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Gentlemen:

We a r e  w riting  to  com m ent on the  C o m m issio n er’s p ro p o sal covering "A sbestos P a rtic le s  
in  Food and D rugs" as  published in the F e d e ra l R e g is te r, Vol. 38 No. 188 , pages 2 7 0 7 6 -2 7 0 8 1 , 
28  S eptem ber 1 9 73 . We a re  in te re s te d  in helping th e  FDA choose a  p ra c tic a l analytical 
p ro c e d u re  fo r the detection and identification  of a sb e sto s.

O ur lab o ra to ry  has analyzed m any hundreds of asb e sto s  and asb esto s-co n ta in in g  sam ples 
by m o st of the v ario u s analy tical procedures: p o larized  light m icroscopy, x -ra y  d iffraction, 
scanning e le c tro n  m icroscopy  w ith e n e rg y -d isp e rs iv e  x -ra y  a n aly sis , tra n s m is s io n  e lec tro n  
m icroscopy  with selec ted  a re a  e lec tro n  d iffraction , e le c tro n  m icro p ro b e an aly sis and 
e lec tro n  m icro sco p e  m icro p ro b e a n a ly sis . We would like to begin by giving you o u r evalu­
ation of each of th e se  m ethods.

The m ethods to co n sid e r are: 1. M orphology by light and e lec tro n  m icroscopy

The v ario u s in stru m en ts  available a re  capable of a v a rie ty  of com binations of th ese  m ethods 
(See Table 1 attached  to th is  le t te r ) .  The advantages and disadvantages of each a re a  a re  
d iscu ssed  individually.

The p o lariz in g  light m icro sco p e (LM) re q u ire s  g re a t sk ill and background obtained only 
w ith long p ra c tic e . A m ic ro sc o p ist tra in e d  in optical c ry sta llo g rap h y  and fa m ilia r  with the 
serp en tin e s  and am phiboles s til l  re q u ire s  hours of tim e p e r sam ple to find and identify each 
of the  p o ssib le  asb e sto s  ty p es. The p roblem  is  com plicated by the p re sen c e  of in te rfe rin g  
fib e rs  (3:1 asp ect ra tio !), e. g . , p a p e r, ta lc  on edge, d ia to m s, q u a rtz , m in e ra l wool, plant 
h a irs  and fib e rs  e tc . F inally , a ll of the a sb esto s types show considerable  v aria tio n  in a ll 
of th e ir  p ro p e rtie s  and th e se  v a ria tio n s  m ust be fa m ilia r  to  the m ic ro sco p ist.

2 . O ptical p ro p e rtie s  by lig h t m icroscopy

3. D iffraction by x -ra y  o r  e lec tro n  d iffraction

4 . E lem ental an aly sis by e le c tro n  o r  ion m icroprobe
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D isp ersio n  stain ing  (DS) g re a tly  speeds up the detection and identification of a sb esto s fib e rs .
It is  the only p ra c tic a l way to  apply optical c ry sta llo g rap h y  to  sam p les containing sm all p e r­
centages of a sb e sto s. The technique can be learn ed  much m o re  rapidly  than optical c ry s ta l­
lography yet it  is  se c u re ly  based  on optical c ry sta llo g rap h ic  p ro p e rtie s .

X -ra y  d iffractio n  (XRD), a lso  b ased  on c ry s ta l p ro p e rtie s , is  som ew hat le s s  sen sitiv e  than 
d isp e rsio n  staining but re q u ire s  no m ore  background and sk ill. The sen sitiv ity  can be in­
c re a s e d  from  0. 5 -1 . 0% to 0 .1 - 0 .5 %  by step -scan n in g . One advantage o v e r LM and DS is 
s m a lle r  s iz e  lim it — about 50 nm  com pared  with about 5, 000 nm  (5 /am).

