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In this presentation, chemical and physical properties of fibers

commonly present in the air are reviewed. For purposes of classifi-

cation, a reasonable definition of a fiber is presented. The

presence of organic fibers is notec1., and their predominance in some

circumstances is pointed out. The principal emphasis, however, is

on inorganic, mineral fibers, because of their commercial importance,

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

DEFINI':'ION

A co~on definition a:: a fiber, e.g., "a slender and greatly

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

asbestos, gold, glass or rayon) typically capable of being spun

into yarn" refers to an object too large to remain airborne for any

length of ti~e. Airborne fibers are objec~s which are slender and

greatly elongated, but of microscopic dimensions. Thin flat crystals

can appear to meet the definition if seen on their side in a two-

dimensional view, but would not be considered fibers. Thus a regular

cross-section would appear to be implicit in the definition of a

fiber; a cross-sectional width-to-height ratio greatly exceeding 3

diameter migh~ mo~ reasonably be made by conS"~C-~g depa~~~c =~Oili

spheres.
,

fibers'"

TiInbrell's equation for ialling speec. of glass
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= 66
2.2

where D = equivalent diameter of spheres,e

Df = fiber diameter, and

Lf = fiber length

demonstrates that beyond a length to diameter ratio of 5, length as

a factor in falling speed becomes relatively unimportant, resulting

in only a one-sixth decre'ase in falling speed, v,'hich then becomes a

function of dia~eter 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 najor types of asbestos. P-.n aspect :::- a'tio

5 would eliminate most non-fibrous particles such as quartz crystals,

some of which meet a criterion of 3, ~hough they do not appear "fibrous".

The foregoing operative definition will distinguish those cylin-

drical particles wni~~ bebave ae~c~Y~7~=ally and biologically as

do spheres, from those which behave differently because of their

extreme length to diameter ratios.

ORGF.NIC FIBERS

The organic fibers most commonly found in indoor air are o£

animal and ve?etable origin. Examination of a horne furnace filter,

or a space wh~ relatively quiescent air permits dus~ to preferer--

tially set~, e~g., under a bed, reveals a significant prDpcrtion

of fibers. Air sampling t:h.....--ouqho-llt a herne shows that tb.ese ::.:ib.e=s

occur in l:ighest can'""e'rltrarion v.-:J..ere c.lo+h j ng or ho-i.lSeho~ lille~ i.E

handlec. , . . .,_. .. 2
sugges~~ng ~ne~r or~~n. concentrations o£ these mac=o-

scopic fibers a=e lDw by nu.."":'.!:le.r, so that' thev co no;t sign; 4=icaJJ::UY

contribute to a nu..,.ber count as det"'nnj nec by optical microscopy of

filter samples. The rnonofilamentous synthetic fibers are more



-~---~-------- ---- ---.- -- -

. '. . '.,. ,''(,,;... , ......... - , . ' .
.,;,;,":".;.,.;;,., :;",,'" :~~:~~;:',:,:~J_'~~~' -;", "ii"";W.~1;~M.-

- 3 -

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, airborne organic fibers are only of importance in

mills processing these materials, where they may contribute to the

fire hazard if allowed to accumulate.

Microscopic organic fibers may be observed in very low concen-

trations in samples from ~~ient air, where they apparently are

primarily of vegetable origin, with occasional insect fragrnen'ts. 3

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

pollutant from either a nuisance a-spec-t C~ as a pc'te.ntial health

hazard.

Organic fibers in the air have a density of approximately

1 g/cm 3 . Few are found with a diameter of less than 10 urn, and the

shape of the fiber is usually ribbon-like or irregular, rather than

that of a smooth elongated cylinder.

BIOLOGICAL £E±'£~~ OF FIBERS

This review \Io,-rill not deal wi. t.b. t.b.e ?o--=-eI~! ; al health haza=c.s of

fibrous aerosols. Nevertheless, i£ it wen: not f.or -:.:he exces:se:s

cancer o£ the gastrointestinal "=rac:t among some groups of asbestos

workers there would be lit:t.le or no in~eres~ L'"1 a ; ~"'O-~e £i.bers.

