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Techniques for the Detection, Identification and 

Analysis of Fibers 

ROBERT G. KEENAN* and JEREMIAH R, LYNCH 
Bureau of Occupational Safety and Health, Public Health Ser wee, Department of Health, 

Education, and Wellare, 1014 Broadway, Cincinnati, Ohio 45202 

@& Applicability and limitations of the techniques used for the detection, identifica- 
tion, and analysis of mineral fibers are discussed with particular emphasis as to 

the problem of evaluating health hazards resulting from exposure to fibers and the 
discovery of the mechanisms of the diseases involved, 

l& TOLOGICALLY ACTIVE FIBERS have 
long been an important public health 

problem. As carly as 1900, ashestos fibers 
were identified as the causative agent in a 
chronie pneumoconiosis (asbestosis) oceuvring 
among ashestos textile workers, Later inves- 
ngatms noted an excess ol cancer nululim.' 
among workers exposed to asbestos fibers, A 
relutionship between the known excess of can- 
cerom omban environments and ashestos has 
been suggested by the presence of “ashostos” 
or Mlerraginous” hodies in the lungs of a high 
propottion of urban dwellers, 

Fibious glass has been given considerable 
attention as a possible hazard of the general 
type of asbestos, although current manufac- 
tuning practices produve few libers capable of 
pencuating into the pulinonary air spaces. A 
tend toward the production of smaller glass 
fibers and the emergence of small, respirable, 
wraphite, silicon cabide, and other man- 
made fibers suggests that the problem of the 
health effects of hibers will inerease. 1V hese 
cllecs are of coneern, not only to the indos- 
tial populavion, but alse 1o whan dwellers 
who may breathe ibers from many sourees; 
orenpants of binldings with fbrous glass-lined 

ton Al Awociates, Tne | 
ik ATy 

oo comrim does ot 
lie Mealth Serviee 

ducts and others who may unknowingly be- 
come exposed, 

To protect the health of the popnlation 
and avoid penalizing o valuable economic 
material which s causing no harm, it is im- 
portant 1o dean as much as possible whesat 
fibers in materials, in the air, and in the body 
Fibers occuring in the environment must be 
detected and identifivd so they can be taced 
to their source. Quantitative estimates of 
fiher concentration in industrial and com- 
munity aie are needed 1o establish any re- 
lationship hetween discase patterns and o 
deteymine the effectiveness of control mea- 
sures. The trace chemical constituents of these 
fibers are of importance in uncovering the 
mechanising of the discases resulting from 
exposure, 

Sample Types 

The methods of analvsis used and the re- 
sults that may be expected depend 1o a great 
extent on the type of sample available, 1In 
general, the choice may he either a lange 
sample which is remote from the site of actiy- 
ity and which yields analytical data of dovbi- 
ful significance or a minute smnple 1o small 
for wsefu) analysis Tonnd at 1he site of the 
biological event. The solution to this quandary 
may lie in the selective use of information re- 
garding the suspect material from point of 
origin to final deposition. For example, it is 
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not necessary toidentify each iber seen in o 
dust saple collected inan ashestos textile 
plantif the plant uses only chrysotile ashestos: 
and the ferruginous hody seen in the lung of a 
known ashestos worker may safely be called 
anashestos hody althoangh this would not be 
te of a fiber i the ling of a non-occupa- 
tionally exposed individual without adequate 
supporting analytical data. Certain tiace 
metals and polynuchear aromatic hydrocar- 
hons i the raw matenal which can be traced 
to laboratory prepared respivable fractions 
and possibly 1o anhorne dust may also e 
entering the exposed individial. 

Bulk Sam ples 

Large samples of fibvous vaw matevials, 
products made from fibers, and wttled dist 
in [actories are usually yeadily available. High 
wolume samples of aithmne dust weighing 
several grams are also casy to obtain and may 
he regarded as bulk amples These samples 
venctally alsa contain matevials other than 
the fibers being considered and i some cases 
the fibers comstitute sochy 2 omall percentage 
that the sample chonld be treated as an air. 
horne dust exposure <ample. Generally, all 
methods of analysis ae appropriate 1o these 
sampless the results are diffienlt ta interpret 
by themselves, since it is not weadily apparent 
which of the many materials presnt are Jike. 
It become anhorne and penetrate inta the 
deep lung 