Scanning e lec tro n  m icroscopy  with an energy  d isp e rsiv e  x -ra y  a n a ly z e r is  an o v e rra te d  tool. 
Many substances b e sid e s  asb e sto s  a re  fibrous and it is  n e a rly  im possib le  to obtain a  good 
chem ical a n aly sis  of su b m ic ro m e ter p a rtic le s  in a  p a rtic u la te  m a trix  w ith EDXRA in the SEM; 
th e re  is  too m uch in te rfe re n c e . F itting  the SEM with a  w avelength d isp e rsiv e  x -ra y  an aly zer 
g re a tly  im proves i t  u sefu ln ess.

The tra n s m is s io n  e le c tro n  m icro sco p e (TEM ) with se le c ted  a re a  e lec tro n  d iffraction  is  an ideal 
tool when the a sb esto s fib e r s iz e  is  < 0 .2  /¿m. The shape of f ib e rs  down to 0 .0 0 5  fxm is  
im m ediately  apparen t on scanning a  sam ple and th e  d iffraction  p a tte rn  is  im m ediately  d iscern ib le.

The e lec tro n  m icroprobe a n aly zer (EMA) w ith its  wavelength d isp e rsiv e  x -ra y  an aly z e r is  
b e tte r  than the SEM fitted  w ith EDXRA but is  s u rp a sse d  by an SEM fitted  w ith w avelength 
d isp e rsiv e  x -ra y  a n aly zer. The b e tte r  m orphological im age of the SEM tip s  the balance.

EMMA, the com bination tra n s m is s io n  e lec tro n  m ic ro sc o p e -e le c tro n  m icro p ro b e a n aly zer is , 
by f a r ,  the m ost usefu l of the an aly tical tools fo r a sb e sto s. It m ay not be needed if the 
f ib e r  s iz e  is la rg e  enough (about 0 .5  ¿am in s m a lle s t d im ension), but s m a lle r  p a rtic le s  can 
be c h a ra c te riz e d  by m orphology, d iffractio n  and chem ical an aly sis in th is  one in stru m en t.
It is  id eal fo r  w a ter sam ples containing suspended a sb esto s f ib e rs .

The ion m icro p ro b e, although a highly sen sitiv e  tra c e  analy tical tool, is  not usually  used fo r 
asb e sto s  fib e r a n aly sis . It does, how ever, d e tec t fine fib e rs  and id entifies them  by qu alita­
tive  chem ical analysis (quantitative when com pared w ith s ta n d a rd s ).

Sum m arizing then — if the s ize  of the asb e sto s  fib e rs  is  v e ry  sm a ll (as it  n e arly  alw ays is  for 
w a te r sam p les) LM is u s e le s s  and a  d iffraction  m ethod m ust be used . If the s ize  is  la rg e  
enough, say  1 x 3  /¿m, and the p ercen tag e  high enough, say  < 0 . 01%, then LM can do the job.
If high sen sitiv ity  is  not needed, say  about 0.2%  o r  g re a te r ,  then XRD is  the b e st m ethod.
V ery fine p a rtic le s  re q u ire  the  TEM w ith se le c ted  a re a  d iffraction .

It should not be n e c e s sa ry  to em phasize th a t no m ethod is  b e tte r  than the analyst who m akes 
the  an aly sis . Few la b o ra to rie s  have all of the above in stru m en ts  and highly sk illed  analysts 
fo r  each. Instead, each tends to  u se  the tools available and the m ethods with which th e ir  
p erso n n el a re  m o re  o r  le ss  fa m ilia r. In a  situation  as im po rtan t as th is , the choice should 
not be b ased  on av ailab ility  of tools and sk ills . F o rtu n ately , the tools fo r detection and 
identification of a sb esto s a re  n e ith e r the m ost expensive n o r the m ost sophisticated .
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O ur p ro ced u re  (in  b r ie f ), b ased  on the  a n aly sis  of many hundreds of sam p les, is:

1. Screen the sam ple by DS using C arg ille  high d isp e rsio n  liquid 1 .5 5 0 .

2 . If positive: a) identify the a sb e sto s  type by DS o r  XRD, b) d e term in e  amount by 
counting using c r i te r ia  suggested  in the  FDA m ethod of 28  S eptem ber 1 9 73 , o r  
by XRD. (We m ight add that a  3:1 length to  width ra tio  is not exactly  a fib e r.
The P a rtic le  A tlas sp ecifies  10:1; q u artz  flakes a re  often > 3 :1 ).

