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Representalive consumes; taiccirns arid powders-, including 20 body powdery betby
powders,, facto! i&CLi-fnx, and also one pharmaceutical! Calc3 were analyzed'to determine,
their dvr/erafagfcai and cherniepf composition,. Where, known-, all were formulated prior
to 7973V Of thtr. 2Q.p-res.de/cts if) contained detectable amounts of tremolivc and
amhophyllite, principally asbestifoirn? while some also contained- fragmented forms of
those minerah, The. oox?tints ranged from tenths of a percent So oyer 14% by weigh 0
two contained detectable amounts of' chrysolite asbestos fiber; Eight contained quartz,
seven ranging from 2 to 5%, with one as high as 33%, The analyses showed'that the.
consumer products examined were rarely the pure mineral talc, but rather were
mixtures of various; minerals* some samples consisted of three to five minerals, only
one of which was talc. Other common mineral phases Included chlorite, platy
seepgnripe? pyrd-phyllite9 micct, and' pardontrie minetpli. Kaptlp additive- was- identified
in two products. The single pharmaceutical info, examined contained, only a trace
amount of quartz..

The chemical composition of these products, including both major oxide and trace
element content™ correfatted with their miherul Gorporent.z. Four sanpled contained
substantial concerntrationr. of inichei, cobalt, and chromium, suggesting lattice, substftid
tfgn or the presence of trace mineral jphases. Geological provepane? of the talcs may
be. ascertained on the basis of chemistry. Possible adverse health effects, from
intermittent: use. of these products, especially those, that contain ersbestiform and.
fragmented anthaphyHite and tremolrte, chrysotsic, quartz, <ind trace metals, are
presently sjnhnown and warrant eyeHsglpm

INTRODUCTION

Consumer talcums and powders; are considered: by the general pubile to
be tide, an impression [hat is conveyed and strengthened by the product
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names and ingredients listed on the contamer labels, However, knowledge
of the geological occurrence and mineralogical character of source
materials suggesis the nature of talc to be highly wvariable and complex,
Twenty-one consumer alcums and powders {Yable 1} were mineraiogically
and chemically analyzed to detarmine whether these products are actually
talc mineral. .

Talc is a defined mineral entity, based on specific chemical, arystalline,
and physical properties {Ford, 1957). The empirical chemical formula,
Mz, S, O {0OH),, 5 seldom observed in nature as a result of cation
substifution. For example, magnesium 5 Trequently replaced by irom,
nickel, chromium, orF manganese in {he crysial struciure. Talc is a sheet
sificate, with a structuml unil consisting of three lavers; a sheet of
ovtahedrally conrdinated magnesivm  hvdroxide groups s sandwiched
between two lavers of tetrahedrsily linked silica layvers. The Yan der Waals
bond between the talc sheets arc of low energy accounting for the ecase
with which tale as well as other sheet silicate minerals {micas, clays) cleave

TABLE 1. Designazion of Coantents in Brand Nams ar
Label

Sample
. Date of formulation

Produsts designated a5 wados
3 Not gvailabls
g ot available
12 Lpproximately 1972
7 Seprernber 1372
s Mot avallable

ty At 18, 1973
12 tay 1273
2% Mat svallable

Products destgnaiesy a5 powders [talc on Fabetd

4 December 19710
kL) Nopavallable
20 December 1970

5 February 1973
PG HMat avatdable

Products designated as pawders {or dust)

3 Begwesrn January 1264 and july 1970

14 Oetober 3, 1970

- 1E Berwesern ctober 1970 and March 75973

9 Fabruary ar Marvch 18973

13 July 1569

LE: fuly 16, 1970
Z Not avatiabie

IR Approximatety 1273
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or break irte platy Tragments. This Tacile cleavage, with resultant high
surface area, and its softness, small particle size, and whiteness confer
upon tale 115 wsefuiness as a cosmetic material.

GECLOGUIAL OCCURRENGE OF TALC

Tale rocks {incloeding these commesciaily worked) are formed by
several complex geulogical processes reacting upon many possible, chem-
ically diverse preexisting rock types, Hydrothermal alteration of magnesia-
and siwa-rich witramafic rocks, under a range of low-to-moderate tempora-
tures and pressures, may produce iale. Thermal melamorphism of silica-
rich dolomite [CaMg{CO,), ] wiil produce tale as well. These proc
however, also cormimonly resule in the formation of 3 number of other
coexnisting mineral phases, predominantly hydrous onagnesium silicates,
Some of these, for example, anthophyliite, wemolite, and serpestine
miinerals {including chrysotile], ocour as microscepic intergrowths with
tale, as macroscopic nodules, or even as discrete zones within or adjacent
to taic {Yable 7). Tafe rock is thercfore generally not monominerallic but
is often a mixture of minerals that may vary widely with respect to kind
and guantity, Phlogopite, a magresium mica, and chiorite, 2 group of
minerals related to the micas, are also commonly associated with talc,
Some of these associated miness! phases are asbestiform amphiboles and
chervantite (see discussion of the terms asbesios and asbestiform in
Appendix A}, Conversely, talc has been described as a common accesSsory
mineral in commerciad ashestos deposits {Huribut and Williams, 1935

Talc deposits may be zoged, with different mineral assemblages
physically changing in occurrence and praportinns over extremely variable

TABRLE 2 Minerais that Commanty Qoaur In Tale Deposits

Mineral group £ e Formuia
Catelre CaCid,
Carbonates Dolusnite Catdg{CO,1,
Magnesite PARK
o - .
Tremaiite Ca, Mg 55, O, (OH)
Armpfiboles R ot PV gt T S UVE T o
pERno Anthophyliite? {Ferigh, 5i, 0, {(OH],
. Antigorion Mg, Si, O {0,
Serpentine Chrysotle {uncomimsn} Mg, 51,0, {OH],
Lizardite {uncommon) Mg, Si, O (O3BY,
Quearir S0,
Other Miex, s.g., phivgopite o [P, Fed, [ S, AL, O HIONY,
e Chiosite, sog., peoninite "\PAg,AI,F::)nEI(SF,F’SI),O,,;}(C’H}m
Fyrophyilite Al (1S5, T, J (O],

&~ " N . .
ecursing as fibrous amd ponTibroms forms, Quher trace minefal phases are offen
present bul are nnt ncladed.
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distances, ranging from centimeisrs to iens of meters. Mineral phases in
such deposits may include talc plates and fibers, tremolite and anthaphyl-
fitg fibers, intergrowihs of amphibole and tale, serpentine minerals {which
roay include chrysotile), and free silica {quartz) (Ross ¢t al,, 1968}, The
fiber intergrowth iz often such that even extensive beneficiation may nof
yieid a pure product. Thus, where fine-grained intergrowths of tale and
tremalite oocur, the processed product will likely contain residual tremo-
lite. Further dzisils concerning tha crvstal chemistry, structura, synthesis,
ard geological occurrence of talc are found in Appendix B

INDUUSTRIAL AND COSMETIC GRADE TALCS

bt is penerally recognized that wvarious commercial grades of tale are
marketed in the United Sitafes {Appendix . Hildick-Smith {19786% has
stated that a talc suitable for pharmaceutical purposes, used in cosmetic
and toiletry products, contains 3t least 90% walc mineral and no detectable
asbestos. Such siated compositional restrictions are not placed on indus-
trial grade tales. One study demonstrated that a number of industrial talcs
contained substantial quantities of tremolite, up to 87% by weight of the
sample {Schulz and Williams, 1942).

frn 1968, 2 study {Cralley et al., 1968) of 22 cosmetic mlcum products
demonstrated fiber contents ranging

from & to 30% by count with an average of 19%. The fibrous
malerial was predominately talc but probabkly contained minor
armmounts of tremolite, anthophyilite and chrysotile as these are
often present in fibrowus talc mineral deposits.

