n ” d d“ r i n ‘  '  ^  t r , k,  j . b ,  t h a t  - r .  r c r f . n « d

.p e n t  s e r v i c i n t  l i a i s e ,  t h e r e  « r e  d i f fe re n c e

par a b i f t  « « . ' • *  —  ' h* , i r , b ru s h , r a t e , .  and r r . « d . r . i

i „  c u a n a n ,  ^  h c u l in (  to  b r . a t b i n c  —  2"

t , cM . , u r .  ( a . . -  • “ •*—  tM  tr.kt O r e ,  -  2 »  A » ' .

— ...t;;i z  — -— “ -*
a a u a i b i  a i r b . r o .  d a . P . r »  * „ „ „ u n o n  . . « r . i a ,  - *  « “

-■-rs .... —
— r r r ^ r r h ^ T T T r ^ ^1 in “*

. a h a n i c .  j « n « r a l  - *  • « .  , u  w i r t « .  *•“

*  b ack fired  f ib .r  ”  — *

13



v o r* envirorunent . r e  p o t e n t i a l l y  expose ,  to  the
- dXt”  ^  work * u f t .  l * i .  observa t ion is f a t h e r  sup-
: e n t r a t i d n s  dura-*  a n  ^  . , chanics . on ltored ipent .uch of

ported by the f a c t  t h a t  severs ^  exposure, * « 1«  to

<he - r .  . h i f t  " "  * # ^  .
« t  aos t  of the s h i f t  a t  the sx te .  

those t h a t  spent  •«** 0

• „ » lec tro r .  microscopy (TEM)
. s e le c te d  fo r  t ran sm is s io n  e

" * p l “  ” V *  -  * » « « '  -  10 n *“ ‘  • * "  4
v i th  f i b e r s  »>--«1 W  l " ’e m t e r o / e o )  I « ' « ™ '” 1f i he r  concen tra tions  i n »'1 '
, . . eh - p i -  in  in w n f th . Th, „  e . » e , . t r . t i . n ........... * -

-  o p t ic s l  . 1«—  —  -  «  — ‘  “

«  th ° 5'  ' ,  the  = ~ —  -  ^ ” 5 “ -  “

—  *- 10 ‘ l l  * “  * ^ CMiC. „  . e r e  s u b t l y  * * *  th sn  t o . . .

1 - t . t *  ' 4 W S P tK  ‘ w o M b lv  th e  r e s u l t  e f  s . v e r . l  f « -

d e te r r - in .d  P> IE. d u r l„ ,  , „ P1 ,  p r . P « « » »  f ' r  ^

t h " ‘  inClUd' : ^  t v  T B  - 1 .  t h i s  s e l e c t i v i t y  i s  nc , p o s s ib le

e s t e s t c ,  f i « r .  » «  ««• ^  ^  ^  n t e r .  " “ " i

v i , t  n p t .u * I  d i f f e r e n c e »  in the  » • « '  " f

-  -  -  * - fit,r r ^ -  -  * *tr'" - * ■
f i b , r ,  c o u r te d  *  « ‘ b c0„ c „ „ . t i „ .  S t n t i . t L . l  “

c l c u l o t e d  r e s u l t  o f  _ . t o d s  ves not s t t e o p te d  t e c t u s e

t M  TEM end r p t i c n l  ^  , v0 - s i d e .  S

-  l\ ' M Z . > S  u- 1» leBdth’ » “ l » * * "  rt,,r,'d " "
the concentretion* for *  „ ^ t e d .  the l " * " 1'

-  ....
• a ;  f i b e r s  observed «*« ,nw
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F ib e rs  o b se rv ed  by TEM were i d e n t i f i e d  u t i l i s i n g  SAED and EDXR*. Approx- 

¿ M te ly  50i o T  the f i b e r s  ana lysed  by SAED could not be i d e n t i f i e d  due to 

