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The Regulatory and Mineralogical Definitions of Asbestos
and Their Impact on Amphibole Dust Analysis

JOHN W KELSE and C. SHELDON 1HOMPSON
R.T. Vanderbilt Company. Int | 30 Winlwld Strect. Norwalk, CT 06883

Althougl a familiar occupationsl health tupic, the term asbescos generally Is not well und erstond, Sighifieant dilferences between minetalog-
lealand regulntory definitions sustain ihe confusion. Definitional ambiguily is addressed and its elfect upon the characterization of New York
State tremofitic tale are investipated. Analysis of asbestiform and nonasbestiform sirborne dust populstions clearly demonsirates the
nonspectficity of the regulatory definition and the 3:1 aspect ratio “Iiber” counting scheme, Shifting to a higher aspeel ratio would reduce false
positives radically williout s loss in sensitivity for true asbestos, Any change in aspeet ratio, however, must be accompanicd by a
mineralogically correct definition of asbestos if proper mineral charscterization is to be assured.

Introduction

Few environmental health hazards have been os widely pub-
licized or viewed with as much dread as asbestos, Despite
thit atiention, considerable confusion exisis as Lo what the
pencric 1erm ashestos actually means. American regulatory
definitions arc incomplete and, in some instances, at odds
with the mineralogical view of this substance. The purpose
ol this paper is 10 review this delinitional problem and
demonsirateitseffect on onecontroversizl dust environment.

Definitions

Regulatory

The National Iastituie lor Occupational Safety and Health
(NIOSH) has established the definitions and analysis methods
for asbestos used by almost all regulatory Bodies in the
United States. Under this scheme, asbestos is defined as any
fiber of chrysotile, crocidolite, amosile, anthophyllite, trem-
ofile or actinolite, A fiber is defined as a particle with a
length 10 width ratio{aspect ratio) ol at least 3:} and alength
of 5 pm ot moreas determined by the phase-contrast optical
microscope (PCM) al a magnification of 450X to 500X.1Y
While NIOSH acknowiedges that this dimensional critenia
and fiber counting method is not specific to asbestos,”
regulatory definitions offer no further deseription of what is
or is nol asbesios.

Mineralogical
In the Glossary of Geology, ushestos is defined simply as

A commercial term applied to a group of highly
fibrous silicatc mincrals that readily separate
intolong. thin, strong (ibers of sufficient iiexibils
ity 10 be woven, are heat resisiant and chemically
inert. and possess s high clectrical insulation and
therefore are suitable for uses witsre incombusti-
bic, nongonductive or chemically resistant mate-
fialis required.

While chem zal and cleetrical ws tness are proper s
shaced by almest all silicates, usbestos is unigue because af

its long, thin, strong. flexible fibers. Accordingly, 10 a min-
eral seientist the 1erm asbessos always includes some rcfer-
ence to the fibrous crystal growth pattern often described as
the "asbestiform habit,” Mincralogically, asbestos is a mat-
ter of how a mincral grows, nol simply a matter of one
mineral versus another or an arbitrary dimensional concepl.

Scvera) mincrals, including those designated in United
Stales’ regulations. do grow in nature in an asbestiform
habit. These would include the most commonly exploited
forms of asbestos: chrysotile, crocidolite, and amosite. The
regulated asbestiform minerals, however, also occur in
nature in 2 nonasbestiform habit. In al{ ¢€ases, the nonasbes-
tiform habil is by far the more common. Table 1 lists the
asbestiform and nonasbestiform habits of the six regulated
minerals and their separate Chemieal Abstract Service
numbers. Thelist conforms 1o the nomenclature set forth by
the United States Deparimen of the Interior.

1t should be noted thal the chemical composition is the
same for each mineralin either prowth habit. In all cases ex-
cept chrysotile, the internal erysial structure is identical ss
well, Also, the first three mincrals have been assigned separate
names todistinguish the different growth patterns, while the
last thiecc—anthophyflite, tremolite, and actinolite— have
nol. For these three the nonasbestiform analogs are com-
mon rock-forming minerals found throughout the earth’s
crust and, therefore. routingly encountered in many indus-
tries. Figure ) graphically depicts the basic difference in the
1wo mineral growth patterns while Figure 2 contrasts the
two maceroscopically and microseopically.