With the exception of 4 of the 22 cosmetic talcum products
analyzed, the levels of free silica, cobalt, nickel, chromiuwm, and
manganese were generally of z fow mageitude and within a
narrow range. . .. The levels of sitica, chromium, and nickel in
these four products are sufficiently high, howaver, to hbe of
concern in thelr potential to cause disease.

Thus, as iz as 1968 some consumer faloum ducts mnarketed in th
h 5 fate as 1968 some consumer ialcw roducts ynarketed in the
United States contained asbestiform minerals, free silica, and trace metals,

HUBRAN DISEASE ASSOCIATED WITH
TALD EXPOSURE

For nearly half a2 century a number of reports have shown that
occupational exposure to tale dust s associated with a2 fine diffuse
interstitia! funp scarring konown as talcosis. Fibrous taics appeared to be
more  pathogenic than platy talcs, producing in addition to talcosis,
increased risk of malignant tumors in exposed workers {(Kleinfeld and
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Messite, 1960 Kicinfeld et al., 1967). Studies concerning the biclogical
consequences  associated with tale dust exposure, including cancer, are
referred to in Appendix U

OBIECTIVES OF THE PRESENT STUDY

T wenty-ane samples of consumer talcums and powders; including baby
powders, body powders, facial powders, and a pharmaceutical talcum, were
chitained at retatl stores in the New York City area. These samples were
acquired and studied during the period 19711978 {Table 1}. The major
purpose of the study was to determime the minerzlogical and chemical
composition, with particular emphasis on the quantitative determination of
tremofite, anthophyllite, serpentine minerals, and guartz. Another objective
was to establish a base line for consumer talcums and powders, based on a
sampling of products available during the period 187121975, This base line
provides an index for evaluating possible changes in subseguent formu-
{arions.

METHODOLOGY AND RESULTS OF MINERAL
AND CHEMICAL CHARACTERIZATION

The analytical iechnigues emploved for mineral identification and
guantification induded optical microscopy, transmission electron micro-
scopy  with  selected area electron  diffraction, XM-ray diffraction, and
szanring  electron mboroscopy  with MX-ray  analysis capabilisies, Chemicsld
determinations {bulk chernistry and tsace metals) were made with a
number of standard instruments and geoachemical techniques, including
spectrophotometry  [Sily, TiQ,, &L O, total Fe {(Fe, O3 by difference
from Fed), P, 0.} atomic absorption (MnQ, MgQ, CaD}; flame photo-
ety (Ma, O, K, 0} wer chemical assay {(FeO}; welght loss, volatiles
{H, 03, COy, oreanics). X-oray fluorescence was used Tor all trace metals
{Bowes and Langer, 1974}.

Cotical Microscopy .

Optical microscopy 5 2 conventiona!l technigue for the identification
of minerals and Tor the study of mineral relationships. A microscope
equipped with bright field Humination and polarized light oprics was used
to analyze the cosmetic powders. Approximately 0.5 mg of powder was
mlaced on 3 precleanad glass slide and immersed in index oils of known
refractive mdices, These were ¢checked on 3 refractometer. The infarmation
ohtained on particles with this mathod incuded most of the measurable
optical properties, including indices of refraction, extinction angies of
fibers, general morphology, and size characteristics of mineral phases {Fig.
73, In coarse-grained powders, fibers could be identified {tremolite,
anthophyllite, talc). Two samples contained cornstarch, easily recognize
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CONSUMER TALOUMS AND POWDERYS 263

hy  morphological and optical characteristics. Gne product  consisted
entirely of corpstarch.

51 most sampies, however, the powdec '
particle dimensions significantly less than 1.0 gm, for the technigue 1o be
useful. The iimiting factor for determination of optical constants, and
hence for identification of particles, is the resolving power of the
:z:icrbscopg The presence of tale fibers, which may have indices of
refraction similar to amphibole {tremolite, anthophyllite} fibers, also
canfounds analysis. Therefore, although this technigue is an z?'.bgcc;‘,ﬂﬁ.ni
diggnostic instrument in some instances thece restrictions limited its

s were too [ine grained, with

usafulness.,

Other investigators have experienced similar difficuliies For f:xzampit):,
in a study of the asbestos content of fale {Stanfey and MNorwood, 1373},
there was difficulty in appiving optical microscopy to the problem. The

authors concluded that optical microscopy

while it waorks well on pure samples of fairly massive fiber
length from 3 to 5 microns, our observations by transmission
clectron microscopy have shown that gatirallyv occurring asbesti-
Formr rmrinerals oiten e Eelovw the working resolution capabilities
of the fight miicraoscope and furthermore while massive fiber
bundies can often be observed by either light or electron
microscopy the observation of individual fibers smaller than 0.5
by 0.2 micrometers often will reguire the Bigh resolution
capabifity of the transmission clectron microscope {emphasis
added). ’

ft is further siated that “Yight microscopy was helpful only in screening
samples with large particles and high concentrations of objectionable
fiberss.”

By comparing the resuilts of optical microscopy with those of guantitas
tive X-ray diffraction and election microscopy, we observed that farge
numbers of fibers go undetectad. In addition 1o the restraints of resolution
imposed by light microscopy, another maior drawback relates to the
strong tendency of asbestiform mimerals to cleave or break ajong planes of
weakness when they are crushed, producing large numbers of small fibers,
For example, light microscopic examination of 3 talc sample {no. 8},
which contains over 7% tremolile {see Table 4}, demonstrates the presence
of mineral fragments that are primarily not asbestiform {(Fig, 1) Howe
ever, electron microscopic examination of the ssme sample demonstrates
that many of the submicroscopic tremclhite particles are fibrous (see Fig.
3E}). The problem involving the determination of the relative proportions
of each of these morphological phases In the same sample {mass vs.
number) s presently unresolved. Basically, the large fibers are broken
during milling vielding a new size distribution in the submicroscopic range.
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K-ray Diffraction

The application of X-ray diffraction analysis in step-scan mode for
quantitalive determination of asbestos in tale has been described in detail
{Raoh! and Langer, 1974}, including the selection of tale and asbestos
reference materials, the pregaration of standard dilutions of asbestos
mimmerals in talc o ensure sensityvaty and reproducibilivy, the seleciion of
characteristic Xeray reflections to be scanmmed, and instrumental technique,

Selecsicyy of ralc mineral starrdard.  Screening of various types of tales
for use as reference material was made by Xoray diffraction and itrans-
mission electron microscopic analysis. A continuous scan was first mnade to
identify the major minerai phases present. Tales that showed the presence
of any serpentine mineral, tremolite, or anthophyllite were eliminated as
reference materials. The possibility of false negatives for these minerals
was checked by step scanning the diagnostic reflections {Table 3}, Further
verification of the absence of asbestiform minerals was made by trans-
rmission electron microsceopy. These technigues permitted the selection of a
matrix tale that was completely free of asbestiform minerals.