Airharne Dt Exposure Sam ples 

Amy study of the effect of inhaled fibers 
st e bade 2 consideration of the filwous 
st the worker hreathes Since the aivborme 
dust may vany considerabiy with location, the 
ai sample should he taken i the worker's 
Weathing zone, even thongh the practical in- 
sonmentation available for the sk permits 
the taking of onlv smad) (several milligeasms) 
samples When only dust capable of prne- 
tratineg the pobmonay ar spaces 15 o be con- 
sdeaenla size seleenive eesangiler that passes 
onlv the “respableTM dost should e ysd 
Fhie vediees the st of yaterial collee ted 
Fhe by ccomtame soigde will s b a 
mixtire of hhers, materals asociated natural. 
Wowith the Bihers, other proeess materis 
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airhorne dusts lawing nothing 1o do with the 
fibers, 

Lung Fiher Sampli« 
Single fibers may be dsolated from ling 

samples on autopsy. These may be free filers, 
more or less in their natwal states, or they 
may be coated with an won-protein fyer and 
considerably altered. ‘The presence of fibers in 
the lung suggests that they may have heen the 
cause of an existing disease, although other 
respirable fibiers fater removed by some clear- 
ance mechamism, may hine heen responsible 
for the damage. A tvpical aihorme asheetos 
fiber in a textile plant weighs abont 10 
gram* Since most of the fibers deposited in 
the pulmoiary air spaces are siabler than 
this average size, the most sensitive methods 
e necessany foridentification and - gioss 
analysis of fibers found in the lung. 

Sample Preparation 
Several vecent developments in mcthads of 

sample preparation enabile the analvat ta sep- 
arate the fihers from associted materials and 
to deposit the material in o switable receptacle 
Tor analysis, 

Micrvasicrmg 
A Draction of a sample comaming the res. 

pirable fibers may be prepared from a hulk 
sample by microseving. Uhe halk suple 
material s dispersed i 950 ethylaleohiol 
andd placed in a 10amicion sieve inoan il 
sonie bath. AU Phaninate intenvals, sieved 
portions e semoved Lo the bath and wore 
alcohol is added 1o the sieve For one wiam 
of the btk waterial, the separation is com- 
pletein about Tom honrs. Xerav diffraction 
analysis of sieved chryveotile ashestos has show 
no change in the pattern of the sieved frac. 
ton as compared with that of the halk cun- 
ples This technigue has been veed 1o depmon. 
stiate that there is a ereater concentiation of 
mickel and chrominm in the finer pasicle 
fraction ! 

Low<Tempervature Dry Ashing 
A commercial instroment i< now aailahl 

for the dey ashing of ergame matter withont 
volatliamg tace elements This techigoe 
alloss s the oxidative 1eactions 1o procesd in a 
very gentle manner, avoiding any distibance 
ol the strnetire of crystalline sulwtances o 
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Awicvican Industvial Hygiene Association Journal 9 

sintering of ulivatine particles, “The wechnigue 

appears o be pPromising for the solation, 
without alteration, of mineral substances des 
posited in body tissies. Excited oxygen species 
produced when molecular oxygen is passed 

throngh o high-frequency electromagnetic 

ntained at 
about 1o Hg pressure inan oxidation 
held attack the sataple which is s 

chamber from which the exhaust gases ae 

removed by a mechanical vacuum pump 
(Figure 1) 

Ihe glow region in the RF discharge of 
oxyeen contains 109 10 2007 oxygen atoms 

and about an equivalent amount of electionis 

cally: exeted molecular oxygen. The rest of 
the plasmia consists of normal ground-state 

osveen molecules, some wonized \|u:h s, and 

ahree electon concentration of 1T X 10" ¢m 
A few nillimeters away lrom the glow region, 

mmost of the jonie species lave disappeared bt 
the “actneTM species pewsist and are carried 
downstream bhefore they deactivate reactively 
o by collision 

I'he concentration of oxygen atoms is high- 
cr than predicted from the rates of the divect- 
Ivocontetbuting electron-molecule reactions, 
molecude ionselectron reactions and electioni- 

cally esated molecular-oxvgen dissociation 

s Bigh concentration of atomie aoxyeen is 

Livgels doe o catalytic effects of such foreign 
wases as hydrogen, nittogen, or water vapor, 
which provide the Kinetie pathways to atomic 
oxvaen production 

his Jowstemperature (approximately 
150C, diy-ashing method has been used 

experimentally o oxidize the onganie matris 

of lune and other biological tissnes without 
changing the crystal Lattice of deposited fibers 
el particalanes 