Almost all the sources in ~is review are papers dealing in one

way or another yd. th real or potential he-altil hazards. The review
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will cover physical and chemical properties which may be related to

potential health hazards. A great deal of emphasis will be placed

on size and shape of airborne fibers. Not only do these properties

determine which fibers might reach the air spaces in the lung, but

they may determine the degree of cancer hazard as well. A frequently

quoted paper by Stanton4 suggests that on the basis of implantation

experi~ents in animals, sm~ll diameter long fibers present a g~eater

cancer hazard than other fibers. If this should prove to be so,

then the proportion of a fibrous aerosol in this biologically

significant fraction should have to be determined to estimate heal~~

hazard. Such information is presented for some of the materials

coverer in this revie~.

AMORPHOUS MINERAL FIBERS

Miner-al wool

Mineral wools are made from the slag byproduct of iron blast

furnaces, or from rock such as argillaceous limestone by passing a

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

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

throwing molt~ material off a spinning concave rotor at high speed. 5

In ei t..~er case an organic bin-d-er--may be added to caus€ the fiber to

a~~ere. In none of these processes is all the rock or slag iiber-

ized, so that the fibers are accompaniec. by "siro~", nn--Fi he..rized or

p.arti..ally fibetiz.ed min-e=..a.l wH ""lo, i';TS~ be =_o.::::!l.ov=ed. C1~'!'i""en:tly abo:::t

TO% of the ~er:al woo~ sold in 'the Ucited Sta-=es is produced ":.l.o:r::

blast furnace slag, .d-th most crf the remainder from copper, lead,

and iron smelter slag. Al thougl1 averaqe .1: 1her diameters are in the

range of 3.5 to 7.0 ].l:Tl, there is a broad distribution of fiber
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diameters. In a study of two mineral wool manufacturing facilities

Corn et a1 6 found that 78% and 66% of the fibers had diameters <3 ~m

respectively, although only 16% and 15% of fibers had diameters

<1 ~m. Lengths of airborne fibers in the two facilities were longer

than 20 ~m 41% and 39% of the time, but 79% and 71% respectively

were longer than 10 ~m.

A larger survey of mineral wool producers 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 geometric mean

diameters of 3-4 urn, but airborne fibers ~ypically had geome~ric

mean fiber diameters of 2 ~m, with geometric standard deviations

near 2. Fiber lengths were quite variable by operation, but

geometric mean lengths of 15-20 were often encountered, with

geometric standard devi.atio~

Inasmuch as slag wool is a by-product, with additions to balance

properties, its chemical composition can be expected to vary between

manufacturers, depending upon the source o£ s~ag. Four analyses

over a 2 year .period by one producer reported by Fowler lO showeti

relative~y consistent composition: Silica, 35.8-41.4%; alumina,

9~3-11.6%; fe-'"7ic oxid-e, 0.8-1.8%; CaD, 34.7-37.2%; MgD 7.0-9.8%;

and sulfur trioxide, 0.5-1.9%. Electron mjc~~obe analyses of

fiber show the same elemen±.:s to be the major cO!!!pOn-e:nts c£ the

fibers as well. . ',!.r:ace me-=..als we...'""E in relatively low con~...ratio.n

with tIle exc-ep-tion of on€ facility which used lead sm~tez

thus had a relatively high lc~~ conten~.

- ~-----~." ......-_... ------~-.-- ,--~-_ ..-,- ~--------.-
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Fibrous olass

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. 8 A wide 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 may be noted

that o:'ll~' the "fine wool" and "'...!1 tra-:ine \\'ool!' in 'this ~able have

average diameters that would lead to fibers which could be airborne

for any significant length of time. However, in addition to the

perhaps 1% of production going into the "ultra-fine" fibe=s

averaging about 1 ',.:.!!'. i..~ r'li a~eter, tr.ere is a wide ra.ige of fiber

diameters produced at many of the rnanufacturi~g operations. Fur­

ther, the smaller dia~eter particles are separated by elutriation, so

that at a construction site, mean fiber diameters in parent insulat-

L 'k' D 11 f d ed'~ ew~se, ement oun m ~an

ing material of 4.0 to 10.2 ~ can result in mean

10diameters of 2.3 to 8.4 ].I!I'l.

