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Techniques for the Detection, Identilication and

Analysis of Fibers

ROBERT G. KEENAN* and JEREMIAH R, LYNCH

Bureau of Oceupational Safety and Health, Public Health Sere 1o, Department of Mealth,
Education, and Wellare, 1014 Broadway, Cincinnati, Qhio 45202

& Applicability and limitations of the techniques used for the detection, identifica-

tion, and analysis of mineral fibers are discussed with particular emphasiy as to
the problem of evaluating health hazards resulting from exposure o fibery and (he
discovery of the mechanisms of the diseases involved,

[ TOLOGICALLY ACTIVE FIBERS have

long been an important public health
problem. As early as 1900, ashestos fibers
were ddentified as the causative agent in a
chronie pneumoconiosis (asbestosis) occurting
among ashestos textile workers. Later inves-
tigators noted an excess of cancer occurying
among workers exposed to asbestos Hbers, A
relationship between the known excess of can-
cerom oamban envivonments and ashestas has
been suguested by the presence of “ashestos”
or “erruginous” hodies in the lungs of a high
praportion of urban dwellers,

Fibvous glass has been given considerable
attention as a possible hazard of the general
type of ashestos, although current manufac-
tuning practices produve few libers capable of
pencuating into the pulmonary air spaces. A
trend toward the production of smaller glass
libers and the emergence of small, respirable,
wiaphite, siheon cavhide, and  other man-
madde fibers soggests that the problem of the
healthe effects of fibers will inerease. 1 hese
cllects ane of concern, not only to the indos.
tial populavion, bur also 1w wban dwellers
who may breathe fibers from many sources:
orcnpants of haldings with fbrows glasslined

ducts and others who may unknowingly be-
come exposed,

To protect the health of the population
and avoid penalizing o valuable etononsic
material swhich s cansing no harm, it is im-
portant 1o Jemn as mmeh as possible wiout
fibers in materials, in the aie, and in the body
Fibers occurting in the ensironment must be
detecred and identificd so they can be traced
to their source. Caantitative  estimates of
fiber concentration i industial and  com-
wunity aie are needed o establish any re-
lationship  Detween disease patterns and to
deteymine the effectiveness of control mea-
sures. The trace chemieal constituents of these
fibers are of importance in uncovering the
mechanising of the discases resulting  Trom
l‘xpuhllllﬂ

Sample Types

The methods of analysis used and the re-
sulis that may be expected depend 10 a great
extent on the type of sample available, 1In
l;!‘lll'].ll, the choie iy be either N 'I;\n;t'
sample which is remote from the site of activ-
ity and which yields analytical dara of doub-
ful significance or a winute sapple 100 smal
for useful analysis Tonnd at the site of the
biological event. The solution to this quandary
may hie in the selective wse of information re-

Py adhilye 4] ), Clayt A tes, e, . :
PR LB < ram b L Aetaias, Tive garding the suspect material from point of
Meptom ol commers il prowbacts  or  conimins does  wot [ o { N T ST
|ulu:lllvnlr“rn||ul-::|l:n'l by lh': Public Health Service origin to final de position. For 1’(:Ill\|l|l, s
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not necessary o identify each Bibor seen in o
dust saple collected moan ashestos testile
plant il the plant uses only Chrysotile ashestos:
and the ferruginous body seen in the lung of a
known ashestos worker may afely he called
an ashiestos body although tus would not he
tiie of a fiber i the hing of a non-oceupa-
tiomally exposed mdividual without adequate
sapporting  analvtical  data. Certain - trace
metals and polynuelear aromatic hydvocar-
bonewn the raw matenal which can be traced
to laboratory prepared gespivable fractions
and possibly to anhorne dust may also be
entering the exposed individial,

Bulk Sam ples

Large samples of fAbyous van materials,
products made from ibers, and settled dust
in factories are usually yeadily avalable. High
volume amplee of aithoyne dust weighing
several grnms are also casy 1o ohtain and man
he regarded as bulk camples These samples
venetally alsa contain materials other than
the fibers being consideved aned i some cases
the fibers comstitute sorh a onall prrcentame
that the sample shonld be teated as an air.
borne dust exposure sample. Generally, all
methods of analysis e appropiiate (o these
sampless the results are diffienlt 1o interpret
by themselves, sinee it is not weadily apparent
which of the many materials present are Jike.
I 1o become anborne and penetrate intn the
deep lang