Diswolution of Trace Metaly 

A 200 e Wammnte digestion of chavsotile 
ashestos Bhears with AN Tndioehlmie or nitri 
i omore than adeguate 10 dissolve the 
metllic constituents of bulk and airhorne 
saomples containing this mineral. However, 

neither of these acids attacks mmosite, erocid- 
olite or glass completely, and it is necessary 
o e hvdolluoric acid (HFY for the diges. 
tion of these types of Bhers prior 1o analysis 
of the wetallic elements. An evaluation of 

e g g i 
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HCE and HF digestion methods iy presented 
in Table 1 

In view of the hindings shown in Table 1, 
all samples for heavy wetal analyses should 
he digested with TF in platinim dishes 1o 
ensure i more complete solubilization of the 
mictallic elements contained within the ervstal 
lattice or between the Bibinils of the ashestos 
materials. The vontine application of this 
«|u‘ s " e hmqm CISHCS O ere Hlll\pln w 

villess of what 
is known or not known about their mineral 
composition 

dissolution of all samples ey 

Polynucliar Avomatie Hydvocarbon 
Ixtraction 

Cyclohexane extracts of lage samples of 
anhorne hibery and dusts, or of hulk ashestos- 
contaming materials e |ur|mu-(| by the 
method of Monkman. ' T he extraction is con. 
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ducred osermight in s Soshiley appamratus with 
A spectofluorometie srade reagent The 400 
ml extract is concentrated o 4l and trans- 
ferred oo silica gel column. (The silica gel 
wobept activated by storage moan oven at 
150 CL) The aliphatic components are ehuted 
with 400 mi of ise-octane. ‘The aromatie frac- 
ton s then eluted with 100wl of henzene, 
The polyeyelic hydiocarhons present in the 
Latter eluate e then separated by a column 
of activated 100 10 2000 mesh aluming pre- 
pared by deving the aliming at 150°C, fol- 
lowved by adding water to provide 1.8% 1.0 
in fmal alumina bed. For example, if a high 
activity colmmn of 145 HLO is wsed, the elu- 
tion time is very long, and if more than 277 
THO s present, the elution is poor. For this 
separation, the benzene extract is evaporated 
to dryness with fltered air, and the residue 
i« dissalved tnoa small colime of cvelohesane 
which s then transferred to the alumina 
columm which is 10 cm high by 1O e di- 
ameter. After this column is capped with 0.5 
em of deactivated alumina, the bydrocarbons 
are cluted in tn with eyelohesane. The 
separate eluates are monitored for individual 
polveyelic hydracarhons with a recording UV 
specttophotometer. Addition of 17 ether 
after the decline of the eluted chrysene aids 
the subsequent elutions of henzo(e) pyrene, 
henzo(a) pyrene, and benzo(k) fluoranthene. 

Mounting of X-ray Diffraction Samples 

1he tee hnigue of mounting representative 
portions of dust <conples on molecular mem. 
hrane filters wac deseribed by Talvitie and 
Brewer® A known weight of the finely com- 
wintted sample is suspended inoa 250 m) 
MOA volumetric flask with the aid of a wet- 
ting agent This mistme is then dispersed 
with a small ultasonic bath, and an aliquot 
of the thorouehly agitated suspension contain- 
ing & known fraction of the sample is pipetted 
out and filtered theoueh a molecular mem- 
brane filter “This technique provides a sample 
of known weight on the filter. Ashestos-con- 
taining dust samples are amenable o this 
procedure after a prefimmary dhy scoreening 
of grose particles throngh a 200000 sieve, 
followed by grinding filbwrs o lengths of 
<35 microns. The membrane hlter contain- 

Septembor-October, 1970 

ing the sunpde adiquot s mounted in the 
x-ray diflactometer. 