„ b ig u d H s  d i f f r a c t i o n  p a t t e r n s .  About 30S of th e  f i b e r s  were i d e n t i f i e d  

as c h r y s o t i l e  and approx im ate ly  207 as f o r s t e n t e .  The presence of f ib rous  

f o r s t e n t e  was probably due to the  dehydroxy la tion  and « c r y s t a l l i s a t i o n  

of c h r y s o t i l e  as. a r e s u l t  of high t e .p e r a tu r e s  (> 650° C) encountered during 

b r a k i n g . 1’ 2 So.e of th e  f i b e r s  which revealed  aab iguous  d i f f r a c t i o n  p a t te rn s  

appeared to  have c r y s t a l l i n e  s t r u c tu r e s  s im i la r  to  bo th  c h r y s o t i l e  and fo r -  

. t e n t .  ( p robably  .  t r . n . K l o n  i n t e r « * ! . « 2 1 » b i l e  « b . r ,  • • «  « •  >•*“

f o r  d i f f r a c t  ion a n a l y . « .  EPiltA »>> P«rfor»«d tB '  r i b " ’ t0 t 5 " f ‘ n ’ tbe 

S*EP . n o l v . i .  .h o .  . . .  « d .  1 «  «!>• = »r i» e .to l i  and f n r . i . r i . .  f i b e r . .  S o . .

o f  t h e . ,  f i b e r ,  . h io h  | . v .  . » b . |U 0»i S « *  P « « " *

. i l i c e n ,  and >ren in  v . r t o u .  . 1 . . . . . . 1  r . t . . .  t y p i c a l  »  *>b" u t o m

a l s .

Sho.n in  T .b lr  5. .h e n  .  r . b c r  s . : e  d i s t r i b u t i o n  . . .  p . r f e r r . 4  fo r  .11 

. i r b o r n e  . . r p l .  f i b e r ,  e b . e r v e l  cy t W ,  .  | e . . . < r i .  . . . »  len e ih  of I .«■

. .  „ 1  .  f c e n o t r i c  . . . »  d i . . e t . r  of 0 .11 u .  d e T e r . . n , l .  L i t e . . . . .  fo r  

r n r . e  f i b e r ,  i d e n t i f i e d  . .  . . b e . t o .  U h r y . o . i l e )  .  . « " t r i o  l r » f ' »

.„ d  d i . s e t e r  o f 1 . »  »«  *"d * - ' 3  r e .p e P t .y e l y  . « r e  d , t e r . . n e d .

„ . l b  . t u p l e s  of  b r . b e  . . . r  d u s t  ................. by TEM in  . . . .  ~ » n r r

. .  t h e  . i r b e r n e  « . p i e * .  I d e h t i f i e . t i . n  . . .  . t . . . p . . d  . »  . U  f i b e r ,  » . i n f  

SAB u d  EDS«». A p p r o « . . «  ly  TOT of the  f i b e r .  . . . l y - e d  by SAED could not

b ,  i d e n t i f i e d  due . .  .... ...................... « *  • '

. . .  p , 7 f o n » d  on .11 f i b ....................red  . i t h  « » 1 T . I .  * •* •*



Br.ikr Dust Fiber Sire Data*

FIher Dl .imo t fr ( *im)_
y

i
Mtaabcr 

of Fiber« Rance
l.co.
Mein

(•CO .
Std Dev**

Airborne S - w p l «  
(Chyaotlle Fiber« Only) 1SI 0.06-1.0 0.15 2.16

Airborne Sample« 
(All Fiber») 52) 0.06-1.0 0. 14 2.17

Bulb Brake Dust B 0.06-0.1« 0. ID 1.5)

(Chysotlle Fiber« Only)

Bulk Brake Dust 
(All Fiber») 109 0.Ob-0.29 1 0.08 1.5)

Fiber I rngtli J'»»)

Number 
of Fiber« Ranne

(.CO ,
Hran

Ceo. 
Std Dev

151 0. 24-10.0 1.70
i ”

52) 0.24-10.0 ! .66 * 2.4»

B 0.24- 1.76 0.40 2.02

109 0.24-5.88 0.49 l. 75

I ncJ by Trans»!*!*!®®

*•
All fiber »Ire Jatn deren» 
standard Deviation

Fleetron Microscopy.



r

ful „  roc " T

. ,  Ih, fibers .b..re i - r .  P ^ - e K  «*»»«* “
. elth„. fnr.e.m. C-COC) «  »bne.n ~ny •» «•>,the resaininc »ere elinei 1U .

