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j Rules a n d  Regulations 

DEPARTMEKT OF LABOR A c t  the Associate Solicitor for 
Occupational Safety and Wealth, Office 

C)ccugalional Safe& and Health of the Solicitor, room , U.S. 
Adminislration Depamenl  of labor, 200 Constitution 

29CFRPartslPtOand1926 Ave., NW., Washington, DC 20210. 
FOR gURTI.IER lNFORMAOlOX COmAm: 

1Wlrrt No. M 3 M 3  James F. Foster, Director of Infomation 
and Consumer Affairs, Occupational 

Occupational Exwsurc to Asbestos* Safety and Health Administration, U.S. 
TrenolHe, AnVlcphyllile and Aclino!ile neparlmenl of b b o r ,  room N-3649, 2E)i3 

AaEMev: Occupational Safety and Constitution Avenue, NW., Washington, 
Health Wdministralion, Labor. DG 20210. telephone (202) 52M151. 
rcnon: Final rule. SUP-MEIQIARV IMFORMAIIOW: 

SUMMARY: In this final standard the 
Occupational Safety and Health 
Administration ( O S M )  amends its 
present standards for regulating . 
occupational exposure to asbestos in 
general industry (29 CFR 1910.1001) and 
construction (29 GFR 1928.56). 

OSHA has reviewed available 
relevant evidence concerning the health 
effects of nonasbestiform tremolite, 
anthophyllite and actinolite and has 
also examined the feasibility of various 
regulatory options. Based on the entire 
rulemaking record before it. OSWA has 
made a determination that substantial 
evidence is lacking to conclude that 
nonasbestifom Qemolite, anthophyliite 
and actinolite present the same type or 
magnitude of health effect a s  asbestos. 
Further, substantial evidence does not 
support a finding that exposed 
employees would be at a significant risk 
because nonasbestifom eemoiite, 
anthophyllite or actinolite was not 
regulated in the asbestos standards. 

OSWA hereby lifts the Administrative 
Stay, removes and reserves 29 CFR 
1910.1101, and amends the revised 
asbestos standards to remove 
nonasbestifom tremolite, anthophyilite 
and actinolire from their scope. 
DATES: Effective dote: This final rule 
shall become effective May 29,1992 

Adminisfmfive stay: The 
Administrative Stay expired May 30. 
19532. 
ADDRESSES: For additional copies of this 
document, contact OSHA Office of 
Bublications: U.S. Department of Labor, 
room N-3401,2C.3 constitution Ave., 
NU7., Washington, I36 20210, Telephone 
[202)-523-W7. 

.For copies of materials in the docket, 
contact: OSHA Docket Ofice, Docket 
No. W433d, U.S. Department of Labor, 
room N-2625,200 Constitution Ave., 
NW., Washington, DC 20210, Telephone 
1202)-523-7894. The hours of operation 
of the Docket Office are 10 a.m. until 4 
p.m. 
h compliance with 28 U.S.C. 2112(af, 

the Agency designates for receipt of 
petitions For review of this final 
decision, under section 6(Q of Lhe OSH 

1. inmduction 
11. Pertinent Legal Authority 
111. Regulatory History 
IV. Mineralogical Considerations 
V. Health Effects 
V1. Other Regulatory Issues 
VII. Summary and Explanation of the 

Amendments 
VIII. Authority 

This preamble discusses OSHA's 
decision to remove nonasbestifom 
tremolite, anthophyflite, and actinolite 
(herein referred to as ATA and/or 
nonasbestifom ATA) from the asbestos 
standards for general industly and 
conslruction (29 CFli 1910.1m and 
1926.58). Instead, exposure to 
nonasbestiform ATA will be regulated 
by the particulates not othervvise 
regulated (PNOR) limit in Table 25-1-A 
of 1910.1000 115 mg/m3 (total dust): 6 
mg/mS (respirable dust)]. Becuase 
nonasbestifom ATA is found in 
combination with other minerals, some 
of which are regulated by other 
exposure limits in Table Z-1-A, some 
employees exposed to nonasbestifom 
ATA will be protected by those 
exposure limits as well. 

OSIV: is also removing and reserving 
29 CFR 1910.1101, which was designated 
*%sbesios" and which has been applied 
lo nonasbestifom ATA during the 
administrative stay of the revised 
asbestos standards (29 CFR 1910.101 
and 29 CFR 1926.58). OS)-LA has 
determined that the 1972 asbestos 
standard, which had been redesignated 
1910.11Ci1, no longer applies lo 
nonasbestifom M A  and thus. h e r e  is 
no current reason lo continue to include 
it in the Code of Federal Regulations. 

As discussed further in this preamble, 
OSWA" delemination to remove 
noilasbestifom ATA from the scope of 
the asbestos standards, is based on the 
insufficiency of evidence to support 
determinations that their further 
inciusion would proiect exposed 
employees horn a risk. of disease which 
was the equivalent in incidence and 
gravity to asbestos related disease, and 

that removing coverage would pose a 
significant risk lo exposed employees. 

The Agency also finds that the 
evidence is insufficient to regulate 
nonasbestifom ATA as presenting a 
significant health risk to employees 
other than a s  a physical irritant, without 
regard to its analogy to asbestos. Thus 
no separate standard is necessary at 
this time and the PNOR Limit is 
appropriate. 

In summary the basis for these 
findings is a s  follows. Asbestos and . 

nonasbestiform ATA appear to be 
distinguishable mineral entities on a 
population basis, and in host  instances 
on a pariicie basis. The characteristics 
which differentiate them generally 
appear to correspond to the properties 
which may dictate different biologic 
response. There are mechanistic data 
£rom experimental animals exposed to 
various durable minerals which support 
counting some particles of 
nonasbestiform ATA like all asbestos 
fibers. However, available toxicological 
and epidemiologic evidence related 
specifically to nonasbestifom ATA is 
negative or inconclusive on the issue. 
Also, in most cases, particles of 
nonasbestifom ATA appear to be a 
very smail fraction of the dust 
population to which employees are 
exposed. Therefore, OSHA finds there is 

-insufficient evidence to support 
regulating nonasbestifom ATA a s  
presenting a risk similar in kind and 
extent to asbestos. 

Regulating nonasbestiform ATA on its 
own is also precluded by the limitations 
of the available evidence. Dose response 
data concerning nonasbestiform ATA 
exposure alone is not available; human 
and animal srudies concerning 
nonasbestifom ATA are individually 
and collectively, equivocal. Most of the 
studies do not, on their face report 
results which show a statistically 
significant positive response due to 
nonasbestifom ATA exposure. 
Criticisms conceming their 
intelpretation mainly concem their 
power to disprove an  association 
between nonasbestifom ATA exposure 
and abestos-related disease. OSWA 
finds that even if these criticisms are 
accepted, the totality of evidence still 
does not constitute affirmative evidence 
supporting regulating nonasbestiforrn 
PITA as presenting a significant health 
risk. 

This rulemaking record therefore is 
distinguishable from the body of 
evidence in the EtO rulemaking which 
was considered "compelling" in the 
aggregate, although most of the studies 
were individually flawed. (Public 
Citizen ,Veal:h Research Group V. 
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I Rules and Rmlat ions  

(See Lsnger, Tr. 5/11, pp. 225-227). 
Based on these considerations, OSm 
d m s  not believe that including 
nonasbmlifom ATA in the asbestos 
&andads  in order lo hsure  &at 
asbestos contarninalion of 
nonasbestifom ATA dewsits  will not 
be i l g t o ~ d  is necessav to  protect 
employees e x p s e d  to mineral p d u c ~  
where asbestos mntamination is e 
possibility. In consquenc9 of this 
de~ i s ion  ATA will be regulated a s  a 
PNOR at  5 rng/mJ or 15 q / m s  b e c a w  
of physiwj  tati ion. Bemuse a m i x m  
of talc and nonasbestilom ATA has 
been s h o r n  to cause nonmalignant 
respiratog disease, the mixhure formula 
dearly is applicsble. 

Popework Reduction 
In accordance with the Paperwork 

Reduction Act of 1980 (44 U.S.C. eb 
seq.), and the regulations issued 
pursuant thereto (5 pati  13201, 
OSHA is required to submit the 
information collection requirements 
contained in its standards to the Office 
of Management and Budget [OMB) for 
review under section 35W(h) of the A c t  
However, in &is final &ex are no 
inlomalion col iec~on requirements. 

This domment has been reviewed in 
accordance with Executive Order 12612 
52 IFB 41685 [October 30,19mJ, nrgarding 
Federalism. This Order hequi~es that 
agencies, to the extent possible, refrain 
h m  limiting state policy options, 
consult with States prior to taking any 
actions &at would res tdd actions only 
when there is a clear Gonpss ional  
k l en t  for the agency to do so. h y  su& 
preemp~on  is to be limited to the extent 
possible. 

S c l i o n  18 of the Occupa~onal Safely 
and Health Act (OSH Act), expresses 
Gongress' clear htenl  lo pmempt Stale 
laws wj& respect to which Federal 
OSW has promulgated occupational 
safety or health standards. Under the 
OSM Act a State can avoid preemption 
only if it submits, and obtains Federal 
approval of a pian for h e  development 
of such standaids and h e i r  
enforcement. Occupational safe@ and 
heal& etmdards developed by such 
Plan-States must, among o h e r  hings, be 
a t  Ieast a s  e f l e c ~ v e  B B  the Federal 
standards in pproGding safe and 
bealaful employment and places of 
employment. 

To the extent that there are any Slate 
or regional pemliarities, States -rriith 
occupational safety and keafrfi plane 
approved under Secljon 18 of the OSH 
Act would be able to develop their o m  
State standards to deal with any special 
pmblerns. 
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n o s e  Ststee which have elected to 
participate under S e c ~ o n  18 of the OSW 
Act would not be preempted by h i s  
fmal standard and would be able to deaf 
with special, 1-1 wnditians wihin  the 
framework provided by h i s  standard 
while e n e ~ n g  &at their standards are 
at  Ieast a s  elfeelive a s  Ihe Federal 
s tandad.  

The 23 Stales and 2 t e ~ i o r i m  bvih 
their o m  BStIA-appmved wcupational 
safety and heal& plans must adopt a 
comparable standard (i.e. a standard 
which is at least a s  effective a s  the 
federal standard) within 6 months after 
the publication of a final standard for 
occupational exposure to 
nonasbestiform ATA or amend their 
existing standard if i t  is not "at least as. 
effective" a s  the final federal standard. 
Stales with their own OSHA-approved 
occupational safety and health plans 
may also elect to be more protective 
than the federal standard. The states 
and territories with occupational safety 
and health state plans are Alaska, 
Arizona, Galifornia, &mecljcatl, 
Hawaii, Indiana, Icwa, Kentucky, 
Maryland, Michigan, Minnesota, 
Nevada. New Mexico, New Uork No& 
Garolina, Oregon h e r t o  Rim, Sou& 
Carolina, Tennessee, Utah Vernon& 
Virginia, the Virgin lelands, Washington, 
and WyomFng. (In G o m e c ~ c u t  and New 
Uork, the plan covers only State and 
local g o v e m e n t  employees.) 

The pfimary purpose of the 
Occupational Safety and Wealth Act (29 
U.S.C. 651 et seq.) m e  Act) ia to assure, 
s o  far a s  possible safe and healthld 
working con&.tions for every b e f i c a n  
worker over the period of his or her 
working lifetime. One means p r e s ~ b d  
by the Gongress to achieve this goal is 
the mandate given to and the 
concomitant aulhority vested in, I;le 
Semetary of Labor to set mandatory 
safety and heal& standards. The 
Congress specifically mandated &al: 

The Secretary. in promulgating standards 
dealing with toxic materials or harrniul 
physimi agenu under this subsection, shall 
set the standards which most adequately 
assures, to the extent feasible. on the basis of 
the best available evidence, that no employe  
wit1 suffer material impairment of health or 
functional capacity even if such employe  
has regular exposure to the hazard dealt with 
by such s t andad  for ibe period of his 
working life. &velopmenl of' standards under 
this section shall be based upon r e s e a d ,  
demonstrations, expnments ,  and sud? other 
inlomation a s  may be appropriate. Bn 
addition lo the attainment of the highest 
degree of health and safety pmtection for the 
employee, other canaiderations shall b the 

lalest available scientific data in the field. the 
feasibility of standards. and experience 
gained under this snd other health and s d e t y  
laws. (Section B(b)(5)]. 

Where appropriate, mIZA standards 
are wquired to include provisions for 
labels or other appropriate f o m s  of 
warning lo apprise employees of 
hazards, suitable protective equipment, 
exposure wntml pmedures,  monitoring 
and measuring of employee exposure, 

monitoring, appropriate medical 
examinations or other tests. These must 
be available at no ms t  to the employee 
(Section 8(b)(7)). Standards may also 
prescribe necordkeeping requirements 
where necessary or appropriate for the 
enforcement of the Act or for developing 
information regarding occupational 
accidents and illnesses (Section 8(c) ) .  

Section 3(8) of the A c t  29 U.S.C. 
652(8), defines an occupational safety 
and health standard as follows: 

A standard which requires condition. or the 
edoption or use of one or more practices. 
meam, methods. operations or processes. 
reasonably neGessary or appropriate to 
provide s safe or healthhl employment and 
place of employment. 

The Supreme Coufl has said that 
Section 3[8) must be applied to the 
issuance of 8 permanent standard to 
deternine that it is reasonably 
necessary and appropriate to remedy a 
signifimnt risk of material health 
impaiment (Indusiriol Union 
Depafiment v. American Petroleum 
Institute, 448 U.S. 607 (1980)). This 
"'significant riskw detemination 
constitutes a finding that, in the absence 
of the changes in practices mandated by 
the standard, the workplaces would be 
"'unsafe"3n the sense that workers 
would be rhrzatened vvith a significant 
risk of barn. (Id. at 6-42]. 

The court indicated, however, that the 
significant risk detemination is not a 
"halhematical straitjacket,"hnd that 
" D S W  is not ~equired to suppod its 
finding &at significant risk exisls with 
anything approaching cerlainly." The 
Court mled that "a reviiewing Court (is) 
to give O S M  some leeway where its 
findings must be made on the frontiers 
of scientific howledge {and that) " * ' 
the Agency is free to use consemative 
assumptions in interpreting the data 
with resped to carcinogens, risking 
error on the side of over protection 
rather than under pmtection" '(e38 U.S. 
at 655). 

The Court also stated h a t  "while the 
Agency must suppod its finding that a 
certain level of risk exists with 
substantial evidence, we reeogni-e that 
its determination that a padimlar level 
of Pisk is "significant' will be based 



largely on policy considerations" (488 Air antaminants Final Rule (56 FR similar risk, so long as OSWA's fiber 
U.S. at 655, n.82). It is in the Agency's 26981. January 18,1989. derinition corresponded to dimensions 
burden 80 make this showing, based on The evidence must indicate that likely to be carcinogenic. Confirming 
substantial e.iidence that it is al least significant risk is unlikely to exist 88 a evidence of similar risk consisted of 
mom likely than not that such a result of the change in the regulation. epidemiologic studies of tremolitic talc 
s u b s h t i a l  risk exieks. O S U ' s  final action in this rulemaking miners which showed excess lung 

After OSIlA has delemined that is baaed on the dimction of the Supreme cancer and o h e r  asbestos related 
s b i f i a n t  risk exists and &at such risk Courl in State F a m  and is consistent diseasa However, at &e time, OSHA 
can be reduced or eliminated by the vvith OSIVI's previous approach, acknowledged that the studies, although 
proposed standard it must set the Also, the Supreme Gourl in I& State showing positive results, were 
standard "which most adequately F a m  decision held that recision of 8 bcoRc]usive in &at the studies did not 
assures, to the extent feasible on the rule is arbikary if, inter alia the &ency prove a causal felationship between the 
basis of the best available evidence, does not consider an impoflant aspect of mineral exposure and cancer (51 
(hat no employees will sulker material the problem [463 U.S. at 43). The Gaud 22631). 
hipaimen! of health" "ection 8[b)(5) of held that an essential component of Thus, the primary basis for including 
&e Act). ahe  Supreme C o w  has reasoned decisiomaking requires the nonasbestifom varieties of' ATA in 
hterpreted this section to mean that discussing why alternative ways of OSWA's asbestos standards was the 
when adopted an O S W  standard must achieving the objectives of the Act Agency's belief that fiber populations 
be the most protective possible to cannot be adopted. OSHA believes that similar -index- fiber counts. 
eliminate significant impairment of here it must such presented essentially the same risk, 
health, subject to the constraints of alternatives presented by its review of regardless of whether those 
technological and economic feasibility the record, or.which are suggested by fibers were strictly asbestos in the 
(American Textile Manufacturers pafticipants the significant mineralogical sense. Dimensions of the 
Institute, Inc. v. Donovan, 452 U.S. 490 benefit and feasibility of such 
(1981)). 

