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hillippe Dowdllet
One Holyoks lLane
Stony Brook, New York 11790

. "‘Re: Docker No. 83P-0404
Dear Mr. Doutllet:

This reapords to your November B, 1983, petition requesting that cosmetic
tale be lshelad with an asbestos mmim statement, information on asbestose
particle size, ad the proportion of tale impurities in the product.

You assert that, because the mining of tale almost invariably includes the
mining of asbestos as well, cosmetic talc may contain significant ssounts
of asbestos particles that present an inhalation hazard to humsns. Also,
you cite referencem o subatantiate that aigntficant amounts of asbestons
have been fouxd in commercial telc samples, that asbestos inbalation is
hazardows to himans, and that asbestos contaainsacs tn tale wl.ll produce
toxicological responses when irhaled.

FIA recognizes that ssbestos inhalation over extended periods is hazardoum
to humere, The agency ia alsn aware thart some cosmetic tale produced in
the 19608 and early 19708 did contain asbestiform minersls. However, vour
petition has not persusded vs thet the cosmetie tale thet ia presently
being prodixed: containe significant amonts of asbestiform minerals.

During the early 1970a, FDA became corncemrmed sbout the possibility that
cometic tale did contaln significsant amounts of this msterial. The agency
recelved several reports ahout such contamination. However, at that time,
the analytical procedures for determining ambestos in talc were mot fully
developed, snd most of the analyticzl work was conducted without scientifice
agreement as to vhich methode were well-suited for the identificesrion of
asbestiform minerala in tale. Consequently, FDA considered 211 anslyticsl
results to be of questionable veltability. This sssessment proved to be
correct because many questions wers subsesquently caised about results
reported in the literature in the early 19708 (see enclosed copy of
National Burem of Stardards Special Publicarion 506 entitled '
"Misidentification of Asbestos in Talc"). Pecmme of the questionsble
nature of the snalytical resulrs, the acercy wes not able to asseas
reliably the levels of asbestiform minerals in cosmetic tale then in the
macketplace.,
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Under thess circumstances, FIA decided that the most appropriste actions \

rhat it could take to protect the public health would be to meke the

reports public sd to request assistance from the affected industry in ‘ \

developing acceptsble anslyticel procedures. This approach appavently has
led to considerable improvement in the quality of this talc.

After ¥DA took these actions, may cosmetic mamufacturers begmn to anslyze
their rale for ssheatiform minersls as pert of their quality control
programs, snd tale suppliers besan to sell higher purity talca to the
cosmetic indmtry. By 1976, asheatos analytical methodology wms
sufficiently developed that the Cosmetic, Toiletry, snd Fragrance
Associarion (CI¥A) could issus a specification (copy enclosed) for cosmetic
talc. This specification required that such talc be firee of fibroue
amphibole (e.g., asbestos in the form of asbestiform tremolite) using a
CTFA method of analysis that is capable of detecting 0.3 percent of
amphibole asbestos. This specification contributed to the cantinued
improviment of cosmetic talc qualicy,

Tn addition, FDA surveillance sctivities that were comducred in the latter
portion of the 1970s showed that the quality of cosmetic talc had
gignificently improved, and that sven when ssbestos was present, the levels
were o low that mo beaalth hazaxyl existed, Our scientists recently
reviewed data from these survaillance activities amnd comcluded that the
risk from a worst-case estimate of expogure to ashestos from cosmetic talc
wotld be less than the risk from ewirormental background levels of
expogure to asbestos (non-occupational exposurs) over a lifecime,

Corwequently, we find that there 18 no basis at this time for the agency to :
crmelide that thers is a health hazard attributshle to sshestos in coseetic

tale. Withnut evidence of such a hazard, the agency concludes that there

{2 o need to require a varmire 1shel on cosmetic tale.

FIA should rlen point out that, in reviewing ymxr petition, we found
seversl problems with the informetion on which you relied. The publication
"Ashestiform Imprities in Conmercisal Talewm Powders,™ which you elte In
your petition, appears to oontain a mmber of afgnlficant errora that lead
us to question the accuracy of the findinga that were reported. For your
information, we have enclomed a copy of a June 8, 1973, rebuttal of this
publication that was written by the Chief Minerologist of the Colorado
School of Mines Regearch Institute in Golden, Colorado. Also, your
petition's 1978 book reference to the Mt. Sinsi School of Medicire findings
is too old to reflect present. contsmination levels, Further, we sre not
convinced that the Mt., Sinai findings pertained to cosmetic talc. Your
reference states that common commercial talca were analyzed, but it doem
ot specify whether these commercial tales were industriasl grade or
coemetlc tale.

D-7214 Page 4 of 102



» ®
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For all of these veasomn, yvouxr petition ia denied. This denisl is without
prejudice to the futire filing of a petition on this matter, accampanied by
all relevent data in support of the petition.

Sincerwly yours,

b S

Acting Associate Commissiorer
for Regulatovy Affairs

Enciomures
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ce: HFC-1

HFC-200 (#G-86-182)
HFC-220 (Rogers/file)
HFE -1

HFF-100
HFF-152
HFF-300
3
HFF~-310
HFF -440

GCF-1 (Horton/Derfler)

HFA-224
HFA-305

Prepared: JRTaylor:5/15/86
Initialled:JRTaylor:5/15/86, 6/5/86
EJCampbell:5/15/86, 6/5/86
HJEiermann:5/16/86, 6/9/86
JMWerminger:5/19/86
WGFlamm:5/29/86, 6/9/86
IRLake:5/29/86, 6/12/86
RJLenaghan:5/29/86, 6/10/86
IBBrock:6/10/86
RWGil1:6/12/86
F/T:JRTaylor:sag:6/4/86
Concurred :EBrisson:6/27/86
Retype:RLSpencer:cdk: 6/27/86:disk. 26 (#1.32)
Revised :FSDerfler:7/3/86
Retype:RLSpencer:cdk:7/7/86
Concirred : PFDerfler:7/8/86
Revised: Concurred: LHorton:7:9/86
F/T:RISpencer :bka:7/10/86
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% b . . CTFA Specification
T

TALC COSMETIC
Isues:  B1-42
Revised 3.23-82Z
5 5-30-7
CN 10-7-7¢
/ COSMETIC TALC
y CTFA Aoopied Neme;
3 TALC

DEFINITION: Cosmetic Talc 1s an essentially white, odorless. fine powde:, ground from naturally occurring rock ore,

It consists typically of 80% hydrateo magnesium sificaie. having the ideal formula Mg,[St,0,,1+{0H),.
with tne remainder consisting of naturally associaled minerals such as calcite, chlorite, oolomite, kaolin and mag-
nesite. and containing no deteciable fibrous, asbestos minerals.

TEST SPECIFICATION METHOD

Color ..o Ag specified by the buyer and showing no Heat1to 2 g at 200°C

change after heating for 5 minutes
OO0 s As specified by the buyer
identification ...... ... oo Positive: :

1. Ciose match to CTFA Spectrum~—IR CTFAG 3-1

with no indication of foreign materials
OR
2. (Alternaie} Close maitch io X-ray ASTM D 834-74

Powder Diffraction File No. 19-770,
published by ASTM, showing the most
intense reflections at d values aboul
8.35, 1.53and 4.50 A

1] = S A As spedcified by the buyer

bustre ..o e Do.

Water-Solublelron ............. Passes fest USP XIX, page 487
ScreenTest .o...vivieiiiiiia s 100% through 100 mesh CTFAC 61

98% minimum through 200 mesh
Finer grades: as specified by the buyer

Water Soluble Substances ...... 0. 1% maximum USP XIX, page 487
See test for "Reaction and
Soiuble Substances”
Acid Soluble Substances ........ As specified by the buyer CTFAE 3241
6.0% maximum
Lossoflgnition ................ 5.0% maxirmum USP XIX, page 487
Arsenic (8BS AS) ............ouies 3 ppm maximum CTFAF 1-1, Parts I-A and |l
Lead(asPb) .....c.vvvviininin 20 ppm maximum CTFAF 2-1, Parts {-A and Il
Fibrous Amphibole ............. None detected CTFAJ 41
{Ashestiform Tremolite et al)
Free Crystailine Silica . .......... As specified by the buyer CTFA.J 51 (DTA)
(Quartz) Alternate: CTFA J 6-1 {(X-ray)

Copynght 1976 The Cosmetic. Tolstry and Fragrance Assocaation, inc.

No porton of the CTFA Stancerds, in whoie or in pari, may be rephited withoul per, on from The G Toketry and Fragrance ASPocishon, inc.
1133 Fifteenth Sireet, N.W., Washingron, D.C. 20005
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Nationa! Bureau of Standards Special Publication 506. Proceedings of the Workshod
Asbestos: Definitions and Measurement Methods held at NBS, Gaithersburg, MD, July 18-3
1977, (lssued November 1978) . “Ix

MISIDENTIFICATION OF ASBESTOS IN TALC
Jerome B. Krause

Colorado School of Mines Research Institute
Golden, Colorado 804N

and
wWilliam H. Ashton

Johnson & Johnson
Raritan, New Jersey 08869

Abstract

Both optical microscopy and x-ray diffraction (XRD) are widely used,
to detect minerals associated with tale. Optical microscopy can
determine the morphology of a particle, but cannot always fully fdentify
the specific mineral. Although XRD is an excellent screening technigue
for the detection of minerals associated with talc, the method can
misidentify minerals due to interferences, interpretive errors, and the
inability to determine morphoiogy.

Methods for reduction or elimination of these problems include
special techniques of sample preparation and x~ray diffraction, combined
with micrescopic examination (both optical and electron).

Key Words: Amphiboles; asbestos; chlorite; electron microscopy; fiber:
merphology; optical microscopy; x-ray diffraction; talc.

Introduction

There are many ways to analyze and study any naturally occurring material. The
conclusions reached will often vary widely depending on the expertise and specific interest
of the investigator. That situation sums up the present status of “asbestos"; it is also
the status of minerals which are associated with "asbestos"; and it is becoming the status
of other minerals which can be naturally associated with talc.

Popular methods of analysis can give the wrong answer ~ npamely that asbestos is
present when it certainly is not. Thai problem (misidentification). is not so much one of
limitations of the methods, but rather one of misinterpretation of data, and failure %o
recognize the mineralogical background reqguired to certify mineral purity, for example,
when analyzing sheet silicates for asbestos. Unfortunately, one main factor is that
asbestos has now developed variable definitions, depending on whether the point of view is
mineralogical, industrial, wmedical, or regulatory. The wmedical definition is wost
concerned with whether or net the particles are biologically active; the industrial
definition is dependent upon fTlexibility and weavability; the mineralegical definition
upon crystaiiography; and the regulatory definition upon size and aspect ratio.

The word "asbestos” stems from ancient Greek and has always referred to a very
fibrous indusirial mineral product. Since asbestos has historically related to a2 mineral
exploited as an important industrizl coemodity, we think a combined minerslogical and
industrial definition should take precedence [1,2]1. Other presentations during this

YFigures in brackets indicate the Titerature references at the end of this paper.

338
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workshop have amply covered the aspects of asbestos terminology, and it is not our intent
to provide comprehensive coverage of that subject. -~Our primary objective is to review

some of the basic principles of analysis, and te point out problem areas where
jdentification of "asbestos" has been abused.

s

Analysis Methods and Misidentification of Asbestos

It is usefu) to categorize the various analytical methods which have been mpplied to
talec to highlight inherent principles which lead to misidentifying asbestos as being
present, We offer the foliowing general commants on the three principle determinative

properties (chemical composition, morphology, structure}.

Chemical Composition

It is well known that every mineral has a specific chemical composition, and that
each mineral has an ideal theoretical chemical formula (configuration). Unfortunately,
many investigators overlook the fundamental point that chemical composition does not
jdentify a specific mineral. A simple example will bring that point into focus:

A pearl, an oyster shell, a siab of marble, a piece of chalk, and the
minerals aragonite and calcite are obviously different materials, and
yet each will be identified as calcium carbonate, Thet is te say,
chemical analyses will identify them all as the same substance, where
everyone knows that a pearl} is not a piece of chalk.

The same situation exists in certain phases of asbestos analysis. For example,
chrysotile, antigerite, lizardite, sepiolite, chlorite, and talc are all hydrous magnesium
silicates, But & Meerschaum pipe (sepiolite) s certainly not chrysetile asbestos in
spite of the fact that chemica’ analysis alone could lead to that misidentification.

Accordingly, chemistry alone does not jdentify a mineral, nor do those sophisticated
instrumental methods which are based on chemical principles, such as:
Wet Chemical Analysis
Classical {gravimetric, voiumetric)
Instrumental (atomic absorption, flame emission)

Microprobe (electron and ion)
Emission Spectrograph

Mass Spectrograph

X=Ray Fluorescence

Morphalogy

Although the shape of a mineral particle is one of the key characteristics in the
identification of a mineral, shape alone cannot be the sole determinant of a specific
wineral species. There are hosts of minerals in different mineral classes whose particles
have the same shape. They exist across the spectrum of all classes of minerals and the
possibilities are beyond comprehension. Even if we 1imit ourselves to minerals which occur
in the true fibrous state, we would estimate there are up to 100. There have
been instances where nonasbestos particles have been misidentified as chrysotile in talc
because shape alone was the index used.

Methods based on morphology include:

Optical Microscopy
Automated Image Analyzers
Electron Microscopy {SEM and TEM)

340
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o Structure
re . The configuration of atoms in the crystal lattice of a mineral does not necessii

i ineral species. The atomic arrangement at the spo?ecu'lar Tevel does not alygiM
2§?i§“lﬁf~oﬁgﬂ1io the pexter‘na'l visible physica) form. That is to say that methods based'¥§
molecular structure can misidentify a mineral. For example, chrysotile asbestos (§2
classified with the sheet silicates because of "its crystal structure arrangement, but iyicH
certainly does not occur in flat sheets Yike the micas or its sibling, antigorite. 3

)
g . Methods of fdentification which relate to molecular structure are:
‘e

Infrared Spectroscopy

Differential Therma) Analysis
: X-ray Diffraction

t
!' Electron Diffraction
t : . .
' In peneral then, no single property defines a mineral, and no single method which
depends on one property can identify a specific mineral.
Conversely, methods which depend on a single factor or characteristic of a mineral
can give misidentifications.
Twe Popular Methods
m Optical micvoscopy and x-ray diffraction methods require some additional discussion
n primarily because they have received widespread attention by industry and government
. laboratories as possible monitoring techniques.
d Although both these methods are fundamental to the science of mineralogy and are

highly reliable in the hands of experts, complications arise when shoricuts are taken in
the prefessional procedures.

Optical Microscepy

When an experienced optical mineralogist or crystallographer identifies a mineral with
a petrographic microscope, he can come to a remarkably accurate concliusion. The reason
for high accuracy is that not one but several specific properties are determined, such as
refractive indices, extinction angle, bhirefringence, and optical orientation. Specific
training and wide mineralogical background are required to get the right answer.

In contrast, current optical methods in federal regulatory propesals relating to
asbestps presume that asbestos is present in the first place. The analyst thep merely
observes the wineral particle for size/shape. Consequently, those methods which depend
s0lely on aspect ratio give misidentification. They misidentify the presence of asbestos
by such simple oversights as looking at a platelet on edge and counting it as an ashesti-

\ form particle. It is not necessary to elaborate on the other shortcomings of those
) methods in view of the recent NBS report on the analysis of BD industrial tajes [3)
: evaluvating that methodology. The same shoricomings were alse recently corroborated in a
\ study conducted by Harvard University and NIOSH [4],

However, there are a few rare cases where abnormal crystal habit can be misleading
and subtly can lead to a misidentification. Optical microscopy is most vulnerable to this
type of wisidentification. For example, talc normally occurs as micaceous plates, but
rare acicular talc does exist, and one must be very careful te avoid misidentifying the
rare occurrence as asbestos. As an example, our XRD examination of an industriail acicular
talc sample has identified the presence of significant amphibole (probably tremolite).
However, when the materia) was subjected to thorough petrographit exsmination it was found
to be composed of free grains of columnar amphibole and acicular talc and composite talc~
amphibole. The significance 1is that an erroneous conclusion could be reached by
misidentifying such a rare talc variety as asbestos, if only aspect ratio and simple
optical microscopy were used.

M%MW@WW W
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Thus, simple optical microscopy tan determine ‘the morphology of & particle, but if

used alone it cannot always fully identify the specific mineral observed.

X-Ray Diffraction )

Although x-ray diffraction (XRD) is 2 valuable technique, it cannot determine the
physical shape of a mineral particle, and for that reason it cannot determine whether or
not & sample is asbestes. Furthermore, it cannot distinguish between two minera)
varieties in the same mineral class in tases such as the asbestos minerals and their
nonasbestifarm analogues. It is surprising that such a basic shortcoming continues to be
overlooked by responsiblie investigators alleging to have identified asbestos by XRD.

One result of the inability of powder XRD tec differentiate between the asbestiform
and nonasbestiform varieties of a mineral is the potential error of prejudging an XRD
detected phase to be the asbestiform variety. For exampie, preparing calibration
standards of mixtures of talc plus chrysptile could have the effect of causing a
serpentine peak in an unknown sample to be prejudged as the asbestiform variety, i.e.,
chrysotile., A mixture of talc spiked with the serpentine mineral chrysotile will give the
same XRD pattern as a mixture of talc spiked with the very common platy serpentine mineral
antigorite. It should be obvious that an unknown talc showing a serpentine peak cannct be
prejudged or branded as containing chrysotile asbestos under such circumstances.
Unfortunately, the literature has articles by responsible authors who have overlooked that
error in togic [5,6,7]. ,

For research purposes only, single crystal XRD can provide information as to whether
or not the specimen could be asbestos. However, due to the difficulty of handling minute
specimens, single crystal XRD 5 inadequate for particles smaller than about 20 x 5 pm,
and, of course, is also inadeguate for routine monitoring procedures.

Amphiboles

tach of the five amphibole minerals, anthophyilite, cummingtonite-grunerite,
riebeckite, tremolite, and actinolite has an asbestiform variety, namely anthophyllite
asbestos, amosite, crocidolite, tremoiite asbestos, and actinolite asbestos, respectively.
Tremolite asbestos is quite rare, and actinolite asbestos is so rare that a recent NIOSH
project to prepare reference standard minerals has been unable to locate a source of pure
actinolite asbestos [8].

The amphiboles (named from the Greek “amphibolos,"” meaning ambiguous} are
characterized by similar crystal structure and wide variation in chemical composition and
appearance. All amphiboles have XRD patterns which are similar, and 2re characterized by
having their (110) or (210) diffraction peaks occur within %0.2A of each other (Table 1,
Figure 1). Reliable djdentification of dindividual amphibole species s difficult in the
absence of confirming composition data.

Examination of Table 1 and Figure 1 illustrates that attempted identification of a
specific amphibole on the basis of dgi Or deioy has good potential for being in error.
For example, selection of Joint Committee on Powder Diffraction Standards (JCPDS) card
13-437 as being definitive of tremolite presents serjous problems. Twenty-nine additional
JCPDS amphiboles have their {110) or (210) peaks within +0.1°28 of this tremolite {110)
peak at 10.56°26. 1Identification of an amphibole as tremolite on the basis of a peak at
10.56%28 is obviously an fdentification with very low reliability. In other words, a peak
at that location is not necessarily the mineral tremolite since it could be one of 29
other minerals.

342
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Table 1. Amphibole JCPDS Card Ho's.,/d(110) or d(210) peak position, and
relative intensity. !