aj ...ho=ne fiber

a1-...borne fiber diarne:t.er:s orl.l to 2.1 )l!Il in ~h"'e€ fa:::iJ.i_ties

manufacturing large di~eter glass fibers, wi:tiJ. a fou........Jl plant

having meo j an diameters from 2.1 to 4.3 um in f.ou..=opera+-i on-s •

Th.ese r""'sul ts may be con:t::rasted w-i til those of Balze:r12 who found

geometric mean glass fibe.rd.i.ameters of 2.2 w.m in ambie!lt air,

~.3 um from fibrous glass lined ··...entilat.i..on d..u:c"'=s ~ and 8. 4 ~ :.-t

occupational exposures.. There are undoubtedly sampler entry biases

on particle sizes as determined in some of the forego~,g studies.
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None of the biases compare with that of Gross et al l3 who found

mean fiber diameters determined by optical microscopy in lungs at

autopsy to range from 1.4 to 2.8 ~m, with most mean fiber diameters

around 2 urn. As noted previously, the aerodynamic diameter of

fibers is primarily a function of fiber diameter, so that fiber

lengths tended to reflect the operation and any saMpler size

11selection bias. Dement, for example, reported median lengths of

airborne fibers at wool insulation manufacturing operations to

range from 19 to 70 ~m, while Gross et al 13 found mean lenqths of

fibers in human lungs at autopsy ~o range =rom li-28 ~rr. wi~h ~he

majority of the fibers between 5 and 25 urn in length. These

:igures are not unlike those reported for airborne slag wool fibers.

Phytoliths

An observation by Gross et al,14 confir!!'!ec by !...a~ge= et al, IS

was that in the lungs at autopsy of persons not occupationally

exposed to fibrous dust were numerous fibers which resembled those

obtained from burning pap€T or leaves. These fiber diameters were

most frequent at 1.5 urn, with lengths most frequently betwea~ 13

and 20 urn. The amorphous nature and numerous potential sources

for such fibers do~ ~ render them susceptible to ready ~dentif~-

ca~ion. The ~end.ency of the lung to concen trate fibers far above

tb.-e proportion in wr..ich they exi.s:t .in air brea+Jled, suggests ~h2t

these £ibe=-s would n.o.:t J:le. s.e.en in high COll:...en:L:: aLlons in arnb; eT1:t

air. Their presumed vege-table origin, however, would tend to make

their existence pe:r:haps as much a factor in rl.l.Z.al as in urban air.

Fragments o~ ciat.oI:s, which may be considered to· be o£ an; ma 1

origin are also seen in human lungs; small fragments are sometimes
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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 class and slag wool prod-

ucts usually have mean fiber diaMeters on the order of 3-7 wm.

However, the airborne fibers are smaller in diameter, averaging

about 2 ~m. The lengths of airborne fibers sampled from the air

directly or from lungs will have a greater variance than the

diameter. If a fiber is defined by a 5 to 1 ra~io as suggested

here, the minimum length will be about 6 urn, with maximum lengths

greater than 50 ~m.

The ce£initions of fibers as related to minerals can be s~~e-

what circular ~ a fiber bei_ng defined in

like", while "mineral fiber" is defined

d "· 16one ~ct~onary as
17by C~~pbell et al-

"thread-

as "the

smallest elongated crystalline unit ..... that exhibits a resemblance

to organic fibers", "fibril" as "a single fiber, which cannot be

separated into smaller components wiL~out losing its fibrous proper-

ties or appearences", being distinguished fram "pr.i...srnati.c" anti

"acicular" by their f:i±l:er-lik..e appearance. The crystalline sh~pes

__ .:l _\..- '1- bel' all7 , ~ . ,..,' ,
~patt=rns as .:=...u.uw':D. :..:y Camp .. et are preS€Il-=ea ~ ~~e _.

Al thoogh such distinC't:io!rs may be use.-~ mineralogically, thee-y ",~l

not necessarily be observed in thi.s review, fer the pro:pe..."'"t.ies of

~---osols way be only i.nc.i.de..rr'"~y related to such distinc---.i.ons.

