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names and ingredients listed on the container labeis. However, Knowledge
of the geoiogical occurrence and mineralogical character of source
materials suggests the nature of talc to be highly variable and complex.
Twenty-one consumer talcums and powders (Table 1) were mineralogically
and chemically analyzed to determine whether these products are actually
talc mineral.

Talc is a defined mineral entity, based on specific chemical, crystalline,
and physical properties (Ford, 1957). The empirical chemical formula,
Mg35i:0,4(OH)., is seldom observed in nature as a result of cation
substitution. For example, magnesium is frequently replaced by iron,
nickel, chromium, or manganese in the crysial structure. Talc is a sheet
silicate, with a structural unit consisting of three layers; a sheet of
octahedrally coordinated magnesium hydroxide grouns is sandwiched
between two layers of tetrahedrally linked silica layers. The Van der Waals
bond between the talc sheets are of low energy accounting for the ease
with which talc as well as other sheet silicate minerals (micas, clays) cleave

TABLE 1. Designation of Contents in Brand Name or
L.abel

Sample
no. Date of formufation

Products designated as talcs

Not available

Not available
Approximately 1972
September 1972

Not available

April 16, 1973

May 1973

Not available

—

—
W O~ ~ oW

N

Products designated as powders (talc on label)

4 December 1970
18 Not available
20 December 1970

5 February 1973
16 Not available

Products designated as powders (or dust)

1 Between january 1968 and Julv 1970
14 October 3, 1970
15 Between October 1970 and March 1973
9 February or March 1973
11 July 1969
13 July 16,1970
2 Not available

10 Approximatety 1972
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its soiiness, small particie size,
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GEOLOGICAL OCCURRENCE OF TALC
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rocks (including those commercially worked) are formed by
geological processes reacting upon many nossible, chem-
diverse preexisung rock types. Hvdrothermal alteration of magnesia-
range of low-to-moderatie tempera-
and pressures, may produce talc. Thermal metamorphism of silica-
~ dolomite [CaMg(CO5), | will produce talc as well. These processes,
~ever, also commonly result in the formation of
existing mineral phases, predominantly hydrous magnesium silicares.
these, for example, anthophvilite, tremolite, and serpentine
(including chrysotile}, occur as microscopic intergrowths with
discrete zones within or adjacent
generallv not monominerallic but
vary widely with respect to kind
uantity. Phisgopite, a magnesium micd, and chilorite, a group of
~.nerals related to the micas, are also commonlv associated with talc. ]
Scme of these associated mineral phases are asbestiform amphiboles and -
15bestos :

a number of other

and asbestiform

cnnvsotile  {see  discussion of the terms in
wasendix Aj. Converselv, talc has been aescribed as a common accessory
—neral in commercial asbestos deposits (Hurtbut and Williams., 1933).
Taic deposits may be zoned, with different mineral assemblages
~r o sically changing in occurrence and proportions over extremelyv vanable
TABLE 2. Minerals that Commonty Occur in Taic Deposits
Minerat group Phase Formula
Cale.te ZaCO,
Curponazes Doiomite ZaMe(CO- -
Magnesite MglO. _
. Ao Tremonte” Ca. Mg Sy 0., OHL e
AmpRipoles ) - o
prioo Anthopnvihie” ‘FeMa;.Si, 0., 1OH), &
Anugorite Mg, 5.0, OH),
Serpentine Chrvsotiie luncommon, Mg, 5. O /OH
_.Iiraie {uncommon. Mg, 3.0 ORI
Ouaril SiC.
e Vita vy, oriogoDiLe KooMg T SoAn 0 OH
A AloTiTe, 2.9, DeNnriic Mg, 3L Te L USLANL D (O
Syenprvinte AL S D. 1Oy
T e Ao g T BrCLL IRG SOATIONIUL TOT TR DITeT Iriie e N 2aTen
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distances, ranging from centimeters to tens of meters. Minerai phases in
such deposits may include talc plates and fibers, tremolite and anthophyi-
lite fibers, intergrowths of amphibole and talc, serpentine minerals (which
may include chrysotile), and free silica (quartz) (Ross et al., 1968). The
fiber intergrowth is often such that even extensive beneficiation may not
yield a pure product. Thus, where fine-grained intergrowths of talc and
tremolite occur, the processed product will likely contain residual tremo-
lite. Further details concerning the crystal chemistrv, structure, synthesis,
and geological occurrence of talc are found in Appendix B.

INDUSTRIAL AND COSMETIC GRADE TALCS

It is generally recognized that various commercial grades of talc are
marketed in the United States (Appendix C). Hildick-Smith (1976) has
stated that a talc suitable for pharmaceutical purposes, used in cosmetic
and toiletry products, contains at least 90% talc mineral and no detectable
asbestos. Such stated compositional restricticns are not placed on indus-
trial grade talcs. 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).

In 1968, a study (Cralley et al., 1968) of 22 cosmetic talcum products
demonstrated fiber contents ranging

from 8 to 30% by count with an average of 19%. The fibrous
material was predominately talc but probably contained minor
amounts of tremolite, anthophyllite and chrysotile as these are
often present in fibrous talc mineral deposits.