Awrbarne Dueat Expocure Sam ples

Any sty of the effeet of inhaled fibers
st e bade a consideration of the filwons
dust the worker hivathes. Since the airhome
st may vary consideralilv with location. the
air sample hould he taken e the worker's
Beathing 2one, even thonely the practical in-
Stmentation available for e sk penmins
the taking of only sl (secerad milligeams)
samples When only dust capable of prne-
tratineg the polmonary i spieces 1s 10 he con-
adeaed, a size selecine preesnplen that pasees
onlv the "respinable™ dost shoubl i s
Pl pedhimees thie setalit ool yoaterial colles ted
Fhe fiberccontamne sonpde will agon be g
mixte of ihers, materials asocinted nataral.
W with the fibers, other process ateriale, and
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aivhorne duste g nothing 1o do sith e
fibers,

Lung Fihoy Sam pil; ¢

Single fibers may be dsolated from lung
samples on autopsy. These may be froe filers,
more or less in their natmal stares, or they
may be coated with an iwon-protein Layver and
considerably altered. “The presence of filers in
the lung suggests that they may have heen the
canse of an existing disease, althoagh other
respirable fhers Tater removed by some clear-
ance wechamism, may have heen vesponsible
for the damage. A tvpical ainhorme adweos
fiber ina textile plant weighs abant (0
gram. Since most of the fibers deposited in
the pulmonary air spaces are snabler than
this average size, the mest sensitive methods
are necessmy Tor identification aned - grose
analysis of fibers found in the lung.

Sample Preparation

Several yecent developents i mthods of
sample preparation enable the analvat ta sep-
arate the fibers from associnted materials and
to deposit the material in o suitable veeeptacle
for analysis,

Alhevasicimg

A Traction of a sample comaming the res.
pirable fibers may be prepaned from o bk
sample by microsieving. "The halk sample
matenial s dispersed i 9% ethylaleolind
and placed i a 10amicion sieve inan alia-
sonic bath. AU Phainnte intenvals, sieved
poatioms e semoned Lo the bath ane woie
aleohol is added 1o the sieve. For one siam
of the bulk wanevial the sepaation is com-
plevein about fony howrs. Xerav difTeaction
analysis of sieved chirveotile ashestos has shiow n
no change in the pattern of the sieved T
ton as eompared with that of the holk -
ples This techmigue has bevn weed todiepeon
stiate that there is a greater concentration of
mickel sl chrominm in e Fer pasiicle
fraction.?

Low<Temperature Dry Ashing

A commercial instroment s now ayafabl
for e ey ashing ol svanmie matter sithion
volatihiang tace elewments This teclnigue
alloss s the osidative veactions to proceed in a
very gentle manner, avoiding any distnbance
ol the strncte of erystalline subwtances or
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sintering of alabime particles, The technigue
appeins o be promising  for the wolation,
without alteration, of mineval substances de-
posited in body tissiess Excited oxygen species
produced when molecalanr oxygen s passed
throneh o high-frequency  electromagnetic
field attack the sataple which is maintained at
about 1o Hg pressire inan oxidation
climber fronn which the exhaust gases are
" IIIl\\lll I'\ o |||ll||.|'li( ;ll Vacuam l"l”lll
(Figure 1)

Fhe glow region in the RF discharge of
oxyeen contains 109 1o 200 oxygen atoms
ad about an equivadent amount of clectronis
cally: excited molecular oxygen.® The rest of
the plasima consists of normal ground-state
oz Auen ||m|ll||||‘\y sonee lnllI/rll \'u-( il'\, .Illll
ahee elecuon concentration of 1 X 10" ¢m
A fesw milhioeters away Trom the glow region,
mmost of the ionie species have disappeared bat
the “actinve ~|n'liu'\ |n'l\i\| :Illll Are carrml
dovwnstream hefore they deactivate reactively
or by collision

I'he comcentration of oxygen atoms is high.
cr than |nn‘||u tedd fromn the rates of the direct-
v comtetbnting  electron-molecule  reactions,
wolecule jon=electron reactions and electroni-
callv esonted molecular-oxvgen  dissociation
s high concentration of atomie oxysen s
Lirgely duoe o catalytie effects of such foreign
wases as hydrogen, nittogen, or water vapor,
whiche provide the kinetie pathways to atomic
oxvuen poduction

This low<atemperature
1500

AP !Il.l“! 1o oxidize the Organie natns

(approxinaely
diy-ashing mwethod has been used

ol Tune amd other biological tissnes without
laming the crvstal Lattice of deposited fibers

and parnealanes

Dycsidution of Trace Metaly

N e Womate digestion of i vsotile
ashiostos Bibwas with AN Tvdvoehlmie on niteie
acid isomore than adequate 1o dissolve the
metallie constitnents of bulk and  airhore
However,

samples containing  this mineral
neither of these aeids attacks mmosite, erocid-
olite o glass completely, and it s necessary
o vse hividlvollaorie acid (FEFY for the diges.
tiom ol these tvpes of Bbers prior 1o analysis

of the wetallic elements. An evaluation of
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HCL and HF digestion methods i presented
mn Table 1