defining asbestos, however, this resemblance to organic fibers 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 chrysotile, and amphiboles of which the

five recognized varieties are crocidolite, arnosite*, anthophyllite,

tremolite and actinolite. Approximate chemical formulae for these

. 18 19minerals, as presented by Gl1son after Hodgson and idealized

chemical formulae indicating their variable composition from Spei1

and Leineweber 20 are shown in Table III. The most abundant cation

is shown first in the latter categorization. Chrysoti1e is by far

the more common of the t""o asbestiform mineral classes and accou~t.s

for more than 95% of current commercial asbestos production. 20

Being crystalline, asbestos can be aeterrnined chemically by

x-ray diffraction in bulk samples. Quantitative analysis has been

achieved in laboratory sa~?les by enhancing the x-ray diffraction

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

routine analysis the limit of detection is on the order of 5 ~er

22 ~3
cent. As reported by Timbrell,". asbestos fibers of the sizes

which become airborne can be aligned magnetically when suspended

in air or liquid. Pif£ering modes of alignment are obse..."·ved, ""il th

samples ~rom some asbestos rr~g areas ali~g parallel to +~~

applied magnetic field, others normal to the fi.elC., and still othe=s

sh:owing a mixture of normal and para' J el a.li...gnmem:... TTlfivic.i"'aJ

fibers can be identified by e.lec.:t.ron mj C":Pscopy ~~g eithe= selected

area el."c· 011 dL:':.= ae+-ion or ele.:.:~:on mi.c:r.oprcbe analyses using

22 24 ..,~
energy Cispersive x-ray detectors. ' ,~ Optically, larger

*Al±hough perhaps more correctly categorized rr~eralogical1y as

" . 17 h " d h
cumm~~gton~te-grunerlte, t e common name amoslte will be use .ere.
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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

mineral most easily produces large fibers of several ~m diameter,

while the formation of acicular or fibrous crystals can start with

fib~ils of a few nrn diameter.

Cr.. ~::~ 5 c t.i 1e

Che.T!'1.ically, chrysotile ::rom di::ferent sources ·varies about the

theoretical composition of 43.4% 5i02 , 43.5% MgO ane , j , Sl, u ~........ _- ""2 v ,

with 5i02 from 34-44%, MgO from 40-42%, and H20 from 13-14%.20

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

trace to 1%, Cr203 from not reported to 0.3%, and other trace

elements usually les~ than 0.1% in the qeneral decreasing order:

NiO, ~n~02' Ti02 , Na~O, and K_0. 20 Chrysotile is the most soluble.. ~ ~

of the forms o-f asbe.sto.s1 The surface c.f the ::ibrils is magne~iu.T!1

hydroxide, which : readily dissolved by acid. Strong acid~ rapidly

decDr.?o.se chryso"=ile leaving" 40% 0= t...~e mass wi tb a fragile fibrous

cia:yso:tile tends to break down cb.€!ti.cally an-d pbys.3-=ally i-n biolog-

. al -l . - .. 1- - ~ 15u:... "J'" 5 as ma~mn ~ e.e...=.uec aw·ay.

chrysotile in tne absence of other magnesium contaL'"ling mineral.s,
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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 rom in crudely processed specimens,

27
and fibers may be 5 cm or more in length. Airborne chrysotile

fibers are thus bundles of varying numbers of fibrils. 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-

dIes, as shown schematically in Fiqu~e 1, ~~d i~ a~ electron ~i=~o-

h f . 1 ~. b ' 1 d d' . l" ~. 2 28grap 0 typ~ca ~~ ers co. ecte ur~ng a~r samp ~ng ~n _~~ure .

Aerodynamically, it is not possible to describe chrysotile fibers

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

as well as the many frayed and projecting fibers grea~ly ~ncrease

the probability of capture or removal of these fibers by interception

with a surface or ~~th other fibers. Investigators have recognized

this problem, and treated chrysotile differently in deposition

,
!.

models . D d - . 29 - leement an 1iarrJ.S, ror exarnp ,asJSll."l'le be

one-half single curved rods, and one-half crossed rods, followL~g

the method OT EarriJS and Ti..---n:brell. 30

The difference in size o£ ch...--ysotile fibers £rom diffe.ren"t

operations may be s-een in fibers sized in studi-es cou.mcL..e.::by ~

National Institute for Occupa~~ana' Sa£ety and Real.tl'!. Two examples

condensed from "these data as used by Dement and Ba.r""'..i.s
29 are pre-

;.:

In both exampleJS rlost of the

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

Fiber Size Distribution for Chrysotile

Twistinq Asbestos Yarn 29

Fibers per Thousand (n = 5817)

Length (midpoint interv.al) in ).lm

Diameter (wm) 0.15 0.45 1. 75 3.25 4.75 >15
(midpoint)