While nonasbestiform particles eleardy differ from asbesii-
Jorm particles, =»-v would becounted asasbestos under the
curren: ~gulatory 3:1 dimensional criterion tor a fiber when
an ore is crushed, mitled or otheywise reduced, Thus, while
all ash, -jos is fibrou:, not all {ibers are asbesi0s. It is also
imporiant 10 note thi | 1sbesiiform fibers cannot be ¢reatsd
from nunas.estilors. nutenals bycrushing, milling. or grind-
ng Mees soopically, a jersnele with an aspect rario of 3:)
would nol be considered a hiber, Breause the teem fiber is b-
tery reted in different ways. s use inthis papes will be restric ¢d
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TABLE! . )
Asbestiform and Nonasbestiform Varieties of Sclected Silicate Minerals
and Their Chemical Abstract Service Numbaets (CAS)

Asbestitorm . Nonasbestilorm
Vaciely Chemical Variety
(CAS #) Composition (CAS &)

Serpentine Group

Chrysolile
{12001.25-5)

Amphote Group:

Crocwsonle
{12001-28-4)

Grunerite asbestos (dmosie]  (Mg.Fe)s(5LOn)(OH.F).

{12122-73.5")*

Anthaphyihte asbaesios
{77536-G7-5")

Tremnilile asbasios
{77536-68-5"}

Aclinolite asbesfos
(77536-66-47)

Mg 51,02){OH)s

Nayl eyF e SiyOm{OMFla

(Mg, Fe(S5iOn){OH.F]

Ca,Mgs (SigOnH{ORFr)

antigorile, lizarasie
{12135-86-3)

riebeckile
{177B71-87-0}

tumminglonile-grunerite
(14567-61-4)

anthophyilite
{12066-78-9)

iremollle
{14567-73-8)

C2:{Mg.Fe)l S0 HOH,F),  aclinotite

{13768-00-8)

Mhe presence ol an asterisk tollowing a CAS Registry Number indigates that Ine registra.
tton is lor a substance which CAS does not ireal in ils regular CAIndex processing as a
unique chemical enlity. Typicaily. this occurs when the materiat is one of variabte compo-
sltion: a biotogical organmism, a botanical enlily, 8n oil orextract of piant ar animai origin.
or a2 malenat that Includes soms description of physical specificity, such 8s morphology.

inthe interest of clarity to specific definitions only, To reflecy
the minerajogical characteristics of asbestosina definition, a
group of mineral scieptists agreed to the following ™

A. Asbestos—A collective mineralogical term that de-
scribes certain silicates belonging to the serpentine
and amphibole mineral groups, which have ¢rysial-
lized in the asbestiform habir causing them to he easily
sepatated Into fong, thin, flexible, strong fibers when
crushed or processed. Included in the definition are
chrysotile:crocidolne. asbestiform grungritc (amosite);
anthophyiliteasbestos; tremolite ashestos: and actino-
litc asbestos.

=

Asbestos Fibgrs— Asbestiform mineral fiber popula-
tions generally have the following characteristics
when vicwed by light microscopy:
}. Many particles whh aspeci ratios ranging from 20:
10 100;] or higher (> 5 pm length)
2. Verythinfibrils generatly less than 0.5 pminwidthy.
and
3. In addition 10 the mandatory fibrillar crystal
srowih, 1wo or more of the foliowing atinbuies:
(a) Parallet ftbers occurring in bundles:
{b) Fibers displaving splayed ends:
{¢) Matted masses ot i dividual fibers; and
(d} Fibers showing cursature™

Manv Al those who eontnibuted 16 this dehmihon and
support e hsied eriterin bave pudblished estensively on thy
problems associoted with the NMOSH delimitions und the

[31]

membrane filter method.*#*™ This definition has been
incorporaled in a proposed American Socicty {or Testing
and Malerials {ASTM) meithod submitied to commitlec
D-22.05 (January t4. [988). The criteria have long been
=ndorsed by the U.S. Depariment of the Interior Y
While all mineral scientists ma\ notagree with every entry
in this definition, it does present a more mincralogically
accuralc descriplion of asbesios and asbestos fibers than
docs the regulatory definition. Thisis especiatly true whenit
is applied to 8 dust population rather than on a parlicle by
particle basis, The definition, therefore, will be used in the
remainder of this paper as the “min¢ralogical” definition of
asbestas. It might be noted that the width criterion (0.5 pm)

‘represents a dimension below which all individual “fibrils™

and clumps or masses of fibrils would be cncountered in
processed “asbestos. Unprocessed clumps or masses may
exceed this width, bur such particles would not be represen-
tative of common airborne asbestos libers.

The Sludy Enviropment

One of the mast controversial workpldce exposures asso-
ciated with this definitional issue snvolves the mining and
miding of New York State rremoliic tale, Accordingly, a
study was undr-rinken 1o contrast dust data oblained in this
environment vith both the repulatory and mineralogical
A~%="tions dist s sed adove.