_  ..re * - * .  ~
eti,  „4 fpriterite. . * » » .  * ........^
M  i„4ic.e.4 shorter Ln.sb. «.•«-«■ »...........................“

(0 oc-o "9 VB vs. 0.06- 1.0 ua> thin those observed in ..iller diaaeters (0.0C-C..6 vb >s

the airborne saaples in Table ...

Trace Analvses

I r i t .  - , . l
B. c, r. erb . - b  *• » - »  refer,.4 in 4. »

, , fcr r.Ue.ini ....I«. -en. bine, crpp.r. •»*

............ “  O T l „ l c l l  . « « « « * «  •* ’ -0 u t ' *n l

........ .

„  , . „ 4 . « .  ~  -  - — ■ - ;

-  -  -  ^  - . .Fe, SP - 2,300 u4/a3, -n. ^  * ■ »- uC

KP - 3» 5 ut
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Table 4

Trace Metal Analyse» t .
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-  p o t e n t i a l  h ealth  e j e c t s  ASBESTOS e x p o su r e
T^e human t o x i c o l o g i c a l  a ig ru f ic a n c e  for  the in h a l a t i o n  of c h r y . o t i l e  a s ­

b e s to s  f i b e r s  i»  « 1 1  documented; and in s ta n c e s  of mesothelioma in auto 

„ p . i r  w a rk e rs  W  bead i d . a t i f i e d . “ ' ' 17’ 15 l a  •  d e f i l e d  a— ‘"**“ » ” f 

90 union v e h i c u l a r  maintenance workers in  Kew York C i ty ,  w ith  10 or «ore 

„ . r .  a f  .h a p  » a r k ,  2 ,5  hsdadaaraa .ad  v i . . l  c a p a b i l i t y ;  k b .  p a r c a a t , , ,  i n -

a r a s . a d  w ith  • , «  “ “ • » “  • * « ' “ >' 20 ' h '
«a rk .  Many e f  the workers m o u s e d  showed s i , a .  a a a . i . t a a .  with . . h a s t a s k t ,

observed c h u te s  ao.ad ia  eh a .t x -ray . sad l a d i c t i o a  af r . s t r i b t i v .

p u lu o aa ry  f u a o t i o a .  The p rav .lan o e  a t  t h . . .  c h a a „ .  . . .  . d p i « « « *  “ « " «  

. f t . r  20 y e a r ,  e x p o s e r .............. . a l t  . s p e e d  . i t e r  o o o u p . t i o a . l  ex pose r ,  to

a s b e s t o s . 10

■nlik. chrvsotile. th e  ha.Hh affect. af expo.ere  . .  f . r . . . r . . a ,  or  t r . a . t -  

tdaa s e r i e s  f i b e r .  ( c h r y s o . i l .  ■ fa r s ta r t . .»  . . t h  s i t e r e d  c r y . t . l l i s ,  , t r e a ­

t e r ,»  .re a o t  . a l l  daoe.aa.ad. l a  s ta d ia ,  by » .v i s  sad C o a i . . , “ *»d 

Kashi“ 1 ia which f i b e r ,  of c h r y .o t i l e .  o h r y s o t i l a f o r s t e r i t e .  .ad f . r . t . r -  

i „  . e r a  l a j e t t . d  i n to  th .  p leu ra l  and p e r i to a e ' . l  c a v i t i e s  a f  •* '« •  

r e , I t s  s a t t e s t e d  v . r y i a .  d a . r e e .  of tox ic  e f f e c t . -  F iber i . p l . a t . t i o a  . a . -  

„ 1  s tu d i e s  conducted  by Po tt ,  .« •  s i “ -23 - d  « •  *1 “

t h s t  t h .  n i r p h o lo ty  and . i t .  o f  •  « * « .  ' f  « » "

.ponsib!. for i t .  csrciaopaaicity. U kaw i.., ^xatoa. . « . . ! •

th .t f ib e r . « . . 5  -  in d i - t e r  sad «8 . .  i .  Lapth p . . .  the .r e s t . . .  risk

U  p r o d u c e ,  p l e u r a l --------- • -  These —  -  »