0.15 11 330 290 110 69 ~ ~
":..J

0.45 0 1 19 20 22 27

0.75 0 0 2 5 5 6

1.50 0 0 1 4 14 .,~

.. ..J

Cement Pipe Finishing

Fibers per Thousand (n = 4846)
=

Len~ (midpoint interval) in urn

Di.ameter (un) 0.15 0.45 1. 75 3.25 4.75 >15
(lIliCpo int)

0.15 51 510 270 73 46 9

0.4.5 f'l ., 10 6 11 9 ~-:-v .l-

0_75 0 0 0 0 2 1

L3 0 0 0 0 , ...
~ ~

~~~=; Totals do not equal 1000 because of rounding.



•
- 16 -

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 urn 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 urn and 15 urn length category with diameter

<0.75 urn, as compared with 12.6% of the textile twistin~ fibers.

It is evident that if length and diameter are important biological

factors, then an equivalent concentration of these two fiber clouds

would present different hazards.

These differing length-diameter distributions also make meaning-

ful specification of concentration by any sin;le number difficult.

The most widely used concentration for airborne mineral fibers is

n~~ber longer than 5 urn per cm3 as determined by optical ~icrosccpy

using a 4 rom objective. Regression equations between electron and

op~ical =i=rosccpic counts for three operations each in asbestos

friction, cement and textil~_operations showed that a 2 fiber/em 3

count of fibers longer than 5 urn by optical microscope would corres-

L,...

five of the nine opera tions were wi thin 50%,

pond to from 1.7 to 5.6 fibers/em3 longer than 5 urn

. 31. H
m~crosco?e. owever,

by electron

and only two dif£ered by more than a £actor of two. It appears tha-t

if fibers longer than 5 urn are indeed the most signi£icant criterion,

then the optical count; ng method provides a satisfactory i.ndex 0.£

concc-ntration. HOwever.,.=.! alIt 4.5 to 20. 6% of tv t.al £i..be.r.s we=-e

COWl Led at tile nine O?e--rations, 3~ so the cp·H ca' i..,d-e.x doe-s not

well desc=ibe the conCEntration o£ to:tal fib"'''''c::_

w.i.nd .£rOm a mill processing Coalinga chrysotil.e asbestos in

\.
.',
, ,
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l 'f . 32Ca ~ orn~a. The asbestos in ambient 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/cm 3 as deter-

mined by electron microscopy. Of these fibers, roughly half were

longer than 5 ~m. 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. l ?

For these samples, 95% of the fibers were 0.12 ~m or less in

diameter, and more than 90% were less than 5 ~m in length.

The size distribution of chrysotile fibers in human lungs at

autopsy is believed to be unrepresentative of the distribution in

~~ient air because of the physical modification resultinq fro~ dis-

solution of the relatively soluble chrysotile in the biological

.f:l ,~ 15_ U~c.s.

Amphiboles

Crocidoli te ..·:as used in the U. s. most recently as a constituent

of same asbestos cement pipe for pressure applications. It has

been usee for acid resistant filters, pa.ck..L"1gs and certain type-s o£

1 . 34
agg~g~ It has also been used for re-spirator filters and, at

l_e:as± in pilot applications, for cigarette £.ilters. It has been

used elsewhere as a reir'..forcL....-g fiber for battery -boxes, because of

AII:sU'al.i.a as well as in So.u.:th A::ri--ca. Crocido.li~e -has a tensile

s:t=E!l~Ll1 s-'~..il.a= to that of cn::ysotile, but fibers are much

"harsher", i.e., stiffer 2Ilrl straigboter evE.."1 in the ~;'n~~--: .£i.:,e.rs.

The difference in "cu~li.nes5" of c:rocidolite and thus of ability to

.':,..
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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.

Arnosite was widely used in the u.s. for thermal insulation,

particularly for naval insulation. Like the other amphiboles, the

fibers are straighter and stiffer than chrysotile. Data of Table V

from Dement and Harris 29 show that fibers are considerably coarser

than those encountered in chrysotile manufacture. In their calcula-

tions they assumed amosite to be a straight fiber ordered with the

streamlines of air flow.