Chiorite minerais are hydrous iron-magnesium silicates, fregquently
associated with talcs. Their pressnce may interfere with the detection of
serpentine minerals, both platy {antigorite} and fibrows {chrysotite}. This is
particulary true if they are present in egual or {arger amounis than these
latier minerals. Two intense basal reflections at 4.2 A {(DG1) and 7.1 A
{00} are characteristic of chlorite minerals, The latter reflection occurs
close to the {002} reflection of serpentime minerals {7.3 A). The 3.66 A
{004} reflection of serpentine was selected as disgnostic {Table 3}, since
the jower intensity {04} reflection of chiorite {3.53 A} In this region was
found not to cause interference.

Sefection of rhe ashesios stendord.  Reference sarmples of pure asbestos
minerals were obtained from various mineral collections and from the
international  Association for Research on Cancer {(IARCY. These were
screened for purity and particularly  for the presence of interfering
contaminants according to the procedures previcusly described for taic.
Two different specimens of chrysotile were wsed as reference rnaterials: a
triple aiv-jer milled sample from the jeffrey Mine, Guebec {provided by
the |ohns-Manville Corp} and & specimen from Coalinga, California
{provided by the Calidria Division, Union Carbide Corp.}.

Somplie preperation.  Asmong the variables that strongly influence the
precision and accuracy of guantitative Xeray diffractometry are particle
size, preferred orientation, and surface flatness. Mariation due to particle
size can be minimized by crushing and scregening the asbestos and slc
standards to ensure & uniform size distribution, with an effective crystallite
dirmension on the order of § um or less. The effect of preferred
orientation is more difficult to conmtrol. The tendency for preferred
orientation s largely the Tunction of mineral cleavage properties. Both the
talc and the asbestos minerals have excellent cleavages, platy in talc and
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WABLE R Telibration Curve Dawz for the Doterminaiion of Asbestiform Mincrals and Duariz
in Tate by Meray Snabysis?

Mireral phase

Pararmeler Aavehaphyiiiie Chrysoiie Quaryz Tremaotite
Mt er ingex of disghastic cefleciion {210} o4} {3 3)[" {110)
Cormspondbvg Jspacing {A} 8§.2¢ .66 1.54 .38
Reiarive nternsigy 5s 883 1% [ Xeld
Step-sosn intervad {2 thata) INO-11.0 R3E-25.0 59.5-60.% T0.0-1 1.0

Percont mineral in 13ld 2nd corresponding asca of reflcction

Anithophyiiita Chay surite Quarie Yromulite
“% 03¢ % it % in,? % tn.?
5.0 3.52 3.25 G.Q7 5.0 275 0.7 G703
13,0 238 G5 .03 10.0 3.75 3.5 G.30
15.C 3.3% 1.0 0.08 20.0 7 2.2 .93
A0, 4.65 2.9 0.22 25.0 3,30 7 .67
25.0 5.%2 5.0 0.94 30.0 13.20 4.3 1.25
30.0 7.22 7.0 1.52 45,03 18.50 5.0 1.58
3%.0 R.52 3.3 2.2 ~ - 7.0 2.08
- — &3 2.34 — 14,0 280
Dmreciion iz
Wi 3 Anthophyilite <= Areg {270} ¢ B = .85 2.0%
Wi % Chrysotils Sras (004} ) Ch} - 3,50 R® = (.28 0.7%
WL Quarsz = Area {217} R? = .95 1.49%
We % Tremalite Aren (1T0) = 328 {%Yrl - 004 RY = Q.98 .18

P tnsersmental seftimggs: targedffilome, TfNI, 45 KVIR20 mA; scinmiflalion countar, 1450 VT
manoshr omator, graphite; pulse-fime apatyxer, 0 VY, 5 ¥ {width, lavell: contlnupuss san, 1°
2 giming step-scan, .02° 2 5 at 2,000 counts fxed.

2 ghombobesral index.

CRepeated measurements of arcas uoder cuives with 3 pelar planimeter bndicated AVUrARs
devtation af & G.02-0.05 in *.

fibrous in the case of fremolite, anthophyilite, and chrysotile (see Rohi
and Langer, 1974, Fig. 2}, In antempting to reduce or eliminate the effecis
of preferred crientation n Xeray analysis, 2 number of sample preparaiion
and instrumental technigues have been developed {Braggp, 1987 Brindiey
and Kurtossy, 1967; Cuility, 1956; Klug and Alexander, 1954}, In the
resent study these technigques were tested, but none was Tound o provide
adeguate precisian  {reproducibility). Accordingly, a sample preparation
techiique was developed that was successfully wsed, in conjuncrion with
X-ray diffraction in the step-scan mode, to detect diagnostic reflections of
these minerals in a tale rnatriv ower 3 range of concentrations {Table 3}
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364 AN, ROHL ET AL,

The reprodacibility of reflection intensities was alse greater than other
preparation mchniqgues tested.

Binary dilution standards of chrysotile, anthophyilire, and wremolite in
tafc were prepared gravirnetrically, Asbesios {iber concentrations were
prepared imitially ar 5.0, 4.0, 2.0, V.G, 0.5, 0.2, and 0.1%. Fifty milligrams
of the talc-zshestos mixiures were homogenized n 10 mil fltered water
utilizing ultrasonic energy. This slurry was poured into a 30 co syringe and
filtered through a Q.22 um pore size membrane filter. To pravent
siyatification due to differential particle size and density effects, the
syringe. s held in a horizontal position, rotated, and shaken during
filtration. The residue forms a flat cake of abowt 0.3 mm uniforrs
thickness on the membrane filter. fhen dried, the sample is affixed to a
giass sfide for Xeray diffraction analysis {Robl and Langer, 19743,

