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INTRODUCTION

In this presentation, chemical and physical properties of fibers
commonly present in the air are reviewed. For purposes cf classifi-
cation, a reasonable definition of a fiber is presented. The
presence of Organié fibers is noted, and their predominance in some
circumstances is pointed out. . The principal emphasis, however, is
on inorganic, mineral fibers, because of their commerciai importance,

their persistence in the air, and their potential health hazards.

DEFINITION

A common defini+ion cf 2 £iber, e.c., "a slender an

[958

grea+ly

elongated natural or synthetic filament (as of wool, cotton,

asbhestes, gold, glass or ravon) typically capable of being spun
into yarn" refers to an object toco larce to remain airborne for anv

length of time. Airborne fibers are obiects which 2re slender an

greatly elongated, but of microscopic dimensions. Thin flat crvstals

can acpear to meet the definition if seen on their side in a twe-
dimensional view, but would not be considered fibers. Thus a regular
cross-section would appear to be implicit in the defini<ion of a

fiber; a cross-seciicnal width-to-heicht ratiec greatly exceeding 2




- 2 =
Lf/Df 2.2 . _
De/Df = 66 53 Lf/Df where De = eguivalent diameter of spheres,
Df = fiber diameter, and
Lf = fiber length

demonstrates that beyond a length to diameter ratio of 5, lenagth as
a factor in falling speed becomes relatively unimportant, resulting
in only a one-sixth decrease in falling speed, which then becomes a

function of diameter only. Beyond an aspect ratio of 10 there is

only a seven percent decrease in falling speed for glass fibers, with
similar values for the major +voes c¢f asbestos. &n aspect ratio ci

5 would eliminate most non-fibrous particles such as guartz crvstals,
some of which meet a criterion of 3, :hough they ﬁo not appear "fibreous”.
The foregoing cperative definition will distinguish those coylin-
drical particlés which behave aercdynamically and biclogically as
do spheres, from those whichrbehave different}y because of their
extreme length to diameter ratics.
ORGANIC FIBERS
The.organic fibers most commonly found in indoor air are of
animal and vegetable origin. Examination of a home furnace £ilter,

or a space where reliatively quiescent air» permits dust to preferen-

L

tially settle, e.g., under z bed, reveals a significant preoportion

:

of fibers. Air sampling throughout a home shows that these finers
occur in kiches+ concentrartion where clothing or nousenceld linsn is
handleé, suggesting <heir origin.2 Concen+trations of these macro-
scopic fibers ar= low by number, so tha+t *hey d&o not significan+ly
contribute +o a number count as detarmined bv optica; microscopy o©oi

filter samples. The monofilamentous synthetic fibers are more
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resistant to wear, and thus less frequently found. Although of far
greater economic importance than inorganic fibers, in domestic air
their size tends to retard their becoming airborne and to cause
their removal by settling, so that the importance of organic fibers
in the air is primarily as a nuisance, usually of concern only in
clean rooms. \

Industrially, aifborne organic fibers are only of impertance in
mills processing these materials, where they may contribute to the
fire hazard if allowed to accumulate.

Microscorpic orcanic fibers may be observed in very low concen-
trations in samples from ambient air, where they apparently are
primarily of vegetable origin, with occasional insect fracments.

They have not been reported to be of significance as an air

fo

pollutant from either a nuisance aspect oOr
hazarg.

Organic fibers in the air have a density of approximately
1 g/cm3. Few are found with a diameter of less than 10 um, and the
shape cof the fiber is usually ribbon-like or irregular, rather than
that of a smoo+th elongated cylinder.
BIOLOGICAL I=TEZ({7TS OF FIBERS