N w York S tremohiic 1ale is an industrial grade talc
woed exiamsively 1a the ceramics. nidz, and paint irdustries.
Since 1974 1the R.T. Vanderbih Company. Inc., Fas owned
»r1 aperated the only Now York State tremolitic :ale mine.
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Talc mincd from this operation varies somewhat in mincral
content but an assay of the ore penerally refleets 409%-609%
tremolite, [%-10% anthophyllite, 20%-409% talc, 20%-30%
serpentine (antigorite-lizarditc), and 0%-2% quariz '

The R_T. Vanderbilt Company states that all of the tremo-
lire and anthophyllile in its tale produtis appear only in the
nonasbessiform habit"** I 1980, however, NIOSH pub-
lished a tcchnical report entitled Occupational Exposure to
Talc Containing Asbestos™ specifically addressing this
mincral dust exposure. In the repori, NIOSH applicd its
regulatory asbestos definition 10 bulk and airborne dust
saroples collecied at this mine and reported over 70% asbes-
tos for airborne (ibers satislying the 3:1 or grearer aspect
ratio and greater than S5-um Jength limit (NJOSH PCM
method). Particles were identificd as tremolile and antho-
phyllite by standard X-ray dilfraction technique.

Method of Study

Samples for partculate analysis were collccted on open-
faced, 37-mm diameter Millipore type AA filters (0.8-pm
pore size. Millipore Corp., Bedlord, Mass.). Precalibrated
Minc Safely Appliances’Model G pumps were used todraw
air through these filters at a rate of 1.7 L/ min. Although
fiber sampling technique has changed since, this technique
was uscd in order 1o compare resvhts with data previonsly

collected. Fillers were changed Lthroughout a [ull work shift

,‘, +
\.ﬂ %
t
fn the asbesliform habit, mineral crystals grow in a
single dimension, in a straight line until they form long,
thread-like fibhers with aspect ratios of 20:1 Io 1000:1
and higher. When pressure is applied, the fibers do not
shatter but simply bend much Iike a wire. Fibrils of 3
smaller diameter are produced as bundles of fibers are

puited apart. This bundling sftect is referred to as
polyfilamentous.

NONASBESTIFORM ‘
%
- | | &
y %

In the nonasbeslilorm varlety, crystal growth is
random, forming mullidimensions! prismatic patierns.
When pressure is applied, the cryslal fractures easily,
fragmenting inlo prismatic parlic.es. Some of the par-
ticles or cleavage fragmenls are acigylar or needie-
shaped as aresult ol the lendency of amphibole minerals
to cleave along two din,znsions bul not aleng 1he third.
Stair-step cleavage along the edges of some parlicles is
common, and oblique extinclion is axhibiled under Lhe
microscope. Cleavage Iragments never Show curvalyre,

ASBESTIFORM

{

Figure Y—Asbeslilorm and nopasbesiilorm graphics

Am Ing K g Sss0t ) (50} Hoyember 1989

as nccded to pievent overloading. [n all, 22 air samples
were obiained representing nine work activities in the R.'T.
Vanderbilt Co.. Gphvcrncur. New York, mine and mill.
Work activities sampled ineluded milling {Hardinge and
Wheeler mills), drying. packing. bag stacking, erushing,
mine drilling. scraping, and tramming.

Anslyses were performed by The R.J. Lee Group, Ine., of
Monrocville, Pennsylvania (Project No.B6-12318). Analytical
techniques employed included phasc contrast microscopy
{PCTM). polarized light microscopy{P1.M),scanning eleciron
microscopy (SEMJ, computer-controlied scanning clectron
microscopy (CCSEM), and transmission electron microscapy
(TEM). in accordance with NIOSH method 7400, all sam-
ples received PCM particle counts 21 400X magnification in
Walton-Beckett graticule measuring at least S-m Jong with
a 3:1 or greateraspect ratio. Beyond these specified parame-
1615, exact particle widths and lengths were not mecasured.
Forcach sample, 100 ficlds or 100 particles, whichever came
first, were counted (with a minimum of 20 ficlds). Inail, 2295
particles were counted and sized by PCM.

A scparate wedge was cut from each filter for PLM analy-
518, Particles were tapped, 1hen genly scraped from the
wedge 1o a plass slide. Any remaining particles were cap-
tured by rolling 2 needle moistened with 1,592 refractive
index {R1) liquid over the surface of the filier wedge {RI
selected for law-iron talc). Additional 1.592 R hiquid was
added to vhe slide and uscd to wash particles from the necdle
onte the slide. 12 should be noted thatthis ranslfer iechnique

