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Re presen ta live consumes; taiccirns arid powders-, including 2 0  bo dy  p ow d ery  bet by 
powders,, facto ! i&iCLi-fnx, an d  a lso  one pharm aceutical! Ca!c3 were an a ly zed 'to  determine, 
their dvr/erafagfcai an d  cherniepf com position,. Where, known-, a ll were form ulated  prior 
to 7.973V O f thtr. 2Q.p-res.de/cts if) co n ta in ed  detectab le  am ou n ts o f  tremolivc an d  
am h oph ylllte , prin cipally  asbestifo irn ? while so m e  also  contained- fragm ented form s o f  
those mine rah , The. o  ox? tin ts ran ged  f ro m  tenths o f  a  percen t So oyer 14% by weigh 0  
two contained detectab le  am o u n ts o f ' ch ryso lite  a sb esto s fiber; E ight contained  quartz, 
seven ranging from  2  to  5%, with one as high as 33% , The analyses show ed' th at the. 
consum er p ro d u c ts  e x am in e d  were rarely  the p u re  m ineral talc, bu t rather were 
m ixtures o f  various; m inerals* so m e  sam p le s co n sisted  o f  th ree  to  five minerals, only 
one o f  which was talc. O ther co m m on  m ineral p h ases Included chlorite, p laty  
see pgn ripe? pyrd-ph y llite9 mlcct, an d ' pardon trie m ine tp li. K aptlp  additive- was- identified 
in tw o  products. The sin g le  ph arm aceu tica l info, exam in ed  contained, only a  trace 
am oun t o f  quartz..

The chem ical co m p o sitio n  o  f  these pro d u cts, including bo th  m a jo r  oxide and trace 
element content  ̂ correfatted with their mlherul Compoment.z. Four sampled contained 
substantial concerntrationr. o f  inichei, cobalt, an d  chrom ium , suggesting  lattice, substftid  
tfgn o r  the p resen ce o f  trace  m ineral ¡phases. G eological prove pan e ?. o f  the talcs may 
be. a scerta in ed  o n  the basis o f  chem istry. Possible adverse health effects, from' 
intermittent: use. o f  these products, especially  those, th at contain ersbestiform and. 
fragm ented an th aph yH ite a n d  trem olrte, chrysotslc, quartz, <ind trace m etals, are 
presently sjnhnown and warrant eyeHisgtlpm
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2 56 A .  M. R O H L  ET A L .

names and in g re d ie n ts  l is ted  o n  the  co n ta in e r labels. H o w e ve r ,  k n o w le d g e  
o f  the  geo log ica l  o c cu r re n ce  and m in e rs  log ica l  ch a ra c te r  o f  source  
m a te r ia ls  suggests th e  n a tu re  o f  ta lc  to  be h ig h ly  va r iab le  and c o m p le x .  
T w e n ty -o n e  consum er ta lcum s  and  p o w d e rs  (T a b le  1) were m inera logically  
and c h e m ic a l ly  a n a ly z e d  t o  d e te rm in e  w h e th e r  these p ro d u c ts  are a c tu a l ly  
ta lc  m ine ra l .  ■

T a lc  is a d e f in e d  m ine ra l  e n t i t y ,  based on  specific c h e m ica l,  crystalline, 
and physical p ro p e r t ie s  ( F o r d ,  1 9 5 7 ) . T h e  e m p i r ic a l  chem ical fo rm u la ,  
M g 5 St* O ( O H ) , , Is se ld o m  observed  in  n a tu re  as a resu lt  o f  ca t ion  
s u b s t i tu t io n .  F o r  e xa m p le ,  m agnesium  is f r e q u e n t l y  replaced b y  i ron , 
n ic k e l ,  c h r o m iu m ,  o r  m anganese in  th e  crystal s t ru c tu re .  T a lc  is a sheet 
s i l ica te , w ith a s t r u c tu ra l  u n it c o n s is t in g  o f  th ree  layers ; a  sheet o f  
o c ta h e d ra l ly  c o o rd in a te d  m agnesium  h y d r o x id e  g roups  is sandw iched  
b e tw e e n  t w o  layers  o f  te t r a h e d ra l ly  ¡ inked  s i l ica  layers. T h e  V a n  der Waals 
bond betw een the  talc sheets are o f  lo w  energy accounting  fo r  the  ease 
w ith  w hich talc as w ell as o th e r  sheet s i l ica te  m inerals (m icas, clays) cleave

T A B L E .  1. D e s iig r ia f ic n  o f  C o r . te rn s  'in B ra .o rf N s .m e o r  
Label

Sample
ITO. D a te  o f  fo r i r iL i la ts o n

Products designated as talcs
3 N o t  a v a ila b le
a N o r  a v a ila b le

1 2 A p p r o x im a t e ly  3 9 7 2
7 S e p te m b e r  1 9 7 2

t 7 W o t « v a i ls b ic
S A p r i l  I S ,  1 9 7 3

7 9 M a y  1 9 7 3
2  3 N o t  a v a i la b le

SVoducts as p o ld e r *  Ìtale ori tabe!)
4  D a c c m b s c  1 9 7 0

Not avaSSabS*
2 0  i ) w .e m b « r  3 9 7 0

$  F e b re ja ry  1 9 7 3
E 6 Nofc avaiEabie

P ro-ilueLu  d e s ig n a te c i ss p o w d c r s  (o tr -d ;js t)
1 B e ìw e e r j Ja c iw a ry  3 9 6 5  a r.«  ju d y  1 9 7 0

1 4  O c to b e r  3 ,  1 9 7 0
- 1 5  E ìe tw -esn G r - to b e r  1 9 7 0  a n d  M arch * ' 9 7 3

9  F f ib ru a iry  o r  .Wafer» 1 9 7 3
11 ju 'r y  1 9 6 9
I 3 $vi!y 3 6 , I 9 7 0

2 N o t  ava  13 ab  le
1C A p p r o x im M e iy  1SS7 2
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C O N S U M E R  T A L C U M S  A N t !  P O W O t K S 151

o r  b reak  i n to  p la ty  f ra g m e n ts .  T h is  fa c i le  c leavage, w i t h  re s u l ta n t  h igh  
su r face  area, and  its so ftness , sm a l l  p a r t ic le  s ize, arid w h ite n ess  c o n fe r  
u p o n  Laic i ts  use fu lness  as a c o s m e t ic  m a te r ia l .

g e o l o g i c a l  o c c u r r e n c e  o f  t a l c

T a lc  ro cks  ( in c lu d in g  th o se  c o m m e r c ia l l y  w o r k e d }  are f o r m e d  b y  
several c o m p le x  g e o lo g ic a l  processes re a c t in g  u p o n  m a n y  p o ss ib le ,  c h e m ­
ic a l l y  d ive rse  p reex is t ing -  r o c k  ty p e s .  H y d r o t h e r m a l  a l t e r a t io n  o f  magnesia- 
and  s i l ic a - r ic h  u i t r a m a f i c  ro cks ,  u n d e r  a range o f  i o w - t o - m o d e r a te  te m p e ra ­
tu re s  and  pressures,, m a y  p r o d u c e  la ic .  T h e rm a l  m e t a m o r p h is m  o f  s i l ica- 
r ic h  d o lo m i t e  [ C a M g ( C 0 3 ) , J  w i l l  p ro d u c e  ta lc  as w e l l .  These processes, 
h o w e v e r ,  also c o m m o n ly  re s u l t  in  the  f o r m a t i o n  o f  a n u m b e r  o f  o th e r  
c o e x is t in g '  m in e ra l  phases, p r e d o m in a n t l y  h y d r o u s  m a g n e s iu m  s il ica tes. 
S o m e  o f  these, f o r  e x a m p le ,  a n th o p b y M i te ,  t r e m o l i t e ,  a n d  s e rp e n t in e  
m in e ra ls  ( i n c lu d in g  c h r y s o l i t e ) ,  o c c u r  as m ic r o s c o p ic  i n te r g r o w t h s  w i t h  
ta lc ,  as m a c ro s c o p ic  n o d u le s ,  o r  even as d isc re te  zones  w i t h i n  o r  a d ja cen t  
to  ta lc  (T a b le  2). T a lc  r o c k  is t h e r e fo r e  g e n e ra l ly  n o t  m o n o m in e r a i l i c  b u t  
is o f t e n  a m ix tu r e  o f  m in e ra ls  t h a t  m a y  va ry  w id e ly  w i t h  respec t to  k in d  
a n d  q u a n t i t y .  P h lo g o p i te ,  a m a g n e s iu m  m ic a ,  and  c h lo r i t e ,  a g ro u p  o f  
m in e ra ls  re la te d  t o  th e  m ica s ,  are also c o m m o n ly  assoc ia ted  w i t h  la ic .  
S o m e  o f  these assoc ia ted  m in e ra l  phases are a s b e s t i fo rm  a m p h ib o ie s  and 
c h r y s o l i t e  (see d iscu ss io n  o f  th e  te rm s  asbestos and a s b e s t i fo rm  in 
A p p e n d i x  A ) .  C o n v e rs e ly ,  la ic  has been d e s c r ib e d  as a c o m m o n  accessory 
m in e ra l  in  c o m m e rc ia l  asbestos d e p o s i ts  ( H u r i b u t  and  W i l l ia m s ,  1 9 3 5 ) .

T a lc  d e p o s i ts  m a y  be z o n e d ,  w i t h  d i f f e r e n t  m in e ra l  assemblages 
p h y s ic a l l y  ch a n g in g  in  o c c u r re n c e  a n d  p r o p o r t i o n s  o v e r  e x t r e m e ly  va r iab le

T A B i . £  1 .  M m e rJ tis  t h a t  C o rn m o r iJ y  O c c u r  Jn T a lc  D e p o s its

Mineral group ¡Formula

Carbonates

A m p h ib o ie s

Calcftc
DoSoftuir
Magne^ht
T r e m o : i t e tf 
A  a t  h o  p h y I ! i t  ea

C a C 0 3
Ca-M^COj},
M g C O a

O l,  M g , 5 1 * 0 , ,  ( O H J ,  
£FeMg), Si.O^iOH),

S e rp e n  “¡n c

O th e rs

A r t t ig o r r ie  M g.* S is <J>3 [ O r t h
C h ry s o tM e  (u n c o m m o n  1 M g ,  S i ,  O ,  ( O H ) .
L iz a r d ite  [ u n c o m m o n )  M g ,  S i.£ O ,  ( O H ) .

Q u a r tz
M ica , e-g..
C h lo r i te ,  £ -g .,  p e n r i fn lie
P y r o p f ty  l i i i e

SIO,
K ,  ( M g , F t ) ,  [ S i .  A i , O ae i ( O H ) ,  
( M g . A I , ,= = ) , ,  i l S i . A I ) ,  O m  i ( O H )  , 6 
Ai, [(S I .O ^ j lO H h

^ o c c u r r in g  ¿5 f ib ro u s  ar-d r .o rtfib fov jis  fo rm s . O th e r  t ra c e  m in e ra l phases ar«*. o f  reft 
pres-erit b u t  a re  n o t  In c lu d e d .
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A N. R O W .  ET A L .7 58

d is tances, rang ing  f r o m  c e n t im e te rs  to  tens o f  m e te rs .  Miners? phases in 
such depos its  m a y  in c lu d e  tale p ia ie s  and f ib e rs ,  t r e m o i i t e  and a n th o p h y l -  
l i te  f ibe rs ,  in te rg ro w th 's  o f  a m p b ib o le  and ta lc , s e rp e n t in e  m in e ra ls  (w h ic h  
m ay  in c lu d e  c h rv s c i t i ie ) ,  a n d  free  s i l ica  (q u a r tz )  (R oss  et aL, 1 9 6 8 ) ,  The 
f ib e r  in te rg r o w th  as o f t e n  such t h a t  even ex tens ive  b e n e f ic ia t io n  m a y  n o t  
y ie ld  a p u re  - p ro d u c t .  T h u s ,  w here  f in e -g ra in e d  in te r g r o w t h s  o f  ta lc  and 
t r e m o i i t e  o c c u r ,  th e  p rocessed  p r o d u c t  w i l l  l i k e l y  c o n ta in  res idua! t re m o - 
h ie .  F u r th e r  de ta i ls  c o n c e rn in g  th e  c rys ta l  c h e m is t r y ,  s t r u c tu re ,  synthesis, 
and geo log ica l o c c u r re n c e  o f  ta lc  are f o u n d  in A p p e n d ix  8 .

I N D U S T R I A L  A N D  C O S M E T IC  G R A D E  T A L C S  '

i t  is ge n e ra l ly  recogn ized  t h a t  va r ious  c o m m e rc ia l  grades o f  ta lc  are 
m a rk e te d  in  th e  U n i te d  S ta tes  ( A p p e n d ix  C ). H i ld ic k - S m i th  ( 1 9 7 6 }  has 
s ta ted  th a t  a ta lc  s u i ta b le  f o r  p h a rm a c e u t ic a l  p u rp o se s ,  used in  cosm e t ic  
and to i l e t r y  p ro d u c ts ,  c o n ta in s  a t  least 90%  ta lc  rn in e ra i  3.nd no de tec tab le  
asbestos. S u ch  s ta ted  c o m p o s i t i o n a l  re s t r ic t io n s  are n o t  p laced o n  in d u s ­
t r ia l  grade talcs. O n e  s tu d y  d e m o n s t ra te d  th a t  a n u m b e r  o f  in d u s t r ia l  talcs 
c o n ta in e d  s u b s ta n t ia l  q u a n t i t ie s  o f  t r e m o i i t e ,  up  to  8 7 %  by  w e ig h t  o f  the  
sa m p le  (S ch u lz  and W i l l ia m s ,  1 9 4 2 ) .

In  1 9 6 8 ,  a s tu d y  (C ra l le y  e t  aL, 1 9 6 8 )  o f  22  c o s m e t ic  ta lc u m  p ro d u c ts  
d e m o n s t ra te d  f i b e r  c o n te n ts  ra n g in g

f r o m  8 t o  30%  b y  c o u n t  w i t h  an average o f  19% . T h e  f ib ro u s  
m a te r ia l  was p r e d o m in a te ly  ta lc  b u t  p r o b a b ly  c o n ta in e d  - m in o r  
a m o u n ts  o f  t r e m o i i t e ,  a rs th o p h y l ls te  and c h r y s o t i le  as these are 
o f t e n  present: in f i b r o u s  ta lc  m in e ra l  depos its .

W i th  the e x c e p t io n  o f  4  o f  th e  22 c o s m e t ic  ta lc u m  p ro d u c ts  
ana lyzed ,  the  levels o f  free  s i l ica ,  c o b a l t ,  n ic k e l ,  c h r o m iu m ,  and  
manganese w e re  g e n e ra l ly  o f  a l o w  m a g n i tu d e  and  w i t h i n  a 
n a r r o w  range. , . .  T h e  levels o f  s i l ica , c h r o m iu m ,  and  n ic k e l  in 
these f o u r  p r o d u c t s  are  s u f f i c i e n t l y  h ig h ,  h o w e v e r ,  t o  be o f  
co n ce rn  in  th e i r  p o te n t ia l  to  cause disease. . . .

Thus , as la te  as 1 9 6 8  s o m e  c o n s u m e r  ta lc u m  p ro d u c ts  m a rk e te d  in the  
U n i t e d  States c o n ta in e d  a s b e s t i fo rm  m in e ra ls ,  free  s i l ica , and t race  meta ls .