With the exception of 4 of the 22 cosmetic talcum products
analyzed, the levels of free silica, cobalt, nickel, chromium, and
manganese were generally of a low magnitude and within a
narrow range. ... The levels of silica, chromium, and nickel in
these four products are sufficiently high, however, to be of
concern in their potential to cause disease.

Thus, as late as 1968 some consumer talcum products marketed in the
United States contained asbestiform minerals, free silica, and trace metals.

HUMAN DISEASE ASSOCIATED WITH
TALC EXPOSURE

For nearly half a century a number of reports have shown that
occupational exposure to talc dust is associated with a fine diffuse
interstitial lung scarring known as talcosis. Fibrous talcs appeared to be
more pathogenic than platy talcs, producing in addition to rtaicosis,
increased risk of malignant tumors in exposed workers (Kleinfeld and
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Messite, 1960; Kleinfeld et al., 1967). Studies concerning the biological
consequences associated with talc dust exposure, including cancer, are
referred to in Appendix D.

OBJECTIVES OF THE PRESENT STUDY

Twentv-one samples of consumer talcums and powders, including baby
powders, body powders, facial powders, and a pharmaceutical talcum, were
obtained at retail stores in the New York City area. These samples were
acquired and studied during the period 1971-1975 (Table 1). The major
purpose of the study was to determine the mineralogical and chemical
composition, with particular emphasis on the quantitative determination of
tremolite, anthophvyllite, serpentine minerals, and quartz. Another objective
was to establish a base line for consumer talcums and powders, based on a
sampling of products available during the period 1971-1975. This base line
provides an index for evaluating possible changes in subsequent formu-
lations.

METHODOLOGY AND RESULTS OF MINERAL
AND CHEMICAL CHARACTERIZATION

The analytical techniques employed for mineral identification and
quantification included optical microscopy, transmission electron micro-
scopy with selected area electron diffraction, X-ray diffraction, and
scanning electron microscopy with X-ray analysis capabilities. Chemical
determinations (bulk chemistry and trace metals) were made with a
number of standard instruments and geochemical techniques, including
spectrophotometry [SiO,, TiO,, Al; Oy, total Fe (Fe, O, by difference
from FeQ), P,Os]; atomic absorption (MnO, MgO, Ca0); flame photo-
metry (Na.O, K,O); wet chemical assay (FeO); weight loss, volatiles
(H.O, CO., organics). X-ray fluorescence was used for all trace metals
(Bowes and Langer, 1974).

Optical Microscopy

Optical microscopy is a conventional technique for the identification
of minerals and for the study of mineral relationships. A microscope
equipped with bright field illumination and polarized light optics was used
to analyze the cosmetic powders. Approximately 0.5 mg of powder was
placed on a precleaned glass slide and immersed in index oils of known
refractive indices. These were checked on a refractometer. The information
obtained on particles with this method included most of the measurable
optical properties, including indices of refraction, extinction angles of
fibers, general morphology, and size characteristics of mineral phases (Fig.
1). In coarse-grained powders, fibers could be identified (tremolite,

anthophvllite, talc). Two samples contained cornstarch, easily recognized



FIGURE 1. Optical photomicrographs of cosmetic talcums and powders giossh contaminated with
asbestiform minerals. Photos obtained in plane polarized light (A-Fi and between crossed polars
{G). Scale in {A) Tor all photos. Fibers snown have optical properties consistent with tremolite {Tr)
and anthophyllite (An). Quartz grains (Qu) and calcite fragments (Ca) are aiso shown. Mosi
tremolite fibers tend to possess smaller fength-to-width ratios than anthophvilite. Tremolite 15
observed as fragments (C). Photo obtained between crossed polars {G) also demonstrates the presence
of fibers in the matrix material. Asbestiform tength-to-wiath :atios measu-ed up 1o 20:1 F)
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—orphological and  opticai characierisucs. One product consisted

eniirel Of cornstarcn.

i~ mosi samples, however, the powders were too fine grarned, with
nirt o2 dimensions significantly less than 0 um, for the technique tc be
UseTu The Lmitng factor for aeterminaltion of optical constants. and
ven_ s ‘or adentification of parucles, 15 the rssolving power of the
~ic-oscope  The presence of taic fibers, which may have indices of
- or similar to amohibole  lremoilte, ant nophviliter fibers, also

‘- incs analvsis. Therefore, although this technique s an excellznt

CUN
cizgnestic instrument in some  iNStances these restrictions hmited 1S
cserutness.