Aithorne dusts and fibers coltected on a 
membrane filter are moved by placing the 
filter in a test by containing a few diops of 
a suitable wetting agent and sufficient water 
to cover it Tnmnersion of the test tube in 
the ultrasonic bath for five minites promotes 
the removal of the dust and fiber deposit from 
the filer. After the original filter is remmoved 
from the test twbe, the resuspended fibrone 
dust sample i deposited on a seeond - 
brane flter which is mounted in the Xetay 
diflractometer, 

Sample Examination 
Since fibers are defined by their shape and. 

generally, same other materiale mised with 
the fiber have the same chemical and crystal- 
lographic characteristics as the fiber, the only 
certain way of detecting fibers is by visual 
examinaion, Furthermore, the only way o 
insure obtaining an analysis of a single fiber 
from a mixture of other materials is to visual- 
ly present the fiber tn the analytical instin- 
ment. It s also possible to identify some 
fibers il sufficient fine detail can be resolved, 
Light Mrcroscopy 

In the carly days of connting dust par- 
ticles obtained in impinger samples in ashes- 
tos textile factories, few fihers were seen, and 
as a result all pacticles were counted 1o give 
an estimate of overall dustiness. The lack of 
visible fibers in these samples was due in 
part to the incfliciency of the impinger in 
the collection of particles of such simall aco. 
dynamic size and in part 1o the low resolving 
power of the 103X ohjective used. As a re- 
sult of recent studies of the ashestos industry, 
techniques were evolved for detecting many 
of the aithorne fibers previously missed 
Membrane filters with a pore sine of (08 
micron are known 10 have surface collection 
efficiencies close to 1009 for particles down 
toa few hundredihs of a micion Airborne 
dust samples eolfeeted on these lilters may e 
viewed by high resolution transmitted ligh 
microscopy if the filter can be rendered tans- 
parent or “cleared TM Acetane, glveeral tiace- 
tate, immiersion oil, and other materials have 
been wsed o clear membrane flters. How- 
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ever, the fiber being sought frequently has an 
index of refraction very near the index of 
the cleared filter. Thus, under bright field 
illumination, the fiber may be invisible. Phase 
contrast ilhomination, which utilizes the in- 
terference patterns produced by the combi- 
nation of two out-ol-phase columns of light, 
is capable of revealing objects imbedded in 
media with an index of refraction only slight- 
ly different fram that of the object. The 
sensitivity of this method to index differences 
necessitates the use of glyceral triacetate or a 
diethy]l oxalatesdimethyl phthalate mixtue to 
clear the filter perfectly, Clearance of the 

filter with cither of the liquids alone may 
canse displacement of the particles by too 
rapid solution of the filter. To prevent this, 
the particles are either fised with perspex in 
chloroform belore clearing with glyceral tni- 
acetate (British practice) or pure membrane 
filter material is added to the diethyl oxalate- 
dimethyl phthalate mixture before it is used 
1o clear a filter to slow the rate of filter solu- 
tion (USPHS method)., With these tech- 
nigques, hbers whose thickness is only a few 
tenths of a micron can be seen, 

Larger fibers (over 1 micron thick) may 
sometimes be identificd by dispersion stain- 

g 1T a transparent particle is immersed 
in o liguid with a steeper dispersion curve, 
that is, large variation in index of refraction 
with wavelength, and if the index of the 

particle matches the index of the liquid at 
some wavelength in the visible range, a dis- 
persion color will be produced. When the 
objective lens is equipped with a central stop 

in the back focal plane of the lens, the pri- 
mary image will be eliminated and only the 
light deviated hy the dispersion will be seen, 
he color of the particle thus observed will 
depend on the wavelength of light at which 

the indes of the particle matehes the index 
of the liquid. A wide variety of high dis 
person liquids covering the index of refrac- 
tion range from 1350 to 211 are available, 
With the proper liguid, transparent isotropic 
particles, such as glass fibers, may be ecasily 
identificd. For anisotropic minerals, such as 
ashestos, a mixtire of eolors is produced and 

wentilication hecomes more difficnlt, The 
addition of a polarizer results in the produc- 

tion of the single dispersion color correspond- 
ing to the index of vefraction of the fiber 
along the axis observed. By rotating the 
polarizer and noting the “highestTM (most red) 
color observed, the various indices along dif- 
ferent axes may be measured and the particle 
identity determined. In this manner ashestos 
may be dilferentinted from other minerals al- 
though determination of the type of ashestos 
is more difficult doe to a variation in the in- 
dex of refraction with composition. By using 
an objective with a centered stop (centered 
screening or dark ficld dispersion), isotropic 
particles of about T micron may be identified. 