This review wili not deal with the potential health hazards of
f£ibrous aeroscls. Nevertheless, 1f it werz mot for +the exresses
of lung cancer, mesothelioma of the plewres anid peritom=um, axnd
cancer of the gastrcintestinal tract among some grouprs of asbestos
workers theres would be little or no intersest in airborne fibers.
Almost a2ll the sourves in th;s review are papers dealing in one

way or another with real or potential health hazzards. The review

o
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will cover physical anéd chemical properties which may be related to
potential health hazards. 2 great deal of emphasis will be placed
on size and shape of airborne fibers. Not only o these properties
determiné which fibers might reach the air spaces in the lung, but
they may determine the degree of cancer hazard as well. A frequently
guoted paper by Stanton4 suggests that on the basis of implantation
experiments in animals, small diameter long fibers present a gresater
cancer hazard than other fibers. If this should prove to be so,
then the proporfion of a fibrous aerosol in this biologically
significant fraction should have to be determined to estimate heal<th
hazard. Such information is presented for some of the materials
covered in this review.

IAMORPHOUS MINERAL FIBERS

Mineral wcol

Mineral wools are made from the slag byproduct of iron blast

furrnaces, or from rock such as arcgillacecus limestcne by passing a

stream of molten rock or slag in front of 2 steam jet, by throwing

a molten material off a cylindrical roter at high speed, or by

-

. ' . « . . o]
throwing molten material off a spinning concave rotor at high speed.
In either case an organic binder may be added to cause the fiber to
achere. In none of these processes is all the rock or slag Ziber-

ized, so that the fibers are accompanied by "shot", unfiberized or

partially Ziberized mineral whkish mist be mewoved. Currenilv about
70% of the minerzl wool solé in +the United States is produced from
blast furnace slac, with most o the remairnder from copper, lead,

and iron smelter slag. 2al+thouch averace fiber diameters are in the

to 7.0 um, there is a broad distribution of fiber

n

range of 3.
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diameters. In a study of two mineral wool manufacturing facilities
Corn et a16 found that 78% and 66% of the fibers had diameters <3 um
respectively, although only 16% and 15% of fibers had diameters

<1 um. Lengths of airborne fibers in the two facilities were longer
than 20 um 41% and 39% of the time, but 79% and 71% respectively
were longer than 10 um.

A iarger survey of mineral wool preoducers and users was reported
by Fowler.7 Both bulk and airborne fibers were measured, and results
are summarized in Table I. Typical bulk fiber had gecmetric mean
diameters of 3-4 um, but airborne fibers +ypically had geomexric
mean fiber diameters of 2 um, with geometric standard deviaticns
near 2. TFiber lengths were guite variable by operation, but
geometric mean lencths of 15-20 were often encountered, with
geometric standard deviaticns near 3.

Inésmuch as slag wool isia by-product, with additions to balance
properties, its chemical composition can be expected to vary between
manufacturers, depending upon the source of slag. Four analyses
over a 2 year .period by one producer reported by Fowle.r:LO showed
relatively consistent composition: Silica, 55.8-41.4%; alumina,
9.3-11.6%; ferric oxide, 0.8-1.8%; Cal0, 34.7-37.2%; MgD 7.0-9.8%;
and sulfur trioxide, 0.5-1.9%. Electron rmicroprobe analvses of
fiber show the same elements to be the major components cf the
fibers as well. Trace metals were in relatively low concemtration
with the exception of cne facility which used lead smelter slag and

thus had a relatively high lead content.

LR
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Fibrous glass

Although a dress fabricated from glass fibers for the Empress
Eugenie was exhibited at the St. Louis World's Fair in 1893, textile
fiber was not made in the U.S. until 1934. Preceding the large
scale development of the textile fibers was the development of air
filters and thermal insulation starting in 1930.% 2 wige range of
fibers of different compositions and fiber sizes are now available.
Some of the chemical and physical properties of the various fibers
are summarized in Table II adapted from Shand.9 It mav be noted
that only the "fine wool”™ and "ultra-Iine wool"™ in this table have
average diameters that would lead to fibers which could be airborne
for any significant length of time. However, -in additicn to the
perhaps 1% of production going into the "ultrz-fine" fibers