H U M A N  D IS E A S E  A S S O C I A T E D  W IT H
T A L C  E X P O S U R E

F o r  n e a r ly  h a l f  a c e n tu r y  a n u m b e r  o f  re p o r ts  have s h o w n  th a t  
o c c u p a t io n a l  e x p o s u re  to  ta lc  d u s t  is assoc ia ted  w i t h  a f in e  d i f fu s e  
in te rs t i t ia l  lung  sca rr ing  k n o w n  as ta lcosis . F ib r o u s  ta lcs appeared to  be 
m o re  p a th o g e n ic  th a n  p la ty  ta lcs , p ro d u c in g  in  a d d i t i o n  to  ta lcosis, 
increased r isk  o f  m a l ig n a n t  tu m o r s  in e xposed  w o rk e rs  (K le i r i fe ld  and
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C O N S U M E R  T A L C U M S  A N D  P O W D E R S 259

M csstte, 1 9 6 0 ;  K lc in fe fd  e t a i., 1 9 6 7 ) .  S tu d ie s  c o n c e r n in g  th e  b io ló g ic a !  
consequences assoc ia ted  w i t h  taic d u s t  e x p o s u re ,  in c lud ing  cance r ,  are 
re fe r re d  to  in  A p p e n d ix  D.

O B J E C T I V E S  O F  T H E  P R E S E N T  S T U D Y

T w e n t y - o n e  sam p les  o f  c o n s u m e r  ta lc u m s  and  p o w d e rs .  in c lu d in g  b a b y  
p o w d e rs ,  b o d y  p o w d e rs ,  fac ia !  pow ders, and  a p harm aceu tica l ta lc u m ,  w e re  
o b ta in e d  at re ta i l  s to res  in  the N e w  Y o r k  C i t y  area. These sam ples 'were 
a c q u i re d  a n d  s tu d ie d  d u r i n g  the  p e r io d  1 9 7 1 - 1 9 7 5  {T a b le  ! } .  T h e  m a jo r  
p u rp o s e  o f the s t u d y  was to  d e te r m in e  th e  m ine raS og ica l  and ch e m ica l  
co m p o s itio n , w ith  p a rtic u la r em phasis on th e  q u a n tita tiv e  d e te rm in a tio n  o f  
tre m o iite , a n th o p h y llite , serp en tin e  m inera ls , and  q u a rtz . A n o t h e r  o b je c t iv e  
was to  establish a base line  fo r consum er ta lcum s and pow ders , based o n  a 
s a m p l in g  o f  p ro d u c ts  ava i lab le  d u r in g  th e  p e r io d  1 9 7 1 - 1 9 7 5 ,  T h is  base l ine  
p ro v id e s  an ín d e x  fo r  e v a lu a t in g  poss ib le  changes  in  s u b s e q u e n t  f o r m u ­
la t io n s .

M E T H O D O L O G Y  A N D  R E S U L T S  O F  M I N E R A L
A N D  C H E M I C A L  C H A R A C T E R I Z A T I O N

T h e  an a ly tica l techn iques e m p lo y e d  fo r  m inera l id e n tif ic a t io n  and 
q u a n tific a tio n  inc luded  o p tic a l m icro sco p y , transm ission  e lec tro n  m ic ro ­
scopy w ith  se lec ted  area e lec tro n  d if f ra c t io n , X -ra y  d iff ra c tio n , and 
scanning e lectron  m icroscopy w ith  X -ra y  analysis cap ab ilities , C hem ical
d e te r m in a t io n s  ( b u l k  c h e m is t r y  and  t ra ce  m e ta ls )  w ere  m ade  w i t h  a 
n u m b er o f  standard in s t r u m e n ts  and  geochem ical te c h n iq u e s ,  inc lud ing  
s p e c t r o p h o to m e t r y  [ S i0 2 , T »O a , A ! , 0 3 , to ta l Fe {F e 2 0 3 by d i f fe re n c e  
f r o m  F e O ), P2.Os J ; a to m ic  ab sorp tio n  (M n O , M g O , C a O ) ;  flam e  p h o to ­
m e t r y  (N a 2 0 ,  K 2 Q ) ;  w e t chem ica l assay (F e O );  w e ig h t loss, volatiles  
{ H 2 O , C O ;  , o rgan ics ) .  X - ra y  f lu o re s c e n c e  was used fo r  all t ra c e  m e ta ls  
(B o w e s  and Lange r ,  1 9 7 4 ) .

O p t ic a !  M ic ro s c o p y  .

O p tica l m icroscopy is a c o n v e n tio n a l tech n iq u e  fo r the id e n tific a tio n  
o f  m in e ra ls  and fo r  t h e  s tu d y  o f  m inera i relationships. A  m ic ro s c o p e  
e q u ip p e d  w i t h  b r ig h t  f ie ld  i l l u m in a t io n  and  p o la r iz e d  l ig h t  o p t ic s  was used 
to  a n a lyze  the  c o s m e t ic  p o w d e rs .  A p p r o x i m a t e l y  0 .5  m g o f  p o w d e r  was 
placed on a precleaned glass slide and  im m ersed in in d ex  o ils  o f  know n  
re frac tive  indices. These w ere checked  on a re fra c to m e te r . T h e  in fo rm a tio n  
o b ta in ed  on  p a r t ic le s  w ith  this m e th o d  in c lu d e d  m ost o f  the  m easurable  
o ptica l p roperties , in c lu d in g  indices o f re fra c tio n , e x tin c tio n  angles o f  
fibers , general m o r p h o lo g y ,  and size characteris tics  o f  m inera l phases {F ig .
1 ). tn  coarse-grained pow ders , fibers  c o u id  be id e n tifie d  (tre m o iite , 
a n th o p h y llite , ta lc ). T w o  samples co n ta in ed  co rnstarch , easily recognized
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by  m o r p h o lo g ic a l  and o p t i c a l  c h a ra c te r is t ic s .  O n e  p r o d u c t  cons is ted
e n t i r e ly  o f  c o rn s ta rc h .  _ . . .

In m o s t  sam p les ,  h o w e v e r ,  the p o w d e r s  w ere  to o  l in e  g ra in e o ,  w i t h  
p a r t ic le  d im e n s io n s  S ign if ic an t ly  less th a n  1 .0  p m ,  fo r  th e  te c h n iq u e  to  be 
u se fu l .  T h e  l im i t i n g  fa c to r  fo r  d e t e r m in a t io n  o f  o p t ic a !  c o n s ta n ts ,  and 
hence f o r  ' i d e n t i f i c a t i o n  o f  p a r t ic le s ,  is th e  re s o lv in g  p o w e r  o f  the  
m ic ro s c o p e .  T h e  p resence  o f  ta lc  f ib e rs ,  w hich  m a y  have in d ices  o f  
r e f r a c t io n  s im i la r  t o  a m p h ib o le  ( t r e m o l i t e ,  a n t h o p h y l i i t e )  f ib e rs ,  also 
c o n fo u n d s  ana lys is .  T h e r e fo r e ,  a l th o u g h  th is  te c h n iq u e  is an  e x c e l le n t  
d ia g n o s t ic  i n s t r u m e n t  trt som e  ins tances  these re s t r ic t io n s  l im i te d  i t s  
usefu l  ness.

O t h e r  in v e s t ig a to rs  have e x p e r ie n c e d  s im i la r  d i f f i c u l t i e s .  F o r  e xa m p le ,  
in a s t u d y  o f  th e  asbestos c o n t e n t  o f  t a lc  (S ta n le y  and  N o r w o o d ,  1 9 7 3 ) ,  
the re  was d i f f i c u l t y  in  a p p ly in g  o p t i c a l  m ic r o s c o p y  to  th e  p ro b le m .  The 
a u th o rs  c o n c lu d e d  t h a t  o p t ic a !  m ic r o s c o p y

w h i le  i t  w o rk s  w e l l  o n  p u re  sa m p le s  o f  fa i r l y  massive f i b e r  
le n g th  f r o m  3 t o  5 m ic ro n s ,  o u r  o b s e rv a t io n s  b y  t r a n s m is s io n  
e le c t ro n  m ic r o s c o p y  have s h o w n  th a t  naturally occurring asbesti- 
fo rm  minerals o ften Ha below the working resolution capabilities 
o f  the light, microscope a n d  f u r t h e r m o r e  w h i le  m ass ive  f ib e r  
b u n d le s  can  o f t e n  be o b se rve d  b y  e i th e r  l i g h t  o r  e le c t ro n  
m ic ro s c o p y  the. o b s e rv a t io n  o f  in d iv id u a l  f ib e rs  s m a l le r  th a n  0.5  
b y  0 .2  m ic r o m e te r s  o f t e n  w i l l  r e q u i re  the  h igh  r e s o lu t io n  
c a p a b i l i t y  o f  th e  t ra n s m is s io n  e le c t ro n  m ic ro s c o p e  (em phas is  
a d d e d ) .

i t  is f u r t h e r  s ta te d  th a t  'M igh t m ic r o s c o p y  was h e lp fu l  o n l y  in  screen ing  
sam p les  w i t h  la rge  p a r t ic le s  a n d  h igh  c o n c e n t r a t io n s  o f  o b je c t io n a b le  
f i b e r s . "

B y  c o m p a r in g ,  th e  resu lts  o f  o p t i c a l  m ic r o s c o p y  w i t h  th o se  o f  q u a n t i t a ­
t ive  X - r a y  d i f f r a c t i o n  a n d  e le c t ro n  m ic r o s c o p y ,  we obse rved  th a t  large 
n u m b e rs  o f  f ib e rs  go  u n d e te c te d .  In  a d d i t i o n  t o  th e  re s t ra in ts  o f  re s o lu t io n  
im p o s e d  b y  l ig h t  m ic r o s c o p y ,  a n o th e r  m a jo r  d ra w b a c k  re la tes  to  th e  
s t r o n g  tendency '  o f  a s b e s t i fo rm  m in e ra ls  to  c leave  o r  b re a k  a lo n g  planes o f  
weakness w h e n  th e y  a re  c ru s h e d ,  p r o d u c in g  la rge  n u m b e rs  o f  sm a l l  f ibe rs .  
F o r  e x a m p le ,  l ig h t  m ic ro s c o p ic  e x a m in a t io n  o f  a ta lc  sam p le  (n o .  S), 
w h ic h  c o n ta in s  o v e r  1% t r e m o l i t e  (see T a b le  4 ) ,  d e m o n s t ra te s  the presence 
o f  m in e ra l  f ra g m e n ts  th a t  are p r im a r i ly '  n o t  a s b e s t i fo rm  (F ig .  1C). H o w ­
ever, e le c t ro n  m ic ro s c o p ic  e x a m in a t io n  o f  th e  sam e sam p le  d e m o n s t ra te s  
th a t  m a n y  o f  th e  s u b m ic ro s c o p ic  t r e m o l i t e  p a r t ic le s  are f i b r o u s  (see F ig . 
3 E ) .  T h e  p ro b le m  in v o lv in g  the  d e t e r m in a t io n  o f  th e  re la t iv e  p r o p o r t i o n s  
o f  each o f  these m o rp h o lo g ic a l  phases in  th e  same s a m p le  (mass vs. 
n u m b e r )  is p re s e n t ly  u n re s o lv e d .  B a s ic a l ly ,  th e  large f ib e rs  are b ro k e n  
d u r in g  m i l l i n g  y ie ld in g  a n e w  s ize d i s t r i b u t i o n  in  th e  s u b m ic ro s c o p ic  range.
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X -ra y  D i f f r a c t io n
T h e  a p p lica tio n  o f  X - ra y  d i f f r a c t i o n  analysis in  step-scan m o d e  fo r  

q u a n t i t a t iv e  d e te rm in a tio n  o f  asbestos in  la ic  has been descr ibed  in detail 
{ R o h l  and  Lange r ,  1 9 7 4 ) ,  i n c lu d in g  th e  se lec t ion  o f  ta lc  and  asbestos 
re fe rence  m a te r ia ls ,  the  p rep ara tion  o f  s tanda rd  d ilu tio n s  o f  asbestos 
m in e ra ls  in  ta lc  to  ensure s e n s i t iv i t y  and r e p r o d u c ib i l i t y ,  th e  s e le c t io n  o f  
c h a ra c te r is t ic  X - ra y  re f le c t io n s  to  be scanned , and in s t ru m e n ta l  techn ique .

Selection o f  talc m ineral standard . S c reen ing  o f  va r ious  ty p e s  o f  ta lcs 
f o r  use as re fe rence  m a te r ia !  was m ade b y  X -ray d iffra c tio n  and trans­
mission e le c t ro n  m ic ro s c o p ic  ana lys is . A  c o n t in u o u s  scan was f i r s t  m ade to  
id e n tify  the m a jo r m inera l phases p resen t .  Talcs th a t show ed the presence 
o f  a n y  se rp e n t in e  m in e ra l ,  t r e m o l i t e ,  o r  a n th o p h y iiite  were e l im in a te d  as 
reference m ateria ls . T h e  possib ility  o f  false negatives for  these minerals  
was checked by step scanning the  diagnostic reflections {Tab le  3 ) . Further  
v e r i f i c a t io n  o f  th e  absence o f  asbestiform  m inera ls  was m ade by  trans­
mission e le c t ro n  m ic ro s c o p y .  These te c h n iq u e s  p erm itted  the  se lec t ion  o f  a 
m a trix  talc th a t was c o m p le te ly  f ree  o f  asbestiform  m ine ra ls .

C h lo r i te  m in e ra ls  are hydrous i r o n -m a g n e s iu m  s i l ica tes, f r e q u e n t ly  
associated w ith  talcs. T h e ir  presence m a y  in terfere  w i th  the d e te c t io n  o f  
s e rp e n t in e  m inerals, both  p ia ty  (a n tig o rite ) and fib rou s  (ch ry s o tile ). T h is  is 
p a r t ic u la r l y  t r u e  i f  th e y  are p re s e n t  In  equa l o r  larger a m o u n ts  th a n  these 
la t t e r  m ine ra ls .  T w o  in tense  basal re f le c t io n s  a t  1 4 ,2  A  (0 0 1 ) and 7.1 A  
(0 0 2 ) are characteris tic  o f  c h lo r i t e  m inerals. T he  la tte r re flec tio n  occurs 
c lose to  the  (0 0 2 ) re f le c t io n  o f  s e rp e n t in e  m ine ra ls  (7 .3  A ). T h e  3 .6 6  A 
(0 0 4 ) re f le c t io n  o f  s e rp e n t in e  was se lected  as d ia g n o s t ic  (T a b le  3 ), since 
th e  lo w er in ten s ity  (0 0 4 ) re flec tion  o f c h lo rite  (3 ,5 3  A ) in this reg ion  was
f o u n d  n o t  to  cause in te r fe re n c e .

Selection o f  the asbestos standard. R e fe rence  sam p les  o f  p u re  asbestos 
m in e ra ls  w ere  o b ta in e d  f r o m  va r io u s  m in e ra l  co llections and f r o m  the 
In te rn a t io n a l  A s s o c ia t io n  f o r  R esearch on  C ance r ( I A R C } .  These were 
screened fo r  p u r ity  and p a rtic u la rly  fo r  the presence o f in te r fe r in g  
contam inan ts  according to  the procedures previously described fo r  talc. 
T w o  d iffe re n t specim ens o f  c h ry s o t i le  were used as reference m aterials: a 
tr ip le  a ir-je t m illed  sample fro m  the  J e f f re y  M ine, Q uebec (p ro v id e d  by  
th e  jo h n s -M an v iiie  C o rp .) and a specim en f r o m  O oalinga, C a lifo rn ia  
( p ro v id e d  by the  C a l id r ia  D iv is io n ,  U n io n  C a rb id e  C o rp . ) .