. i t s l  uo rpho lo ty  C i t e  d iee a s io a s .  , . d  to  .  l . . . . r  d . , r e .  ^

............- ¿ t i o t a r i s t i c *  of .  f ib e r  or. the d . t . r u i a i a ,  f . c t o r ,  fo r  iaduc .a ,

23



4 b io lo f icT l  e f f e c t .  The p r e c i  

f o r  these  observed  p a t h o l o ^ c  

ex p e r im en ta l ly  because  of the 

o f  s p e c i f i c  s i s *  d i s te n s io n s .

se f iber  dinensional  c h a r a c t e r i s t i c s  required 

response.« have been d i f f i c u l t  to determine 

d i f f i c u l t i e s  encountered in producine f ibe rs
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Sl’VWARV
-i e r e s u l t s  for  .11 f a c i l i t i e s  were within 

he TV A a i rbo rne  «sbestos  ^

;he cu r ren t  OSHA asbes to s  standard.

,  (T ib lt l .  * « “ •  ' H* ” ' P” ” ' iM‘ lrres , , 4 a r  c l „ u .  - * • *  in l1 -

■ethods examined.

. . .  r e s u l t ,  . r e  « * « *  «  * ,0S“

" "  ° Ve" U  ™  er  l5 of th e  TV. e x p . » » »  U r  « = - “ >

recowoen-ietion. The S.CSH . « » d - d  « * . - » * •

t „ = . h t t « t . » .  ^  ^ > ^  „ i t . » / « )  * *  •  « • » * »

“  S’hSUr TV'  . . .  •»>• . S - * “ “  “ *P U n t  P' r ‘ 0 i - f *‘ k ” ‘ F1'
e n s u r e  e f  » o f .  ' . « „ »  . « » d - d

r e s u l t .  c « l d  » C  >• " " f * ” 1 l i r " '  ' 

were no t . . n e t t e d  o v e r  IS -— »

- .  -  -  .............-  i “  ? ; ; r r J »

— -  ” ,n —   .........._ -,c\ 2/ Consequently, tne
the»  0 . 3 .  ) •  i r U t i M i i  i M n f  tM  d i f f e r e n t  . 1 . . » . » *

u t i l i s * d f o r  cem p arx n i  T*

^ t» » d s / v o r k  p r a c t i c e s .

25



CONCLl^O*'
,  ot|1, r  l t u a i t l ' ' 2 U d . c . t .  v a ry in ,  concaotrations

« f  t h i s  *nd otn*r
he re s u l ts  o exposure concentrations

f i b e r  exposure to  brake .e c h in ic s .  The expo

,f r  -  J -  -  - — —  *•
i r* i  -  =— =i* « **eB r “ m , T - ™  r " u i t ‘  i M ‘

— „  13 of  a .  - d - i « *  “  b r *“  M r r i "  “ 4 ” *
■tudy show t h a t  » -■ H l f  a l l  TVA **r°*ures

S10£H r .c .- a n d a t io n .
t i b o r  « ■ * » " ” » *t0  '  . „ . « „  » . l y s o d  by

„ 0SH. , t , „ o . r t .  f u r t h e r . , »h™ »OF“ »
„ „  0 .1« . t h .  0SH1 . 0 .  ^  id „ „ f l t o . a t C  «UK t h .

TSM, .« ly  3 0 i  Of t h .  fo b .ro  i t ,  l205) or M M  <»=>•

— « - » , ! . . i , .. .................... .. —
I s  > r r s o f r  »f  t h * ,EM , n * ' ‘  U 1  t e  lo o t  than  t h r o .