- ol
- —di

averaging abeout 1 um in diamster,

ot

=re is wide Tange of fiber
diameters produced at manyigftthe manufacturing operations. Fur-
ther, the smaller diameter particles are separated by elutriation, so
that at & construct;on site, mean fiber diameters in parent insulat-
ing material of 4.0 to 10.2 pm can rasult in mean airborne fiber

10 Likewise, Dement11 found median

diameters of 2.3 to 8.4 um.
girborne fiber diameters of 1.1 to 2.1 um in three facilities
manufacturing large diameter glass fibers, with a fourth plant
having median diameters from 2.1 to 4.3 um in fovr opera+ions.
These results may be contrasted with those of Balzer” who found
geometric mean glass fiber diameters of 2.2 um in ambient air,
1.3 um from fibrous glass lined ventilation ducts, and B.4 um 2+

occupational exposures. There are undoubtedly sampler entry biases

on particle sizes as determined in some of the foregoing studies.
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None of the biases compare with that of Gross et all3 who found

mean fiber diameters determined by optical microscopy in lungs at
autopsy to range from 1.4 to 2.8 um, with ﬁOSt mean fiber diameters
around 2 um. As noted previously, the aerodynamic diameter of
fibers is primarily a function of fiber diameter, so that fiber
lengths tended to reflect the cperation and any sampler size
selection bias. Dement,ll for example, reported median lengths of
airborne fibers at wool insulation manufacturing operaticns to

13

range from 19 to 70 um, while Gross et al found mean lencths of

fibers in human lungs at autopsy *¢ range from 17-28 um with the
majority of the fibers between 5 and 25 um in length. These

figures are not unlike those reported for airborne slag wool fibers.

Phvtoliths
An Observatio b + b 14 FarmoA Mty Tam~aow =27 15
n by Gross et 21, confirmed by Langer et 21,

was that in the lungs at autopsy of persons not occupationally
exposed to fibrous dust were numerous fibers which resembled ihose
obtained from burning paper or leaves. These fiber diameters were
most frequent at 1.3 um, with lengths most frequenﬁly between 135
and ZO'pm. The amorphous nature and numerous potential sources
for such fibers does not render them susceptible to ready identifi-
cation. The tendency cf the lung +o concentrate fibers far above
the proportion in which they exist in air breathed, suggests that
+these fibers would oot ke seon in high concentseztiors in anbiernt
air. Their presumeé vecetable origin, however, would tend to make
their existence perhaps as much a factor in rural as in urban air.
Tracments of diatoms, which may be ccnsidered to be of animal

origin are also seen in human lungs:; small fragments are scmetimes
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difficult to distinguish from fibers. These particles are composed
entirely of amorphous silica.

Summary: Amorphous fibers

-These materials can be found in urban air samples, and in the
lungs of humans at autopsy. Both fibrous cglass and slag wool prod-
ucts usually have mean fiber diameters on the order of 3-7 um.
However, the airborne fibers are smaller in diameter, averaging'
about 2 um. The lengths of airborne fibers sampled from the air

directly or from lungs will have a greater wvariance than the

(81

diame+ter. If a fiber is defined by a 5 to 1 ratic as suggeste
here, the minimum length will be about 6 um, with maximum lengths
greater than 50 um.

CRYSTALLINT MIMERAL I'IBIRS
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The cefinitions cof fibers a
what circular; a fiber being defined in one ;‘iictionary16 as "thread-
like", while "mineral fiber" is defined by Campbell et all? as "the
smallest elongated crystalline unit ..... that exhibits a resemblance

"
[

to organic fibers "fibhril" as "a single fiber, which cannot be
separated into smaller components without losing its fibrous proper-
ties or appearences’ being distinguished £rom “"prismatic” and
"acicular” by their fiber-like appearance. The crystalline shapes

2nd patterns as shown by Campbell et all7

are presented in Ficure 1.
Al+hongh such distinctiorns may be useful mineralpgically, they will
not necessarily be observed iﬁ this review, fcr the properties of
aerosols may be onlyv incidermtzsllyv reiated to such distinctions. In
defining asbestos, however, this resemblance to organic fipbers was
explicit in the classification, and the minerals included as asbestos

are recognized by this definition.
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Asbestos

