
D E T E C T I O N  O F  A S B E S T I F O R M  A M P H I B O L E  IN T A L C  F O R  C O S M E T I C  U SE

T h e  m e t h o d  fo r  t h e  d e t e c t i o n  of  a s b e s t i f o r m  ’ a m p h i b o l e  in t a l c  f o r  c o s m e t i c  
u s e  c o n s i s t s  of i n i t i a l  a n a l y s i s  f o r  a m p h i b o l e  m i n e r a l s  a b o v e  th e  0 .5 %  (w /w )  
l e v e l ,  f o l lo w e d  by c h a r a c t e r i z a t i o n  of the  a m p h i b o l e  m i n e r a l  p r e s e n t ,  i f any ,  
a s  a s b e s t i f o r m  o r  n o n a s b e s t i f o r m  by d i s p e r s i o n  s t a i n i n g / o p t i c a l  m i c r o s c o p y .

X - R a y  D i f f r a c t o m e t r y

T h e  p r o c e d u r e  c o n s i s t s  of s l o w - s c a n n i n g ,  u n d e r  p r e v i o u s l y  d e t e r m i n e d  c o n d i ­
t i o n s ,  a  c o m p r e s s  ed p e l l e t  of the  s a m p l e  t a l c  in t h e  11 .0 -10 .0 °2G  ( 8 . 8 5 - 8 .  0 4 A ) 
r e g i o n  f o r  the  p r e s e n c e  of an  a m p h i b o l e  p e a k .

1 - S t a n d a r d  P r e p a r a t i o n

O p t i m a l  i n s t r u m e n t  c o n d i t i o n s  m u s t  f i r s t  be d e t e r m i n e d  w i th  the  u s e  of 
t r e m o l i t e  s t a n d a r d s  - 1.0%, 0 .7 5 % ,  0 .5 %  t r e m o l i t e  by w e i g h t ,  p r e p a . r e d  
in a  s t a n d a r d  t a l c  w h i c h  is  f r e e  of i n t e r f e r i n g  p e a k s  in the  1 1 . 0 - 1 0 .0 ° 2 0  
r e g i o n .  T h e  t r e m o l i t e  s t a n d a r d s  a r e  p r e p a r e d  in t h e  fo l low ing  m a n n e r :

a .  W e i g h  out  a p p r o p r i a t e  a m o u n t s  of s t a n d a r d  t a l c  a n d  t r e m o l i t e  of a t  
l e a s t  95% p u r i t y "  b o th  of w h i c h  h a v e  ^ e e n  g r o u n d  to p a s s  a 3 2 5 - m e s h  
s i e v e .  T r a n s f e r  to a  W a r i n g  B l e n d o r  ( o r  e q u i v a l e n t ) .  A dd  100 m l .  
of e t h a n o l  to the  b l e n d e r  a n d  b l e n d  a t  low s p e e d  f o r  5 m i n u t e s  ,

b. C a r e f u l l y  t r a n s f e r ,  w i t h  r e p e a t e d  e t h a n o l  w a s h i n g s ,  the  c o n t e n t s  of 
t h e  b l e n d e r  into  a l a r g e  b e a k e r .  E v a p o r a t e  t h e  e th a n o l  on a s t e a m  
b a t h .

c .  T h e  d r i e d  s a m p l e  is  t h e n  s h a k e n  in a p l a s t i c  v i a l  f o r  5 m i n u t e s  on a 
S p e x  M i x e r / M i l l  ( o r  e q u i v a l e n t )  to r e m o v e  c l u m p s  and  c a k e d  s a m p l e  
r e s u l t i n g  f r o m  th e  e v a p o r a t i o n  of e t h a n o l .

d.  T h e  h o m o g e n e i t y  of the  p r e p a r e d  s t a n d a r d  is  d e t e r m i n e d  by m i c r o ­
s c o p y  p r e v i o u s  to t h e  X - r a y  d i f f r a c t i o n  a n a l y s i s .