JCPDS card # . A 28{cy) - I Name
23-118 2.58(1) 10.31 100 prieskaite
10-456 8.55(1 10.35 100 richterite
20-734 B.53(% 10.37 70 mboziite
20-378 8.52(1 10.38 100 dashkesanite
14-633 g2.51(1 10.38 70 arfvedsonite
21-149 £.51{1) 10. 39 5% hornblende
15-467 8.50{1) 10.41 100 ferropargasite, syn
20-982 B.50(1) 10.41 65 richterite, syn
23-665 B.48(1) 10.43 45 richterite, calcian, syn
23-664 B.47(1) 10.44 : 35 edenite, sodian, syn
23-667 B.47(1) 10.44 45 richterite, calcian, syn
23-663 8.46(1) 10.46 40 eckermanite, calcian, syn
9-434 8.45() 10,47 50 hornblende
13-499 8.45(1 10.47 100 magnesjoriebeckite
20-656 B.45(1 10.47 100 magnesioriebeckite
20-470 8.44(1 10.48 100 crossite
23-666 8.44 1; 10.48 40 tremolite, sodian, syn
20-469 B.43(1 10.49 100 hastingsite
23-1405 B.431 10.49 80 edenite
23-1406 8. 4351 10.49 40 paragasfte
20-1310 8.43(1 10.4% 40 tremolite, syn
10-428 ' 8.42(1) 10.51 1060 richterite, fluor, syn
23-603 8.42(1) 10.51 100 tirodite
10-431 8.41(1 10,52 B0 edenite, fluor, syn
19-1061 8.40(1 10.53 100 riebeckite
20-481 B.40(1 10,83 100 hornblende
20-1390 8.40(1; 10.53 g0 winchite
23-302 B.40(1 10.53 100 cummingtonite, mangoan
18-1063 8.39(1) 10.54 70 richterite
13-437 8.38(1 10.56 100 tremolite
17-478 8.38(1 10.56 65 kaersutite
23-495 8.38{1 10.56 80 eckermanite
§-330 8.37(1; 10.57 100 tremoiite, Fluor, syn
17-750 8.36(1 10.58 25 richterite, ferrian
20-386 8.35{(1) 10,589 40 eckermanite, syn
22-531 8.35%1) 10.58 30 joesmithite
16-401 B.33(2) 10.62 70 anthophyllite, magnesian, syn
17-725 B.33{1) 10.62 100 grunerite
17748 8.33{1) 10.62 100 grunerite
20-376 8.31(1 . 10.6% 100 crossite
17-726 B.30(1 10.66 100 cummingtonite
20-484 g.2¢e(1 10.67 100 richterite
13-506 8.27{2; 10.70 BD gedrite
23-678 B.27(1 10.70 oD glaucophane
9-4585 8.26(2) 10.7 55 anthophyllite
20-453 g8.26(1 0.1 100 glaucophane
11.253 B.23(2 10.75 100 ferrogedrite
23-310 8.20(1 10.78 75 richterite, ferrian
13-401 8.11(2) 10.91 100 hoimquistite

2 (110)} or (210)°.
Maximum £20{Cu) = 10.91° - 10.31° = 0.6°

‘Table 1 11lustrates the very close proximity of the (210) or (110) XRD peak of all

amphiboles, showing the inability to identify a specific amphibole on the basis of
4210y °" 9(110)

i -

D-7214 Page 12 of 102



100

’o T

o | |

70 T

b WEBECKITE TREMOLITE

SO a0-g5E 19-106I 13-4%7

A0 T3-499

30 T T 1 ANTAGPHYLLVTE
20 T EAOL  B-ALE
10 T

ZRIRRE o

o358

AELATIVE INTENSITY
g

i {
™ v ] ; 7
!
oy H
w -
20
!
o] 7 ]
100
, 80
80|
™o
60
40
30 -
'] b
10
Q A . )
103 K4 10.5 106 T 108 0%

DEGREES 20 (CuKe)

Figure 1. Amphibole d('HD or d(zw) — peak positions (2e for Cuk )} and relative intensity.

An additional problem further affecting the reliability of identification by XRD is
the effect of shift in peak position caused by slight mispositioning of the sampie surface
in the instrumeni. For example, & 100 wk mispositioning of the specimen surface will
result in a shift of approximately 0.6-0.7 A in d-spacing at low 28 angles [93. A slight
shift in the position of the peak (from a different amphibole or mispositioning of the
sample surface, for example) could go unnoticed, resulting in misidentification of an
amphibole that is not even present.

In order to conclusively identify an amphibole by XRD, it is necessary to have an
essentially complete diffraction pattern. In order to obtein such an XRD pattern, the
sample must have & relatively high amphibole tontent and the pattern must be acquired with
a time-consuming slow scan. Acquisition and finterpretation of such patterns is time-
consuming, and discourages proper appiication of the full procedure, especially for
routine monitoring where large numbers of samples require analysis. Shortened procedures,
such as single peak ddentification of asphiboles, provide good opportunity
for misidentification. The shortened procedure of single peak fdentification was apparently
used in a 1972 paper [7], where our examination of some of the same samplies disagreed with
identifications of serpentine, tremolite-actinolite anthophyllite, and anhydrite.

344
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L ChioriterSerpentine

H thiorite is one of the most common accessory minerals found associated with talcs

The chiorite group of minerals are somewhat analogous to amphiboles in that they exhibit a
. wide variation in chemical compesition and -all have a similar crystal structure, The
: diagnostic chiorjte basal XRD peaks (001), (0D2), and (00D4) are charscteristic, and occur

at absut 14A, 7A, and 3.5&, respectively. As in the case for the amphiboles, specific

identification of a particular chiorite species by XRD is difficult. The XRD problem with

chioritic talcs §s that the serpentine first order basal peak overlaps the chlorite (002)
. peak, and the corresponding serpentine second order basal peak overlaps the chlorite (004)
X peak. Generally, nowever, the chiorite {004) and serpentine second order peaks are separate
) enough to allow unambiguous determination of the presence of both phases when present in
- adequate amounts to give defipable peaks. Tables 2 and 3 and Figures 2, 3, and 4 are

compilations of JCPDS data for the positions of the (004) basal peak for chlorites and
. (002), (004), or (DO012) basal peak for serpentihes, respectiveiy.

NRERERRNRE

EERERRRERN

Table 2. Chlorite JCPDS Card No's,, d(004) peak positions, and
. relative intensity.

: JCPDS

- card # A 28{Cu) 1 Name
— 10-183 3.60 24,73 100 penninite
- 20-671 3,60 24,73 90 kimmererite.
= 16-351 3.59 24,80 70 chiorite 1b
12-185 3.57 24.94 85 kotschubeite
— - 7-160 3.58 24.87 80 kotschubeite
_ 19-749 3.56 25,01 BD c1inochlore
- 7-77 3.558 25.03 50 sheridanite
- . 16-362 3.55 25.08 80 chlorite Ja
- 19-751 3.55 25.08 65 sudoite
- 22-712 3.55 25.08 45 nimite
7-165 3.545 25.12 60 grochauite
7-78 3.541 25.1% 60 thuringite
Y. 7-171 3.541 25.15 80 diabantite
12-242 3.54 25.16 100 Teuchtenbergite
. 7-76 3.537 25.18 50 ripidolite
! ‘ _ 13-29 3,53 25.23 80 thuringite
7-166 3.523 25.28 50 daphnite
12-243 3.52 25,30 92 aphrosiderite
211227 3.52 25.30 100 thuringite
3-67 3.49 25,52 100 thuringite
® d(195)-

Table 2 i¥lustrates variation in position of the chiorite d(004) XRD peak.

Table 2 should be compared with Table 3 to see that the chlorite and

- serpentine XRD peaks overlap and interfere with each other., Identification
and quantification of serpentine in the presence of chlorite s extremely
difficult at best.
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Figure 2. Chiorite 6(004) — peak positions and relative intensity. The data of Tablie 2 are presented in graphical form
showing the varfation In position of the d(ﬂUd) XRD peaks for different chlorites. Selection of JCPDS card
16-362 as diagnostic for chlorite can obviously result in misidentification.
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Table 3. Serpentine, Kaoltinite, Halloysite, and Dickite JCPDS Cgrd Nos.,
peak position, miller index (hk1), and relative intensity.

LR R e——p e

Amr—— b o+ ———

JCPDS o

Card # A 28{Cu) I hk1 Serpentines
i 18-778 3.67 24,25 80 " (002) 1izardite, M
N 9-444 3.66 24.32 100 {0012) antigorite, 60
; 21-543 3.65 24.39 70 {004) chrysotile, 2M
! 7-817 3.63 24.52 300 {102} antigorite, 6M
: 11-386 3.62 24.59 60 {002) Yizardite, 10, aluminian
i 21-963 3.61 24.66 80 . {on2) antigorite, 6M
f 12-583 3,56 25.01 B0 (0012) antigorite, 60, aluminian
. 13-4 3.56 25.01 70 (0012) antigorite, 60, aluminian
: 7-339 3.55 25.08 100 (002) berthierine
H 11-388 3.55 25.08 100 (0012) antigorite, 60, syn
: 7-315 3.82 25.30 100 (002) berthierine

9-493 3,52 25.30 100 (0od) amesite
Kaolinites

' 6-221 3.58 24.87 100+ (002) kaolinite, Md

14-164 3.579 24.88 80 (002) kaolinite, 1T

12-447 3.56 25,01 50 {002) kaolinite, 11
h
| Halloysite
) 9-453 3.63 24.52 90 (002) halloysite, dehydrated
' Dickite

10-846 3,58 24.87 100+ (004) dickite 2M,

[

Chiorite 26 Range: 24.73 - 25.52

' Table 3 i1lustrates variation in position of XRD peaks of serpentine, kaolinite,
) halloysite, and dickite. The XRD patterns of these minerals {interfere with each
other and with chlorite (see Table 2).
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Peak positions and relative intensities. The data of Table 3 are presented {n graphical form to {1lustrate the

Fiogure 3.
I varjation in positien and interferring overlap of XRD peaks of serpentine, kaolinite, halloysite, and dickite,
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Threz essential features are demonstrated in Tab!es 2 and 3, and Figures 2, 3, and 4.

1. The diagnostic peaks show considerable variation in the positiop in
which they occur (A26=0.79° for chlorites and 1.05% for serpentines).

2,  The ehlorites and serpentines overlap and interfere with each other.

3. Basal peaks of the ciay minerals kaolinite, halloysite, and dickite
overlap the positions of the chlorite and serpentine peaks, and will
interfere when present.

The significance of the chlorite-serpentine interference is increased by the fact
that chiorite is a very common accessory mineral associated with talcs, whereas serpentine
is much less commonly associated.

In spite of the chlorite-serpentine preoblem, numerous investigators have performed
XRD identification and/or quantification of serpentine in chloritic tales., It is obvious
tc us that they have misidentified asbestos as being present by overlooking the
chlorite/serpentine interference and by misconcluding that a chlorite peak was serpentine.

Other Methods
Infrared Spectroscopy (IR)

The infrared absorption spectrum of a material results from vibrational and bending
frequencies of various atomic bonds within the structure. For example, Si~0 stretching
frequencies produce similar IR peaks for ail silticate miperals. As & result, IR spectra
are not particularly useful for fidentifying the minerals present in a mixture, and the
method certainly is not capable of determining whether or not a detected mineral is the
asbestiform variety.

Differential Thermal Analysis (DTA)

The rearrangement or decomposition of mineral crystal structures due to thermal
heating is a characteristic and reproduciblie reaction. It follows that DTA can identify
specific minerals in a mixture but the method is not capable of determining morphology.
Therefore, any DTA data which might point to the presence of a serpentine mineral could
lead to misidenfying chrysotile asbestos in a talc when the mineral could well be a
normally occurring platy antigorite having the same DTA pattern.

Electron Microscopy

Electron microscopic techniques of identification of asbestos have been amply covered
in other presentations during this workshop, We do not intend to cover that subject
again, but rather to point out some areas where asbestos can be misidentified.

The high magnification sttainable with electron microscopy is, in itself, inadequate
as the sole index of mireral jdentity. For example, chrysotile is often identified by the
presence of a hollow central core and streaked electron diffraction spots. But the clay
mineral halloysite alsoe crystallizes in that form and wiil produce a similar electron
diffraction pattern. Therefere, in the absence of exart chemical composition, halloysite
can be misidentified as asbestos. Similar care wust be exercised to aveid misidentifying
other fibrous clay wminerals as asbestos, e.g., attapulgite and alpha sepiolite. In
addition, talc ribbons can be mistaken to be asbestos, especially when some talcs have
particles which ro11 up into spiral tubes giving the appearance of a chrysotile particle.

Selected area electron diffraction is routinely used to identify a mineral particle
as amphibole. Many investigators simply observe the electron diffraction pattern in the
mitroscope and decide on the basis of general pattern geometry whether or not the particile
is an amphibole. This can lead to misidentification, since numerous other minerals can
give electron diffraction patiterns with amphibole pattern geometry {10,11]. Careful
wessurement of an electron diffraction pattern is required in order to identify the type

350
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of wineral which produced the pattern. Chepical composition is further requirad {n ordev
to have a chance at jdentifying the particular species when the mineral is a member of a
complex group such as the amphiboles. Otherwise, misidentification will result,

Cosmetic Talc Free from Asbestos ,

In the United States, we have 8 self-rebulating association Known as the Cosmetic
Toiletry and Fragrance Association. In certifying the purity of the taics which they use,
they are aware that no single method can jdentify asbestos and their most recent spec-
jfication for cosmetic talc [12] combines two methods (XRD and optical microscopy) for

monitoring their types of talc.

The rationale is that a tale is first examined by XRD, and if even the smallest
amount of amphibole is indicated, then the test proceeds into optical microscopy using a
dispersion staining technigue to determine whether or not the material contains
asbestiform particies in the amphibole group.

Summary

This paper has categorized the main methods which have been used for detection of
asbestos in tales. The basic principles of the various methods were categorized to explain
hew asbestos has been and can be misidentified in talc. Generaily, misidentifications
arise by jumping to a conclusion frem & single mineral characteristic, when, in fact, many
characteristics are required to fully identify a mineral species and/or its variety.

Both optical microscopy and XRD required a more detailed review than other methods
since they have received the most attention from a monitoring point of view.
r

This review is presented with the hope that our guidelines will enable analysts to
avoid the misidentification of asbestos in talcs.
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Discussion

WILEY: You said that instantaneous recognition of SAD patterns is difficult. Could
you give some examples as to what kind of confusions could exist in this? Can you tonfuse

amph}tn]ﬂe with serpentine or amphibole with talc, or is that kind of a gross mistake
possible?

J. KRAUSE: Those kinds of mistakes probably would not geserally happen if wvou are
looking at pyroxenes or olivine. Electron diffraction §s not opne of my areas of real
expertise, but I think that you could possibly get feldspars that would gwe confusing
patterns, depending upon their orientation in the microscope.

L. MADSEN: . We are using all the methods that have been talked about today for identi-

Tication for asbestos materials and do not in any way limit ourselves to fiber length and
aspect ratios,

J. WAGMAN: T would like to comment that it {5 possible by x-ray diffraction and
through & special technigue to identify and measure the presence of asbestos fibers even
when they are in the presence of their non-fibrous counterparts. About two years ago this
was demonstrated in a study which we supported at the Naval Research Laboratory in which
sampies were pre-treated so that fibers were first aligned and then the x-ray diffraction
intensities measured at two different orientations with respect to the x-ray beam and in

this way the inptensity due to the non-fibrous counterparts could be subtracted from the
total diffraction intensities.

KRAUSE: You were putting the fibers in some specific preferred orientation in the
sample and then looking for those orientations by XRD.

WAGMAN: That is correct, and this had the advantage of not only making possible
corrections, that is cnrr-ectmg for the non-fibrous material present, but also it greatly
enhances the detectability for the fibers themselves.

KRAUSE: Is this method being currently used?

WAGMAN: This is a method whose feasibility was demonstrated and there are two publica-
tions on this in the literature. Actually our objective was to apply this method to
airborne samples, which is 8 mouch wore difficuit application incidently, I should think
than in the case of talc, The problem here is & preparative problem in that an ajr sample
usually has a Yot of organic material, sticky material present which interferes with the
ability to orient the fibers. This is a preparative problem which will have to be overcome.

ButMI should thipk that in the case of talc samples you probably would npt have that
problem,
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W. H. Ashton June 8, 1973

DATE

V. T. Caneer <40/ ) _C10704

‘ PRGIECT MO,

Meeting with Bowling Green State University
Geological Staff

A paper entitled "Asbestosform Impurities in Commercial Talcum Powders,"
published in the January 1972 issuve of The Compass of Sigma Gamma
Epsilon (Vol. 49, No, 2) stated that 18 commercial talcum powders exam-
ined contained from 4% to 46% asbestiform minerals. The average asbesti-
form content was 18%. The data in this paper has subsequently been guoted
and has been a source of inquiry by interested individuals both in and outside
of government agencies. The amount of asbestiform minerals reported is so
large that the data could initiate costly FDA hearings on the matter. Since
our generel observations at the Research Institute relative to asbestiform |
minerals in talc are at such a large variance tothose reported in the paper,

- an investigation of the paper was underiaken. To date we have reviewed the

paper and have discussed the data with the authors. The people involved in
the investigation were W. T. Caneer and Dr. Jerry Krause of the Research
Institute and Dr, Maynard Slaughter of the Colorado School of Mines.

REVIEW OF THE PAPER

A review of the paper suggested that 2 number of errors are present. Some
of these apparent errors may be illustrated by the following table which
appeared in the paper:
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Table 1

Qualitative Mineral Analyses by X~ray Diffraction

Sample Asbestosform Minerals . Anhy- Clay  Misc.
Number Talc {(Serp. Trem-Act. Anth.) Carbonates drite (Mica) Mins. %

1 x X X X x x

2 x X X x x

3 x *x X X X

4 X X X x x X x b4

5 x x X X b4 x

6 x X x X X x X

7 x x b’4 x x

8 X X x X x X x X

9 x P X x x

: 10 x b4 x x x

t 11 x X X x = x

: ‘12 x X X x x.

. 13 x x x x x x
i

4 14 b4 X X x 4 x

. 15 X x X X X X

5 16 x x x

17 X x x x x X

18 b4 X X X x X

*Additives and inert minerals and compounds.

SMAA Y P teae o %

v - According to this table, asbestiform minerals were identified by X-ray dif~
fraction. By the method of X-ray diffraction used, one could only expect to
identify mineral groups to which asbestiform minerals belong. Numerous
common non-asbestiform minerals also occur in these groups.

. A e e g

A differentiation is shown for tremolite-actinolite and anthophyliite. It is not
likely that these minerals could be differentiated by the X-ray methods used.

The mineral anhydrite (CaSO,) is also reported by X-ray diffraction for all
except three of the samples. We have never found anhydrite in any talc sam~
ples examined at the Research Institute. Furthermore, from the standpoint
of geological oceurrences and rock genesis, one would not expect to find .
anhydrite associated with talc. With these factors in mind, a study was made
to determine how one may possibly make an identification of anhydrite in talc.
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It soon became apparent that a talc k-beta diffraction peak was being inter-
preted as belonging to anhydrite. A filter is used to screen out k-beta
radiation in X-ray diffraction analysis. However, the filter is not 100%
efficient and some of the k-beta passes through the filter and can lead to
erroneous interpretation.

The table also shows serpentine as one of the asbestiform minerals identified
by X-ray diffraction for most of the samples. This is usually based on the
occurrence of a 7-angstrom peak. However, chlorite also gives a 7-angstrom
peek and chlorite is a common consfituent of talc. A differentiation of the two
minerzls can usually be made based on other diffraction peaks. Since chlorite -
is & common constituent of talc and none was reported for the 18 samples, it
is likely that chlorite was misidentified as serpentine.

Table Il was presented in the paper and shows guantitative mineral analyses
by petrographlc microscopic techniques.

r

Table II

Quantitative Mineral Analyses by Petrographic Microscope
{(Volume Percent)

: Percent Percent Percent
Sample Talc Carbonate Asbestosform
Number Flakes Grains Minerals
1 73 5 22
2 92 *frace 8
3 Ak 7Y trace 21
4 57 20 23
5 82 trace to 1 18
é .72 13 15
7 89 5 6
B 61 5 34
9 80 4 16
10 g2 4 4
11 . 86 trace 14
12 76 20 4
13 . 48 6 46
14 G0 4 6
- 15 74 4 22
16 80 trace 20
17 70 6 24
i8 76 trace 24
#*L,ess than 1 percent. *%Includes muscovite.

D-7214 Page 24 of 102



CO"{T)O SCHOOL OF MINES HESEWH(-STH’UTE

memo to W. H. Ashton Page 4 June 8, 1973

It is perhaps significant that no anhydrite was observed by microscopic
techniques even though it was reported in 15 of the 18 samples by X-ray
diffraction. It is perhaps also significant that no specific asbestiform
rainerals were reported in Table II ~- only a total percent of asbestiform
minerals. This led us to suspect that any grain with a high length to thick~
ness ratio observed under the microscope would be classified as asbesti-
form. This could lead to the misidentification of the edges of talc plates
and of talc shards as asbestiform minersls.