Sample preparation. .A m ong  th e  va r iab les  th a t  s t r o n g ly  in f lu e n c e  the  
precision and accuracy o f  q u a n tita tiv e  X -ra y  d iffra c to m e try  are pa r t ic le  
size, p re fe r re d  o r ie n ta t io n ,  and su r fa ce  f la tness. V a r ia t i o n  due  t o  p a r t ic le  
size can be m in im ized  by crushing and screening the  asbestos and talc- 
s tanda rds  to ensure a u n ifo rm  size d is tr ib u tio n , w ith  an effec tive  crystallite  
d im e n s io n  on  the  o rd e r  o f  5 urn o r  less. T h e  e f fe c t  o f  p re fe rred  
o r ie n ta t io n  is m o re  d i f f i c u l t  to  con tro l. .  T h e  te n d e n c y  f o r  p re fe rred  
o rien ta tio n  is largely  the fu n c tio n  o f  m ineral cleavage properties. Both the 
ta lc  and  the  asbestos m inerals have exce llen t cleavages, p ia ty  in  talc and
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T A í i L E  3 . O O Íb fa U a n  C u rv e  D a la  f o r  th e  O c ie rn n jr ia v io n  o í’ A i b c s í ! f e n n  M in e r a l^  2 n d  Q u a r u  
in Talc by X-ray Analysis*'

M in e r a l  pha se

• P qu^rnef-ttr A íV 'b c jp h y í / i tc C h r y s o c iic 0 1 / a r t x 1 f e m o l i i f

M Ü l í f  ¡r*<3** o f  c jL a g r.o s ilc  r ^ f íe c i iQ n  
C © r í <? s p  o n  d  i n ¡g { /- s p a c in g  { A )  
R e s a tiv «  k i t  errs-'ey 
S t-cp -sca n  jni<3.rva< ( 2  th e i-a )

C 21 0  J 
S .2 6

5 5
1 0 -0 -1  1 ,0

£ 0 0 4 )
3 .G 6

m
2 3 . 5 - 2 5 . 0

i'J: 1 1 
1 ,5 4  

1 5
5 3 . 5 - 6 0 . 5

( 1 1 0 )  
8 .3 8  
1 0 0

1 0 - 0 -  • 1 ,0

P e rc e n t m in e ra !  in t.ale and c o r re s p o n d in g  a rc á  o í  r e f ic c t ío / i

A n th o p h y i l i t e C h ry s o lite QlMTiZ. T r e m u l l ís

% ¡n .3 c % in .* % in ,* % in .3

5 .0 0 .5 2 0 ,2 5 0 .0 1 5 .0 7..75 0-1 0-1 3
1 0 .0 2 .3 5 0 ,5 0 .0 3 1 0 ,0 3 .7 5 0 .5 0 .3 0
T 5 .0 3 .9 9 1 .0 o .o s 2 0 .0 7.1  1 2 .2 0 .4  3
2 0 .0 4 ,6 5 2 . 0 0 .2 2 2 5 .0 9 ,3 0 7 , 7 C .S 7
2 5 .0 5.1 2 5 . 0 0 .9 4 3 0 ,0 1 3 .2 0 4 .3 1 .2 5
3 0 .0 7 .2 2 7 .0 1 .5 7 4 0 - 0 1 6 .9 0 5 .0 i . s s
3 5 .0 9 .9 2 8 .5 2 .2 1 — — 7 .0 2 . 0 3

~ - S .9 2 .3 4 . . . 1 0 ,0 2 .8 0

Di?»í*cl!ori¡ limit

W t %  A n th o p h y K fte  -  A r e a  ( 2 T 0 )  ~  C .2 7 ( < & A r i5 ~ 0 .5 2  R :c — 0 .5 5  7 . 0 %
W't %  C h ry s o t ite  -■ A ro s  ( 0 0 4 5  ■=* 0 .2 7  ( « C h j  — 0 . 5 0  R *  =» 0 .9 8  0 .7 %
V i í - %  Q u a r íz  -  A r o  1 2 1 1 )  =  0 . «  {% Q }  -  0 .6 0  R ’  -  0 . 9 6  1 .4 %
W t %  T r í n w i i l e  a . A re a  í 1 T 0 )  =  0 .2 8  ! % 7 r j  _  0 .0 4  R *  =  0 .0 8  0 ,1 %

£?!i‘!sr,rijarserjr? .l t í  i r  i,v:; / 'V i ■ i - C t ; / M s ,  4 5  k V / 2 0  t r t A j  s c in t iS Id l io n  c o u n íe r ,  1 4 5 0  V D C ;  
. r t ' . o r o ^ i f c m a í ^ r ,  g r a p h i te ;  a n a ly z e r ,  2 0  V ,  5 V  L ^ i t í t h ,  t e v ^ l ) ; c o n t in u o u s  s-c-ar, T '
2 0/mJn; step-scan, 0.02® 2 e at 2,000 counts Rxeeí.

^Rhombo^eüraí inti ex.
^ R e p e a te d  (■¡ncason-cmcintji o f  arcas- u n d e r  c u rv e s  w i t h  a p o la r  p i a n i  m e  te r  in d ic a te d  a v e ra g e  

d e v ia t io n  o f  *  0 . 0 2 —0 . 0 5  fr> A .

f i b r o u s  in  She case o f  t r e m o f i te ,  a n t h o p h y l l i t e ,  and  c h r y s o l i t e  (see R o h l  
a n d  La n g e r ,  1 9 7 4 ,  F ig .  2). In  a t t e m p r in g  to  reduce  o r  e l im in a te  th e  e f fe c ts  
o f  p re fe r re d  o r i e n t a t i o n  in  X - ra y  ana lys is ,  a n u m b e r  o f  s a m p le  p re p a ra t io n  
a n d  in s t ru m e n ta l  te c h n iq u e s  have been d e v e lo p e d  (Bragg., 1 9 6 7 ;  B r in d le y  
a n d  K u r to s s y ,  1 9 6 1 ;  C u l i i t y ,  1 9 5 6 ;  K iu g  and  A le x a n d e r .  1 9 5 4 ) .  In the  
p resen t s tu d y  these te c h n iq u e s  were te s te d ,  b u t  none  was f o u n d  to  p ro v id e  
ad e q u a te  p rec is ion  ( r e p r o d u c ib i l i t y ) .  A c c o r d in g ly ,  a sam p le  p re p a ra t io n  
te c h n iq u e  was d e v e lo p e d  th a t  was su cce ss fu l ly  used, in  c o n ju n c t io n  w i t h  
X - ra y  d i f f r a c t i o n  in  the  step-scan m o d e ,  to  d e te c t  d ia g n o s t ic  re f le c t io n s  o f  
these m in e ra ls  in a ta lc  m a t r i x  ove r  a range o f  c o n c e n t r a t io n s  (T ab le  3).
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T h e  r e p r o d u c ib i l i t y  o f  r e f le c t io n  in te n s i t ie s  was also greater th a n  o th e r  
p re p a ra t io n  te ch n iq u e s  tes ted .

B in a ry  d i l u t i o n  s ta n d a rd s  o f  c h ry s o l i t e ,  a n t h o p h y l i i t e ,  and t r e m o l i t e  in 
ta lc  w ere  p repa red  g ra v tm e t r ic a l ly ,  A sbes tos  f ib e r  c o n c e n tra t io n s  were 
p repa red  i n i t i a l l y  a t  5 .0 ,  4 .0 ,  2 .0 ,  1 .0 ,  0 .5 ,  0 .2 ,  and 0 .1% . F i f t y  m i l l ig ra m s  
o f  the  ta lc -asbes tos  m ix tu r e s  -were h o m o g e n iz e d  in IO  m! f i l t e r e d  w a te r  
u t i l i z i n g  u l t ra s o n ic  ene rgy .  T h is  s lu r r y  was p o u re d  in to  a 3 0  cc  Syringe and 
f i l te re d  th r o u g h  a 0 .2 2  j jm  po re  size m e m b ra n e  f i l te r .  T o  p re ve n t  
s t r a t i f i c a t i o n  due to  d i f f e r e n t ia l  p a r t ic le  size and d e n s i ty  e f fec ts ,  the  
sy r inge  is h e ld  in  a h o r iz o n ta l  p o s i t i o n ,  r o ta te d ,  and  shaken  d u r in g  
f i l t r a t i o n .  T h e  res idue  fo r m s  a f l a t  cake o f  a b o u t  0 .5  m m  u n i fo r m  
th ickn e ss  o n  the  m e m b ra n e  f i l t e r .  W hen  d r ie d ,  th e  sam p le  is a f f ix e d  t o  a 
glass s l ide  fo r  X - ra y  d i f f r a c t i o n  ana lys is  ( R o h l  and Lange r ,  1 9 7 4 ) .

Selection o f  X -ray reflections. Because o f  c ry s ta l  s t r u c tu re  s im i la r i t ie s  
in the  m ine ra ls  be ing  s tu d ie d  (i .e,, t r e m o l i t e  and a n th o p h y !b i t e } , con s id e r­
ate e o v e r la p p in g  and  in te r fe re n c e  o f  X - ra y  re f le c t io n s  o c c u r .  T h e  lo w  
s y m m e t r y  and c o n s e q u e n t  c o m p le x  X - ra y  d i f f r a c to g ra m s  o f  such m ine ra ls  
as ta lc ,  c h lo r i t e ,  and  m ic a ,  as w e l l  as poss ib le  in te r fe re n c e s  f r o m  a d m ix e d  
phases such as k a o l in i t e ,  m ake  i t  necessary t o  se lec t a re f le c t io n  or set o f  
re f le c t io n s  fo r  each m in e ra l  c o m p o n e n t  th a t  c o u ld  be used as an index  o f  
th e  a m o u n t  o f  t h a t  m in e ra l  in  a m ix tu r e .  S uch  d iagnos t ic  re f le c t io n s  were 
se lec ted  by re fe r r in g  t o  s ta n d a rd  X - ra y  p o w d e r  d i f f r a c t i o n  da ta . These 
d ia g no s t ic  r e f le c t io n s  w e re  s tep-scanned a t  0 .0 2 °  2 th e ta  in a f i x e d  c o u n t  
m o d e  (2  X 1 0 3 c o u n ts ) .  Precise p o s i t io n s  and p ro f i le s  o f  the d ia g n o s t ic  
re f le c t io n s  were  d e te r m in e d .  In  the  f i x e d  c o u n t  m o d e , each o f  th e  angu la r 
in te rva ls  se lected are scanned w i t h  equa l a cc u ra c y .  T h u s  w eak re f le c t io n s  
can be d e te rm in e d  w i t h  equa l p re c is io n  as h igh  i n te n s i t y  re f le c t io n s .  T h e  
s ta t is t ic a l  a ccu ra cy  d e p e n d s  o n l y  o n  th e  to ta l  n u m b e r  o f  c o u n ts  reco rded , 
and  the  c o u n t in g  ra te  se lected gives a percen tage  p ro b a b le  e r ro r  o f  abou t 
2%. P ro f i le s  o f  the  d ia g n o s t ic  re f le c t io n s ,  p lo t t e d  as a fu n c t io n  o f  n u m b e r  
o f  c o u n ts  vs. 2 th e ta ,  are measured w i t h  a co m p e n s a t in g  po la r  p ian ir r ie te r .  
T h e  in te n s i ty  o f  a r e f le c t io n  is p r o p o r t i o n a l  to ,  but: n o t  necessari ly  a l inea r 
f u n c t io n  o f ,  i ts  c o n c e n t r a t i o n .  O th e r  fa c to rs  t h a t  m a y  in f lu e n c e  re f le c t io n  
in te n s i t ie s  in c lu d e  in s t ru m e n ta l  c o n d i t io n s ,  p a r t ic le  size, degree o f  p re ­
fe r re d  o r ie n ta t io n ,  s a m p le  th ic kn e ss  and f la tness , and  a b s o rp t io n  ch a ra c te r ­
is t ics (KJug  and  A le x a n d e r ,  1 9 5 4 ;  R o h l  and  Langer, 1 9 7 4 ) ,

F igure  2 sh o w s  c a l ib ra t io n  cu rves  o b ta in e d  f o r  c h ry s o t i le ,  a n th o p h y i -  
l i t e ,  t r e m o l i t e ,  arid q u a r t z  using th e  step-scan te c h n iq u e .  Measured areas o f  
d ia g no s t ic  re f le c t io n s  are p lo t te d  aga ins t p e rc e n t  d i l u t i o n  in  ta lc .  A s  
in d ic a te d  in T a b le  3 t r e m o l i t e  m a y  be d e te rm in e d  a t  levels as lo w  as 
0 .1 0 %  by  w e ig h t ,  c h r y s o t i l e  f r o m  0 .25  to  0 .5 0 % , and a n th o p h y i l i t e ,  as lo w  
as 2%  in ta lc . I t  is Im p o r ta n t  to  n o te  th a t  the  l im i ts  o f  d e te c t io n  given in 
T a b le  3 are h ig h e r  and  based on  a best f i t  regression analysis. F o r 
e x a m p le ,  regress ion  ana lys is  in d ica tes  th a t  the  d e te c t io n  l im i t  f o r  c h ry s o ­
l i t e  is 0 .7 % , w he reas  f r o m  0 .2 5  to  0 .5%  can be a c tu a l ly  de tec ted .
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F iG U R E  2 . o a  U b r a t  io n  o í  a s b e s t i fo r m  a m p h ib o le s  a n d  Q u a r t?  iv> ta ie .

d e p e n d in g  o n  p a r t ic le  s ize, degree o f  c r y s t a l l i n i t y ,  e tc .  T h e  change:; in 
s lope  a t the  lo w e r  e n d  o f  the  cu rves  are n o t  re f le c te d  so th a t  ax ia l 
in te rc e p ts  are e xagge ra ted  on  th e  h igh  end  o f  the  abscissa.

B y  us ing  X - ra y  d i f f r a c t i o n  1rs the step-scan m ode, S ta n le y  and  N o r ­
w o o d  {'! 9 7 3 )  w ere  ab le  to  d e te c t  a m in im u m  o f  0 .2 5 %  t r e m o i i t e  irt ta ic  
and  a m i n im u m  o f  0 .5 %  c h r y s o t i i e  a n d  the  o th e r  a s b e s t i fo rm  m inera is . 
H o w e v e r ,  such  l o w  leve ls  o f  c h r y s o t i ie  w e re  n o t  d e te c te d  w h e n  c h lo r i t e  
was p resen t .

Step scanning. T h e  c o n te n ts  o f  the c o n ta in e rs  were th o ro u g h ly  m ixe d  
w i t h  a sam p le  s p l i t t e r  to  avo id  s t r a t i f i c a t i o n  e f fec ts .  A l i q u o t s  o f  each, 
w e ig h in g  5 0  tr ig, w e re  p re p a re d  us ing  th e  id e n t ic a l  m e t h o d o lo g y  descr ibed  
f o r  p re p a r a t io n  o f th e  d i l u t i o n  standards. T h e  f ilte r -m o u n te d  samples were, 
th e n  s tep  scanned o v e r  th e  g o n io m e tric  in tervals d iagnostic  fo r  the 
standard  asbestiform  m inera ls  a n d  q u a rtz . In s tru m en t operating  cond itions  
w e re  id e n t ic a l  w ith  th o se  used f o r  a n a ly z in g  th e  d i l u t i o n  s tandards . 
Profiles  p lo t t e d  fo r the  d ia g n o s t ic  in tervals and re flec tio n  areas a fte r peak 
s tr ip p in g  were m easured b y  p o la r  p la n im e try . T h e  w e ig h t percents o f  
a n th o p h y llite , tre m o iite , and q u a rtz  contents  w ere  estim ated  b y  referring  
to  the a p p ro p ria te  regression curve. I he q u an tities  o f  asbestiform  m aterials  
in  the 21 ta lcum s and p ow ders  f o u n d  b y  th is techn ique are show n in 
T a b le  4. T h e  results show  th a t 1 0  o f  the 21 samples c o n ta in  am phibo le
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c o n s u m e r  t a l c u m s  a n d  p o w d e r s :?6 7

m in e ra  is, ra n g in g  in  a m o u n ts  f r o m  a fe w  te n th s  o f  a pe rce n t  t o  ove r  14%. 
T r e m o l i t e  was th e  m o s t  c o m m o n ly  f o u n d  (9  o f  th e  2 1 ) ,  and a n t h o p h y l l i t e  
o c c u r r e d  w i t h  t r e m o l i t e  in 6 o f  the  21. A  s e rp e n t in e  m in e ra l  phase was 
in d ic a te d  in t w o  sam p les , in a m o u n ts  a t o r  near th e  lo w e r  l im i t s  o f  
d e te c t io n .  V e r i f i c a t io n :  o f  th e  s e rp e n t in e  phase as c h ry s o t i le  in the  t w o  
sam p les  in a m o u n ts  c o r r e s p o n d in g  t o  th e  observed  c o n c e n t r a t io n s  was 
m a d e  b y  e le c t ro n  m ic ro s c o p y .