A c c o r d i n g  to th e  M in in g  E n f o r c e m e n t  a n d  S a f e t y  A d m i n i s t r a t i o n  and  the  
N a t i o n a l  I n s t i t u t e  of O c c u p a t i o n a l  S a f e t y  and  H e a l t h  ( F e d e r a l  R e g i s t e r ,  
VoL 39,  N o .  127, p.  24319,  J u l y  1, 1974) th e  t e r m  ’’a s b e s t o s "  is  n o t  
a p p l i c a b l e  to the  n o n f i b r o u s  f o r m  of t r e m o l i t e  w h i c h  h a s  b e e n  found  in 
c e r t a i n  t a l c  d e p o s i t s .

*A c o m m e r c i a l  s o u r c e  of h ig h  p u r i t y  t r e m o l i t e  
s i n c e  m uch ,  d i f f i c u l t y  h a s  b e e n  e n c o u n t e r e d  in

is  c u r r e n t l y  be ing  s o u g h t ,  
o b t a in in g  h ig h  g r a d e  t r e m o l i t e .



- 2 -

e .  T h e  h o m o g e n e o u s  s t a n d a r d  is  t h e n  p r e s s e d  in to  a 1 -1 /4 "  p e l l e t  w i th  
a b a c k in g  of b o r i c  a c i d .  2 g r a m  of s t a n d a r d  i s  t r a n s f e r r e d  to  t h e  
d i e - h o l d e r  a nd  e v e n ly  d i s t r i b u t e d  on a p o l i s h e d ,  s c r a t c h - f r e e  d i e .
4 g r a m  of b o r i c  a c i d  is  t h e n  d i s t r i b u t e d  e v e n ly  on  t h e  t a l c  l a y e r .
T h e  m i x t u r e  i s  p r e s s e d  in to  a p e l l e t  u n d e r  c o n d i t i o n s  s u i t a b l e  f o r  
o b t a in i n g  a s m o o t h  p l a n a r  s u r f a c e  ( f o r  e x a m p l e ,  a  p r e s s u r e  of 
15, 000 - 24,  000 l b . ) ,  c a l c u l a t e d  on a 3" r a m ,  w a s  found  to p r o d u c e  
s u i t a b l e  p e l l e t s ) .  T h e  r e s u l t i n g  p e l l e t  m u s t  h a v e  a t a l c  f a c e  w h i c h  
is  f r e e  of f l a w s ;  i f  n o t ,  t h e  p e l l e t  m u s t  be  d i s c a r d e d .  ( T h i s  r e ­
q u i r e m e n t  is  c r i t i c a l  s i n c e  e x c e s s i v e  s u r f a c e  s c a t t e r  w i l l  c a u s e  
a b n o r m a l l y  h ig h  b a c k g r o u n d  c o u n t s . )  T w o  a c c e p t a b l e  p e l l e t s  a r e  
p r e p a r e d  f r o m  e a c h  s t a n d a r d .

2 - S a m p l e  P r e p a r a t i o n

T w o  p e l l e t s  a r e  p r e p a r e d  f r o m  e a c h  s a m p l e  in the  m a n n e r  d e s c r i b e d  f o r  
t h e  s t a n d a r d  p e l l e t s  ( l . , S t e p  e . ) .  A q u a l i t a t i v e  s c a n  f r o m  4 - 5 0 ° 2 0  is  
m a d e  on one  of  t h e s e  p e l l e t s  to a s c e r t a i n  t h e  p r e s e n c e  of a m p h i b o l e  a b o v e  
t h e  2% l e v e l  o r  t h e  p r e s e n c e  of m i n e r a l  i m p u r i t i e s  h a v i n g  i n t e r f e r i n g  p e a k s  
in t h e  U ,O -1O.O °20  ( 8 . 8 5 ~ 8 .  04/?) r e g i o n  of t h e  s c a n .  T h e  p r e s e n c e  of 
s u c h  i n t e r f e r e n c e  w i l l  e l i m i n a t e  u s e  of the  x - r a y  d i f f r a c t i o n  m e t h o d  fo r  

* t h e  s a m p l e ,  and  one w i l l  h a v e  to p r o c e e d  d i r e c t l y  to the  m i c r o s c o p i c a l  
p r o c e d u r e .