3 . If negative: a) conclude th a t le s s  than 0 .01%  of ch ry so tile  o r  am phiboles a re  
p re se n t, b ) u se  TEM o r EMMA w ith EDXRA and SAED to be s u re  subm icroscopic  
asb e sto s  p a rtic le s  a re  not p re se n t.

This is  a  com plete p ro c e d u re  which can usually  be sho rten ed  considerably  in p ra c tic e .
F o r  exam ple, a m in e ra l sam ple o r  a sam ple containing a m in e ra l frac tio n  w ill gen erally  
not have been subjected  to a  p ro c e d u re  th a t e lim in ates la r g e r  f ib e rs , e. g . , u ltra s  one ra tio n  
o r  sedim entation. Hence TEM is  not n e c e s sa ry  and DS can be used .

B efore d e scrib in g  in m o re  d etail p re c ise ly  how we p ro ceed , le t m e com m ent on the proposed 
FDA p ro ced u re.

1. To do optical c ry sta llo g rap h y  on ta lc  the p a rtic le s  m ust be well d isp e rse d . One mg under 
an 18 m m  cover slip  is  f a r  too crow ded if one hopes to find individual fine a sb esto s fibers; 
o ne-ten th  th a t concentration  is  much b e tte r .

2 . It is  tru e  th a t a ll re fra c tiv e  indices of ch ry so tile  a re  le s s  than 1. 5T4, but so a re  the 
indices of num erous o th er elongated su b stan ces including ubiquitous p a p er and g la ss  fib e rs .
In o th e r w ords, 3:1 asp e c t ra tio  p a rtic le s  having a ll indices < 1 .5 7 4  a re  v e ry  probably not 
a sb e sto s. To be c e rta in  they a re  ch ry so tile  req u ires:

a ) rem ounting another aliquot in, say , 1. 560 to see  if n  || is  about th a t value and if the 
o th er two n 's  a re  about 1 .5 5 0 . W orse s ti l l ,  one has to find those now n e arly  invisible 
(w ithout DS) fib e rs  among m illions of o th e r p a rtic le s;  o r

b) scan  the sam ple a t room  te m p e ra tu re  in a  hot s tage  so th at a  suspected  fib e r in 1 .5 7 4  
could be shown to d isa p p e a r with sodium  light on heating a t about 25 + [ (1 .5 7 4 - 1 .  5 6 0 )/  
0 .0 0 0 4 5 ] o r  56° C fo r n |j and about 2 5 + [ (1 .5 7 4 -1 . 5 5 0 )/0 . 00045] o r  78° C fo r  n^ .
One would a t le a s t have the sam e p a rtic le  in view throughout the te s t  but i t  would s till  
take h o u rs , o r  even days, to check 100 p a rtic le s  by th is  p ro ced u re.

3. T alc, often on edge, has one index le s s  than 1. 574 and it takes tim e  to check the o th er 
index to be s u re  they a re  not ch ry so tile .

4 . It is  likew ise tru e  th at a ll am phiboles have a ll indices h igher than 1. 590 but the sam e 
difficu lties hold tru e  h e re  as a re  given above fo r  ch ry so tile . The am phiboles a re  even w orse, 
how ever, b ecause th e re  a re  m o re  of them , each one v a rie s  considerably  in optical p ro p e rtie s  
and th e re  a re  many po ssib le  in te rfe rin g  su b stan ces.

5. Counting the num ber of fib e rs  is  not a good m e a su re  of % a sb e sto s. We find the s ize  of 
individual fib e rs  v a r ie s  10®-fo ld , at le a s t.
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6. It re q u ire s  a highly sk illed  m ic ro sc o p ist to identify the am phiboles; esp ecially  in 
sm a ll am ounts, in confusing m ix tu res and a s  sm all f ib e rs . Of a ll the  m ie ro sco p ists  in 
th e  w orld  few er than 1% would be so qualified. N early  a ll of th ese  qualified m ie ro sco p ists  
a re  m in e ra lo g ists  and a  few chem ical m ie ro sc o p ists . V ery, v ery  few in d u stria l la b o ra to rie s , 
esp ecially  in food and d ru g s, have such p erso n n el n o r a re  they available on the job m ark et 
in the  num ber th a t would be n e c e s sa ry  if th is  p ro ced u re  is  adopted as w ritten .