, , h ) „  da ta r*an«d  by optaea l » a e ro a .  P. . •

1,5 “  « ...ovar, th is  C o  no. p r .c lo i .  th .  r - > b . l , r
reported ( » «  T .b l .  -  . ^  .11 f .h . r  -  « « . «

h i , h . r  o . r b o r n r  a , ............... in  . h i .  ■ ■ *  f f ! l .
• j mmA k% d e t e n a m td  *5 ‘

a r t  cons idere  . _______  -  ___  t L L0 \ r?~}  of short•• considered. As e - 1 0f  jhert
— — r r r ^  a t i{ n i f l e a n t  n u a t ^ uF t0  100 — ----------- -

‘̂ 1 ^ — — • * ~ T ~ ~ ir T n ^  T a b u n ^ s s g -

' haa indicated th ,----------------- . x i„  for th. «bno.ii

SM i .  lo n ttb . U »°. « p0t" " U .r  . „ „ l  .t«dl.»

ibrou* portion t 5»^  22,23,24,.'«' concluded that
—  . were i,planted in anioals

lriM * . lto r  Ciotmiona) anl. to a L . , . r  < • « " -  ‘ B” “ a
M Phy.ito l oorpho «. , „ . „ 1. 1, ,  factor f«r i -
¡ | « f M  ch ar .cten atlt*  of ‘ **bM

lucin* 4 b io lo iica l e f fect .  .

• tHi. study were e ith er  lu l l- t in e  brake no- 
The aechanics suneved durm6 havt serviced

^ I t a .  -  . f — “ n
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l or mechanics »ho under took t s  few as
( i i M  per d .y /o  d .y s  * ■ * 'k ' ° r  '  ,  „

up to  > v ,  hr»ke jobs performed
b r lk e  i . b  P er " "  " U*b' r  ” f k ,one brake j * * , . r  f o r  a l l  the  mechan-

Sh i f t )  the TVA f ib e r  exposures %er -
(pe r  work s h i  ). MPf er, ed fu l l - t im e  brake work

The exposures to mechanics -ho performed
i c s  aurveye • »hose who did much

r e  no t n r u f t o t r u l y  * * »  “ “
r  ’ n e rv ic in s -  C o n v . r t . ly ,  the -  t e r .  « 3  • * » « • *

U ”  ,p  in t h t .  study d u r in .  the  d u . t  t l , . . - » «  « '
sure* encounter c le a m n j

o f te n  h i th e r  when compressed a i r  was used. All of t

b l l€ $  " "  y#d except fo r  vacuum c le a n in g  had peak f ib e r  concentra tions

■ . . . .  -  — » • *  -

:  l » .  - — -  - - - — -  -  r
l b  .PProicb.l, tnd tn c.o ........... “ «*•*• * *  « “  „

tvpe which *FFru «„¿icare  t h a t  brake
„  U n i t  of 10 a b o r t  =c. Tno.o n n d i n , .  „ r m t H  *•*•“ «  

exposure U n i t  o .«bes to s  fiber-, dur-
„ l e ,  , t  .  h i th e r  r i s k  of . - b o r n e  e * P « . " '  «  “ b** 

nechantcs n r .  vh,„  , h f  v, cuu.  c l o . n i n i  - t h ­
i n ,  t b .  c l o . n i n i  of b r .k r  , s s . . b U . . .  ‘  f

ods . r e  p roper ly  u t i l i t e d .

M„ l s  M l  e e n e .n t r . t i o " .  t h . t  «ere  .» t lu n  
The .» » f ie *  c e l lee te d  or jonple

i . » »  „ r o t o r ,  t t . n d . r d s  in * H  but on. c . t e -  0 «  .  
t n ,  OSH. r . t i o n  of 03-3 « ' • '  *h“ "

c o l le c te d  . 0  ^  M lo .  th ,  k.OSH r o t .™ o n l , l
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ics  p e r f o r m i n g  Or»** 

t i t l e d  "Recomnendei 

(see Appendix C) to

m i  d u t c h  i 

r ;ic e d u re $ f 

... u t i l i s e d

maintenance KIOSH has 

o r  Asbestos Brake and 

d u r i n g  these types of

prepared guidel ines 

Clutch Servicing"  

work t a s k s .
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APPENDIX B

D escrip tion  of F a c i l i t i e s  Surveyed

F a c i l i t y  A

H ,j* r  s e rv ic e s  F . c i U t y  », . .  . u . o . o b i l .  b r .k .  s e r v e .  shop, consisted 

Of f ro n t-e n d  s l i . n . e n t ,  shock sh .o rh e r  s e rv ie in « ,  ond br.ke « in te n s n e e .  