Continuous scanning. In  o r d e r  t o  s tu d y  th e  presence o f  a ll m in e ra ló g ­
ica! (a n d  p o s s ib ly  o t h e r  c r y s ta l l in e )  c o m p o n e n ts  the  sam p les  w e re  scanned 
f r o m  5 °  t o  7 0 °  2 th e ta  a t  a sc a n n in g  ra te  o f  1 ° 2 th e ta  pe r  m in u te .  T h is  
t e c h n iq u e ,  as e x p e c te d ,  p ro ve d  s a t i s fa c to r y  f o r  th e  id e n t i f i c a t io n  o f  m a jo r  
c o m p o n e n ts ,  b u t  i t  was g e n e ra l ly  f o u n d  to  be in ca p ab le  o f  d e te c t in g  
t r e m o l i t e ,  a n t h o p h y l l i t e ,  o r  s e rp e n t in e  m in e ra ls  e x c e p t  in  cases o f  gross 
c o n ta m in a t io n .  T h e  h ig h  no ise  leve l (low,' p e a k - to -b a c k g ro u n d  ra t io )  o f t e n  
p re v e n ts  th e  d e te c t io n  o f  q u a n t i t i e s  o n  th e  o r d e r  o f  4 - 6 %  o r  less and also 
e x c lu d e s  th is  te c h n iq u e  f o r  q u a n t i t a t i v e  ana lys is .  A s  a re s u l t  o f  h ig h  noise 
level th re e  fa lse  p o s i t iv e s ,  as in d ic a te d  by  c o n t in u o u s  s c a n n ing ,  w e re  
s u b s e q u e n t ly  s h o w n  to  be nega t ive  f o r  a m p h ib o le  b y  s tep  scann ing  and 
e le c t r o n  m ic r o s c o p y .  In  a d d i t i o n ,  c o n t i n u o u s  sca n n ing  m ay  n o t  gene ra l ly  
d e te c t  s e rp e n t in e  m in e ra ls  in  th e  presence o f  c h lo r i t e  o r  k a o l in i te .

E le c t ro n  M ic r o s c o p y  and  E le c t ro n  D i f f r a c t i o n
T h e  t ra n s m is s io n  e le c t ro n  m ic ro s c o p e  has been s h o w n  t o  possess the  

s e n s i t i v i t y  re q u i re d  f o r  f i b e r  i d e n t i f i c a t io n  and f o r  d e te r m in a t io n  o f  
p a r t ic le  size d i s t r i b u t i o n  o f  s u b m tc ro s c o p ic  p a r t ic le s  (L a n g e r  and P o o le y ,  
1 9 7 3 ;  L a n g e r  e t ah, 1 9 7 3 )  . ’

A c c o r d in g l y ,  a l iq u o ts  o f  ta lc u m  sam p les  were  p repa red  f o r  e le c t ro n  
m ic ro s c o p ic  an a lys is  by  a te c h n iq u e  l h a t  d isperses p a r t ic le s  in  a d r o p  o f  
n i t r o c e l lu lo s e  s o lu t i o n  on  a glass s l ide . A  second  glass s l id e  is p laced o n  
th e  f i r s t  and  th e  t w o  are d ra w n  l i g h t l y  a p a r t ,  leaving a f i l m .  T h is  
te c h n iq u e  is i n te n d e d  t o  m in im is e  th e  a l t e r a t io n  o f  p a r t ic le  s ize d i s t r i b u ­
t i o n .  T h e  f i l m  Is m o u n t e d  on  e le c t ro n  m ic ro s c o p e  g r ids  and scanned at. 
m a g n i f i c a t io n s  o f  X 2 0 ,0 0 0 .

M o r p h o lo g ic a l l y ,  a m p h ib o le  m in e ra ls  are g e n e ra l ly  q u i te  d is s im i la r  f r o m  
o th e r  s i l ica te  m in e ra ls .  B o th  a n t h o p h y l l i t e  and t r e m o l i t e  are re c t i l in e a r ,  
o f t e n  w i t h  a m p h ib o le - t y p e  s tep  cleavage o r ,  i n f r e q u e n t ly ,  w i t h  p r is m a t ic  
te r m in a t io n s .  T r e m o l i t e  f ib e rs  te n d  t o  be e le c t ro n  dense and S h o r te r  th a n  
a n t h o p h y l l i t e  {F ig .  3 ) ,  w h i le  th e  la t te r  has a te n d e n c y  t o  be e le c t ro n  
t r a n s lu c e n t  and to  s h o w  d i f f r a c t i o n  c o n t r a s t  f ig u re s  (L a n g e r  and P oo ley ,
1 9 7 3 ) , '  S hee t s i l ic a te  m in e ra ls  ( ta lc ,  c h lo r i t e ,  m icas) le n d  t o  be equ i-  

' .d im e n s io n a l  in  shape, o f t e n  w i t h  p s e u d o h e x a g o n a l  o u t l in e s  (F ig .  4 ) .  C u r le d  
ta lc  p la tes  o r  ta lc  f ib e rs  o n  edge m a y  s u p e r f ic ia l l y  resem ble  a s b e s t i fo rm  
m in e ra ls ,  b u t  se lec ted  area e le c t ro n  d i f f r a c t i o n  p a t te rn s  easily  d is t in g u is h  
b e tw e e n  the  t w o  ( c o m p a re  F ig . 5 A ,  C ,  a n d  D ).

E le c t ro n  m ic r o s c o p y ,  in c o m b in a t i o n  w i t h  se lec ted  area d i f f r a c t i o n .
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F ir S U R E  3. T r a n s m is s io n  e le c t r o n  m ic r o g r a p h *  s n o w in g  ra n g e  in  m o rp h o lo g ie ,;« ! c n a ra e s e rra t ic *  o r 
a s b e s t i fe r m  w e m o ik e  r n d  » n t n o p h y l lU e  in  u l e .  T h e  e n t ir e  fa n g e  o f  m o rp h o lo g ie « !  v a r ia t io n ?  
o b s e rv e d  f o i  th e s e  m in e r a s  a  o b s e rv e d  in  th e  a s b e s to s  s ta n d a r d s :  r e c i i l in e a r  f ib e rs  w i th  p a ra l le l 
e n d s  • n d edges ( A } ;  s ■ ;; y -c ir a  y-;; o r:d >  [ 0 / ;  o n :  r b b r d s  d r o t r t n ih n s  B o rn  i ;  i- r  r b o d y ,  \ C i  ; < v rv ii in : :? .f  
f ib e r  W ith  a m p h ib o ly  c le a v a g e  e n d  ( O t ;  h ig h  S e n g lh - to - w id lb  r a t io  f ib e r s  (.£>; f ib e rs  p r o t r u d in g  f r o m  
in te r io r s  o f  t a lc  p ra te s  ( F ) .  A l l  o f  th e s e  m o r p h o lo g ic a l  v a r ia t io n *  a n d  fo rm s  t A - t )  nave b e e n  
d e s c r ib e d  in  a n t h p p h y l l i i e  a n d  i r e m o lk e  a s e b e s io s  s a m p le s . T h e  a m p h ib o le  s t r u c tu r e  w a s  c o n f ir m e d  
In  a i i  cases b y  s e le c te d  a rea  e le c t r o n  d i f f r a c t i o n  c h a v a c ie  r i t a i i o n .  Scads as m a rk e d .  M ic r o g r a p h s  
o b ta in e d  o n  i  J E O l  J E M  1 2 0  U  w i t h  an  a c c e le r a t in g  v o lta g e  a t 1 2 0  k V .

¿ÎÎ&
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P T G U R E  4 . T rans?n ii5 .s :u 'ri e is i.L  ir ilca x ig ra p S i?  o f  to ia 'is t- ilc  i<ak s a m p le s  >:c»5r>posed p r im a r i l y  o f  
p u t«? , w k h  a n  t ic c a s io ria i large ta-lc f lb s v  ( 8 k C ) ;  :z\c w i t h  m a n y  fib e rs  (D 4v S c a le  A th e  .'same in 
( A )  .a n d - ( S )  a n d  an {C ;  a r id  0 -0 *  A U  f l e e r e d  a re a  e P e c rru n  c U f f ra c i io fs  p a n e rn s .  o b ia in e d  o n  r 'ib a rs  
y ie ld e d  I b o i c  c o n j i s i e n t  f o r  taf>: p is te s  {se e  r i g .  .‘3, A  s n d  S ) .  In  ¿4S ta l ' i - c o n ta a r 'n g  s a m p le s  
(.xa^i-iKd dy ekcti’orj fnic'c-.'vcopy taPf grains tended fo range from 'IS ‘ o 0..*?. ĵ rrs ;n great:e:St 
f j irP « r i? ^ a r i,  M ic rn g y  a p f.  o b t a in e d  o n  <j jE O L  jE M  S SO U  w i th  a n  a c p«! e r a i io  n v ij iL a g e  a i 1 2 0 k V .

was used to  v e r i f y  th e  p resence  o f  annphibole in  the  1 0  sam p les  s h o w n  to  be 
p o s i t iv e  b y  X - ra y  d i f f r a c t i o n .  E le c t ro n  m ic ro s c o p y ,  w h i le  n o t  q u a n t i ta t iv e ,  
a lso  s h o w e d  th a t  a m p h ib o le  f ib e rs  w ere  p re s e n t  in  re la t iv e  a m o u n ts  th a t  
c o r r e s p o n d e d  to  t h e i r  p e rce n ta g e s  as s h o w n  b y  X-fay  d i f f r a c t i o n .

T h e  presence o f  t races  o f  c h ry s o l i t e ,  ra th e r  th a n  p ia ty  s e rp e n t in e ,  in 
sa m p le s  12 and 15 was v e r i f ie d  by  e le c t ro n  m ic ro s c o p y  {F ig .  6 ), By
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F iG U R F . S .  T r a r e m is s io n  e le c t r o r ;  r n ic ro g ra p h s  a n d  a c c o r r jp a .n y in g  s,c?«cierf a rea e ls c r  ru n  . i i i f 'f rc .ts o rs  
( S A & D )  p a t ie '-n s  fo r  c o s m e t ic  la ic  s a m p le s . T h e  u i> ; pia'¿e ( T * ;  in  ( a } s h c ^ - i  v /p -c a :  p o ly g o n a l 
c is d v ig i f  i n c  d i f f r a c t i o n  t o n i r a s l  c o n to u r s  fo r  th e  n i in c r o i e p e c ie s . T h e  a c c o m p a n y in g  o A E D  p a r re rn  
d ispS ays  th e  characarav is tJc r e c ip r o c a l a b *  p la n e  p r-e -u P o h ^ ^ a g o o a i s - /m m « r,ry  f o r  sa te , T?U . a *  j M  b *  
d ire c t io n s .  in d ic a te d  o n  ( A ) .  M e a s u re m e n t  o f  p a t te r n  io d ic ? .;  es a 5 .3  A  re p e a t ¿ lo n g  a *  a n d  -> -?, 1 A. 
r e p e a l f o r  b *  {¡m e a su re d  at. (1 e Ci] } .  Ta lc, f ib e r  ( T F )  in  f 53) d is p la y s  ir re g u la r  e n d s  a r.d  n o r . rc c i ii ir .e a r  
edges». T h e  f iA u D  p<m le i':t tv a is o  p v :u < .k 'h e . id g O iJ .! if b u r  :sy i i «  nsfi'CcGo-? io ic m y n ic . ’i {e .gv , rh e  (U 6 0 ) , 
( C . 1 2 . 0 ; j  a re  m ore - p r o n o u n c e d .  Th is , nvay be  d u e  r.o b o th  o d s r u a t ic n  and  s jy u c .r jr a ;  efrecr.s.. T h e  
o j r 'e d  - s ic  p'-:* la  ( 0 7 ) '  in  i C i d iso b e ys  ar; in c ip b a n i De.by e -S < :ne '  re r r in g  p a t U r n  ( th e  e f ie  cls o f  b o th  
f o ld in g  c ;v^r p f  la ic  a n d  vrnaJJ a s s o c ia te d  g ra in s ) .  T h e  am  p h i bed e f ib e r  (D )  was d U fra c ie P  o n ly  o n  
o n e  o f  th e  ¡ p r o t r u d in g  u n f i  f th r i f s -  7 he c v a x b  is s h o w n ,  w i th  r e p e a t  m e a s u re d  a-1 5 -3  A . A reas 
w h e re  d i f r r a c o o n  p a n ie rn i.  w e re  o b to 'r .e d  are in d ic a te d  b y  lo c a t io n  c ir c le s ;  p a r t ic le s  w i r e  p h o to ­
g ra p h e d  a t rh e  $ A 31A  m a g n i f ic a t io n  x’ 7 :6 ,o 0 0 .  Serbs h  th e  sam e  - n A ~ € ;  sca le  in  D  as. m a rk e d .  
Micrographs obtained on a j ::OL j&cvl 17:OU with an acrekraiing voltage ?-t ¡70 kV.

•>70
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F I G U f t F  6 . T ra n s m is s io n  p.fec?.? on  m ic ro g ra p h s  o f a s b e s îïfo r  rn m l :i¿ra is  Ut eosrnm-m: ra ie , o rb a r  ìh a n  
■ a m p h ib o le . { A  c.r-d ir'} I w c  >- b ry  $0 fi:?, f ib e rs  w/ù.b m o r r> hoiogicLd eh arac : t r is  3 ics jfsdticp.ri b y  c lcr.tvon  
b-c.-a.ir-. damage.-. N o  d ìf ’ffracr ìò n  palic.-rr» v/a.s ob -iarned o n  e b n e r  f ib e r .  A r r o w  m arkers  {A  a n d  8 ;  
in d íc a le  areas svolere ifresa  b eA rn -d am ag ed  fe a tu re s  arc. m o s t  pre? m in e n t -  B o  Lb fib e r b u n d le s  ap p ear  
u> í Usí. o n  ;a.íc p ìsce  substcaîe-5. .m 'iîe  ch-'VioLsic. f ib e rs  and  f ib r i ls  {C i  '•vere fo sm d  in a s a m p ie  fo-.trsd 
ncgdcïvf-- f<>r 5jvbc::5L 0?. b y  r-tîi o rd e r  lach  oie; v. es. .>c»3c as m a rk e d . Msf-rogr&ph.s o- b \jô Í (•■ ed cm 3. }  b. O b  
j  E; <Vi ï 7.0 U  w ii.fi un  J »c c« îe r3 iin g  v o ila g e  a i  V7.D s.V.
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27?. A. f t O H l .  E T  A L .

com parison w i t h  k n o w n  d ilu tio n  levels o f chrysotile  in  taic observed  by 
electron  m ic ro s c o p y ,  the levels o f  c o n ta m in a t io n  o f  chrysotile  in  the. tw o  
samples c o r re s p o n d  to  a b o u t  0 .2 5 ~G.5% chryso tile , w hich was suggested by ' 
the X -ra y  d iffra c tio n  results. T h e  ch ryso tile  fibers were all shorter than 2 
f im  and the d iam e te rs  less th a n  0 .2  p m ,  e x p la in in g  w hy th e y  were not: 
v is ib le  b y  o p t i c a l  m ic ro s c o p y .