Sefsction of X-roy reflections, Because of crystal structure simifarities
in the minerals being studied (Le., tremolite and anthophyllite}, consider-
able overlapping and interference of X-ray reflections occur. The low
symmetry and conseguent complex Xoray diffraciograms of such minerals
as tale, chlorite, and mica, as well as possible interferences from admixed
phases such as kaolinite, make it necessary to select @ refiection or set of
reflections for cach mineral component that could be used 3s an index of
the amoutit of that mineral in 2 mixture. Such diagnos:ic reflections were
selected by referring to standard X-ray powder diffraction data. These
diagnostic reflections were step-scarmned at ¢.02° 2 thew in a fixed count
made {2 ¥ TU* counts). Precise positions and profiles of the diagnostic
reflections were determined. In the fixed count mode, each of the angular
intervals selected are scanned with egual accuracy. Thus weak reflections
can be determined with equal precision as high Intensity reflections. The
statistical accuracy depends only on the ozl number of counts recorded,
and the counting rate selected gives @ percentage probable error of about
2%. Profiles of the diagnostic reflections, pintted as a function of number
of counts vs. 2 theta, are measured with a compensating polar planirmeter.
The intensity of a retlection Is proportional 1o, but not necessarily a Tinear
function of, its concentration. Other factors that may influence reflection
intensities nclude instrumental conditions, particle size, degree of pre-
ferred orientation, sample thickness and flatness, and absorpiion character-
istics {Mlug and Alexander, 1854; Rohl and Langer, 1974}

Figure 2 shows calibration curves shiained for chrysotile, anthophiyl-
tite, tremolite, and quartz using the step-scan technique. Measured areas of
diagnostic reflections are plotied agalnst percent dilution in talc. As
indicated in Table 3 tremolite rmay be determined at levels as jow as
O.10% by weight, chrysotile from 0.25 to 0.530%, and anthophyilite, as fow
as 2% in taic. it is Important 1o note that the limis of detection given in
Table 3 are higher and based on a best fit regression analysis, For
exarmple, regression analysis indicates thar the detection limit for chryso:
tite is 0.7%, -whereas from 0.25 to 0.5% can be actually detected,
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FIGURE 2 Callbravion of ashestiform amphibodes and quarez in salc

depending on particle size, degree of crystallinity, ete. The changes in
siope  at the lower end »f the curves are not reflected s0 that axial
intercepts are exaggerated on the high end of the abscissa.

By wusing X-ray diffraction Inn the stepscan mode, Standey and Nor-
wond (1973} were able to detect a minimum of G.25% tremolite in tale
and a minipum of 0.5% chrysotile and the other asbestiform minerals,
However, such low jevels of chrysotile were not detectied when chiorite
Was present.

Step scenaing. The contents of the containers were thoreoughly mixed
with a sample splitter to aveid siratification effects. Aliguots of each,
weighing 50 mg, were prepared using the identicat methodology described
for preparation of the dilution standards. The filter-mounted samples were
then step scanned over the gonwmetric intervals diagnostic for the
standard asbestiform minerals and gquartz, Instrument oparating conditions
were dentical with thoss wsed for analyzing the diution standards,
Profiles plotted for the dizgnostic intervals and reflection areas after peask
stripping were measured by polar planimetry. The weight percents of
anthaphyitite, trermolite, and quartz contents were esthmated by referring
to the appropriate regression curve. FThe gquantities of asbestiform materials
in the 21 ricums and powders found by this technigque are shown in
Table 4. The results show that 10 of the 21 samples contain amphibole
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COMESUMER TALTUMS AND POWRERS QAT

minerzis, ranging in amoonts from a few tenths of a percent to over 14%.
Tremolite was the most commenly found (9 of the 21), and anthaphylite
occurred withy tremolite in & of the 21. A serpentine minegral phase was
indicated in two samples, in arnounts at or near the fower limits of
detection. Verification of the serpentine phase as chrysorile in the twao
samples in amounts correspanding to the observed Concentrations was
made by slectron micrescopy.

Continuors scerwiing. trne order 1o study the presence of all miperaliog-
ical {and possibly other Crystadiine] components the samples were scanned
from 5% to 707 2 theta zt a scanning rate of 17 2 theta per minute, This
technique, as expected, proved satisfactory for the identification of major
components, but it was generally found to bs incapable of detecting
tremolite, anthophvyiiite, or serpentine minerals except in cases of gross
contamination. The high noise level {{ow peak-to-background ratic] often
prevents the detsction of guantitics on the order of 4-6% or less and also
excludes this technigue for gquantitative analysis. As a result of high noise
fevel three Talse positives, as indicated by continuous scanning, were
subsequently shown to he negative for amphibole by step scanning and
glectren microscepy. In addition, continuous scanming may nol generally
detect serpentine minerals in the presence of chlorite or kaolinite,

1,

Electron Microscopy and Electron Diffraciion

The wransmission clectron microscope has been shown to possess the
sensitivity  reguired for fiber identification and for determination of
particle size distribution of submicroscopic particles {Langer and Pooley,
1973; Langer at al, 1973).

Accordingly, aliguots of talcurn samples were pregared for clectiron
miigroscopic arpalysis by a technique that disperses particies in a drop of
nitrocetiviose solution orn a glass slide. A second giass slide is placed on
the first and the two are drawn lightly apart, feaving 2 Tilm. This
technigoe is ntended to rminimize the alteration of particle size distribu-
rion, The filim i3 mounted on elecron microscope grids and scanned at
magnifications of X203 000,

Morphologically, amphibole minerals are generally quite dissiosibar from
sther silicate minerals. Both anthophylliite and tremolite are rectilinear,
often with amphibole-type step cleavage or, infrequently, with prismatic
terminations. Tremolite fibers tend to be electron dense and shorter than
anthophyliite {Fig. 3}, while the latier has a2 tendency to be electron
pransiucent and 1o show diffraction contrast figures {Langer and Pooley,
1973}, Sheet silicare minerals (malc, chiorize, micas} tend 1o be egui-
dimensional in shape, often with pseudohexagonal outlines {Fig. 4). Curled
Cgale plates or tale fibers on edge may superficially resemble asbestiform
minerals, but selected area electron diffraction patterns easily distinguish
between the two {(compare Fig. 5A, O, and 0}

Electron microscopy, it combination with selected area gdiffraction,
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comnpanson with known didetion levels of chrysctde in tale observed by
eleciron microscopy, the levels of contamination of chrysotile 10 the two
samples correspond to about D.25-0.5% chrysatile, which was suggested by
the Xeray diffraction results. The chrysotile fibers were a3l shorter than 2
gm and the dizsmeters fess than 8.2 pm, explaining why they were not
visible by optical microscopy.

Pe

b2

Chemistry of Consumer Talcoms and Powders

The bulk chemistry {Table 5) and mineral contents {Table 4} of the
talcums and powders complement each other in that one data set implies -
iymiees For the other, For examipde, analysis of sample 7 shows the presencs
of FeO and CaC {Table 5). Recalculation of these oxides into valuss for
the empirical formulas for tremolite and anthophyllite indicates that
sufficient gquantities are present 1o account for the presence of these
minerals {Table 4}, An appreciable decrease in S0, , which should
normally occur, was not observed, because of the occurrence of over 5%
gquartz content. The AL Gy, No, O, and KO3 are refiected by the presence
of chiorite (probably the penninite phase). Vartations in oxides were alsn
abserved in the other samples thar contain amphibole minerals (&8, 11,
12, 15~17, and 21} in these sampies, a number of other factors account
for the wide variations in oxide parcentages: in &, the presence of chiorite

TABLE 5. Majar Oxide Contant of 21 Corsucer Taloum and Fowdess”

Saraple 6a.