DISCUSSIONS WITH THE AUTHORS

QOf the three authors, two were graduate students (Snider and Pfeiffer) at

the time the paper was written. J. Mancuso is on the Geology Department
staff and acted as advisor for the research and the paper. Snider is pres-
ently with the Michigan Geological Survey in Mt. Pleasant, Michigan, and
Pfeiffer is a geologist for Texaco in Midland, Texas. We discussed the
paper with Mancuso in Bowling Green and held telephone conversations with
Snider and Pfeiffer. We made it clear to these people that the data presented
in their paper could lead to very serious charges against the products. They
readily agreed that their data could easily have errors, and if so it wonld
save them much possible embarrassment a2t a later date by correcting their
errors now.

Apparently the paper was submitted for publication to fill an issue of the
journal which was being devoted entirely to the Bowling Green Geology Depart-
ment. Apparently a Dr. I. I. Oster (a fruit fly expert in the Biology Depart-
ment) told them that he had been conducting experiments related to the
injection of talc products into mice for the purpose of determining the effects
of the injections upon the mice. He requested that the Geology Department
make mineralogical determinations of the asbestiform minersls in the talc
products. INNone of the three authors had had any previous experience with talc
mineralogy, but they decided that it would be a suitable subject for a paper.
Our discussions yielded the following significant results. .

1. Al three aunthors reaﬁi.ly admitted that they did a "rush-job." About 2
weeks was spent in gathering data for the paper.

2. They agreed that asbestiform minerals cannot be identified by X~-ray dif-
fraction. X-ray diffraction is capable only of identification of a mineral
group which contains both asbestiform and non-asbestiform minerals.

3. They admitted that they did not adequately check the "talc edge effect"
which could lead to the misidentification of talc plate edges as asbestiform
minerals by microscopic analysis.
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sts

They did not take into account the possible presence of chlorite in
the talc and could have well misidentified chlorite as serpentine (which
of course includes chrysotile).

5. Relative to the identification of anhydrite, they admitted that they prob-
ably misidentified a k-beta talc peak

6. They counted only 100 grains for their qua.nti.tative microscopic analy-
ses. Though their data is presented in terms of volume percent they
neither measured the size of the grains counted nor considered the dif-
ference in the volume of a fiber as opposed to a plate. We pointed out
that the statistics involved are totally unacceptable.

7. They admitted that they probably made many errors in conducting the
project and seem anxious to rectify them before there is a possible
accounting with the FDA or some other agency.

8. The following list identifies the tale products examined in the Bowling
Green Study.

Sample _ Quoted %

No. Brand Name Asbestiform Minerals

1 Mennen Talc Powder 22

) J &J Baby Powder B

3 Corn Silk ’ .21

4 Estee Lauder 23

5 Cuticura (Sonth Africa) 18

6 Coty-Muquist de Boio 15

7 April Showers (N.Y.) 6

8 Remington Shave Talce 34

9 Cashmere Bouquet 16

10 Imprevu : 4

11 Avons Sachete Occenr 14

12 * Heaven's Scent 4

13 Excalibiir Spray (Avon) ' 46

14 Loves Fresh Lemon 6

15 Mennens Baby Magic . 22

16 Ammens Medicated Powder (ZnO) 20

17 ZBT Baby Powder 24

18 *  Cuticura (U.8.A.) 24
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9, About a year ago Howard Jack, who was with the American Geological
Ingtitute at the time, requested and got the list of various brands of
tale examined in the Bowling Green study. His motivation is unknown
to us. We have determined that Jack is now apparently with some
governmental agency and we are trying to determine his interest in the
samples. '

We asked fo see their X-ray diffraction patterns and also reguested splits
of the samples. They could not locate the diffraction patterns and found
only two samples (Nos. 8 and 13) while we were there. They are still try-
ing to locate the others and said that they would send them {o us when and if
they find them. . '

They spent an inadequate amount of time and have admitted to making errors
relative to the identification and amount of asbestiform minerals. They
apparently will not stand behind the data presented in the paper if they are
pressed to do s0. ' I also believe that they will retract the data after we pre-
sent them our data and after they have had time to do some checking on their
own.

/nkr
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DEPARTMENT OF I.LTH & HUMAN SERVICES . Public Health Service

Memorandum
Date ‘ June 6, 1985

From QRAC (Quantitative Risk Assessment Committee)
Subject Asbestos in Tale
TD Hn Gal'y Flm’ Ph-D-

Director, Office of Toxlcologlcal Sciences (HFF-100)

Using Linda Taylor's report [1] and other information on asbes-
tos and talec, we contlude that the added human risk of lung cancer
and mesothellioma from possible asbestos in talec is less than 10-8
lifetime risk and quite possibly orders of magnitude less, We have
used, as our population at risk, iInfants that may be routinely dusted

with talcum powder for an estimated period of 2 years.

Infant Dose and Worker Exposure:

Based upon one experimental 2 yr. exposure scenario for talcum
powder dusting, babies would apparently inhale no more than about
6.5 x 103 asbestiform fibers per year (4.95 talc fibers/ce x 1000ce/1
x .58 1l/min., breathing rate x 43,8 min/wk powdering x 52 wk/yr. x
.1% asbestos in tale). The asbestiform fibers are difficult to
detect, poorly defined in shape, and of a highlv variable subtype.
We assume .1% tfemolite or anthophyllite asbestos in talc based on
1377 FDA measurements and other recent samples {1, 10, 11], To be
called asbestiform fibers, the fibrous silicates must be greater
than 5 um. and have length/width ratio greater than 3. These
1nhe;ent detection and geometrical measurement limitations for
asbestos in talc make comparisons with worker exposure to a
different type (mainly amosite, crocidolite and chrysotile} and

shape of asbestos highly problematical [5]. In fact there is a
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general consensus that current talc mines are virtually free of
asbestos (offending mines have gradually been abandoned) and that
any residual silicates {n talc are so finely and smoothly ground as
to represent virtually no risk to humans whatsoever even where an
occaglonal fiber just barely satisfles the technical definition for
asbestiforn f£ibers. However, this consensus belief would require
better geometric measurements than currently exist for both current
commercial tale fibers and for workplace asbestos fibers during the
past 50 years. WNevertheless, baby exposure in fibers per year is
crudely estimated at about 0.3 x 10-6 times that of worker exposure
in several well known epldemiological studies (e.g., Selikoff
study: 15 f/ml in workplace x 12,000 ml/min breathing rate x 60
min/hr x 8 hr/day x 5 days/wk x 50 wks,/yr. = 2.16 x lolof/yr. vs
6.5 % 103f/yr for baby) [1].

A complicating factor, however, is that human cancer risk from
these studies seems to follow different tlime-dose response patterns
for the two main cancer endpoints {lung cancer and mesothelioma).
Although several human epidemiological studies exist which could be
utilized for quanritative risk assessment purposes, it is most
illustrative to conszaer the largest of these occupational studies,
namely, that of Selikeff, et, al, [7,8] in which 17,800 insulation
workers were exposed to a mixed varletv of asbestog fibers (mainly
amosite and chrysotile) for about 25 years on average. Through
1976, 2,271 deaths (12.7% of total} had occurred.

Luug.Cancer:
Lung cancer rates were about 4.6 times average (486

observed/106 expected). Since this nearly 360X excess lung tumor

D-7214 Page 29 of 102



W. Gary Flam.).l). . -3~

rate peems to apply to nonsmokers slone ms well as smokers and

nonsmckers combined [6), then, assuming hypothetically thet one can
extend excess relative risks to very low asbestor exposures, one
would expect to see an excess lifetime lung tumor rate among ssbes-
tos exposed nonsmokers of ahout 1.8% (360% x the normal lifetime
nonsmoker lung tumor rate of about ,5% - 1ntegrat1ng 1979 survival
rates against Garfinkel's 1960-1972 nonsmoker age-specifie lung
tumor rates [12, 13]). Excess lung cancer ratec appear to be
proportional to dose and duration of exposure, but not to some high
pover of time-since-first-asbestos exposure [6]., Thus, excess
lifetime lung cancer risk for talc exposed babies who will never
smoke would appear to be approximately the product of 1) an excess
1.8 lifetime risk for nonsmoking asbestos exposed workers, 2) a
baby /worker yearly exposure ratio of 0.3 x 10_6. end 3) a
baby/worker exposure duration ratio of 2 yrs/25 yrs. This product
yields a value of .4 x lvi)_-9 added lifetime risk for lunmg tumors,
Similarly, averaging eventual smokers in with the lifelong
nonsmokers assumed sbove, the average added lifetime lung cancer
rigk for the talc exposed babvy will be at worst about 10 times
higher or about .4 x 10—8. We note that current (1979) lifetime
total respiratery cancer rates are about 5% and have nearly doubled
since 1960, possibly reflecting rapidly changing smoking patterns
during and after World War II, primarily among women. However,
decreased tar levels in cigarettes and decreased per capita use of
ciga;ettes since about 1965 should result in & gradual leveling off
or decline in the total respiratory and/or lung cancer rate of the

general population [14].
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Mesothelima:

The estimation of lifetime risk of mesothelioma is somevhat wmore
difficult since the mesothelioma response data appears quite
nonlinear in time since first exposure. ¥We have investigated four
different methods of mathematically modelling the nonlinear
megsothelioma data., They all indicate an upper bound on lifetime
risk for talc powdered infants of about 1078 risk and quite
possibly a much lower upper bound if the comservative aegsumptions
upon which they were based do not hold, These four methods
consisted of mathematically treating mesothelioms as 1) a
nonincidental tumor with no time lag between tumor initlation and death,
2) a nonincidental tumor with a 10 year time lag between tumor
initiation and clinical observation, 3) an incidental tumor, and 4)
treating asbestos as a first stage intervener in an Armitage-Doll
multistage carcinogenic process [9].

In fact methods 1-3 yielded virtually identical risks {(.5-.75 x

1078

risk). While method 4 yielded a risk 2-3 times higher (1.5 x 10™°
rigk), it could easily have yielded a risk up to several orders of
magnitude lower than 10—& if we had simply assumed asbestos intervenes
at 2 .ater stage of the carcinogenic process in this hypothetical
Armitage-Deoll multistage model. There.was general concurrence among
these four methods, and it suffices to briefly summarize Method 1,

Method 1: based upon fitting bt3'l

(nonincidentsal analysis) to a
1922-1946 cohort of the Selikoff, et. al. data.
A reasonably simple way to estimate the median life (ML) risk to

median survival age 77 (in 1979) for humans exposed 2 yrs, to talcum
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powder during infency ie given by the product of the following terms:

(8} (77 yrs. since first exposure for infants/37 yrs. since first

exposure for 1922-46 cohort as of 19787)3°1 = 070,

(b) (2 yr. infant exposure duration/34 yrs. approx. worker
exposure duration for 1922-1946 worker cohort) = ,059,

{c) (infant/worker) yearly exposure ratio = 0.3 x 10'6.

(d) 1922-1946 cohort cumulative mesothelioma response of 3.75%
(180 mesotheliomas/4,B00 cohort members).

This product yields a medisn life risgk of RHL = (.64 x 10-8.

Tumors other than Lung and Mesothelioma: (Selikoff study)

Although significant tumor increases were observed at other sites
in the workers (e.g., esophagus, stomach and colon), their risk is

s or 1{)‘-8 risk,

dominated by that of the lung (less than 10
depending upon whether or not the baby becomes a smoker) and by
mesothelioma riek (less than 10—8 risk).

Other Comments on Total Cancer Risk:

These estimates of added lifetime human cancer risk are 2 orders of
magnitude below those implied in Linda Taylor's memo 1) due to the fact
that the more Tecent detection studies suggest .1% or less asbestos in
talc on average rather than the 1X assumed by Dr. Taylor: and 2) due to
a2 10 fold conversion error going from fibers/ce in the air to fibers
inhaled/yr by the infant.

Although mothers may receive an exposure for each infant powdered,
their added lifetime risk frow talc should be relatively smaller than
the ;nfant's since ﬁheir mouths and noses are considerably further from
the densest portion of the talc cloud than is the case for the captive

infant during the daily powdering period (the inverse square law for

exposure may apply).
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Finally, the risks implied by the Selikoff Qtudy are generally on
the high side of those implied by the other smaller epidemiclogical
studies and we see little value in repeating calculations here for those
studies {see reference 6 for details).

Ovarian Tale Study:

For completeness, a dlscussion is presented on & human epidemi-
elogical study purporting to show an assoclation between talc use
(talcum powder used for genital dusting on the perineum or on sanitary
napkins) and ovarian cancer,

The Cramer et.al., study [2], which purported to show a significantly

increased relative risk for ovarian cancer associated with tale use,
1) appears to have been misinterpreted statistically, 2) was uncorrected
for several likely biasing factors and 3) appears to have been rtrongly
contradicted by another study showing a reduced relative risk as signi-
ficant in the negative direction as the Cramer study was in the positive
direction.

The Cramer study's most prominent analysis (Mantel-Haenszel) was
adjusted for onlv 2 factors and gave a relative risk (RR) of around'
1.92 (p less than .003) and 95% confidence limits of 1.27 to Z2.B% for
215 cases {talc users for genital or sanitary nankin dusting) ve 2153
controls. Cramer's more comprehensively adjusted but seemingly de-
emphasized multivariate regression anelysis for 9 possible simulta-
neously confounding variables yielded a smaller and much less
significant relative risk of 1,61 (p=.03), with 951 confidence
1ini;s of 1.04-2,49. 1t should be noted that the crude relative
rigk with no adjustments whatsoever was 1,89. In any case, if the
authors had limited their logistic regression analysis as they
subsequently did for their Mantel-Haenszel analysis, to those 121

cases where the first chosen control did not refuse to participate
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(refusal bias), then the resulting p-~value can be predicted through

extrapolation of the other reported analyses to be graater than .05
and perhaps greater than .1, Unfortunately, the authors did not
report this analysis. Instead they selectively chose to point out
only that the relative risk of those exposed to talc both ue a
genital dusting powder and through sanitary napking declined from a
relative riek of 3.28 (p less than .001) to 2.44 (p less than .05)
when the potentially biasing control refusals were eliminated from
analysis., Apparently the authors felt it unnecessary to report
those p~values that were greater than .05.

Since there were twice as many singles among the cases (21%) as
among the controls (11%), the life style of singles might easily have
biased the original overall relative risk of 1.92 [3]. However, the
multivariate logistic snalysis (RR=1.61) using all of the original 215
cases and 215 controls clearly adjusted for marital status along with
such variables as religion, educational level, ponderal index, age at
menarche, exact parity, oral contraceptive or menopausal hormone use,
and smoking. The partially adjusted Mantel-Haenszel analvsics (RR=1,92)
only adiusted for menopausal status and crude parity,

Furthermore, it is generally assumed that any rezl positive
cancer effect will show an increased risk with increased dose.

Cramer only reported one subanalysis where he crudely considered
dose response. He divided the small group of talc-dusted diaphragn
users intc those using diaphragme less than 5 years and into those
usiné diaphragme more than five years, However, rather than
showing an increased relative risk with increased dose (increased

length of usage), the relative risk actually decreased noticeably
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though not in a "statietically aignificant” fashion from 1.82 to
1.23 as diaphragm use increased from less than 5 years to wore than
5 years,

In addition to the above interpretations of Cramer’'s own
results, several potentially biasing factors could not be adjusted
for by the logistic analysis. First, a possible positive correlation
between talc use and ovarian disease eticlogy due to patient~perceived
. hygenic or cosmetic reasong would blas the relative risk upwards
[4]. Second, a recall biae among hospital cases relative to
community controls is quite plausible since cases may have greater
incentive as well as opportunity to recall whether they should
classify themselves as talc users [3]. Talc users from the
community may well be modest in elither participating as controls
(the refusal bias already discussed) or in subsequently admitting
talc use as 2 control subject. The recall bias might be expected
to be even greater ~ as was possibly observed -~ for estimation of
the relative risk for those using talc both on sanitary napkins and
as a dusting powder (RF=3.28, p less than .001; or RR=2.44, p less
than 0.05, after the refusal biac is eliminated) than for those
envaged in onlv a singlie tvpe of use.

Finally a talc ané ovariar cancer study by Hartge, et. al,
[4], appears to strongly contradict the reportedly positive Cramer
study. Overall 135 cases and 17! control women matched by age, race
and hospital were questioned on talec use. The estimated relative
riak.of ovarian cancer by talc users was reported to be 0.7 (95%
confidence interval of 0.4 to 1.1). Adjustments for race, age, and

gravidity {(pregnancy) had no effect upon the estimate. Ne subanalyses
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resulted in relative risks significantly greater than 1. It would

appear that no refusal bies was operative in the Hartge study since

none wag reported. Also it would appear that reéall bias was non-
existent since there appeared to be mo recsll bias on the use or
nonuse of douching.
SUMMARY

In summary, any hypothetical systemic added lifetime cancer risk
(e.g., mesothelioms and lung cancer) to humans due to asbestos fibers in
talc (principally for babies subject to 2 years of talc dusting) appears

8 added lifetime risk and poseibly several ordexrs of

to be less than 10~
magnitude lower risk still, depending upon assumptions and uncertainties
aliunded to above, especlally those regarding geometrical shape of any
possible asbestos fibers in talc, and limits of detection for asbestos
in tale, In addition, there appears to be nc assoclation between
cugtomary human tale use per se and ovarian cancer.
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Robert Brown
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Memorandum
Date ° May 21, 1985
From Robert Brown
BRAB, Division of Mathematics (HFF-118)
Subject Four methods of quantitating mesothelioma risk based on the Selikoff,

et. al., insulation workers agbestos study., Technical support for
QRAC's asbestos risk assessment,

To QRAC

In fig. 1 we have plotted on a log-log scale Selikoff's original
mesothelioma incidence data vs., years since first exposure to asbestos.
Incidence is defined as number of mesotheliomas/man—years exposure, The
data do not seem to fit a single straight line. Uncertainties of
exposure in the early part of the century and the general decline in
intensity of asbestos exposure after World War Il are possible sources
of error., For these reascns, as well as general lack of fit of both
recent dats and distant past data, Peto recommended use of a more
homogeneous subset of workers for quantitative purposes, namely those
workers first exposed between 1922 and 1946 [B]). It can be inferred
from Selikoff's report that this subset consists of about 4800 workers.

Peto reports 180 mesotheliomas (3.75%) among this subgroup out of a
total of 236 mesotheliomas for all 17,800 workers followed from 1967
until about 1978 or 1979. Note that Selikoff only reported 175
mesotheliomas total; hqwever, his reported follow-up peried was also
shorter (1967-~1976).

Plotting Peto's homogeneous 1922-46 cohort subset, we see that

3.1

bt nicely fits the data (expressed as a straight line on log-log

paper with a slope of 3.1). We also see that b(t-10)2‘1 nicely fits the

data (with a different value for the constant b) and may be a reasonable
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way of looking at mesotheliomas since the time lag from mesothelioma
induction to death is not zero. The time of mesothelioms induction is

not even a well defined concept and may be intimately entertwined with
the concept of stage definition in, for example, a multistage cancer
process, Nevertheless, both these model fite assume mesothelioma to be

a nonincidental tumor (i.e., a 1ife table where incidence is the ratio
#tumor bearers/#survivors, re-expressed in man~years, per time interval).
If we assume mesothelioma annual incidence to be better approximated by

a prevalence or incidental definition, (Ftumor bearers/fdead in interval),

then htl'64

seeme to be a rough though not very tight fit to the original
Selikoff data, Peto's reported 1922-1946 data set does not easily allow
determination of a prevalence fit, However, since the prevalence
denominator is defined in terms of deaths per time interval rather than
the much larger number of survivors to date, the first 2,27) deaths
(12.7% of 17,800 workers) reported by Selikoff are very bheavily weighted
with the 1922-1946 cohort used exclusively in the two nonincidental
curve fits above, Therefore comparisons of slightly different cohort
subsets may still be useful. We estimate that the average time siﬁce
first exposure for the Peto subset (1922~1946 first exposure) is about
37 years (Peto's 1978+ follow-up) or 35 years (Selikoff's 1976
follow-up). This compares to 25 years average time since first exposure
usually reported for all 17,800 workers. We also make the assumption

that workers ceased exposure on average 3 vears before death.
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Method 1: based upon fitting bta'i

(nonincidental analysis) to a
1922-1946 cohort of the Selikoff, et, al, data.