The n o r .* !  .o rk  . . . k  . . .  ~ d .  op of f i v e ,  9-ho»r <*?* •»* «"« < ^ " “ r **y ’

F a c i l i t y  B

r . c . l . t v  B . . .  the l a r c e r t  of the s o to h o b i l .  b r .ke  serv ice  shop, sorveved. 

Other s e rv ic e s  provided by th s .  f « l U < P  v . r e  f ron t-end  . l . t n . , n ,  . .d  shock 

.b - o r b e r  r e p l . c c . c n ,  c r  r e p . i r .  The f iv e  f u l l - t i . .  « c h e n ic s  .o rk e i  free,

foor s e r v . e e  s t . U s .  » hour, per d.y. h d.y. ............. .. Brake ..i.ten.ncc

o p e ra t io n s  consis ted  of 35 to 45 jobs per w e k .

*
t %

F a c i l i t y  C

„  r . c i U t r  C, .  . u n i c i p a l  , . r . , e ,  . n  ................... .. b r .k e  yob. per d .y

„ r e  p e r f e r w d  un c . r .  .n d  t r u c k s .  B r .k .  M i . , . n . n c ,  . . .  p e r fo m ed  by .ny 

60 su to  n e c h .n i c s .  The h o u r ,  o f  o p . r . . i o »  « ' r e  S h o u r ,  per d .y ,  5

days p « r  veek.
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F a c i l i t y  O
«  F a c i l i t y  » . * eunaeipal I " ' “ ' *“  *" “ * C° ,P l ' "

brake  . . r v i c ,  yob per bay, t a k i n l  .boot S bo o r ,  per job , . i t h  ef the

e e h ic le s  c o n . i . t i n ,  of c a r ,  "  l i «ht ' rJCk' '  , l " r *

a p e o a ib l .  f o r  b r a k e  . . r v i c i n ,  and tb .  f a c i l i t y  operated 8 boor, per day,

5 days p«r week.

F a c i l i t y  E

F a c i l i t y  k , a  . o o i c i p a l  . . r « i c .  t a r a « . .  - P l o y e d  th re e  - c b a o i c a  that 

specialised in  brake and d u t c h  a . r « . c .  and th re e  e . r l e y . . ^ . h a t  operated 

,  aeparat. b rake  r e p a i r  .hop . r e c . a l i i . n ç  in brake .hoe and d m .  recondt-  

t io n in p .  The brake aechan ic , » m e e d  a l l  v e b . d e .  -h ic k  ‘»d o d ed .  a a . t ,  

c o l l e c t i o n .  du .p  and l ie h t  t r a c k . ,  au tos , and s o „  2- and j- .h e e le d  

v oh jd e a .  The .bop operated 8 hour, per d a . ,  i  day. per aeok.

Facility F

F a c i l i t y  F, a p r iv a te  f l e e t  »erv .ee  p a raee .  F * * « *

„ 4  l i c h t  t r u c k  ■aintewence. The .hop n o rn a l ly  operated tuo . h i f t . ,  5 day, 

per  week, and th e re  . . r e  u su a l ly  four f u l l - t i . .  - « b a n i c .  per . h i f t .  »bout 

one brake  jo b  »eek , per a h i f t  ua , pe rfom ed .
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APPENDIX C
RECOMMENDED PROCEDURES FOR 

ASBESTOS BRAKE AND CLUTCH SERVICING

Th« N a tiona l  I n s t i t u t e  f o r  O ccupational S a fe ty  and H e . l th  (NIOSH) has con­

d u c te d  r e s e a r c h  on du s t  exposures  which a r e  g en e ra ted  d u r in g  brake and 

c l u t c h  s e r v i c i n g .  Based on d a ta  dem onstrating  th e  p o t e n t i a l  f o r  s ig n i f i c a n t  

a s b e s to s  e x p o s u re s  d u r in g  b rake and c lu tch  s e r v i c i n g ,  NIOSH has i n v e s t i ­

g a te d  v a r io u s  v..rk p r a c t i c e s  which are u t i l i s e d  in  red u c in g  a sb e s to s  expo­

s u r e s .  These i n v e s t i g a t i o n ?  have ind ica ted  vacuum c le a n in g  s y s te a s  to be 

th e  most e f f e c t i v e  rwthod fo r  m in in i i in g  a s b e s to s  dus t  exposures  d u r in t  

b ra k e  and c l u t c h  s e r v i c i n g . 1 Vacuus c leaner  t e s t i n g  have dem onstrated t:>. 