Elcetron Microscopy 
The morphology of certain fibers is suffici- 

ently distinctive to permit positive identifica- 
tion with enough resolution to reveal fine 
structures when the fiber is observed. For ex- 
ample, the hollow tube down the middle of 
a chrysotile ashestos fiber distinguishes it from 
other forms of ashestos and is clearly visible 
in a (0,000 clectron micrograph. Bulk ma- 
terials may be prepared for electron micros- 
copy in a variety of wayvs, but the mounting 
of airhorne dust or hing samples is more dif- 
ficult. An electrostatic precipitator has bheen 
developed which is capable of depositing the 
dust on the flat surface of a copper grid pre- 
viously coated with formvar.® ‘The efficiency 
of particle collection by this instrument is 
not size dependent, and the particles are es- 
sentially undisturbed by the collection process. 
However, this device is not suitable for 
breathing zone samples, and a long sample 
period is often necessary to obtain a heavy 
enough deposit. Dust collected on membrane 
filters used in personal breathing zone samples 
may be transferred divectly to coated grids. 
A small square, slightly Targer than the grid 
is cut from the filter and placed dust side 
down on a coated grid resting on a support 
screen ina spot plate. Acetone s added o 
the plate cavity and allowed to contact the 
grid and flter from underncath by eapillary 
action, The filer dissolves thiough the form- 
var, Jeaving the dust lying on the grid, 
Several treatments with clean acetone are 
necessary to completely dissolve the iher. 

Fibers in lungs must first be located before 
they can be seen by clectron microscopy. 

S Y S ‘_._J 
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Sinee the Bhers e ors spranses especiadhy in 
the Tunes of preple withoot m-n||.|lmn.|| N 
preres and since the eloctron oS ope 
held area i so small, dineer wonnting of o 
hng specimen i< generally not pracucal. A 
hetter method mvol es concentrating the lung 
resichue by ashing or digestion and locating a 
fiher by eans of a light microscope, The 
fiher i encased in a collodion il and then 
translerved o the election microscope grid 

Analytical Method 
Methods are available to determine either 

the chemoeal or elemental composition or the 
crvstal stiuctune of nistnres of materials cone 
taining tibers, e fiber bundles o single 
fibers Their limitations are determined by 
the amount of sample requined and thein 
abilitv 1o distinguish the Giber from the ase 
weited matenal 

N-Ray Diffraction 
Milhie quantities of chrysatile, amosite 

and crocidalite ashestos may e determined 
by ey diffiaction. Both externalTM and in. 
ternalTM 1 andard methods for the analysis 
of these minerals have heen developed. In the 
Iatter case the samples are @onund div in a 
mixer mill to an average fiber length of <95 
microns and passed through a 32%-mesh U, S, 
Standard sieve prior 1o being mised with a 
prescribed quantity of the internal standard. 
Standard samples of the pure ashestos min. 

3 
[ g 
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ceal and the intemal sandard ae prepared 
oA senies of hnown weight vatios and vsed 
to calibiate the method. Quarts serves as the 
internal slandand for amosite and eyocidaliye 
and aguamarine, tor chrysotile, The ratios of 
the intensities of the quartz 334 A peak 10 
the cracidolite 311 A peak (or amosite 308 
AY e plotted against the weight ratios to 
obtain the standard curve. With aguamarine 
the 328 A prak is used as the internal stan- 
dand, 

This method has been ased Tor e quanti- 
tative determination of cach of the three as- 
bestos minerals in bulk or settled dust sunples 
Recoveries oner the | me o 10 e range 
extends from B5% 10 1037 Wil respirable 
dust samples of very small particle size, some 
vaviahility in recovery has heen noted, and 
the method is not as reliable 

Atomic Absorption Spectrophotometry 
Atomic absorption spectiophotometiy is o 

method for the elemental analysis of samples 
m solution n an AgUEons or onganic solvent, 
A portion of this solution is aspirated into the 
ame (Fignve 20 where the sapoyized sample: 
constitnents ace drcadiated by a lanp con. 
tining a4 eathode made Lo the anals <. 
clement (8. The ground-state atomis of e 
element in e vaporised sunple asorly e 
resomaneesline adition emitted by this i 
elewment in the hollow-cathode g, ey 
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effecting a decrease in the intensity of the 
light passing throngh the instrument’s mono- 
chiromatar 1o the photadetector. The pereen- 

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 method 
are two-fold: 

(1) Tt provides a high degree of sensi- 
tivity, for a directreading 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 
D999 of the atowis of many clements are 
in their ground state 

(2) 1 is highly specitic, as it climinates 
optical interference by operating on the very 
nartow resonance lines of the analysis cle- 
ment. (CThe resonance line s the transition 
imalved in the drop of an excited atom to 
s wround state inoa \mqll' j\||||||,) 

Atomic absorption has been used in the 
analysis of certain metallic clements present 
i samples of ainhborme ashestos fibers and of 
bulk ashestos minerals.'! 