Now, what would we suggest as m odifications th at m ight im prove the proposed  m ethod ? We 
recognize th a t the proposed  m ethod is  b a sic a lly  good in th a t it  is  b a se d  on cry sta llo g rap h ic  
d ata, the c la s s ic a l approach to  the p roblem . We would keep th is  b ase  but sh ift to diffraction 
ra th e r  than c ry s ta l o p tics. The d iffraction  m ethod is  e a s ie r  to  teach , e a s ie r  to  le a rn , ju s t 
as  dependable, w orks fo r a ll f ib e rs  (la rg e  o r  sm a ll) and is  m ore  rap id . It is  b e tte r  than 
c ry s ta l optics in a ss e ss in g  the  type of am phibole esp ecially  in  com plex m in e ra l s e r ie s  like 
tre m o lite  — actinolite  — fe rro a c tin o lite  o r  the cum m ingtonite — g ru n e rite  s e r ie s .  It is ,  
how ever, som ew hat le ss  sen sitiv e  than light m icroscopy. With step  scanning, a  tim e ­
consum ing but potentially  autom atic  p ro c e d u re , 0 . 2 - 0 . 5% of a  given asb e sto s  m ight be 
detected; by o rd in a ry  slow continuous scanning 0. 5 -1 . 0%.

C rite r ia  fo r the c e rta in  identification  of each a sb e sto s  type can be found in the  l i te ra tu re .
We u se  the following c r i te r ia  fo r ch ry so tile  and tre m o lite .

C hrysotile  — An x -ra y  pow der p a tte rn  showing both the 002 ( 7 . 3± 0 .1  A; J / lQ = 1 . 00) 
and 004 (3 .6 5 ±  0. 05 A; l / l 0 = 90±  20 ) reflec tio n s and showing no line in th e  1 4 .6  A 
ch lo rite  region  is  n e c e s sa ry  evidence fo r  the p re se n c e  of ch ry so tile . A line a t 1 4 .6  A 
in addition to , and of the p ro p e r in tensity  re la tiv e  to , the 7 .3  A and 3 .6 5  A lines 
identifies c h lo rite  ra th e r  than c h ry so tile .

T rem o lite  — N ece ssa ry  evidence fo r  the p re se n c e  of tre m o lite  is  an x -ra y  pow der 
d iffraction  p a tte rn  with lines at 8 . 4 ± 0 .1  A, 3 . 2 7 ± 0. 05 A, 3. 0 3 ± 0. 05 A and 2 .9 2  ± 0. 05 A. 
(Note: zinc and m agnesium  s te a ra te  m ay in te rfe re  a t 8 .4  A and c a lc ite  a t 3. 03 A .)

S im ilar c r i te r ia  have been s e t fo r  the o th e r am pluboles. If g re a te r  sen sitiv ity  is  re q u ired  
we recom m end step -scan n in g . This m ust be done through the regions of the th re e  s tro n g e st 
lin es fo r  each of the asb e sto s  types.