" could bias the PCM analysis if vary fine particles were lostin

the transfcr. Additional analysis of particles not removed
from the filter (another filier section) suggests such bias is
unlikely for tremolite {see SEM panitle width discussion
below). PLM counts were madeina 1,592 Rl oil 1o differen-
tiale tale from all amphiboles on all 22 ziv samples. Follow-
ing this basic cut, remolite was differentiated from antho-
phyllite by angle of extinction (tremolite has an inclined
extinction of 14° (0 17°, whilc anthophyllite exhibils paralicl
extinction). Since al) asbestos cxhibits parallel extinction,
mineral habit (asbestiform or nonasbesiiform) then was
decided on the basis of ¢riteria noted in the mineralogical
definition. Depending on particle concentration for each of
the 22 samples, 100 to 200 points were counted and charac-
terized at 100X magnification, yiclding 2 minimum of 2200
particles subjected 10 PLM analysis. ! positive particie iden-
tificalion could not be made at 100X toral magnification,
higher magnifications{up 10 400X) were applied on a parti-
cle by particle basis. Asin the PCM anglysis, only parlicles
withanaspectratio of 3:1 or grealerand atength of S pm or
more were so characicrized. Although exact length and
wydth measurements were not oblaincd. particles were sized
by dasic aspect ratio calegories(i.¢., those 3:1 orgreater, 10:1
ar greater, erc.), One additional step was taken inthe PLM
analysis in v/hich particles presumed 10 be anthophyllitc (>
1.592 R1yw  retested for “transitionsl” phases (meaning talc
L eriwined w.th or evolving from amhophyllite and/ of bio-
p; 1iboles). 1'hiz was accomplished by Ninding particles which
mostinsely appra: :mated the sanme si; - ind mrphological
characieristics of these suspect particles on another portion

[13)

WES000376



EXAMPLES

Amphiboles with
Separate Names:

RAW ORE

Amphiboles with
the Same Name:

EXAMPLES

Amphiboles with
Separate Names;

MICROSCOPIC

265X Magnification,
2.75 pm/Division

Amphiboles with
the Same Name:

31

tremolite

ASBESTIFORM

Iremol e

tremolite

NONASBESTIFORM
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of the filter and testing them a1 1.608 R1 (the low gamma
index l'oc anihophyllite). Because of problems inherent in
this technigue. testing the same panicle with different Rl
liquids was not possible. Particles with an index of refraclion
between 1.592 and 1.608 were classed as “transitional.™ In
all, 6 samples underwent this additional analysis.

To test further the differences and similarities berween
asbestiforn dust populations and the tremolitic tale dust
environment, electron microscopy was employed on 5 sam-
ples mast represcniative of common minc and mill expo-
sures(e.g., product packaging). SEM with erergy dispersive
X-ray (EDX) first required the mounting of another 1/8
fihier wedge [rom eachsample on 2 carbon-coated stub. Filty
fields at 2000X magnification then were analyzed for count,
size. and identity of all particles in every field with an aspect
ratio greater than 3:1 and a length preaterthan pm. Forthe
five filters. a totn] of 183 particles were characterized in this
way. Particles below and above a width of 6.25 um were
noted as well. This width was selected primarily because it is
used in refercnces agains) which the findings of this study
shall be compared.'™ ™) These references generally refer 1o
this widsth 25 the approximate Jower resolution Jimit of the
light microscope.”" While other references report lower
width sensitivity, ™% it generally is agreed this lower limit
varies with the quality of the microscope, use of dispersion
staining and background contrasi, magnification, and the
microscopistinvolved. CCSEM with EDX was used on the
same carbon-coated filter wedges to scan a total of 2500

particles (500 per sample) at magnifications of 35X, 100X,

and S00X. Particles were sized by the preselecied parame-

-,

(Y

ters, and the chemical composition of all particles was noted.
Particle distribulion was expressed in volume percent and all
tremolite particles wéré coumed. TEM with sclecied arca
electron diffraction (SAED) also was employed on new
carbon-coated filier wedpges from the same five filters. Chem-
ical composition by EDX analysis and SAED patterns of
individuai fibers which measured 10 pm or reater on four
grid squares per wedge were obtained after the filter motrix
was dissolved from the carbon film. White considerable data
were Lhus generated from this multiple apalytical approach,
only data summarics which dirceuly address the definitional
compafison are included in this paper.