C h e m istry  o f  C o n su m e r  T a lc u m s  a n d  P o w ders
T h e  b u lk  c h e m is t r y  (T a b le  5) and m in e ra l  c o n te n ts  (T a b le  4 ] o f  the  

ta lcum s and p o w d e rs  c o m p le m e n t  each o th e r  in  th a t one  da ta  se t im p lies  
l im i t s  fo r  th e  o th e r .  F o r  exam ple , ana lys is  o f  sam ple  1 show s  th e  presence 
o f  FeO  and C a O  {T a b le  5 ) .  R e c a lc u la t io n  o f  these o x id e s  i n t o  values f o r  
the e m p i r ic a l  fo r m u la s  f o r  t r e m o l i t e  and a n t h o p h y l l i t e  in d ica tes  th a t  
s u ffic ie n t quan tities  are present to  account fo r  th e  presence o f  these 
m inerals (T ab le  4 ) .  A n  apprec iab le  decrease in  S iO j , w hich should  
n o rm a lly  o c c u r ,  was n o t  obse rved , because o f  th e  occu rre n ce  o f  ove r  5 %  

q uartz  c o n te n t. T h e  A l2 0 3 , N a2 O , and K 3 O  are reflected  by  the  presence 
o f  c h lo rite  (p ro b ab ly  the  p enn in ite  phase). V aria tio n s  in oxides were also 
observed in the o th e r samples th a t  co nta in  am p h ib o ie  m inerals ( 6 - 8 ,  11, 
12, 1 5 - 1 7 ,  and 2 1 ) .  in  these sam p les , a n u m b e r  o f  o th e r  fa c to rs  a c c o u n t  
f o r  th e  w id e  var iation?; in o x id e  percentages; in 6, th e  presence o f  c h lo r i t e

T A B L E  5, M a jo r  O x id e  c o r s te n t  o f  21 C o r is w i te r  T a lc u m  ;if>d P o w d e r / *

S im p le  do.

M a jo r  o x id e 1 2* 3- 4 5 6 7 8 9 10 1 1

S iO , 61.99 0.00 62,6  S 53.72 6 3.94 5 2.95 59,67 71.93 S8 . 6 8 5 1 .6 5 -59.48
T Í O , 0.3 0 0.00 0.1 4 0.04 0.03 0.17 1.40 0 .1 9 0.08 0 .7 ? 0.22
A I , 0.82 1.30 0.3  7 0 - 24 0 .4.5 3.16 0.87 15.73 0,5 8 1 ..45 2.32
F e , C , 0.00 0.00 0 . OS 0.04 a  03 0.02 0.18 0.1 0 0 . 1 A 0.09 1 .33
F e O 1 .S 1 0 . 0 0 0.3  7 3.03 0.51 0 ,S 6 0.84 0 3 4 3.12 0.34 0-07
W n O 0 . 0 0 . 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0 . 0 0 0-00
M g O 29.60 0 . 0 0 29.83 2 -8.25 3 0 .1  9 29,02 29.23 2.95 29.2 3 27.90 2 5 .6 7
C a O 0 .4 0 0.00 0 ,0 4 0 . 1 0 0.04 3.46 0.90 2,37 0.17 4.75 1.61
H a ,  O 0.07 0.00 0.03 0.03 0 -0 5 0.00 0.05 0.48 0.00 0.03 0.4  2
K , 0 0.02 0.00 0 ,0 2 0.02 0 . 0 2 0.05 0.05 1.37 0.00 0.00 0,19
f . o .  . 0.01 0 .00 0.03 0.03 0.01 0.13 0 . 1 4. 0,05 0.00 0.05 o . a i
V o ía í i íe > J .5.36 9 8 .  ÍU 4.66 ■5-38 5 .5  i 1 0,3 2 5.64 5.25 .5.34 9.77 ¡0.41

T o  ?a i 99 .S 8 io o . o o 98,20 95.88 98.79 98 . T9 98-97 1 0 0  76 9 7  37 96.69 91 . 6 ?,

‘ 'W e ig h !  p c  r c e r i í ,  r f tc a ’ c u S a íc d  as o x id e s ,  f o i i o w in g  s ta n d a r d  pe t ro n h e r n ic a i p ro c e d u re s .  T il«  buífc  
a n a ly s ts  o f  Use p o w d e rs  r e f le c ts  Ih c  c o m b ; r i i d  r rv ^ c ra í  c o n  Len t * f te . r  a d d it iv e s  w e re  e x t ra c te d  »_?5 k tg  
w a te r ,  d t io - ic  H C ,  a c .c ío n c 4 fo*cri2róp< > a n d  e th e r .

^ A n a ly s is  o f  2 : 9 8 .7 %  ~  s ta rc h  o r g a n ic s  «and v o í-a tí ic s ; 1 .3 %  A l i Q ¡ {a iu rn in tM -n  c h io r h y d r a i t ;? ) .  
c S ta n d a rd  taScus-ed as irr ta tr% ; lo r  f ib e r  5 ta n  dare* d i lu t io n 's .
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s h a rp !y  reduces the  S i 0 3 c o n t e n t  and  e levates the  A l 2 0 3 c o n te n t .  T h e  
p resence  o f  th e  c a rb o n a te  m in e ra l  c a lc i te  increases th e  e x p e c te d  C aO  and 
v o la t i le  c o n te n ts  ( th e  la t t e r  in c lu d e s  CC)2 ); in  7, the  h ig h  T t 0 2 is re f le c te d  
b y  th e  presence  o f  the  m in e ra l  r u t i l e  ( T i O j  ); in  1 1, th e  high- CaO,, 
m o d e r a t e l y  h igh  A ! 2 0 3 j and l o w  S i 0 2 c o n te n ts  re f le c t  th e  presence o f  
c a ic i te .  c h lo r i t e ,  and  t r e m o l i t e .

Severa l o f  th e  above  sam p les  {n u m b e rs  8 , 12, and 15) re q u i re  special 
e v a lu a t io n .  S a m p le  8 is e x t re m e : - /  h igh  in  S i O j ,  A  (, 0 3 , N a 2 0 ,  and  Ks O  
a n d  e x t r e m e ly  l o w  in M g O  c o n te n t .  T h e  c h e m is t r y  in d ic a te s  t h a t  th is  
m a te r ia l  was n o t  d e r ive d  f r o m  a ta lc  r o c k ,  b u t  r a th e r  f r o m  o n e  r ich  in 
a lu m in a  a n d  s i l ica .  T h e  m in e ra lo g y  re f le c ts  th is ,  as do  th e  trace  m eta ls  
(see t ra ce  m e ta l  S e c t io n ) ,  T h e  a m p h ib o fe  m in e ra ls  in sa m p le  8 are 
a sso c ia te d  w i t h  b o th  p y r o p h y l l i t e  [ A 5 i s O 22 ( O H ) 4 ] and q u a r t z ,  b o th  
p re s e n t  in  s u b s ta n t ia l  q u a n t i t ie s .  T h e  m ica  phase is n o t  p h fo g o p i te ,  b u t  
m u s c o v i te ,  a c c o u n t in g  f o r  th e  p resence  o f  s u b s ta n t ia l  q u a n t i t ie s  o f  K 2 O  
a n d  N i j O .  A  p iag ioc lase  fe ld s p a r  was a lso  d e te c te d  in  th e  m in e ra l  phase. 
S a m p le  1 2  is ve ry  h ig h  in  A l 2 0 3 b u t  e x t r e m e ly  l o w  in  S i 0 2 , a p p a re n t ly  
th e  re s u l t  o f  h ig h  c h lo r i t e  c o n te n t  as w e l l  as s u b s ta n t ia l  a m o u n ts  o f  
p y r o p h y l l i t e .  S a m p le  '15 is l o w  irt S iO y  and e x t r e m e ly  h igh  in  vo la t i le  
c o n t e n t ,  re f le c t in g  th e  p resence  o f  b o th  ca rb o n a te  phases and  o rgan ic
a d d i t iv e s .

T h e  trace e le m e n t  ana lyses  (T a b le  6) s h o w  d i s t r i b u t i o n s  t h a t  are in 
a c c o rd a n c e  w i t h  the  k n o w n  b e h a v io r  o f  t ra c e  e le m e n ts  in m in e ra ls .  W i th

TAB?..IE . 5 { c o n ifH L te d )  M a *<t:' O x ir f«  C rant-cn i: rsf 71 C o n s u m e r  T a lc u m

S a m p le  n o .

? 2 1 3 14 1 5 1 6  ; 7 1 $ ¡ 9 2 0 21 a ”

4 7 .3  2 5 3 .8 3 5 7 .4 7 « . 8 3 6 2 .2 6 5 4 .4 5 5 9 .9 3 5 8 .5 4 6 2 .1  9 5 6 .3 4 5 7 3 4 61 ,4 -9
o . i b 0 .1  1 0 .1 1 0 ,0 7 0 .0 6 0 . 1 0 0 .1 0 0.1  8 0 .0 8 0.1  2 0 .2 1 9 .0 1
9 .3 4 3 .7 4 1 .6 5 0 .6  9 0 ,4 5 4 . 2 6 0 .7  9 ! -1 1 0 .6 9 T 3  5 7 3 0 ■ .2 0
0 .0 5 0 ,0 3 0 .0 2 0 .0 0 0 .1  8 0 .0 4 0 ,0 0 0 .0 0 ■ 0 .0 0 0 .0  2 0 .1 1  . 0 ,3  8
1 ,2 2 0 ,7 0 0 .6 5 . 0 .5  2 1 .0 4 1 A  ? 0 .8 4 1 .3 8 0 .8  1 1 .3 9 1 .0 5 1 .0 7
a o o 0 .0 0 0. o o 0 .0 0 0 .0 0 0 . 0 0 0 .0 0 0 .0 1 0 .0 0 0 .0 0 0 - 0 0 0 .0 0

2 9 .8  3 2 7 .1 4 2 6 .9 3 2 3 .8 8 3 0 .0 0 3 0 .7 9 3 0 . 4 0 2 9 .8 3 3 0 .7  9 2 7 .9 0 2 7 .4 4 3 0 .5 4
0 .6  9 5..4 0 5 .5  2 3 ,6 7 0-1  3 1 .1 3 0 .5 0 1 .1 3 0 .4 3 1 .53 1 .6 9 0.-46
0 .0 3 0 .0 7 0 .0 5 0 ,3 5 0 .0 3 0 .0 9 0 .0 9 0 .0 0 0 .0 7 0 .0 7 0 - 1 0 —
0 .0 5 0 .0 0 0 .0 2 0 .0 7 0 .0 5 0 . 0 2 0 .0 2 0 .0 0 0 . 0 0 0 .0 0 0 .1 0 . . . .

G.T 4 0 .1 3 0 ,1 0 o .o ? 0 .0 4 ■0.13 0 .0 0 0 ,1  3 0 ..07 0 .7 0 -
■f 0 .2 6 1 0 .«  1 1 0..4 1 21 ,3 4 5 .9  2 7 ,5 4 5 .6 5 5 9 4 5 4  4 9 .9 9 8 .0 3 5 ,0 0

9 9 . 1 8 1 0 0 ..0 6 9 8 .0 ? 9 5 .6 2 1 0 0 .1 9 "■09-87 9 8 .4 5 9 8 .2 1 9 9 .7 3 9 8 .7 3 9 8 .2 0 1 0 0 .1  1

^ A v e ra g e  o f  20  ta fe  sam p ies .
■ "A ve ra g e  c f  ft ta lc  anallys'fcs ir .  D e e r  ev aJ. f 1 9 6 2 5 .

arc- iu-st o n  {to -ta i H ? 0 ,  C 0 2 , o rg a n ic s , arid  o th e r  y o ia i ilc s ; -
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TABLE 6, Trace Element Content ef 1! Cofuumer Talcum and Powders®

Sample no.
Trace ................................ ............... ............. ..............— .............................................. ......................................— ......................

metals : 2 3 4 5 6 7 3 9 1 0 11 1 2 13 1 4 15 16 1 7 S3 1 9 2 0 21

» 3 < 1 0 < 1 0 < 1 0 < 1 0 < 1 0 < 1 0 SO < 1 0 9 3 0 < 1 0 < 1 0 < 5 0 < 5 0 < 1 0 < 1 0 < 5  0 < 1 0 < iQ < 5 0 < 1 0

Ce < 1 0 ~ < 1 0 < ! 0 < 1 0 - < 1 0 < 1 0 1 0 < 1 0 < 1 3 < 1 0 < 1 0 < 1 0 < 1 0 < 1 0 < 1 0 < 1 0 < 1 0 < 1 0 < 1 0 < 1 0

0 2 1 0  . ■■ 1 3 0 1 3 5 1 8 5 2 0 0 1 4 0 n o 1 1 5 1 2 5 1 1 5 1 2 0 4 3 0 4 3 5 4 1 0 1 6 5 HO 1 3 0 ¡ 5 0 1 2 0 1 3 0

Co 3 5 - < 3 8 5 < 3 < 3 < 3 < 3 * 8 < 3 < 3 < 3 < 3 < 3 < 3 25 < 3 4 < 3 < 3 < 3

Cr 3 1 0 - 2 8 6 0 0 16 2 3 2 4 < 1 5 £ 2 0 2 5 1 3 2 4 3 8 4 3 41 3 4 0 3 2 3 0 2 s 2 5 4 2

Cu < 5 - < 5 < 5 8 < 5 < 5 9 <15 < 5 < 5 < 5 5 8 1 0 13 5 7 6 6 ¡ 3

Qi < i ... 4 < 1 < 1 ! < 1 2 0 < 1 1 3 1 3 7 1 2 2 3 2 3 < 1

La < 1 0 _ < 1 0 < 1 0 < 1 0 < 1 0 < 1 0 4 0 < 1 0 < 1 0 < 1 0 < 1 0 < 1 0 < 1 0 3 0 < 1 0 < 1 0 1 0 < 1 0 < 1 0 < 1 0

kb 7 - S 3 11 7 9 1 4 5 7 5 IS 7 7 5 5 9 8 9 9 7

Ni 7 1 0 - ¡ 7 1 7 2 2 7 1 3 1 0 < 4 2 2 1 0 3 4 4 51 1 0 1 7 10 4 6 0 14 2 0 2 8 13 4 2

Pb 8 ... i < 5 < 5 < 5 < 5 4 9 7 < 5 1 7 5 7 15 S 6 9 7 3 r >5

Rh 5 - 5 < 5 < 5 < 5 5 4 5 < 5 < 5 < 5 < 5 < 5 5 5 5 < 5 5 5 5 < 5

5 2 3 5 - 1 3 0 1 2 0 2 2 3 0 4 4 0 1 5 0 3 0 5 1 5 5 4 2 5 1 1 0 2 8 0 4 8 5 5 9 5 5 3 5 3 2 0 1 4 Q 1 5 0 1 0 5 ¡ 5 5 ¡ 0 7 0

Si 1 0 ~ 10 ;o 1 0 2 0 3 0 1 6 0 < 1 0 2 5 1 0 0  ' < 5 0 1 5 2 0 2 0 < 1 0 15 1 0 1 0 1 0 ¡ 5

Th < 5 - < 5 < 5 < 5 < 5 < 5 6 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5
Zri > - SS 3 7 1 2 15 2 0 3 7 > > > 3 5 1 ? 2 0 7 3 2 7 8 : : 3 >

Tr < 1 0 - - < 1 0 < 1 0 < 1 0 9 0 1 0 1 9 0 < 1 0 1 0 1 0 3 0 < 1 0 < 1 0 < 1 0 < 1 0 5 0 < 1 0 < 1 0 < 1 0 < 5  0

‘̂ Values in parti per nsfffon. The Symbol < indicates the limit of detection of the analytical method. The symbol > indicates wwtniritlons of ¿n ate greate! 
i.han ’ ,000 ppm.