Although amosite does not occur in the United States i~ commer-

cial amounts there are exposures to cumminqtonite-grunerite fi~ers

as contarr.inants in other rock. 33 These could be expected to behave

as amosite fibers in their chemical, physical and aerodynamic

properties.

Anthophyllite has been mined in Georgia anq the carolinas 34 and

h b d . f . f'b . 1 1 20 11.as een use as a re~n orc~ng ~ er ~n po ypropy ene as we as

in automobile manufacture. Anthophyllite also occurs as a contarni-

nant in talc. Some dat-a on fiber size distribution are available

£rom surveys of a talc mine in upper New York Sta±e. Median air-

borne fiber lengths were 1.5 ).JlIl in the mine and 1. 4 ~ in the mill,

with geomet=.i.c standard deviations o£ 2_ 6 and 2.9 respet.. .. i:vely. 35

Medjan diameters we-=e 0.~3 at both l.o.c..a-:t:ions, w:.:t.h ge.o:me" , ;r-

ran 0 o£ anthophylli te =ib~ was 9.5 to 1. Tb..e d:i.s~-'; """"-:..ion .is.

--
.- ----.

summarized in Table VI from Dement ann . 29Ha.,....,...,e:,

are shown in Figure 3. It is not known to what extent this sue
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TABLE V

Fiber Size Distribution for Arnosite (Micrometers)

Pipe Insulation Mfg. - Finishino
=

Fibers per thousand (n = 229)

Length (interval midpoint) in urn

Diameter (].lrn ) 0.15 0.45 1. 75 3.25 4.75 15
(midpoint)

0.15 0 9 120 92 110 4

0.45 0 4 92 61 120 31

0.75 0 0 22 70 87 39

1.5 0 0 0 22 48 70

Pi?e L~~-:'.i'::·r~ .~~- - rr~ixing.:......... '= •

Fibers per thousand (n = 373)

Length (interval mic.point) in urn

Di.ameter (].lm) 0.15 0.45 1.75 3.25 4.75 15
(midpoint)

0.15 0 35 120 94 83 29

0.45 0 3 62 51 130 59

0.75 0 0 29 35 86 40

1.5 0 0 3 Z1 46 7"0 ~

-.
c

NOte: Becaus-e o£ rounding, t-ot-eAls do not equal. 1000.



_. __._---~-~----- ---~~_:..._-"---._._._---,---------

- 20 -

distribution resembles that of airborne fibers from the commercial

asbestos.

Tremolite fibers from the same samples in the talc mine were

. 35 36also identified and sized by electron m~croscopy.' In this

talc mine and mill, tremolite fibers had slightly larger median

diameters than the anthophyllite, 0.19 urn 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 Table VII and typical fibers are

sho~~ in Figure 4. Tremolite has been processed and repurified

by acid treatment for special uses in the fil.tration field. 34

Actinolite, with tremolite,. is classified by Hend-.~,34 as t.b.e

least important of the asbestos minerals from an economic stand-

point. No data on airborne fiber characteristics were available

for this report.

1'..s a group, thE amphibole fibers, while much less important than

chrysotile economically, .are found in significant numbers in hwnan

lungs at .autopsy. 37 As indicated by c...~ey -et a13 and by Re:ndy, 3-4

the less common forms o£ asbestos, when ave"; 1 a1;le in a relatively

pure stata, have .£ou:nd strch uses as inexpensive fi J Jers, reinforMng-

-fibers, and thixotropi c agents. They:::::an be ~ectea in ambient air
+.:' .

£rem both industr i-aJ and ccmn-erri al us-es and f:rom w-eathering o.f rock-

The; r ".harsher", i .-€. # sti£.f and strai-ght natIII:e makes +b ...." easier

to detect in an instrument such as that reported by Li.lienfeld and
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TABLE VI

Talc Mining and Milling

Fibers per thousand (n = 849)

Length (interval midpoint) in ~m

Diameter (~m) 0.4 1.3 2.2 3.2 5.0 15
(midpoint)

0.09 270 200 61 22 16 4

0.3 8 78 58 82 26 5

0.4 1 14 15 15 16 14

0.8 0 2 6 25 45 14

Anthophyllite Fiber Size Distribution

-TABLE VII

Tremo1ite Fiber Size Distribution

Talc Mining and Milling

Fibers per thousand (n = 241)

Length (interval midpoint) in urn

Diamet€r UJIIL) 0.4- 1.3 '2.2 3.2 5.0
(1II±dpoint)

0.09-- laO 2nD 74- 3 4--...-
. ~- ~_...-

0-3 1.7 ]50 a7 25 8

0-.4- 0 21 66 2:9: 8

O_R 0- 4- 33 62 21

15

o
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4