Asbestos is classified into two main classes, serpentine, of
which the only member is chrysoctile, and amphiboles of which the
five recognized varieties are crocidolite, amosite*, anthophyllite,

tremolite and actinolite. Approximate chemical formulae for these

19

minerals, as presented by GilsonlB after Hodgson and idealized

chemical formulae indicating their variable composition from Speil
and Leineweber20 are shown in Table III. The most abundant cation

is shown first in the latter categorization. Chrysotile is by far

the more common of the two asbestiform mineral classes and accounts

for more than 93% of current commercial asbestos production.20
Being crvstalline, asbestos can be determined chemically by

x=ray diffraction in bulk samples. QOuantitative analysis has been

achisved in laborateory samples by enhancing the x-ray diffractiocn

pattern using electrostatic alignment of the fibers,2l but for

routine analysis the limit of detection is on the order of 5 per

2 3

. =
cent. As reported by Timbrell,“” asbestos fibers of the sizes

which become airborne can be zlicned macnetically when suspended

in air or liguid. Differing modes of aligrment are chserved, wit!
samples from some asbestos mining areas alicning parzllel +o the

applied magnetic £field, others normal to the field, and still others
showing a mixture of normal and parzllel a2ligmment. Individo=l
fibers can be identified by electron microscopy using either selected

area elescvron diffraction or electron micTroprobe analvyses using

22,24,23

energy cispersive x-ray detectors. Cptically, larcer

*Although perhaps more correctly categorized mineralogically as

17

cummingtonite-grunerite, the common name amosite will be used here.
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_13_
crystalline fibers can be distinguished from amorphous fibers by
polarizing microscopy, but many, perhaps most airborne asbestos
fibers are too small in diameter for them to be so distinguished.
A principal distinction between the amorphous glass and slag
fibers on the one hand, and the crystalling fibers including
asbestos on the other, is that the method of production leads to

inherent size differences. The drawing or blowing of the molten

—

nineral most easily produces large fibers of several um diameter,

while the formation of acicular or fibrous crystals can start with

th

ibrils of a few nm diameter.

~ - Fag
Chrvsciile

Chemically, chrvsotile from different sources -varies about the

oe

theoretical composition of 43.4% Sioz, 43,5 Mz and 12.1% Hzc,

with $i0, from 34-44%, MgO from 40-42%, and H,0 from 13-14%.°°

Iron oxides are from 0.6-4%, alumina from 0.3-0.8%, Ca0 from a

trace to 1%, Cr203 from not repcrted to 0.3%, and cther irace

elements usually less than 0.l1% in the general decreasing order:

NiQ, Mnﬂoz, Tioz, Na20, and KZO.2G Chrysotile is +the most sc¢luble

of the forms of asbestos. The surface of the £fibrils is magnesium
hydroxide, which =t readily dissolved by acid. Strong acicds rapidly
decompose chrysotile leaving 40% of the mass with a fragile fibrous

20 .

moeroholooy. Both in vitrc and in vivo studiss pave shown that

b |

chrysotile tends +to break down chemically and physizally in biolog-

. _— e . . 15 . . . . -
ical fluvids zs magnesium is leached away. This charzcrteristic of

chryvsotile cazn he used z2s an indsx ¢f the zirporre conctsn—caoiTtm oI

chrysotile in the absence of other magnesium containing minerals,
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’ as the amount of magnesium in air samples of asbestos can readily
be analyzed by atomic absorption spectroscopy, and chrysotile is

approximately 25% magnesium.26

Physically, the individual fibrils of chrysotile are 30-40 nm
in diameter. The fibers that consist of bundles of these fibrils
may be as large in diameter as a mm in crudely processed specimens,
and fibers may be 5 cm or more in length.27 Airborne chrysotile
fibers are thus bundles of varvinc numbers cf f£ibrils. At the ends of
these bundles, and in fact all along the fiber, smaller bundles of
fibrils may project themselves subdividing into still smaller bun-