"'index" fiber in the asbestos standards 
recommendations. 

in addition, section 4(b)(2) of the Act 
was a length of at least 5 micrometers 

provides that OSHA's general industry Significance of Risk for with a 3:1 or greater aspect ratio. OSHA 

standards would apply to construction N~nasbesti/:orm-ATA believed that the primary determinant of 

and other workplaces when? the biological aclivity of asbestos is fiber 

Assistant Semeta~ry has detemined OSKA is empowered to r e d a t e  dimension and that varieties of 

&ose standards me more effective than exposure to toxic substances where asbestos minerals of relevant dimension 
the standard wk& othewJjse substantial evidence shows the have the same carchogenic and 

apply. existence of B significant risk of material fibrogenic potenlial Per fiber. (See 51 FR 
&is docurnenr, O S ~  is amending impaimen;. For asbestos, OSILA has at m8). 

the revised standards for Asbestos (29 f o n d  that a lifetime excess cancer risk This detemination was the practical 
Gm l%o.lml and 1826.B) to remove 016.7 Per thousand and a lifetime equivalent of a qualitative risk 
nonasbestiform ATA horn heir scope, asbestosis risk of 5 cases per thousand assessment for ATA. Given the cbernicd 
The basis for h i s  decision is the are correlated vvi& asbestos exposue at and stmctllral sirnilafities between 
Agency's detemination that the the 1986 tbe-weighted average p a  of nonasbeslifom and asbestifom AT& 
available evidence is insufGcient to 0.2 f/cc and that a still significant risk OSWlrr, determined that similar 
conclude thet nonasbestifom ATA exists at &at level. regulation of both varieties was 
present the same t>pe or magnitude of O S m ' s  l9m risk assessment for warranted, so long as dimensionally 
heal& effect as  asbestos. asbestos, which was upheld by the appropriate fibere were counted 

The inclusion of the nonasbestifom United Stales G o M  of Appeals for the This decision squarely f i t  OSIIA'a 
he 1972 standard war; Di~tri.ct of Columbia Girc~l, was based wainerrearn auhority to regulate less 

based on Lhe Agency's view &at on the results of a large number of h o r n  substances based on 
nonesbestifom ATA likely subjected epidemiologic studies which evaluated exbapolation horn evidence of k n o w  
exposed employees lo a signiftcant fisk b m a "  cohorts which were mdisputedly related carcinogens. O S m  believed 
of disease and in exposed lo asbestos. For lung cancer, that the Agency was not required to 
same way as  asbestos. Additional OSIIA looked at eight studies which demonskate Lbe toxicity of each 
evidence and haye contained good data for the calculation chemical it seeks to regulate h u g h  
been submitted to O S W  led to a of the dose-msponse ~Iat ionship for studies demonskaling a clear line of 
reassessment of O S m ' s  views. lung cancer, and six studies lo calculate causation (See EirvironmentalDefinse 
ne Supreme c o ~  in m f o r  the dose-response relationship for Fund v. E.P.A., 598 F.2d 62fC.A.D.G. 

Monufictorers Associution v, Stole mesotheljoma OSWk eva lua~on  of 1998). O S M ' a  decision lo regulate like 
Farm rMuiuolAuiomobik lnsumnce Go. these slu&ee in&cated that the potency asbestos the closely fetated non- 
(State Fam), (4S3 U.S. 29,1983) held that coefficienle of lung cmcer a p p e m d  asbestifom varieties of hree asbestos 
""an Agency changing its c o m e  by lower where &borne fibel-8 rsre minerals was not the first time &at 
rescinding a mle is obligated to supply a relativ certah OSILPl or other ~?g\llalory agencies bed 
reasoned analysis for Lhe change man& where the regulated closely related substances 
beyond that which may be required fibere st 22623). . based prhaf i ly  on evidence mlating to 
when an agency does not act in the first O S W  did not use the results of any the more known variant fn its arsenic 
hstance a * " 463 U.S. at 42. OSI-LA ; study involving worker exposwe to standard O S W  had treated pentavalent 
bas previously stated Ihe approach it : nonasbestifom ATA in 116 asbestos ;risk arsenic as  p r e s e n a  the same heal& 
will follow in raising or e l imina~w assessrnenL h dete ing to include hsk as hiv~len t  arsenic, which was 
exposure limits in two places. Those are ATA in its 1W asbestoe standards the conclusively carcinogenic. O S W  based 
in its reconsidera~on for the exposure to . &ency reasoned (hat the chemical and Its decision on evidence consisting of 
cotton dust h the nonfextile sector a! 50 a s h c t u r a l  similarities in varieties of the studies which dernonsfrated positive 
FR. 51132-3, October 12, 1985 and in its . same minerals allowed a presumption of mutagenic and genetic effects by both 



pentavalent afsenic was rejected by Thus, the record does not contain d i s w i s h  beween asbestifom and 
OSWA for problematic exgosure dence to suppofl a nonasbesMom ATA, OSIIA began to 
deec~p t ion  and smaU n u b e m  of nonasbeslifom ATA Inspect employem whose employees 
workem studed. OSI-IA de tembed  &at 1th dsk similar to were e q o e e d  to ei&er rnineralogic 
subatanlial e ~ d e n c e  edsted to consider a s b l o s ,  based pPirnarily on v b e 5 .  
b o b  l o m e  of amenic carcinqenic, and exbapolation h r n  evidenw relating lo One supplier of Induebial talc 
regulated h e m  under the same asbestos. containing non-aebestifom 
standard. (43 FR 19584.) f i i s  wae upheld m e r  discussed in the Heal& aa&ophyilite and Wrnolite (&e R.T. 
in A W ~ O  v. O$P;L4, 7 4 ~  F& m, (4th a b c b  Sec~on ,  b l o w ,  O S m  also Vanderbilt a m p a n y )  pelitioned O S m  
C i d d  %MI. delemined &at subslanGa1 evjdence L lo ~ s ~ ~ l  ae applicatjon &e 1 ~ 2  

lac@ in h i s  read to suppofi h e  standard eo &at nonaebestifom 
-@ation of nonesbestifom ATA b e  an&ophylji!e and hmol i te  would not 
asbestos standards or in a separate be covered by it. In October 1914 OSWA 
health standard based on a separate risk interpreted the applicability of he 

undisputedly showed ca-ogenicity. which shows that these asbestos standard to mean only 
Confirming evidence consisted of some present same kind asbestiform temolite with and aspect 
positive in dvo and in d~ tests for the and extent of risk a s  asbestos, or a ratio of 5 to 1 (Letter from OSHA 
ies5 &lorinaked variety. (ELIF,.. EPA, lesser but still significant risk to Assistant Secretary John Stender to R.T. 
supra]. exposed employees w a t e r  than fie risk Vanderbilt Company, August 8,1974; 

Thus, OSHA and other agencies have caused by particulates not OSHA Field Information Memorandum 
based risk assessments for one regulated. # 74-92, November a, 1974 @c. 
substance on the quantitative data III. Regulatory History 411)). However, because of preliminary 
relating to a related substance if information received fmm NIOSH OSHA first regulated asbestos in is71 

regarding medical evaluations of data the record when, under authority of section q a )  of 
the equivalency of risk in a qualitative Occupational and Health Act, workem exposed to bemolitic talc. fm( 
way, even though doee-response data it ae Federal startdad # 74-92 was  canceied on January 4 , 1 m  

a risk for lKlder he ~ ~ l ~ h - ~ ~ ~ l ~ ~  &. 412). OSHA wverted to its 
not available. For example, in the F"GB I>ublic Gonlrec iegulatow definition of asbestos, which 
case, posilive in vivo and in vitro included all temolite fibem, wheher  
studies showed excess risk of about the me f a  pemissibie asbestifom or nonasbestifom. 
same m a ~ t u d e .  b the amenic case, l h i  ble 63 In 1 ~ 5  OSI+9 proposed to reduce h e  
positive epidemiologic and animal data gusts**. ne for p a  and o&e&se revise and tighten 
of the less studied substance, &molite was also adopted and the asbestos standard to protect 
corresponded to risk estimates for &e Beparalely listed ~ ~ b l ~  6-3, employees against carcinogenic effects 
mow studied varianL FurCher in bo& Following an emergency temporary of asbestos (40 47852, October 9, 
cases, the biological relationship was standard (m) for exposure to 1975). No change was proposed 
based on the same factom as  the dusts1 in 1971 (36 23207, concerning the six minerals defined as 
assumed toxic mechanisms. December 7,1871),OSId4 conducted asbestos, but O S m  proposed to define 

In h i s  denreking,  OSWA has mlemaking and issued a w m a n e n t  ""asbestos fiber" as a *'partiw1ate1' 
reopened the issue of wbelher standard under section ~ [ b )  OSH hs tead  of 8 "fiber" 80 as lo s h s s  its 
nonarrbeelilom ATA should be Acd whi& regulated occupatjonal " m o ~ h o l o g y  and toxicity * * * ralher 
regulated like asbeetoe based on  it^ exposure to asbesloe. R e  standard than its geologic or minerelogic o~gin ."  
similarily lo the k n o w  carcinogen. The defined asbestos 88 w ~ o l i j e ,  (40 FR 46758). It also proposed to add a 
evidence submitted to Ulis r e ~ o r d  mcidolite, arnosite, h;emolite, &fee to one aspect ratio and a five 
includes, in the Agency's view, ally an&opl.lyfiile, and ackol j te  (29 micrometer maximum diameter to the 
all relevant data and m m e n i  existing 1=0.1)3a (later r enurnbe~d  a s  definition of fiber in recognition of fiber 
on this i ~ s u e ,  much of whicb was not 8 1910.1001); 37 iFR 11318, 7,1972). respirability and the ACGIH 
p r e ~ o u s l y  considered by the Agency. The 1972 standard regulated only fibem recommended melhods for fiber 
O S M  has examined &is record to lower  &an 5 micrometers, measured by sampling and counung using phase 
evaluate whelber the risk of Ihe phase contrast ilfumjnalion (37 11318, Gontrast microscopy. No h e a ~ n g s  wem 
nonasbestifom vafielies of ATA can be 29 ~ m ~ . ~ ( x n  (1%)). Also st &at held on this proposal. 
derived by analogy to asbestos. M e r  a time, OSIY\ deleted the enh-y for In 1983 OSW issued an Emergency 
revjew of &is p a d y  enhanced record, tremolite in Table 6-3, Temporary Standard jF;rs] for asbestos, 
O S M  bee wvereed its decision of 1988, On October 18,1972, OSI-LA made lowefing the pemissible expoeure limit 

ed that &ere is heufficient clafifying nvisions to Table 63. The horn 2 fibere per cubic centimeter (2 11 
evidence to regulate nonasbesiifom existing pemiesibte exposure limit for cc) to 0.5 f /cc 148 Ffi 51086, November 4, 
ATA p ~ m a r i l y  by exbspolalion fmm ""talc"' was explained to apply only to 7983). Ln the preamble lo the ETS, which 
data relating to asbestos. Reliable "non-aslxrstos fom" talc, while new also constituted a proposal for a revised 
confirming evidence L lacking; animal entries for "'fibrous talc" and demolite pemanent  standard, OSHA raised the 
experimental evidence either shows no hstructed madem to use the permissible possibility of revising the defmition of 
or gready wduced effect for limit for asbestos (37 2102, 22142). "'essbeslos" and  "asbe~ilos fiber" and 
n o n a s b e s ~ f o m  ATA, epidemiologic MI major provisions of the s t andad  included an  extensive discussion of the 
evidence relating lo nonasbst i fom which were hitially challenged were relative carcinogenicib and toxicity of 
ATA is inconclusive andlor flawed, and upheld by the U.S. Court of Appeals for different fibers (48 FR 5111&.-51123). As 
dimensional hynoheees of t h e  Dislrict of Golurnbia C L ~ ; G ~ ~  in with the 1972 standard, O S M  



conc'fuded h e r e  was m basis k, 
regulate fiber ~ p m  
51 110). Thc FTS itself was vacated by 
the Fifth Circuit Corn o P A p p f s  on 
March 7,1984 Por m o m  not related to 
the issue of lire Pninm-1ogica+ def r r i~on 
of asbestos. 
h-9 i(3 w p p l m m  

FR 11446. April 10. 
was conidering e 
d e f i n i ~ n  sf a & e m  to e o n h  to&e 
pmc(ice of other federal qenciw (the 
Mine Safety and Heal& *inimtion, 
the Gammer Sa fety 
Cornmiasion, the Environmmtal 
Pipotstion &my, and the De nt 
of Education) h i &  ~ q u l a d  
mimraiogicaliy correct "asbestos". The 
definition under  ons side ration would 
include only the aebestiform varieties of 
the pix covered minerah. bbwever, 
O W  noled that haltt i  evidence 
existed- implicating nanasbestfform 
minerals in the production of asbestm- 
re la id  cisease: iha t morphology may he 
a significant causative factor; and that 
the Agency would examine all relevant 
evidence =re iis M kisina on 
coverap ((51 FR 14m3. 

Sevenrl prties a d d r e s d  fhe b w e  h 
mitten c o m e n t s  and in oral te~m-orry 
during ii-ie demaking.  A *maiy 
proponent af inciuding only a 
"hineralogically correct" deftnition ol 
asbestos was Ihe RT. Vanderbilt 
Company, a rniner and producer of 
tremolilic talc (See generaBy Ex 337). 
Vanderbilt claimad that h a ! &  ~ u d i e s  

e and d l  do not show the 
of a sbes tos -dabd  dilrease; 
therefore i% pmhc(9 &wid  

not be regulated wirb ficr same 
stringency as asbestos. Ohm 
p a r l j c i m s  &o. supparled 
cover* #xi *"mineralogjcaUyw & k e d  
asbestos [See eg. and 90-143). 

Other commentors.oppased wclnding 
nonasbestiEom trernoIik, anthopbyllite. 
and actinolite from B e  scope of the 
standard Public Citizen HeaIh  
Researsh Gmup @3s. 122; Tr. June 22. pp. 
5142) .snd 'he  United'Brdhehood of 
Garpenlers and Joiners of America m. 
June 28, pp. ZCiB-1721 contended bat a 
r e ~ l s e d  a s b e a m  standardshould 
include these minerals because of their 
asbestos-like hea lb  eMeca. m i r  
c o m e n t s  in part were basedon 
findings of the hWSH studies of upstate 

workilrg at " d d e h i l t  whi& found an 
excess of r e s p i r a w  disease. 

OSNA's final standardis (29 Cm 

asbestos, &nolie asbestos, m d  any of 
these mate6 t has been ckmicaflk 
Ireate$ or al 129 CFW ~ . x w @ ) ;  

29 CFR 1926.58fir). rfowmm lkgse 
standards also regulate the 
n o n a s b e s t i h  vari* sf m o l i t e .  
anthophynik. a d  a h o l i t e .  Only 
"fibers" of &we mabriais sre re@&& 
fibers are defined as particles ofthe 
c m e d  nrakriais which are five 

dekrmjrsed chat there 

protection-andm the mi%$ a h s b s  
stand& fo r  n o & m  exposed to 

emolite, anthophyllite 
Fk% 22631). (tE;W 
separately analyze the 

economic and techological feasibility 
of the revised prov-isions m hdtusfiies 
using the nonasbestifom minerals. 

Following: ksuance of the standards a 
number of parties filed petitions in tfie 
Second, Fifth and District of Columbia 
Circuit Courts of Appeals far review of 
the standards u&r section 6(fl of the 
0% Act bmed on bmrtd challenges t~ 
the standard's validity. Urr June ilo. 1=, 

also filed a btag m 5 o n  in the U & d  
S t a b  Gem sf Appeclis Far W n d  

stone ia the canslrucliorr iodusby w w  
never considered in che mlemaking. It 
alleged severe adverse i w a c t s  on the 
indmw and the p u b  as  the 
applying the m w  standard to 
stone. 

Vanderbill nzquesid (3SM8o 

lay en July 2 4 , I W  [Ex. 

bmuglrt to OSIL4b 8 t e n ~ o n  in~rr ra l '  
rnernoraada from three NfOSH xienlists 
which &sp&d '8 reg 
M a b e n t  of m a s b e s t i i o m  tre 
anlhophyllite and actinolite. Dr. d 
Millar, h e  Director of NIOSH, m o t e  to 
OSHA on lufy 17.19B6 to reaffim 
NfOSFfs s u p p a  for OSI-IAb pposilians 
in the finarstandards (Ex. 408). O n . J d y  
18, 1986, C6m granted a temporary 
stay insofar 8s the standards a w l i d  to 

nonaheslifann ~emol i te .  afilhophyllite 
and actinoliw 151 FR 370023. 
i t  was g r d n g  the stay in p 

the sllbrnissions 

nonasbestifom tmmoiite, anthophyai~e 
and aclinolite should be remlated in the 
same mannm m asbestos m d  the 
feasilaiGty of ~gulahing the a f k t e d  
induskis. The &y was ex tend4  ta 
July 21,198a 152 EX 15722j and thereafter 
(53 FR P345). EX 3MW) and (% Et 
43699)-k d e r  ta cornpfde mlemaking. 
The current stsy expires May 30,1982. 