A remponably simple way to estimate the median life (Hi) risk to
wedian survival age 77 (in 1979) for humans exposed 2 yrs. to talcum
powder during infancy is given by the product of the following terms:

(a) (77 yrs. since first exposure for infants/37 yrs. aincé first

exposure for 1922~46 cohort as of 1978*}3'1 = 9,70.

(b) (2 yr. infent exposure duration/34 yrs. approx. worker

exposure duration for 1922-1946 worker cohort) = .059.
{c) (infant/worker) yearly exposure ratio = 0,3 x 10-6.
{d) 1922-1946 cohort cumulative mesothelioma response of 3.75%
(180 mesotheliomas /4,800 cohort members),

This product yields a median life risk of RHL = 0.64 x 10—8.
‘Method 2: based upon b(t--lO)z'1 {(delayed observation or time lagged

nonincidental analysis).

Note that to estimate real mesothelioma incidence (time of
mesothelioma induction ~ the last stage of the multistage cancer
process) at age %, the worker must be aspumed to have been autopsied or
surglcally inepected at some average apge, say x+10, Thus, assumming the
worker stops exposure 3 years before death, the component relative and
absolute risk factors. for incidence at age 77 now are the following:

(a) ((87 yr5.-10 yrs.}/(37 yrs.~10 yrs.)2'1 = 9,03.

(b) (2 yr. infant exposure duration/(37-10) yr. worker exposure

duration) = ,074.
(c)‘ (infant /worker) exposure rate ratic = 0.3 x 10_6.

(d) 3.75% mesothelioma response in 1922~1946 cohort

Thus Ry = 0.75 x 1075,
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Method 3: based upon bt1'64 (prevalence or incidental analysis):
The relstive and absolute risk product factors are:
(a) (77 yrs. since first exposure for infant/35 yrs. eince first

1.64 _ 3 64.

exposure for the 2,271 deaths to 1976)

(b) (2 yr. infant exposure/34 yr. ave. worker exposure duration

for 2,271 deaths to 1976) = ,059,
(c) (infant/worker) exposure rate ratio = 0.3 x 10—6.
(d) 7.7% mesothelioma cumulative prevalence to 1976 (175
mesotheliomaes/2,271 deaths).
Thus R = 0.50 x 1070,
Method 4: based upon bt3'1 (nonincidental analysis) and a first stage
effect in a generalized multistage process.

We assume that lnvl:k"1 fits the time~response data of s nonincidental
tumor and 1s consistent with a first-stage-only effect in a generalized
multistage process {with K stages), where biological time t starts at
age of first exposure and continues until death {9]. Although this is
not preclsely true for the 1927-46 asbestos worker cohort, it appears to
be approximately true. Moreover the time lag from cessation of exposure
to end of followup (1976 or 1978*) is assumed to be small compared to
total duration of exposure (i.e., exposure duration is a large fraction
of time since first exposure)., However, the exposure duration for
infants is very small compared to median lifegpan. Thus, while wve fit

worker yearly incidence data to bizl'b'1 we should extrapolate yearly

incidence (I} for exposed infants using the expression 1 = b(tl{_1 -
(t-d)x—l) for a K stage multistage process with duration of exposure d

and time since first exposure t [9].
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Now E-1 = 3,1 from Fig. 1 and b can be written as the product of a
constant Km and £ where f ig the time adjusted yearly dose of asbestos
fibers in mi~yrs, Km is a constant dependent upon the type and dimen~
sions of the asbestos, Since £ = 3,43 f/ml-yr. (15 ave. £/ml in
workplace (1922-1946) x 8 hrs./24 hrs. x 5 days/7 days x 50 wks/52 wks)
for the Selikoff study, Km can be computed from the plot of I = Kmf ta'l
In Fig. 1. At t = 20 yra, I = 5.6 x 107", mplying that the 1nk = In
(5.6 x 107%)-1n(3.43)-3.1(in 20) = -7.49-1,23-9,29=-18.01,

Thus Km = 1,51 % 10"8 (same as Peto obtains). Continuing, I =
R £(eF () = & £e5 (1o (1-a/0)%7) whieh roughly -
KmftK-l(d/t)(K—l) for 4 much less than t (using Taylor expansions),
Thus yearly incidence is approximately I-Kmfd(K-l)tK-z. Integrating
(without correcting for decreasing survival) over a total of T years
yields a cumulative incidence of about Ic = KmdeKHI. If d = 2 yrs.
infant exposure duration, T = 77 yrs., K-1 = 3.1, £ = 3.43 f/ml-yr. for

worker x 0.3 x 10"5 (infant /worker exposure ratio) = 1,03 x 10_6

f/ml-yr., and K= 1.51 x 1078, then I, = 2.2x10°5,

However, this figure assumes no mortality from competing causes of
death and does not even adjust for the effect of previous mesothelioma
related deaths. Factoring in a standard population age-specific mortal-
ity or corresponding survival function into the above integral would
yield a median life risk of about 75% of 2.2x1078 or Ry = 1.6x1078,
Thig correction for survival can vary depending upon the limite of
integration and what functional forms are under the integral, but for

median life risk estimates the correction ranges from 1.0 dowm to .5 at

worst. We also note that integrating I out to 100 yrs. of life with
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respect to a standard mortality curve should yield approximately the
same tisk as cumulative incidence to median age 77 yxs. without any
mortality adjustments. These approximately cancelling effects of two
mathematical refinements may support the utility of using the median
lifespan in simple calculations,

Comments on the 4 Mesothelioma extrapolation methods:

First and most importantly, it should be pnoted that the first 3
methods yleld virtuvally identical median lifespan riske for babies
exposed to talc for 2 years (.5~.75x10"%). Thus many of the debates
over the "correct model" appear somewhat superfluous. In particular
heated debates over whether mesothelioma rates follow given high or low
powers of time appear to be superfluous since the power of time is
compensatingly related to other poorly defined and difficult to measure
conceptual model parameters (e.g., tumor stage initiation and consequent
time lap to clinical detection or death, and context of tumor observation
(incidental or nonincidental)). Furthermore, small perturbations of the
rough estimates of worker exposure or the power of time (K) have only a
small effect on the overall risk.

All the above models appear to be reasonable summary descriptors of
the observable data and result in simple extrapolatory tools for the
given problem of inferring median lifetime risk from infant exposure,
One can always make method 4 computationally more difficult 1f ome
avoi&s use of the approximations.

A gecond observation is that the rough mutual agreement of the

results of the 4 extrapolation methods does not necessarily imply that
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the obtained excess wedian life risk is accurate sven 1f the infant and
worker exposure were to the seme type and dimension of asbestos fiber.
For example, none of the four models take into account the possibility
that accumulated dose rather than yearly dose rate might more accurately
reflect the biological burden of asbestos due, for example, to its
ability to reside in vivo in the lung, pleural or peritoneal lining for
years without being excreted (although encystment may be possible),

Note also that we did mot define dose on a mg/kg body weight basis.
Although, we prefer such a definition for routine compounds that are
1ngested_and metabolized, we strongly suspect that routine approach to
be inappropriate for asbestos. In addition, all 4 methods agsume
linearity in response vs. dose at all dose levels. However, we have
virtually no reliable dose response data from any of the epidemiological
studies.

Furthermore, some investigators have suggested that the nonconstant
accumulated asbestos dose may be as conceptuslly consistent with a late
stage wultistage carcinogenic process as the more usually defined
yearly asbestos dose rate appears to be consistent with a First stage
Armitage-Doll multistage process [9]. Although the theory and computa-
tions are more complicated for nonceonstant exposures, it does appear that
median life risks from Infant exposure to asbestos affecting only a late
stage in the carcinogenic process will generally result in smuch smaller
risiﬁ than these calculated above for a first-stage-only effect in the

carcinogenic process.
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Our third observation which we have just hinted at is that method 4
above (the first-stage-only effect in a multistage model) may be just
another way of implementing method 1, but just slightly more computation-~
ally difficult and having s slightly higher risk, partially because it
substitutes a theoretical risk integration against the current (1979)
U.S5. population's standard survival function for the implicitly observ-
able but poorer asbestos worker's cumulati#e survival of an earlier era
in g more toxlc environment. For example, the method 4 risk 1is about
2.6 times greater than the average risk of methods 1-3, There are
probably other reasons for this 2.6 fold increase in risk over methods
1-3. However, since even partial intervention of asbestos fibers at
later stages of the carcinogenic process in the Armitage-Doll multisrtage
model jmply lower overall risks, we prefer the simpler methods 1-3 at
this moment to the more complicated multistage models whose proper
application with respect to the stage or stages affected is still very
much in doubt.

In general, we do not put a lot of faith in mechanical use of
sophisticated but unverifiable models, but we will occaslonally refer to
them as In method 4 where we can suggest implicit and perhaps elucidative

connections to apparently more humble and simpler procedures.
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All four mathematical methods of modelling the nonlinear
mesothelioma response data from the Selikoff study indicate a lifetime
added human risk to infants exposed 2 years to talc powdering of at most
about 10~° risk, and quite probably far less risk, if for example,
asbestos intervenes in the carcinogenic process at m later stage than

the first stage which was asgumed in method 4 for the Armitage-Doll

multistage process,

bt . Brson

Robert N. Brown
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Novenber 15, 1984

Food Additives Fvaluation Branch (HFF-156)

Request for Quantitative Analysis of Risk from Potential Exposure to
Asbestos from Cosmetic Talc Use.

Quantitative Risk Assessment Committee
Attention: Ronald Lorentzen, Ph.D. (HFF~-100)

CITIZEN'S PETITION 83P-0404 Philip Douillet
1 Holyoke Lane
Stony Brook, N,¥Y. 11790

Mr. Philip Douillet has submitted a petition requesting certain
mandatory labeling on cosmetic talcs to warn consumers of ashestos
hazards associated with such products.

BACKGROUND

Cosmetic tale is used as a face powder .arkl body powder by both adults
and children to lubricate the skin and prevent chafing and discomfort
caused by moisture and heat. The ntfrmal use of cosmetic talc in infants
has not heen reported to be harmful™, although the accidental aspiraticn
of excessive amounts in infants has been reported to cause serious but
reversible acutg respiratory disease in same instances and death in
isolated cases.

As discussed below, talc, a hydrous magnesium silicate, occurs fairly
comonly in nature, Table 1 lists the minerals that are comonly found
in talc deposits.

FDA STATUS

There are no regulations concerning the use of talc as an ingredient in
cosmetic products. Under current law, the burxden of proof that a
cosmetic may be harmful in that it contains a harmful substance rests
with FDA. FDA must have data or other information demonstrating that a
product containg a poisonous or deleterious substance that is harmful
under customary conditions of use before any action can be taken either
to restrict or prohibit the use of an ingredient or product.
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TADLE I

Mineral Ideal formula
Carhonates Caicrta CaCOyp,

Dolormite Camg(CO,),

Magnesite MgCO,
Amphiboles Tremolite Ca, Mg, Si50,,{0H),

Anthophylinte (Fag); 10, (OH),
Serpenine Antigonte M, S0,{O0H),

Chrysotie {uncomman) Mg, 51,0, (0H),

Lizardde {uncommon) Mg, St,0,{OH),
Others Quanz S0,

Mica, 8.9, PHiogopite K, IMg. Fa)y[SIAL D, HOH),

Chioma, 8.g. Penninite

(Mg, ALF) [ $1.A1)40,4 (OH),g
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2
IDENTITY

Talc

Talc as a pure chemical compound is defined as hydrous magnesium
silicate, Mg,51i,0,,(0H), and consists of a brucite sheet containing
magnesium i ga}igwichgd between silicd sheets that are held together
by relatively weak forces. A variety of elements such as nickel and
iron may be included in the talc particle lattice but are so bound
within the particle that they are not free to exert any biological
action”. Talc can be tubular, granular, fibrous, or platy, but it is
usually crystalline, flexible, and soft. Talc is a member of the family
of silicate minerals that have a similar atomic structure and occur
widely in a large ruaber of different varieties. These silicate
rrinerals are derived from metamorphic alteration of mineral rocks that
sometimes include the amphibole and serpentine proups of asbestos after
their exposure to specific temperatures, pressures, and circulat
liquid solutions. Talc may be formed also by the thermal metamorphism
of silicon dolomites.

The purity and physical form of any sample of tale dust as well as the
other winerals that are associated with it are, therefore, directly
related to the source of the talc and to the minerals found in the ore
body from which it is mined. Talc comonly contains chlorites and
carbonates, the former being sheet gilicate minerals containing
magnesium, aluminum, and iron. The carbonate mineral components of talc
are mainly magnesite, dolomite, and calcite. Quartz (free silica), iron
axides, sulphides, and various silicates can also be associated with
talc.

Since gerpentine is one of the minerals from which talc has evolved, it
can be assoclated with talc and is sometimes a contaminant of talc dust,
Tremolite, a member of the amphibole group of asbestos, and chrysotile
or antigorite of the serpentine group, are the commonest asbestos
contaminants of industrial talc dust, although (according to Pooley,
F.D., 1975) chrysotile has never been reported to be present in the
high-grade talc used in health and cosmetic talec. As tale dusts are
obtained fram different sources, the ammmnt and specific form of talc,
as well as the amount and nature of mineral contaminants, will be
different for each dust.

The U.,S. Department of the Interior, in a letter dated February 24,
1984,  indicated that, with regard to talc deposits and whether any were
agbestos free, talc deposits can contain the mineral tremolite.

However, even for those deposits that do contain tremolite, it was
stated that it is important to understand the distinction between
non-fibrous (non-asbestiforn) tremolite, which may be common to scme
talc deposits, and fibrous, asbestiform, tremolite, which is a very rare
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form for that mineral. Similarly, actinolite and anthophyllite only
very rarely have fibrous forms. Therefore, the presence of tremolite,
actinolite, or anthophyllite in a talc deposit does not necessaril
indicate the presence of asbestos, because they usually are not fibrous,
Additionally, it was stated in the letter that the minerals crocidolite
and amosite do not form in the same geological enviromment as talc;
therefore, it is extremely umlikely that they would be found in any talc
deposits, However, it is possible that chrysotile might occur in rocks
in or aroumd some talc deposits, but it would probably be in only very
minor amoumts,

As to what percentage of talc deposits might contain 0.5% or greater of
asbestos, this would have to be evaluated for individual deposits. It
1s algo stated that asbestos carmot be formed by shearing during

If asbestos minerals are not present to begin with, they will not be
formed by mechanical means during mining or crushing operations. This
last point is disputed by others.

Asbestos

Asbestos is not one mineral but a generic term used to describe a family
of naturally occurring fibrous hydrated silicates divided on the basis
of mineralogical features into two groups: serpentines and amphiboles.
The important property of asbestos as compared to non-asbestiform
varieties of silicates is the presence of mineralogically long, thin
fibers that can be easily separated. According to some definitions,
there are as many as thirty varieties of asbestos, but only six are of
commercial importance. These, together with their chemical composition,
are showm in Figure 2.1,

The word "asbestos" is derived from the Greek word meaning
"inextinguishable", and the origin of its name reflects one of its
principle characteristics: fire resistance. But asbestos has many -
other qualities that enhance its commexcial utility, among them tensile
strength, dursbility, flexibility, and resistance to heat, wear, and
corrosion. As an aside, becsuse of 1ts many uses (insulation material,
as a fire retardsnt, linings for brakes and clutch facings, reinforcing
agent in cement and pipes, as filters, etc.) and its natural occuxrence,
it is mot surprising that asbestos is found in ambient air, in drinking
water, and in foods.

The mineralogical classification of what is and what is not asbestos is
complex, and as a result, many definitions of asbestos have appeared in
the scientific literature., One definition of the term, asbestos, was
published in the Federal Register in 1975 by the U.S. Occupational
Safety and Health Administration (October 9, 1975, pp. 47652, 47760).
According to this definition, asbestos is considered to include the
naturally occurring minerals chrysotile, amosite, crocidolite,
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Figura 2.1
Principsi Varieties of Asbestos
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tremolite, actinolite, and anthophyllite, if the individual crystals or
fragmemts are greater than 5 micrometers in diameter, and have a length
to diameter ratio of 3 or greater.

Each of these six minerals included in OSHA's asbestos standard occurs
in both an asbestiform and a non-asbestiform variety. Three of the six
minerals have been given different names for each of their two forms.
Chrysotile in its non-asbestiform variety is called antigorite.
Crocidolite is called riebeckite. Amosite is called
cumningtonite-grunerite. The other three minerals--because they ocaur
in thelr asbestiform varieties so rarely in nature--are each called by
only one name, regardless of their form. Tremolite, anthophyllite, and
actinolite are labeled asbestos by OSHA in both their forms. According
to mineralogists, this is incorrect, and it is poor science.

HEALTH EFFECTS

Evaluation of potential health effects from exposure to talc
contaminated with asbestos and from other nonoccupational exposures to
asbestiform fibers depends primarily on the results of epidemiological
studies of occupational groups exposed to asbestos. Most of the data
come from cohort studies (see Appendix 1) of workers exposed to asbestos
of various types and in a variety of industries and occupations. Much
information has been obtained from these studies. However, they also
suffer from limitations common to many epidemiological studies and from
some additional problems related to determining dose (exposure) and
response (health end point, such as death from a specific cause).
Despite the limitations of individual studies, when all the studies are
considered, exposure to asbestos increases the risk of developing lung
cancer, mesothelioma, asbestosis, and possibly other cancers.

To quantify health risks from an exposure, it is necessary to obtain
dose-response data, but exposure measurements are particularly difficult
to obtain, Because of the long latency period for asbestos-assoclated
diseases, investigators have found it necessary to try to recomstruct
past expoguges. Tectmiques of measurement vary from place to place and
over time”'”, For example, fiber counts cbtained by light microscope in
various industrial settings may need to be multiplied by a factor
varying from 2 to 8 to obtain a true count of fibers longer than 5 um.

Typically, a cumulative dose measurement is used. This does not take
into account the time lapsed since last exposure nor does it distinguish
between short exposures of high intensity and long exposures to low dust
concentrations. In addition, a cumlative dose measurement does not
change when exposure ceases. Variability in these exposure-related
factors affects mortality responses in occupationmal cohorts. In some
studies, exposure surrogates, such as type of job and curation of
employment, are used to estimate exposure. These estimates may be less
precise than actual measurements.

D-7214 Page 55 of 102



Asbestos and Disease 95

Figure 2.4
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There may also be variability in reporting causes of death,
ascertainment of deaths, and diagnostic accuracy of the reported cause
of death, anaccuracies are particularly likely for mesothelioma and
asbestosisl .

Methodo}?gical differences are a major source of variation in comparing
studies”*. TFor example, the results obtained will depend on the
criteria for selecting the cohort, the choice of comparison groups, the
influence of other envircormental factors that may introduce competing
disease risks, and the records available.

In addition, heterogeneity in the time at which onset of exposure liggins
can introduce additional distortion in the observed relative ris ’
especially because the types of exposure experienced by same workers in
the distant past may differ from exposures experienced only more
recently. Weiss also discussed how the results of lung cancer studies
can be affected if persons who left a job are not included in the study
cohort., He foumd that the exclusion of these workers could affect the
relative risk by a factor of 2 to 3.

An additional difficulty is encountered when comparing dose-response
results from mortality and morbidity studies, particulerly if the
morbidity studies are confined to active workers, which is usually the
case. A bias is introduced in studies of active workers, since those
with severe disease have probably already left employment. Howevex, ,,
asbestosis generally progresses after cessation of dust exposures '™ .

Mmerous follow-up studies of asbestos-related mortality have been
conducted on cohorts with varying intensity and duration of exposure,
type of exposure, type of work, time and duration of follow-up perilods,
differences in the completeness of the cohort, completeness of mortality
ascertainment, availability of awoking histories, geographic area of
analysis, Because of the variatioms noted, it is not surprising that
the standardized mortality ratios (8MRs) and dose-response results
differ greatly among studies. In general, however, the same major
diseases--lung cancer, mesothelioma, and asbestosis--have been observed,
although not all investigators conducting these studies have reported ox
detected excesses of all three of these diseases.