Otner investigators have experienced simiiar d:ifficulties For example,
~ - s:udv of the asbestos content of talc {Stanlev anc Norwood, 1973}

sutnors concluded that optical microscopy

4%

shile 1t works well on pure samples of farly massive fiber
ength from 3 to 2 microns, our observations oV Iransmission
seciron microscopy have shown that nerurally occurring asbesti-
“srm minerals often he below the working resolution capabiiities
57 the lght microscope and furthermore while massive fiber
~urdles can often ne observed by either light or etectron
microscopv the observation of individual fibers smaller than 0.3
~y 0.2 micrometers often wiil require the high resotution
canability  of the transmission electron microscope [emphasis
added).

ud
rer: owas di ff culty in applving optical m.croscopy io the problem. The

. “urcher siatec tnar Chight microscopy was epfuﬁ onlv in screenimg
~i2s with large particles and high concartrauons of objectionabie

~r-nz tendency of asbestiform minerais to clea

iffraction and electron miCroscopy. we observed that

3. comparing the results of optical microscons with those of quan
- '
di

. ibers vo unaetected. in addition O the resiraints of resolu
mensed by light micrescopy, ancther maior drawbach relates to the
ve or break along planes o

fibers

e=~ness when thev are crushed, nroducing large numbers of small !
S+ 2xample, light microscopic examination of 1 talc sample no.

\

3.

t

!

~ =~ contamns over % tremoiite isee Tabie 1} demonstrates the presence
~iqerii fragments that are Arimartiv not asbestiform (F.g. 1C, How-
SlerTron MICrOSCODIC 2Xxaminaticn of e same sample demonsiraies
Ay O ok brous e g
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X-ray Diffraction

The application of X-ray diffraction analysis in step-scan mode for
quantitative determination of asbestos in talc has been described in detall
(Rohl and Langer, 1974), including the selection of talc and asbestos
reference materials, the preparation of standard dilutions of asbestos
minerals in talc to ensure sensitivity and reproducibility, the selection of
characteristic X-ray reflections to be scanned, and instrumental technique.

Selection of talc mineral standard. Screening of various types of talcs
for use as reference material was made by X-ray diffraction and trans-
mission electron microscopic analvsis. A continuous scan was first made to
identify the major mineral phases present. Talcs 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-
mission electron microscopy. These techniques permitted the selection of a
matrix talc that was completely free of asbestiform minerals.

Chlorite minerals are hydrous iron-magnesium silicates, frequently
associated with talcs. Their presence may interfere with the detection of
serpentine minerals, both platy (antigorite) and fibrous (chrysotile). This is
particularly true if they are present in equal or larger amounts than these
latter minerals. Two intense basal reflections at 14.2 & (001) and 7.1 A
(002) are characteristic of chlorite minerals. The latter reflection occurs
close to the {002) reflection of serpentine minerals (7.3 A). The 3.66 A
(004) reflection of serpentine was selected as diagnostic (Table 3), since
the lower intensity (004) reflection of chlorite (3.53 A) in this region was
found not to cause interference.

Selection of the asbestos standard. Reference samples of pure asbestos
minerals were obtained from various mineral collections and from the
International Association for Research on Cancer ({ARC). These were
screened for purity and particularly for the presence of interfering
contaminants according to the procedures previously described for talc.
Two different specimens of chrysotile were used as reference materials: a
triple air-jet milled sample from the Jeffrey Mine, Quebec (provided by
the Johns-Manville Corp.) and a specimen from Coalinga, California
(provided by the Calidria Division, Union Carbide Corp.).

Sample preparation. Among the variables that strongly influence the
precision and accuracy of quantitative X-ray diffractometry are particle
size, preferred orientation, and surface flatness. Variation due to particle
size can be minimized by crushing and screening the asbestos and talc
standards to ensure a uniform size distribution, with an effective crystallite
dimension on the order of 5 um or less. The effect of preferred
orientation is more difficult to control. The tendency for preferred
orientation is largely the function of mineral cleavage properties. Both the
talc and the asbestos minerals have excellent cleavages, platy in talc and
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1~

Tne reproducibility of reflection intensities was also greater than other
preparation techniques tested.

Binary dilution standards of chrysotile, anthophvllite, and tremohte in
talc were prepared gravimetrically. Asbestos fiber concentrations were
prepared initially at 5.0, 4.0, 2.0, 1.0, 0.5, 0.2, and 0.1%. Fifty milligrams
of the talc-asbestos mixtures were homogenized in 10 ml filtered water
utilizing ultrasonic energy. This slurry was poured into a 30 cc syringe and
filtered through a 0.22 um pore size membrane filter. To prevent
stratification due to differential particle size and density effects, the
syringe is held in a horizontal position, rotated, and shaken during
filtration. The residue forms a flat cake of about 0.5 mm uniform
thickness on the membrane filter. When dried, the sample is affixed to a
glass slide for X-ray diffraction analysis (Rohl and Langer, 1974).