4 5 & 7 2] 2 L 11

Mador oxtbde 1 e
Sio, 51.99 Q.00 6268 58.72 £31.94 SERE 5987 71.93 SI.E5 49.4%
Tils, 3i0 2.0 GV 4 G.04 .63 [ % v 140 G.1% .71 Q.22
AlLLO, G.82 pcie 037 0. 24 .45 1.V G.87 ¥15.73 3.45%
Fe, O, Q.00 300 3.08 3.04 Q.03 Q.07 .18 290 0058 .22
Fels 1.5 .00 0.2% 303 2,579 LES 0.%4 .34 0.34 3.07
Mn G 400 . Q.40 .00 Q.00 3.0 B3.O0 8:.00 .00 200 0,00
rAgCy 2960 000 2283 k 25,072 29,23 2.9% 27.80  25.67
LS 40 .00 0.4 I 2.0 037 4.75 1,61
ta, O 507 3.00 AR 0,00 G.25 .48 G303 G.42
K, O 0.62 B3.00 G000 £5.05 .05 T.37 (.00 .19
B0 . 3,07 GO0 Q.03 $.13 .74 .05 t 3
Volatifes 5.35 YESO LT 528 5.5 132 5.54 539

Toral % 88 100D 8320 9538 38.7% 9874 9837 10078 G549 9TG%

TWaighs paroent, recaicoiated as oxtdes, | wing stardzrd petrcchernical procedures. Thz bulk
anatysis of the powders rellects the combined mingral conient 37t additives were sxtrasted wsing
wates, diluye HCL acetone, benzenz, and ethern,
T analyeis of 20 98.7% = starch & wrganies and volatiies; 1.3% =~ A, 0, {alumirem chlochy draye?).
Catandurd talc used as matris for fiber standard diturions.
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sharply reduces the 5005 content and elevaies the Al O, content. The
presence of the carponste minegrs! caloite Increases the expected Cald and
velatile contents {the {atter Inciudes T4 )5 i 7, the high THD, 5 reflected
by the presesice of the mineral rutite {Ti0. ) in 11, the high Cal,
rnderately high AL, Oy, and low 3510, contents reflect the presemce of
caicite, chiorite, and tremolite.

Several of the above samples {numbers &, 12, and 15) require special
evaluation. Sample 8 is extremely high in S0, , AL, DO, MNa, O, and K, O
ard extremely low in Mg content. The chemistry indicates that this
material was ot derived from a taic rock, bur rather from one rich in
alumina and silica. The mineralogy reflects this, as do the trace metals
{see trace wmetal section). The amphibole minerals in sample 3 are
associated with both pyrophyllite [ALLSi, 0, {0OH) ] and quariz, both
present in substantial guantitizes. The mica phase 5 not phlogopite, but
muscovite, accounting for the presence of substantial guantities of K, O
and Na, O A plagioclase feldspar was also detected in the mineral phace.
Sample 12 is very high in A1, Oy but extremely low in 50, , apparently
the resull of high chicrite content as well as substantial amounts of
pyrophyitite. Sample 13 15 Tow ¢ S5iG, and extrermnely high in volatife
cantent, reflecting the preserice of hoth carbonate phases and oOrganic
additives, -

The frace elerment anatyses {Table 6) show distributions that are in
acceordance with the known behavior of trace eslements in minerals, With

TABLE S (nonflowed}) Major Owide Content of 21 Cnnsemer Talouy and Powdzrs?

Samipie no.

¥ K 14 15 15 17 18 Y ¢ 21 ad i
4732 §3.83  57.47 44,83 6226 5445 59.93  58.54 62.1% 5634 &1.49
018 o1t 011 0.7 0,06 010 010 08 0B 013 5.0%
9.3 174 1E5 0.69 .45 426 078 111 068 1.3% 190
$,08 Q.03 40T 0.¢0 018 004 5,00 000 050 0032 2,38
1,22 5.70 Q.65 . 082 .04 1,4% .84 1,38 081 LD 1.07
GOG 6.00 0.0 0.00 000 GO0 .00 D.81 000 006 5.00
29,23 27.%4 26.98 23,88 30,00 30.7% 30.40 29.83 3019 37.8¢ 30.54
0.67% 545 5.5% 387 GiE o LY3 050 1.1% 0 0.4 153 0.46
003 007 005 035 008 689 008 000 W07 087
005 0.0¢ 0.0 007 0.05  O0pZ 007 000 5.00  0.00 -
0.21 0.T4 013 .10 C.01 304 QUEF 000 633 0.0 -
TG.26 1B 1041 20,34 5427 154 563 5%4  5.1¢ 959 5.00
4918 100.06 W80T 5362 IDGIS 9987 38.4% 9821 9873 $8.73 16011

'd c et N

C’Av&rzg\t et 20 1ale samicies,

F hverage of B talo analvees in Deer ev al. {19572).

IU:)IMN::- are last on ignition {xotl H, O, CO,, organics, and othes valatites).
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the crystal lattice of a mineral acting as & sorting mechanism for cations,
the cations can enter a orystal structure providing they have appropriate
size and charge. These phenomena apply o major as well as minoy
clements. Thus, barium 15 Dresent in large amoopnts in sample 3, which has
a high K,O content {1.37%). Since bariurh and potagsium have simifar
ionic radi, barfum Is easily admitted into poiassium minerals, such as
micas and feldspars {(both found in B}, Rubidium and strontivum are also
enriched in sampie B, since these metals also  easily  substitute {or
potassiurn. Gallium is found in larpge amounts in samples 8, 12, and 17.
These samples are alse very high in AL Gy Galliom has the same ionic
charge and radius as aluminum and, 1n fact, is fournd only I aluminum-
bearing minerals,

in four sampies {1, 4, B, and 16} there are significantly higher
concentrations of cobalt, chromium, and nickel than found in the other
samplias, These four sampdes also have high contents of FeQ {Table 5). The
assaciation of these four wansition metals has bean observed before in
certain geochemical envirenments, particulardy in ultramafic rocks. Since
tafcs derived frowm the metamorphism of serpentines and peridotites
{ultrarmafic rocksy are considerably eariched in FeQ (Deer et al, 1962}, it
is likely that the divalent cations are substituting for fron in the brucite
fayer of the talc,

B
Tl

DISCUSSION AND CONCLUSIONS

Talc used in the United States represents a wide range of mineralogical
substances. lndustrial grade t3lcs are obtained from different rock types of
highly variable minerat composition with the resuls that the mineral talc
may actually bhe a minor constituent. However, ¥t has been stated tha:x
consumer talcum products should contain at isast 90% of the mineral of
thie same name and no asbestos fiber {Hitldick-Smith, 1978}, Review of the
literature suggests that at feast until 1968, materials that were markered as
cosimetic ateurn products did nor necessarily conform to these criteria.