It should be noted that the EDX chemistries obtained
through the CCSEM 2analysis and the SAED patterns
obtained through TEM analysis were not adequate to distin-
puish talcand anthophyllite, White an in-depth discussion of
this problem is beyond the scope of this paper, insummary it
should be said thal talc may present the same X-ray spec-
trum asanthophyllite because tale displaysasimilar2:1 Sif Mg
ratio and overlapping range. Regarding SAED patterns, 1alc
in the fibrous form often refects the same 5.3 A spacing as
anthophyllite. Tale/anthophyllile in an inlermcdiate or
transitional phase poses {urther identification problems
when electron diffraction analysis is restricted 1o onc point
per paniicle. This is more (ully described in other papers.™ 2"

Study Results and Definitional Comparison

Tablc 11 contrasts bulk tremolite asbestos particies described
inthe literature"® (o tremolite particles reflected on five New

TABLE i
Ralio Comparison of Bulk Tremolile Asbeslos® to N.Y, S1ale Tremolile
In Five Alr Samples” by Optical and Electron Microscopy

Rallo of Tremaiite Patticles

3:1 aspect ratlo {a.1.)
or Grealer lo Tolal
Tremolile (> 5 ym lenglh)

10:1 a.r. o¢
Greater lo Tolal
Tremolite (> 5 um L)

20:1 a.r, oF
Greater 10 Tolal
Tremolile > 5,ml)

10:1 a.t, or Grealer
190 31 3,r. or Grealer

Samples SEM® SEM SEM Opt® SEM
Tremolile asbestost 1in1.6 1in2.6 1inas 1in L6 1in 1.6
Tromolite agbestos” 1in 1,8 11023 1in 25 1in 1.6 vin 1.2

# \otal remaotite .

particles per {approx. 55%) (approx. 41%) {3pprox. 31%) tin 1.8

sample (all sizes): 200 {86%)

Op. CCSEM

Tremolite in 5 NY. air samples® 1in6.2 1in 949 0in 948 1in 141 vin 152

¥ Lota) remolile or greater pr grealer  Of greater

particies (al) sizes): 949 (16%]) 10.1%) {D%)

CCSEM CCSEM CCSEM 1in 146 or greoler

{0 6%)

“*Data from U.S. Depl. of Interior, Bureau ol Mines Repori of Investigation B367, page 13, Table 2 {1979).""

"Preseni siudy; CGCSEManalysis ol § a1 samples ay 35X, 100X, and 600X m? gnilications. (25001012l parlicle coun [all sizes)). Oplica) (POM
and PLM) andi, »+s of the same § samples up 1o 400X magmlications (53 1101al particles with 2 3:1 a ¢ or graaier > S um lengih).

YRaruieles eounted using SEM with magnthicalion yp 10 €0 %5,

UPaitictes counied using oplical-light microscopy at 250X m ynpllicalion (2C0 tremoiile pariicles counted per liless
’ Ovtained (rom Calidotmu (no Iher aerscrphon of Jit. tatuee), Wie, ~led,
"Obained hom museum sample from Rajsstnan, Ind » *Wiiey mitied

Am Ind Hvg Sisec 1 (50} November 1288
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TABLE 1] .
Average ol 22 Mine 3nd MiIll Air Samples (2295 Parlicles) by Compeslilon, Aspect Ratlo 3:1 or Greater
{> § um length), and Mineral Habil by Light Microscopy”

% of Total

——————— s et A .

Particles per 6C (TWA)

Total Particies % Asbeslitorm

per CC by

Aspect Rafio:  33-10:1  >40:1-2011 > 201 3:1-10:1 - 00-200 5201 {9-hr TWA) Mineralogical Def.
Tremolite 353 33 0 45 .009 0 0.453 0
Transitionat" 0.0 .76 0 0.00 015 0 0.015 0
Tatc 58.2 460 Q .67 a58 (4] 0778 0
Al parheles 93,0 7.00 4] .12 0.082 0 1.210 0

*Mincral type and % by aspecl ratia were obtained by PLM analysis al 100X 10 400X magnilication. Tolst particles per cc were

obtained by PCM al 400X magnitication,

Y% Tale/anthophyllite iransilional particies were oxirs polated Irom 6 ol 22 aw samples based onarelraclive index between 1.592
and 1.608 for the gamma index. No pure anthophyliite particles werg noled in [he iields analyzed.

York stale tremolitic 1ale air samples by both optical and
clectron microscopy. In this comparison, the ratio of tremo-
lite particies which satis{y the regulatory definftion of a fiber
{3:1 or greater aspect ratio, 2> 5 um length) and those that
exceed a 10:1 and 20:1 aspect ratio (> 5 pm length) are
addresscd. :

Of the 2500 wotal particles scanned by CCSEM on 5 air
samples, 389) or949 were tremalite. Of these remolite parti-
cles, 169 or 152 satisfied the regulatory size critena for a
fiber. This represents a ratio of 1 iremolite regotatory fiber in
cvery 6.2 tremolite pasticles. In comrast, tremolite asbestos

reflecied an average of | regulatory size fibey in every 1.7,

pasticies (55%). Most siriking, however, is the differernce
reflected at 10:1 and 20:3 aspect ratios. For the New York
statc wemolite, only | iremolite particle in 949 (total
counted) excceded a 10:1 aspect ratio (0.195). For tremolite
asbestos this ratio wasapproximately | inevery 2.5 particles
or 40%. Au a 20;1 aspeci ratio or greater; no New York
tremeolite particles werc counted, while | inevery3 (approx-
imately) were [ound for tremolite ashestas. Significant vari-
ation in these ratios was not noted under optical microscopy
(or the same samples at the magnifications applied.