3 - I n s t r u m e n t a t i o n

I n s t r u m e n t a l  v a r i a b l e s  a r e  o p t i m i z e d  on the  1% s t a n d a r d .  L o w e r  s t a n d a r d s  
a r e  t h e n  a n a l y z e d  u n d e r  t h e  o p t i m u m  c o n d i t i o n s  to d e t e r m i n e  the  l o w e r  
l e v e l  of  d e t e c t i o n .  Of m a j o r  i m p o r t a n c e  in o b t a in in g  m a x i m u m  i n s t r u m e n t  
s e n s i t i v i t y  a r e  a s low  d i f f r a c t o m e t e r  s p e e d  c o m b i n e d  w i th  a c o m p a t i b l e  
r e c o r d e r  s p e e d ,  a n d  h ig h  a t t e n u a t i o n  c o m b i n e d  w i t h  a s t a t i s t i c a l l y  a c c e p t ­
a b l e  t i m e  c o n s t a n t  on th e  r a t e m e t e r .  U n d e r  a p p r o p r i a t e  i n s t r u m e n t a l  
c o n d i t i o n s  the  p e a k  o b t a i n e d  f o r  t h e  0 .5 %  s t a n d a r d  s h o u l d  be e a s i l y  d e t e c t ­
a b l e  a b o v e  b a c k g r o u n d  n o i s e  a s  p e r  t h e  s c a n  on  the  fo l lo w in g  p a g e .

I n s t r u m e n t a l  c o n d i t i o n s  e m p l o y e d  f o r  the  S i e m e n s  D i f f r a c t o m e t e r  ( M o d e l  N o .  
M 3 8 6 - X - A 4 ) ,  a n d  C o u n t e r  a n d  R e c o r d e r  U n i t  ( T y p e  T) a r e :

R a d i a t i o n :  C u w i t h  K g f i l t e r  a t  40 KV a n d  24 m a
D i v e r g e n c e  s l i t :  1° R e c e i v i n g  s l i t :  0 . 2  m m
G o n i o m e t e r  s p e e d :  l / 1 0 ° 2 0 / m i n u t e
R e c o r d e r  s p e e d :  300 m m / h r .
A t t e n t u a t i o n  = l x  10° i m p u l s e s / s e c o n d  S t a t i s t i c a l  
T i m e  c o n s t a n t ,  T ( s )  = 4 e r r o r  of 1.1%

u n d e r  t h e s e  
c o n d i t i o n s  .

R i s e  T i m e  = 0.18 
A t t e n u a t o r  = 20



\
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4 - X - R a y  D i f f r a c t i o n  S c a n s

T1 s t a n d a r d  o r  s a m p l e  p e l l e t  is p l a c e d  in a s u i t a b l e  h o l d e r  and  s l o w l y  
so .ned b e t w e e n  11.0 a n d  1 0 .0 ° 2 0 .  T h e  p e l l e t  is  t h e n  r o t a t e d  90° w i t h  
r e s p e c t  to i ts  o r i g i n a l  p o s i t i o n  in the  g o n i o m e t e r  and  r e s c a n n e d  b e ­
t w e e n  11.0 a nd  1 0 .0 °2 0  s i n c e  p e l l e t  o r i e n t a t i o n  m a y  a f f e c t  p e a k  i n t e n s i t y .  
T h e  p r e s e n c e  of a r e p r o d u c i b l e  p e a k  ( o r  p e a k s )  i s  due  to t h e  p r e s e n c e  
of a m p h i b o l e  m i n e r a l s ;  t h e  a b s e n c e  of  p e a k s  in  t h i s  r e g i o n  i n d i c a t e s  the  
a b s e n c e  of a m p h i b o l e  in t h e  s a m p l e ,  w i t h i n  the  l i m i t  of d e t e c t i o n  of t h i s  
t e c h n i q u e .