If s t i l l  g re a te r  sen sitiv ity  is d e sire d  o r  if, fo r any re a so n , light m icroscopy is the p re fe rre d  
m ethod, we then suggest d isp ersio n  stain ing. The o v errid in g  re a so n  fo r DS ra th e r  than the 
c la s s ic a l m ethods of optical c ry sta llo g rap h y  is the  following. One cannot by the la t te r  
m ethods mount a  sam ple in th e  diagnostic re fra c tiv e  index mounting liquid fo r, say, chrysotile  
b ecau se  c h ry so tile  thereby  becom es n e a rly  invisib le  and, esp ecially  in tra c e  am ounts, sm all 
needles would not be d etected . F o r tin s  re a so n  your proposed  m ethod re q u ire s  m ounting in 
1 .5 7 4  so that ch ry so tile  f ib e rs  can be seen  and th e ir  index re la tiv e  to 1 .5 7 4  d eterm ined . 
However, many o th er substances a lso  have indices low er than 1 .5 7 4  and, although b irefrin g en ce , 
extinction, sign of elongation and c o n tra st m ay elim inate  som e, th is  takes tim e to check.
DS, on the o th e r hand, allow s the an aly st to mount the sam ple in 1 .5 5 0 , the liquid m ost 
likely to malm ch ry so tile  d isa p p e a r when c la s s ic a l m ethods a re  used. Now, how ever, with 
DS ch ry so tile  fib e rs  show two b rillia n t and d istinctive  c o lo rs , one fo r n„ and one fo r n^ .
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This uniquely identifies ch ry so tile  fib e rs  a lm o st at a  glance; g la ss  f ib e rs , p a p er f ib e rs , 
ta lc  on edge, q u a rtz , sp lin te rs  etc a ll show, at le a s t, d ifferen t co lors and an experienced 
m ic ro sc o p ist can quickly identify them .

S im ilarly  fo r  the am phiboles, we mount the sam ple in 1 .6 0 5  ra th e r  than 1 .5 9 0  and fo r a 
corresponding  re a so n . In 1 .6 0 5 ,  tre m o lite  is  e asily  identified  by e ith e r  yellow  and blue 
co lo rs  on c ry s ta ls  w ith oblique extinction o r  yellow  and golden m agenta on c ry s ta ls  with 
p a ra lle l extinction (n || and n. , re sp ec tiv e ly ). F u rth e rm o re , actin o lite  and anthophyllite 
have d istin ctiv e  and d ifferen t co lo rs  in th is  sam e liquid. One is left only w ith am osite  
(positive  elongation) and cro cid o lite  (blue fib e rs  w ith negative elongation). All five of th e se  
am phiboles can thus be detected  and identified in th is  one liquid.

In conclusion, if  fo rced  to analyze a  sam ple by the  proposed  m ethod, we would re q u ire  
se v e ra l (2 -8 ) hours of a  sk illed  c ry s ta llo g ra p h e r's  tim e; th is  would average  $250 p e r 
sam p le. The tim e can be cut to 0. 5 -1  hour and th e  cost to about $50 when d isp ersio n  
stain ing  is  used . It is  a lso  p ra c tic a l to  u se  le s s  highly tra in e d  m ic ro sc o p ists  fo r the 
d isp ersio n  stain ing  p ro c e d u re . Although w e 're  not s u re , reading  the  proposed m ethod, 
w hether we a re  excluded fro m  using  d isp e rsio n  stain ing, i t  is  obvious the w rite r  of the 
p ro ced u re  did not v isu alize  doing so.

We have ju s t com pleted, for exam ple, an in tensive 2-d a y  co u rse  in th e se  m ethods fo r 
EPA p erso n n el and have scheduled a s im ila r  c o u rse  fo r  food and drug  in d u stry  personnel 
2 5 -2 6  F e b ru a ry  1974. It is  feasib le  to  t ra in  a m ic ro sc o p ist w ith little  previous knowledge 
of c ry stallo g rap h y  how to d e tec t and identify a sb e sto s  by d isp ersio n  staining in two days.
Not so by the c la s s ic a l method; h e re , we would need 10 days and even then le ss  than half 
of the students could dependably analyze any and all sam ples fo r serp en tin e  and am phiboles.

We have also  enclosed copies of two p a p ers  from  o u r lab o ra to ry  on a sb e sto s. One is , 
unfortunately, s t i l l  in p re s s  and without the cited  F ig u re s . We hope, in any c a se , that 
som e of th is m a te ria l b ased  on o u r own experience m ay be helpful to you. If we can 
help in any fu r th e r  way, p le ase  be s u re  of o u r d e s ire  to co operate .

S incerely

offese.
W alter C. M cCrone 
Scientific A dviser
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