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MINERALOGICAL CHARACTERIZATION OF
COSMETIC TALC PRODUCTS

The purpose of this letter is to comment on the paper by Rohl ct al.
entitled “‘Consumer Talcums and Powders: Minsrz) and Chemical Char-
acterization,” which appeared in the Journal oi Toxicology aond Environ-

mental Health (2:255-284, 1976).
The paper conveys an erfoneous impressicn that it is reasonably

common to detect the presence of asbestos in cver-the-counter talcum

powders. The authors imply, in fact, that one-hzif of the products studied
are of questionable quality when they state that ‘10 of the 20 products
examined contained detectable amounts of tremolite and anthophyllite,

principally asbestiform.” '
The article is mislcading, and its publication demands clarification in

light of the following points: (1) a2 comprchensive undcrstanding of
mineralogy makes it apparent that the reported results are impossible to

~ achieve; (2) the analytical' methods described do not andfor can not lead

o0 the conclusions reported; and (3) the conclusions drawn are witiiout
sound scientific basis- and are thercfore misleading and invalid. These
points are discussed below.

The portions of the paper by Rohl et al. that describe the geologic
occurrences and propertics of talc and associated mincrals are generally
correct, with one major exception. The paper very clearly makes the point
that the predominant occurrences of tremolite, anthophyllite, and
serpentine  arc  as the asbestiform varicties, and rcaders other than
-professional geclogists or _mincralogists will almost 3urely reach the

erroncous conclusion that occurrences of the asbestiform varicties are the =

rule rather than the exception. It is a fact that the asbestiform varietics of
these mincrals are rclatively rare, and that such occurrences probably
account for less than 1% of the known world occurrences of each mineral.
Further, tremolitc and anthophyllite are erroncously stated to have fibrous
cleavage, whereas, in fact, their cleavage is prismatic. Tremolite asbestos is
esscntially a mineralogical curiosity. _ '

The analytical methods described by the authors for identification and
quantification of tremolite, anthophyllite, and serpentine are invalid. The
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“X-ray diffraction (XRD) meihods describad cannot be used 1o ideaili= i

amphibole species present, to distinguish serpentine from chiesizz, o1

quantify serpentine or Guartz. because of interferences from chiorite an

" .. talc, respectively.

-~ Unequivocal identification and quantification of the amphibuoic specivs

" present on the basis of tie tremolite 8.38 A {110) peak and the
anthophyllite 8.26 A (210) peak is impossible. Examiration of ihe powder

diffracrion file published by the }oint Commitiee cn Powder Difirsciion
Standards {JCPDS) for amphiboles {52 amphibcle czrids in the jJCPDS My}
reveals that all 52 have their {110) or {210] diffraction pcaks within £0.2 A
of each other. For CuKa radiation, a change in d-spacing of 0.2 A at 10.5°

.28 (the region step scanned is 10°-11° 28) is equivzlent to a 20 angular
" . change of only 0.25°. Slight compositional and/or structural variations in

the amphiboles rcadily cause small shifts in the position of the (110} and
{210} peaks. Similarly, very small changes in the position and/or nature of
the sample surface will cause small peak shifts. As 2 result of general
peak overlap among all amphiboles, unpredictzbie peak shifts, and
mismzaasurement of peak position, it is not possizle to identify any
specific amphibole on the basis of the {110) or {270} peak, even if the
sample is 100% pure amphibole of one variety. It is clearly impossibl2 to
identify andfor quantify trace to minor amphibecies by the methods
descrived in this paper. Bulk chemical anzlyses for major, minor, and trace
clements has questionable value in the identification of an- amphibole
present in trace to minor amount.

The authors used the serpentine (004) peak 2t 3.66 A (24.32° 26 for

-CuKe) for identification of .serpentine. Chlorite has a major diffraction

oeak {004) in this region. It is well known that chlorite and serpentine are

difficult to differentiate by all known methods of characterization but

that their (004) XRD peaks. are scparate enough to generally allow
unambiguous determination of the prescnce of both phases when they are
present in quantities sufficient to give definable peaks. However, the (004)
peak of chlorite varies between 3.53 and 3.60 A (24.73°-25.23° 20 for
CuKa} depending on the particular compositional and structural variety
present. To attempt quantification of trace serpentine in talc by using the
(004) peak is not possible since talcs almost invariably contain chlorite far
in excess of serpentine, and chlorite will therefore interfere. The authors
acknowledge that Stanley and Norwood were confronted with the chlorite-
serpentine interference problem, but they still claim to have been able to
use XRD for identification and quantification of trace serpentine in thé
presence of chiarite {samples 12 and 15). :