Whilc a bulk 10 airborne particle comparison is not ideal,
the dimensional dilferenccs likely would be even greaters if
iwo airhorne particle distribulions were compared, since
wider width, lower aspect ratio pasticles are more common
in bulk pariicle distributions. Published particle distribu-
tions for airbbrme asbestos dust populalions support this
coniention and support the basic dimensional simiarity of
tremolite asbestos (o other ashestiform minerals (see the
extended discussion on airborne particie aspect ratio disiri-
butions below). Accordingly, on a tremolite 10 Uyemolite
basis, an entirely differeni particle-size distribulion would be
expected in the New York state tremolitic tale samplse * rhis
tremolile were usbestiform,

Table 11 rellects the averape of all 22 air samples by
percent mineral composiion, aspect ratlio (2.5 or greaier),
and erystai growth habii ¢ashestiform or nonasbestiform).
Results in this table retlect the combined appies.ion of th
PCM and PLM methods outtined above

In the ticlds analy?ed by PLM, no pariicles exceeded a
2001 wapect rasio or showed splaved ends. curvotwie, of

(113

paralle} fibers occurringin bundles, Using the mincralogica)
definition, therefore, no asbestos was found; however, 0.459
particles/ cc would be noted if the regulatory definition were
used (talc and wransilional particlkes excluded). A total of
1.21 particles/ ec would be reported if 1al¢ and sransitional
particles were counted. Proper characierizaiion of 1alc,
anthaphytlitc and transitional particles is extremely difficult
in this ore body except by PLM, While PLM airsample data
reflect no asbestiform bers, both talc and transilional par-
ticlescan appearina [ibrous, asbestiform and/ or nonasbes-

.tiform habit in this ore body.®” If misclassified as antho-

phyllite, these asbestiform fibers would be characterized as
asbestos vader both the regulatoryand minevalogical defini-
tions. TEM SAED analysis with mulliple ‘electron diffrac-
lion patterns (cach indexed) confirmed the presence of both
nonasbestiform and asbestiform transitional and fibrous
talc particlcs in 2 random scan of ficlds not included In the
PL.M analysis. No elfort 10 quantify these {ibers was made.
Because of the rarity of these fibers and their marginal
significance 10 e definilional disiincrions being wddressed
here, Further detail inthisarea is beyond the scope and inlent
of this pagper.

Tablc 1V reflects a comparison of fiber counts obtained in
this study with data previously obtained in the same mine
and mill {same or similar work activities). Thesc daia con-
firen' a marked difference in what is reported as asbestos,
depending upon the definition used. Note that theaverage of
all regulatory fibers counted by PCM (Column 2) shows far
less variance between investigatoss than the percent of parti-
cles cansidered asbesiform {Column 5). Mincralogical dis-
tinctions made reflect consideration of the characteristics
described in the mincralogical definition, Although none of
the particies in the study dust population exceeded a 2001
aspect ratio by Jight microscopy, this factor alone did r™
dictacte habit characterization Jor the 22 samples snalyzed.
Although the lack of 20:1 aspect 1a1i0 particles in a dust
population ceriainty suggesis a nonasbestifosy Aust envi-
ronment. aspeci ratios alone are not pivolalina mineralogi-
¢al sound definition of asbestos

To 1est dehimtional specificity further, a comparison o/
basie dimeénsional characie-stics common 10 ashesifornm
dust populaiions, nonasbesiormiciearage fragmentyampht-
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bole dust popvlations, and the study dusi population was

TABLEY .
Hislorical Air Samples* by Delinitional Approdch

Average of All Range ] % Particles/CG  Particles/CC
Partigles/CC Panicles/CC Delinltionat Classed as Considerad
Source nnd Year  Mill and Mine  Milt and Mine™" Appraach Asbesins Asbestos
R. Lee (1966) 121 0.14-356™  minerslogica! 0.00 0.000
MSHA (1984-85)¢ 2.39 0.14-15.40™  mineralogical 0.40 0.009"

v Insusance (1984)F 1.8 1,38-2.15% nol classed - -
NIOSH {1575)" 4.5 1.5-8.4"H requlatory 72.00 3317
Dunn (1982)° 0.65 0.03-1.38 mineralogical - -

bt classifica-
lion completed
o bulk sam-
pies only

*All parlicles 3:1 or greater In aspect ratio, > 5 um in length and resolvable under ihe light microscope.