Tale

The health effects of B}Eshave been studied only in relation to
occupational exposures Data available on the health hazards
associated with occupational exposure to talc are not extensive,
Exposure to tale itself in high concentrations has been shown to produce
excess mortality, mainly due to respiratory diseases.
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Workers from different geographic regions containing talc with ox
without fibers have been studied to determine if any adverse health
effects are assoclated with the asbestifoxrm fiber content of talc.
Adverse effects have been found in some studies among workers exposed to
talc both with and without fibers. These studies are discussed in the

following paragraphs.

Epidemiological studies on workers exposed to talc containing fibers
have demonstrated adverse effects on pulmonary function. In a study of
121 New York miners and millers exposed to talc containing tremolite and
mthophyll}ge fibers, pulmonary function was found to be significantly
decreased, Reductions in forced vital capacity (FVC) and l-second
forced expiratory volume (FEV,) were associated with employment duration
and the amount of fiber presefit. Increased pleural thickening and
calcificatign were detected in tale workers with 15 or more years of

employment“”,

A mortality study of 398 New York miners exposed to talc com

fibers has demomstrated excess mortality from nonmalignant respiratory
disease, E:;cluding influenza, bronchitis, or pneumonia (5 obsexved/1.3
expected) &n excess in lung cancer with an average latency of 20
years was also cbserved (9 cbserved/3.3 expected). Additional studies
have had conflicting results., Some investigators have found no
s:’.gnifi%nt increases in lung cancer and normalignant respiratory
disease™™, whereas others have reported signific% Bcreases in Iung
cancer, attributed to the silica content of tale.””!

Morbidity and mortality studies have also been conducted on workers
exposed to talc with low or undetectable levels of fibers. A study on
the respiratory fumection of 103 Vermont talc workers igdicated that
there was a reduction in pulmonary fimction in smokers™. After
adjusting for smoking, the effect of the exposure to talc was mnot
statistically significant, although there was evidence of an
exposure-related effec§ in workers with an amual dust exposure of
approximately 1.5 mg/m~. Exposure to talc dust was also associated with
small opacities seen on chest radiographs.

Ganble et 51.26 conducted a cross-sectional study of 299 workers from
Montana, Texas, and North Carolina who were exposed to tale con

low levels of silica and fiber. There was no significant difference in
lung function, respiratory symptoms, or pneumoconiosis between workers
and controls, although there was a significant increase in bilateral
pleural thickening among the workers. Results of pulmonary pathology
studies also have provided evidengg of fibrosis in workers exposed to
talc that does not contain fibers™~.

A mortality study of 392 Vermomt workers exposed to talc not containing
fibers showed that there were excess deaths from normalignant
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respiratory disease, excluding influenza and pneunonia, among millers
(11 cbserved/1.79 expected)” . This excess mortality was associated
with small opacities seen on chest radiographs. An excess of
respiratory cancer mortality among miners was also noted (5
observed/1.15 expected) but was attributed to exposures other than talc,

In a recent case-control study3 7, increased risk of ovarian cancer was
shown for women who regularly used talc either (or both) as a dusting
powder on the perineum or on sanitary napkins campared to women who did
not engage in either practice (See Table 4), No data with regard to
asbestos contamination of the talc were provided. Studies of femsle
asbestos workers are presented in Appendix I.
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Table 4: Relative Risks (RR) for Common Epithelial Ovarisn Cancers Associated with Talc Exposure in
Perineal lygiene

Types of Perineal Exposure
As dusting powder On napkins but

No perineal Any perineal but not on not as dusting Both on napkins and
exposure exposize napking powder as dusting powder

Cases

(Total = 215) 123¢57.27) 92(42.87) 43(20.02) 17(7.97) 32¢14.97)
Controls

{Total = 215) 154(71.62) 61¢28.47) 34(15.82) 14(6.52) 13(6.07)
Crude xr 1 1.89 1,58 1.52 3.08

L\ ~— F

Adjusted RR¥ - 1.92 1.55 3.28
957 confidence

limits - (1.27-2.89) (0.98-2.47) {1.68-6.42)

*Adjusted for parity and menopausal status
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Note: A study (reviewed in Appendix II) of mesothelioma incidence
in domestic dogs concluded that there was an association between
the incidence of mesothelioma and asbestos exposure; the source of
exposure of the dogs was from the use of flea powlers and/or the
owners asbestos-related occupations (hobbies).

Additionally, en animal inhalation study (reviewed in Appendix IT) with
tale (Italian 00000 grade) did mot indicate tale to be carcinogenic.

Asbestos

Asbestos associated diseases generally have been related to occupational
exposures, such as those experienced by some miners, insulators, and
factory workers (see Appendix I)}. Recently, however, there has been
concern that exposures to asbestos and related fibers may present a
health hazard to the general mblic.

Because asbestos and other asbestiform fibers appear to be ubiquitous,
virtually everybody is exposed to some extent. During autopsy, asbestos
fibers have been detected in the lungs of most urban residents studied,
Reported concentrations of asbestos in urban alr are showm in Table 7-6.
Exposure to the general public is of concern because the population
involved is large and includes unhealthy persons, Also, exposure may
begin in childhood (as with baby powder application}, leaving a longer
time for the development of adverse effects. Additionally, asbestos may
enhance the carcinogenic effects of other materials. There is little
information about the health effects of most nonoccupational exposures
to asbestos (see NAS report, Ref, 100). Although babies have been

red with talc powder for yvears, there is no evidence that this
has resulted in an increase in asbestos-related disease.

Three principal diseases are related to exposure to ome or more of the
commercial asbestos minerals. These are: (1) lung cancer, which
includes cancer of the trachea, bronchus, and the lung proper;

(2) mesothelioma, a cancer of the pleural and peritoneal mewbranes that
invest the lung and abdominal cavities, respectively; and

(3) asbestosis, a diffuse interstitial fibrosis of the lung tissue
often 1ead:|.n%' after long exposure to severe loss of lwmg function and
respiratory failure. These diseases are not equally prevalent in the
various groups of asbestas workers that have been studied; the amount
and type of disease depend on the duration of exposure, on the intensity
of exposure, and possibly on the type or types of asbestos to which the
individual was exposed. Only lung cancer and mesothelioma will be
considered here. Asbestos appears to act principally as a late stage
carcinogen (promoting agent) that multiplies the underlying risk of lung
cancer that occurs in the absence of ashestos exposure. The nature of
the dose-response relationship for ashestos-related diseases is
discussed below.
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220
TAMLE 7-6. Summary of Environmental Asbestoa Exposure Samples®
Measured Concantra- Equivalent Concenfra~
tion (ng/md) tion (fibera/cm?)b
¥o. of 90th Per-~ 90th Per-
Sample Sats Samples Median centile Median cantilp lefersnce
1. Paris air 161 0.7 3.2 0.00002  0.00011 Sebastien st zl.,
1980
2, Paris 19 0.7 5.2 0.00002 0.00017 Sebastien et al.,
(outdoor control) 1980
3. Outdoor contrel i 0.9 9.8 0.00003  0.00033 Conatant et al.,
samples, for U.S. 1982
schools
4. Air of 48 U.S. 187 1.6 6.8 0.00005 0,00023 Nicholaon, 1971
cities
S. Air of U.S. 127 2.1 7.8 0.00008 0.00026 0.5, Environmantal
cities Protection
Agency, 1974
6. Air of five U.5. 34 6.7 31.9 0.00022 0.0D0106 Nicholson gz sl,,
citfes (outdoor 1975, 1976
control cample)
7. Mew York City air 22 13.7 42.9 0,00046 0.00343 Richolson et sl.,
1971
B. Air 0.5 mile 17 22.5% 82.6 0.00075 0.00275% Nicholson et gl..
(0.8 km) from 1971
tabeston spraying
9, Afr in 0.8, k)1 16.3 72.7 0.00054 0.00242 Conatant at sl.,
schoolrooms with- 1982
out sxbestos
10. Air in Paris 135 1.8 32.2 0.00006 0.00107 Sebastian st al,,
buildings with 1580
asbestos surfaces
11, Air in U.S. 28 7.9 19.1 0.00026  ©.00064 Kicholson et sl.,
buildings with 1975, 197¢
cementitious
ashestos
12. Air in U.S. 54 19.2 96.2 0. 00064  0.00321 Wicholson et al.,
buildings with 1975, 1976
friable asbestos
13, Adr in U.5. S 62.5 250 0.00208 0.01833 Conatent et al.,
schoolrooms with 1982
asbestos surfaces
14, Air in 0.8, 27 121.5 465 0.00405 0.01550 Nicholson et al.,
achools with 1978
damaged asbestos
surfacing
waterials
4pdapted from Nicholson, 1983,
Based on conversion factor of 30 ug/md = 1 fiber/ewd.
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(1) Limg Cancer

Most epidemiological studies (reviewed in Appendix II) of asbestos
workers that have demonstrated an excess lung cancer risk associated
with the inhalation of asbestos have produced results consistent not
only with a linear relationship between cumulative dose and mortality,
but also consistent with the absence of a threshold. In all of these
studies, there appears to be a progressive and proportional increase in
the MR (standard mrtalitzoratio) for lung cancer with increasing dose
and no evidence of a threshold level. This evidence carmot be accepted
without some qualification, however., All of the studies have the
intractable difficulty of separating out the effects of cumulative dose
from duration of exposure.

Persons exposed to asbestos nonoccupationally can be at increased risk
of contracting these asbestos-associated cancers. In one of the first
studies linking asbestos exposure and mesothelioma, the disease was
found among residents of an ashestos mining area in South Africa. These
gubjects had presumably inhaled the material in the surrounding air.

In another study, persons living in households with asbestos factory
workers in New Jersey were rﬁgorted to be at increased risk of
asbestos-associated disease,

There is debate about the carcinogenic risk at low exposure levels of
asbestos because lung cancer risks at low doses over a working lifetime
have not been estimated to date by observation but rather by,4
extrapolation from observed risks at higher exposure levels.
Accordingly, there is no direct evidence of the existence or absence of
a threshold for lung cancer. It may arguably be the case that with
further inquiry and better information the scientific commmity will be
able to demonstrate that there is a dose level for asbestos for which
the body's defense mechanisms are effective, or that asbestos acts
differently at lower rather than higher doses, thus demonstrating a
threshold level for the induction of cancer, At the present time, that
information does not appear to exist. Since a threshold dose level for
asbestos-related 1 cancer has not been estsblished,

investigators concl that it is prudmtaso assume that e is none
and that any dose may induce lung cancer. A linear non-threshold
model is less likely to underestimate the risk at low doses than any
other plausible model.

(2) Malignant wesotheliomas are rare cancers that appear as thick,
diffuse masses inside any of the sercus mewbranes (mesothelia) that line
body cavities. Epidemiologic research has shown that exposure to
asbestos can produce mesothelioma at two sites: the pleura (the serous
menbrane that surrounds the lungs and lines the thorax) and the
peritoneum (the sercus membrane that surrounds the abdominal organs and
lines the abdominal and pelvic cavities).
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The status of pleural and peritoneal mesothelioma as marker diseases for
asbestos exposure stems from the fact that these diseases seldom occur
in people who have not been exposed to asbestos in excess of normal
ambient levels.

The nature of the dose-response relationship for mesothelioma has been
less firmly established than that for either lung cancer or asbestosis.
Indeed, it has been suggested that very trivial doses of asbestos are
capable of inducing the disease and that as a resul%there is no
dogse-response relationship for mesothelioma at all. That mesothelioma
is associated with low levels of exposure for brief periods of time
appears to be based upon isolated anecdotal case reports and upon more
systematic case-series reports of mesothelioma arising.,fggn
nngccupational household or neighborhood exposures,”'?* Nevhouse et

.~ reported nine cases of mesothelioma in famlly contacts of asbestos
workers and eleven cases among individuals whose only identified
asbestos exposure was associated with living within one-half mile of an
asbestos factory. In these cases of non-occupational exposure, pleural
mesotheliomas predominated over peritoneal mesothelioma. The evidence
is not inconsistent with the existence of a dose-response relationship
for mesothelioma. Although deaths from mesothelioma have been reported
after what appear to have been brief (for gas mask workers) or low (for
family confget and neighborhood cases) exposures, the Ontario
Cormigsion’ concluded that the evidence suggests that the actual
exposures approached or were equivalent to ﬁorrespond:mg oceupational
exposures; it further agreed with the IARL‘,5 conclusion that there is no
evidence of risk of mesothelioma to the general population.

There is a time interval between the initial exposure to asbestos and
the clinical manifestation of the diseases it causes. The latency
period for cancer is thought to be long; rarely less than 10 years and
often more than 20 years. Mesothelloma appears to have the widest range
of latency--again, they rarely occur less than 10 years from the time of
first exposure to asbestos, but S.Eey can occur as many as 40 years or
more from the onset of exposure. It has been suggested that the death
rates from mesothelioma appear to rise at an exponential rate from the
time since first exposure; death rate appears to rise atzg gate between
the third and fourth power of timg_,}since first exposure;~ "'~ other work
suggests the fifth power of time. What the data demonstrate is that
the incidence of mesothelioma rises rapidly the longer the time period
since a person is first exposed to asbestos. As a result, the age at
which a person is first exposed to asbestos becomes a very significant
factor in determining the overall risk of contacting mesothelioma.

While the mesothelioma incidence rates appear to be independent of the
age at which exposure first took place, the practical result is that the
risk of contacting mesothelioma is greater the earlier in life one is
first exposed., (This is important to keep in mind when considering baby
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powder exposure.) The magnitude of the risk will still depend on the
amount and duration of exposure (and, possibly, fiber type); and where
that exposure is minimal, the risk, albeit greater for exposures earlier
rather than later in life, will alsoc be minimal,

The disease rate of lung cancer amomg persons exposed to asbestos
appears to be quite unlike that of mesothelioma. Rather than peing
time-dependent, lung cancer rates to be age~dependent. The
majority of lung cancer deaths, bo:g in smokers and non-smokers, occur
after age 50 and over half occur after age 60, irrespective of the time
of first exposure. This suggests that the risk of contracting humg
cancer is much greater in older groups than in yomger groups. Asbestos
exposure appears to have the effect of multiplying the risk of lung
cancer that exists agpart from that exposure; and the risk of lung cancer
contributed to by asbestos exposure appears to be virtually independent
of the age when that exposure took place and will be simply proportional
to cumilative dose.

The consistency of an increased cancer risk at extrathoracic sites and
its magnitude are less for cancer at other sites than for lung cancer.
Nevertheless, many studies document significant cancer risks at various
GI sites. Cancer of the kidney has also been found to be significantly
elevated. Among female workers, ovarian cancer has been found in

excess (Appendix I, #16). While no other specific sites have been shown
to be elevated at the 0.05 level of significance, the cat of "all
cancers other than lung, GI tract, or mesothelial" is siﬁgzmtly
elevated. :

Several epidemiological inmvestigations reported in the literature
provide data on exposure levels of asbestos related to mortality and
specific cause of death, while most do not provide exposure data. Those
with relevant data are reviewed in Appendix I (see Sumary table). In
these investigations, different epidemiological approaches were used,
various definitions of the study groups were adopted, chservations took
place over different periods of time, types of controls varied, time
interval from first exposure was unlknown, some workers exposed to more
than one type of fiber, etc.

Several studies are briefly described below:

Mining and Milling

sotile. Three cohorts occupationally exposed to chrysotile asbestos
and milling operations had a moderately increased risk for
Iung cancer (R/Rs frcms}o to 2.6). In the largest investigation,
McDomiald et al, (1980)7° studied all employees who had worked for at
least 1 month in Quebec mines. From 1950 to 1975, 3,291 deaths occurred
among the 9,850 male employees successfully traced and followed for 20
vears or more after initial employment. An increase in lung cancer
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mortality was observed (SMR = 1.3, 230 observed vs. 1B4 expected), and

the risk increased with duration of employment (2R = 1.0 for ¢ 1 year

to 1.6 for 2 20 years) and level of exposure (SMR = 0.9 for ¢ 30

tg)apcf(jég) to 2.3 for 2 300 mppcf(yr). Eleven cases of mesothelioma were
served. :

Anthgp_li'%llite. Male and female employees of anthophyllite asgssggs
3 and were studied by Meurman et al, (1974, 1979),”°'”7 who

reported a two~fold increase in lung cancer mortality (44 observed vs,
22.4 expected) and no mesotheliomss among the 1,045 persons successfully
traced. All lung cancer deaths occurred among the male employees, and
the risk was associated with estimated intensity of exposure (R = 1.4
vs, 3.3 for low and heavy exposures, respectively). Lung camcer risk
among nonsmoking asbestos-exposed employees was 1.4 compared to a
relative risk of 17.0 for the asbestos-exposed employees who smoked.

Crocidolite. For exposure associated with crocidolite mining in Westem

tralia, there was a similar increase in risk of lung cancer (MR =
1.6, 60 obsergﬁd vs. 38,2 expected) and a strong association with
mesothelioma. Twenty-~six cases of pleural mesothelioma were observed
among the 526 deaths, and the mesothelioma risk increased with increased
chhzsgation and intensity of exposure., Follow-up period was relatively
short,

No increases in gastrointestinal cancer were observed for any of the
mining and milling cchorts reviewed, o

Manufacturing

Chrysotile. Most asbestos exposures assoclated with manufac

processeg m}ve mixed fiber types, but Dement et al. (1982,
1983a,b)”*""7°“ examined the risks associated with exposure to
chrysotile asbestos in textile factory workers., They observed a marked
increase in lung cancer mortality (MR = 3.2, 35 observed/11.1
expected), and the risk was strongly correlated with exposure level.
There was also one peritoneal mesothelioma. Increased risks for both
lung cancer and normalignant respiratory disease were observed at :
exposure levels lower than those reported in other studies,

Amogite, Mortality due to lung cancer was increased three- to four-fold
(83 Gsserggd /22.8 expected) for 820 factory workers exposed to amosite
asbestos. The higher risks were cbsexrved for the subgroup followed 20
years or longer after initial employment (MR = 5.1, 52 observed/10.1
expected). This cohort is a scmewhat unusual population because of its
limited duration of intense work exposure (1941-1945) and long period of
cbsexvation. Other excess cancers, including 14 mesotheliomas, were
alsc reported.,
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Mixed. Newhouse and Berry (1979)61‘ reported increased risks of lung
cancer mortality for both males (SMR = 2.4, 103 observed/43.2 expected)
and females (R = 8.4, 27 observed/3,2 expected) in a follow-up study
of 4,600 male and 922 female employees of an East London asbestos
factory in which crocidolite and amosite were used. Approximately 10%
of all deaths resulted either from plewral or peritoneal mesothelioma.

Except for 10 cases of mesothelioma, no increased cancer mortality was
observed among moxe than 11,000 males and females employed @S‘%ﬁg 1941
or later at a British factory producing friction materials,”™’ In a
case-control study that corrected for total asbestos exposure, 5 of 6
gges had definitely worked with crocidolite, whereas 2 of 10 controls

4 cohort of 1,345 retired asbestos products workers employed from 1941
to 1967 had increased risks for lung cancer (MR = 2.7, 63 observed/23.3
expected) and gastrointegiinal cancexr mortality (2R = 1.4, 55
observed/39.3 expected), Overall mortality among the 1,075 retirees
successfully traced to 1973 was 737. The lung cancer risk was strongly
assoclated with the amount of sure, expressed as million particles
per cubic foot miltiplied by er of years of exposure (mppef-~yr),
ranging from a SMR of 2.0 up to 7.8. Limg cancer risk differed by

of asbestos exposure (SMR of 2.5 for chrysotile alone vs. 5.2 for mixed
chrysotile and crocidolite exposures). Five mesothelioma deaths were
observed. Study results suggest that effects of asbestos exposure on
lung cencer risk may contimie long after the termination of exposure.
Studies of a retiree cohort may result in sn underestimation of actual
risks, since deaths smong employees undercgge 65 would be cmitted. The
Consumer Product Safety Commission (1983)°" suggests that the risks may
be understated by as much as two-fold.

No increase in lung cancer mortality or cancer of amy other gite, except
mesothelioma, was observed in the cohort of 5,645 erployees of an
asbestos-ceu% product manufacturing facility studied by Hughes and
Weill (1980). In the high exposure subgroup, lung cancer risk was
increased for employees exposed to crocidolite, and two mesothelioma
deaths were reported. The low overall mortality, 10.6%, and the low
tracing rate, approximately 75X, suggest that this study may have
resulted in an underestimate of mortality risks.