Selection of X-ray reflections. Because of crystal structure simifarities
in the minerals being studied (i.e., tremolite and anthophyllite), consider-
able overlapping and interference of X-ray reflections occur. The low
symmetry and consequent complex X-ray diffractograms of such minerals
as talc, chlorite, and mica, as well as possible interferences from admixed
phases such as kaolinite, make it necessary to select a reflection or set of
reflections for each mineral component that could be used as an index of
the amount of that mineral in a mixture. Such diagnostic refiections were
selected by referring to standard X-ray powder diffraction data. These
diagnostic reflections were step-scanned at 0.02° 2 theta in a fixed count
mode (2 X 10% 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 equal accuracy. Thus weak reflections
can be determined with equal precision as high intensity reflections. The
statistical accuracy depends only on the total number of counts recorded,
and the counting rate selected gives a percentage probable error of about
2%. Profiles of the diagnostic reflections, plotted as a function of number
of counts vs. 2 theta, are measured with a compensating polar planimeter.
The intensity of a reflection is proportional to, but not necessarily a linear
function of, its concentration. Other factors that mav influence reflection
intensities include instrumental conditions, particle size, degree of pre-
ferred orientation, sample thickness and flatness, and absorption character-
istics (Klug and Alexander, 1954; Rohl and Langer, 1974).

Figure 2 shows calibration curves obtained for chrysotile, anthophyl-
lite, tremolite, and quartz using the step-scan technigue. Measured areas of
diagnostic reflections are plotted against percent dilution in talc. As
indicated in Table 3 tremolite may be determined at levels as low as
0.10% by weight, chrysotile from 0.25 to 0.50%, and anthophyllite, as low
as 2% in talc. It is important to note that the limits of detection given in
Table 3 are higher and based on a best fit regression analysis. For
example, regression analysis indicates that the detection limit for chrvso-
tile is 0.7%, whereas from 0.25 to 0.5% can be actually detected,
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TABLE 4. Summary of Mincralogical Composition of 21 Consumer Talcums and Powders

Sample no.

o . Minerals 1 2 3 4 3 6 7 8 9 10 11 12 13 1 15 16 17 18 19 90
Tale MO - M MMM M P M M M M M M M MMM M 71_ M—r\_x_
Chlorite P - - P T. P P - PP P p p P p P P P p "
Phlogopite - - - - T B - ph - - P P - - - - . B

" Calcite e T (A N P PP p S - o
& Dolomite -- - - - - - = - - - - - - - - - B P
Quaite 5.5 - 1.6 ~ - 1.9 - 351 — - -- 4.0 - 3.0 - 2.0 - 16 2.0
Kaolin - - - - - Tr P - - - - — - - — - - R
Nemolite 27 -~ .. - - 05 04 74 - — 103 . - - 0.1 30 o1 - ) o, ;
Aathophyllite 114 — - - - - - 49 - - - 4.6 - - 2452 21 - . 65
Chrysotile -- - - - - - - - - <0.50 -~ - <0.50 . . )
Pyrophylitte -- -- - -- -- - P - — - P R _ _
Rutile - - - - - T - - e - - - - -~

9N = majoi; P = present; Tr = trace.
Bifigh K,0 and Na, O suggests that this phase is a mica {muscovite/biotite).
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FIGURE 3. Transmission electron micrographs showing range 1n morphological characteristics of
asbestiform tremolite and anthophyllite in talc. The enure range of morphological varnations
cbserved for these minerals is observed in the asbestos standards: rectilinear fibers with paralle!
ends and edges (A); step-cleavage ends {B); unit fibrils protruding from fiber body, (C}; curvilinear
fiber with amphibole cleavage end (D): high length-to-width ratio fibers (E}; fibers protruding from
interiors of talc plates (F}. All of these morphological variations and forms (A-E) have been
described 1n anthophyllite and tremolite asebestos samples. The amphibole structure was confirmed
in all cases by selected area electron diffraction characterization. Scale as marked. Micrographs
obtained on a JEQL JEM 120 U with an accelerating voltage at 120 kV.
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SIGURE 4 Transmuission electron micrograpns of cosmenc ac samples composed orimanly of

~ .n ocoasionar large taie Tiber (B, C), rarc with manv 2ic rioees Dt Scate 1s the same in
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FIGURE 5. Transmussion electron micrographs and accompanying sefected arca electron dittraction
(SAED) patterns for cosmetic talc samptes. The talc plate ‘TP in (A} Shows nopical palvzonal
cleavage and aiffraction contiast contours tor the mineral species. The accompanying SAED parttern
displays the characteristic reciprocal ab” plane pseudohexagonal s mmetry ror talc Tale a*and b”
directions indicated on (A). Measurement of pattern indicates 4 3 3 A repedl along 2" and 2 9.1 A
repeat for b* (measured at |110]1 Talc fther (TF) in (B} dispiavs sricautar ends and nonrectiiineds
edges. The SAED pattern 1s also pscudohexagonal, but some retlection intensities le.g., the (060,
{0.12.0)] are more pronounced This mav be due to both ovrientubion and stiuctural ¢ffects. The
curled talc plate {(CT) in (C) displavs an incipient Debye-Schetrer ring patiern (the ztiects or both
folding over of talc and small associated grains). The amphivole fiber (D1 wus Jdittracted onlv on
one of the protruding umit fiors Tue U7 oaxis is shown, aiin tpolt neeseiod ol I3 AL Aroas
where diffraction patterns swere obtained are indicated bv location ciilvs, partiles were photo-
graphed at the SAED magmficauon <26,500. Scale is the same in A-C, scale 0 D as markea.
Micrographs obtained on a JEOL JEM 120U with an accelerating voltage 4t TI0 RN
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comparison with known difution levels of chrysotile in talc observed by
electron microscopy, the levels of contamination of chrysotile in the two
samples correspond to about 0.25-0.5% chrysotile, which was suggested by
the X-ray diffraction results. The chrysotile fibers were all shorter than 2
um and the diameters less than 0.2 um, explaining why they were not
visible by optical microscopy.