Uhe magnesivm in the airborne dust col- 
leated i personal breathing zone samples 
for worlers exposed o clirysotile (3 MgO -2 
S0, < 211.0) may be measured. The filuer 
samples are tansferred o separate borosili- 
cate beakers, digested with 5N HCL for 30 

minutes, diluted o volume and analyzed di- 
vecthv, Phe magnesiom 2852 A yresonance 
line provides a sensitivity (196 absorption) 

of 001 pg My per mil of final solution. T'his 
sensitivity permits magnesim .m.\lysu of 
fher halves with deposits so sivall that light 
field counts of particles may be made on the 
other hall of e saome filter. In the case of 
somples where the e ol this e veguives 

2\ 
line bs wsed, Tn either event, the estimated 
toer great a ditotion, the mogoestan 2 

Hagnesin concentrabon i Itlll\l'lh‘ll to the 
auiantity of chrysatile in the tatal filter sanple 

Comparison of this method with the sy 
dilfraction procedue has shown o variation 
of results no greater than 21076 to 157 
for o lonted namber of \.unplcs containing 
A sulhcientdy lge dust deposit Tor the sy 
technigue. The atomie absorprion method 
o ngnesinm s penmitted us o ran thow. 

sands of personal samples, including many 
whose total dust weighed less than 0.1 my. 
The application, of course, is limited 10 ex- 
posures containing only one source material 
of the analysis element; chrysotile ashestos in 
this case. However, where only one etiologic 
agent containing the analysis element is pres- 
ent in an airhorne dust, the technigue of- 
fers the recognized advantages of high sensi- 
tivity, acouracy, specificity, and speed com- 
mon to all atomic absoiption methods. The 
crror of the method is < -+ 5% as deter- 
wined from the analysis of known samples 
in our laboratory 

Atomic absorption has also heen used to 
determine several heavy metals in bulk sam- 
ples of chrysotile, amosite, and crocidolite, 
the ashestos minerals most used in this coun- 
uy. For this pmpose, 025 gim of a bulk 
material is digested with hydrofluoric acid 
noa |v|.|lin|||n dish for three o four howrs, 
a procedue which involves a double evapora- 
tion to dryness. The final tesidue is dissolved 
in b edistilled hvdrochlonie acid and 
double disuled water and then filtered 
through a Whatiman No. 42 paper. After the 
filter is washed, the solution is coneentrated 
and then finally diluted to 25 ml. A one- 
hall portion of this solution is reserved ; the 
vemainder i diluted, as requined, for the 
individual analyses. Ammonivim chioride is 
added to provide a concentration of 20 my/ 
ml o reduce the interference of iron with 
chromivm. Tron suppresses the ehromium 
response; for example, 200 ¢ Fe will sup- 
press the response of 5 pg Croto that of < 3 

pg Cro Some elements found in - ashestos 
samples e Disted in Table 11 along with 
their sensitivities (amounts giving 172 ab- 
sorption ] at the stated resotance lines 

Neutron Activation Analysis 

This technique i based on the interaction 
of neutrons with the stable nuclet of cheical 
clements. These nuclear reactions are similag 
to ordinary chemical reactions in that they 
exhibit a mass change and an energy of acti 
vation and they proceed at definite veaction 

rates which depend upon the experimental 
conditions, There are several sourees of new- 
ton particles available, but vesearch veactors, 
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with their hiah thenmal nevtyon s, are wen. 
crally wed 1o wradinte samples for trace ele- 
trent analyses A comparison of the results 
of nention activation analysis with these ab. 
tained by atomic absorption <peettophotome- 
iy asapplied to duplicate portions of a chrys- 
otile sample is given in ‘Table 111 

Electron Microprobe 

he clectron microprobe (Figme 3) is an 
instroment for spot cheameal analy s nsing a 
finelvdocused clection heam 1o exeite ehar- 
actenstie seradition Brom sl volime at 
the sotace o o wohd spocimen (Figure 1) 
The waselongth and imtensity of the charae- 
tevistic xeray Jnes e then used 10 identify 
the elements present at the target ste and to 