Pursuant to dre stay and its extension. 
the standard, covering hwnolite. 
an&ophgllite, end actiaolite were to 
remain in effect a s  they had applied to 
minerals under the previous standard. 
The 1972 standard was republished as 
29 Cm I9lO.tWLOZ (1987). 
On February 12.1990 05% published 

a Notice of Proposed W m a k i n g  
(hTRlvL) in w h ~  b e  Agency proposed 
to remove n m a s b t i f o m  h.emoljte, 
anthophyliite and actinoIite from the 
 cope of the reesed standards for 
Asbestos. At that time OSHA also 
presented and =quested 
various a l l eml ives  for r 
nonasbestifom ATA 

Public h e a w s  on the proposed 
d in M'ashQton, DC 
prwide interested 

ent an the proporsed 
bmissions of data, 

commenb. an were mcc?ived 

After the dose cd the p a t  hearing 
briefing c o m e n t  periods, the Arneri~an 
moracic  S c i e t y  ( A n )  subrniMed a 
report to h e  m o d  concming the 
hea?& risks of nonasberrtifom *molite 
(Ex. 525). The B\gency set an additimaj 
period, later extended to Decmber %, 
1990 to enable the public to ~ubrnit 
wrinen c o m e n l s  and analyses on all 
issues raised by lfre ATS ~ p o &  In wder 
lo review comments on this d 
as well as the entirr ruiemaki 
the Administration Stay was extmded 
to Febmary B, P992 (5( j  FR 4 3 m j  and 
again la, M q  30, lm 157 1;41 787) .  

The recorr? of h e  pubfie hearing 
contains the original transcript of the 
bearing, whi& incoporated lrhe record 
a s  a whole and exhibil n m b e r s  505 to 
553. Gopies of Che materials contained in 
the record may be obtained from the 
OSHA Docket O E a ,  room N-28=, U.S. 
Deparment o f h b o r .  200 Constihttion 
Avenue W., 'Eniashi-n. I)1= 20220. 
The Docket Office is open to f ie  public 
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fiom 10 a.m. to 4 p.m. Monday h o u g h  
Fr;day except Federal Holidays. 

The final decision on the occupationaf 
exposure lo nonasbestifom ATA is 
based on full consideration of the eneire 
record of this proceeding, including 
matehal discussed or relied upon in Ilne 
proposal, the record of h e  h f o m a l  
hearing, and a11 ccmunents and exbibits 
received. 

The following is a discussion of the 
mineralogical evidence submitted to this 
record concerning defining and 
differentiating the types of minerals 
commonly designated a s  "asbestos", 
" ~ s b e s t i f o m "  and "nonasbestifom". 
OSHA's position. expressed in the 
proposal and in the 1986 standards, was  
that precise rnineralogic definitions are 
helpful in describing the scope of the 
standard, but absent strong evidence 
that mineralogic distinctions are 
biologically relevant, such distinctions 
by themselves, should not dictate 
regulatory health based decisions. In the 
1986 standards, OSHA defined 
""sbestos" and "nonasbestifom ATA'" 
separately, but covered b o h  v a ~ e t i e s  
based on health effects evidence. 

mcidoliie, amosite (which is 
rnineralogically k n o w  as  

ingtonite-merite asbestos), 
Wmolite asbestos, anthophyllite 
asbestos, and actinolite asbestos. 
Chrysotile belongs to the family of 
minerals called seventine minerals. The 
mmaining five minerals belong to the 
family of minerals called amphiboles. 

Dr. M u r  Lanner pointed out in his 
testimony and cgmmments to OSKA, that 
h e  defmition of asbestos is compfised 
of a mineralogical definition and an 
economic geology definition. Langer 
slates: 

Asbestos is described in the mineralogical 
literature a s  several silicate minerals with the 
following characteristics: Minerals occurring 
in nature a s  fibers: Fibers are bundles 
composed of "hair-like" (filiform) fibrils. each 
with a high length-to-width ratio; Fiber 
bundles are polyfilamentous and the fibril 
strands may be easily separated by hand. 
Unit fibrils cannot be resolved by Ithe) 
unaided eye: In addition to the mineralogical 
criteria, the economic geology literature 
contains additional descriptive terms, mostly 
pertaining to properties exhibited by asbestos 
which render i t  useful in commerce. Among 
these are: fibers exhibit stability in acids and 
alkalies; act a s  electrical insulators; act es  
henna1 insulators; fibers are highly flexible 

Much evidence and testimony in this 
proceeding related to the extent to 
which different mineral varieties can be 
distinguished. OSM'8 overall 
regulatory approach to this issue is 
shaped by its mandate to protect 
employee heal&, and to err on the side 
of protection when presented with a 
close scientific question. The Agency 
believes that m e n  difficulties in 
differentiating bemeen these mineral 
varieties should not dictate unifom 
regulatory Lreatment, unless such 
dificulties reflect the fact &at Ihe 
vafieties, in biologi~ally relevant 
respects, behave the same. Of course, 
misidentification of mineral t m e  affecb 
the confidence in and usefulness of 
studies reporling the biological potential 
of dinerent mineral m e s .  &so, the 
extent of analytical difficulty in 
distinguishing even well characterized 
mineral types, would be relevant to 
OSIIA in making feasibility 
deteminalione conwrning analytic 
meaods. 

In general there was agreement 
concerning the broad definitions of 
lhese mineral classifi cations. T'hus, 
asbestos is not a precisely defined 
chemical compound, but raher,  .a 
collective t e rn  given to a group sf 
similar silicate minerals having 
commercial significance. Historically six 
silicate minerals have made up the 
group of minerals which has k e n  
colleciively referred to as Asbestos, 
n e s e  six rninerals are cbrysotile, 

and can be woven into asbestos cloih or 
wpe; fibers possess diameter dependent high 
tensile strength. Together, both geological 
disciplines have defined whet asbestos is 
mineralogically. (Ex. 517, Tab 5 )  

Dr. h Wylie, testified that 
"Asbestos is a commercial te rn  applied 
lo a group of highly fibrous s i l i a t e  
minerals that readily separate into long, 
&in, strong fibers of sufficient flexibility 
to be woven, are heat resistant and 
&emically inefl, and possess a high 
electical insulation and &erelore are 
suitable for uses whew incombustible, 
nonconduceng, or chemically resistant 
material is required." [(Ex. 474-23). 

Similarly, the Bureau of Mines stated 
in commenk to the NPRM that a c o m e t  
mineralogical definition of asbestos 
was: 

A term applied 8 0  six naturally occurring 
serpentine- and amphibole- group minerals 
that are exploited commenially because they 
uyslallize into long, thin, flexible fibers that 
are easily separable when aushed  or 
processed. can be woven, an! pesistant to 
heat and chemical attack, and are good 
electrical insulators. The six serpentine- and 
amphibole-group minerais co rnon ly  rrfemed 
to a s  asbestos are hrysotile, cummingtonite- 
grunerite asbestos [amosiie), riebeckite 
asbestos (crocidolite), anthophyllite asbestos, 
treinolile asbestos, and actinolite asbestos 
(Ex. 4 7 H ) .  

T%e above minerals which are 
collectively termed ssbestos, are also 
described as  being asbestifom. 
Asbestifom i ~ l  a mineralogical te rn  
describing a p a r ~ c u i a r  mineral habit, 
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The habit of a mineral is the shape or 
or aggregate of crystals 
crystailization and is 

dependent on the existing 
enviromental/geological conditions at 
the time of lomation. The National 
Stone Association (NSAJ and the 
American Mining Congress ( M C )  state 
that, 'The asbestifom habit can be 
defined as a habit where mineral 
crystals grow in 8 single dimension, in a 
slraight line until they form long, thread- 
like fibers with aspect ratjos of m : ~  to 
100:1 and higher. When pressure is 
applied, the fibers do not shatter but 
simply bend much like a wire. Fibrils of 
a smaller diameter are produced as  
bundles of fibers are pulled apart. This 
bundling effect is referred to as 
polyfiIamentous." (Ex. 467) Dr. Wylie 
testified that the asbestiform habit can 
be recognized by certain characteristics 
using light microscopy. For example she 
testified that: 

Populations of asbestiform fibers, and this 
would include all, not just commercial 
asbestos, but all asbestiform fibers that 1 
have looked at, they have mean aspect ratios 
grealer than twenty lo one for particles 
longer than five microns-and again, it's very 
important that we qualify, when speaking of 
aspect ratio, length, because aspect ratio by 
itself as a population characteristic has no 
m e a n i n e v e r y  thin fibrils that are usually 
less than half a micrometer in width. And you 
will see in any population of asbestiform 
fiberjs] at least two of the following 
Eharacteristjcs. Normally they are all present. 
but two. I think is enough to convince me. 
ParaUel fibera occurring in bundles, fibers 
displaying splayed ends. the matted masses 
of individual fibers, and fibers showing 
cuwalure. fTr. 5 19, p. 921 

However Dr. Wylie emphasized that 
these are characteristics which apply to 
populations of asbestifom fibers and 
not a particular particle. She states that 
T h e  charactefistics that were listed 
were population characteristics, not 
characteristics on a fiber by fiber 
discriminator. They weren't meant to 
say a particular particle must meel all 
these criteria in order to say that this is 
an  asbestos particle or population 
present. h d  that's the way h a t  
definition is approached that if we have 
a bulk sample, and we are looking in 
h a t  sample for h e  presence of---- 
asbestos,'"r. 518, p. I&) 

In furlher clarification of the 
asbestifom habit Dr. Tibor Zoitai, a 
professor of mineralogy st Lhe 
University of Minnesota, states h a t :  

The development of the asbestiform 
properties is a gradual process. (and) 
depends on the extent of the appropriate 
conditions olcvstallization. Gonsequenti?;. 
there are variable qualities of asbestiforn 
fibers. The poor quality ssbestiform fibers 31 
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.en4 mncenlretim llnd 
grmmerciai mbestos: Dr. h n  Wylie w iemed  her earlier 

OSI-Lrh stated that 
fibers, and lfre distinctions between them are 
fuzzy. In most cases. this i s  simply no! so. 
Asbestos crys&llizes from a fluid mechum: 

significant. The term ssbetrtifm is a into fibrils but during growth takes place aupidiy in one direction: 
mineralogical term used to refer $0 those prOcesses as mi** miuw and/or the chemicsl &up of h e  b i d  may i&ibi( 
minerals which are found in a particular proce- can be broken down into gmwth laterally. " * ' These fibrils am single 
mineral habit. That is, while all asbestos hagmenis rmlm from cleavclge a- or twin crystela and they haw very. very 
is asbestifonn, not all asbestiform the mineral6 two or three dimensional narrow widths and lang kngths. 11 is the 
minerah are asbestos. plane of: growth. OSHA alr;o stated that narrow width and long lengths thal give 

As the above discussiorr shows. the particles thus formed. are g e n a a l l ~  asbestos flexibility and high tensile strength. 

I term "asbestos" is.based an more tfian feferred deamge fragments and share a axis dmth. 
minerelogic criteria, and its meaning these fragments may they are rmdomly [arjranged in the d~rection 

dimensions to a&est fibers. perpendicuiar to the fiber axis, and when 
disturbed they ane easily desegrrgated 

interesb of the aEcted G Variow cornentors w r d .  wi& B e c a u ~  their osigin is diMermt. popdabon of 
communhiee. &na&&fm mineraj OSI-Vh's de f in i t h  of a d cleavage f w e n t s  and fibers of the same 
varietim hew a differant cornelcia3 f"B8rnent but objected @ minerals cue dmply different. Ilr. Wyiie adds 
historg. For the most earl bey ham )zfid chrnceizatim hat Don m that: While &ere may be sorne &asage 

little mmmercia! signifiicam. This is cleavage k a ~ n t s  and m h t i f o m  b w e n t s  that cannot be distinguished from 

related to their different n y e k l l i ~ m  fibers occur h similar dimensbns. Ln asbestos d e l ~  on dimensions and there am 

habit &auw, -like hey & testimony 8 0  O S m  Kelly U k y ,  an 'Ome paHicies in asbestos 
l h a t  can? 

not grow midirectionally, h to  long thin ld~Lria1 Ify@& k h  V d a n  be distinguished fmm cleevwe fragments. the 
populations are a8 wholea easily 

fibers, herefore they o h n  do mt cheinicsl Gompany speak@ for the d i s t iwshab le .  (Tr. fi& pp. IDZ-m) 
possess gropefties auch as lsleaviMlitg NSA staid 
or high hnsile s t w t h  which make The NSA belie\.es that this ststmen( is As e v i d w e  of these diffefences Dr. 
them valuable for aAestos-liile uses. For deli y misleading in that it faiis to t i l k  Wylie cited her paper "An 

be popuiehoa characterj~sa of ha ly s i s  of the Aspect Ratio Criterion 
ge and ae&stifm for Fiber Counting". Dr. Wylie testifid: 

fib-. k is true tha4 then? are m e  c l i g a v ~ e  parl of he mcorh I have a 
fragments that may have dimensions of a 3 .  paper enbw ++& h d y s i s  of (he hpect 
20:1 or higher in aspect ratio when examined h lb  criterion far ~ i h ~  ~ ~ ~ ~ i ~ ~ :  that is ever, none with PG)vl and the! there m y  be a few parr of OSm's record. The paper reviews 
asbestos have low aspecr ratio the distribu(ion of aspect ratio for fiber and 
dimerrsions similar to cleavage frsgmeds: fiber budlea amosice, crocidoijte, 

such as cerarnjc rnanuLact )lowerper. imply that cleavage kagmmts do chryeotite. and they deady show that for 
of the other mpefiies- s not differ from 8 s M r i o m  fibers in an those A k r s  and fiber bundies. w i n .  that am 
nonas besti-fom rainemla. observable dmensiond ig PWPYGQ& longer than five micrometers. 100 g e m n l  or 

The recod makm c i e~ r ,  &at horn a (EX. 0g231, close to it. have aspect ratio6 greater &an k r '  
minwalctgic persp&ve & Sirniiady, in earfja k s H m m y  l o  to one. and i n o u q  populatian that I have 

clrysta1liztttion grew& peCiern of &m O S M  during the mlemaking f o r  the ever wed at has asbesriform habit. 
m i n d s  deernines whether h e y  1986 =vised standards. Dr. Wylie more than 50 percent have aspect ratios in 

develop as asbestos, or as stated: excess of m e n &  to one " " " bur most of 
them arp 80 pncent .  

nonasbeeHfm vzli*i&ies. In joiilr A particle ol m y  rninerai which is h e d  /Urn included in thar paper are d a a  from 
c o m & s  to h e  m o d  NsA and by reguiax breakage is called a cleavage bulk and aiiborne sclmples efdeevage 
the  M C  slat& that "in the fragment. Mineralogically. a fiber or fibril is a fragments, aml there are cleeuae Bagmmts 
n o n a s m i f o m  varie$ crystal p&h  i6 crystal which has anained i-t-ts shape &mugh i~speci mlios greeter Lhsn ken tn one. 
random, foming mulli4immsional growth. in contrast tcra and thew arc? -roe h a t  have aspect ratiois] 

prismaBc pe t tms .  Whwl p m u m  is has attained iis s greater h e n  Wenty lo me. but h e y  are in 

applied, the crgstal f r a c ~ r e s  msily, breekagr?. The shage of much l o w  abundance. a s  a population. c r .  
fragmenling into parlic~m, fragments is s a m w h a r  variable dependiw 519. pp. 94-951 
Some.af the p h e l e s  en clbzavage upon the b s m q  s4 the minerd  sampk. %me Wh4e Dk Wyfie notm hat here are amphiboles when crushed n.111 proelkrm a 
fmgments are acimlar or ndleafraped wdjm parcides wbcfi bae the di es & d i s t h ~ o n  of sm 

It of' the h d m ~  of amphibole average aspect ratio d 5m 1 or6 ta L ratios when om looks at poadahons oZ 
minerals to cleave along hAio & ~ ? ~ S ~ O I I S  w h m a s  o f i e ramphib~ ie  sarnpies w h  asks-  Gbers and nonaAes l i fm 

' . bui not h e  third" (Ex 4873. crushed may p & e  a pyula l ion of cleavage hgme*, she also states .)rat 
i; 
a.2 



"kaaect ratio is a dimensionless greater than ten to one. And finally if we !more] than one micrometer in diameter, and 
parameter" and '"" * * i t  lacks look at parlicfes that a E  bo& longer only rarely less than half a micrometer in 
h fomal ion  about the size parlicles; i t  than five micrometers, and have an diameter. When larger than one mocrometer 
only describes shape." n r .  519, p. 95). aspect ratio greater &an I;hree to one, in diameter. they do no* exhibit the fjbriilar 

Rather &an aspect ratio, Dr. WyIie we have 19 percent aspect ratios sfmctum of asbestos. (Tr. 5/9. Pp. 114-115l. 