C O N S U M E R  T A L C U M S  A M D  P O W D E R S 'ITS

the  c ry s ta l  la t t i c e  o f  a m in e ra l  a c t in g  as a s o r t in g  m e ch a n ism  f o r  c a t io n s ,  
th e  c a t io n s  can  e n te r  a c ry s ta l  s t r u c tu r e  p ro v id in g  th e y  have a p p ro p r ia te  
s ize and  charge . These p h e n o m e n a  a p p ly  to  m a jo r  as w e l l  as m in o r  
e le m e n ts .  T hus , b a r iu m  is p re se n t  in large a m o u n ts  in sam p le  8, w h ic h  has 
a h ig h  S<7 O c o n t e n t  ( 1 .3 7 % ) .  S ince  b a r iu m  and  p o ta s s iu m  have s im i la r  
i o n ic  ra d i i ,  b a r iu m  is eas i ly  a d m i t t e d  i n t o  p o ta s s iu m  m in e ra ls ,  such  as 
m ica s  and  fe ldspa rs  ( b o th  f o u n d  in 8 )-  R u b id iu m  and s t r o n t i u m  are  also 
e n r ic h e d  in sam p le  8 ,  s ince these m e ta ls  also eas i ly  s u b s t i tu te  fo r  
p o ta s s iu m .  G a l l iu m  is f o u n d  in  large a m o u n ts  in  sam p les  8, 1.2, and 17. 
T hese  sam ples are a lso  ve ry  h igh  in  A ! 2. 0 3 . G a l l iu m  has th e  same io n ic  
ch a rg e  and  ra d iu s  as a lu m in u m  and , in  fa c t ,  is f o u n d  o n l y  in a lu m in u m ­
b e a r in g  m ine ra ls .

in  f o u r  sam p les  (1 ,  4 ,  9 , a n d  16) the re  are s ig n i f ic a n t l y  h ig h e r  
c o n c e n t r a t i o n s  o f  c o b a l t ,  c h r o m iu m ,  and n ic k e l  th a n  f o u n d  in th e  o th e r  
sam p les .  These fo u r  sam p les  also have h igh  c o n te n ts  o f  F e O  (T a b le  5 ) .  T h e  
a s s o c ia t io n  o f  these f o u r  t r a n s i t io n  m e ta ls  has been observed  b e fo re  in  
c e r ta in  g e o c h e m ic a l  e n v i r o n m e n ts ,  p a r t i c u la r l y  in u l t r a m a f i c  ro cks .  S in ce  
ta lcs  de r ived  f r o m  th e  m e t a m o r p h is m  o f  se rp e n t in e s  and p e r id o t i te s  
( u l t r a m a f i c  rocks )  are c o n s id e r a b ly  e n r ic h e d  in  F eO  (D e e r  et. a l ., 1 9 6 2 ) ,  i t  
is l i k e l y  th a t  the  d iv a le n t  c a t io n s  are s u b s t i t u t in g  f o r  i r o n  in  th e  b ru c i te  
l a y e r  o f  th e  ta lc .

D IS C U S S IO N  A N D  C O N C L U S I O N S

Talc, used in the  U n i t e d  S ta tes re p re se n ts  a w id e  range o f  m in e ra lo g ic a l  
subs tances , in d u s t r ia l  g rade  ta lcs  are o b ta in e d  f r o m  d i f f e r e n t  ro ck  ty p e s  o f  
h i g h ly  va r iab le  m in e ra l  c o m p o s i t i o n  w i t h  th e  re s u l t  t h a t  th e  m in e ra l  ra le 
m a y  a c tu a l ly  be  a m in o r  c o n s t i t u e n t .  H o w e v e r ,  i t  has been s la ted  th a t  
c o n s u m e r  ta lc u m  p r o d u c t s  s h o u ld  c o n ta in  a t  least 9 0 %  o f  the  m in e ra l  o f  
th e  same nam e a n d  n o  asbestos f ib e r  ( H i l d ic k - S r o i t h ,  1 9 7 6 ) .  R ev iew  o f  th e  
l i t e r a tu r e  suggests t h a t  a t  least u n t i l  1 9 6 8 ,  m a te r ia ls  t h a t  w ere  m a rk e te d  as 
c o s m e t ic  ta lc u m  p r o d u c t s  d id  n o t  necessar i ly  c o n f o r m  to  these c r i te r ia .

T a lc  m in e ra l  m a y  o c c u r  in a p la t y  f o r m  o r  in  a f ib ro u s  f o r m .  T a lc  
f ib e r  m a y  o c c u r  as a sm a l l  p r o p o r t i o n  o f  the  m in e ra l  despos it  o r  as a 
m a jo r  c o n s t i t u e n t .  I n t e r g r o w th s  o f  ta lc  w i t h  o th e r  m in e ra l  phases are 
c o m m o n .  These phases m a y  be s im p ly  m a c ro s c o p ic  zones  a d jo in in g  la ic  
m in e ra l  o r  m a y  o c c u r  as m ic ro s c o p ic  i r i t .e rg ro w th s  w i t h in  th e  ta lc .  O f  the  
m a n y  m in e ra ls  t h a t  m a y  c o e x is t  w i t h  talc., a n u m b e r  o f  a s b e s t i fo rm  phases 
c o m m o n l y  o c c u r :  t r e m o l i t e ,  a n t h o p h y l l i t e ,  a n d  e b ry s o t i le  have been 
i d e n t i f i e d  in these  d e p o s i ts .  In  a d d i t i o n ,  f ree  s i l ica  (q u a r tz )  is a f r e q u e n t  
c o n s t i t u e n t .  T h e  trace  m e ta l  c o n te n t  m a y  in c lu d e  e leva ted  levels o f  n ic k e l ,  
c h r o m iu m ,  a n d  c o b a l t .

T h e re  is genera l a g re e m e n t  b e tw e e n  the  m in e ra l  c o m p o s i t i o n  and  the. 
m a jo r  and  t race  e le m e n t  c o n te n t  o f  th e  c o n s u m e r  ta lc u m  p ro d u c ts .  O n  the
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basis, o f  m in e ra l  and  c h e m ica l  c o n te n ts ,  the  ty p e  o f  geo log ica l  p rovenance  
m a y  be. asce rta ined .

M etho d o lo gy  has been deve loped  f o r  q u a n t i ta t iv e  X - ra y  d i f f r a c t i o n  
d e te r m in a t io n  o f  a n tb o p h y liite , tre m o lite , serpentine, -and q u a r tz  in  c o n ­
s u m e r  talcum s and pow ders, i im portant fa c to rs  in  the  c a l ib ra t io n  standard  
developm ent include selection o f  ta lc  and reference m inerals and the 
selection o f  diagnostic X -ra y  reflections . The sam ple preparation  technique  
is sensitive and reproducib le . D ilu tio n  standards- - a-re step scanned over 
diagnostic re flec tio n  areas, peak areas are m easured, and a set o f  s tandard  
ca lib ra tion  curves is developed by regression analysis. Sam ples o f  consum er 
talcum s and pow ders are prepa red  and a n a ly z e d  under identical cond itions  
and co m p a re d  w i t h  th e  c a l ib ra t io n  curves, p e r m i t t i n g  q u a n t i t a t iv e  ana lys is  
o f these m inerals. X -ra y  d i f f r a c t i o n  a lo n e  c a n n o t  d is t in g u is h  be tw een  
asbestiform  and fragm ented  fo rm s o f  a n th o p h y llite  and tre m o lite  nor 
betw een asbestiform  and p la ty  serpentine varieties, {electron m icroscopic  
ana lys is  was used to  distinguish b e tw e e n  these fo rm s .

M irteralogical ch arac teriza tion  o f  21 consum er talcum s and  pow ders  
sh o w e d  th a t  1 0  c o n ta in e d  m easurab le  c o n c e n t r a t io n s  o f asbestiform  trem o- 
l i re  and a n ih o p h y l t i t e ,  and  som e-a iso  c o n ta in e d  f r a g m e n te d  fo r m s  o f these 
m in e ra ls . T w o  samples contained trace q uan tities  o f  ch ryso tile  
(G.25--Q,5%), These o b s e rv a t io n s  w ere  c o n f i r m e d  b y  t ransm iss ion  e le c tro n  
m ic ro s c o p y .  T h e  am p h ib o ie  phases p resen t in  these ta lc u m  p ro d u c ts  
ranged in a m o u n ts  f r o m  several te n th s  o f  a pe rcen t  to  o v e r  1 4%  by 
w eight. Q u artz  was present tri e igh t consum er talcs In  am ounts ranging 
fro m  1 .6  to  3.5.1% by  w e ig h t .

C o n s u m e r  ta lc u m  p ro d u c ts  are f o r  th e  m o s t  p a r t  c o m p le x  m in e ra l  
assemblages, w h ic h  c o n fe r  X - ra y  s o rb in g  and f lu o re s c in g  e f fe c ts  th a t  are 
n o t  e q u iv a le n t  to , a n d  are u s u a l ly  g reater than , those o f  the  b in a ry  
systems used in p reparing  the d ilu tio n  standards. In  consum er ta lcum  pro­
ducts m inerals such as ta lc , micas, c h lo r i t e ,  calc ite , d o lo m ite , and others  
tend to  d im in ish  re flec tio n  intensities o f asbestiform  m in e ra ls  by sorbing  
X - ra ys  o r  by  c o n t r i b u t i n g  to  b a c k g ro u n d  noise. A ls o ,  repeat runs on some, 
selected specim ens have dem onstrated! g reater peak areas due to  slight 
m o d i f i c a t io n s  in  in s t ru m e n ta l  s e t t in g s  (e.g., increase irj receiving s l i t  
w id t h ) .  T he re fo re ,  the  values to r  w e ig h t  p e rc e n t  c o n c e n t ra t io n s  g iven  in 
th is  re p o r t  are co n se rva t ive .

E x a m in a t io n  o f  the same c o n s u m e r  ta lc u m  p ro d u c ts  by  b o th  o p t ic a l  
and  transm ission e le c t ro n  m ic ro s c o p y  in d ica tes  th a t  n o t  all o f  th e  m a te r ­
ials fa l l  w ith in  th e  d e fin it io n  o f  fib e r o r asbestiform . F or e x a m p le ,  one 
consum er ta lcum  p ro du c t th a t con ta in ed ' m ore than 7% tre m o lite  was 
observed to  c o n ta in  b o th  f r a g m e n te d  t r e m o l i t e  g ra ins by  o p t ic a l  m ic ro ­
sco p y  and a s b e s t i fo rm  f ib e r  w i t h  3:1 o r - g re a te r  ie n g th - to -w id th  ra t io  by 
transm ission e lec tro n  m icroscopy. O p tica l m icroscopy m ay provide useful 
i n f o r m a t io n .  H o w e v e r ,  m o re  c o m p le te  c h a ra c te r iz a t io n  can be o b ta in e d  by  
e le c t ro n  m icroscopy and selected area e le c t ro n  d i f f r a c t i o n .  Using electron
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m ic r o s c o p y ,  fo r  e x a m p le ,  several -sam p les  o f  c o n s u m e r  ta lc u m  p ro d u c ts  
e x h ib i t e d  b o th  free  a m p h ib o ie  f ib e r ,  d is c re te  f r o m  ta lc  g ra ins , and , in  
a d d i t i o n ,  n u m e ro u s  sm a l l  a m p h ib o ie  f i b e r s  w e re  v is ib le ,  a p p a re n t ly  in te r ­
la ye re d  b e tw e e n  ta lc  or c h lo r i t e  p la tes  (see F ig . 6A ) ;

P re l im in a ry  e x a m in a t io n  o f  th e  a s b e s t i fo rm  a m p h ib o ie s - b y  an e le c t ro n  
m ic r o p r o b e  te c h n iq u e  has d e m o n s t ra te d  t h a t  in d iv id u a l  f i b e r  c h e m is t r y  is 
id e n t ic a l  t o  those  f ib e rs  e n c o u n te re d  in  th e  I A R C  A s b e s to s  S ta n d a rd s  
( T im b r e l i  and R endaO , 1 9 7 1 ) .

O n  th e  basis o f  th e  m in e ra lo g ic a l  and  c h e m ic a l  c h a ra c te r iz a t io n  o f  
these p roduc t 's ,  a l l  f o r m u la te d  p r i o r  t o  June  1 9 7 3 , we c o n c lu d e  th a t  
c o s m e t ic  grade ta lc  was n o t  used e x c lu s iv e ly .  T h e  p resence in these 
p r o d u c t s  o f  a s b e s t i fo r m  a n t h o p h y l l i t e  a n d  t r e m o l i t e ,  c h r y s o t i ie ,  a n d  q u a r tz  
in d ic a te s  th e  need f o r  a re g u la to r y  s ta n d a rd  f o r  c o s m e t ic  ta lc .  T h is  
s ta n d a rd  s h o u ld  be c o g n iz a n t  o f  ta lc  c o m p le x i t ie s ,  m in e ra lo g ic a l  and  
c h e m ic a l  in  n a tu re ,  a n d  s h o u ld  p ro v id e  f o r  a d e q u a te  a n a ly t ic a l  p ro to c o ls  
to  ensu re  m o n i t o r in g .  We a lso  r e c o m m e n d  th a t  e v a lu a t io n  be m ade  to  
d e te r m in e  poss ib le  h e a l th  hazards  assoc ia ted  w i t h  th e  use o f  these  p ro d u c ts .

A P P E N D I X  A :  D E F I N I T I O N S  O F  T E R M S  
U S E D  IN  T E X T

A s b e s to s  " A  n a m e  a p p l ie d  t o  a g r o u p  o f  n a tu r a l l y  f i b r o u s  m in e ra ls ”
( c h r y s o t i ie ,  a m o s i te ,  c r o c id o l i t e ,  t r e m o l i t e ,  a n t h o p h y l l i t e  c i te d  by 
n a m e )  (B u re a u  o f  M in e s ,  1 9 6 8 ) .  T h e  te r m  asbestos has a lso been 
a p p l ie d  t o  c o m m e r c ia l l y  e x p lo i t e d  f i b r o u s  c lays , i n c lu d in g  a t ta p u ig i te  
and  p a ly g o r s k i t e  ( W h i t t a k e r ,  1 9 6 8 ) .