Tale mineral may occue id a platy form <r in a fibrows form., Talc
fiber may occur as & small proportion of the mineral desposit or as a
majlor constituent. Intergrowths of tale with other mineral phases are
coraraon. §hese phases may be simply macroscopic zomnes adioining falc
mineral or may occur 3s microscopic intergrowths within the talc, Qf the
many minerals that mpay coexist with talc, 3 number of asbestiform phases
commoniy occur:  wemolite, anthophyllite, and chrysotile have been
identified in these deposits. in addition, free silica {guartz} is a frequent
constituent., The trace metal contdnt may inciude elevated tevels of nickel,
chromium, and cebalt, _

There is general agreement between the mineral composition and the
major and trace slernent content of the consumer talcum producis. On the

CPC-BCALTRSCPT00000354



T AP ROML ET AL,

pasis of mineral and chemical contents, the type of geological provenance
may ke ascertained.

tMethodology bas heen developed for quantitative Xeray diffraction
determination of anthophylliite, tremolite, serpentine, and quartz in cor-
surmer talcums and powders. bmportant factors o the cglibration standard
development  include selection of talc and reference minerals and the
selection of diagnostic Xeray reflections. The sample preparation technique
is sensitive and reproducible. Dilution standards are step scanned over
diagnostic reflection arcas, peak areas are rneasured, and a set of standard
caltbration curves s developed by regression analysis. Samples of consumer
2lcums and powders are prepared and analvzed under identical conditions
and compared with the calibration zurves, permitiing quantitative analysis
of these minerals. Xeray diffraction alone cannot distinguish bDetween
asbestiform and fragmented forms of anthophyliite and tremolite nor
hetween asbestiform apd platy serpentine varieties. Clectron microscopic
analysis was used to distinguish between these forms.

Minemiogical characierization of 21 consumer talcums and powders
showed that 10 contained measurable concentrations of asbestiform tremo-
fite and anthophyliite, and some-aiso contained fragmented forms of rhese
minerals, Two samples comtained  trace gquaniities of  chrysotife
{0.25-0.5%). These observations were confirmed by transmission electron
microscopy. §ne amphibole phases present in these talcum products
ranged in amounts from several tenths of z percemt 1o owver 14% by
weight. Quarts was present in eight consurner falcs in amounts ranging
from 1.6 to 35.1% by weight.

Consumer talcum products are for the most pat complex roineral
asserablages, which confer Xeray sorbing and fluorescing effects that are
not enguivalent e, and are wsually greater than, those of the binary
systerns used in preparing the dilution standards. In consumer talcum pro-
ducts mminerals such as talc, micas, chiorite, calcite, dolomite, and others
tend o diminish reflection intensities of asbestiform minerals by sorbing
X-rays or by contributing to background naise. Also, repeat runs on some
selected specimens have demoosirated greater peak areas due (o stight
modifications in  instrurmental settings {e.g., increase In receiving slit
width}, Therefore, the values for weight percent concentrations given in
this repart are Conservative,

Examination of the same consumer talcum products by both optical
and transsmission electron microscopy indicatss that not all of the mater-
jals fall within the definition of fiber or ashestiform. For example, ove
consumer talcum product that contained more than 7% tremolite was
observed to contain both fragmented tremolite grains by optical micro-
scopy and ashestiform fiber with 3:7 or-greater lengthto-width ratioc by
tramsmission elcctron microscopy. Qpiedl microscopy may provide wseful
information. However, more compliete characterization can be aobrained by
electron microscopy and selected area electron diffraction. Using electron
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microscopy, for example, several samplss of consumed talcum products
exhibited both free amphibole fiber, discrete from talc grains, and, in
zddition, numercus small amphibole fibers were wvisible, apparently inter-
favered between talc or chlorite plates (see Fig. 6A): .

Prejliminary examination of the asbestiform amphiboles by an elsctnin
microprobe technigue has demonstrated that individual fiber chemistry is
identical to those fibers encountered in the TARU Asbestos Standards
{Timbrell and Rendail, T971).

©n the basis of the mineralogical and chemical characterization of
these products, all formalated pricr to June 1973, we conclude thar
cosmetic grade talc was not used exclusively., Thée presence in these
products of asbestiform anthophyllite and tremeolite, chrysotite, and guaris
indicates the need for z regulatory standard for cosmetic talo. This
standard should be cognizant of tale complexities, mineralogical and
chemical in nature, and should provide for adequate analytical protocols
te ensure monitoring, We also recormmend that evaluation be made to
determiine possibie health hazards associated with the use of these products.

APPFENDIX & REFINITIONS OF TEHRMS
SED (M TEXT

Asbestos A name applied to a group of naturslly fibrous minerals™
{chrysotile, amosite, crocidolite, tremolite, anthophyHite cited by
name} {Bureaws of Mines, 19B8). The termy asbestos has also been
applied 1o commercially exploited fibrous clays, including arapulpite
and palygorskite {Whittaker, 1968},

Asbestos mplies current or possible exploiiation, based on the
presence of special physical and chemical properties, determined on
the bulk sample level. For example, high fiber tensile strepngth,
flexibility, low heat conductivity, high electrical resistance, and chem-
ical inertness are properties of asbestos. Noncormercial varieties of the
came mineral may not possess the same gualities on the bulk level. For
example, amosite has beenn considered to be  the economically
exploited variety of grunerite {Deer et al., 1962}, if so, and even this
is contested among mineralogists today, large macrocrysials are signifi-
cantly different physically and structurally. Grunerite fiber is rigid,
amosite Tiber is flexible; grunerite yields well-defined single X-ray
reflections with nonrotational film techniques, amosite yields muitiple
refiections as if rotated in the X-ray beam) grunerite appears 1o be a
single crystal, amosite splays as if composed of strands, However, when
both substances are pulverized, the resultant powder vields submicro-
scopic fibers, many of which are virtually indistinguishable an the basis
of morphology, siructure {determined by selscted arsa  electron
diffraction}, and chemistry (determined by an  electron probe

CPC-BCALTRSCPT00000356



78 i : AL WL BROHL EY AL

chnigue}. Amosite may be considered as an aggregate of unorientad,

discrete, grunerite crystals with anly the ¢ axis in common aligniment.