skessed that * k i d &  is a much more w a t e r  &an ten lo one . 'Tr .  5/9 at 106- Similarly in lheir joint comments to 
fundamental parameter of asbestos 1071. the record the NSA and the AI\/IC stated 
fibers, and perhaps will shed somedi&t The  cord contains some additional, fie following obsewalions 
on how we tell particles h a t  are but less comprehensive evidence on particle 
elongated, whether they are cleavage comparative dimensions of 
fragments, or whellier & e p r e  Due to the straight line librillar crystal 

asbestos." 'r. 519, p. 65). 
nonasbestifom 'Ieavage ham@nts and growth of asbestos, the width of an asbestos their asbestifom analogues. For fiber is essentially independent of its length 

To illuslrale this point Dr. Wylie in 1979* the Bureau ofMines and is no! easily altered by processing. fn 
presented data in her testimony on the compared 8 samples of ground bernolite mntrasl. cleavage fragment populations show 
widths of various populations of of varying habit. It concluded that increasing width a s  particle length increases 
asbestos fibers and nonasbestifom "based on this limited study, there is a due lo the characteristim imparted from 
cleavage fragments from both bulk and relationship between the number of normal three dimensional crystal growth. The 
airborne data rjrranscripts, May 9, pp. 2- particles of 'critical' dimensions, >I0 result of this difference is cleavage fragments 
95 to 2-98). This data showed that in the pm in length and <0.5 pm in width. and ~ - ~ d t h s r a ~ l y  less than 0.5 miuumeter 

populations of asbestos fibers she the habit of the tremolite-actinolite and almost never less than 0.25 micrometer. 

studied, the majority of fibers had to grinding. . . . Only the asbestos Asbestos tends to show a high proportion of 
fibers less than 0.25 micrometer in width. (Ex. 

widths less than one micrometer. For variety gave long, thin particles of the 4671 
- example, W% of the crocidalite fibers dimensions established by some 

she studied had widths less &an one . medical scientists as necessary to Dr. Charles Spooner, a microscopist 
micrometer and 609b had widths less produce adverse biological effects in and mineralogist with Charles Spooner 
than 0.5 micrometers. in amosite laboratory animals." (See RI 8367, p. 17 and Associates Inc., concurred in his 
samples, greater than 9096 had widths a s  part of the NIOSH pre hearing testimony that asbestos fibrils have 
less than one micrometer and 75% had submission Ex. 478-15) widths less than 1 micrometer and that 
widlhs less &an 0.5 micrometers. In A critical dimensional distinction most cIeavage fragments have low 
tremolite asbestos -5% of between asbestifom fibers and ATA aspect ratio [Tr. 518, pp. 120-921). 
the fibers had widths less &an one appears lo be h e i r  widths. Thus, Dr. However be also noted that cleavage 
micrometer and 75% had widths jess Wylie stated that her analyses ofwidth fragments may also have high aspect 
than 0.5 micrometers. Wylie stated that show that "About 80 percent of the ratios. Dr. Spooner stated that "ln the 
when looking at  these fiber populations amphibole cleavage hagments longer universe of amphibole cleavage 

* if really doesn't make any than five micrometers, have widths hagments it seems likely that a greater 
difference, much, whether you look at  greater than one micron, and none have proportion will exist a s  more or less 
particles longer than five micmmeters, widths less than 0.25." fir. 519, p. 98) equant bodies, however, there will be 
or all particles in a population, when Dr. Wylie also pointed out how the those instances where high aspect ratio 
you look at width. Because of the nature width of asbestos fibers will innuence respirable cleavage fragments will be 
of asbestos, width changes verJt little 8s their aspect ratio. She states that "the generated upon crushing of the 
length increases, * * *" (Transcripts mean width of asbestos fibers is less amphibole bearing rock." (Ex. 512). 
May 9. p. 2-96], Dr. Wylie than half 8 micron, and if you have five As noled earlier in &is discussion, Dr. 
acknowledged, however, that asbestos micrometer particles* You have lo have Wyiie acknowledged that one may find 
fiber bundles may have widths greater an aspect ratio of at least 10 lo 1." "re a few cleavage fragments with high 
&an one micrometer, but she added that 5/91 P* 101-1021. Moreover in her aspect ratios, but she added that  
even in these cases the majority of comments to WRXX she states that populations of asbestos fibers and 
parlicles are less than one micrometer. "while low aspect ratio fiber (or fiber cfeavage fragments, a s  a whole, are 

Dr. Wylie was  cl-iticized for bundles) are present in asbestos distinguishable from one another. 
inconsislencies in her comparative populations, h e y  are character;stic of However, Dr. Spooner points out that 
population: i.e., sometimes using all shod asbestos fibers " " '. Since the ** * * " from the industrial hygiene 
fibem, other limes citing only those mean width of asbestos fibers is less perspective, vew often we are dealing 
exceeding cerlain dimensions, e.g. than 0-5 micrometers, f ie mean aspect with air samples. We are looking at an 
longer than 5 micrometers. Dr. Wylie ratio o f 8  5 micrometer fiber is about airbome fiber and w i n g  to assess its 
agreed that, "'depending upon which of 10:l.m cEx- 47s231. respirability. And again, we are often in 
those qualifiers you put f a d ,  you get Dr. R.J. Lee, a microscopist and the industrial hygiene setting, we don't 
vastly different datasets. Now, I took all "ineralogist R.J. Associates, have the opporluniiy to know where the 
my cleavage fragment data and I first the in material is corning from, nor do we have 
looked at  he particles art? lower distinguishing asbestos fibers from the opportunity to look at a very large 
&an five micrometers, and of &es+l" population of fibers " " "" [(Tr. 5 / 8 ,  pp. 
just going to use a ten to one as aspect Lee lestified lZle following' 117-178). Thus O S M  believes that 
ratie----11 percent have aspect ratios First asbestos--tlirborne asbestos is less while one can differentiate between 
greater than ten to one. If we look at "an one gicicrorneter in diameter. unless it's mineral types when populations of 
that dataset * * " and only at the present as bundiee or clusler, which exhibit Particles are examined, when single, 
particles have the characteristic fibriliar structure of isolated paflicles are examined (e.g. 

asbestos, or a s  Dr. Wylie indicated, the 
three One * " * and "@ longer ha l lmad of asbestos. Asbestos larger than a particles from air samples) the ability to 

than five micmrneters, then we would ,+,)fa is a bundl-. differentiate may become more difficult. 
say its six percent are longer than five Second, nonasbestos pafiicles longer than In the NPW O S W  stared that at the 
micrometers and have aspect ratios f ive micrometem in length are generally microscopic level, on a particle by 



parlicle basis, differences in gross with similar fea-8 to talc and to 
@ow& characteristics may not be anthophyllite and yet the numbers fa l l  in 
readily observable. Similarly, Dr. k t  beween. " * " 1 have described these other , 
hnger that q. a in fibem b u s e  &ey are tbe fibers with the 

d o m t  roo~hological sirnilari5 to asbestos. some instances single, isolated particles ney do have aplinlenhg and bmde of slidu 
may be impossible to distinguish, i.e. and kayed ends daractenstio nese 
acicular cleavage fiagment h r n  characterislicd which we oNen ascribe to 
asbestifom fibril" W. 517, Tab 5). Br. ~y asbeauom & e r d ~  the rarnples 
Langer also noted however that while we have ex ed have to 
Lhere are some particles which de& our mcei 
mineralog;cal identification, h e  
penenfage of parlicles that comprise do look like asbestos ~ ~ 0 1 p h o i o ~  
&is -up is a small percentage pr. 5/ fhe rnajomle in toxicity or caninogeniciry 

31, p. 230). rhese should be c o ~ l d e r e d  more Lrnporiant 

identification of fibers is confounded ~ ~ I l i ~ ~ ~ ~ ~ " , ~ ~ ~ ~ ~ & ~ l ~ ~ b  of by the existence of particles which do 
not fit a precise mineralogic definition. '" Langer, in his testimony* 
F~~ example, some samples of industrial also discussed the difficulties in 
talc have been s h o r n  to contain identifying these intermediate fibers. Me 
"intermediate fibers." Dan Crane, a stated that: 
miwroscopist at OSHA's Salt Lake City * " * some of us might call this a pyrobole, 
Technical Center, describes these pyroxene and amphibole. This bas also been 
intermediate fibers which are found in described in various deposits, and you're 
hdustrial talc samples and notes hat going to ask me about the Vanderbilt talc 

deposit. That'u fine because they're 
is by a integro[wthea] like this in the Vanderbilt talc 
optica1 can the nature of the deposit. These are the complex fibers that we 
intermediate fibers can be determined. have talked about that defy mineralogical 
Even at that they defy definite classification. (Ex. Tr. 5/11, pp. 170) 
description" (Ex. 41&=). Mr. Crane 8iHficance of or 
goes on to explain tfial: ""transitional" fibers was also addressed 

M e n  one looks at the industrial tales in by Dr. Langer, who stated that O S m ' s  
fie microscope, he sees large nmbers  of major question should be "bow c o r n o n  
panicles that are much longer than u) to 1 are they in the work and even to nearly 100 to 1 in aspect ratio. The 
first reaction is to say these are the asbestos answered "'I don't think & e y h  terribly 
fibers of kemolite and anthophyllite c o m c n  in the work place. They are 
indicated by the known presence of those only described in certain specific 
minerals in h e  products. Unfortunately, (his locales." ITr. 5/ll, p. as). 
is a false assumption  hey are for the most OSWA notes that even those 
part fibers of industrial talc. They have been mineralogists who contend that asbestos 
dubbed intermediates by us, as talcboles by is a separate mineral entity horn 
Malcom Ross and fibrous biopyn'boles by nonasbesfifonn AT& a p e  h a t  
David Veblan. What h e y  are not is hinlemediate foms  exist. Dr. Tibor 
anthophyllite or hrnolite. [En 41&23) Zoltai, h o l e  
h his dea~riplion of a e s e  University o 

htemediaie fibers Crane notes that *'* * * r?TJhe 
examining these parlicles by light asbestifom properties is a gradual 
microscopy (e.8 using hdices of process, land) depends on the extent of 
refraction and dispemjon oils) one the appropriate conditions of 
would not call these p a r ~ c l e s  crystallization. Consequently, &ere are 
an&ophyUite. However, when one uses variable qualities of asbestifom fibers. 
electron microscopy one would The poor quality asbestifom fibers of 
conclude &at these particles are hdeed amphiboles are called byssolite, or 
anlhophyuite. Mr. Crane explains why brittle asbestos. The high quality 
&is diffewnce occurs: asbestifom fibers, because of theh 

n e  fault caa be comcted when the andyet  highly developed flexibility, s h n g &  
realizes that in this p h d w  mineral, the and physical-chemical durab i l i~ ,  
deposit was an&ophyhte at one k e .  f i e  constitute desirable induslrial m a t e ~ a l s  
P ~ & U  m d d c s  of are beyond the and are exploited under the generic tern 
scope of lhir letter. Suffice i t  l o  say Chat it is of asbestos." '. 546). Dr. Langer 

done in such a WaY as lo leave the lesfified h a t  based on Dr. Wy)ie'8 work 
ibopbyiiite lben it is b o r n  that byssoiite is not &ern Lo talc ?"his 
en rise to elecbon composed of unit fibfils. ""S we wodd 
irnic a r n p ~ b o l e  not classify byssoliie as an asbestos 

-patterns. Very careful measurement and mineral. Now some people mnsider this 
calibralion of Ilnese pat tern reveal subfle as a transition kind of mineral in 
sirains in the s h u c b  l e a k  Lo e minerd characteristics." "r 5/14 at 518) O a e r  
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mineral foms  exist which are 
intermediate between anthophyllite and 

., talc, arji discussed above. 

ary, the discussion indimtes 
that populations of fibers and 
populations of cleavage fragments can 
be distinguished horn one snother when 
viewed as a whole. For example one can 
look st the distribution of aspect ratios 
or even widths for a population of 
particles and can then generally identify 
that population of particles as being 
asbestlcom or nonasbestifom, 
However when one looks at individual 
particles, (e.g. particles from air 
sampling filters) sometimes these 
mineralogical distinctions are not clear. 
Unfortunately the data in the record is 
insufficient a t  this time to precisely 
determine how often these situations 
occur. 

The record also describes the 
presence of various kinds of 
"intermediate" fibers, which "defy 
mineralogic classification". Various 
participants have requested OSIL% to 
base its regulatory decisions on precise 
mineralogic definitions. Clearly, any 
significant presence of mineral tmes 
which '"defy classification", would 
defeat such an approach. Although these 
bansitional ribers exist O S W  does not 
believe that independent evidence of 
aheir health effects exists wrhch would 
support regulation. Dr. Langer tes~f ied 
that there are some fibers which "defy 
mineralogical identification" but they 
are a "small percentage" (Tr. 5/11, p. 
230). Thus, although lheir presence lends 
credence to the explanation h a t  
asbestos minerals and nonasbestifom 
varieties developed on a continuurn it 
does not change Ihe fact h a t  for most 
mineral deposits, asbestos and 
nonasbestiforrri, habits are 
distinguishable. 

OSI-IA finds, based on this record &at 
while these intemediate fibera do exist, 
&e =cord indicates that they are minor 
cons~tuenlis of most mineral deposits. In 
general, when obsewed in their natural 
habit of grow&, the two habits of 
asbestifom and nonasbestifom 
minerals am d i s ~ n c d y  different. The 
record also kdicstes that populations of 
particles derived from mining, crushing 
or processing these minerals, are also 
distinclly different 4e.g. in the  
distribution of widlhs and aspect ratios). 
However on an Lndividual particle basis, 
which is often the case lor particles Irom 
air monitoring samples, these 
distinctions may become less clear. The 
record hdicates h a t  there are situations 
where individual particles of 



asbestifom and nonaabestifom 
m i n m k  way be indis~nguishable. 
These situalions are likely to be m in 

1 p a ~ m a l  coaiexts but OSWb has 
e Sonna l ion  u p  which ~JJ m k e  

sucb a d e l e m i n a ~ o n .  
Tbe r e g u l a l q  irnplica~on of 

hd;lngs are asi foUws: Several 
prtidpanb s w e s t e d  that all i o m s  of 
asbestorr and lheir nonasbestifom 
ccaalogues s b d d  be treated as a single 
m a a l  e n ~ t y  lor p q s e s  of regulation 
because h e  f o m  of ATA =mot be 

and h e r e  is no d e a r  
G b  line between 

various varieties of AT& Dr. Char!- 
Spooner, a witness for a 
geochemist a mineralogist and an 
industrial hygienist in response to a 
question concerning how his laboratory 
distinguishes asbestos from fibers that 
are not asbestos, stated that "at this 
point if we identify the minerai 
trernolite, we make no distinction on the 
basis of fiber." (Tr. 518, p. 119). Dr. 
Spooner's post-hearing submission again 
noted that distinguishing asbest'f i o m  
and non-asbestifom cannot be made 
reliably eilSler on the basis of a hand 
sample or mimoscopic examination: 
Nand-specimen characteriza~on of 
mineral habit does not necessarily caKy 
over lo  mineral habit on rthe micro scale; 
and. on the micro scale, )ugh-aspect 
ratio cleavage Iragments and 
asbestifom fragments can cwxis t .  Dr. 
S p o n e r  recommended that "the issue 
must be resolved on the basis of 
biological acti\<% and aspect ratio of 
the respirable fibrous bodies." ((Ex. 512). 