¥(n} = number of pir samples.

“Ming Safety and Health Administration Survey Reporis daled: 7/17/85, 7/30/65, 5/22/65, 6/12/84, 179/84.
BMSHA perfarms anatysis for fibertype only on lillers with elevated totat liber counts. Ofthe 38 filters, 22 were
soanalyzed. Olthese, 2 tilters were reporled as conlaining 2% asbestilormtibers. All other filters wera lound

or a3s5umed 10 conlain 0%,

“Hantorg Insurance Company Report dated November 1984 10 R, T, Vanderbilh Company. Inc.

YNIOSH Technical Repon, Occupational and Exposure to Tale Containing Asbestos, Table 7 (1880) V¥
“Dunn Geosclence Corp, repor 1o R,T. Yenderbilt Gompany (1985),

undertaken, Figure 3 compares airborne asbestiform and

nonasbestform panicles which f[allabove and below 2 width

population particle widchs obiained by SEM. With regardio
the tremolite found in the tale air samples (the only amphi-
-bolc nowcd), all iremolite particles (83 out of 183 1otal parti-

of 0.25 ym, descsibed in the literature,” with study dust ~ cles) were wider than 0.25 ym. Particle widths noted in

%
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of the Phase Contrasi Microscopv Method for the Delection
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Comparison wilh 3 STEM Technwr s ™ Am. Ind. Hvy Assoc
J. 48(5).471-477 (1987] Table IV_ aver .ge 08 17 %) samples.

more lgngth)

Am Ind Hyy Sisoc 1 (50}
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From: Averace ol § arr samples anotyzed by SEM

Irepresents 89 parhicies oul v . 1otal pasiicies).
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TABLE V
Aspeci Ratio Comparison .o

Airborne Asbestos Parlicles”
{Mining and Bagging)
> 0.25 pm Widlh, > S um Lengih

*% ol Porlicies Seen al:

Aitborne Cleavage Fragments”
{Approx. 4500 Tatal Particles)
> 0.25 um Width, 3> § um Lenglh

% of Paslicles Seen a:

Aspect Rolio: 3% 101 1511 3 200 Aspect Ratio; ¥t 10 151 »zon
Croeidolile 100 100 915 84.5 cummingtonite 100 22 10 6
Amoslte 100 160 895  58.0 cumminglonile 00 32 ? 3
Chrysatile 100 100 880 3.0 achnolile 100 15 4 3

Average: 100 100 89 53 grunerie/nctinpiitc 100 8 o 0
remotitic talgt w0 7 NOY ]
Average: 100 17 5 2.4

*Taxen from G.W, Gibbs ang C.Y. Hwung, Dimensions of Airborng Asbestos Fibers, JARC Scientific Pub.

#30 Lyon, France, pp. 79-86.""

¥Taken trom A.G, Wylie, A.L. Virla, ang E. Russak, "Characterizing and Disciiminating Airborne Fibers: im-
plications lor the NIOSH Method,” American Industrial Hygiene Associsiion Jouenal, Vol. 48, pp, 1972019

“Datataken from the R.J.Lee Group Dusl Analyais Project prepared for the BT, Vanderbilt Co., Inc , 1988,
Rellects PCM/PLM analysis of 22 filters; % represents 2295 total porticies,

UND = nol determined.

asbestiform dust populations by STEM differ markedly,
with an average of 35% {ranging [rom 9% 1o 819) reporied
to fa)l below 2 0.25-um width."™ The similarity beiween
amphibole ¢leavage [regment particle width and lremolite
widths noted in the study dust population, therefore, sug-
gests a2 nonasbestiform habit, It also might be noted that,
since alf trovnolile pasticles exceeded 3 0.25-gm width, they
should all be resolvablcat the Jower magnifications used for
both PCM and PLLM analysis, Fusther, it is unlikely that
particles of this width would be lost in the transfer of panti-
cles {rom the {ilter Lo the glass slide in preparation for the
PLM analysis. ,