Comminution of such aggregates produces fibers with character-
istics identical to those of single crystals of grunerite thai have been
simijariy pulverized. Some workers have suggested that mechanical size
reduction of amosite vields fibers with crystal growih surfaces rather
than cleavage surfaces, Since amphibole cleavage iends (o parailel
prominent crystal face planes, such distinctions oa the submicroscopic
level may disappear.- This appears to be the case for tremolite and
anthophyliite as well. However, because no methods exist to distin-
guish between possible differences in fiber surface, we do not refer to
anthophyifite and tremolite fibers dn these talcums as asbestos. Instead
hey are refaered to as ashestiform. 1t should be stressed, however, that
evidence daes not exist that would indicate that Nibers with crystal
growth surfaces or cleavage surfaces possess lesser or greater biological
potential than fibers from commercial asbestos deposits,

Asbestiform “Formed ke or resembiling asbestos; fibrous;. ... {Burean
of pMines, 1968}, The term is used herein for amphiboles {anthophytiite
and tremolite) seen on both light and submicroscopie examination,
which resemble comminuted  asbesios varieties, on the basis of
morphology. Essentially, when these fibers are derived from commer
cial deposits we term them “asbestos™ and when analytically identical
fibers are found as noncommercial intrusions with the muneral talc, we
term them  “asbestiform.”” The uce of two terms does not bmplhy
differences that can be analytically determined.

Fiber “The smaflest single strand of asbestos or othey Tibrous materials™
{Burcau of Mines, 19633, We use this term in a broader sense. For
example, chrysotile fibers are called fibrils, possessing unit diameters of
about 200-400 A. Coherent bundles of fibrils are also called fibers.
Fiber i the present text Is used 1o dencte any elongated single
mineral unit visible on the light or electron microscopic level, The
Qecupational Safety . and  Health Admdaidstration bas applied & 300
fength-to-width ratio to distinguish fiber from mineral fragment.

APPENDIX B: CRY3TAL CHEMISTRY, CRYSTAL
STRUCTURE, ANMND GEOQLOGICAL OCCURRENCE
OF TALLC

Chemistry of Talc

The empirical chemical formula of talc is Mgy 5i Q0 (OH),, but
ferrous and ferric oxides, alumina, titania, soda, Hme, and oxides of
manganese have been reparted in quantities up to several percents by
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weight., Titanium and aluminum appear o substitute for siiicon, whereas
rrov, nickel, and manganese substitute for rmagnesiury. Alkali metals are
not readily accommodated in the structurs and evidently occur as inter-
layer ions or as components of mineral impurities. For example, excess
calcium may reftect the presence of the interlayer. mineral phase tremolite
{Deer et 3L, 19672; Stemple and Brindley, 1960}, Gne major tale deposit in
the castern United States contains substantial amounts of nickef, 3% much
as U.2%. Motwithstanding these minor components, talg is essentially {by
ceight) 329% Mg, 83% 510, , and 5% structursily bound water.

Tale Structure and Crystal Habit )

The thres-layered crystal structure comprises a sheer of ocrahedrally
coovdinated Mg{{OH}, groups {the brucite laver) sandwiched befweern two
planes of tetrahedrally linked 510, groups {silica layess]. Apical oxygens
of the silica sheets are directed toward the brucite layer and in part re-
placed by hydroxyl groups, which form a portion of the inner structural
unit, Yalence balance is accomplished within the structure, so that there is
3 net zero charge on juxtaposed wnit layers ar the silica base inferfaces.

The basic unit of the talc structure was determined over 480 yr agoe
{Gruner, 1934; Hendricks, 1838], vet the repeated cell geometry and space
group were ondy recenily resolved. Xeray single corystal patierns now
indicate talc 10 be triclinic {Rayner and Brown, 12686; Ross et al.,, 1968},

irn addition to chemical and structural complexities, tale ccocurs with
both plate and fiber habits {Ford, 1257). The development of 1he fibrous
cyrstal formm, with an elongated crystaliographic g-axis, may be a mani-
festation of ionic substitution since its refractive index is higher than platy
tale {Fleischer and Gsbom, 1957; Gruner, 1944}, Tale that containg
substantial amoeounts of these elongated forms is referred to in the
inineralogical literature as fibrous tele. Similar observations with regard to
the mineral brucite have been reporied {Liebling and Langer, 19272} in
which high iron content in the normally platy brucite is associated with
the development of a fibrous habit. It s of interest to note that
minnesoiaite, considered by soame 1o be an ironerich form of tale, always
occurs with a fibrous, or even z neediedike, habit {Gruner, 1944).

Formation of Tzalc in the Laboratory of Marure

in closely controlied experimmental systerns, talc has been synthesized
{Bowen and Tutde, 1949 Yoder, 1957, Bulk chernistry, water fugacity,
ternperature, and pressure parameters are defined within extremely restrict-
ed fimits and ranges to produce relatively pure crystaiiization products.
However, in laborstory synthesis, just as in natuge, coexisting rmineral
phases are produced if slight variations in any of the pararmeters are
introduced. These phases include anthophyliite, serpentine, and in some
instances tremoiite.
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Nature of Tale Plates _

Electron microscopic examination of talc minerals demonstrates that
single talc grains consist of contizuous single crystals, mosaics of dis-
oriented crystaliites, and intergrowths with other mineral phases, particu-
farly tremolite (Kieinfeld er al., 1673; Stemple and Brindley, 19680; Wrighr,
1960}, Setected area electron diffraction patterns oblained on these
obiects display, in order, single crystal amrays, Debye-Scherrer rings, and
superimposed compiex patterns characteristic of intergrown single orystal
phases.

Tatc and Mineral Intergsowiths

Yremolite 13 one common intergrowth in tale, and i reguires relatively
fittle energy thermodynamically o ocour. Replacement of magnesium by
cafcium in the brucite layer may lead o structural as well as chemical
modification [Bragg and Claringbull, 1965}, Rotation of anit tetrahedra in
talc formis double chains frony sheets, readily accomplished by substitution
of Mg(OH), by Ca{OH},. The bulk chemistry is thereby changed from
PAge Sig Oy Oy 1o Cay Mgs 5ig Oy {OHY, . The final structural armay is
remarkably similar in both materials; the orystallographic g-axis of wale is
approximately 5.26 &, which corresponds with the ccrystaliographic axis
of wemolite {approximately 5.24 A); the H-axis for talc Is approximately
9.10 A, which is squal to the B/Z-axis of tremolite; the c-axis of talc,
approximately 18.8 A, is about egual to twite the s-dimension of
tremolite (approximately TR 2 A}, The monoclinic stacking angles, the
beta-angie, are within a few degrees of each other,

intergrowths may form in which amphibole formation s pot complets
so that 2 mixed phase exisis, referred to mineralogically as ““talchboles.”
These are not as vare as once believed and may even be common in the
more complex fale deposiis.

APPENDIX C: {MDBUSTRIAL AND COSMETIC

GRADE TALCS o

Studies have demonstrated that industrial tale often consists of a
variety of minerals, the utilization of which is based on physical properties
rather than mineral composition {(Hogue and Mallette, 1249; Schulz and
Williams, 1942; Thompson, 1574; Wells, 1985}, .