In view of the findings shown in Table 1,
all samiples for heavy wetal analyses should
he digested with TIF ne platimaon dishes 1o
ensure s more complete solubilization of the
mictallic elerments contained within the enatal
lattice or hetween the lails of the ashestos
materials. The rontine application of this
digestion technigue ensies amore complee
thisseslintion of all ~.||n|1|| vorendless of what
s known or not known about theiv mineral
u\||||m\ilin|\

Polynucliar Avomaine Hydvocarbon
I vtrac tion

Cyclohexane extracts of Lage smnples of
anborne hibery and dusts, or of hulk ashestos.
comtaimng materials are prepiied by the
e thod of Monkman.' T he extoaction is cons
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ducted overmight in o Soxhilet apparatas with
A spectottoorametie sode reacent. The 400
ml extract is concentrated o 0ol and trans-
ferved 1o silica gel column. (The silica gel
i hept activated by storage inoan oven at
150°C) The aliphatic components are elated
with 400 mi of ise-octane. The aromatic frac-
tion s then eluted with 100 ml of henzene,
The polyeychic hydvocarhons present in the
Latter eluate e then separated by a column
of activated 1000 10 2000 mesh alumina pre-
parved by deving the alioming at 150°C, fol-
lowed by adding water to provide 1825 H.O
in fimal alimina bed. For example, if a high
activity colmmm of 1495 11O s nsed, the elu-
tion e is very long, and if more than 277
TLO is present, the elution is poor. For this
separation, the bensene extract is evaporated
to dryness with Altered aie, and the residue
i« dixsaloed tna soall caliume of cvelohesane
which i then transferred 1o the almnina
columm which is 10 cm high by 1O e di-
ameter Alter this eolumim is capped witl 0.5
em of deactivated alumina, the bydrocarhons
are eluted in tn with eyclohexane. The
separate eluates are monitored for individual
polveyelic hydiocarbons with a recending UV
specttophotometer. Addition of 195 ether
after the dechine of the eluted chrysene aids
the subsequent elutions of benzo(e)pyrene,
benzo(a) pyrene, and henzo (k) fluoranthene.

Mounting of X-ray Diffraction Samples

The technique of mounting representative
portions of dust somples on molecular mems
hrane (lters was deseribed by Talvitie and
ewer® A known weight of the finely com-
mintted sample is sospended inoa 250 ml
MOA volumetrie flask with the aid of a wet-
tng agent. This mistme s then dispersed
with a small ultrasonic bath, and an aliquot
of the thereurhly agitated suspension contain.
ing A known (raction of the sample is pipetted
out and filteved throaeh a molecular mem-
brane filter This technigue provides a sample
of known weight on the filter. Ashestos-con-
taiming dust samples ae amenable to this
procedure after o prebimimary diy soreening
of gross particles theugh a 200000y sieve,
followed by grinding  fibers 1o lengths of

<35 microns. “The membrane filter contain-

Septentber-October, 190

ing the cunple adigquot s mounted i the
x-rav dilteactometer.

Aithorne dusts and fibers colfected on a
membrane filter are moved by placing the
filter in & test by containimg a few drops of
a suitable wetting agent and sufficient water
to cover it Tnmersion of the test tale in
the ultrasonic bath for five minutes promoies
the removal of the dust and fiber deposit from
the filter. After the original filter s remeved
from the test tube, the resuspended filivans
dust sample is deposited on a seeond piem-
brane flter which is mounted in the Xty
diflractometer,

Sample Examination

Since fibers are defined by their shape and.
gencrally, same other materials mised with
the fiber have the same chemical and erystal-
lographic characteristics as the filer, the only
certain way of detecting fibers is by visual
examinaion, Furthermore, the only “way 1o
insure obtaining an analysis of a single fiber
from a mixture of other materials is to visial-
ly present the fiber to the analytical instin-
ment. It is also possible 1o dentify sone
fibers il sufficient fine detail can be resolved,

Laght f"i(i’ns(nlnn

In the early days of connting dust par-
ticles obtained in impinger samples in ashes.
tos textile factovies, Tew Bihers were seen, and
as a result all particles were counterd 1o give
an estimate of overall dustiness, The lack of
visible fihers in these samples was due in
part to the incfliciency of the impinger in
the collection of particles of such small ar.
dynamic size and in part to the low resolving
power of the 10X ohjective used. A a te-
sult of recent studies of the ashestos industry.,
techaigues were evolved for detecting many
of the aitborne fibers previonsly missed *f
Membrane filters with a pore sine of 08
micron are known 10 have surlace eollection
efficiencivs close to 1005 for particles down
to a few hundredihis of a micron Aithorne
dust samples collected an these Gilters may he
viewed by high sesolution: transmitted ligha
microscopy if the ilter can be rendered tans
parent or “eleared ™ Acetane, glyveeral triaces
tate, immiersion oil, and other materials have
been wsed to clear membrane Hlees, Flow-