Dr. Bmce case ,  in a letter lo the 
Bri?ish jolunal of LndusLTial M e d i h e ,  
November, 1?390, provides a clear 
summary of the mineralogic a 
for considering asbestifom ATA and 
non-equant nonasbestifom ATA lo be 8 
single substance for puqoses  of 
m a l i o n :  

The major flaw in h e  subsfit 
mineralogical definitions for rn ical 
charaderistica is a reliance of the former on 
gross morpholo&. For mgulatory and b 4 r h  
assessnrent p v s e s ,  i t  i n  mimmpica l  
moyhology that counts: Chew ie no eviderrt;e 
that potential-aflected cells can distu~guish 
between "'ssbesiiform" and 'him- 
asbestifom"" fibers having equivalent 
dimensions. The lack of agrrement as to what 
is and what is not "'asbestifom" LrPmolite 
would be less oi!ice'l if &we who advwate  
such a dermition couM show i b t  there is a 
dear line Behwn the two l o r n  %*en they 
prewni "fibrous' morphology. Unfmtunetely, 
this is not the a a e .  Pc-oiey has wtd the 
differencw in s h c t u r e  betwem massive, 
acicular and fibfous m o r p h o i w  are not 
-sharply defmed", but rather represent points 
on a continuum. So-called cleavage fragments 
may, in a strict rnorphoiogical sense, be 
fibrous in their appearance in micmcopic 

fields. and there is no coniincing evidence 
(hat these %bepa' are &no pnbbc health 
concern. (Ex. 529 4) 

The A n ' s  r e p r l  &so mncluded Chat 
logic & s h c ~ o m  b e k e e n  

- &fZe~enr I o n  of anaophyllite, 
actinoiite and krnol i te  wem noat clear: 
"I t  became apparent both h m  our 
revjew of the l i t e r a m  and h r n  
s a b m i s ~ m s  made to this committee by 
e x p e r ; e n d  mineralogists, that the 
distinclioo between cleavage Lrapmt 
and asbeslifom fibs although 
& e o r e t i d y  dear ,  is b practice 
exkernefy murky." [Ex. 5% at  3) 

AE, rioted above, olher parljcipanb 
took issue with these statements. ln 
particular, in a post-hearing submission, 
the R.T. Vanderbilt Company directly 
took issue with the ATS statement 
quoted above as  follows: "(a)t the 
OSHA hearing, Dr. Wylie, Dr. Langer 
and Mr. Addison explained that the 
distinctions at  issue were in no way 
'murky' (theoretically, practically, or  
otherwise). While we do not disagree 
that some gray areas exist (i.e., a t  the 
single crystal level], the imporlant day- 
lo-da y dicitinciions at  issue in this 
rulemaking simply d o  not f i t  t619 +murky" 
characterizalion". @a. 524-6 at  3). Other 
presenters made similar staternenb. 
(See e.g, testimony of Dr. WyEe a t  Tr. 
ti/@, a1 303 and Dr 

an&ophyllite, aclinolik, and kernolite 
should be defmed separately for 
regulatory purposes to wnforrn lo 
common rnineralogic usage. As 
discussed above, the testimony of Dr. 
Wylie. Dr. Lafiger, Dr. Nolan Dr. 
Campbell, the Bureau of Mines a d  
ohere  agreed that popularions of 
asbestos and nonasbestifom ATA are 
separate h e r d  enlilies which for the 
most par! have widely dive ' 

population characlerislics whi& are the 
result of its habit of qs ta l l iza t ion in 
nature. En addition, &ese characterislics, 
such as high Iibrosiiy, fiber shape and 
size, and easy separabibty appear lo be 
biologi~ally relevant in produGing 
disease. The agency notes &at Ihe 
p o s i ~ o n  it adopted in the 19W 
standards, where it stared: ""flhe 
b e n c y  recognizes that the minerals 
h-emolite, aclinolite and mhophyUite 
exist in different forms", and fierelore 
wquired that warning signs and laLbels 
for ATA need not hclude Lhe t e rn  
""ssbestos""See 52 FR at  228m 29 GFR 
lBO.lml c)[2)[iii], 1926.%(k][l)[iii& 
rewgnized tbe rnineralogic distjnctions, 
bur did not distinguish the minerals 
based on biologic eiqecta. n u s ,  tkie 
diflerence between the Agency" 1986 
and its current positions is not 
mineralogical and as explained above, is 

related to its view of the health effects 
evidence Thus alhough the &ncy 
now math a diflerent condusim than 
it did in 19B6 concerning the evidence of 
heal& risks of nonasbestifom ATA, i t  
continues to believe that the  Iilineraiogic 
forms are su"ifidenQy dislinctive .to be 
Waled Mefenfly for regulatory 
p q o s e s .  Also, unlike i t s  determination 
in I%, which was based on ti far less 
e x w i v e  review of health effects 
evidence, h e  b e n q  now finds that 
&fferences in biologic effect between 
asbs toa  and its o o n a s b e s ~ l o m  
analogues are likely related to the 
distinctions which define the two groups 
as separate mineral entities. 

V. Health Effects 

Ln its proposal OSHA reviewed the 
available health effects evidence and 
preliminarily concluded that "there are a 
number of studies which raise serious 
questions about the potential health 
hazard from occupational exposures to 
non-asbestifom trernolite, anthopbyllite 
and actionolite. However, the currently 
available widen= i s  not suEdently 
adequate for O S M  to mnciude hat  
these mineral types pose a health risk 
similar in magnitude or type to asbestos. 
The Agency hlieves,  however. that the 
evidence suggesb trhe existence of a 
pss ib le  carcinogenic hazard and other 
hpairing noncarcinogenic adverse 
health effects." (55 FR 4943). 

After reviewing tbe rulemaking record 
wmpiled subsequent to the publication 
of the proposaL O S M  reaffiws its 
view of (he health effects evidence, The 
few new sbdiee that have come to light 
in this mlernaZting are still inconclusive. 
It ~hould  be noted that O S m  kl ieves  
the health effecb evidence falls shori 
regardless of wPre&w this pmceeding is 
viewed as deregulatow or a s  a 
regulaiorjl ~ ~ a t i v e .  

More specifically, OSW believes that 
the evidenw viewed as a whole does 
not d e  out 8 possible caxinogenic 
eFSec4 of cefiain subpopulations of 
nonasbestifom ATA at an unspedfied 
exposure level. However, as dismssed 
b l o w ,  vadous uncedainties in the data 
and a body of data showing no 
c a ~ n o g e n i e  effect, do not allow the 
k e n q  to p e h m  qualitative or 
quanli ta~ve risk assessments 
concerning occupatioaal exposures. 
F h e r ,  the subpopdatione of 
nonasbestiforrn ATA which based on 
mechanistic and toxi~ological data, may 
be associated with B carcinogenic eflecf 
do not appear to p m e n t  en 
occupational risk. Their presence in the 
workplace is not apparent from the 
record evidence. 



Studies 

The epidemiologic sfudies submitted 
to this record consisted of no studies 
which were not available to O S m  at 
f i e  time of the proposal. The 
bterpretations submitted in c o m e n t  
and t e s ~ m o n y  also reiterated positions 
taken prior lo the pmposal, alhough 
pa~ ic ipan t s  expanded on them. 
Mditional analyses concerning reported 
cases of cancer in the NIOSM study 
cohort were submitted, bo& in suppod 
of the position thal the talc exposure 
was correlated to cancer, and in support 
of the opposing view that smoking was a 
likely cause of any elevated SMR. 

A review of the human studies in the 
record follows: Where no new 
interpretative comment was offered, 
only a summary describes it. Where 
new comment or updated data was 
submitted, a discussion is presented. 
The discussion is organized around the 
categorization of the minerals to which 
the cohorts were exposed. As discussed 
at  length in the proposal, uncertainty 
about the content of the mineral 
exposure at times made definitive 
ktefgretation difficult. However, 
because the substances to which 
workers are exposed are mixed, OSKA 
believes that mixtures can be evaluated 
in their o m  right. If disease cannot be 
cornlaled to exposure to a specific 
mineral in ra mixed mineral uroduct. &en 

nurnber of deaths from non-malignant 
respiratory disease (SIVZR=255). Then? 
was no excess number of deaths from 
cancer8 of non-wsplratory sites. When 
compared to the death rates of Montana 
men, the cohod's exGess mortality wae 
even peeler, for example the SMR for 
~espiralorgi cancer rose from 245 to 303.'" 
O S W  stated in the proposal that the 
result of the hbby ,  Montana study and 
other studies of workem exposed to 
lremolite asbestos contaminated ores 
"provide additional eddence on the high 
potency of asbestifom kemolite. 
Although non-asbestifom tremolite was 
present it is not possible, from the data 
presented, to discern what contributing 
effect the non-asbestiform minerals may 
have had." (55 FR 4944). 

Most comment and testimony during 
the rulemaking concerning the Libby 
Montana study reiterated OSHA's 
earlier analysis. The American Thoracic 
Society pointed out that the mineralogic 
characterization of the Libby deposit a s  
containing tfemolite asbestos has been 
challenged, and for that reason and 
because this is a "non-replicated" study, 
warned against relying on it. (Ex. 525, p. 
5) Dr. Nicholson, in his testimony, 
pointed out that the presence of 
nonasbestifom minerals in the deposit 
made the study compatible with the risk 
expected on the basis of measured fiber 
concenlratiom Vr.  5/83. p. 551. NSA 
noted that "the Libby vermiculite 

. .. 

prudent health allow; 0 s ~ ~  lo workers were exposed to asbestifom 
ascribe causation to the mineral lremolite and asbestifom actinolite and 
mixture, rather than to any component. lhus this study is not in the 

a. Studies ofewosum lo ATA examination of the nonasbestifom ATA 
osbesros contaminatedores. As 0 s ~  question." 'h. 524, p. 26.1 As stated in 
noted in Its proposal, McDonald et al. Ihe preamble lo the proposal, OS)-IA 
(Gx. 41-1 reported an  excess of believes &at the results of the Libby, 
resgiratoq cancer including Montana study, and other studies where 
mesotheliomas, among vemiculite miners were exposed to both asbestos 
minen in Libby, Montana. Vemiculite, bemolite and nonasbestifom tremolite 
a mica-like mineral ore, was [see e.g. Weideld et al., Ex. 2 and 
contaminated ~ t h  four to six percent Brom et 81. (Ex. 84-25] provide 
Iremolite-actinolite fibers. Mineralogic additional evidence on h e  high potency 
analysis of the Libby mine's ore showed of asbestiforrn ~rernolite. Although 
&6 fibers to be mostly an  asbestifom nonasbestifom lremolite was present i t  
type of fiber. However there were also is not possible from the data presented, 
""massive amphibole crg.stals, which lo discern what conkibuting effect h e  
when pulverized produced cleavage nonasbestifom minerals may have had 
fiagmente resembling fibers" (p. 439). lo the excess cancer observed in &is 
O S m  noted, ""alllfioqh the fiber studv. 
analyses hdicate that some of h e  
particlee were non-asbestifom in origin, 
h e  pfedominani fiber exposure appears 
to be from asbestifom tpemolite. * " " 
Standardized Mortality Ratios I s m s ]  
were computed for the cohort of 
Men. When compared to death rates of 
men in the U.S., there was a substantial 
excess number of dealhs l'rom 
respiratory cancer (SMR=245). Four of 
the 43 deat)?s were horn mesothelioma. 
There was also a substantial excefs 

b. Studies ofexposums to mixturns of 
other nonosbestifirm onoiogues with 
nonasbestos minemis. The Homestake 
gold mine study (Ex. t34-45, Docket H- 
033~1 was a retrospective cohorl 
mortality study of 3328 gold minere who 
worked in h11-time mdefground jobs for 
st least one year between 1940 and 1%. 
There were 861 observed versus 765 
expected deaths overall. The primary 
exposures were to ernphibole minerals 
in the cummingtonile-grrmerite series 

(Ihe nonasbestifom analogue of 
amosite] and silica. According to the 
atudy's hvesligators ""no association, afi 
measured by lewlfi of employment 
underground dose (total dust x time). 
or latency was apparent wifi  lung 
cancer mortality 143 observed ve. 43 
expected], However Dr. Nicholson noted 
that the conclusion of no excess lung 
cancer dsks associated wi& exposures 
st the mine was  based on calculations 
using U.S. modality rates, r ahe r  than 
South Dakota mortality rates. Had South 
Dakota mortality rates been used, SIMR9 
would have been raised to le0, rather 
&an the 1@1 reported by the 
investigators. (Tr. 518, p. 81-21. Dr. Bob 
Rege: who testified for the American 
Mining Congress (AMC) suggested that 
such an adjustment is improperly made 
without adjusting for age (See Tr. 5/8,  p. 
82). Although OSHA believes that 
uncertainty in interpretation is 
introduced by the study's use of U.S. 
mortality rates, reconstruction of the 
SMRs applying the South Dakota 
mortality rate is hindered by the lack of 
data which would allow an age specific 
reconshction. Dr. Nicholson also noted 
that the Homestake results were not 
incompatible with an asbestos effect 
because in the longer duration category 
h e r e  is a total of only three deaths, an 
additional uncerlainty, and &ere is a 
possibility thal one has individuals that 
are suwivors and "* * * demonstrate a 
lower risk by virtue of the fact that they 
could have had lesser exposure jobs, 
and, thus, be st lesser risk " " *" (Tr. 51 
9, p. 83). O S W  believes Dr. Nicholson's 
comments conectly slate some 
mcertainties of the study, i.e., small 
number of deaths, and the possibility 
h a t  retirees can be B s w i v o r  
population. These uncertainties do not, 
by themselves, provide a basis for 
interpreting the Homestake studies as 
confirming evidence for the carcinogenic 
effect of nonasbeslifom minerals. The 
study is not inconsistent with a positive 
association and does not prove that 
h e r e  is no association. However, i t  can 
also not be intergreted as clear evidence 
of association. 

Other studies concerned two groups 
of iron ore miners and processors, who 
wem exposed to taconite dust which 
may have contained cleavage fiben of 
the cmmi~ lon i l e -gmner i l e  series 
(Wiggins el al., 1983 [Ex. 410-18): Cooper 
el d., 19Bt3 [Ex. 427)). OSI-;A agrees with 
the analysie of aH participants who 
commented on these studies, to the 
effect that they do not infom as to the 
carcinogenicity of nonasbestifom ATA, 
perhaps because of the low exposums in 
one mine and the lack of latency to 
observe lung cancer in the other (See 
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e.g., NSAk pst-gt-hw brief [Ex 324 p. 
271, Dr. N i c h o h ' s  te r rbonv fTr. 5/8 " .  
In its proposal OSWA described at 

comiderable lennth the studies of h e  
New Yo& State kmolir;c talc minere 
and miUera which had been mdedalren 
by N1QSIL The mCim preamble 

on ia incorporaied here (see titi 
). One significant Lnterpretive 

issue concerns the mineral content of 
ljhe deposit and h u s  Ihe employ- 

swea. Vanderbilt testified that "the 
ore wrnposition is fairly consistent 
* * * Ihe content of the talc being 
between 20 lo 40 percent, serpentine, 21) 
to 30 p e m n t :  the lremoiite 40 to 80 
percent the anthophyllite between zeru 
and five (percent), and " * " quartz 
" " " in very trace amounts." (Tr. 5/11, 
p. 103). Testimony in the record supports 
Vanderbilt'r claim that any of the 
asbestos minerals that falls into the 
scope of this standard is not a 
component of the ore. (See Langer et al., 
and D m  GeoScience in the prehearing 
subIllission of the American Mining 
&ngn?es and the NSA, Ex. 4 W ,  471)- 
23; R.j. b e  in the Vanderbilt Dust 
Woject Ex. 433). While &e reprZs of 
&ese analysts find no evidence of the 
six asbestos types in Lhe Vanderbilt talc 
mines, all h ~ e  noted the preence  of 
asbestifom talc fibers and "%ansitionel 
p ~ i c l e s " ' .  These are the aame 
""ansitional parlicles", described 
earlier in the section on M n e r a l ~ i c  
Considerations, which r e m b l e  
asbestos and talc but are not technically 
asbestos. MOSH reitemted its original 
evaluation &at the Vanderbilt deposits 
contained a s b s t i f o m  a s  well a s  
nonasbestifom bemolite and 
anthophyllite. (See Tr. 519, p. 11.) OSW 
notes that Lhe debate over the 
rnineralogic content of the Vanderbilt 
rnlnes remains unresolved. OSILA 
believes howgiier that the presence of 
asbestifom talc and the so called 
" h m i t i o n a l  particles'"ogeiher iKi& the 
llndisputed preseme of nonasbesr;fom 
&molite and anthophyllite way have 
led to h e  idenlificaljon of var;ous 
particles a s  asbeslifom bernolite .ed/  
or anbophyllik. 

VaPious indue@ and g o v e m e n t  
~ponaored reviews and u ~ a t e s  of 
NIOSII's study have & e n  conducted. In 
the N P M ,  O S M  concluded chat "the 
MOSH s b d j e s  prol;ide eGdence to 
w p w r t  the wssibility &at e x p s u r e  to 
minerals a t  the mine is m m l a t e d  to the 
excess ntoflality horn lung cancer and 
nonmalimant respiratory disease and 
an excess of pieufal Lhickening and l ~ l n g  
decrements. However due to 
lu~certainiies in the mineral content and 
mixed mineral contents, the study does 

not ahow h a t  I t  is more likely than not 
Chgt aon-asbesCiform fibere are the 
cause of the d i ~ a e e . ~  (55 FR 4 ~ 7 ) .  