Finkelstein (1983)’° studied 328 asbestos-cement workers hired before
1960 and employed for a minimm of 9 years., Mesothelioma was strongly
associated with exposure level for production workers, whereas a
dose-response relationship was not cbserved for lung cancer. Excess
lung and gastrointestinal cancers were observed.

Clemmesen and Hialgrim-Jenson (1'9!:'!.1)-"1 studied cancer incidence among
6,372 Danish males who worked in asbestos~cement factories between 1944
and 1976. There were 55 cases of respiratory cancer compared to 33
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expected, based on Danish Cancer Registry incldence rates. Three
mesotheliomas were observed in addition to excess prostate, laryngeal,
and stomach cancers., Cancer incidence in the wmexposed employees at the
same factorles was not increased.

Jones et al. (198013)?2 studied a cohort of 578 females exposed to
crocidolite from westem Australia during the manufacture of gas masks,
The 12 cagses of lung cancer (MR = 1,9, 12 observed/6.3 expected) and
the 17 mesothelioma cases (13 pleural and 4 peritoneal) were all exposed
to crocidolite, whereas no cases of mesothelicma or lung cancer occurred
among the 102 females exposed only to chrysotile, Overall, 107 of
deaths were due to mesothelioma, Risk of mesthelioma was strongly
associated with duration of exposure, although no dose-response
relationship was observed for lung cancer,

Similar results were reported among 1,304 females who ma:mfacgmed gas
masks at three locations followed from 1951 to Jume 30, 1980.° Deaths
from lung cancer (MR = 2.0, 22 observed/l]l expected) and ovarian cancer
(SMR = 2,2, 17 observed/7.8 expected) were increased, Ilamg cancer
excess was higher for those exposed predaminantly to crocidolite
compared to those exposed predominantly to chrysotile. Five of the six
mesotheliomas occurred in those exposed predominantly to crocidolite.

All studies of occupational cohorts exposed to asbestos during
merufacturing processes had an overall increased risk oggltﬁg cancer or
a dose-response relationship in the exposure subgroups. Elevated
risk ratios ( 1.1) for gagir%nggsgm Gamcer were chserved in six of
the nine cohorts reviewed, “* =" % _

Tnsulation

Mixed. All three of the cohorts involved in end product use of asbestos
as Insulators were exposed to mixed types of asbestgs. One of the
largest studies is that of Selikoff et al. (1979),"" who studied 17,800
menbers of an insulator's union., Overall mortality in this cohort was
12.8%; 2,271 deaths were reported through 1976. ILung cencer risk was
increased four-fold (429 observed/105.6 expected) and increases were
ocbserved for gastrointestinal cancer (R = 1.6, 94 observed/59.4
expectad), cancer of the larynx, pharymx, buccal cavity (MR = 1.7, 25
observed/14.8 expected), and kidney (MR = 2.2, 18 observed/8.1
expected). Dose-response relationships were not examined because of the
lack of exposure data., Mesotheliomas (63 pleural and 112 peritoneal)
accounted for 7.7%7 of the deaths., Analysils of the relationship between
smoking and lung cancer risk using data from the American Cancer Society
indicated a consistent miltiplicative effect, in that a 10-fold increase
in risk of lung cancer was associated with smoking in both
asbestos-exposed and ymexposed groups. A five-fold increase in Iung
cancer risk Has assoclated with asbestos exposure in both smokers and
mnanokers.l
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Elmes and Simpson (1977)'° reported an unusually high risk of lung
cancer (MR = 7.0, 35 observed/5 expected) and gastrointestinal cancer
(R = 5,9, 13 cbserved/2,2 expected) for a cohort of 162 insulators and
pipe coverers employed in Northern Ireland during 1940. Overall
mortality in this cohort was 75.3%7 by 1975; 54% of the deaths were due
to cancer. Thirteen cases of mesothelioma (eight pleural and five
peritoneal) were reported. WNo difference In cancer risk was apparent
for workers first employed before or after 1933, Ascertaimment bias is
unlikely to explain the magnitude of the risks reported for this cohort.

Shipyards

Mixed exposures. Rossiter and Coles (1980)’° studied 6,076 dockyard
workers employed before 1947. They reported nmo increase in lumg cancer
mortality (SMR = 0.7, 84 observed/119.7 expected) or gastrointestinal
cancer (R = 0.8, 63 observed/83.3 expected). Mesothelioma was
reported for 31 (3%) of the 1,043 deaths, However, since less than 203
of this cohort have died, excess cancers may not be fully apparent.

In a study of 2,190 Ttalian dockworkers, Puntoni et al. (1979)7’
observed increased risks for lumg cancer (MR = 2.7, 123 cbgerved/54.9
expected), gastrointestinal cancer (MR = 1.3, 74 observed/58.6
expected), laryngeal cancer (MR = 1.9, 15 observed/7.7 expected), and
kidney cancer (2R = 2.0, 29 observed/l4.7 expected).

EXPOSURE

Tale

Values between 800,000 and 960,000 tons have bee%rﬁorted as the amount
of tale used commercially in the U.S. each year.'™’ Talc is used in a
nurber of industries, for a variety of purposes; e.g., the manufacture
of ceramics, paints, paper, rubber, roofing, insecticides, stucco,
plastics, textiles, and soaps. Pulverized talc is also used as an

edient in such consumer products as cosmetic talcums, paper mache,
and modeling compounds, in spackling, patching compounds and putties, in
automotive and boat body repair fillers, and caulking compounds., The
uses of talc in food products include rice coating, pesmut polishing,
candy molding, and salami dusting. It is also used as a filler and
excipient for pharmaceutical pills, and for dusting contraceptive
diaphragms. Each product carries with it a distinet and individual
inhalation and/or ingestion potemtial of the mineral components. An
estimated 30,000 tons of coanetic-—gade talc are used in cosmetic,
pharmaceutical, and food products.
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Talc Contamination

The table below shows thesggg'ﬁtcipal minerals that can be combined with
talc in natural deposits.

MINERALS OOMMONLY ASSOCIATED
WITH TALC IN NATURAL DEPOSITS

Carbonates: calcite, dolomite, magnesite

Amphiboles: tremplite, anthophyllite

Serpentines: chrysotile, antigorite, lizardite

Others: quartz, mica, chlorite, rutile, pyrophyllite

A 1968 study conducted by United States researchersgz on 22 talc samples
for cosmetic use showed values between 8 and 397 fibrous particles,
whereas a similar §§udy on 80 industrial talc samples condicted by
N.B.S. researchers’” indicated the presence of fibrous particles in the
samples in percentages which vary from 2 to 301. In both cases the
fraction of these percentages made iy of asbestos was not specified.
Research conducted in Great Britain” on talc powdexrs for various uses
has shown that of the 27 samples examined, 3 contained tremolite, More
complete and significant data are indicated for 20 talcs for cosmetic
use and one talc for phammaceutical use sampled in the New York area
from 1971 to 1975: of the cosmetic products analyzed, 10 contained
tremolite and anthophyllite in amoumts varying from 0.1 to 14 wt.Z, and
showed a detectable quantity of chrysotile., (This is in conflict with
Pooley who stated that no chrysotile ha§6been found in cosmetic tale.)
Tn an Italian article published in 19827, 15 samples of talc products
(for industrial, cosmetic, and pharmaceutical uses) were analyzed for
asbestos contarmination using transmission electron microscopy and the
associated analytical techmiques such as electron diffraction and x-ray
microanalysis. In eight of the 15 samples, the presence of asbestos was
detected; in seven cases tremolite fibers were observed and iIn one case,
chrysotile (see Table 9).
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9, PERCENTAGE OF FIBROUS PARTICLES AND ASBESTOS FIBERS IN S(ME
COSMETIC TALCS.

KEY: (a) % fiber in the particular mattexr
(b) 7 fiber 5 um in the particular matter
(c) 7 asbestos fiber in the total fiber
(d) 7 asbestos fiber in the particular matter, and
(e) variety of asbestos

(a) (b) (c) (@) (e)
A 6,140.9 1.620.5 <2 <0.1 -
B 2l.6t1.8 5.0+0.9 {2 £0.4 -
C11.1#1.1 3.240.6 42 £0.2 -
D 4.940.5 0.740.2 3244.,7 1.6£0.3 Tremolite
E 10-3i017 3-&0.4 <2 (0.2 - -
F 5.140.6 1.840.4 1043 0.540.2 Tremolite

Consumer talc products marketed before 1973 were varisbly contaminated
by asbestos. In *iober, 1976, the Cosmetic, Toiletry, and Fragrance
Association (CTFA)’' revised their guidelines for talc and recommended
that no sample containing asbestos detectable by x-ray diffraction and
optical microscopy with dispersion staining should be sold. Adherence
to the revised CTFA guidelines is volintary and monitoring of samples is
left to individual manufacturers.

Samples of cosmetic tale products were amalyzed in 1979 by the Division
of Cosmetics Technology using x-ray diffraction (XRD). Samples found to
be contaminated with tremolite orx anthophyllite by XRD were also
examined by optical microscopy (M) to determine crystal morphology. In
all cases, the amphiboles found (tremolite and anthophyllite) were
present in the massive (non-fibrous) form., The level of detectability
is approximately 0.1%7 for tremolite and 2% for anthophyllite. None of
the samples was found to contain serpentine at a detectability limit of
1-2Z (XRD). These samples were submitted for SEM analysis and, if
fibers were found, the samples were to be examined by energy dispersive
x-ray snalysis (EDXA) to determine the nature of any fiber-like particle
detected, The results of the latter (SEM and EDXA) analyses are not
known to this reviewer. No analyses of cosmetic talc have been
performed by FDA since 1979. As noted previously, there are nom-fibrous
forms of minerals with essentislly the same chemical composition as the
asbestos varieties. In some cases the non-fibrous form has the same
name as its fibrous counterpart; e.g., tremolite. According to the U.S.
Department of the Interior, non-fibrous (non-asbestiform) tremolite is
the comon form of this mineral, whil? fibrous tremolite (asbestiform)
is a very rare form for this mineral.
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Asbestos

As stated above, asbestos bodies can be recovered from the humgs of
virtually everyone in the pogulation, on autopsy. These observations
suggest that the entire population is being exposed to asbestos.

Several studies have assessed the envirommental air pollutiom by
asbestos using the transmission electron microscope (TEM) or the
scanning electron microscoge (§BM), Eyropean cities have shown levels
as follows: 0.1-~1 5g (]0 “gm ~ or ng ~) of sotile asbestos in
English cities, 10 “-10" aghestos fibers per cubic meter of air in
Dusseldorf,”™ and 0.1-10 ng 3 of chrysotile asbestos in Paris., Higher
concentrations (0.1-100 ng ~ of chrysotile asbestos) have been found in
U.S. cities. The highest concentrations have been found in New York
City (see Table 7-6).

Asbestos fibers have been detected in rural locations (0.01-0.1 m'3)
removed from known sources of emission sugpesting the existence o
backgroumd air pollution by asbestos fibers (especially chrysotile) in
industrial countries.

It is to be noted that an appreciation of the extent of air
contamination by asbestos depends upon which of two approaches to its
measurement is adopted. If the conventional practice of counting only
fibers longer than 5 um is followed, the concentrations away from
inmediate industrial activities are low or undetectable and evem some of
those in and around asbestos industries approach tolerable levels. BRut,
if the concentration of smaller fibers is taken into account and
particularly the mass concentrations Sevealed by electron microscopy,
the situation changes. Up to 10 ng/m” seems to be virtually ubiquitous
in urban commities.

It is to be noted also that analysis of ambient air samples for asbestos
hag utilized techniques different from those used in occupatiomal 3
circumstances because mical urban air may contain up to 100 ug/m” of
particulate matter in ch one issattmpting to qwantifg asbestos
concentrations from about 0.1 ng/m” to perhaps 1000 ng/m~. Thus
asbestos may constitute only 0,0001 to 17 of the particulate matter in a

given sample. .

It is difficult to make quantitative estimates of exposure to asbestos.
A common unit of cumilative dose for occupational exposures is obtained
by multiplying the average concentration of fibers in workplace air by
the mmber of years that an individual worked there (full-time
equivalent). The cmcmsration of fibers in workplace air is expressed
as fibers 3 5 am long/cm”, as counted by the light microscope (IM) under
specified conditions ({U.S. Ngtional Institute for Occupational Safety
and Health, 1977); (fibers/cm”) yr. It is to be noted that cumslative
exposure measures do not take into account dose rate per unit time,
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duration of exposure, and ages at exposure. These three factors,
particularly the third one, could be very important in determining
effects on health,

Another measure of exposure that allows comparison of different exposure
situations is expressed as "lifetime fibers." This quantity is derived
by integrating over time the product of fiber concentration in air (the
only source of exposure considered here) and the intake rate.

When interpreting health-effects information obtained from occupational
studies, it may be necessary to convert nonocctmatiogal exposures to
equivalent occupational dose expressed in (fibers/cm™) yr. Assuming an
inhalation rate of 12000ml/minute; am 8-hour work day; 5 days/week; 50
weeks/year, the amomts of inhaled fibers workers could accumulate in
one year, according to work group, are shown below.

total life-time

worker group exposure level duration exposure per year exposure
insulation . 10 11
workers (amosite, 15 £/ml 25 yrs 2,16 x 107" f/yx 5.4 x 107" £
chrysotile)

British textile 10 11
workers (chryso- 15-30 £/ml 20 yrs 2.16-4.32 x 107" f/yr 4.32-8.64 x 107 £
tile)

amsite factory 10 10
workers 35 £/ml 1.46-yrs 5.04 x 10" £/yr 7.36 x 1077 £

cement workers

(chrysotile, 9 £/ml 12 yrs  1.296 x 1020 f/yr 1.56 x 1011 £
crocidolite)

Similar caleulations for the general population are shown below:

If anbient alr concentrations are assumed to be 10 ng/ms, using the EPA
conversion factcr_gf 30 fibers (f)/ng, the population as a whole is
exposed to 3 x 10~ f/ml. Using the further assumptions:

(1) average breathing rate ~ 12.72 liters/min.
(2) 24 hours per day, and
(3) 52 weeks per year as the exposure duration;

It is calculated that en individual is exposed to 2.0 x 106 f/year.
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Using the gggumptions and the data generated in the baby-powdering

t (concentration - B.58 £fcc during powdering; 4.38 £/cc
during settling; with 13,67 and 86.4%, respectively, of the time - with
exposure time of 43.8 mimites per week; breathing rate of 05.8 1/min.),
exposure of a baby from baby powder could be 6.6 x 10° f/year. It is to
be noted that these calculations assume that all of the talc is
asbestos. If a more realistic value of 1% asbestos is used, the mumber
of fibers is calculated to be 6.6 x 10% ffyr.

The carcinogenic potential and the hazards of e:ﬁsure to asbestos have
been well documented. Also, several types of asbestos are known to be
geological contaminants in talc ore, Since the accepted best index of
exposure to ashestos requires counting the respirable fibers in the
worker's breathingezme, a problem arises in the methodology of
distinguishing asbestos fibers from talc. Characteristically, tale has
a tendency to curl and stand on its edggs vhich may result in many
erroneous counts by optical microscopy.

The latest USPHS/NIOSH method for coumting asbestos fibers requires
phase contrast microscopy at X400-500 ification, and arbitrarily
defines a fiber as a particulate with a length to width ratio of 391 or
greater, and a maximom width and minimmm 1 of 5 micrometers.

This method is a crude determination of total fiber exposure because of
the resolution limitations of optical microscopy. Most airbome
asbestos fibers are less than 5 um in length, and those that are longer
may have diameters too small to be resolved by phase contrast
microscopy. With regard to the measurement of asbestos exposure from
talc, some authors have stated that scarming electron micros (s
should be considered as an adjunct to the USPHS/NIOSH method

comting {ibers in a dust envirorment. Phase contrast microscopy may
suffice in an asbestos enviromment, but the resolution limitations of
optical microscopy and the ingbility to distinguish rolled talc
particles and talc 'shards" from actual asbestos fibers will allow aiily
a crude determination of the total fiber exposure,

Other than what was presented above, it 1s not known whether cosmetic
tale (used today) is contaminated with asbestos or asbestiform minerals,
what form is imvolved (tremolite-fibrous or nonfibrous), or what levels
of asbestos, if contaminated.

In a recent (August, 1984) reportmo by the NAS Committee on
Nonoccupational Health Risks of Asbestiform Fibers, who evaluated the
humam health risks assdciated with nonoccupational exposure to
asbestiform fibers with emphasis on inhalation of outdoor and indoor
air, it was concluded that nonoccupational exposure to asbestiform
fibers in air presents a risk to human health. The Comuittee made a
quantitative estimate of the risk of excess lung cancer and mesothelioma
that might occur in persons breatm.gg low levels of asbestos in the air.
A concentration of 0,0004 fibers/cm” was deemed reasonsble to use in
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such calculations because a variety of3masuremmts of indoor and
outdoor air indicated that 0.0004 f/cm” is the approximate average level
that may be encomtered. 1If a person Inhaled air containing asbestos at
that level throughout a 73-year lifetime, the committee's best judgement
is that the lifetime risk of mesothelioma would be approximately nine in
a million (range 0 to 350 per million, depending on assumptions
re%arding the relationship of dose to risk), Risks for contimous
lifetime exposures to er or lower levels would be proportionately
higher or lower, Epidemiological data and the estimates derived from
them indicate that the corresponding lifetime risk for Iung cancer would
be about 64 in a million for male smokers (range 0 to 290), 23 in a
million for female smokers (0 to 110), and 6 and 3 in a million,
respectively, for male and female nonsmokers. The risk to nonsmokers
appears greater for mesothelioma them for lung cancer. The Comittee
also emphasized the strong dependence of mesothelioma rates on time from
first exposure and exposure of children to asbestos (although mainly
from school exposure). (See NAS Rigk Assessment - Attachment III,)

The only information available on cosmetic exposure is that of bab
powder use noted above. Tnfants exposed to asbestos from tale cm{d be
exposed to an additional amoumt above backgroumd of the order of 0,04 to
0.08 £/cc for approximately 2 years, This would result 1:3 an increase
ofBO.OSZ in the cumulative lifetime exposure of 1.95 x 10°Ff to 1.951 x
10°f, with a similar increase in the lifetime risk (e.g., 9 to 9.0045
mesotheliomas per million). However this estimate is based on a linear
dose response function, assuming no dose-rate effect. Cumilative
exposure measures do mot take into accoumt doge rateé, duration of
exposure, or age at exposure. Although the cumilative amount of
asbestos would appear to be of no consequence, the estimated exposure
level is 100 to 200 times greater than background. Data on acute
exposures of this megnitude are not available.

-
This memo is to request a risk assessment of the potential exposure to
asbestos from use of cosmetic tale,
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APPENDIX I

Epiderdological Studies on Asbestos

1.

In a follow-up study’’ of a birth cohort consisting of 10,939 men
and 440 women (exposed for at least one month), dust exposure and
mortality of chrysotile miners were analyzed using the "man-years"
method and the "case~ and multiple-~control" approach.

Among men the overall excess mortality was 27 at Asbestos and 107 at
Thetford Mines, which was the dustier region (see Table 2). The
wamen, mostly employed at Asbestos, had a standardized mortality
ratio (MR) of 0.90. During the five decades, 1926-75, 4350 men
died compared with 4107 expected on the basis of Quebec age- and
year-specific death rates, a SR of 1.06. There had been a net
excess of 33.9 deaths at Asbestos (1,61 of the 2074.1 expected) and
208.8 at Thetford Mines (10.37 of the 2033.2 expected); 2Rs of 1.02
and 1.10, respectively. Table 2 provides data on deaths of the men
by age and cause of death.

Four exposure levels were used in these analyses; the mean
concentrations were: low: 2.5 to 4.2; medium: 4.3 to 9.4; high:
14.4 to 23.6; very high: 46.8 to 82.6 million particles per cubic
foot (mppef). Quantitative exposure was estimated as cumilative
dust exposure during the first 20 years from onset of employment.
Tables 6 and 7 analyze the 3291 deaths, 20 or more years after
firgt employment, occurring from 1951 to 1975. Comparison with
Table 2 shows that, although 26.37 of all observed deaths were thus
excluded from the analysis because they occurred before 1951 or
within 20 years of first employment, over 90% of deaths from
pneumoconiosis and from lumg cancer were included, and percentages
were also high for malignent neoplasms of other sites (except the
larymz) and stroke.