- —
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ever, the fiber heing sought frequently has an
index of refraction very near the index of
the eleared filter. Thus, under bright ficld
llumination, the fiber may be invisible. Phase
comtiast illumination, which utilizes the in-
terference patterns produced by the combi-

tion of the single dispersion color correspond-
ing to the index of refraction of the filyer
along the axis observed. By rotating the
polarizer and noting the “highest™ (inost red)
color observed, the various indices along dif-
ferent axes inay be measured and the particle

q nation of two out-ol-phase columns of light, identity determined. In this manner asbestos
utes promotes is capable of revealing objects imbedded in may be dilferentiated [rom other minerals al-
= d’_'hmn from media with anindex of refraction only slight-  though determination of the type of ashestos
fter is removed Iy different fram that of the ohject. The is more difficult due to a variation in the in-
pended filmans sensitivity of this method to index differences  dex of refraction with composition. By using
'| \_"“"“I L necessitates the use of glyceral (riacetate or a - an objective with a centered stop (centered
o the xeray diethyl oxalate-dimethyl phthalate mixtme to sereening or dark field dispersion), isotropic

clear the filter perfectly, Clearance of the  particles of about 1 micron may be identified.
filter w |7|h cither of the |lqu|l|§ alone may gy o0 Microscopy

| . cause displacement of the particles by too 3 ‘ . - .

o heir shape and . . X . oy r Fhe morphology of certain fibers is suffici-

S I, rapid solution of the filter. T'a prevent this, L ; N :
N erived with : : : ; : ently distinctive to permit positive identifica-
the particles ave either fixed with perspex in - . : A .
aland crvstal . g i tion with enough resolution 1o reveal fine
il chloroform belore elearing with glyeeral tn- o P ,
fiber, the only 5 ) ? structures when the fiber is observed. For ex-
A acetate (British practice) or pure membrane | 7 .
RN vicaml i . ample, the hollow tube down the middle of
. filter material is added to the diethyl oxalare- y . : ol ¢
onlv way 1o g et a chrysotile ashestos fiber distinguishes it from
dimethyl phthalate mixture before it is used : ; ol K
1 single filbey | . tow 1} e of Bt ] other forms of ashestos and is clearly visible
. = " pt oy 1o Siow e rate o uter soju- 4 »
il is to visual it - ter S in a (0,000 clectron micrograph. Bulk ma-
: ' ton (USPHS method), With these tech- . 3
vtical instig- - A terials may be prepared for electron micros-
; nigques, hbers whose thickness is only a few : . .
ientifly  some b of y be se ’ copy in a variety of wavs, but the mounting
qiths ol a mucron can be seen, : . ‘
in be resolvid SN i 3 of airhorne dust or lung samples is more dif-
Larger fibers (over | micron thick) may  ficult. An electiostatic precipitator has been
sometimes be identified by dispersion stain-  developed which is eapable of depositing the
ing dust por- g 10 a transparent particle is immersed  dust on the flat surface of a copper grid pre-
nples inashys. in a liquid with a steeper dispersion curve, viously coated with formvar.® The efficicncy
vere seen, and that is, large variation in index of refraction  of particle collection by this instrument is
sunted o give with wavelength, and if the index of the not size dependent, and the particles are es-
| Phe lack of particle matches the index of the liquid at  sentially undisturbed by the collection process.
| was. due in somie wavelength in the visible range, a dis-  However, this device is not suitable for
| mpinger i persion color will be produced. When the  breathing zone samples, and a long sample

E b small aero. ohjective lens is equipped with a central stop  period is often necessary to obtain a heavy

low resolving in the back focal plane of the lens, the pri-  enough deposit. Dust collected on membrane
wd. As a re- mary image will be eliminated and only the  filters used in personal breathing zone samples
w08 industry, light deviated by the dispersion will be seen.  may be transferred divectly to coated grids.
Jecting miny Fhe color of the particle thus observed will A small square, slightly Targer than the grid
"1‘4, miissed depend on the wavelength of light at which  is ent from the lilter and placed dust side
e ot L8 the indes ol the particle matches the index  down on a coated grid resting on a support
we enllection of the higuld, A wide variety of high dis-  sereen in a spot plate. Acetone s added to
particles down person liguids covering the index of refrac-  the plate cavity and allowed 1o contact the
ton, Airhorne tion range from 1,350 to 2,11 are available.  grid and filter from underncath by capillary
filters wmay he With the proper liguid, transparent isotropic — action, The filter dissolves through the form-
anitted light particles, such as glass fibevs, may be easily  yar, Jeaving the dust lying on the grid,
tdered trans. wlentificd. For anisotropic minerals, such as  Several treatments with elean acetone are

& lyceral viace. ashestos, o mixtre of eolors is produced and  necessary to completely dissolve the lilier,

1 - "W . . . g * .