—
e cIo-

- 28

H
’J-

mr™ ™
e ke

édles, as shown schematically in Ficure 1, and in 2n elec
graph of typical fibers collected during air sampling in Ficure 2
Aerodynamically, it is nci possible toc describe chrysotile fibers

as easily as, say, glass fibers. - The "curliness" of these ZIibers,

[P

as well as the many fraved and prodecting fibers greatly increase 1
the probability of captﬁre or removal of these fibers by interception
with a surface or with other fibers.. Investigators have recognized '
this problem, and treated chrysotile differently in depositicn ¥
models. Dement and Harris,29 for example, assume chrysotile to be
one-half.single curved rods, and one~half crossed rods, following ;
the method of Harris and Timbrell_3o iV
The difference in size of chrysotile-fibe:s from different V

cperations may be seen in fibers sized in studies comduct=d by +he

National Institunte for Ocoupational Safetvy and Eealth., Two examples o

condenses frum these data as used by Dement and Harzis29 are pre-

sented in Table IV. In both examples most of the fibhers 2ra in

finest diameter category, but for the cement pipe fimishinmg, more
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TABLE IV

Piber Size Distribution for Chrysotile

Twisting Asbestos Yarn29

Fibers per Thousand (n = 5817) .

‘Lenath (midpoint interval) in um

Diameter (um) 0.15 0.45 1.75 3.25 4.75 >15
(midpoint) ‘
0.15 11 330 29¢C 110 £9 43
0.45 0 1 19 20 22 27
.75 : 0 0 2 5 5 6
1.50 0 0 1 4 14 23
Cement Pipe Finishing
Fibers per Thousand (n = 4846)
Length (midpoint interval) imn um
Diameter (um) 0.15 0.45 1.75 3.25 4.75 >15
(micdpoint)
0.15 51 510 270 73 26 9
0.45 0 1 .10 6 11 8
C.73 0 0 0 0 2 1
1.5 0 0 e 0 1 3

Hote: Totals do not egual 1000 because of rounding.

rn
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than half of the fibers are shown in one length-diameter category.
In the original table, 53% of the fibers were in the interval cen-
tered at 0.08 um diameter, and 0.35, 0.45, 0.75 and 1.75 length.
For long, small diameter fibers, 4.6% of the cement finishing
fibers were in the 7.5 um and 15 um length category with diameter
<0.75 um, as compared with 12.6% of the textile twistin~ fibers.
It is evident that if length and diameter are important biclogical
factors, then an eguivalent concentration of these two fiber clouds

would present different hazards. i

r

These differing length-diameter distributions also make meaning-
ful specification of concentration by any single number difficult.
The most widely used concentration for airborne mineral fibers is
number longer than 5 um per cm3 as determined bv ortical microscezy
using'a 4 mm objective. Regression eguations between electron and

~

el
(S epay

e n

sroscopic counts for three operations each in asbestos

-

pond to from 1.7 to 5.6 fibers/cm3 longer than 5 um by eleciron

. 31 . . . s
microscope.” However, five of the nime operations were within 50%,

gy et e

and only two differed by more than a factor of two. It appears that
if fibers longer than 5 um are indeed the most significant criterion, o

then the optical counting method provides a satisfactory index of

concentration. HBowever, from 2.5 o 20.6% of toctal fibers were

coumted at the nine cperations,>T so the cptical index does not ’

well describe ¥he concerntration of o2l fibers.,

In 2 rather differernt evaluzticr, zehestns WS messured Zown—

wind from a mill processing Coalinga chrysotile asbestos in

P



California.32 The asbestos in émbient air downwind of the plant,
believed to be mainly resuspended from ore and tailings piles,
ranged in concentration of total fibers up to 1 fiber/cm3 as deter-
mined by electron microscopy. O0f these fibers, roughly half were
longer than 5 um. Optical counts were much lower and essentially
uncorrelated with the electron microscope counts.