If  a m p h i b o l e i s  d e t e c t e d  in one  o r  bo th  p e l l e t s  by  x - r a y  d i f f r a c t o m e t r y ,  
t h e n  the  s a m p l e  m u s t  be pu t  t h r o u g h  t h e  f o l lo w in g  c o n f i r m i n g  s c h e m e :

X - r a y  D i f f r a c t o m e t r y (+) (-)—----- O p t i c a l  M i c r o s c o p y ------------- -----y- S top

VS to p

( a m p h i b o l e
a b s e n t )

( A c id  a n d  ( a m p h i b o l e
L e a c h )  D i s p e r s i o n  S t a i n i n g  a b s e n t )

C o l o r1 1+1 ( - )  „r o u s  M o r p h o lo g y - .... -—̂  S top1 ( + )
( a s b e s t i f o r m1 a m p h i b o l e

S to p a b s e n t )
( a s b e s t i f o r m  a m p h i b o l e  

p r e s  ent )

B e c a u s e  of t h e  i n t e r f e r e n c e  c a u s e d  by  s o m e  c a r b o n a t e s  ( e . g .  c a l c i t e )  in 
t h e  d e t e c t i o n  of t r e m o l i t e  a s b e s t o s  in  t a l c  by o p t i c a l  m i c r o s c o p y / d i s p e r - 
s i o n  s t a i n i n g ,  i t  i s  n e c e s s a r y  to f i r s t  r e m o v e  t h e s e  c a r b o n a t e s  by a s i m p l e  
a c id  l e a c h in g  p r o c e d u r e :

1. W e i g h  o u t  2 g.  of t h e  t a l c  in to  a 100 m l .  b e a k e r .  A dd  25 m l .  of 
10% v / v  HC1 s lo w ly  ( to  p r e v e n t  e x c e s s i v e  e v o lu t i o n  of g as  if 
c a r b o n a t e s  a r e  p r e s e n t )  and  h e a t ,  w i t h  o c c a s i o n a l  s t i r r i n g  on a 
s t e a m  b a th  f o r  30 m i n u t e s .

2 .  F i l t e r  on a  v a c u u m  f i l t e r ,  in e i t h e r  a p o r c e l a i n  c on e  w i th  g l a s s  
f i b e r  f i l t e r  m a t  o r  a p o r o u s  g l a s s  b o t t o m  cup ,  and  w a s h  s e v e r a l  
t i m e s  w i t h  h o t  w a t e r .  D r y  t h e  t a l c .

O p t i c a l  M i c r o s c o p y  and  D i s p e r s i o n  S t a i n i n g

1. C a r e f u l l y  d i s p e r s e  a b o u t  0 .2  m g .  of t a l c  in one  d r o p  of C a r g i l l e  HD 
l iq u id  n~,- = 1 .605  a n d  c o v e r  w i t h  a c l e a n  c o v e r  s l i p .

E x a m i n e  t h e  s a m p l e  in the  D. S .  c e n t r a l  s t o p  m o d e .  T h e  s u b s t a g e  
d i a p h r a g m  s h o u l d  be a l m o s t  c o m p l e t e l y  c l o s e d ,  the  f i e ld  d i a p h r a g m

2 ,
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may be partially closed to enhance color contrast, 
and the polarizer should be in position.

3. Tremolite, actinolite and presumably other amphibole 
minerals, under these conditions, will show the 
following D. S. colors: yellow changing to blue with 
rotation of the sample relative to the polarizer or 
yellow changing to orange with rotation. The variation 
of the color change is due to the fact that the 
tremolite may lie in one of two positions relative to 
its principal optical orientation.

4. In order for an amphibole mineral to be considered 
asbestiform or fibrous it must meet the following 
OSHA definition^.

A. Particles must appear to be fibrous rather 
than as crystals or slivers.

B. The maximum diameter of a fiber to be counted 
is 3 microns.

C. The maximum length of a fiber to be counted is 
30 microns.

D. The length to width ratio must be 5 or more to 
1, that is, 5 times or more longer than wide.

E. The separate or individual fibers must contain 
fibrils or the "bundle of sticks" effect, unless 
they are at a non-divisible stage. A fibril 
cannot-be subdivided and would be counted, if
it meets the other criteria. The electron 
microscope may be used to prove the fibrous 
nature of the particles. The length to width 
ratio of 5 or more to 1 is not meant to imply 
that other particles are not hazardous.

5. It is imperative that both D. S. color and fibrous 
morphology criteria be satisfied before identifying 
a particle as asbestiform amphibole since other 
substances (e.g. calcite) may show colors similar 
to those described.

^"Tremolite and Talc". 
Occupational Safety and 
I n f o mi a t i o n M em o r a n d urn

U. S. Department of Labor, 
Health Administration, Field

#74-92,. November 21, 1974.