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Elterman 38 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 examples 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

clay. It is a· crystalline hydrated magnes.ium aluminum silicate of

the approximate formula:

in the Soviet Union and India as well as the Georgia-Flori.cia area

of the United States and is also 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 O~07 lJIIl, witb .a g€ometric

standaJ:.d .deviation of 3.14; the 1arges t. d-i-ameter observed was

0.1~ The median fi:ber length was -0:.4 l.mJ. wii:h a geometric.

_ standard deviation of 3.0; the longest £i:ber observed- was 2...5 UIIl-

.... .however there was- -a strong te l l!lptIC:y:£cr~ fibers to: a:gg1! !Dlpr ate

":. n:tc jagged particulates that ranged in diameter £rom 0 •.5 to 5 J,.!IIl-

""This ~ be se~ in Figure 5.

I± may be noted from the above des.cri.ption that unlike asbestos,
--_...

_., '. ':'-:';:"-:,": ;": . :,':.;

~\~
;;-~---

-..,".
~:.­

~~.'
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this material 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,

Ca 3 (Si 30 9 ) mined in Willsboro, N.Y. It has been used in ceramics,

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

In the two surveys of the mine and mill reported on by zumwalde,40

air samples were taken for subsequent fiber counting and character-

ization. Samples were counted for fibers longer than 5 ~m by the

NIOSH standard procedure using a 45x phase contrast objective and

examined by transmission electron rr.icroscopy at lO,OOOx. Selected

area electron diffraction and energy dispersive x-ray analysis was

used for fiber identifica"tion. Some typical fibers are shown in

Flgure 6.

The ~edi~~ fiber di~~eter was 0.22 \o\"i t.h a ~ange of o.1-5 . 2 ;,l.'!1.

Fiber length median was 2.5 urn with a range of 0.3-41~. The fiber

size distribution is SlIl!Ittiarize-d in Table VIII. Some 2l% of the

fibers were longer than 5 j.lID. by optical miCl.oscoPJ, ani! 17% were

longe:r than 4.75 unr by elec Lt on mCl: oscoPy. Unlike the attapulg±te,

there were a number of fibers in these dus.t clouds which compared

::in a i I tiP r I sian: to those-longer: £:i.bers seen in a-s:be=stos- i:ns.:t c1..cl::.d.s..

scans to be sng.ges Ling r -±:he: carcinogenic pIope:rti:es: of a±rDorne

wollastonite should be treated with as much respect as asbestos.
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Diameter (~I!l)

(midpoint)

0.15

0.45

0.75

1.50

TABLE VIII

Airborne Fiber Size Distribution

Wollastonite Mining and Milling

Fibers per thousand (n = 1320)

Length in lJm (midpoint)

0.15 0.45 1.75 3.25 4.75 15

0 110 260 52 8 0

0 0 150 130 32 3

0 0 2 48 54 9

0 0 0 4 82 58
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Other Mineral Fibers

As noted by Cralley et al 3 and amplified by Zumwalde and Dement22

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 bodie~ in the lung. 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 biological 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

lirr.it the use cf 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 d.u..ststo ambient air is occ~=i.ng, ~ls should be insti-

tuted to minimize such exposure or release. Measurements. of

airborne fibers should be made to ascertain the degree of

exposure, with help from the National Institute for OccupatiDnal

Safety and B€al~~ or the S±ate Environmental Protection Agency or

State Health Department as appropLia±e. Let us hope our precautions

are adequate so that we never can determine with ceL tainLy whether

these mated aJ s ar.e hcman carcinogens.
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CAPTIONS FOR FIGURES

Figure I

Various mineral crystal and aggregate shapes.

(from Campbell et all?) .

Figure 2

Typical chrysotile 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.

Fiaure 5

A:::t.:a?.llgi.:te f.i.be-.~ by el.eJ..L;.t,i!! m.icroscope at 20,000 x.

Fiaure 6·

wollastonite fibers by electron,microscope at 20,000 x.
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