Chrysotile fibers were also collected one to two miles from a
serpentine rock quarry which contained no commercial asbestos.l7
For these samples, 95% of the fibers were 0.12 um or less in
diaméter, and more than 90% were less than 5 um in length.

The size distribution of chrvsotile fibers in human lungs a*
autopsy is believed to be unrepresentative of the distribution in
ambient air because o0f the physical modification resultinc from dis-

solutiocn of the relatively soluble chrvsotile in the kiological

Amphiboles

Crocidolite was used in the U.S. most recently as a constituent

of same asbestos cement pipe for pressure applications. It has

been used for acid resistant filters, packings and certain types of
4

W

lagginc. It has also been used for respirator filters and, at
least in pilot appliczaticms, for cigarette filters. It has been
used elsewherse as a reinforcing fiber for battery boxes, because of
i+s high acid resistance. Crocidclite is found ir Boliviz an2
Australia as well 2= in Sonth Af:ica-. Crocidolite has 2 tensile
st—e=rmocth similar to that of chrysotile, but fibers are much
"harsher", i.e., stiffer and straighter even In the fineg+ fibersz.

The difference in "curliness" of crocidolite and thus of ability to

GREIRICS U



penetrate the lung between the two deposits in South Africa has
been postulated as a reason for the differences in mesothelioma

incidence between the two areas.

Amosite was widely used in the ﬁ.s. for thermal insulation,
particularly for naval insulation. Like the other amphiboles, the
fibers are straighter and stiffer than chrysotile. Data of Takle V

29

from Dement and Harris show that fibers are considerably coarser

than those encountered in chrysctile manufacture. 1In their calcula-
tions they assumed amosite to be a straight fiber ordered with the
streamlines of air flow.

Althouch amosite does noct occur in +the United States in commer-
cial amounts there are exposures to cumminctonite-grunerite fibers
2s con*aminants in other rock.33 These cQuld be expected to bshave

as amosite fibers in their chemical, rzhysical and aerodymnamic

properties.

34

Anthophyllite has been mined in Georgia and the Carolinas and

hes been used as a reinforcing fiber in polypropylene20 as well as
in automobile manufacture. AnthoPhyllite also cccurs as a contami-
nant in talc. Some data on fiber size distribution are available
from surveys c¢f a talc mine in upper New York State. Median air-
borne fiber lengths were 1.5 um in +he mine and 1.4 um in the mill,

i m s . 35
rd deviations of 2.6 and 2.9 respectively.

V]

with geometric s+tand
Median diameters were 0.13 at both loca*—ons, with geometric
standard deviations of 2.4 and 2.9 respectively. The median aspect

ratio of anthophyllite fibers was 9.5 +to 1. The &ist-ibum+ticn is

summarized in Table VI £from Dement and Harrie, 2nd +ypic=l finers

are shown in Figure 3. It 1s not known to what extent this size
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TABLE V

Fiber Size Distribution for Amosite (Micrometers)

Pipe Insulation Mfg. - Finishinag

Fibers per thousand (n = 229)

Length (interval midpoint) in um

Diameter (um) 0.15 0.45 1.75 3.25 4.75 15
(midpeoint)
0.15 0 9 120 _ 92 110 4
0.45 0 4 €2 £l 120 31
0.75 0 0 22 70 B7 39
1.5 0 0 g 22 48 70
Pime Insulaticn MEg. - mixing

Fibers per thousand (n = 373)

Length (interval miépoint) in um

Diameter (um) 0.15 0.45 1.75 3.25 4.75 15
{(midpoint)
0.15 0 35 120 894 B3 29
0.45 0 3 62 51 130 39
0.75 0 0 29 35 86 40
1.5 o 0 3 21 46 70

Note: Because of rouncing, totels do nct egual 1000.