When aceount is taken only of length of service (Table 6), trends
of risk, as measured by the ratios of observed to expected
deaths-~that is, SMRs in which the standardization was by both age
and era--were generally without clear trends, probably reflecting
differences in selection and other factors. Exceptions were deaths
attributed to pneumconiosis and accidents: of the 42 deaths from
pneumoconiosis, 36 were in men with at least 20 years' service.
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TABLE 2. Deaths of men, by year, age, and certified cause of death

Cause of death (ICD code*) Age at death Year of death

Before 1946 1946-55 1956-65 1966-75 Total

All causes {45 564 136 54 - 754
45-64 111 438 842 702 2093 L 4463

265 - - 389 1227 1616

Pneumoconiosis & 45 0 0 1 - 1
(523-524) 45-64 1 6 10 13 30 } 46

>65 - - 7 8 15

Malignant neoplasms: {45 2 2 2 -= 6
Lung (162-164) 45-64 0 12 51 72 135 } 250

265 - - 20 89 109

Oesophagus and stomach {45 5 2 1 - 8
(ggﬁ—lSl) 45-64 4 22 34 17 77 } 154

265 -— - 12 57 69

Colon and rectum {45 4 1 0 - 5
(152-154) 45-64 1 8 20 18 47 } 88

265 - - 6 30 36

Other abdominal 45 5 2 1 - 8
(155-159) 45-64 1 6 15 14 36 } 80

> 65 - - 6 30 36

{45 0 0 0 - 0
(161) 45~64 2 5 6 5 18 } 21

265 - -— 1 2 3
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Other 45 12 A 1 -
(140-148; 160; 165-205) 45-64 2 28 52 48
65 - -- 28 101
Heart disease 45 28 25 18 - 71
(400-443) 45-64 25 154 355 285 819 } 1543
65 - - 166 487 653
Respiratory tuberculosis 45 118 30 1 -- 149
(001-008) 45-64 20 31 27 7 85 } 248
65 - - 5 9 14
Other respiratory 45 60 3 0 -- 63
(470-522; 525-527) 45-64 5 12 28 37 82 } 234
65 - - 17 72 89
Cerebrovascular 45 6 2 3 - 11
(330-334) 45-64 4 12 42 38 %96 } 268
65 - -— a9 122 161
Accidents 45 170 451 17 - 228
(800-999) 45-64 18 [AA 71 51 184 } 461
65 - - 9 40 49
All other known causes 45 114 23 9 -— 146
45-64 25 82 112 82 30 } 669
65 - - 67 155 222
Cause not known 45 40 1 0 -- 41
45-64 3 16 19 15 53 } 125
65 - - b 25 31

*Code In the /th revision of the International Classification of Diseases
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TABLE 6. Deaths, by cause, in relation to duration of service

Cause of death (see table 2)

Length of gross service (yr)

Very short (1) Short (1 5) Medium (5- 20) Long ( 20) Complete cohort
0 MR 0 MR 0 MR ¢ S}R 0 MR
All causes 885 1.07 629 1.09 679 1.15 1098 1.07 3291 1.09 .
Pneuoconiosis 1 1.15 3 5.00 2 3.3¢ 36 34.62 42 13.55
Malignant necplasms:
Tang - 47 0.97 29 0.83 50 1.37 104 1.61 230 1.25
Oesophagus and stomach 37 1.30 25 1.27 18 0.91 S0 1,47 130 1.27
Colon and rectum 22 0.78 13 0.67 23 1.16 21 0.62 79 0.78
Other abdominal 20 1.98 12 0.92 14 1.04 21 0.9 67 0.98
Larynx 6 1.48 5 1.75 1 0.34 4 0.78 16 1.07
Other 67 1.12 43 1.04 48 1.13 79 1.08 237 1.09
Heart disease 370 1.06 251 1.02 287 1.15 424  0.97 1332 1.04
Respiratory tuberculosis 7 0.62 7 0.89 21 2.68 22 1,56 57 1.39
Other respiratory 29 0.66 46 1.52 22 0.71 59 1.12 156 0.99
Cerebrovascular 62 0.95 49 1.12 50 1.13 82 1.11 243 1.07
Accidents 52 1.36 38 1.32 37 1.18 56 0.96 183 1.17
All other known causes 130 1.03 94 1.07 94 1,05 132 0.85 450 0.98
Cause not known 35 -—- 14 - 12 — 8 -— 69

f
|

Colums headed 0 give the mumbers of deaths of men, 20 years or more after first employment, occurring during
1951-75; figures under headings SMR are ratios of deaths observed to those expected on basis of male mortality

in Quebec.

D-7214 Page 79 of 102



-4 -

TABLE 7. Deaths, by cause, in relation to dust concentration

(a) OCross service: less than one year

Cauge of death (see table 2) Accumilated dust exposure {see table 4)

Low Medium Hi, Very high
0 SMR 0 MR 0 ghSl**!R gry SMR
All causes 311 1,12 260 1.13 162 0.95 152 1.03
Pneumoconiosis 0 0 0 0 1 5.66 g 0
Malignant neoplasms:
Lung 19 1.17 12 0.91 9 0.88 7 0.80
Oesophagus and stomach 12 1.24 12 1.50 9 1.54 4 0.81
Colon and rectum 5 0.52 7 0.88 6 1.03 4 0.81
Other abdominal 3 0.48 6 1.17 4 1.04 7 2.12
Larynx 2 1.45 2 1.77 1 1.19 1 1.40
Other 20 0,99 23 1.38 13 1.05 11 1.04
Heart disease 136 1.15 112 1.15 63 0.87 59 0.94
Respiratory tuberculosis 4 1.05 1 0.32 1 0.44 1 0.48
Other respiratory 11 0.74 10 0.82 3 0.33 5 0.66
Cerebrovascular 25 1.14 18 0.98 9 0.67 10 0.90
Accidents 16 1.30 19 1.86 10 1.27 7 0.90
All other known causes 45 1.06 29 0.82 26 1.00 30 1.33
Cause not known i3 - 9 - 7 - 6 --

See footnote to table 6
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7(b) Gross service: one year, less than five years

Cause of death (see table 2) Accumulated dust exposure (see table 4)

Low Medium High Ve i
0 SR 0 SR 0 R oryh}m%
All causes 141 1.12 246 1.09 130 1.12 112 1.04
Pneunoconiosis ¢ 0 3 12.80 0 0 0 0
Malignant neoplasms:
Lmg 5 0,66 13 0.95 6 0.82 5 0.78
Oesophagus and stomach 8 1.83 7 0.90 4 1,03 . 6 1.64
Colon and rectum 2 0,46 4  0.52 § 1.04 3 0.82
Other abdominal 2 0,70 7 1.37 2 0.75 1 0.41
Larynx 2 3.17 1 0.89 1 1.71 1 1.9
Other 14 1.53 16 0.98 g 1.08 4 0,52
Heart disease 51 0.95 99 1.03 59 1.19 42 0.92
Respiratory tuberculosis 0 0 5 1.64 1 0.6l 1 0.65
Other respiratory 10 1.49 16 1,34 10 1.66 10 1,78
Cerebrovascular 18 1.83 17  0.98 10 1.19 4 0.49
Accidents 11 1.89 12 1,10 3 0.47 12 2.14
All other lnown causes 16 0.83 40 1.16 16 0,91 22 1.33
Cauge not known 2 - 6 - 5 == 1l -

See footmote to table 6
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7(c) Cross service: five years, less than 20 years

Caugse of death (=see table 2)

Accumilated dust exposure {see table &)

Medium gh Very high
0 SMR MR
All causes 1.10 194 1.07 170 1.22 154
Prneumoconiosis 0 0 0 0 1 7.36 1
Malignant neoplasma: :
Lung 13 1,41 16 1.22 7 0.83 16
Oesophagus and stomach 6 1.21 6 0.99 5 1.07 1
Colon and rectum 4 0,81 7 1.14 9 1.9 3
Other abdominal 6 1.78 3 0.72 3 0.95 2
Laryox 0 ¢ 0 0 1 1.44 0
Other 9 0.85 19 1.44 11 1,10 9
Heart disease 66 1.06 81 1.05 72 1.22 68
Respiratory tuberculosis 3 1.55 9 3.9 5 2.64 4
Other resplratory 5 0.64 5 0,51 5 0.69 7
Cerebrovascular 8 0.73 13 0.9 14 1,34 15
Accidents 8 1.07 10 1.06 10 1.33 9
All other lmown causes 22 1.30 2% 0.77 22 1.17 18

Cause not known

See footnote to table 6
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7(d) GCross service: 20 or more years

Cause of death (see table 2) Accurulated dust exposure (see table 4)

Low Medium High Very high

0 SMR 0 SR 0 SMR 0 id SMR
All causes : 367 0.98 253 0.89 183 1.07 295 1.50
Pnievmoconiosis 4 10.49 7 23.75 5 30.10 20 101.52

Malignant neoplasma:

Iimg 28 1.21 20 1.08 25 2,20 32 2.65
Oesophagus and stomach 17 1.36 6 0.64 8 1l.44 19 2.89
Colon and rectum 7 0.56 4 0.43 1 0.18 9 1.39
Other abdominal 10 1.18 3 0.46 2 0.51 6 1.35
Larynx 2 1,07 1 0.69 0 0 1 1.03
Other 33 1.23 16  0.79 11 0,90 19 1.36
Heart disease 138  0.87 115 0.95 77 1.06 94 1,12
Respiratory tuberculosis 5 1.01 5 1.31 3 1.27 9 3.06
Other respiratory 18 0.92 10 0.68 14 1.62 17 1.74
Cerebrovascular 32 1.15 18 0.89 10 0.84 22 1,58
Accidents l6 0.82 19 1.16 9 0.85 12 1.01
All other known causes 52 0.92 29 0.68 18 0.70 33 1.10

Cause not known 5 - 0 - 1 -— 2 -

See footnote to table 6
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Among those in the very short and short service groups (those with
gross service of less than 5 years (Tables 7(a) and (b))) careful
study of differences between groups according to severity of
exposure showed no consistent pattern, Table 7(c) deals with men
with gross service between 5 and 20 years; thelr service had also
been completed before the start of the study interval, There were
fairly consistent trends for higher Rs the greater the dust

sure for total mortality, for pneumoconiosis (although based on
only 2 deaths), heart disease, and stroke. In addition SMRs were
highest in the group with the most severe exposure, for lung cancer
and "'other'" respiratory diseases. The authors stated that all
these findings are understandable as pulmonary fibrosis could well
contribute directly to cardio-pulmonary disease and, in addition,
might adversely affect the probability of survival in any
life-threatening condition., Table 7(d) concerns 3105 men with at
least 20 years service, and an average of almost 32 years of
employment., Here the most severely exposed had the st R not
only for total mortality but for all listed causes other than
laryngeal cancer and accidents. Further, the tendency for
increased risk with each augmentation in exposure was completely
consistent for pneumoconiosis and for heart disease, and positive,
although rather less consistent, for total mortality, Iung cancer,
respiratory tuberculosis, and other respiratory diseases,
The other form of a priori analysis, with exposure calculated to
age 45 at which age the study interval started, is summarized in
Table 8, The total mmber of deaths observed in this analysis was
3448 (77.3% of the deaths), with MR = 1,07, very close to that for
all causes in the complete cohort as seen in Table 6. Indeed, for
each cause of death, SMRs from both methods of analysis were always
close. Clear trends were found for SMRs to be higher the heavier
the exposure, for total mortality, pneumoconiosis, limg cancer,
cencer of the colon and rectum, respiratory tuberculosis, other
respiratory diseases and stroke. The trends were most clear-cut in

conlogis and lung cancer. The lung cancer trend was

essentially linear as shown in the Figure below, where exposures of
30 mppef-year or more have been broken down further, into 4
classes. The trend for respiratory tuberculosis was also
olzsteigtmt in the two areas, but mot those for the other causes

e e e s . L . e
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Dust exposure and wortality in chrysotile mining, 1910-75

TABLE 8. Deaths, by cause, in relation to dust exposure accumlated to
age 45

Cause of death (gee table 2) Dust exposure (mpcf-y) accurulated to age 45

430 30 £ 300 2 300
0 SR 0 SR 0 SR
All causes 1668 1,02 1138  1.04 642 1.30
Pneumoconiosis 5 2.98 12 10.81 27 54,00
Malignant neoplasms:
Lung 91 0.93 81 1.18 70 2.25
Oesophagus and stomach 68 1,22 42 1,14 26 1.58
Colon and rectum 36 0.62 28 0.77 18 1.11
Other abdominal 37 1.00 21 0.84 10 0.88
Larynx 9 1,11 6 1.08 2 0.81
Other 129 1,10 83 1.06 38 1.08
Heart disease 696 1.06 463 0,99 240 1.14
Respiratory tuberculosis 21 0.94 25 1,67 15 2.20
Other respiratory 71 0.84 55 0.98 40 1.62
Cerebrovascular 119 0.96 86 1.08 46 1.32
Accidents 104 1.28 60 1.00 33 1.16
All other known causes 237 0.95 154 0,92 74 0.99
Cause not known 47 - 22 - 3 -

See footnote to table 6

0 200 40 600 80 000 B0 MO
Dust sposure (mpet . v} accumuiated b oge 45

Lung cwncer SMRs In relution to dust
£xposre acowmdated 1o age 43, The line has beew
fitted by a modifled feast-squares technique.
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Table 9 shows deaths from lung cancer,
TABLE 9. Deaths from lung cancer in relation to dust exposure and

smoking habit

Smoking habit Dust exposure (mpef.y) accumulated to age 45

¢ 30 30 < 300 2 300 All

0 SR 0 MR 0 a9R 0 MR
Non-smokers 5 0.18 6 0.36 8 1.24 19 0.38
Moderate smokers 73 1,14 64 1.35 52 2.31 189 1.4l
Heavy smokers 13 2,12 11 2,39 10 4,50 34 2.63
All smoking habits 91 0.93 81 1.18 70 2,25 242 1.23

See footnote to table 6

Table 10 summarizes the findings from the Miettinen approach--that is, more
than one control for each case, excluding those for smoking habit; the
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TABLE 10: Dust exposure in deaths from pneumoconiosis and from malignant
disease and in controls numbers of deaths areas table 2 (but see

Dust exposure (mpcf.y) accumilated up to nine vears
before death of case

30 30 300 oo 1000 1000 All

Pneunoconiosis

Deaths 7 9 13 17 46

Controls(3)* 63 49 21 5 138

Relative Risk 1 1.65 5.57 30.60 -
Iang cancer

Deathg** 89 73 56 27 245

Controls(3) 333 243 127 32 735

Relative risk 1 1.12 1.65 3.16 -
Cancer of oesophagus and stomach

Deaths 74 41 22 17 154

Controls(2) 143 105 53 7 308

Relative risk 1 0.75 0.90 4,69 -
Cancer of colon and rectum

Deaths a9 29 13 7 88

Controls(2) 88 70 15 3 176

Relative risk 1 0.93 1.96 5.26 —-—
Other azbdominal cancers

Deaths 43 25 7 5 80

Controls(2) 83 46 26 5 160

Relative risk 1 1,05 0.52 1.93 -
Cancer of larynx

Deaths 13- 6 2 0 21

Controls(3) 36 21 5 1 63

Relative risk 1 0.79 1.11 0.00 -—

*¥igures In brackets are roabers of controls tor each death. Method ot
select controls is described in text; those reported here were not
matched for smoking habit.

+Risk calculated by method of Doll in relation to those with exposure
less than 30 mpef.y.

**Excluding five deaths coded to 162-164, but foumd to be due to
malignant mesothelioma.
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i

rn.ngrs of deaths are as in Table 2 (but see footmote ** in Table
10) because there were no restrictions on the start of the study

interval. Four groups of dust exposure are distinguished, and the
data are presented without regard to the matching, Matching was

taken into account in the full arml';{:is. however, which generally
confirmed the tendencies shown in two a priorl approaches and
relative risks were fairly similar at Asbestos and Thetford Mines,

Linear dose-response relations have been fitted (Berry, G.,
unpublished) for 1 cancer (without regard to smoking habits);
using the data on which Table 10 is based, but taking Into accoumt
the matching of controls for each case in temms of date of birth and
place of employment, the fitted line was:

Relative rigk = 1 + 0.0014 (mppef-y)

the standard exror of the Qstimate of the slope being 0,0005. The
linear fit accounted for X°, with one degree of freedom, of 21.37,
leaving only a very low value for deviations from linearity,

There were in all 11 deaths (including one women) from malignant
mesothelioma observed to the end of 1975, All were of the pleura
and appeared to follow a clear exposure trend.

The authors concluded that essentially linear relatioms have been
shown between indices of sure, based on dust concentration
(mppcf) multiplied by length of service, and lung cancer,
pneumoconiosis, and total mmber of deaths.

Because of concern regarding the risk from concentrations of

asbestos dust nearer current standards, the data for the 1904 men in

~ the cohort employed for at least 20 years in the low and medium dust
exposure groups were analyzed. The concentrations to which these

men were exposed (Table &) averaged 6.6 mppcf, or perhaps 20 £/ml,

The total mortality was 620 deaths, and the SMR was 0.9%. The

authors stated that this might be a true healthy worker effect, but

not all cause-specific SMRs were below unity, 'I'herezwere excesses

for pneumcconiosls (10.3 excess deaths, leading to X™ on the ususl hasis,
and with one degree of freedom, of 159.27), f;f ung cancer (6.4, X* =
0.99); r of esophagus and stomach (1.1, - 5.06); "other" cancers
(1.7, = 0,06); respiratory tuberculosis (1.3, X" = 0.17); stroke
(1.8, X“ - 0.07). Apart from pneunoconiosis, these values of are so
low, even for lumg cancer (where the associated p-value is 32.07), that
the observed excesses do not reach conventional levels of statistical
significance. Moreover, the lung cancer SMR for the low dust exposure
group (1.21) was higher than that of the medium exposure group (1.08);
the authors stated that only the greatly enhanced 8MRs for those with
high and very high exposure allow the conclusion that there was a
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response to exposure. Nevertheless, the lung cancer MR for all
1904 men was 1.15, in close conformity with that which might be
predicted from the figure (about 1.20) or the relative risk of 1.16
from the fitted line (Berry, G., unpublished),

It is noted that exposure to asbestos was presented as dust exposure
in mppcf. The current trend is towards providing information in
terms of fibers rather that dust counts, although there is an almost
caomplete lack of epidemiological data based on fiber measurements,
The problem with this is there is no easy comversion. The. authors
note that studies showed that, at relevant dust levels, the
conversion factors range from about 3 to 7 fibers/ml for each mppef;
although other data point to a lower range, 1 to 5. This is a
recurring problem.

COUICLUSION:

The study suggests an overall small increase in lung cancer

associated with asbestos exposure. A consistent dose-response
%'radient was observed: MR of 0.9 (low exposure 30 mppcf-yrs) to 2.3
or highest exposure category ( 300 mppef-yrs.).

In this cohort study"of chrysotile miners and millers, only workers
with at least 20 years of employment were chosen.

Dust measurements after 1969 were reviewed but no quantitative

gsure data were provided. Fiber concentrations for various areas
of the mills and mines ranged from 9 to 36 fibers longer than 5
micrometers/ml of air,

Table 4 shows the various causes of death cbserved in 130 deaths.
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TABLE 4: Categorization of causes of death according to death
certificate information compared with categorization following
review of all available medical records and pathological
material in 130 cases

Un&erlying Cause of Death as Categorized
on Certificate of Death, (DC)*

Cause of Death All Asbestosis All

as Ascertained Lung Other Including Other
{BE)* No. Cancer Mesothelioma Cancer Pneumoconiosis Causes

Iang cancer 25 18 3 2 2

Mesothelioma 1 1

All other cancer 18 1 17

Asbestosis 24 3 14 7

All other causes 62 1 1 60

Totals 130 22 1 21 17 69

*BE - best evidence
DC - death certificate cause

The expected mortality experience was calculated using national
rates of Canada (Table 5).