A sbes tos  im p l ie s  c u r r e n t  o r  p o ss ib le  e x p lo i t a t io n ,  based o n  the 
p resence o f  spec ia l  p h y s ic a l  and  c h e m ic a l  p ro p e r t ie s ,  d e te r m in e d  on 
the  b u lk  s a m p le  leve l.  F o r  e x a m p le ,  h ig h  f ib e r  tens i le  s t re n g th ,  
f l e x i b i l i t y ,  l o w  h e a t  c o n d u c t i v i t y ,  h ig h  e le c t r ic a l  res is tance , a n d  c h e m ­
ica l in e r tn e ss  are p ro p e r t ie s  o f  asbestos. N o n c o m m e r c ia l  v a r ie t ie s  o f  the  
sam e m in e ra l  m a y  n o t  possess th e  sam e q u a l i t ie s  o n  the  b u lk  level. F o r  
e x a m p le ,  a m o s i te  has been c o n s id e re d  to  be the e c o n o m ic a l l y  
e x p lo i t e d  v a r ie ty  o f  g ru ñ e n te  (D e e r  e t  a i . ,  1 9 6 2 ) .  I f  so, a n d  even th is  
is c o n te s te d  a m o n g  m in e ra lo g is ts  t o d a y ,  large m a c ro c ry s ta ls  are s ig n i f i ­
c a n t l y  d i f f e r e n t  p h y s ic a l l y  a n d  s t r u c tu r a l l y .  G r u n e r i te  f i b e r  is r ig id ,  
a m o s i te  f i b e r  is f l e x i b le ;  g r u n e r i t e  y ie ld s  w e l l -d e f in e d  s ing le  X -ra y  
re f le c t io n s  w i t h  n o n r e la t i o n a l  f i l m  te c h n iq u e s ,  am o s i te  y i e l d s 'm u i t ip le  
r e f le c t io n s  as i f  r o t a te d  in  th e  X - r a y  b e a m ; g ru n e r i te  app e a rs  t o  be a 
s ing le  c r y s ta l ,  a m o s i te  sp lays  as i f  c o m p o s e d  o f  s trands . H o w e v e r ,  w hen  
b o th  subs tances  are p u lv e r iz e d ,  th e  re s u l ta n t  p o w d e r  y ie ld s  sub m ic r o ­
s c o p ic  f ib e rs ,  m a n y  o f  w h ic h  are v i r t u a l l y  in d is t in g u is h a b le  o n  the basis 
o f  m o r p h o lo g y ,  s t r u c tu r e  ( d e te rm in e d  by  s e le c te d  area e le c t ro n  
d i f f r a c t i o n ) ,  a n d  c h e m is t r y  ( d e te rm in e d  b y  an e le c t ro n  p ro b e
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te c h n iq u e ) .  A m o site  m ay be co n s id e re d  as an aggregate of u n o r ie n te d ,  
discrete, g runeritc  crystals w ith  Only th e  c axis 'in com m on a lignm ent.

C o m m in u tio n  o f  such  aggregates p ro duces  f ib e rs  w i t h  ch a ra c te r ­
is t ics identical to  those  o f single crystals o f  g ru n e r i t c  th a t have been 
s im i la r l y  p u lv e r iz e d .  S om e  w o rk e rs  have suggested t h a t  m echan ica l  size 
reduction  o f  am osite  y ie lds f ib e rs  w ith  crystal g ro w th  surfaces  rather 
th a n  cleavage surfaces. .S ince am p.hibole cleavage tends to  parallel 
p ro m in en t crystal face planes, such d is t in c t io n s  on  the subm tcroscopic  
level m a y  disappear. - T h is  appears to  be the case fo r  tre m o llte  and 
a n t h o p h y i i i t e  as w e l l .  H o w e v e r ,  because no m e th o d s  e x is t  t o  d is t ln -  

. guish betw een possible d ifferences in f i b e r  su r face , we d o  n o t  re fe r  t o  
a n th o p h y i i i t e  and t r e m o l l t e  f ib e rs  in  these ta lc u m s  as asbestos. Instead 
th e y  are re fe rred  t o  as asbestiform . I t  s h o u ld  be s tressed, h o w e ve r ,  th a t  
ev idence  does n o t  e x is t  t h a t  w o u ld  in d ic a te  th a t  f ib e rs  w i t h  c rys ta l  
g r o w th  su rfaces o r  cleavage surfaces  possess lesser o r  g rea te r  b io log ica l  
p oten tia l th a n  fibers f r o m  c o m m e rc ia l  asbestos -deposits.

A s b e s t i fo rm  “ F o rm e d  l ik e  o r  re se m b l in g  asbestos; f i b r o u s ;  . . . .  (B ureau  
o f  Mines, 1 9 6 8 ) .  T h e  te r m  is used he re in  For am ph iboJes  ( a n t h o p h y i i i t e  
and trem o lite ) seen on both  ligh t and sufomicroscopie exam in a tio n , 
w h ic h  resem ble  c o m m in u t e d  asbestos va r ie t ies ,  o n  the. basis o f  
m o r p h o lo g y .  E s s e n t ia l ly ,  w h e n  these f ib e rs  are de r ived  front com m er­
c ia l depos its  we te r m  th e m  “ asb e s to s '5 and w hen  an a ly tica lly  id e n t ica l  
f ib e rs  are f o u n d  as n o n c o m m e r c ia l  in t r u s io n s  w i t h  th e  m in e ra l  ta lc ,  we 
term  them ' ‘asb es lrfo rm ."  The use o f  tw o  term s does n o t  im p ly  
differences th a t can be a n a ly tic a lly  d e te rm in e d .

F ib e r “ T h e  smallest single s tra n d  o f  asbestos o r  o th e r  fibrous m ateria ls"  
(B ureau o f  M in e s ,  1 9 6 8 ) .  We use th is  te r m  in  a b ro a d e r  sense. F o r 
e x a m p le ,  c h ry s o t t ie  f ib e rs  are ca l led  f i b r i l s ,  possessing u n i t  d ia m e te rs  o f  
a b o u t  2 0 0 - 4 0 0  A .  C o h e re n t  bundles o f  fib rils  are also ca l led  f ibers. 
F ib e r  in the  p resen t  t e x t  is used t o  d e n o te  a n y  e longa ted  s ing le  
m in e ra l  u n i t  v is ib le  on  the l ig h t  o r  e le c t ro n  m ic ro s c o p ic  leve l.  T he  
O c c u p a t io n a l  S a fe ty  - and  H e a lth  A d m in is t r a t i o n  has ap p l ie d  a 3 :1  
le n g ih - t o -w id th  r a t io  t o  d is t in g u is h  f i b e r  f r o m  m in e ra l  f ra g m e n t .

A P P E N D IX  B : C R Y S T A L  C H E M I S T R Y ,  C R Y S T A L  
S T R U C T U R E ,  A M D  G E O L O G I C A L  O C C U R R E N C E  
O F  T A L C

C h e m is t r y  o f  Ta lc  / .

T h e  e m p ir ic a l  c h e m ic a l  f o r m u la  o f  ta lc  is ■ M.g3 5 L ( O (o (OH)-,. , b u t  
fe r ro u s  and fe r r i c  o x id e s ,  a lu m in a ,  t i ta rs ia , soda, l im e ,  and  ox ide :; o f  
m anganese have been re p o r te d  in q u a n t i t ie s  up  to  several pe rce n ts  b y
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w eight. T ita n iu m  and a lu m in u m  appear to su bstitu te  fo r  s ilicon , whereas 
iro n , n ic k e l, and manganese su b s titu te  fo r  m agnesium . A lk a li metals are 
n ot read ily  acco m m o d ated  in the s truc tu re  and e v id e n tly  occur as in te r­
la y e r ions or as c o m p o n en ts  o f m inera l im p u r it ie s / For exam p le , excess 
calc ium  m ay re flec t th e  presence o f th e  in te rlayer, m inera l phase tre m o lite  
(D e e r e t ah, 1 9 6 2 ; S tem  p ie  and B rin d le y , I9 6 0 ) . .  O ne m a jo r ta lc  deposit in 
the  eastern U n ited  S tates con ta in s  substantia l am o u nts  o f  n icke l, as m uch  
as 0 .2 % . N o tw ith s ta n d in g  these m in o r co m p on en ts , talc is essentia lly  {by  
w eight) 3 2 %  M g O , 6 3 %  S i 0 2 , and 5%  s tru c tu ra lly  bound w a te r.

T a lc  S tructu re  and C rysta l Habit: ■
 ̂ T h e  th ree-layered  c rysta l s tru c tu re  com prises a sheet o f  o c tah ed ra lly  

c o o rd in a ted  M g (O H ) , groups (th e  b ru c ite  layer) sandw iched betw een  tw o  
planes o f  te tra h e d ra lly  lin k e d  $ i 0 4 groups (s ilica layers ). A p ic a l oxygens  
o f th e  silica sheets are d ire c te d  tow ard  the  b ru c ite 'la y e r  and in part re­
placed by h y d ro x y l groups, w h ich  fo rm  a p o rtio n  o f  the inner structura l 
u n it. V alence balance is accom plished  w ith in  th e  s tru c tu re , so th a t  th ere  is 
3 n e t ze ro  charge on  ju x tap o sed  u n it  layers at th e  s ilica  base interfaces.

T h e  basic u n it o f  the ta lc  s tru c tu re  was d e te rm in ed  over 4 0  yr ago 
{G ru n e r, 1 9 3 4 , H en d ricks , 1 9 3 8 ) ,  y e t the  repeated  cell geom etry  and space 
group  -were o n ly  re c e n tly  resolved. X -ra y  single crystal patterns n o w  
in d ic a te  ta lc  to  be tr ic fm ic  (R a y n e r  and B ro w n , 1 9 6 6 ; Ross et a!.., 1 9 6 8 ).

In  a d d itio n  to  c h em ica l and s truc tu ra l co m p lex ities , ta lc  occurs w ith  
both  p la te  and fib e r habits  (F o rd , 1 9 5 7 ) .  T h e  d eve lo p m en t o f  th e  fibrous  
cyrstai fo rm , w ith  an e longated  crys ta llo g rap h ic  t?-axis, m ay be a m an i­
fe s ta tio n  o f  Ion ic  s u b s titu tio n  since its re frac tive  index is h igher th an  p ia ty  
ta lc  (F le isch er and O sb o rn , 1 9 5 7 ;  G ru n e r, 1 9 4 4 ) .  T a lc  th a t contains  
substantia l am ounts o f  these elongated  fo rm s  is referred to  in the  
m ineralog ies! lite ra tu re  as fib ro u s  talc. S im ila r  observations w ith  regard to  
th e  m inera l b ruc ite  have been reported  (L ie b iin g . and Langer, 1 9 7 2 ) in 
w hich  high iron c o n te n t in the n o rm a lly  p ia ty  b rucite  is associated w ith  
th e  d e v e lo p m e n t o f  a fib ro u s  h ab it, i t  is o f  in terest to  n o te  th a t 
m inn eso ta ite , considered by sam e to  be an iron -rich  fo rm  o f  ta lc , always  
occurs w ith  a fib rou s , o r  even a n eed le -like , h ab it (G ru n e r, 1 9 4 4 ).

F o rm a tio n  o f  T a lc  in  th e  L a b o ra to ry  o f  N a tu re
in  closely c o n tro lle d  e x p e rim e n ta l systems, ta lc  has been synthesized  

(B o w en  and T u t t le ,  1 9 4 9 ;  Y o d e r, 1 9 5 2 ) .  B u lk  ch em is try , w a te r fu g ac ity , 
te m p e ra tu re , and pressure param eters  are d e fin e d  w ith in  e x tre m e ly  re s tric t­
ed lim its  and ranges to  p roduce re la tive ly  pure  c rys ta lliza tio n  products. 
H o w ever, in la b o ra to ry  synthesis, just as in  n a tu re , coexisting m ineral 
phases are p roduced  i f  slight varia tions in any o f  the param eters are 
in tro d u ced . These phases in c lu d e  a n th o p h y ln te , serpentine, and in some 
instances trem o lite .
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N a tu re  o f  Ta lc Plates
E le c t ro n  m ic ro s c o p ic  e x a m in a t io n  o f  ta lc  m in e ra ls  d e m o n s t ra te s  tha t 

s ingle ta lc  g ra ins  co n s is t  o f  c o n t ig u o u s  s ing le  c rys ta ls ,  mosa ics  o f  dis­
o r ie n te d  c ry s ta l l i te s ,  and  in te rg ro w th s -  w i t h  o th e r  m in e ra l  phases, p a r t ic u ­
la r ly  t r e m o H te  ( K ie in f e ld  e t  a!., 1 9 7 3 ;  S te m p le  and B r in d le y ,  I 9 6 0 :  W r igh t ,  
I 9 6 0 ) .  Selected area e le c t ro n  d i f f r a c t i o n  p a t te rn s  o b ta in e d  on  these 
ob je c ts  d is p la y ,  in o rd e r ,  s ing le  c ry s ta l  a rrays , D e b ye -S che r re r  r ings, and 
su p e r im posed  c o m p le x  p a t te rn s  c h a ra c te r is t ic  o f  in te rg ro w n  s ing le  c ry s ta l  
phases.

T a lc  and M in e ra l  I n te rg ro w th s

T re m o i i t e  is one  c o m m o n  in te r g r o w t h  in  ta lc ,  and  i t  requ ires  re la t ive ly  
l i t t l e  ene rgy  t h e r m o d y n a m ic a l l y  to  o c c u r .  R e p la c e m e n t  o f  m a g n e s iu m  by  
c a lc iu m  in  the b ru c i te  la y e r  m a y  lead t o  s t r u c tu ra l  as w e l l  as chem ica l 
m o d i f i c a t i o n  (B ragg  and C fa r in g b u f l ,  1 9 6 5 ) .  R o ta t io n  o f  u n i t  te t ra h e d ra  in 
ta lc  f o r m s  d o u b le  cha in s  f r o m  sheets, re a d i ly  a cco m p l ish e d  b y  s u b s t i t u t io n  
o f  M g (O H )- ,  by  C a ( O H ) j .  T h e  b u lk  c h e m is t r y  is th e re b y  changed f r o m  
M g 6 5 i s 0 3c}(OH)<| t o  C a2 M g s S ia O J2 ( O H ) j . T h e  f in a l  s t r u c tu ra l  a rray  is 
re m a rk a b ly  s im i la r  in  b o th  m a te r ia ls ;  the  c ry s ta l lo g ra p h ic  « -ax is  o f  ta lc  is 
a p p ro x im a te ly  5 .2 6  A ,  w h ic h  c o r re s p o n d s  w i t h  th e  c - c r y s ta l lo g ra p h ic  ax is  
o f  t re m o H te  ( a p p r o x im a t e ly  5 .2 4  A ) ;  the  ¿»-axis f o r  ta lc  is a p p r o x im a te ly  
9 .1 0  A ,  w h ic h  is equa l to  the  b f2-ax is  o f  t r e m o i i t e ;  th e  c -ax is  o f  ta lc , 
a p p r o x im a te ly  18 .8  A ,  is a b o u t  e q u a l  to  tw ic e  th e  f i r-d imension o f  
t r e m o i i t e  ( a p p r o x im a t e ly  1 8 .2  A ) .  T h e  m o n o c is n tc  s ta c k in g  angles, the  
be ta -ang le , are w i t h i n  a f e w  degrees o f  each o th e r .

In te rg ro w th s  m a y  f o r m  in  w h ic h  a m p h ib o ie  fo r m a t io n  is n o t  c o m p le te  
so t h a t  a m ix e d  phase ex is ts , re fe r re d  to  m in e ra lo g ic a i ly  as “ ta lc b o le s . ”  
These are  not. as ra re  as once  be l ieved  and  m a y  even be c o m m o n  in the  
m o re  c o m p le x  ta lc  d epos its .

A P P E N D I X  C ; I N D U S T R I A L  A N D  C O S M E T IC
G R A D E  T A L C S

S tu d ie s  have d e m o n s t ra te d  t h a t  in d u s t r ia l  ta lc  o f t e n  cons is ts  o f  a 
v a r ie ty  o f  m in e ra ls ,  th e  u t i l i z a t io n  o f  w h ic h  is based o n  phys ica l  p ro p e r t ie s  
ra th e r  than  m in e ra l  c o m p o s i t i o n  (H o g u e  and  M a l le t te ,  1 9 4 9 ;  S c h u lz  and 
W i l l ia m s ,  1 9 4 2 ;  T h o m p s o n ,  1 9 7 4 ;  Wells, 1 9 6 5 ) .