Early amalyses of cosmetic tale also showsed 3 wide range in mineral
composition. Of six such products examined in one study, only 6-47% by
weight of the inorganic material that constituted the product was the
mineral ialc;, 14-37%, serpenting mimerals; 5-77% carbomate minerals;
O-trace, guartz; O-trace, tremoilte; 3-12%, other minerals {Schulzr and
Willtams, 194723
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APPEMDIX D BIQLOGITAL HAZARDS ASSOUIATED

WTH TALL EXPOSURE

A Fine, diffuse, bilateral, progressive fibrosis was observed among
miners and millers of tremciite ralc’in Georgia {Dreessen, 1933; Direessen
and  Dalla Valle, 7935Y. Siegal et al {1943} srudied a papulation of
workers  mining  and  miliag  tremolite  and  anthophyllite-bearing taic
depasits in New York stare. in addition 1o the bilareral fibrosis, pleural
plagques, similar o those encountered In asbestos workers, were observed.
Review of postmortems material in  this study indicated that asbestos
bodies were present in lung tissuse. These findings were also reported in
cases of severs preurmnoconiosis in tremolite millers by Daymon (1945),
and by Porro and Levine [1948).

Miliman {1947} reported that sxposure [o cosmetic-grade talc pro-
duced nodular fibrosis in workers. No guartz was detected in the dust
The author concluded that tale itself was capable of producing scarring.
The observation was supporfed in studies by Reichman {1944} and by
Wyers (1949} and In a study of tald miners and millers in ftaly where
exposure o pure tale produced a 10% incidence of prngumoconiosis in
workers {Parmeggiani, 1948}, Excess deaths atiributed to proumoconiosis
have been reported among workers in northern [taly mining tale con-
sideved to be free of asbestiform filrers {Rubine et al.,, 19786).

Some investigators have held that fibrous tales (not differentiated as
tale or asbestos fiber) are biclogically more bazardous than platy talcg,
For example, in a review of the literature by Porre et al. {1942}
Gloyne and Gardner are referred to a3 considering that the clinical,
radictogical, and pathological disease states of asbesvosis and taleosis are
very similar. There are several reports of the occourrence of asbestos bodies
in the lung tissue of workers exposed to tale {Daymon, 1946; Hobbs
1950; Kleinfeld et al., 1973; McbLaughlin et al, 1949; Porro et al., 1342},

Several studizs suggest that fibrous talos are more dangerows as a result
of the inciuded asbestos fiber. For exameple, Mobaughlin et ad. {1949}
compared fibers in tale with the proportion of fibers recovered from the
fung tissue of an exposed worker., A& larger concentration of fibers was
found in the tissues as compared with the raw tale, Tale preurmoconinsis
was reaffirmed by Klieinfeld and Messite (1980} in thelr study of the Mew
Sork state talc workers. .

in a study by Kleinfeld et al. {1967} it was demonstrated that talc
prienmoconiosis accounted for almost 30% of excess deaths among the mlc
miners and millers. Most of these were due o the complication of
pneumoconipsis, cor pulmonate. However, 21% of the 91 deaths recorded
were due to malignant wemors: lung carcinoma, pleural fibrosarcoma, and
stomach, ccton, rectum, and pancreatic cancers. A peritonesal  meso-
thelioma was reporied as well, {n addition 1o these tumaors, retropéritoneal
sarcoma, hepatoma, and leukemia were also found. Statistical evaluation of
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these data indicated that a 3~ to 4-Told excess of cancers existed in this
group, as compared to a matched control population.

The biclogical activity of both tremolite and anthophyilite fibers has
peen known for some fime, and both have been cifed as asbestos minerals
By Mgrewether {1930 and Moro {T19486). Asbestos disease amicong workers
{and others exposed to anthophyilite and tremolite) has been reported
{(Burikov and Badajov, 1970; Kiviluote, 1960; Meurman, 1368, Meurman
et al., 1974; Schepers, T965; Wegelius, 1947; Weiss and Bostiner, 195673,

Hecent experimental data also indicate that ifremolite {ibers are
biologically active {(Graham and Graham, 1967} Some investigaiors have
suggested that fnorganic fiber fibrogenicity and carcinogenicity s lirnited
only by s abitity to reach the alveokar space {FHoit e zl, 1965; Pott and
Friedrichs, 1872; Pott et ak, 1974; Fobock and Klosterkdtier, 1976;
Stanton and Wrench, 19772). :

Wagner et al. {1975} reported lung scarring in Wistar rats with pure
talc, exposed by Inhalatiorn. The severity and extent of the fung scarring
was comparable to that produced oy chrysotile ashestos under identical
experimental conditions. In addition to lung scarring, ingestion of talc was
repurted to De assoclated with lelomyosarcoma of the stomach as well as
one adenoma and several sarcomas of the uvterus. However, the exposure
fevels were high and the numbers of observed tumors small, so that
statistical validation of the carcinogenic potential of pure tale and s
refevance o hurman exposures were not achieved,

There are alsd extensive data concerning hazards associated with
exposure to sifica or trace metals, particolarty nickel and chromium
(Mational Research Council, 1975}, Analytical data are presented here that
suggest possible disease potential and the need for investigation in these
areas,
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" MEMORANDUM OF MEETING
March 22, 1976

at
Environmental Sciences Laboratory

Mount Simai Scheol of Medicine
City University of New York

BETWEEN : 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

SUBJECT: Analytical Methodology for the Detecticn and Determination of
: Asbestos Minerals in Tale

YUpon 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 tales in
which Dr. Langer reported the presence of tremolite and/or
anthophyllite. Thess are:

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

o~ w N

O W o~

‘-.-I

.

Dr. Langer arrived approvimately 30 wminutes after our arrival.
Mr. Yates presented him with the covering letter concerning the
cosmetic tale samples NCST had provided for his analysis.
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-Dr. Langer, Dr. Rchl, Dr. Wilson and Mr. Yates then discussed the
following topics:

Sample Preparatiocon and Tunstrumental Conditions for Analysis of
Talc by x—ray Diffraction. - Dr. Langer stated that he did not
believe it pocssible 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 téchniques were comnsistent., Mr. Yates informed Dr.
Langer that in the proposed CIFA 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°
81it, 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 on 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 anthophyliite
by x~ray diffractometry were examined by transmission electron
microscopy using selected area diffraction te 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 tale
has an angular cleavage. There is also a difference in refractive
index. Tremolite and anthophylliite can be differentiated by the
difference in aspect ratio. Dr. Langer demonstrated by preparing a
slide of Cashmere Bouquet tale. 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 contained anthophyllite, tremo-
lite, quartz and talc. ZX-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. Langer's 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
filuorescence was 0.25%7 depending on size and crystallinity. Dr.
Rohl had some photographs taken of chrysotile fibers (fibrils)
using transmission electron microscopy {TEM). 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 comsidered this
to be quite low and probably not hazardous. 1In general he did
not think that chrysotile was a real probiem as far as cosmetic
talcs were concerned. He refuted claims made by some that
asbestos fibers were not present in the envivonment 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
tales, Dr. Langer said that nickel replaces magnesium in the tale
lattice and becowes a nickel hydrexy 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 alsc 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 patte.n 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 )
diffractcmeter, an optical microscope -and a differential thermal
analyzer. ‘ '

/

v
Ronald L. Yates

D ) A
~ /{274%@43/;{ 14212::
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