t h e s e  u n i t s  o p e r a t e  r e l i a b l y  w i th in  design s p e c i f i c a t i o n s .  Tnerefore ,

NIOSH recommends vacuum c le a n in g  as the p rim ary  method to  be used fo r  c l e a n ­

in g  of a s b e s to s  dus t  du ring  b rake  and c lu tc h  s e r v ic in g  o p e r a t io n s .

The fo l lo w in g  a r e  a d d i t i o n a l  procedures recommended by NIOSH to  minimise 

a«he?:o* d u s t  ex p o su res :

1. therm p o s s ib le ,  an area sh a ll be designated fo r brake and clutch re­

pa irs  se rv ic in g . Entrances into th is  area sha ll be posted with the 

fallowing- asbestos exposure warning sign p rin ted  in  le t t e r s  of s u f f i ­

cient *sise  and con trast to  be readily v is ib le  and le g ib le :

Asbestos
, t

Dust Haiard 

Avoid Breathing Dust 

bear Assigned Protective Equipment
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Do so t  Remain in Area Unless Your Work Requires I t  

B rea th in g  Asbestos Dust May Be Hazardous to  Your H ealth

2 .  Bust « h a l l ' f i r s t  be cleaned f r o .  brake drums, brake backing p la te s ,

brake a s s e « b l ie s ,  and c lu tc h  assemblies using an i n d u s t r i a l  type vacuum 

c lean e r  equipped with a high e ff ic iency  p a r t i c u la te  a i r  f i l t e r  s y s te .  

(HEPA-greater than 09'  e f f ic ie n cy  for 0.3 u .  d ia « e te r  a e ro s o ls ) .  After 

„cuum  c lean in g ,  any remaining dust s h a l l  be re.oved using a water dam­

pen ed -c lo th -  o r  r a g .  Under no c ircum stances  s h a l l  compressed i i r  o r  a 

dry b rush  be used fo r  c le a n in g .  I f  vacuum c le a n in g  eq u ip aen t  i s  not 

a v a i l a b l e  the  wet fcru:h c le a n in g  method may be used u n t i l  a vacuum 

c l e a n in g  system i s  o b ta in e d .  Where wet b rush ing  i s  n ecessa ry  f o r  c l e a n ­

in g ,  a SIMM c e r t i f i e d ‘r e s p i r a t o r  approved fo r  a s b e s to s  s h a l l  be worn.

3 . During brake pad g r in d in g ,  r i v e t i n g ,  and punching o p e ra t io n s  lo c a l  ex ­

h au s t  v e n t i l a t i o n  and dust c o l l e c t i o n  systems s h a l l  be d es ig n ed ,  i n ­

s t a l l e d ,  and m a in ta ined  in  accordance w ith  the  American n a t io n a l  S tan d ­

a rd  Fundamental» Governing the Design and O peration  o f  Local Exhaust 

S ystem s, ANSI 1 9 .2  -  IW7 to  meet the  a sb e s to s  a i rb o rn e  exposure s t a n d ­

a r d .

4 . During clu tch  . . m c i „ t , .  *><*» e . r t i f l M  r „ Pi r . t c r  c f , r . v . i  io .

'  V i t o .  .»«11 *  « " >  r*,cv*1 “ 4 !  ° f  th '  Cl“ " h '

, f l . t .  « 5  » •“ «“ » “ * " “ >• “ 4 4“r i " ‘  0f

. . .  d u t c h  . . . . . b i t -  bh*n*Tt r  P » » “ 1*- ' l — , h*U  *  P*r fS ™ '<‘ 

. ¡ t h  v t  KIP* . . . . . .  t y . t «  i* i . s c . l b .5 in  ( ! )
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' La f * h n k t i  And c lu tches  Are
s , u  u M .  u U  < l . . r  c l e . n i n .  »  . » • >  b r ‘ k<‘