' materials have ilentilication becomes more  difficnlt, The Fibers in lungs must first be located before

B filen, Tow. addition of a polarizer results in the produc.  they can be seen by clectron  microscopy.
e el e o 4—-..‘
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Shnce the Bhers are oy sparses especialiy in
the Tanes of peeple withioot iulnl!.lllntl.ll N
pricres and sinee the electron TS B
held aea i so small, diveer wounting of o
b specimen i« generally not pracucal. A
hetter mcthad simvolves concentatimg the ling
residue by ashing or digestion aned locating a
fiher by means of a lignt miceoscape, The
fiher is encased in a collodion filin and then
tandlerved 1o the election mieyos ope gril

Analytical Method

Methods ave available to determine either
the chemeal or eleniental conposition or the
vivstal stinctune of nistimes of materials cone
taiming tibess, e Gher bundles o single
fibers  Their limitations are determined Iy
the amount of sample required and  thei
abilicv to distinguish the fiber from the as-
woeiated marenial

NoRay Diftrastion

Mitham quantities of chrysotile, amosite
and crocidalite ashestos may b detenmined
by ey difliaction. Both external™ and in-
tornad™ ' candard methods for the analysis
of these minerals have heen develaped. In the
Iatter case the samples are gound div in a
mixer mill to an average fiber leneth of <15
microns and passed through a 32%-mesh U S,
Standard seve prior to being mised with a
preseribed quantity of the internal standard,
Standard samples of the pore ashisios min.

September-Cetober, 1970

cral and the intemal andavd ane prepsared
moa senes of hnown weieht patios and el
o calibrate the e thod Quanty serves as the
internal standad for amosite amd crocidolite ;
and aguamacine, tor chiysotile, The ratios of
the intensities of the quartz 330 A peak 10
the crocidolite 311 A peak (or amosite 308
A are plotted against the weight ratios to
obtain the standard curve. With aquamatine
the 328 A prak is used as the internal stan-
dandd.

Fhis method has been used For e ranti-
tative determimation of cach of the three as-
hostos imnerals in bulk or settled dust sonplis
Recoveries over the 1 ome o 10 g range
extends from B2 10 1087 With respirable
dust amples of very simall particle size, some
vaviahility in recovery has been noted, and
the method is not as elighle

Atomic Absorption Spectrophotometry

Atonnic absorption spectiophiotometiy is .
wethod for the elemental analysis of samplos
m wlition 1 an APUEONS OF onganic salyenr,
A portion of this solution i aspirated into the
ame (Figine 20 where the sapoyizd sample
constitnents are irndiated by o g com.
tining a cathode ade from the analy s
clement (. The grovnd-state atonis of e
cheent i the vagenized sunple absorh e
resomamec-line vadiation cmitted by this vange
element i the hollos-cathode L, Hierehy
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elfecting a decrease in the intensity of the
hieht passing throngh the instrinnent’s mono-
chiromatar 1o the photodetector. The percen-
tage of this absorption by the atomic vapor
of the analysis element is a measure of the
clement's concentration in the sample. The
advantages of the atomic absorption wethod
are two-fold:

(1) It provides a high degree of Sensia
tvity, for a directereading method, because
it detects elements at their ground-state en.
cruy levels. At temperatures of 3,000 K, and
below, at which flames operate, more than
D997 of the ators of many elements are
in their ground state,

(2) T s highly specitie, as it elininates
optical interferenee by operating on the very
nartow resonance lines of the analysis ele-
ment, (The vesonance line is the transition
ivolved in the drop of an exeited atom to
s wround state inoa slllulr j\llllj\,l

Atomic absorption has been used in the
analysis of certain metallic elements present
m samples of anbore ashestos fibers and of
bulk asbestos minerals.