Chemistry of Consumer Talcums 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
limits for the other. For example, analysis of sample 1 shows the presence
of FeO and CaQ (Table 5). Recalculation of these cxides into values for
the empirical formulas for tremolite and anthophyllite indicates that
sufficient quantities are present to account for the presence of these
minerals (Table 4). An appreciable decrease in SiO,, which should
normally occur, was not observed, because of the occurrence of over 5%
quartz content. The Al,O3, Na, O, and K, O are reflected by the presence
of chiorite (probably the penninite phase). Variations in oxides were also
observed in the other samples that contain amphibole minerals (6-8, 11,
12, 15-17, and 21). In these samples, a number of other factors account
for the wide variations in oxide percentages: in 6, the presence of chlorite

TABLE 5. Major Oxide Content of 21 Consumer Talcum and Powders?

Sample no.
Major oxide 1 2b 3¢ 4 5 6 7 8 9 10 11
Si0, 61.99  0.00 62.68 58.72 61.94 52.95 59.67 71.93 58.68 51.65 49.48
Tio, 010  0.00 0.4 0.04 0.035 017 1.40 019 0.08 0.71 0.22
Al, O, 0.82 1.30 037 0.24 045 1.16 0.87 1573 0.58 1.45 232
Fe, 0, 0.00  0.00 0.08 0.04 003 002 018 010 0.12 009 1.23
FeO 151 0.00 0.32 3.03 0.51 0.86 0.84 034 312 034 0.07
MnO 0.00  0.00 0.00 0.00 0.01 0.00 000 000 000 0.00 0.00
MgO 29.60  0.00 29.83 28.25 30.19 29.02 29.23  2.95 29.23 27.90 25.67
Ca0 0.40  0.00 0.04 0.0 0.04 346 0.90 237 017 475 151
Na,0 0.07 0.00 003 0.03 0.05 000 005 048 0.00 0.03 042
K,O 0.02 0.00 0.2 0.02 0.02 005 0.05 1.37 0.00 0.00 0.19
P,O, 0.01 0.0 003 0.03 0.01 013 0.4 005 0.00 0.05 0.01
Volatiles” 536 9870 4.66 5.38 5.51 1032 5.64  5.25 534 9.72 10.41
Toral 99.88 100.00 98.20 95.88 98.79 98.14 98,97 100.76 97.32 96.6% 091.63

9Weight percent, recalculated as oxides, following standard petrochemical procedures. The bulk
analtysis of the powders reflects the combined mineral content after additives were extracted using
water, dilute HCl, acetone, benzene, and ether.

b Analvsis of 2: 98.7% = starch - organics and voiatiles; 1.3% = Al,C, (aluminum chiorhydrate!).

CStandard rtalc used as matrix for fiber standard dilutions.
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sharply reduces the SiQO, content and elevates the Al,O5 content. The
presence of the carbonate mineral calcite increases the expected CaO and
volatile contents (the latter includes CO,); in 7, the high TiO, is reflected
by the presence of the mineral rutile (TiO;); in 11, the high CaO,
moderately high Al,O;, and tow SiO, contents reflect the presence of
calcite, chlorite, and tremolite.

Several of the above samples (numbers 8, 12, and 15) require special
evaluation. Sample 8 is extremely high in SiO;, Al O3, Na, O, and K,0
and extremely low in MgO content. The chemistry indicates that this
material was not derived from a talc rock, but rather from one rich in
alumina and silica. The mineralogy reflects this, as do the trace metals
(see trace metal section). The amphibole minerals in sample 8 are
associated with both pyrophyllite [Al4SigOa{OH)s] and quartz, both
present in substantial quantities. The mica phase is 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 phase.
Sample 12 is very high in Al; O3 but extremely low in SiO,, apparently
the result of high chlorite content as well as substantial amounts of
pvrophyllite. Sample 15 is low in SiO, and extremelv high in volatile
content, reflecting the presence of both carbonate phases and organic
additives.

The trace element analyses (Table 6) show distributions that are in
accordance with the known behavior of trace elements in minerals. With

TABLE 5 (conunued) Major Oxide Content of 21 Consumer Talcum and Powders?

Sampie no.