- a . . . . .  -  - - — “

< „  . . . . .  C n n d in t  . t a  * , « * .  * ■ »  ^  ** " *

. . l « . r  ̂  - »  — “‘" d *lth * — ' "  a

c l „ h . * K10SH . . „ i f l -  - P i r . » r  « -  ,h* U  *  “ *

during t h i s  c le a n in g .  ^

,  „  , f f , «  .  r . . p i « « o r  p r o . n *  . t a l l  t a  ' * ' ‘ k U , h *db .  i f  no t in  e f f e c t ,  a re>* . . „ H1.
« »r ional S afe ty  *n i  A d a in is t ra t io n  (OSHA)ance with the Occupational Sale >

4 , T. t l e . q v.S. Code of Federal Regulations (C m ),_F»rr
S ta n d a rd ,  " * t i e  -y>

1910.134 -

c le a n e r  f . l . T .  — .  *“ * • ‘ 1" " ’S "  b r“ “ ’“HEPA . . . u u a  c l i .n .P  i l l .  - u  i J  UI,d  f .- r

u„ d  f o r  d p i " !  t a . k .  » J  ' ' ”« h *Bi *“  ’

: : u „ ,  , „ . n .  -  - « —  -  - ■  ^ : ; i :

1 . , , . .  . . . . .  . t a l l  t a  —  .»  1» . « ' « d — "  *•** "  " h­

. . .  —  -  -  - « — *sbr .
• «Kill d i s r la v  the  following k*m

d i . p t a . 1 .  — • ^  „ d  e o r t n s t
in  l e t t e r s  of s u f f i c i e n t  s i - r  

l a g  l a b e l  o r  ta g  p r in te d  i n  l e t t e r s

__ - ¿ • ( V i *  and l e g i b l e :

v
CAVT10S

Contains Asbestos F ibers  
Avoid Breathing *»**

The EPA re g u la t io n s  fo r  proper asbe

c m , T an 61, Subparts A and

waste d isposa l

B.

a re  de ta i led  in
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. faP .sbestos shall be worn durinj 
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-  *” * C" * W U 0 "

3 .  . . p . „ o .  f r o .  o b .  . o r b  ..................... ......  *” ’ “ 4 —  “

gointc Mb..oo. 4“*> OO”'»*“ 1'10"'

-f oh. »Ploy., i. .op»*'4 «  ‘“ h4™  '»"«ntr4ti“ * bi “ k" ” ‘

b.„ .b lo b  .PO..S Ob. OSH. 0.011b. 1...1, -  L r £  -

U .  .P .0 U 1  C l.0 b l» ., Chbb.. p~ .  — . -  • •  —  “  T1' U  

c m ,  p»ro I9 .o - .o c . (»> - u  b . f i x - 4 -

...bloof -  ...1. ■ IOTP « »  5-h4Ur

....... ..  “

. . . . . . — . « —  • “  > .......................
cployee «> b€ po «/«>. The ceilins *»r-
ia l«n6th per cubic eents^ter o ti

eenc»nor*ooon 0. .blob -  — * •*>' -  **“ U  "

10 fiber* *5 * * ce*

,  bo.po.oP „  W * r  m  bf 0.1 « * » •  >S » • '«  «“ » * P*r* “ '

u  ^  ,  .  f lb t r i  , s » /c c  fo r « S  P ^ * 4 » «  4“ " l i " 5

* “ • '*i U “‘ ........ , — . Ob.0 Ob. « .  —  »  — -
«.bin»«.. «OSH eurronol) r«o—  fer

b . H W .  «S -  * 44bli"‘  .................. . t lb "  5

„»y l5-*inute «*»pli"6 P«r104,
4
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MOTE: S t r i c t  

co
b a ted  on th e

adherence to  the above procedure* should 
d u r ing  brake and c lu th  se rv ic ing . The*. r . c o « .n d a t io n *  are 

r e s u l t s  o£ research  conducted by HIOSH.

Prepared By:

D i v i s i o n  of S u r v e i l l a n c e ,  Ha t . rd  E v a lu a t io n s ,  and F i e l d  S tu d ie s  

N a t i o n a l  I n s t i t u t e  fo r  Occupat ional  S a fe ty  and H eal th
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