The magnesiom in the airborne dust col-
lected in ])l'h!lll:ll ||1|';|||lilll_{ rone -.unlﬂl-\
for workers exposed to chirysotile (3 MgO) +2
Sy, < 21100 iy be measured. The filwer
samples are vansferred o separate borosili-
cate beakers, (|igt'\(l'(| with 5N HC) for 30
minutes, diluted to volume and analyzed di-
reethv, The magnesiom 2852 X resonance
line provides a sensitivity (190 absorption)
of (01 g My per wil of final solution. This
sensitivity  permits  magnesion analysis  of
tilter halves with deposits so simall that light
field counts of particles may be made on the
other hall of the some filter. T the case ol
‘.'Il‘llll\ \\h"'l ‘hl‘ LA “l ll'i\ “"l‘ ||'(“‘i|l"
o gereat o ditotion, the oagoesiam 2026 A
lie by usedd, I either event, the estimated
magnesitn concentration i converted to the
quantity of cheysatile in the tatal flter saple

Comparison ol this method with the saay
||||||.|||||-|n o edwe hins shown o \‘.nl.\liul\
of results po greater than =107 o 1577
for o Tnoited nmber of somples containing
A sulhiciently lnge dust deposit Tor the x-ray
technigue, The atomie absorprion micthod
fon mgnesiinn has peomitted us o ran thow.

sands of |n<|\nnu| samples, including many
whose total dust weighed less than 0.1 my.
The application, of course, is Timited 10 ex-
posures containing only one source material
of the analysis element; chirysotile ashestos in
this case. However, where only one etiologic
agent containing the analysis element is pres-
ent in an airborne dust, the technigue of-
fers the recognized advantages of high sensi-
tivity, acamacy, specificity, and speed com-
mon 1o all atomic absorption methods, The
crror of the method s < == 5% as deter-
wined from the analysis of known samples
in our laboratory

Atomic absorption has also heen used to
determine several heavy wetals in bulk same-
]l‘l'\ of chirysotile, amosite, and  crocidolite,
the ashestos minerals most used in this coun-
uy. For this purpose, 025 gin of a bulk
material 18 digested with hydvofluoric acid
in oa |0'|.||im|||| dish Tor three o fonn hows,
a procedure which involves a double evapora-
tion to dryness. The final vesidue i dissolved
in Lol edistilled hvdrochlonie acid - and
double  disutfed  warer  and  then  filtered
through a Whatman No. 42 paper. Afwer the
filter is washed, the solution s concentrated
and then finally diluted to 25 ml. A one-
hall portion of this solution s reserved ;) the
veminder i diluted, as requited, for the
ndividual analyses. Ammonium chioride s
added to provide a concentration of 20 g/
ml o reduce the interference of ron with
chiromivm. Tron suppresses  the  ehromivm
wsponse; for example, 200 ¢ Fe will sup-
proess the vesponse of 5 pg Croto that of < 3
rg Cro Some elements found in ashestos
samiples we listed in Table 11 along with
their sensitivities Gononnts giving 176 ah-
sonption | at the stated resomance Hioes

Neutron Activation Analysis

This technique i based on the interaction
of neatrons with the stable nucled of chensical
clements. These nuclear reactions are similag
to ordinary chemical reactions in that they
exhithit o mass change and an energy of acti-
vation and they proceed at definite yeaction
rates which depend upon the experimental
conditions, T here are several sourees of nea.
ton partcles available, hut vesearch veadtors,
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with their hiah thermal nevtron Qs are wen-
crally sed voradiate samples [or trace eles
tent analvses A comparison of the results
of nentron activition analvss with these ab.
tained by atomic absorption speetiophotome-
iy asapplied to duplicate portions of a chrys-
otile sample s given in Table 111

Electron Microprobe

Phe electon microprobe (Figwe 3) s an
nstramient fon spot chenieal araly s wsing a
finelv Jocvsed election beam 1o exeite char-
acterste soradation leme aosoall solunre at
the sutlpce of o wnhid speciien (Fugure 4)
The waselength and dntensity of the charae-
tevistic seray Jines e then used 1o identily
the elements present at the target site and to

Neptember-Clctober, 1970

Faniw 111
Micrograms Element, Gram Ashestos
Newtiom
Ao it
Analvsiv
Llement M thisd
Ny - wm e
Or "w 1y
Cn m i
Ma d2e 1w

*Separate acid leaching

determine their relative mass eoncentrations.
At the present time, analyses can be per-
formed for all elements of atomic number 5
and gieater,

The commereial election microprole usil.
ly consists of up o three cupy ed envstal, xaen
monochromators that are need o analyze the
characteristic x-ray lines, which have bheen os-
cited by the finely-focused electvon beam, -
pinging upon a selected spot on the smface
of the sanple material (Fieme 5) The -
ple composition is determined from the waye-
length and the intensity of Uiese cliaractoristic
xeray lines. The specimen may be moved un-
der the eleetron heam for analysis of specibic
arcas located with the aid of an optical mi-
Croscopic viewing system,

The instrument is capable of poducine an
clectron foeal spot of the order of 173 wiicron
in diameter depending on the heam poser
and the sample being analyzed. The effictiye
spot obtained with the eleetron heam s sl
er when a material of high atomic nimber is
analyzed than when a material of fow atomic
number is analyzed beeanse of the additionad
penctration of the heam it the Jow-atemie
sample, The use of 2 low intensity heam will
permit the analysis of hiological and ashestos.
type samples.