TAELE 5: Expected and Observed Deaths Amomg 544 Asbestos Miners and
Millers, Thetford Mines, Quebec, Jan.-Nov., 1961 ADG, 1977*

Total
Exp. Obs. Q/E
Total deaths 159.9 178 1,11
Total cancer all sites 6.7 49 1.34
Iung cancer 11.1 28 2.52
Pleural mesothelioma - *ok ] -
Cancer of the gastrointestinal tract 9.5 10 1.05
All other cancers 16.1 10 0.62
Total
Noninfectious pulmonary diseases 6.7 30 4.48
Asbestosis Fk 26 -
All other causes 116.5 99 0.85
Pexrson-years 7,408

*topected deaths are based upon age-specific death rate data for
Canadian white males,

**Death rates not available but these have been rare causes of death in
the general population.
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Asbestogis and Iimg cancer were major causes of death among these
workers, Table 7 details the mortality experience according to time
from onset of exposure and shows an increase in mortality between 30
and 50 years from first exposure to asbestos. There is, however,
little excess mortality after 50 or more years from first exposure.
The authors stated that perhaps this occurred as individuals at high
risk of death (because of thelr particular susceptibility or because
of other associated factors, as cigarette smoking) may have died
preferentially in earlier vears,

TABLE 7: Ratios of Observed to Expected Deaths Among 544 Asbestos
Miners and Millers, Thetford Mines, Quebec, Jan,-Nov. 1961 -

Aug. 1977
Ratio of Observed to Expected Deaths
(Nunber of Deaths in Parentheses)
Years from Onset of Fmployment
20-29 30-39 40-49 50 +
Total deaths 0.65 1.27 1.28 0.91
(8) (60) (66) (44)
Total cancer 0.00 0.98 1.95 1.30
. (0) (11) (24) (14)
Lung cancer 0.00 1.94 4,19 1.67
) 7 (16) (3)
Noninfectious pulmonary diseases
(incl. asbestosis) - 5.29 3.64 3.60
(4) (9) (8) (9
Causes other than cancer or
noninfectious pulmonary diseases 0,42 1.16 0.91 0.59
: 4) 40) (34) (21)
Mummber of deaths
Asbestosis 3 8 8 7
Mesothelioma 0 0 1 0
Person-years of observation 1,623 3,067 1,805 914
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CONCLUSTON:

The study results indicate that a small increase in lung cancer risk
occurs as asbestos exposure increases, but the lack of quantitative
exposure data makes it difficult to evaluate this association.

Mortality of Italian chrysotile asbestos workers was studied®? using
two different reference groups. In the first amalysis the observed
mmber of deaths was compared with the expected mamber in the
po;laulation of all Italy. Person-years of observats were
calculated according to the method of Case and Lea™ and multiplied
by age-specific death rates to compute the expected mmber of
deathg, Secondly, a case control study of carcinoma of lung and
larynx was undertaken. Only two exposure categories were
considered, the first with cumlative exposure up to 100 fiber-years
and the second, all those with a cumilative exposure greater than
100 £/yr. (The lower of the two exposures corresponds to the
British standard of 2f/cc for 50 years' working life).

In Table 3 the mortality of the cohort is divided into 2 groups
according to period since first employment: deaths occurring up to
19 years since first employment and deaths occurring over 20 years
since first employment. The overall mortality compared to the
national figures is also shown.

One death from pleural mesothelioma occurred 35 years after starting
employment in a worker with 33 years exposure,

A significant excess of laryngeal cancer is seen when examining
mortality over the whole period of observation. Four of these
deaths occurred after 20 years since first employment. Two of the
six workers dying from laryngeal cancer had less than one year of
exposure. There is also a marked excess of respiratory diseases,
both influenza and pneumonia and "other" respiratory diseases,
consisting chiefly of chronic obstructive lung disease. Asbestosis
was reported in 9 cases.

Mortality from 1 cancer is shown in Table 4. No deaths were
cbserved before 1961, nor did any deaths cccur from this cause in
subjects under the age of 50. However, among those of 50 years or
more, the SMR rises to 111 in the quinguermium 1966-70 and reaches
222_:£ l;gtween 1971 and 1975; for men of all ages it is 206 in the same
pe .
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TABLE 3: MNunber of deaths observed and expected by period since first
exposure, and cause. (Period of observation from 1946 to 1975)

Period since first exposure (yr) Up to 19 20 and

over Total

Person-years chservation 12683 8776 21459

Cause of death Observed Expected MR Observed FExpected MR Observed Expected R

All causes : 112 54,2 - 207%* 220 160.2 137%* 332 214.4 155%%

4ll malignant neoplasms (140-205) 12 10.0 120 38, 37.0 103 50, 47.0 106
Ling and pleura (162-163) 1 1.7 59 10 8.7 115 11 10.4 106
Larynx (161) 2 0.4 500 4 1.5 267 6 1.9 316*
Gastrointestinal (151-159) 4 4.8 83 15 14,5 103 19 19.3 98
Other sites 5 3.1 161 9 12.3 73 14 15.4 9

Non-malignant respiratory diseases

(470-527) 12 2.3 522%% 20 11.8 169* 32 14.1 227%%

Influenza and pneumonia (480-483) 8 1.6 500%* 4 4.6 87 12 6.2 194*
Other respiratory diseases(470~475,

500-527) 4 0.7 571%% 16 7.2 222%% 20 7.9 253%*
Asbestosis (523.2) 2 - -— 7 -- - 9 - -
Tuberculosis of the lumg (001-008) 13 3.9 333%* 5 3.3 152 18 7.2 15(%*
Caxdiovascular diseases (400-468) 22 14.8 149 100 67.7 148%% 122 82.5 148%
Clirrhosis of the liver (581) 9 2.1 L29%* 22 7.8 282% 31 9.9 313
Accidents (800-999) 30 7.8 385%* 15 9.5 158 45 17.3 260%*
All other causes 9 13.3 68 17 23.1 74 26 36.4 71
Unknown 5 - -- 3 -- - 8 - -

*p L 0.055 ¥p {0.01

*These nurbers include one suspected case of mesothelioma of the pleura
Figures in parentheses are ICD (7th Revision) code mmbers
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TABLE 4: Observed and expected deaths from lung cancer (162-163) by age
and calendar time

Age Calendar years of follow-up

1946-60 1961-65 1966~70 1971-75 1946-75

Up to 49 Observed 0 0 0 0 0
Expected 0.5 0.2 0.3 0.3 1.3
MR - - - - -

50 and over Observed 0 1 3 T* 11
Expected 1.7 1.6 2.7 3.1 9.1
SR -- 63 111 226 121

All ages Observed 0 1 3 7* 11
Expected 2.2 1.8 3.0 3.4 10.4
MR - 56 100 206 106

*These mmbers include one suspected case of mesothelioma of the pleura

Table 5 shows the distribution of the deaths of men with lung cancer
and their controls in the two exposure categories, in the upper part
of the teble, and the deaths from laryngeal cancer with their
controls, in the lower half of the table. Ten of the deaths from
lung cancer are in the higher exposure group with a relative risk of
2.89. However, tests of the significance of the association of lung
cancer and high exposure gave a two-tailed P value of 0,18, thus
demonstrating no statistically significant difference between the
proportion of cases and controls reaching the higher exposure level,
Nor is there a statistically significant excess of laryngeal cancer
in the higher exposure categories (relative risk 3,33, two-tailed P
value 0,28), although all but one of the deaths occurred in this

ETOUp.
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TABLE 5: Distribution of patients with lung and 1 eal cancer
and their matched controls according to cumulative dust

exposure,

Subjects Dust exposure
Up to 100 fibre/yr 101 and over fibre/yr

Lung cancer 2 10t
Contxrols 22 38
Relative risk 1 2,89
Laryngeal cancer 1 5
Controls 12 18
Relative risk 1 3,33%*

"Including one case of lung cancer diagnosed in hospital but
reported in death certificate as "cardlac fallure" and one suspected
case of mesothelioma of the pleura.

*two-tailed p value 0,18

**two~tailed p value (.28

Table 7 shows the distribution of the whole cohort according to the
selected exposure categories. For this analysis, workers included
in the higher exposure category contributed to person-years
observation in the lower category "up to 100 fibre/years” from the
date of first employment tc the date they reached the cumilative
dust exposure of "more than 100 fibre/yr," after which they
contributed to the higher category. The mean value of cumulative
dust exposure in the higher category was about five times that in
the lower (75 fibre/gr:axpared with 376 fibre/yr). About
two-thirds of the co reached the higher exposure category. In
Tables 7 and 8, man-years from 1 Jamuary 1946 only are included in
the total. Thus, those who had accumilated a dose of 100 fibre/yr
by 1946, immediately entered the higher exposure category.

The age-standardized death rates and the assoclate measure of risk
for overall mortality and some selected causes of death are shown in
Table 8. The relative risk for lung cancer obtained by

the whole cohort (2.54) is similer to that calculated for the case
control study (2.89, Table 5). A higher death rate for laryngeal
and gastrointestinal cancer is alsc seen in the more highly exposed
group, although comparison with the national statistics showed no
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excess for pastrointestinal cancers. Non-malignant respiratory
diseases, including asbestosis, tuberculosis and cardiovascular
diseases, showed an increase in relative risk, whereas death rates
for all other causes were almost equal in the two exposure groups.

TABLE 7:

Distribution of workers according to cumulative dust
exposure. Period of observation from 1946 to 1975

Dust exposure Up to 101 and over Unknown
as fibrefyr 100 fibre/yr fibre/yr
Mean value within

categories 74,7 376.2 -
Number in study 927* 611 EFk
Person-years

observation 8365 12976 118

*Including the 611 workers in the category 10l and over
fibre/yr'"' before they had reached such cumilative
exposure. Person-years are additive, whereas mmber of
workers are not.

**Including 4 dead
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TABLE 8: Crude and age-standardised death rates per 1000 person-years

and relative risks by selected causes,

Cumulative dust exposure

Up to 100 fibre/yr 101 and over fibre
Relative
risk*

Cause of death Death rate Death rate

Crude Age-standardised Crude Age-standardized

All causes 11,72 13.31 17.73 16.73 1.26
Lung cancer (162-163) 0.24 0.28 0.77 0.71 2.54
1 cancer (16]1) 0.12 0.14 0.39 0.36 2.57
Gastrointestinal cancer
(151-159) 0.48 0.57 1.16 1,09 1.91

Non-malignsnt respiratory

diseases excluding influenza

and pneumonia (470-475,

500-527) 0.48 0.46 1.39 1.28 2.21
Tuberculosis of the lung

{001-008) 0.48 0.46 1.08 1.10 2.39
Cardiovascular diseases

(400-468) 4.06 4.68 6.47 5.94 1.27
All other causes 5.86 6.60 6.47 6.24 0.95

*Based on age-standardised death rates

CONCLUSTON :

The gradient of risk for lung cancer with time since onset of
exposure (MR 0.6 for £ 20 years vs. 1,2 for > 20 years) and
calendar time (SR 0.6 for 1961-1965 vs. 2.1 for 1971-1975) was
observed, Significantly higher risk was noted only for laryngeal
cancer. Increased relative risk for lung cancer (2.9) and laryngeal
cancer (3.3) was found when case-control groups were compared by
exposure level.
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4. Mortalty of workers mggufacturing friction materials using
chrysotile was studied™~ on a population of 13460 workers.,

Exposure
conditions are shown in Table 1.

Table | Mean concentranuon of asbesios in arr {fimi)

Perind Officei Storaee! Cirnding Forming
labaraivry  dutribution

Pre-1931 10-20 >N >0 >N

1932-50 <5 a=8 10 25

(99169 <(§ 2.4 2.5 1-2

N9 <(k& 0 5t 0 5] 0%

Wi
"F’

o
The observed mortality was compared with that expected, based on™ = &
sex~, age-, and period-specific death rates for England and Wales,: %

using the subject-years method. Attention was restricted to the =

period following 10 years exposure, and follow-up was to the end of
1979, In addition to mortality from all causes, the separate causes
of death considered were cancer of lung and pleura, cancer of the
gastrointestinal tract, and all other cancers. Table 7 shows the
total mortality. Apart from 10 pleural mesotheliomas there was mo
sign of any excess mortality. _

Fable 7 Observed wed expedted anortaditn after B eaes boen it evposgee {Numbee of plearad mesohelommas scuded in

parentheses)
¢ thieve of divady Nat b by

Men 1% ement

RN 1NN SANJA

{ths T i Fap
MG dus %3 Y] 1l % hLY] N0
1ung amd plewr ol canver 151 4 1w b 1R
Crintronigsnal cumoer et el il 2" 4
Orther cadov r =1 [ 1 4 LU
Orher ca Ham 2= 4 NI 2N

e

=

A |

the subjects were divided into groups according to duration of
exposure, there was still no sign of excess mortality nor of any
trend in mortality with duration of empl Dividing the

oyment.
subjects according to the period of first employment showed no
excess mortality applied

apart from the pleural mesotheliomas. This
even to those with 30 years' follow-up who were first employed
before 1950, when dust levels were high (Table 1),
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ths from other cancers, there were 2 in men due to cancer
larymx (3.6 expected). Eight of the women died of cancer of
the ovary (8.1 expected), and 22 of cancer of the breast (24.4
expected). The mortality experience of workers who completed 10
years' service is shown in Table 8.

Lahle 8 Crhsericd und eypsied moniediny after complenne W ovears emphooment

iyt Winnen

Fofluw up abier Hi o in e fti u-in ~in
[(RUAM YUY g YL AN

R YERYTT VY AVRTLAY R L PN (U RN AT SN EARE: L i

€ apane of deait [F LY fap [R1 fap i [ET (M b,

MEvauss [N Jus 7 ERN EA AN H MR Te [N
une ol ploorid vateet o3 M Ty 1" 4 " [T [ iy
Oy stoonioinal vaner 2 ind 245 Wy " [
OMhir camdicer ’ N tln M pLIN L} 44 i1
RN cabis |42 [ LAY iy 1} [E ]

Except for deaths from mesothelioma, there was no excess in this
group, even 10 years after completing 10 years' employment. A ’:-.i-
similar result was cbtained when restricting attemtion to those ﬁh!;_
had completed 20 years' exposure. : b
An additional 187 deaths have occurred since the original analysis,
Only one of 40 deaths in women and 12 of 147 in men were due to lung
cancer. One of the men certified as dying from pleural mesothelioma
was 50 and had worked at the factory for two weeks in 1960 (when
aged 29) as a grinder exposed to chrysotile (only known asbestos
exposure). With regard to mesothelioma, the cases observed here
were analyzed in a case-control study using the method of Liddell,
et al, e effect of exposure to crocidolite was examined. Four
matched controls were chosen for each mesothelioma, where matching
was for (1) sex, (2) year started work in factory (& 1 year),

(3) vyear of birth (t 4 years), (4) survival up to time of death of
mesothelioma, and (5) employed at factory during crocidolite period
for same time as case.

Eighty percent of those dying of mesothelioma had worked on the
crocidolite contract compared with only 87 of the controls. Those
; thelioma, however, had also been exposed to higher levels
otile than the controls; 907 had been exposed to more than 5
ed with 257 of the controls. The confoumding effect of
exposure to chrysotile was eliminated by considering only cases of
mesothelioma and their controls who had been exposed to chrysotile
at a level of at least 5 f/ml. This left 6 cases with 10 controls.
Five of the 6 had had definite crocidolite exposure.

A case-control study of deaths due to lung cancer was carried out

for males who had started work before the end of 1960 and who
survived for at least 10 years after start of exposure. There were
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106 MMEths from Iung cancer satisfying these criteria, and three
controls were chosen for each case, matched for: (1) year started
at factory; (2) date of birth; and (3) survival up to time of
death from Iung cancer. Within the restricted set of men there were
86 who had died of gastrointestinal cancer, who were also included
in this study (without additional controls). Each occupational
history was integrated with respect to time to give the cumilative
exposure up to the date of death for the cases, and for controls wp
to the date of death of the corresponding case of lung cancer. The
total duration was also calculated. These two measures were also
evaluated up to 9 years before the above dates, on the basis that
recent exposure is irrevalent to the risk of lung cancer. A fifth
measure evaluated was the cumilative dose weighted by the time
elapsed since the exposure occurred. This measure was evaluated up
to the date of death and attaches most importance to the earliest
exposure,

The distribution of duration of exposure and cumlative exposure @‘i-

3

to death ave given in Tables 13 and 14, ol
]
4
Pable 1V Fhstrahittiony of duratton of esprsire i io death v
llardtinin ot Novcel vppbpn b udilarattn
A
[RYSTLAY] Cromirons #uny Lradser s il { uny LadPeimtevii
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AR R In - ] {181 [T
e vy i ] bl [XIN I sh
A w2 [N H LN fIRTY
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Fable 14 Fhserrbuzesnys of antiehaive eyposaee o death

C wnniluine NO 1 subpcn Oddy-ranior
LAY
if-y mnft C eangrird { g Linstronnieurnal Lune Crasrrininietingl
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-y 13 ) h 1w Lo
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t-%/ e -vearymnl

'I'né odds ratio, i.e., the approximate risks of cancer, relative to
the lowest exposure group, are also given.

For lung cancer there is no indication of an increased risk with
either duration of exposure or cumilative exposure. For
gastrointestinal cancer, there is no sign of an increased risk with
cumulative exposure, and although there appears to be a trend with
duration of exposure up to 20 years, this trend is not supported by
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the fifbers with more than 20 years' exposure and could have
occurred by chance, There was also no sign of increased risk with
duration of exposure or with cumulative exposure calculated to nine
years before death or with the measure of exposure weighted by
elapsed time (tables not given). Restricting the analysis to cases
who survived for at least 15 years after first
exposure also did not show any dose-response relationship.

For lung cancers, a linear relationship between relative risk and
cumulative exposure was fitted usigg methods te to matched
data. The coefficlent was estimated as (.00058 per fiber-year/mil.
That is, for a cumilative exposure of 100 fibers-years/ml, the
rl:e]égtive risk was estimated as 1.06; the upper confidence limit was

CONCLUSION :

No gradient of risk was observed with quantitative exposure level'.j:?:
No evidence of excess mortality due to cancer at any site, exce;_:i':_f: :-

mesothelioma, even when examined by diuration of exposure or period-
of initial employment.

No increased risk of lung cancer or gastrointestinal cancer was
associated with either duration or cumulative exposure in the
case-control analysis.

5. A report83 on dust exposure and mortality of workers in a chrysotile

asbestos friction products plant consisted of data on a cohort of
3641 men employed for at least one month. Individual exposures were
estimated (in wppcf-years) from impinger measurements. Table 1
shows deaths by cause and age at death.

Fable | Male deaths by age and certified cawse

Cunge of death (1CD rude) Age at deaih (y) Towal
’ <J5 iS04 -y

_ﬁ:ﬂ 139 b6 L1} 1267
e nant neonlasms

= 2. 17 41 )
T 1 $82~03} 12 0 3¢

Ouesophagus and stomach {1599-51)
Colon and tevtum { 152- 34y
Other sbdamunal { 115 54}
Laryas [ Lo}
Other {140-44 160, LAS2US)
Huant Jisensg t41X0--443)
Respurstary wbe reulous {N01 -00R)
Other teapiratory (470- 522, $15-527)
Prcumocamuns {323-21)
- Cerebrovasuler § 330-314%
Acodents [ BOO-999)
Other known causes
Cause nod kaown

Lo nm
PO AN NN D= —

L

*Including one age unknown
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information is presented in Tables 2 and 3.

Table 2 Esttmated average Just concentrations fmpcf) for mam processes 1930-70
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Table 3 Age ot start, duranan of employment, and dust exposure (men only)

Duranon of gross service {y)

<! (B SV =20 Total
No T8N 9K 17 747 3813
it S« S e R
Net sepvice {y) [t b 212 %00 R R2 w04 ,
‘I:m‘*‘" concemsnon 128 208 156 106 T

Table 4 summarizes the mortality experience of the cohort by
duration of work. The SR based on Commecticut rates was 108.5
(107.9 on U.S, rates), The excess was mainly due to people who had
worked for less than 1 year (MR 129.9); those who worked one or

s had an R of 101.2. The lowest @R (97.2) was for those

worked 20 or more years. MRs were raised for the three

s of malignant neoplasms. Agaln this was mainly due to

in men employed for less than one year; in none was there
evidence of increasing risk with increasing duration of exposure.
No mesotheliomas were observed.
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