In terms of aspect ratio, major differences between nonas-
bestiform amphibole cleavage fragmenis and asbestiform
particles also exist. Table V makes such n comparison for
airborne particles which meet or exceed a 31 agpect ratio
and a preater than 5-um length. Variances shown in this
table typically are found in the literature,®"® Figure 4
graphically depicts these data and further elarifies the differ-
ence. In tcrms of the study dust population, particle aspect
ratio distribution is included in Table V under the cleavage
frapment colimn where il best fits. Interestingly, total par-
ticulate aspect satios noted In this study (based on 2295
particles) would repréesent the low end of the cleavage frag-
ment line in Figure 4. Unfortunately, an airborne dust size
characterization for asbestiform tremolite could not be
found for inclusion in this comparison. Although asbesti.
form tremolide is rare and is pol exploited {or commercial
use, focalized occurrences do exist “4 the United Swates (ie.,
Cabfornia, Montana). Al least gne tndustrial hygiene study
exists of 3 mining operation contai=ing asbestiform tremo-
fire, but detailed airborne size chatacterization i no1 avail-
able.”” An aspect ratfo distributiv. | Fowever, wis sblained
on bulk asbestiform tremohile rom the mine ¥ Fer pani-
cles Yonger vhan § em, 8BS [efiubove 10:4, +3%5 above §5:1,
and 32¢ sbove 20:1. These rarius correlase most closely o
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theaverage airborne asbesios ratios 1eflected in Table V and
Figure 4 of 100%. 89%, and 33%. respectively.
Insummary, when the stugy dust population is contyasied
with the mine¢ralogical definition—as well as the dimen-
sional characteristics of asbestifotm and nonasbestiform
particles rellected in the literature—ihe nonasbestiform
naturc of New York slate tremolitic 1ale is quite apparent.
The authors believe this realfirms the nonspecificity of the
NIOSH PCM method and the regulatory definitions it
underpins when applied to mineral Bust environments con-
taining conimon nonasbestiform cleavage fragments.

Corrective Measures

Given the diffcrences berween asbestiform and nonasbesti-
form particulates, the Isast dramatic change pecessary (o
improve specificity would invelve an upward adjustment in
the aspect ratio, As seen in Figuse 4, airborne asbestiform
particles exceed a 10:1 aspeet ratio with very fow less than
15:1. Cleavage fragments, in contrasi, rarely exceed a 10:1
aspect ratio with fewer sull excceding 15:1. Any aspect ratio
adjustment, however. should be applied as a screening ool
only because therc is some aspect ratio overlap between
asbestiform and nonasbestiform particles. U, therefore, is
considered esscntial that a mineralogically correct definition
of asbestos angd criteria specific 10 asbestos should be
reflecicd in regulations,

Discussion

Although it is not the inrenl of this paper 10 address health
issues. the subjeel cannot be ignored in any discussion
regarding the definition of asbesios. h can be argued, for
exnmple, that regulniory delinitions ure designed to addiess
human health ¢oncerns and not the realities of physical
scienee. This argimens suffers. however. when it 15 under-

2eand Hye S LIS Buvpnber 1989

WES000381



%
Pancles 60
Counted

30 o

N

Q Cleavage

Fragmenis

J
o)
l

s o L—_v

Aspect Ratlo=  3:1 ]

NOTE: The mpjorily ol cleavage iagments do nol lall in this range
(mostrefiect lengihs of <5 um). The 100%, (herefore, rapresents
the starling point for 3:1 aspect rdtio paricle counling and nol
the to1al % of airborne cleavage Iragments

Figure 4—Airborne asbeslos versus cleavage fragment aspect ratlo comparison {parlicules
with an aspect ralio ol 3:1 or greater, > 5 pm length, > 0.25 xm widlh). From Table V.

stood that health effects atiributable 10 asbestos are not
reasonably demonstrated for nonasbestiform exposures.?+%
Moreover, itean be argued that any environmenlal exposure
ought to be studied and regulated {or whalt it is. To do
otherwise presents necdless bias,

1t also has been arpued that any change in the regulatory
definition of agbestos would confuse the extensive data base
developed for commercially used asbestos. Nonasbestiform
amphiboles, however, cannot and are nol used for applica-
lions typically reserved for asbestos (¢.g., .insulation, struc-
tural binding, firc proofing, brake linings, etc.). Accord-
ingly, this asbestos data base would not be affected signifi-
canilyif a mincralogically correct definilion of asbestos were
adopted. The definitional smbiguity discussed here relates
to dust populalions which do contaip nonasbestiform min-
eral cleavape fragments, Such cavironmenls commonly
involve hard rock and aggregate mining opérations and
industries who use their mineral products (e.g., ceramics.
construction, painl, e’c.). Whatever asbestos data exist lor
these enviro pments may be misleading and, therefore. ought
to be correcied.

Conclusion

Major dillcrences in crystal grossth patterns, lengths, and
widthg exist belween asbestiform particles and common.
hard rock-furming mineral clen- spe fragmenls. Current
repulatory asbestos delimtions and [iber quaatificanon
methods do not nddress these disoonta sns adeyr a cky. Thus,
nonasbestilorm dust popt :1 nps #+% and hase been mis-
taken as asbestiform. Confuaion is hkely 1o persist unut o

2en dl Heg <-z¢ 1 {40) tHove, o 1930

regulatory definition and analytical approach specific to
~ asbestos is adopted.
3
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