The electvon miciopobe can be used o
identify metallic impunities located on the sur-
faces of, or associated within, the lattice of
ashestos fibers. When the eleetran micioprobs
is apphed to filiers obtained from lung sam-
ples, it has been posible 1o demonstiate e
eaistenee of anamesite ashedos fiber at the
core of an ashestos hody taken from e Tung
of an ashestos worker! A prendo-avhiestos
bady, nat atherwise distingiishable from a
true asbestos body, in the hing of a foundry
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Eleciron _beam

Diffusion Somple
lonl " surfoce
scaltered
mcnons

Wi

Ficvre 1 Flectron microprobe effective x-ray
SOUTee region,

worker was found to have ne ashestos filer
at the core,

A ternary-system phase-diagram  may be
used to characterize the ratios of the clements
Fe, Siand My analyaed by the electron mi-
croprobes, Puare ashestos speeimens all lie in
certain clearly defined zones on this diagram.
An untreated ashestos body, however, will
shift toward the iron end due to the fron-pro-
tein coating on the fiber, When this coating
is removed, the bare fiber is found in the same
location as a pure fiber.

The theorctical sensitivities of this tech-
nigue for the determination of trace elements
in particles ave given in Table TV, As ean be
seen, an element such as a metal distributed
thronghout an ashestos fiber in a2 concentra-
tion ol a few parts per million wonld not be
detectable, However, concentrated particles
of a metal compound contained in, or on, a
fiber bundle could be identified,

Emission Spectroscopy

Emission spectroscopy is the study of the
vadiations emitted by atoms, jons, and a few
moleculi species after switable excitation by
A thermal or eleetrical sonree of encrgy. These
vadiations lie in the near infrared, the visible,
and the nlteaviolet regions of the electromag-
netie spectium, Spectiochemical methods of
analysis make practical use of these radiations
for qualitative and  quantitative analytical
purposes, The emission spectrograph may be
wed o analyze more than 70 metallic or

———
| micron

X~ Roy emilling volume

Fmrn 5. rlmmn microprobe analysis of a
single partic

Tante IV
Smmwily of Electron Microprobe Anllmr

Min. Derect,  Min. D
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e 1w W0 Gratine
Ca 83w (] ADPLIF
Co X 1w i
Cr 85X j0w 1 i
¥e I Inm s Li
My S . 0o Li
Ni 2X M- () LiF
" 5 xXinw wm LibADE

metaldike elements in any type of solid or
liguid sample.

Most spectragraphic analyses in the field
of industiial hygiene require the sample to be
burned in spectroscopically  pure  graphite
cleetrodes ina DO are. This source of ex-
citation provides the greatest sensitivity for
the detection and  determination of trace
quantities of the metallic elements. Quantita-
tive methods developed for specifie determi-
nations are hased upon the employment of
optimal excitation conditions and the use of
spectroscopic bufler salts which minimize the
production of the hackgronnd or “contini.
™ andd, ot the same thme, increase the in-
tensity of atonie spectia

Mineral substances may be ground and
then analyzed divectly by spectiographic pros
cedures. However, some of the metallic im-
prrities in such minerals as chrysotile, amosite
or crocidolite types of ashestos may e guite
low in concentiation or may not be homo.
genconsly  dispersed throughout the filiwvous
matvix. In such cases, the analyst will be re-
quired to digest the mineral by means of the
hydrofluoric acid procedure to reduce the

Techniques for the Detection, Identification and Analysis of Fibers (1970)
ACL Doc 25432 - Page 9 of 11

Published by AsbestosClaims.Law
asbestosclaims.law/library/25432/9


https://asbestosclaims.law/library/25432/9

Methand

1wl Murraasge
Toeht Froeld 11wy

Phaser Cantrast (400 )