12 13 14 15 16 17 18 19 20 21 Ad B¢
4737 3$3.83 5747 44.83  62.26 3445 $59.93 3834 6219 5634 57.34  61.49
0.8 011 o011 0.07 006 010 030 018 008 012 0.21 0.01
034 174 1.65 0.69 045 426 079 111 069 1.3f 230 1.20
0.0 003 002 0.0 018 004 000 000 000 002 011 033
lan 070 065 062 1.04 141 084 138 081 139 105 107
955 0.00 0.0 000 000 000 000 001 ©00C 000 000 000
~o§3 2714 26.98 23.88  30.00 30.79 30.40 29.83 309 27.90 2744 30.34
060 549 552 367 013 113 030 113 043 135 1.69 046
003 007 005 035 009 009 009 000 007 007 010 -
0.05 000 002 0.07 005 002 002 000 000 000 0.0

o~1 014 0413 0.0 001 004 013 000 013 002 070 -
1096 70.81 10.41 1.34 592 7.4 565 594 514 999 .03 500
s0-3 100.06 98.01 $5.62 100.1G 29.87 98.43 9821 99.72 9873 98.20 10011

< Average of 20 talc sampies.
?3,erage of § talc analvses in Deer et ai 11962

' oiauies are iost on 1gninon {total H, O, CO. ., 0rganics, and other volatiles).
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TABLE 6. Tiace Element Content of 21 Consumer Talcum and Powders?

Sample no.

Trace
metals 12 3 4 5 6 78 9 10 112 13 14 15 16 17 18 19 20 2
Ba <10 - <10 <10 <10 <10 <10 50 <10 990 <10 <10 <10 <10 <0 <10 <10 <10 <i0 <10 <|0
Ce <10 - <i0 <i0 <10 <10 <10 10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <|0
al 210 — 130 135 185 200 140 130 115 125 115 120 430 435 410 165 140 130 110 120 {30
Co 35 —~ <3 8 <3 <3 <3 <3 8 <3 <3 <3 <3 <3 <3 2 <3 4 €3 <3 o3
G 310 - 28 600 16 23 24 <15 820 25 18 24 38 49 41 340 32 30 28 25 49
Cu <5 - <SS 8 <5 <5 9 <5 <5 <5 <5 S 8 10 13 6 7 6 6 i3
o Ga <1 - 4 < <1 ! <l 20 <i 1 3 13 2 1 2 2 7 3 2 3 -1
;L <10 - <10 <10 <i0 <10 <10 40 <10 <10 <10 <0 <10 <10 30 <10 <10 10 <10 <o <l0
Nb 7 - 8 8 1l 709 4 s 71 6 18 7 7 5 5 9§ g9 g ;
Ni 710 - 17 17227 13 10 <4 2210 34 4 V1 10 17 10 460 14 20 28 19 |2
Pb 8 - 8 <5 <5 <50 <549 70« 1751 12 8§ 6 9 7 8 s 16
Rb s - 5 < <5 <5 5 45 <5 <5 <5 <5 <5 5 5 50<s s s 5 <5
5 235 — 130 120 2230 440 150 305 1S5 425 110 280 485 595 535 320 140 {60 105 155 1070
St 10 - 10 10 10 20 30 160 <10 25 100 <i0 45 20 20 <10 IS 10 10 10 15
Th €5 - <5 <5 <5 <5 <5 6 <S5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Zn » - 85 37 18 12 15 20 37 > > » 3 AL 20 13 2/ 8 7 3
T <10 - <10 <10 <10 90 10 190 <10 10 10 30 <0 <10 <10 <10 S0 <10 <10 <10  <I0

! ‘ Uyalues in parts per million. The symbol < indicates the limit of detection of the analytical method. The symbol 3 indicates concentrations of 7n are great
. are greater
than 1,000 ppm. B
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‘me c~vstal lattice of a mineral acting as a sorting mechanism for cations,
. zallons can enter a crystal structure providing they have appropriate
{ charge. These phenomena apply to major as well 3s minor
Thus, bartum s present in large amounts tn sample 8 which has
K.O content {137%). Since barium and potassium have similar
srsoradil, bamum is easily admitted nto potassium minerals, such as
anc feldspars (both found in 8) Rubidium and strontium are alsc
nes in sample 8, since these metals also easilv  substitute for
stossum. Galhium s found in large amounts in samples 8, 12, and 17,
Trese samples are also very high i AlLO5. Gallium has the same ionic
cnarge and radius as aluminum and, in fact, is found only in alumnum-
cearing minerals.
ie tour samples {1. 4, 9, and 16) there are significantly higher
ntrations of cobalt. chromium, and nickel than found in the other
sam:ies These four sampies also have high contents of FeO (Table 5). The
tlon of these four tranmsition metals has been observed before in
in geochemical environments, particularly n ultramafic rocks. Since
de rwed from the metamorphism of serpentines and perxdot|te<
smafic rocks) are considerably enriched in FeO (Deer et al.. 1962).
< . relv that the divalent cations are substituting for iron n the brucxte
227 of the taic.