E a r ly  analyses o f  c o s m e t ic  ta lc  also sh o w e d  a w id e  range in m in e ra l  
c o m p o s i t io n .  O f  s ix  such p ro d u c ts  e x a m in e d  in  o n e  s tu d y ,  o n ly  6 -4 7 %  by 
w e ig h t  o f  th e  in o rg a n ic  m a te r ia !  t h a t  c o n s t i tu te d  the p r o d u c t  was the 
m in e ra l  ta lc ;  1 4 - 5 1 % ,  s e rp e n t in e  m in e ra ls ;  5 - 7 7 %  c a rb o n a te  m ine ra ls ;  
0 - t ra c e ,  q u a r t z ;  0 - t r a c e ,  t r e m o i i t e ;  3 -1 2 % ,  o th e r  m ine ra ls  (S c h u lz  and 
W i l l ia m s , 1 9 4 2 ) .
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A P P E N D I X  D: B I O L O G I C A L  H A Z A R D S  A S S O C I A T E D
W I T H  T A L C  E X P O S U R E
A  isne, d i f fu s e ,  b ila te ra l, prog ress ive  f ib ro s is  was obse rved  a m o n g  

m in e rs  and  m illers o f  t re m o lite  ta lc 'in  G e o rg ia  (D reessen, 1 9 3 3 ;  Dreessen 
and  D a l la  V a l le ,  1 9 3 5 ) .  Siegal et al. ( 1 9 4 3 )  s tu d ie d  a p o p u la t io n  o f  
w o rk e rs  m in in g  and  m illin g  tre m o lite  a n d  a n tb o p h y lli to -bearing ta lc  
d e p o s its  in  N e w  Y o r k  s ta te .  In  a d d i t i o n  t o  th e  b i la te ra l  f ib ro s is ,  p leu ra l 
plaques, s im ilar to  those en cou n tered  in asbestos w orkers , w ere observed. 
R ev iew  o f p o s tm o r te m  m ateria l in th is  s t u d y  in d icated  th a t asbestos 
bodies w ere present in lung tissue. These find ings were also reported  in 
cases o f  severe p n e u m o c o n io s is  in  t r e m o l i t e  m illers b y  D a y m e n  (1 9 4 6 ) ,  
and b y  P orro  and  L e v in e  (1 9 4 6 ) .

M lllm a n  (1 9 4 7 )  rep o rted  th a t exp osure  t o  'cosm etic-grade talc p ro ­
duced n od u lar fibrosis in  w o rk e rs .  N o  q u a r tz  was detected  in  the dust. 
T h e  a u th o r  concluded  th a t ta lc  its e lf was capable  o f  p roducing  scarring. 
The o b s e rv a t io n  was s u p p o r t e d  in s tu d ie s  b y  Retch m an ( 1 9 4 4 )  and by  
W yers ( 1 9 4 9 )  a n d  in a s t u d y  o f  ta lc  m in e rs  a n d  m illers in  Ita ly  w here  
exposure t o  p u re  talc p roduced  a 10%  inc idence o f  pneum oconiosis in 
w orkers  (P arm eggian i, 1 9 4 8 ) .  Excess deaths a ttr ib u te d  to  pneum oconiosis  
have been  re p o r te d  a m o n g  w o rk e rs  in n o r t h e r n  I t a ly  m in in g  ta lc  c o n ­
s ide red  to  be free o f  asb estifo rm  fibers  (R u b in o  e t  al„, I 9 7 6 ) .

S om e investigators have he ld  th a t fib rou s  ta lcs ( n o t  d iffe re n tia te d  as 
talc, o r asbestos f ib e r )  are b io lo g ica lly  m ore hazardous than p ja ty  talcs. 
F o r  e x a m p le ,  in  a r e v ie w  o f  this l i t e r a tu r e  b y  P o r ro  et al. ( 1 9 4 2 ) ,  
G io y n e  a n d  G a rd n e r  are re fe r re d  t o  as c o n s id e r in g  t h a t  the  c l in ic a l ,  
ra d io lo g ica l, and p a th o lo g ic a l disease states o f  asbestosls  and talcosis are 
very s im ila r. There  are several reports  o f  the  occurrence o f  asbestos bodies 
In th e  k in g  tissue o f  w o r k e r s  e xp o se d  to  ta lc  ( D a y m e n ,  1 9 4 6 ; H o b b s ,  
1 9 5 0 ; K ie in fe ld  et a l., 1 9 7 3 ; M c L a u g h lin  e t a i., 1 9 4 9 ; Porro  e t a l., 1942 ) .

Several studies suggest th a t f i b r o u s  talcs are m o re  dangerous as a result 
o f  the  inc luded  asbestos f i b e r .  F o r e x a m p le , M c L a u g h lin  et al. (1 9 4 9 )  
c o m p a re d  f ib e rs  in ta lc  w i t h  the  p r o p o r t i o n  o f  f ib e rs  re cove red  f r o m  the  
lu n g  t issue o f  an e x p o s e d  w o rke r. .  A  la rge r c o n c e n t r a t i o n  o f  f ib e rs  was 
f o u n d  tn th e  t issues as c o m p a r e d  w i t h  th e  ra w  ta lc .  T a l c ’p n e u m o c o n io s is  
was r e a f f i r m e d  by  K ie in fe ld  and  Messite ( I 9 6 0 )  in t h e i r  s tu d y  o f  the  N ew  
Y o r k  s ta le  ta lc  w o rk e rs .  .

in  a s tu d y  by' K ie in fe ld  e t  a i . (1 9 6 7 )  i t  was dem onstra ted  t h a t  ta lc  
pneum oconiosis  acco un ted  fo r  a lm o s t 30%  o f  excess dea ths  am ong the talc  
m iners and  m illers. M ost o f these w ere due to  th e  co m p lica tio n  o f  
p n e u m o c o n io s is ,  c o r  p u lm o n a le . H o w e v e r ,  2 1%  o f  th e  91 de a th s  reco rded  
w ere  d u e  to  m a l ig n a n t  tu m o r s :  lu n g  c a rc in o m a ,  p le u ra l  f ib ro s a r c o m a ,  and 
s to m ach , co lo n , rec tu m , and  p ancreatic  cancers. A  p eriton ea l 'meso­
th e lio m a  was re p o r te d  as w e l l ,  i n  a d d i t i o n  to  these tu m o rs ,  re t ro p e r i to n e a l  
sarcom a, h epatom a, and  le u k e m ia  w ere also fo u n d . S tatis tica l evaluation  o f

CPC-BCALTRSCPT00000360



2 8 2 A.. N . R O H E  ET A L .

these da ta  in d ica te d  t h a t  a 3- to  4 -fo ld  excess o f cancers ex is ted  in th is  
g ro u p ,  as c o m p a re d  to  a m a tch e d  c o n t r o l  p o p u la t io n .

T h e  biologica! a c t iv i t y  o f,  b o th  tre m o iits  and  a rth o p h y flite  f ibe rs  has 
been know n f o r  some t im e ,  and  b o th  have been c i te d  as asbestos minerals 
b y  Mere w e t her ( 1 9 3 0 )  and N oro  ( '1946). A sbes tos  disease a m o n g  w o rke rs  
(and o th e rs  exposed  to  a n th o p h y llite  and tre m o lite ) has been reported  
( B u i i i k o v  and Badajov, 1 9 7 0 ;  k iv ilu o to , 19 6 0 ; M eu rm an , 1 9 6 8 ; M eurm an  
et ah, 1 9 7 4 ;  Schepers, 1 9 ’6 5 ;  Wegefius, 1 9 4 7 ; Weiss and B oettn er, 1 9 6 7 ).

Recent exp erim enta l data  also in d icate  th a t Ire m o lite  fibers are 
bio log ically  active (G raham  and  G rah am , 1 9 6 7 ) .  Som e investigators have 
suggested th a t inorganic fiber fib ro g e n lc ity  and carc inogen ic ity  is lim ited  
o n ly  by  its a b ility  to  reach the  a lveo lar space (H o lt  et aL , 1 9 6 5 ; Pott and 
Friedrichs, 1 9 7 2 ; P o tt e t aL , 1 9 7 4 ;  R obock and K lo s te rk o tte r, 1976; 
S tanton and  W rench, 1 9 7 2 ) .

W agner et at. (1 9 7 5 )  reported  lung scarring in W istar rats w ith  pure  
ta lc , exposed by in h a la tio n . The severity and e x te n t o f  the  lung scarring 
was c o m p a ra b le  to  t h a t  p ro d u c e d  b y  chryso tile  asbestos u n d e r  iden t ica l  
e x p e r im e n ta l  cond it ion? ; , in  a d d i t i o n  to  lu n g  sca tr ing , in g e s t ion  o f  ta lc  was 
reported  to  be associated w ith  le iom yosarcom a o f  the  stom ach as welt as 
one  a d e n o m a  and  several sa rcom as o f  th e  u te rus . H o w e v e r ,  the  exposure  
levels were h ig h  and  the  n u m b e rs  o f  observed  tu m o r s  sm a l l ,  so th a t  
s ta t is t ic a l  v a l id a t io n  o f  th e  carcinogenic p o te n t ia l  o f  pu re  ta lc  and its 
relevance to  hum an exposures w ere n o t  achieved.

T h ere  are also extensive data  concerning  hazards associated w ith  
exposure to  si l ica o r  trace m etals, p a r t ic u la r l y  n ic k e l  and chrom ium  
(N a tio n a l Research C o u n c il, 1 9 7 5 ). A n a ly tic a l data  are presented here that 
suggest possible disease p o te n tia l and th e  need fo r  investigation in these 
areas.
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BETWEEN:

SUBJECT:

x l  y

’ MEMORANDUM o f  m e e t i n g  
March 22, 1976

at
Environmental Sciences Laboratory 
Mount Sinai School of Medicine 

City University of New York

Members of the Staff of Environmental Sciences Laboratories
Arthur M. Langer 
Arthur N. Rohl

Division of Cosmetics Technology, FDA

Clifton H. Wilson 
Ronald L. Yates

Analytical Methodology for the Detection and Determination of 
Asbestos Minerals in Talc

Upon arriving at the laboratory, Dr. Wilson and Mr. Yates were 
greeted by Dr. Rohl. He stated that Dr. Langer would be present 
as soon as possible. Mr* Yates gave- Dr. Rohl the cosmetic talc 
samples that Dr. Langer had agreed to analyze. In turn we 
requested and received subsamples of the 10 cosmetic talcs in 
which Dr. Langer reported the presence of tremolite and/or 
anthophyllite. These are:

1 .
2 .
3.
4.
5.
6 .
7.
8 .
9.

1 0 .

Body powder, Cashmere-Bouquet
Rosemary talc
Brut for Men, Faberge
Air Spun 'Face Powder, Coty
Baby talc, Bauer and Black
Black Label, Yardley
After Shave talc, English Leather
ZBT Baby Powder
Invisible talc, Yardley
Shave talc, Mennen

Dr. Langer arrived approximately 30 minutes after our arrival. 
Mr. Yates presented him with the covering letter concerning the 
cosmetic talc samples DOST had provided for his analysis.
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Dr* Langer, Dr. RGhl, Dr. Wilson and Mr. Yates then discussed the 
following topics:

Sample Preparation and Instrumental Conditions for Analysis of 
Talc by x-ray Diffraction* - Dr. Langer stated that he did not 
believe it possible to prepare a sample for x-ray analysis that 
had a completely random orientation of the chrystal lattice. He 
did not think that random distribution was important if sample 
preparation techniques were consistent. Mr. Yates informed Dr. 
Langer that in the proposed CTFA method, preferred orientation 
was inevitable because the sample was pressed hydraulically.
Dr* Langer thought the technique acceptable if consistent 
results were obtained. Dr. Langer demonstrated the sample 
preparation technique used by his group. After preparation was 
completed, sample was step-scanned in increments of 0.02 
through the area ̂ of interest until a count of 2000 was obtained 
at each step. Divergence slits of 4° are frequently, although 
not always, used. When. Dr. Wilson asked Dr* Langer about the 
possibility of scatter and high background from the use of a 4° 
slit, Dr. Langer stated that the use of a smaller slit would 
probably increase resolution and sensitivity.- He was somewhat 
noncommittal about the. effect of a 4° slit oh quantitative 
results* Dr. Langer summed up by stating that if good standards 
are used and sample preparation is reproducible and consistent, 
reliable analytical results should be obtained. He said that 
all of the 10 samples. found to contain tremolite and anthophyllite 
by x~ray dif fractometry were examined by transmission electron 
microscopy using selected area.diffraction to verify x-ray results. 
Dr. Langer was somewhat disgusted by the talc industry's attitude.
He said the results of his work has been known to the industry for 
several years but nothing was done until the analytical results 
became public.

Tremolite. - Dr. Langer stated that tremolite and talc fibers can be 
easily differentiated using light microscopy. The cleavage of 
tremolite and anthophyllite is 90° to the crystal axis while talc 
has an angular cleavage. There is also a difference in refractive 
index. Tremolite and anthophyllite can be differentiated by the 
difference in aspect ratio. Dr. Langer demonstrated by preparing a 
slide of Cashmere Bouquet talc. Under the microscope tremolite was 
observed as short particles with 90° cleavage. Anthophyllite had 
the same cleavage but was definitely fibrous, having aspect ratios 
typically 30 or 40 to 1* Talc fibers appeared to have a cleavage 
of approximately 60°. Dr. Wilson asked Dr. Langer to examine a 
sample of tremolite he had brought along* Dr. Wilson said that 
he had been using the sample as a standard but that x-ray analysis 
indicated impurities. Dr. Langer examined the sample using
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optical microscopy. He stated it contáined anthophyllite, tremo- 
lite, quartz and talc. X-ray analysis of the sample indicated 
talc, anthophyllite and tremolite. He had a microscopist on his 
staff examine the sample using optical microscopy* His analysis 
confirmed Dr* DangerTs results. Dr. Langer stated that our 
tremolite standard was very impure and probably originated from 
New York, He gave Dr. Wilson the address of the Cape Asbestos Co. 
in London, a firm that could provide samples of Korean tremolite, 
considered to be the purest available.

Dr. Langer said detectability levels for tremolite was approxi­
mately 0.1% by x-ray diffractometry. If tremolite particles had 
aspect ratios of 3 to 1 or greater they were considered fibrous.

Chrysotile, - According to Dr. Rohl, detectability by x-ray 
fluorescence was 0.25% depending on size and crystallinity. Dr.
Rohl had some photographs taken of chrysotile fibers (fibrils) 
using transmission electron microscopy (TEK), Photograph showed 
fibers containing several fibrils and individual fibrils. Aspect 
ratios were extremely high. When examining talcs by TEM a count 
of 3-5/grid square is considered background. In two of the 19 
commercial cosmetic talcs examined, fiber counts of approximately 
24 fibrils/grid square were obtained. Dr. Langer considered this 
to be quite low and probably not hazardous. In general he did 
not think that chrysotile was a real problem as far as cosmetic 
talcs were concerned. He refuted claims made by some that 
asbestos fibers were not present in the environment due to use 
of asbestos brake shoes in automobiles. He stated that they 
have analyzed dust obtained from auto brake drums and have 
identified asbestos fibers.

Nickel. - In reference to the high amounts of nickel present in some 
talcs, Dr. Langer said that nickel replaces magnesium In the talc 
lattice and becomes a nickel hydroxy silicate complex. He Is not 
convinced that nickel Is harmless in this form because of its 
similarity to nickel hydroxide, which has been found to cause 
rhabdomyosarcomas in rats when injected.

Transmission Electron Microscopy (TEM) . - Dr* Rohl demonstrated the 
use of TEM for the analysis of talcs using previously prepared 
samples. Using a prepared sample of unknown identity, he pointed 
out structures typical of talc and tremolite. He also demonstrated 
that use of selected area diffraction. The crystal to be examined 
Is centered on the screen and the beam Is then passed through the 
area of the crystal desired. The diffraction pattern is displayed 
on the screen as a series of dots quite similar to a Laue 
photograph. The pattern can then be compared with those of 
standards for characterization.
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In general, the Environmental Sciences Laboratory is well equipped 
for mineralogical analysis having two transmission electron 
microscopes, two scanning electron microscopes, an x-ray 
diffractometer, an optical microscope and a differential thermal 
analyzer«

/
Ronald L. Yates
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