A Comer N1OSI-I researcher, Dr. john 
Gsmble, who bas criticizd basing the 
regulation of ATA as  asbestcx, on h e  
NlOSW study. mbmitted additional 
m a t e ~ a l  to substantiate his con ten~on  
&at ath-ibuling excess cancer to 
nonasbeeCifom ATA was spe~ulative 
(Ex. 478-8). Gamble wr fomed  an 
update and -valuation of the 19m 
NlOSH s b d y  in which be added eight 
more yeam of follow-up, an expmuse 
latency analysis, and a nested case- 
control study to control for smoking and 
other occupational exposures. In his 
analysis Gamble found a significant 
increase in mortality for all cause 
(SMR=128), all respiratory diseases 
(SMR =251), d malignant neoplasms 
(SMR = 145). and lung cancer 
(SMR = 207). The lung cancer SMRs 
were elevated in the 2036 year latency 
group (SMR=258) and for workers with 
less than one year tenure at the mine 
(SMR=357). In the nested casecontrol 
study Gamble found no apparent 
i m a s e d  risk aclsociaied 6 t h  non- 
Vanderbilt jobs. f-Iowever he did End 
that the odds ratio for cases who 
smoked was six limes &at of combined 
ex-smokem and nonsmokers. Garnble 
stated in his conclusions that ""lthougb 
lung Gancer S m s  are elevated, we 
could not find an expsuli.e-M?spnse 
relationship. The lack of an  increased 
risk of lung cancer is consistent with 
other mining populations exposed to 
nonasbestifom minerals. The time 
occurreme of lung cancer is consistent 
with a s m o h g  etiolqg~r."' fEx. 478-8, p. 
21 

NlCbSH has Hated that b. Gamble's 
opinions "'are his alone: arise Prom 
ac t iv i~es  be g e d o m e d  which, in part. 
m a t e d  the appearance of a conflict of 
interest; and represent conclusions, a s  
judged by independen! reviewers, which 
are not suppofied by data." ". 520, p. 
31. MOSH continues to supporl the 
findings of its earlier sbdies  in the New 
York talc mines, which, they concluded, 
pmvide cha r  evidence of an increase in 
lung cancer and other asbestos related 
disease in talc workers. (Ex. 478-15, Tr. 
May 8, p. 24) 
Ln its post b e a h g  comments NlOSW 

submitted an update of the Gouverneur 
Talc study which sdded eight new lung 
cancers to the ten ideniified in the 
earlier reporl {Ex. 5321, Axording to 
NIOSH the S W  for liulg cancer was 
unifom across tenure strata and 
increased witb increasing l a t enq .  m e r e  
was a statistically significant excess in 
lung cancer in those with 20 years of 
more latency and with less &an one 

year employment. Those in this latency 
group with greater than one year 
duration a1so exhibited an increased 
risk but it was not statistically 
signifimnl The increased risk of lung 
cancer among those with short duration 
also was observed in the 1989 analysis. 
[Ex. 532 at  p Sf. NlOSH oflered three 
explanations: cohort rnernbers may have 
been employed in other New York State 
laic mines and mills where there may 
have been additional exposures to the 
same or lo similar types of mineral dust 
and noted &at ii is known that half of 
the lung cancer cases worked on other 
talc mi- operations; some of the short 
duration group may have had very high 
exposures; and srnokmg habits among 
the employees may have been different 
from the reference population. However, 
NIOSH performed an exercise to show 
that differences in smoking could not 
account for the observed increase in 
lung cancer. NIOSH calculated SMRs 
assuming that of the cohort were 
smokers. NIOSH noted that the SMR for 
lung cancer w o d d  have been only 1m, 
instead of 207. h addition, the updated 
results show the SNIR for nan-malignant 
respiratory disease was significantly 
elevated among those with mow than 
one year of lenure (SMR=W,  CI 144, 
518). The t w e s  of nonmalignant disease 
observed in this study is not known to 
be smoking related. 

C)SW notes, however, &at vimally 
no other par(icipant endorses the 
NlOSH study as  a basis for regulation. 
For example, the ATS report noted that 
the rresdts of the case-control study and 
the lack of any dose-response 
relar;onsbip for lung cancer risk in the 
cohort study do not support a conclusion 
that Ihe elevated risk in this population 
was atlrjbutable to mine exposures. [Ex. 
525, p. S] Dr. Richard Morgan, testifying 
for the NSG stated &at ":Even if 
subsequent studies of the Vanderbilt 
mine pennit a conclusion that an 
occupational exposure at  the mine 
conbibute to the risk, there will remain 
the problem of deciding which 
expmures (among many) are likely 
responsible. At this time, however, h e r e  
is no evidence horn these studjes that 
will pernil any wnclusion concerning 
nonasbestifom ATA.""x. 4%. p. 1801. 

In summary, %HA believes that h e  
epidemiologjcal studies, a s  a whole, 
provide insuEcient evidenw to inform 
as to the carcinogenicity of 
nonasbestifom ATA. For example, 
epidemiological sludies involving 
exposures to n o n a s b e s ~ f o m  
amphiboles other than nonasbestifom 
ATA are hindered by low "fiber" counts 
and short latency periods. It is likely 
that even if exposures had been to 
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agreement witfi Stanton, I find &at the 
log number of index particles per 
microgram in a sample is the best single 
pwdlctor of hmor  p m b a b i l i ~  for that 
sample. The index p a r t i c l e e l  believe 
the tern was coined by Stanto 
hose  padicles longer than 8 
micrometem and n a m w e r  &an %5 
micrometem." "r. 519, p. 88). 

However, padicipanls dimgreed over 
mo% specific @terpretations of 
Sianton'e study. For example Dr. 
Nicholson W ,  Tr. 518)- NIOSH 
478-15, Tr. 5/9), and Dr. Gmth Ur. 5/10] 
asserled h a t  Stanton's work showed 
that all fibem wilh cerlain dimensions 
had tumorigenic potential; that the 
greatest comlation existed between 
fibera of a diameter less than 25 
micrometers and greater than 8 
micrometers (the "index particles"), but 
that even a size dimension of 4 to 8 
micrometers in length, with a diameter 
of 2 5  to 1.5 micrometera had a 
correlation coefficient of .45. (See e.g. 
testimony of Dr. Nicholson, 518 at  41). 

The NSA in its cross-examination 
and post-hearing submissions, 
challenged the interpretation that 
Stanton's studies show &at fiberr, w ih  
aspect ratios as low a s  3:a or 5:1 
incmase lwnor response stating: 

During the hearing testimony. the fact that 
all of the studies involved exposures to a 
population of fibem or particulates was 
consistently agreed upon This fact does not 
allow one to attribute a specilic aspect ratio 
or dimension as the cause of B response in 
these animal studies * " *. It is important to 
recognize that the entire particle size profile 
of the exposure (width, length, and aspect 
ratio distribution) contributes to the results of 
any atudy. When one looks at the parlicle 
width, length, and asgecl ratio distributions 
of cleavage fragments and compafer these 
=me distributions lo those Iw esbestos, the 
ppulafion &aracleristics srz easily Been to 
be quite diFlerent * * " [NSA post-hearing 
brief, Ex. 524 st 16). 

Various statistical analyees of 
Stanton's itudies were submitted. T)le 
study cited as supporting low aspect 
ratio toxicity, is Bertrand and Pezerat 
[Ex. 84-114, Docket W-033~). OSIJli 
descl.ibed this study in its pmposal "as 
finding ""a high comelation between 
aspect ratio and tumor probability for 
durable minerals. In their anaiysis tumor 
pmbabilib began to rise at  aspect ratios 
of about 3 to 5". ((55 at  49443. 
However, the Bureau of Mines stated in 
their comments rhat OSIVI did not fully 
describe &*and and Pezerat's 
findings. n e y  pointed out that "'the 
slope of the curve was extremely small 
at 3:1 lo 5:1 aspect ratios and aspect 
ratios of3:1 lo 5:1 represent about 5 , 
percent probability [base level in the 
study)" and "No indication was given a s  
t o  whether 5 percent is statistically 
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significant lo contm] popu!ations." [Ex. 
4786)  Similarly the NSA slated that 
since Ber~rand and Pezerat'e ^analyses 
deal e t h  dishibutions of aspect ratios, 
it is inappropriate to suggest that an 
aspect ratio of h e  or five or any 
specific value is the reason for the 
carcinogenic response'" [(Ex. 524. p. 22). 

NSA'e wilness, Dr. G a v  OehlerZ 
presented a ststistical reanalysie of 
Stanton" data. Dr. Oehled stated ha! 
his analysis showed that the log n m b e r  
of index pariicles was  the most 
significant predictor of t w o r  
pmbability a n d  once index paiticlea 
have been accounted for, aspect ratio 
has no further predictive information to 
provide. (Tr. 519, p. 90). However, it 
should also be noted that although Dr. 
Oehlert concluded that the number of 
index particles is the "best"' predictor of 
tumor probability, his analyses also 
show that aspect ratio is statistically 
significantly correlated to tumor 
probability. Dr. Oehlert suggested that 
this comlation is likely due to the fact 
that aspect ratio is related to the number 
of index particles. Nevertheless he 
states that nonindex parlicles may 
conMbute to carcinoge~city,  but that 
the Stanton data are not precise enou& 
to determine lfieir Muence.  En addition 
Dr. Oehlert raoted &at the mineral m e  
is a significant predictor of h o r  
probability " " " and should be 
included when es t i rna~ng -or ~ s k .  
fTr. 519 at 2-87). 

Dr. David Groth a ga&ologist, 
testifying on his own, concluded h m  
review of Stanton's work that "'the 
results of these studies (i.e. Stanton"] 
clearly docurnent the hpor tance  of fiber 
size m d  the induction of cancer by 
fibers. They also indicate &at b e  
cbernism and crystalline smcture of 
the Ebers play either no mle or a 
secondar~r role in the induction of 
cancer by fibem."' Dr. Gmlh stated &at 
"'the msulls of Lhese experiments have 
not been seriously challenged by data 
derived from olher animal experhenis,  
and remain a s  valid loday ae they were 
in 3981" [Tr. 5/10, p p  30-31). 

Other dimensional hypoheses were 
also submitted to the record. Dr. Modon 
Lippman" 1988 paper which, after 
reviewing various human and animal 
studies, identified dimensional rangee 
for different health eflects, was 
subrnitied by NlOSW (Gx. 478-151 and 
others [NSG Gx. 47S23; Me, Ex. 47% 
61. Based on his review of animal 
injection studies and human lung 
analyses, Dr. Lippman concluded that 
the various hazards associated with 
ssbestos {i.e. asbestosis, rnesotheliornla 
and lung cancer), are sssociated witjl 
c ~ t i c a l  fiber dimensions and these 
dimensions ere different for each 

disease. For example, Dr. Lippman 
concluded that asbestosis is most 
closely associated with the surface area 
of fibers ~ t h  lenglfis greater than 2 
micrometers [um) and widths greater 
&an 0.15 um: mesoChe1iorna is most 
closely associated with the number of 
fibers with lengths greater than 5 urn 
and widhs  less Lhan 0.1 urn: and lung 
mncer is most closely associated with 
the number of fibem with lengths greater 
&an 10 urn and vvidthe greater than 0.15 
urn. 

The data in the record supporl and 
OSIIA concludes that fiber dimension is 
wrtainly a significant determinant of 
biological function. O S W  also 
concludes that despite the various 
reanalyses of the Stanton study, the 
basic premise of this study still holds 
true, that is, that tumor probebility 
increases with !he number of long and 
thin durable particles. However the data 
available are not precise enough to 
determine at what point there is no 
significant carcinogenic potential. 

OSHA further concludes that longer, 
thinner fibers are likely to be more 
pathogenic. The e ~ d e n c e  shows h a t  
dusts containing cleavage fragments, 
mlher &an asbeslifom material, 
contain substantially fewer longer 
thinner paiticles. Thus, a dimensional 
&eory of pathogenicity does not by 
itself demonstrate that nonasbestifom 
ATA has similar heallh effects to 
asbestos. Even if dimension were the 
principal deieminant of biologic 
potential for mineral dusts, the evidence 
in this record is not sufficient to allow 
OSIVI, to draw the line for regulation for 
nonasbestifom ATA at  specific 
dimensions, 

b. Empirim1 studies. OSIV\ stated in 
the proposal that the empi~caf  studies 
in animals are not sufficiently 
supportive of the mechanistic 
inftlmation Lo conclude rhat the risks 
are similar in magnitude and type lor 
both asbeslifom and nonasbestifom 
minerajs. 155 at 4946). Mlhough 
OSIL4 discussed a preliminary report of 
early results in its proposal, the one 
totally new study submitted to the 
record concerned inlraperitoneal 
hjection studies in rats of six sampfee of 
hmol i t e  of different mophological 
types conducted by a Scottish team 
consisting of lohn Davis, john Addison 
and others. Dr. Addison testified at h e  
hearing and submitted both draft and 
final papers describing the experiment 
(Ex. 478-Z; Tr. 5/11]. In this study six 
different sarnplee of lremolite of 
different morphological types were 
prepared as dusts of respirable size and 
used in inbaperitoneal injection studies 
in rats. Three samples were identified as 
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another experiment." [(Ex 5241; p. 2) In 
addition, Dr. Gmth cites several other e m s d b  fiom Addison" lab whi& show 
n o  baGkgrourad incidenm of , 
rnesothefioma for this s&ain of rat. Dr. 
Gmrh concludes that "the finding of . 
peritoneal mesotheliomas in 8% of rats 
injected ~ t h  the Shimess bmol i t e  
sample, is a s i ~ i f i c a n t  find- and 
provides Purther supporl for st ant on"^ 
Zheory ~egarding the carcinogenic 
potential of all fibers, hcluding 
nonasbestifom fibere." [Ex. 5- p. 3). 

According to Dr. Addison, a ctl-auhor 
of the study. "the results of the " * * 
study suggest that a wide ranging group 
of tremolite samples all possessed some 
potential to produce mesotheliomas 
following injection into the rat 
peritoneal cavity" and "In general 
carcinogenicity relates to the number of 
long thin fibers than to any of the other 
dimensional characteristics of the dusts 
that were considered but the , 
relationship was by no means exact." 
(Ex. 479-22, p. 13). Dr. Addison added. 
however, that "the inkaperitoneal 
injection &st is, however, exwmely 
sensitive and it is usually considered 
&at, with a 10 mg dose, any dust which 
produces tumors in less than I@% of the 
experimental group is unlikely to show 
evidence of carcinogenicity following 
dust adminishation by the more natural 
route of inhalation". (Ex. 474-22, p. 14- 
15). Me thus concluded that human 
exposure to such a material ''will 
certainly produce no hazard.'" 

Based on the record evidence, OSIiVI, 
believes that the Davis et al study 
confirms the view that v a ~ o u s  f o m s  of 
tremolile have different pathogenic 
potential. For five of the six samples, 
constant relationships prevailed 
between asbestifom fibers and high 
potency and between nonasbestifom 
dusts and low potency. hterpreting the 
ltalian sample is more problematic, and 
only speculative explanations exist for 
why it is more potent than would have 
been predicted based on its relatively 
small nurnber of high aspect ratio fibem. 

Other animal studies were h e  subject 
of testimony and comment, but the 
analyses esseniiaily reiterated positions 
taken by h e  parties in communications 
to the Agency prior to the proposal. 
QSIfA described the Smith study b its 
proposal as follows: "'Smith et al  
injected four different talc samples 
intrapleurally into hamsters. The 
samples included fibrous trernoiitic I-iilc 
from New Vork State, tremolitic talc 
from the facility studied by NIOSH, 
tremolitic talc from the Western U.S. 
and asbestiform tremolite. Only &'e 
western talc and the asbestiform 

bmol i te  induced mars in hamsters." 
(55 FR 44183. 

Varioua minerelogic characterizations 
of the western talc have been made. Dr. 
Wylie, in cmss-examination, reiterated 
her earlier cha rac te~a t ion  of the 
western talc, as fibrous f o m  of 
Lremolite. Dr. Wylie M e r  explained "it 
wasn't obviously only a sample of 
asbestos. I think 1 refemd to it a s  

-byssolite." However because evidence 
of that sample consists of one 
photograph of that material, Dr. Wylie 
mutioned against drawing ""to many 
conclusions * " " about that one 
sample." "r. 5/9, p. 235.) OSHLA agrees 
with Dr. Wylie and additionally notes 
that other deficiencies make the Smith 
study inconclusive. (See discussion in 
the preamble to the proposal, where 
OSHA noted the small number of 
animals, early death of many animals, 
lack of systematic characterization of 
fiber size and aspect ratio; 55 FR 4948). 

The few additional animal studies 
undertaken to examine the toxicity of 
nonasbestifom ATA, either do not 
idorm or do not show equivalent 
loxici ty of ATA. The 1974 
lntraperlloneal injection rat study 
conducted by Pott et al, showed no 
tumor development for the animals 
bjected wilh the primarily 
nonasbestifom aclinolite sample (Ex, 
47W). The Cook studies of 
ferroactinolite fibers, show that the 
sample which was observed to undergo 
a higher degree of in vivo longitudinal 
splitting. resulted in more retained 
fibers, and in a higher concentration of 
retained fibers. Dr. Wylie noted that 
"7tt)he durability of amphiboles ir~ vivo is 
well linovrrll and the only way for h i s  
sample to break down into fibers of 
smaller wid&$ is for separation of the 
fiber bundles lo have occurred in vivo. 
They don't dissolve. Fiber bundles are 
the hallmark of asbestos and this 
characteristic is clearly revealed in h e  
behavior of Coffin's ferroactinolite"". nr. 
5/9 at 104). Additional evidence was  
submitted in support of the view that h e  
Zerroactinolite sample was, in significant 
par t  asbestifom. Thus, Dr. Lee 
concluded, based on his eIecmn , 
microscopic analysis, that ae much as  61 
percent of the sample may be asbestos 
wiih 33 percent existing a s  bundles [Ex, 
490F Attach. A, p.2). O S M  concludes 
that it  ie more likely h a t  the 
ferroactinolite sample h a t  wsulted in 
excess tumors is asbestifom and for 
h a t  reason, the expefimental results are 
not inlornative concerning the 
biotogical potential of nonasbestifom 
ATA. 