LA SR
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distribution resembles that of airborne fibers from the commercial
asbestos.
Tremolite fibers from the same samples in the talc mine were

35,36 1, this

also identified and sized by electron microscopy.
talc mine and mill, tremolite fibers had slightly larger median
diameters than the énthophyllite, 0.19 um with geometric standard
deviations of 2.3 and 2.4 respectively and similar median fiber
lengths, 1.6 and 1.5 respectively. With lower geometric standard
deviations, however, 1.8 and 1.9 respectively, there were fewer
long fibers and a median aspect ratio of 7.5. Only 30% of the
fibers had an aspect ratio greater than 10 to 1. The fiber size
distribution is summarized in Takle VII and typical fibers are
sho&n in Figure 4., Tremclite has been processed and repurified

by acid treatment for special uses in the filtration field.34

Actinolite, with tremolite, is classified by Hendry34 as +the
least important‘of the asbestos minerals from an economic stand-
point. No data on airborne"fiber characterisﬁics were available
for this report.

2s a group, the amphibolelfibers} while much less important than
chrysotile economically, are found in significant numbers in human

37 3 34

lungs at autopsy. 2s indicated by Cralley et al~ and by Hendy,

the less common forms of ashestos, when available in a relatively

pure state, have foumd such uses as inexpensive Zillers, reinforcing

v

N LA AT RIS

fibers, and thixotropic agents. They can be expectsd in ambient air

Car

Trom both inmdust=Hizl znd commercial uses and from weathering of rock.
Their "harsher”™, i.e., stiff and straicht mature makes them easier

to detect in an instrument such as that rezperted by Lilienfeld and



Diameter {(um)
(midpoint)

0.09
0.3
0.4

0.8
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TABLE VI

Anthophyllite Fiber Size Distribution

Talc Mining and Milling

Fibers per thousand (n = 849)

Length (interval midpoint) in um

0.4 1.3 2.2 3.2 5.0 15
270 200 61 22 16 4
8 78 58 82 26 5.
1l 14 15 15 16 14
t] 2 6 25 45 14
"TABLE VII
Tremolite Fiber Size Distributicn
Talc Mining and Milling
Fibers per thousand (n = 241)
Length (imterval midpoint) in um

D.4 1.2 2.2 3.2 5.0 15
180 200 74 3 4 0
17 150 87 5 8 0
D 21 6% 29 | .4
0 4 33 62 21 4

[
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Elterman38 which rotates fibers by means of an electric field for

synchronous detection of the resulting modulation of the light

scattered from a continuous wave laser beam by the rotating particles.

Attapulgite

Of the 36 non-asbestos minerals listed by Zumwalde and Dement22

as exambles which may occur in a fibrous state, attapulgite and
wollastonite have recently been studied by the National Institute
for Occupational Safety and Health,39’40 and will be discussed.
These minerals are both mined, processed and sold in the United
States, and their commercial value is at least partially because
of their microfibrous structure.

Attapulgite is the principal mineral component of attapulgus‘
¢lay. It is a crystalline hydrated magnesium aluminum silicate of
the approximate formula: . (MgAJ.)2 [OH Si4010] .4H20. It is found
in the Soviet Union and India as weli as the Georyia-Florida area
of the United States and is glso known as palygorskite. Both

colloidal and sorptive grades are marketed for a wide variety of

industrial applications. Airborne fibers were sized by electron

microscopy. The median fiber diameter was 0.07 um, with a geometric

standa:d.deviatioﬁ of 3.14; the largest dizm=ter observed was

0.1 um. The median fiber length was 0.4 um with a geometric

- Standard deviation of 3.0; the longest fiber observed was 2.5 um.
I 5£he-a1ameters'g1ven are fcr'lndxv1anal,fiber3' which were cbserved,
‘f?ihnwewer'there ﬁas a.st:nng.*enﬁznzy'fn:,the:flpers'tu'agginmerata
iﬁf:mxn jagged particulates that ranged in diameter from 0.5 to 5 um.

i'Thls may be seen in Figure 5.
Vﬂ% ;m It may be notea ‘rom the above description that unlike asbestos,

" ww,-;-n T R T A S T T U Y S s iy e e e

E;
|
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this matefial would not appear fibrous with either the naked eye
or the optical microscope. The designation as fibrous is solely
because of the possibility of biological effect when inhaled or
ingested.