DISCUSSION AND CONCLUSIONS

“sic used in the United States represerts a wide range of mineralogical
: usma[ grade talcs are obtained from different rock tvpes of
ol »Lxr!ubfp mine LLJ somposition with the result that the mineral talc
-2 scrually be a minor consutuent. However, it has bee staied that
“srsemer talcum products should contain at least 90% of the mineral of
e szme name and no asoestos fioer (Hildick-Smith, 1970, Review of the
te-nvare suggests that at least until 1968, materials that were marketed as

Sss—etic ralcum products did not necessarily conform o these criterna.
Tiic mineral mav occur n a platy form or in a fibrous form. Talc
“mar mav occur 28 2 small proportion ¢f the mineral desposit Or as A
~2or construent. Intergrowths of talc witn other mineral phases are
arimor. These phases mav pe SIMPiv mMacroscopic 7ones adiotning ialc
mimsenl oromav OCSUr as microscopic intergrowths within che talc. Of the
s~ miperals thar mav coex'st with talc, a numoper of asbestuform phases
TeGnIy o OCTUr remolize, wthooh\'me ang canvsotile have been
in these deposits. in adaition. Tree SHICE fquarizy

.

S
ve trace metzi conisErl mav nciude zievated evels o

comsTruent, 1)

CTICTGLIM And J0bdie.
GgreerenT Delvelr ne el Jompostiion and ho

creel _OonTent LTowne curslTer Lddim Sro,oLCls wn e
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basis of mineral and chemical contents, the type of geological provenance
may be ascertained.

Methodology has been developed for quantitative X-ray diffraction
determination of anthophyllite, tremolite, serpentine, and quartz in con-
sumer talcums and powders. Important factors in the calibration standard
development include selection of talc and reference minerals and the
selection of diagnostic X-ray reflections. The sample preparation technique
is sensitive and reproducible. Dilution stancdards are step scanned over
diagnostic reflection areas, peak areas are measured, and a set of standard
calibration curves is developed by regression analysis. Samples of consumer
talcums and powders are prepared and analyzed under identical conditions
and compared with the calibration curves, permitting quantitative analysis
of these minerals. X-ray diffraction alone cannot distinguish between
asbestiform and fragmented forms of anthophyllite and tremolite nor
between asbestiform and platy serpentine varieties. Electron microscopic
analysis was used to distinguish between these forms.

Mineralogical characterization of 21 consumer talcums and powders
showed that 10 contained measurable concentrations of asbestiform tremo-
lite and anthophyllite, and some also contained fragmented forms of these
minerals. Two samples contained trace quantities of chrysotile
(0.25-0.5%). These observations were confirmed by transmission electron
microscopy. The amphibole phases present in these talcum products
ranged in amounts from several tenths of a percent to over 14% by
weight. Quartz was present in eight consumer talcs in amounts ranging
from 1.6 to 35.1% by weight.

Consumer talcum products are for the most part complex mineral
assemblages, which confer X-ray sorbing and fluorescing effects that are
not equivalent to, and are usually greater than, those of the binary
systems used in preparing the dilution standards. in consumer talcum pro-
ducts minerals such as talc, micas, chlorite, calcite, dolomite, and others
tend to diminish reflection intensities of asbestiform minerals by sorbing
X-rays or by contributing to background noise. Also, repeat runs on some
selected specimens have demonstrated greater peak areas due to slight
modifications in instrumental settings (e.g., increase in receiving slit
width). Therefore, the values for weight percent ccncentrations given in
this report are conservative.

Examination of the same consumer talcum products by both optical
and transmission electron microscopy indicates that not all of the mater-
ials fall within the definition of fiber or asbestiform. For example, one
consumer talcum product that contained more than 7% tremolite was
observed to contain both fragmented tremolite grains by optical micro-
scopy and asbestiform fiber with 3:1 or greater length-to-width ratio by
transmission electron microscopy. Optical microscopy may provide useful
information. However, more complete characterization can be obtained by
electron microscopy and selected area electron diffraction. Using electron
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discrete, grunerite crvstals with onlv the ¢ axis in common zhgam:ant

Comminution of such aggregates produces fibers with character
istics 1dentical to those of single crystals of grunerite that have teen
similarly pulverized. Some workers have suggested that mechanical size
reduction of amosite vields fibers with crvstal growth suriaces ratner
than cleavage surfaces. Since amphibole cleavaze tends to pariiie!
prominent crystal face planes, such distinctions ¢ the submicrescanic
ievel may disappear. This appears to be the ci.e for tremoclite anc
anthophvllite as well. However, because no metiods exist to istin-
guish between possible differences in fiber surface, we do not rever o
anthophyllite and tremolite fibers in these talcums as asbestos. Instcac
they are referred to as asbestiform. It should be s:-essed, however that
evidence does not exist that would indicate that fibers with <~ sl
growth surfaces or cleavage surfaces possess iesser or greater biolog.cai
potential than fibers from commercial asbestos derosits.

Asbestiform “‘Formed like or resembling asbestos, fibrous;....(Burzau
of Mines, 1968). The term is used herein for ampriboles (anthophyllite
and tremolite) seen on both light and submicroscopic examination.
which resemble comminuted asbestos varieties, on the bass of
morphology. Essentially, when these fibers are derived from commer-
cial deposits we term them ‘“‘asbestos” and when analyticallv identical
fibers are found as noncommercial intrusions with the mineral talc. we
term them ‘‘asbestiform.” The use of two terms does not imply
differences that can be analytically determined.