O S M  believes that as a whole the 
animal experiments conducted conbim 

&at for clearly differentiated dust 
populations, qualitative differences in 
~arcinogenic potential exist between 
what is commonly considered 
"'asbestos" and "cleavage h p e n t s a ' *  
Vifiuaily all paflicipants in h i s  
demak ing  agreed vviih this assessment. 
Even participants who endorsed 
regulation ofnonasbeetifom ATA 88  

asbestos agreed that the longer, thinner 
fibem were more poient. [See Nicholson 
a! Tr. 5/8. p. 60). 

c. Conclusions. Baeed on the 
rulemaking record before it, OSHA 
reaffirms its preliminary determination 
in the proposal that there is insufficient 
evidence to conclude that 
nonasbestiform ATA present a health 
risk similar in kind and magnitude to 
that of their asbestiform counterparts. 

Asbestos is regulated a s  a carcinogen. 
Some health effects data relating to 
nonasbestiform ATA involved 
exposures to mixed mineral populations 
or particles wLsh were poorly 
characterized such that no conclusions 
could be made regarding the 
~arcinogenicity oi  nonasbestifom ATA. 
In other cases he re  wem health effects 
data in humans, reportedly exposed to 
nonasbestifom ATA, which did not 
show excess cancer risks similar lo 
those obsewed among animals and 
b m a n s  exposed to asbestos. However 
some of these data suffer from 
methodological deficiencies (e.g., low 
fiber exposure, poor animal suwival and 
poor mineralogical characterization). 
These flaws may limit the studies' 
ability to detect the carcinogenic 
potential of nonasbestifom ATA if one 
is present. However, in many of the 
studies, asbestilom and nonasbestifom 
minerals were tested in the same 
experiment using the same protocol and 
only the asbestifom minerals induced a 
positive response. Thus, while the 
sludieci' results cannot be used to show 
that nonasbestifom ATA presents no 
carcinogenic risk, due to certain 
methodological flaws, the ~esu l t s  from 
these studies do suggest that if a 
carcinogenic risk does exist for 
nonasbestifom ATA. Lhe risk is likely to 
be substantially less than that of 
asbestos. Given both the lower potency 
of any potential carcinogenic risk, and 
the high degree of uncertainty that 
would accompany any such estimate, 
O S W  believes the health effects 
evidence does not support treating 
nonasbestifom ATA aa presenting a 
risk equivalent in kind or extent to 
asbestos. 

Ln addition, OSHA finds that the 
evidence is insufficient to conclude that 
exposure lo nonasbestiforrn ATA may 
result in a significant risk of 
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nonmalignant respiratory disease 
j. Unquestionably, exposure to 
levels of tremolitic rrjed 

with it a significant risk of l ie.  
pneumoconiosis). For example, studies 
by NIOSH, of bemolitic talc minem and 
millers in upstate New York (Ex. 84-181, 
Docket H-033~1 have shown an excess 
risk for W R D  (SMII =280), among 
exposed workers. SimiIar findings of 
excess NMRI> have also been observed 
in updated studies of this same group of 
workers both by NIOSH (SMR=ZSO) 
and Gamble et a1 [SIvIR=ZI) (Exs. 532 
and 478-8). Moreover NIOSH concluded 
in their update, that the observed excess 

(See studies of Vemont Talc workers, 
Selevan et al; Ex. 479-4 Ex. A). Although 
the study is too imprecise to conclude 
that nonasbeslifom minerals do not 
induce puimonaq disease, the study of 
the Vemont minem does suggest that 
some agent other than nonasbestifom 
minerals may be the causative agent in 
the induction of NtvlRD. Thus OSIIA is 
unable to conclude that the 
nonasbestifom content in tremolitic talc 
is the etiologic agent of 
at high exposure levels. As a result, 
OSIiA is also unable to conclude that 
nonasbestifom ATA presents a 
significant risk of MRD. - 

is more consistently 
associated with exposures at  the mine. VI. Other Regulatory Issues 

NIOSH's conclusion is based on their 
observation that a larger excess risk is 
observed among those employees with 
greater than one year employment at the 
mine (SMR=289] compared to those 
employees with less than one year 
employment at  the mine (SMR=194). 
Even officials at the mine acknowledge 

risk associated with the 
alc. For example, in his 

testimony at Ihe hearings, John Kelse, an 
induslrial hygienist for the R.T. 
Vanderbil? Company, slated that "(tt)he 
Company has long believed that excess 
exposure to our talc--and indeed any 
talc or mineral dust, can result in 
pulmonary impairment. We have never 
claimed otherwise. Non-neoplastic 
respiralory disease has indeed occurred 
among our talc miners and to an  
alaming degree among those exposed 
prior to the advent of modern dust 
conbol systems. " * " W e  have never 
denied this pneumoconiosis potential." 
Ur. 5/11 at  4-104). Similarly, Dr. Bfian 
Boehlecke, testifying a s  a medical expefl 
lor the R.T. Vanderbilt Company, stated: 
""St inmy conclusion is that h e r e  is a risk 
of pneurnoconiosis from exposure to the 
me of talc mined and processed at  
Gouvernew Talc. I believe this i~ 
recognized and acknowledged by the 
company." (Tr. 5 / 11 at  4r lDD).  

However al&ough e q o s u r e s  at the 
mine are stlributed to the observed 
excess in among exposed 
workers, the data is insuficient to 
deternine &el the n o n a s b e s ~ f o m  
bemolite is the causatjve agent. me 
bemolitic talc to whi& workers are 
exposed isr composed 01 a variety of 
different minerals. The nonasbestilom 
bemolite, although a major constituent, 
is but one of h o s e  minerals. In addition, 
studies of workers exposed to talcs 
which do not contain nonasbesrifom 
rninera e also s h o w  an excess 
dsk of similar to the excess risk 
which has been observed amo% h e  
New York State wernolitic talc workers. 

a. Regulatory Options 
In the proposal OSHA discussed a 

number of regulatory options to the 
proposed removal of nonasbestiform 
ATA from the asbestos standards. 
Because of OSHA conclusions regarding 
the health effects evidence, certain of 
these options are not supported b;y this 
rulemaking record. 

(1) The first option discussed in the 
proposal is to corrlinue to regulate ATA 
in the 3986 asbestos standards. The 
Agency has determined h a t  on &is 
record, there is a lack of substantial 
evidence to conclude that 
nonasbestifom ATA presents a risk of 
asbestos-related disease to exposed 
workers of similar incidence or 
magnitude to the risk created by 
asbestos. merefore the evidence does 
not suppofl regulating nonasbestifom 
ATA exposure in the same m a m e r  as  
asbestos exposure. 

The health data are too uncertain to 
provide a basis for estimating p o t e n ~ a l  
risk from nonasbestifom ATA. This 
evidence is not sufficient to perlorn a 
reasonable hdependent risk assessment 
for ATA. Therefore, continuing 
regulation in 'the same standard, st a 
different PEL is not a viable oplion. 
O S M  concludes that the evidence and 
analyses available at &is lime d o  not 
show sujfljcienl similafitiesl between 
nonasbestifom ATA and asbestos to 
regulate &em together. 

(2) h o h e r  option was lo continue lo 
regulate nonasbestifom ATA under the 
1972 asbestos standard. However, the 
conclusion &at the record evidence is  
insufficient to show that nonasbestifom 
ATA presenh a health risk similar in 
type and magnitude to asbestos and 
thus should not be regulated under the 
1986 asbestos standards, substantially 
weakens a major rationale for regulating 
BSKA under the 1972 asbestos standard 
as well. The 1972 standard was based 
on the heal& effects of asbestos and not 
the nonasbestifom minerale. . 
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Virtually all of the health data 
submitted and examined in this 
rulemaking was not available in 1972. 
Therefore, the detemination of health 
effects for nonasbestifom ATA based 
on the record of this proceeding is based 
on more evidence and superior analyses 
than in any earlier asbestos mlemaking. 

Also, OSHA's regulatory decisions are 
requiwd by law to be based on ""he best 
available evidence". (OSH Act, section 
s[b](s]]. a though OSHA is not 
necessarily required to reopen 
regulatory determinations when new 
evidence is presented, once a 
mlemaking proceeding is held, and new, 
previously unavailable evidence is 
submitted to that record on importarit 
issues. OSHA may consider the issue in 
light of such new evidence. The agency 
notes that it stated its intention to make 
a new determination on the current 
record concerning the health effects of 
nonasbestiform ATA. 

In addition, OSHA finds that 
removing nonasbestiform ATA from the 
scope of the 1972 asbestos standard will 
not pose a significant risk lo employees 
exposed to those minerals. OS14LC). 
incoporates here, its previous 
discussion in the health effects section, 
which sets forth the Agency's view of 
the evidence relating to the non- 
malignant disease potential of ATA. The 
evidence available implicates talc 
containing ATA as  a causative agent of 
nonmalignant respiratory disease; 
however, exposure to ATA alone is 
insufficiently linked to the production of 
such disease. 

As noted above employees exposed to 
talc containing ATA will be protected 
under the Air Contaminants Standard 
(29 CFR "110.1m). O S W  believes that 
the application of the talc limit in the Air 
Contaminants Standard, for h a t  portion 
of their exposure which is related to 
talc, or the elandard's mixture formula, 
will protect exposed employees against 
a significant risk of nonmalignant 
disease. 

Also, removing the protection of the 
1972 asbestos standard from workers 
exposed to nonasbestifom PITA will not 
leave them with B significant risk of 
developing malignant disease. OSHA 
bas fomd that the available evidence is 
hineuEcient to conclude that exposure to 
nonasbestifom ATA is linked to the 
development of cancer. The suggestion 
that long thin fibers ofnonasbesti lom 
ATA, which exceed the dimensions for 
counting asbestos fibers, may have 
carcinogenic potential was not 
disproven by the evidence in this 
pmceedinp, however, neither was i t  
supgofied by eubstaatial eGdence. Also, 
even if long, &in nonasbestifom ATA 



fibers have some caz inqea ic  gotenQa1, 
the record shows &at it is not likely Chat 
workem may be exposed to a s@imnt 
ti& h r n  such fibers if che 2 Iloc I ~ t  of 
the W 2  standard i s  MLed 

Fhst evidence h Ibe record kdhles 
&at. long, &in partides of 
nonasbslifom ATA o w  arequently. 
For enample. in h e  &dustfie8 u s i q  
Cremolilic talc w&& am the a u s l r i e s  
with h e  b h m l  po ten~a l  e w s u r e  to 
ATA, there is ldtlle evidence that 
exposmes to  long Lhin N c l e s  of 

! nonasbeshhm ATA have ewer 
exceeded the 1972 asbestos lirnit of 

I 2 f / c c  Nor is here  evidence &a! 
I nonaskt i fonn ATA particles, 
I appearing as a contaminant of any other 

industrial product leg. crushed stone 
products). attain enhanced dimensions 
which, if measured would exceed the 2 
f/cc limit of the 1972 standard Second. 
there are no dose-response data which 
can be used to derive a quantitative risk 
estimate for nonasbestiform ATA as a 
carcinogen, so OSHA's risk estimate for 
ATA would be based on qualitative 
information. The approach formerly 
considered mosl promising, basing ATA 
risk on asbestos risk has been wjec& 
by the Agency, as  explained sl length in 
this document. The Agency believes &at 
no other qualitative approach to 
assessing nonasbestifom ATA 
carcinogenic risk is supported by the 
evidence. 

mid, for tbe industries e t h  the - 

highest potential ATA expo-, d i c h  
includes those wAich p d a s e  
hmolit ic talc as a consekenl of 
products such as ceramic tiie and paint, 
(he talc limit, and the mix- fonztula in 
the Air anlaminants  Standard rrill 
apply. CISW hlieves  &at &ese limits 
will p ro le~ l  employees against any 
gossible excesses of any malignant 
disease as well as non-malipan? 
disease. 

Therefore. mIUI, finds that mmoving 
nonasbestifom ATA Prom the Im 
standard meets the r q i ~ m e n t s  aet out 
by the Supreme Court for agency 
deregulation in Motor Veihicles 
Maau"iactwers Ass&a~m v. &ate 
Farm Mutual Automobile Lnsurance Go. 
[Stale Farm), US. a, 1m, and is 
consistent M& &mq i n t e v l e t a ~ r n s  
of b t  decision. 
(31 The & i d  ogrion discussed in lPle 

p r o p o d  is to exclude amasbf.s~fr;rm 
ATA h m  the scope of the r e ~ d  
asbestos standards m d  to  ate a 
separate HbJ rulemaking for eiher 
indusb'al talc ( ~ m o l i ~ c  hlc) or 
nonasbes?;ifom ATA d e r d t  WE& 
atlain & a h  d&cmsiona, such as  a 3:s 
aspect r e ~ o  aad are longer &an 5 
As stated abave. Lhe reaulb of O W ' @  
exarniriatim of the hedlh ensb 

Agency to estimate the risk 8my.  to 
e x p o d  w l o y e e s  Erom c o n h u e d  
exposure at the 1672 asbestcls standard's 
P E L o f 2 u t x o r s l  
levels in m v e d  p 
There was agreernent among 
p a ~ c i p a n t s  who sddreesed che h u e  
h a t  exposure lo bemoljhc laic at 
hstoric level# h ass~isted &th e x m s  
nomalignant respiratw &crease (see 
e.g., Dr. h h l e c k e ,  Leslifying for A.T, 
Vanderbilt st Tr. 5/1Q pp. 1IXr-lOl). 
OSM's contraclw = tha t& 
exposure levels in industries usinn such 
talc containing products, even wifhout 
local exhaust ventilation, as far less 
than such historic levels. !See CONSAD 
report Ex. 465). No additional data 
concerning exposure levels of such 
workers was submitted to the 
rulemaking record. With no basis to 
estimate risk to exposed employees 
from talc containing nonasbestiform 
ATA. OSHA is unable to fannulate a 
proposed standard to protect such 
workers at this time. As stated above, 
O S W  beliwes drat the applicalion of 
hhe sppropfiale exposure h i b  in the 
Air Gonbminants Standard to 
exposures to constibents of lremofitic 
talc, and lo ATA, w i U  protect employees 
against significant risks of disease. 

If Iurther information is submined io 
OSHA in the hture, d i c h  s h o w  &at 
workers in industrjm us* talc 
containing nonasbt7s;ifom ATA, or 
other n o n a s h s t i f m  ATA using 
indusMes, are a! pmmt ~ s k  of 

we related disease, 
OSM may =consider ~ r ,  -fatory 
decision. 