Wollastonite

Wollastonite is a naturally occurring calcium silicate,
Ca3(51309) mined in Willsboro, N.Y. It has been used in ceramics,

paints, welding fluxes, plastics, cements, wallboards and glass.40

In the two surveys Qf the mine and mill reported on by ZumWalde,40
air samples were taken for subsecuent fiber counting and character-
ization. Samples.were counted for fibers longer than 5 um by the
NIOSH standard procedure using a 45x phase contrast objective and
examined by transmissicon electron microsccecpy at 10,000x. Selected

area electron diffraction and energy dispersive x-ray analysis was

used for fiber identification. Some typical fibers are shown in

Figure 6.

1]

The median fiber diameter was 0.22 im, with range ¢f 0.1-5.2 um,
FPiber length median was‘2.5 um with a range of 0.3-41 um. The fiber
size distribution is summarized in Table VIII. Some 21% of the
fibers were longer than 5 um by optical microscopy, and 17% were
longer than # 75 ur by electron microscopy. Unlike the attapulgite,
there were a number of flbe:s in these dust clouds which compared

Zn dirension to thoss longer ;lbers seen in ashestns dnst clouds.

 1f, == the sum of biplogircal, physiological zmd zerovdynamic evidenre

seems to be suggesting, the carcinogenic properties of airborne
FGhers zre moTe r=lated +5 thedir =iz=, sh=p=, == -u...._,‘_‘._l...,-...:."

behavior than to their chemical or physical properties, then

wollastonite should be treated with as much respect as asbestos.



Diameter (um)
{(midpecint)

TABLE VIII

Airborne Fiber Size Distribution

Wollastonite Mining and Milling

Fibers per thousand (n = 1320)

Length in um (midpeoint)

0.15 0.45 1.75 3.25 75 15
0 110 260 - 52 8 0
0 0 150 130 32 3
0 0 2 48 54 9
0 0 0 4 g2 58
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Other Mineral Fibers

As noted by Cralley et al3 and amplified by Zumwalde and Dement

there are many minerals which may occur in fibrous form. These
particles when airborne can, at least in certain sizes, result in
the development of ferruginous bodies in the 1ung.13 With suffi-
cient exposure and an adequate latent period they may result in an
increased probability of lung cancer or cancer of the gastrointes-
tinal tract. The bioclogical and epidemiological evidence is not
available to even state with any certainty which of these fibers
would create a health hazard. There is certainly no reason to
limi+t the use c¢f materials which are useful in manufacture,
commerce and agriculture. It would, however, be foolhardy to
treat any airborne fibrous dust as "inert". Wherever significant
exposure to such dusts in the working atmosphere or release of

the dusts to ambient air is occourying, comtrols should be insti-
tuted to minimize such exposure or release. Measurements. of
airberne fibers should be made to a§certain the degree of

exposure, with help from the National Institute for Occupational

Safety and Health or the State Environmental Protection Agency or

22

State Health Department as appropriate. Let us hope our precautions

are adegquate so that we never can determine with certainmty whether

these materials are human carcimogens.
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CAPTIONS FCOR FIGURES

Pigure 1
Various mineral crystal and aggregate shapes.
(from Campbell et all7).

Figure 2

Typical chrysctile fibers from an air sample.
Electron micrograph.

Figure 3

Typical anthophyllite fibers by electron microscope
at 20,000 X.

Figure 4
Typical tremolite fibers by electron microscope at 20,000 X.

FPiqure 5

t+arnlaite fibers by electrorn microscope at 20,000 X.

Wollastonite fibers by electron microscope at 20,000 X.
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