In addition, if any of the clay minerals kaolinite, halloysite, or dickite
are present, they wifl also interfere with the XRD identification (and
guantification) of scrpentine. The XRD peaks of serpentine, chlerite,
kaolinite, dickite, and halloysite are typically broad and often poorly
resolved, further complicating ideatification and  almost  cerizinly
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éiiminating any possibility of quantifying trace amounts of serpantine by

- XRD if any of these interfering phases are present.

An additional complication is presented by halloysite if it is present.

" Halloysite has a tubular structure similar to that of chrvsatile and
. therefore cannot te distinguished from chrysotile by electran micrescopy.

The authors used the quartz (211) peak at 1.54 A (60.08° 20 for
CuKa) for quantification of quartz in spite of the fact that talc has one

" large peak and several small peaks in this 29 regicn that can interfere. The
- problem involves quantification’ of trace 10 mincr amounts cf quartz by

using a weak quartz peak [{211), relative intensity 15] that is interfered
with by a strong talc peak [{060), relative intensity 55). A recent X-ray
diffractogram of very pure talc sun in this laboratory had the .low-angle
shovlder of this talc peak extending to 59.7° 28, for example, completely
overlapping the (211) quartz peak position. Guantification of trace to
minor amounts of quartz on the basis of its {211} peak is clearly not
possible in the presence of major amounts of walc.

The interference and identification problems discussed above become
apparent when examining errors associated with the linear cquations of the
form y =a + bx given by the authors to correlatz peak area with percent
mineral content (table 3). From table 3, comparing the known mineral
content with the calculated mineral content using peak areas and equation
of fit, the error for each data point can be calculated. The stated
detection limits of 2.0, 0.7, 1.4, and 0.1% for anthophyllite, chrysotile,
quartz, and tremolite, respectively, have very little meaning when the
errors for each data point are examined. The detection limits of 2 and
1.4% for anthophyllitt and quariz are less than the lowest standard
prepared (5%) and are therefore strictly theoretical rather than observed.
Using the authors’ calibration equation for the guariz, the calculated valuc
for the 5% standard is an overestimation of the true level by 56%. At the
stated detection levels for chrysotile and tremolite (0.7 and 0.1%, respec-
tively), the calculated values from the calibration “equations are over-
estimations of the true levels by at least 100% for chrysotile and 500% for
tremolite. Linear calibrations for these types of samples and concentration
ranges are not ordinarily expected, and the use of lincar cquations to fit
the data is questionable, especially in view of the previous discussion of
interferences and invalid procedures. For example, the data for chrysotile

are distinctly nonlincar (figure 2) but the authors still use a linear

eguation to fit the data.

| also wish to point out that the quotation from the paper by Stanley
2rd Norwood is a paraphrase rather than a direct quotation. Also, there is
an error in the quoted fiber size of 0.5 X 0.2 um requiring transmission

electron microscopy—the size stated by Stanley and Norwood is

0.5 X0.02 um. .
The entire paper reflects a strong bias to assume that all serpentinc
and amphibole minerals are asbestiform. The fact that the authors added
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- “asbestos minerals to talc in the preparation of their siandarcs is &v no
means an assurance that the samples later examined also conizined
asbestos. Use of such s:andards has the effect of prejudzing the szmples

- . before they are ever examined, 2nd in this czse has led to impassible

. results and invalid conciusions. ' :

In. the above discussion, | have described some of the errors and
invalid procedures of mineralogical identification and quantification as
used by the authors. It is therefore apparent that the stzted major purpose .
of their paper, nzmeiy “to determine th: minerzicgicai and chemicul

~ camposition, with particular emphasis on the quantitative determination of
tremolite, anthophyllite, serpentine minerals, and quariz,” has not been
achicved. Accordingly, the results reported are without zralytical basis and
the conclusions drawn are invalid and misleading. ’

Jerome B, Krause
Colorado School ¢ Mines Research Institute
’ Golden, Colorado
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