Fiber “The smallest single strand of asbestos or other fibrous materials’
(Bureau of Mines, 1968). We use this term in ¢ broader sense For
example, chrysotile fibers are called fibrils, possessing unit diameters of
about 200-400 A. Coherent bundles of fibrils are aiso called fibers
Fiber in the present text is used to denote iny elongated single
mineral unit visible on the light or electron microscopic level Tne
Occupational Safety and Health Admimistratior has applied a 3 1
length-to-width ratio to disunguwish fiber from mineral fragment.

technigue). Amosite may be considered as an aggregate o7 unoreriog,
:

-
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APPENDIX B: CRYSTAL CHEMISTRY, CRYSTAL
STRUCTURE, AND GEOLOGICAL OCCURRENCE
OF TALC

Chemistry of Talc

The empirical chemical formula of talc s Vg3 Sia 010 (OH) ., out

ferrous and ferric oxides, alumina, titania, soda. lime, and oxices of

manganese have been reported in gquantities up o several percents by
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Nature of Talc Plates

Electron microscopic examination of talc minerals demonstrates that
single talc grains consist of contiguous single crystals, mosaics of dis-
oriented crystallites, and intergrowths with other mineral phases, particu-
larly tremolite (Kleinfeld et al., 1973; Stemple and Brindley, 1960; Wright,
1960). Selected area electron diffraction patterns obtained on these
objects display, in order, single crystal arrays, Debye-Scherrer rings, and
superimposed complex patterns characteristic of intergrown single crystal
phases.

Talc and Mineral Intergrowths

Tremolite is one common intergrowth in talc, and it requires relatively
little energy thermodynamically to occur. Replacement of magnesium by
calcium in the brucite layer may lead to structural as well as chemical
modification (Bragg and Claringbull, 1965). Rotation of unit tetrahedra in
talc forms double chains from sheets, readily accomplished by substitution
of Mg(OH), by Ca(OH),. The bulk chemistry is thereby changed from
Mgg SigOa0)(OH), to CasMgsSigOyy (OH),. The firal structural array is
remarkably similar in both materials; the crystallographic g-axis of talc is
approximately 5.26 A, which corresponds with the c-crystallographic axis
of tremolite (approximately 5.24 A); the b-axis for talc is approximately
9.10 A, which is equal to the b/2-axis of tremolite; the c-axis of talc,
approximately 18.8 A, is about equal to twice the g-dimension of
tremolite (approximately 18.2 A). The monoclinic stacking angles, the
beta-angle, are within a few degrees of each other.

Intergrowths may form in which amphibole formation is not complete
so that a mixed phase exists, referred to mineralogically as ‘‘talcboles.”
These are not as rare as once believed and may even be common in the
more complex talc deposits.

APPENDIX C: INDUSTRIAL AND COSMETIC
GRADE TALCS

Studies have demonstrated that industrial talc often consists of a
variety of minerals, the utilization of which is based on physical properties
rather than mineral composition (Hogue and Mallette, 1949; Schulz and
Williams, 1942; Thompson, 1974; Wells, 1965).

Early analyses of cosmetic talc also showed a 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 talc; 14-51%, serpentine minerals; 5~77% carbonate minerals;
O-trace, quartz; O-trace, tremolite; 3-12%, other minerals (Schulz and
Williams, 1942).
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APPENDIX O BIOLOGICAL HAZARDS ASSOCIATED
WiTH TALC EXPOSURE
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these data indicated that a 3- to 4-fold excess of cancers existed In this
group, as compared to a matched control population. ’

The biological activity of both tremolite and anthophyllite fibers has
been known for some time, and both have been cited as asbestos minerals
by Merewether (1930) and Noro (1946). Asbestos disease among workers
(and others exposed to anthophyllite and tremolite) has been reported
(Burilkov and Badajov, 1970; Kiviluoto, 1960; Meurman, 1968; Meurman
et al., 1974; Schepers, 1965; Wegelius, 1947; Weiss and Boettner, 1967).

Recent experimental data also indicate that tremolite fibers are
biologically active (Graham and Graham, 1967). Some investigators have
suggested that inorganic fiber fibrogenicity and carcinogenicity is limited
only by its ability to reach the alveolar space (Holt et al., 1965; Pott and
Friedrichs, 1972; Pott et al.,, 1974; Robock and Klosterkotter, 1976;
Stanton and Wrench, 1972).

Wagner et al. (1975) reported lung scarring in Wistar rats with pure
talc, exposed by inhalation. The severity and extent of the lung scarring
was comparable to that produced by chrysotile asbestos under identical
experimental conditions. In addition to lung scarring, ingestion of talc was
reported to be associated with leiomyosarcoma of the stomach as well as
one adenoma and several sarcomas of the uterus. However, the exposure
levels were high and the numbers of observed tumors small, so that
statistical validation of the carcinogenic potential of pure talc and its
relevance to human exposures were not achieved.

There are also extensive data concerning hazards associated with
exposure to silica or trace metals, particularly nickel and chromium
(National 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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