Neptember-Clctober, 1970 
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Llement Morhat M thad 
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determine their relative mass concentrations. 
At the present time, analyses can he per- 
formed for all elements of atomic number 5 
and gicater, 

The commercial electron microprolie sl 
ly consists of up to three cupyed orvstale xern 
monochromators that are wsed to analyze the 
characteristic x-ray lines, which have been ex- 
cited by the fincly-focused electron beam, im- 
pinging upon a selected spot on the smface 
of the sample material (Fisore 5). The wani- 
ple composition is determined from the wave- 
length and the intensity of these chianacte ristic 
xeray lines. The specimen may be moved - 
der the electron beam for analgsis of specihc 
arcas located with the aid of an aptical mi- 
eroscopic viewing system. 

The instrument is capable of producine an 
clectron focal spot of the order of 15 micron 
in diameter depending on the heam power 
and the sample being analyzed. The effeetiye 
spot obtained with the eleetron bheam is snall- 
er when a material of high atomic mumber is 
analyzed than when a material of fow atomic 
number is analvzed beeanse of the additional 
penetration of the heam it the Tow-atomie 
sample. “The wse of a low intensity heam will 
permit the analysis of hiological and ashestos. 
type samples. 

The electron miciopobe can be used ta 
identity metallic impurities located on the sur- 
faces of, or associated within, the lattice of 
ashestos fibers. When the electron micioprole 
is applied to fibers obtained from Tung sam- 
ples, it has been possible 1o demonstiate e 
existence of anamesite ashedtos fiber at the 
core of an ashestos hody taken from the o 
of an ashestos worker TM A preado-avhestos 
bady, not atherwise distinauishable from a 
true ashestos body, in the Jang of a fonndiy 
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Electron beam 

Ditfusion iw' 
xom 

Ec%‘"md ] 
mchons 

Tisene 1 FElectron microprobe effective x-ray 
sonree region, 

worker was found to have no ashestos fiber 
at the core, 

A ternary-system phase-diagram may be 
used to characterize the ratios of the clements 
Fe, Siyand My analyzed by the electron mi- 
croprobes. Pare ashestos specimens all lie in 
certain clearly defined zones on this diagram. 
An untreated ashestos body, however, will 
shift toward the iron end due to the iron-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 theoretical sensitivities of this tech- 
nigue for the determination of trace elements 
in particles are given in Table TV, As can be 
seen, an element such as a metal distributed 
throughout an ashestos fiber in a 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 conld be identified. 

Emission Spectroscopy 

FEmission spectroscopy s the study of the 
vadiations emitted by atoms, ions, and a few 
molecular species after suitable excitation by 
athermal or electrical sonree of energy., These 
vadiations lie in the near infrared, the visible, 
and the nltraviolet regions of the eleetromag- 
netie spectim Spectiochemical methods of 
analysis make practical use of these radiations 
for qualitative and quantitative analytical 
purposes, The emission spectrograph may he 
wed o analyze more than 70 metallic or 

r— 
1 eva X-Ray emitling volume 

Froure 5. Electron microprobe analysis of a 
single particle. 

Tante IV 
Smmwhy of Electron Microprobe Antlmf 

Element )ln, o % h- I- l'mhle Spectiometer 
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metal-like elements in any type of solid or 
liquid sample. 

Most spectrographic analyses in the field 
of industrial hygiene require the sample to he 
burned in spectroscapically pure graphite 
clectrodes ina D CLoare. This source of ex- 
citation provides the greatest sensitivity for 
the detection and determination of trace 
quantities of the metallic clements. Quantita- 
tive methods developed for specifie determi- 
nations are based upon the employment of 
optimal excitation conditions and the wse of 
spectroscopic buffer salts which minimize the 
production of the hackground or “continu- 
TM and, at the same tine, increase the in- 
tensity of atonyie spectia 

Mineral substances may be ground and 
then analyzed directly by spectiographic pro. 
cedures. However, some of the metallic im- 
purvities in such minerals as chrysotile, amosite 
or crocidolite types of ashestos may he quite 
low in concentration or may not be homo. 
wencously dispersed throughout the fibrous 
matrix, In such cases, the analyst will be re- 
quired to digest the mineral by means of the 
hydrofluoric acid procedure to reduce the 
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