(41 I?le Eou& option is to -late 
nonasbesfifom ATA under a specific 
l i s ~ n g  in the air mntaminants standard, 
Including wnsideration of a listing for 
nonasbes~fom ATA. OSKA bae chosen 
&is approach but nonasbeslilom ATA 
will be m v e d  by lisling for 
gafticulates not othercrvise regulated 
(PNOR] in Table Z 1 4  of 1910.IIXf0 415 
mg/m (total dust); 5 mg/m ( respbble  
dust)), whi& is desig~led 80 pmtcrc;t 
against the signifimnt risk of respiraao~ 
eMeds which all particulates m a t e  st 

any one cornponasl of the product a d  
&ere is eGdence s u g g e s w  &at tale+ 
not containing n o n a s b e d o m  AT& 
also may muse respiratory disease [See 
for example the pwarnbIe to the fi 
WlaclhantF, SLandard 54 el 
Accordingly, OSM revised h e  F"EE for 

talc to 2 rng/m3 on january 19.19if9 15-4 
FR 2332 l o r n ,  29 CFR 1SIO.IOCK)). As 
talc causes mspiratory disaase and 
n o n a h t i f o m  ATA as a p d c d a l e  
muses revkasatoq eBecb, OSM 
conch& &at w k n  wofkelli are 
e v s c l d  la ~ x t u m  of such  US% h t n  
dilfereot PELs h e  mixbre fornula 
applies. Where e x p m  is lo talc 
containing nonasbesfilom ATA, if the 
employer &shes to avoid separately 
identifying each c o q o n e d  apply h 
mixtm fomda ,  (be e n t h  product may 
be mnsidemd as tfre substanm M.ritb the 
bower P% 

b. Fiber Deljnition Issues 

i3uring this ridemaking the NSA and 
other participants requested that OSfIA 
validate for industry a feasible method 
of & s w i s h i n g  asbestos fibers from 
nonasbestiform particles or other 
mineral partides which meet the 
dimensional cutoffs in the a s k t o s  
standards. Further. OSHA is asked to 
define "asbestos" in texms of such 
differential counting strategy. NSA 
ag 'tb the Agency that when the  
en en8 is one in whi& " h o r n  
as  k like1 
parLide sf regal (3:1 
a p c t  raho crit 
acceprtable and economical b s i s  lor 
monitoring woker  exposure Lo 
substanms h a t  pow heal& rioW' (47% 
16, p. 221. Novvever, in Ltite crashed 
stone bduslry, o&er w c l e s ,  U 
insists, wiU be comted eveo Lhougfi Lhey 
are not asbestos, or even 
nonasbestifom miserala s h p l y  becauw 

e atLained aspea m ~ o s  of 3:l. 
oes not klieve lhese e n & =  
tic. The asbesios slaudarde 

have been b effect r k a  1972; yet 
hdwtr)r presented no d a k  eGdence or 
tgstirnony &a(, ahowed Ihe matt of Che 
3:1 arrpecl m ~ o  on the vushed stone 
indusm. Producers should know il Zhek 
produclr ~ontain  a s  
surveying depwite, 
samples, and doing 

n e  issue of whelber kdividual f i b s  
of ATA can be idenlified a s  to ~nerel 
type w a  M e r  sdd-essed by o&m 
witnesses. Br. M u r  hnger ,  tes t iQiq 
on his own M a l l ,  noted &at "* -" " rin 
some hstances s i n g i ~  isolated m& 

asbeslifom fibd"'. IEx. 517, Tab 5). F)r. 
Spooner p in ted  out that idenlifim~oo 
of an airborne fiber b hhderzd when m 
happens in a n  kdusbial hygiene sa? t l i ng  

"'we don't h v e  hmppgorlunily to know 
where Che ratlterial is corning lrom T~OT 

do we have Lhe oppflunity to l m h  at r 
very large ~ p u l a l j o a  of fibem " " """, 

Rr. S/CI p. 127-118b NIOm LesLirred 



that i t  was "unawaw of any routine counting procedure for assessing the 
.analytical methods that can be used to asbestifom particle population in dusts 
differentiate between airbome that include both asbestifom and 
exposures to asbestos fibers and nonasbestifom pafiicles. Dr. Lee's 
nonasbestifom cleavage fragments that proposed method Fses the cunent 
meet the microscopic definition of a NIOSH 7400 K M  method but in 
fiber."' [Tr. s 19, p. 13). addition incorporates steps to account 

The OSMA refewnce method may be for particles with widths less than I - 
hsufficient in mixed fiber environments micrometer and parlicles which are 
lo distinguish asbestos from other -bundles in order to differentiate 
parlicles in all cases. However, OSILl between those particles which are fibers 
believes that currently, pmducers and and those particles which are cleavage 
users of mineral products feasibly fragments. 
identi% asbestos and distinguish it  from During the hearing Dr. Lee was 
other mineral fibers or paflicles. Dr. questioned as  to the validity of this 
Langer noted '3 would use polarized method and whether or not i t  would 
light microscopy to characterize alter asbestos counts. in response to this 
materials used in the work place or . questioning Dr. Lee conducted and 
characterize mine environments. submitted the results of a round robin 
Someone has to go to some mine or analysis of his proposed method (Ex. 
quarry or operation or plant or factory 534). In the round robin analysis 6 
to see whether or not asbestos materials different labs performed comparisons of 
are present, and there are standard particle counts on a variety of different 
techniques to analyze materials and find dust samples using the current NIOSH 
out whether or not asbestos is present. 7400 PCM method and Dr. Lee's 
You could use phase contrast proposed method. Although somewhat 
microscopy once you establish what limited, the results of the round robin 
you're dealing with." (Tr. 5/11 at 226). analysis indicate that there is little 
Dr. Langer recommended that O S W  variability between the asbestos fiber 
define ""asbestos" as c e ~ a i n  minerals counts using the NIOSH me&od and the 
which display certain propeities, which asbestos fiber counts using b e ' s  
apply to "'large aggregates". Such proposed method. However, according 
properties are for example, to Dr. Lee, the proposed method allows 
polyfilamentous bundles, made up of one to differentiate between asbestos 
unit fibrils, displaying anomalous optical fibers and nonasbst i fom cleavage 
properties, etc. [ld a! 227). Dr. Addison fragments more readily than current 
commented that for "at the last eight differential counting procedures. 
years we've been training a regular Despite the fact that the proposed 
number of people in polarized light method appears to provide a feasible 
microscope techniques. " * * to means of discriminating between 
recognize the characteristic properties asbestifom fibers and nonasbestifom 
on the macroscopic scale and on the cleavage fragments, OSIltl ie reluctant 
microscopic scale, to come up with what to change its current appmved 
we consider to be a fully author;;ative methodology based on such limited data 
identification of the material a s  (i.e. one round robin analysis), 
asbestos. It's reaIly not a difficult t a sk . ' b spec ia l ly  since the Agency notes that 
Obid). changes to the asbestos standards affect 

Dr. Langer also noted that in his a much wider regulated community than 
knowledge the Zomer Manville participants in this rulemaking. O S M  
Corporation routinely used polarized believes that the adoption of any 
light microscopy in many of hei r  plants method would require more extensive 
to analyze air samples, where m a m a d e  testing using a broader range of samples 
vitreous fiber was mixed with asbestos more closely associated with the typical 
fiber" (Tr. 5/11, p. 225). types of occupational exposures covered 

O S U  also notes that differential by the OSllA standards. In addition, 
counting of fibers has been perlomed considerable expenditures of time and 
by its laboratory and other laboratories money could be required to insure that 
in the past. According to the k e n c y ' s  labs are adequately baining technicians 
chief microscopist, identification of and proficiently using the new me&od. 
individual fibers is assisted by Before such costs are irnposed O S m  
knowledge of the source of the believes it would be prudent to better 
contaminant, the industrial: context, and examine the validity of a new method. 
the skill of the microscopist. [Ex. 4"I The Agency notes that the high hazard 
23). presented by asbestos exposure requires 

However, Dr. R.). Lee, testifying on &a? any regdaiory change affecting 
behalf of h e  NSA, presented a new counting asbestos fibers e n  on the side 
analytical method lor use in mixed of worker protection. OSHA believes 
mineral environments. (Ex. 490F) This that the burden on employers in affected 
melhod was presented as B differential industries to show that particles are not 
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asbestos is not unreasonable, given the 
risk presented by undercounting of 
asbestos, and the claims that asbestos 
contamination of nonasbestifom 
products is not common. For these 
reasons, as well as the fact that OSHA 
has acknowledged and allowed the use 
of differential counting with the current 
method, the Agency does not believe it 
is either appropriate or necessary at this 
t ine  to change its cumnt  analytical 
method. The Agency intends to include 
in its compliance policy governing 
mixed fiber settings, provision for the 
introduction of appropriate evidence 
concerning fiber wid&, and other 
relevant evidence to show that particles 
counted by PCM are not asbestos fibers. 

As discussed in the NPR-M, rather 
than change the analytical procedure, 
Dr. Ann Wylie proposed changing the 
aspect ratio from 3:l to 103 as a means 
of discriminating between asbestos 
fibers and nonasbestifom cleavage 
fragments (See 55 FR 4951-52). Dr. Wylie 
reiterated her proposal in the hearings 
and presented evidence to show that 
when populations of particles are 
viewed with respect to the distribution 
of their aspect ratios, one can easily 
distinguish between populations of 
asbestos fibers and populations of 
cleavage kagments (Tr. 5/9, pp. 102- 
107). Dr. Wylie stated that for particles 
which ape greater than 5 prn in length, 
the majority of nonasbestifom particles 
have aspect ratios less than I0:1 and ihe 
majority of asbestos particles (i.e. fibers] 
have aspect ratios greater than 1 0 : ~  
Thus she concluded h a t  changing the 
aspect ratio from 3:1 to 10:1 provides a 
means of excluding nonasbestifom 
particles from particles counts while 
maintaining the same asbestos particle 
counts one would have obtained using a 
3:1 aspect ratio. However a s  noted 
above in &is discussion, Dr. Spooner 
points out that Dr. Wylie's obsewations, 
a s  do her definitions of asbestos, apply 
to populations of particles and the 
analyst is often not looking at a 
population of parlicles when viewing air 
exposure monitoring samples [Tr. 518, 
pp. In-118). Moreover a s  was noted in 
the proposal, OSHA is reluctant to 
change its current method based on the 
findings of one report. OSFVs reaffirms 
its earlier finding and is not, in this rule, 
changing its dimensional criteria for 
aspect ratio in its definition of asbestos. 

VII. Surnmaq aod Explanation af the 
h e n d m e n b  

I. De(initions 

Asbestos 

Ian the 1986 revised asbestos standards 
129 CFii 1910.1M1 and 1926.58) OSHA 
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amended & clrefiniticm of asbes~oo in 
aecogniGw d the fact lihal diffemt 
minerel Forme exist. ""shtos  was 
defmed to a u d e  only the six 
a s b e s t i J m  rninemls & ~ s o t i l e ,  
crocidolite. ammite, t-peno'tite a s k t o s ,  
anhoptr341ite asbestos, and ac~noi i te  
asbeetos. Wonrever in h e s e  'I= revised 
stsndards mIIA also add& a definilion 

di le ,  an(;ilophyilite and 
ectinoUte. T ~ m o l i t e ,  anthophyllile or 
actinotilr: Ml)lout B modif~')ring tern such 
a s  asbestoe or asbestifom referred to 
only the nonasbestifom Poms of Lhese 
.minerals ?Iris definition was added ~o 
inake clear that all mineral forms &.odd 
continue to c a n e  under the scope cd the 
revised standards 

In this final mle OStiA retains its 
definition of asbestos as  stated in the 
1986 revised rtandards. Howev.er the 
Agency in removing the nonasbestifonn 
minerais from the scope of the revised 
standards for asbestos and from all 
paragraphs. and appendices which 
reference "nonasbestitom tremolite. 
anthophyilite rand sdholite*". This 
removal is b a d  on. the determination. 
made by the Agency, that the health 
effects d a b  is insuPficjent to conclude 
that the nonasbestifom l o m s  of 
bemolite, anthophyilite and actinolire 
p r e w t  t h e  same magnitude or type of 
effect a s  their asbestifom analogues. 

This doament  was prepared under 
the dimtion of Dorothy L Strunk. 
Actiw Asdstanf Secretav of LBbor for 
Occupatimal Safety and Heaflh. U.S. 
Lleparlmml of b b r .  200 ConstituHon 
A=. RW, Washington DC m 0 .  

Accordingly. pursuant lo secHons 4fb). 
6[b]. Blc]. and EYg) of the Occupational 
and Safely and Wealth Act 012970 
(U.S.C. 655, W). 21) eFli pad 1911 and 
S e m t a r y  of Labor's Order No, 6-83 148 
FR 357361. Gonslruclion Work Hours 
and Safeg Standard Act {Construcfion 
Safety Act]. QO U3.G. 333.29 GFR g a r b  
2910 and 1 9 B  are smended as set lmh 
below. 

Signed at Washingla D€ arn &ism day 
of *y. 1892 

Dorohy L 
Acting Assi-nl SBcrebpv. 

Part 1911) of tide zr) of the Code of 
Federal Regulations is bereby amended 
as  follows: 

PART 9830.--.(AW)JDED] 

1. The a u t h o f i ~  citation for mbpart Z 
of pad 1910 c o n h u e s  to read as 
follows: 

Authority: S ~ e c  6 and 
Safety and Health Act. 29 
Secretary of Labor's Orders 12-71 136 FR 
8754). &78 (41 FR 25059). 9-83 (48 FR 35736). 
or 1-90 155 FR 9033) as applicable: end 29 

par( 1911. 
All of sabpert Z issued under sedion sfbj 

of the Occupational Sakty and Heaith Act. 
29 U S C  S ( b )  except those eubstancee 
listed in the Final Rule Limits columns of 
Table A-14 .  which have identical b i b  
listed in the Transitional Limits columns of 
Table A-I-A. Table A 4  or Table A-3. The 
latter were issued under Section %a) (28 
U.S.C. w a l l .  

%dim 1910.1W, the Transitimaii Limits 
d u m n s  fw iKa 4 Table 2 2  and 
Table 2 3  also under 5 US.C. 553. 
Seclim 1SIO.lW the Transitional Limits 
G l u m  of TaMe 2-14  Tabie 2-2 andTable 
23 not issued under 29 WR pad 11911 except 
for ihe arrenic benzene. cottm dust. and 
fomaldebyde listings 

Section 19;10.1001 also isqued under oectjm 
107 of 6onlrart Work Houm end Safely 
Standards Act, 40 U.S.C. 333. 

Section 3910.1002 no! issued under 29 
U.S.C. 655 or 29 iFl3 pafi 11911; also isswd 
under 5 U.S.G. 553. 

%ion 191&1fK13 & r o d  1mo.lmB alfo 
issued under 29 f 3 R  ~ f i  w. 

k t i o n  1C110.1025 also isaued wder 29 
U.S.C. 653 and S U S C  553. 

Section 1910.1028 slso i s~ued  under 29 
US.G s53. 
Section 11910.1W also issued under 20 

U.S.C 653. 
Section 1910.1613 also issued under 5 

U.S.C. 551 ef seg. 
Sections 1910.1W end 1910.1047 also - 

issucd under 29 US.C 653. 
Secbon 1m0.1M also i s s d  w r  2-9 

U S G  653. 
Sections 1910.1m. 1910.1493. and 1910.1500 

aIso iswed wder 5 U S . G  553. 
Section 1m0.1450 is also issued under o e c  

6[b). a c )  and  BLg)lZ). &Pub. L m a ,  84 Stal. 
1593. ~sm. 9~00: 29 vs.e. sss, ss7. 

b. By =vising the term "asbestos, 
tremolite, sntho$5#ite, and actinolire"' 
to read "asbestos" in  the folloMring 
places: Paragraphs {a){l), {a)[zb 
[h)[z){iii), (h#3)(ii]. (i)(J)(iv), and 
(j)(5j(iii)(B] and Appendices A. B. 6,  and 
)I. 

(I By m + s i w  &;he tern "'Askstos. 
Tmmolite. Anthophyllite, and 
Aclinolite" "i oread "~sbestos" '  in 

ph (g][z] Table 1 heading and 
Appendices B, P-l. and I. 

d. By mvising the f e r n  "'asbes~os. 
tremolite. anthophyllite or actinolite" to 
read "asbestos" in the foliovving places: 
Paragraphs fb) (in (the definition for 
"'fiber"). (e112). fi)fl)['Li). ff)[l)lviii). 
(rl(lIIix1. IhK2)li). Ihll3flv). till2)(i). lill3). 
j(S)[iii)(A), fj)(S)[iii)fC). ti)[S)tiii)[E). 
(kfll). (klf2). Ikll3f. tkIt4). Ik1151 &Its). 
(l)(z)[i). ~1171(i11~1, ~1171(i1(~1. (11(71(ii1. 
(m1t'l)fiI. Imffll(iifl8). ImIf2)ti). 
fmll2llii)ICl. Im)l3)lii)/Cl. Inltll and 
(nll2). 

e. By revising the lerm -asbestos. 
tremofite. anthophyllite, and actinolite, 
or a GornbinaLion of these minerals" to 
read "bsbes!os" in paragraph fi)(3)(iii). 

I. By revising h e  term "asbestos, 
t r m o b h ,  anthophyllite, actinolite, or a 
combinahon of these minerals" to read 
"'asbestos" in the foUowing places: 
Paregraphs (b) (in the definitions for 
" a c ~ o n  ilevei"', "'-ployee exposure". 
and "~egulated area"), (c)[l), (c){2). 
td){ZMiiil. fel4lL iQ(1ltvk (04~l(v~~il. lglizj 
Table t @Ill), Ih)(sNiv). [i)ll)[i). (j)Iiz)Iif. 
(j)(5)(il. Ii)(1lIil and 111141liI and 
Appendices D and tL 

g. By miis* the tern "'Asbeslos, 
tremoiite, m&ophyllite, actinolite. or a 
mmbination of these minerals" to mad 
" 'Ashlos"" ~q ii). 

h. By wmoving in Ibl 
Definitions &e definihon "Tremollte. 
anlhophyllite, or actinolite". 

i. By m o v i n g  and -wing 
paragraph {j) ( l ) ( i i i )  and by m o ~ n g  
paragraph [j#Z)(iii). 

$. By removing %e Note on the 
sdministmtive stay st h e  end of the 
sect&. 

q $slo.rrol IR 1 
3. k t i o n  1910.9107 is removed. 
Parl1926 of title 29 of the &de of 

Federal Regulations is hemby ammded 
as follows: 

1 

. -""-".-"* -----.---- rEraEol 
Occupational safety and health. appendices to Ifre section] is amended % 

89 ~ Q ~ ~ O W S :  

29 CfR Part 1926 a. By revising the term ""hbestos. 4. The aulfiority citalion for ljubpafl D 
Iremoiile. anthophyllite, and aclino)ile"" of pad la6 continues to mad as  

Asbestos, Constfuction industry, to read ""Asbeslcrs"' in the seclion follows: 
hazardous substances, Occilpetioml hading,  paragraph Q){4)[i). and Autborily: &c 107, Gonbact work HOLI~~ 
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