Presppersivg Staivive
Fleetiom Micrineope

Novas Ditlvaction

Tanie

Summary of Methods and Their Application

Appelic ation

[hereeting gavl
Faimme atyan

D ppetinn amd
1o msirnes ativen

Febranritie wtiomy

Pheteitinrg anel
Folentifie arenn

Tdeaiihe ptvonn and

Chacien st
Determned

Total duse

Filsers by shage

Retracrive Indev

F e hy shape
Fine sornrtnee

Coynial seevctare

Tape
Sample

Tmpinger

Membrane Wi
anel lune resicdue

Btk or aithorne
sy

Btk ai b e
of and fung

Ttk ahorne

Septemher-Oetober, 19709

Commeniy

Tradivional standasd wmerhoal for
evaluating abweston exposine

Now method o rentanive e
Besto LV, Do st ser Bhwre
smatler than ahout 0] p oy
Ao

Brtingmsh  aheans  from non.
ashwston fibers,

May identily fihee swith wnigue
fine steoe e

Cannet s

s Whwas From

Nralysis dust (210 mg) -l erale of came
crystal strueiae

Ateinir Aot jitinn Nrnalysie Plemental enm. Bulk and airhorne  Senvitine vooueh G v cle
it dust meits i me samples and g
eoipeaton ol ennt sample

Fanissin Speettonenpy AT Flemental enme Mtk Corows ] trace constitnents

LU

Flevtron Mitopiohe Theter Teleant it a Al e Btk anbnne My detetimine wross eomppmsitom

o vl Analvai "

btk ol 1l minemal dilient and to provide
A sobution of the sihea-live vesudue. The re-
sulting sample solution s diluted or conven-
trated, as required. for the analvsis of the
elements of interest  Sample solutions are
e astyed e weehy o the eraters of -:!.\llllih‘
clectrades with ncropipets. Alter the addi-
tion of an internal standard solution, the clecs
trode e diied at 1050 conled and bumed in
the T Coare just like other salid samples.

Pl techmigue is sensitive to approsimately
OO weroeeam of cobalt, nickel. vanadinm.
elivonn, and othey clements of smilar vl
atthte comtmmed e o Zamlhieram chavge of
the suaphe vesidie introdnced nta the elece
tode et

Application of Mathods

A sy of the wethode disenssed and
then uee e given i Fable X' Phe Beht mie
eposeope i e easiest and most dipect meth.
m' of (e II\'lt‘thl! and Ilil’nllfll;tltllu. hﬁl
endy Bibers swoith diameters greater than alount
O imieron can be soon i this say Tt nsed
we the stamdand yethods for the commting of
st andd Bhers i detenmimne conagdiamee swith
the Vhaeshiodd Lot Nadoes CPEN" Y T
b b o) v oot Bl gs Bougned apy b aeds
v althonehy T <onples excimimed sk
net he assinedd 10 he epresentative smee dust

st andd hine A setested Whvs and wrans

deposits are not uniformly distibued throngh-
ont the ang I the entiee Jung were ashed o
digested, a sample taken of a unilorn disper-
sion of the residue, and an adequate nanber
of fibers observed, the analvat might have
an accnrate estimate of the numiber of fibers
in the lung.

The election microseope iy e used o see
fibers smaller than these visible wnder the
light microscope and to identify some tvpes of
fibers. Counting fibers is diffienlt sinee the
field avea observed bs very small and many
plates st be exaroimed o hnd enomely Bibers
for an acemate conmit. Lung Bhers may alo
b esanminetd althonal it is generally necessny
o concentrate the une dost and anay be de-
sirable te hest locate the Bhers by heli anicro-
scope.

Nevay diffvaction sl wdentity the presence
of certain mineals, except where sivong inter.
fevences frony associated mteriale e present
This method cannot distinguish between o
fibrons mineral and the parent nonsfibyons
mineral with the came ervstal stroctine. Fen
examiple, i analyzing (o ashostos e sl
will inelde the non-Ghious sevpentme with
the Bhwons chivsotile. This methed ala -

pears o hesomes bt deprendiont one pai g le

s andd Dias o sensitivity of abont 1o of the
wneral inoguestion, which s oot wenerslly

Amerviean 1

lows emonigh o
piles

Both the
e troscopiy
tal compositis
Atomie absoy
applicable sin
dem from in
has bheen used
in airborne
with deposit
also be usedd
fl‘,’\ﬂinn_ T
and serpentin

The eleen
heing one of
analvtical i
went that o
anilysis of o
ent it is not «
ws of tace
threnghout
in design and
e,

Conclusion

Vivtually o
toy the detect
of hbers hone
prohlem of o
ing from expr
ol the mech
Froguemly,
and the nece

The
fon the
Hon ol
Ivas alie
tually !
Was
and S
Medu
pasedd
expeni
the gy

Techniques for the Detection, Identification and Analysis of Fibers (1970)
ACL Doc 25432 - Page 10 of 11

Published by AsbestosClaims.Law
asbestosclaims.law/library/25432/10


https://asbestosclaims.law/library/25432/10

Techniques for the Detection, Identification and Analysis of Fibers (1970) Published by AsbestosClaims.Law
ACL Doc 25432 - Page 11 of 11 asbestosclaims.law/library/25432/11



https://asbestosclaims.law/library/25432/11



