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Technioues for the Detection. 

Identification and Analysis of Fibers

Robert G. Keenan* and Jeremiah R. Lynch**

Biologically active fibers have long been an important public health 
problem. As early as 1900 asbestos fibers were identified as the causa­
tive agent in a chronic pneumoconiosis (asbestosis) occurring among 
asbestos textile workers. Later investigators noted an excess of cancer 
occurring among workers exposed to asbestos fibers. A relationship 
between the known excess of cancer in urban environments and asbestos 
has been suggested by the presence of "asbestos” or "ferruginousPbodies 
in the lungs of a high proportion of urban dwellers.

Fibrous glass has been given considerable attention as a possible hazard 
of the general type of asbestos, although current manufacturing practices 
produce few fibers capable of penetrating into the pulmonary air spaces.
A trend toward the production of smaller glass fibers and the emergence 
of small, respirable, graphite, silicon carbide and other man-made fibers 
suggests that the problem of the health effects of fibers will increase. 
These effects are of concern not only to the industrial population, but 
also to urban dwellers who may breathe fibers from many sources, occupants 
of buildings with fibrous glass-lined ducts and others who may unknowingly 
became exposed.

In order to protect the health of the population at risk while at the same 
time avoiding the penalizing of a valuable economic material which is 
causing no harm, it is important to lsam as much as possible about fibers 
in materials, in the air and in the body. Fibers occurring in the environ­
ment must be detected and identified so that they can be traced to their 
source. Quantitative estimates of fiber concentration in industrial and 
community air are needed to establish the relationship, if MXXf, between 
disease patterns and to determine the effectiveness of control measures.
The trace chemical constituents of these fibers are of importance in 
uncovering the mechanisms of the diseases resulting from exposure.

* George D. Clayton & Associates 
14125 Prevost 
Detroit, Michigan 48227

**Department of Health, Education, and Welfare 
Public Health Service
Consumer Protection and Environmental Health Service 
Environs antal Control Adtainistration 
Bureau of Occupational Safety and Health 
1014 Broadway, Cincinnati, Ohio 45202

"TI-*' f * o -1 • •< - „ 
CHEV BB



3 -

mechanism, may have been responsible for the damage. A typical airborne 
asbestos fiber in a textile plant weighs about 10**^ gramPJ. Since most 
of the fibers deposited in the pulmonary air spaces are smaller than this 
average size, the most sensitive methods are necessary for identification 
and gross analysis of fibers found in the lung.

Sample Preparation

Several recent developments in methods of sstaple preparation enable the 
analyst to separate the fibers from associated materials and to deposit 
the material in a suitable receptacle for analysis.

Hicrosieving. A fraction of a sample containing the respirable 
fibers may be prepared from a bulk sample by mierosieving. The bulk sample 
material is dispersed in 95 percent ethyl alcohol and placed in a 10-micron 
sieve in an ultrasonic bath. At fifteen minute intervals sieved portions 
are removed from the bath and more alcohol is added to the sieve. For one 
gram of the bulk material, the separation is complete in about four hours. 
X-ray diffraction analysis of sieved chzysotile asbestos has shown no 
change in the pattern of the sieved fraction as compared with that of the 
bulk sample. This technique has been used to demonstrate that there is a 
greater concentration of nickel and chromium in the finer particle 
fraction(2).

Low-Temperature Dry Ashing. A commercial instrument is now avail­
able for the dry ashing of organic matter without volatilizing trace 
elements. This technique allows the oxidative reactions to proceed in a 
very gentle manner, thus avoiding any disturbance of the structure of 
crystalline substances or sintering of ultrafihe particles. The technique 
appears to be promising for the isolation, without alteration, of mineral 
substances deposited in body tissues. Excited oxygen species produced 
when molecular oxygen is passed through a high-frequency electromagnetic 
field attack the sample, which is maintained at about 1 on Hg pressure in 
an oxidation chamber from which the exhaust gases are removed by a 
mechanical vacuum pump (Fig. 1).

The glow region in the BF discharge of oxygen contains 10 to 20 percent 
of oo^gen atoms and about an equivalent amount of electronically excited 
adlectdar oxygen(3). The rest of the plasma consists of normal ground- 
state oxygen molecules, same ionized species and a free electron concen­
tration of 1 x 10li cm-3. A few millimeters away from the glow region, 
most of the ionic species have disappeared but the "active" species per­
sist and are carried downstream before they deactivate reactively or by 
collision.

The concentration of oxygen atoms is higher than predicted from the rates 
of the direetly contributing electron-molecule reactions, molecule ion- 
electron reactions and electronically excited molecular-ooygen dissocia­
tion. This high concentration of atomic oxygen is due in large part

CHEVBB
0003059



5

Mounting of I-r«y Diffry-H""

The technique of mounting representative portions of dust samples on 
molecular membrane filters was described by Telvitie and Brewer(5).
A known weight of the finely comoinuted sample is suspended in a 250-ml 
MCA* volumetric flask with the aid of a wetting agent. This mixture is 
then dispersed by means of a small ultrasonic bath* and an aliquot of 
the thoroughly agitated suspension, containing a known fraction of the 

- sample, is pipetted out and filtered through a molecular membrane filter. 
This technique provides a sample of known weight on the filter. Asbestos, 
containing dust samples are amenable to this procedure after a preliminary 
dry screening of gross particles through a 200-mesh sieve, followed by 
grinding fibers to lengths of < 3*5 microns. The membrane filter contain­
ing the sample aliquot is mounted in the x-ray diffractometer.

Airborne dusts and fibers collected on a membrane filter are removed by 
placing the filter in a test tube containing a few drops of a suitable 
wetting agent and sufficient water to cover it. Ismersion of the test 
tube in the ultrasonic bath for five minutes promotes tne removal of the 
dust and fiber deposit from the filter* After the original filter is 
ranoved from the test tube, the resuspended fibrous dust sample is 
deposited on a second membrane filter which is mounted in the x-ray 
diffractometer.

Sample Examination

Since fibers are defined by their shape and, generally, some other materi­
als mixed with the fiber have the same chemical and crystallographic 
characteristics as the fiber, the only certain way of detecting fibers is 
by visual examination. Furthermore, the only way of being sure of obtain­
ing an analysis of a single fiber from a mixture of other materials is to 
visually present the fiber to the analytical instrument. It is also 
possible to identify some fibers if sufficient fine detail can be resolved

Light Microscopy. In the early days of counting dust particles 
obtained in impinger samples in asbestos textile factories, few fibers 
were seen, and as a result it was decidad to count all particles to give 
an estimate of overall dustiness. The lack of visible fibers in these 
samples was due in part to the inefficiency of the impinger in the 
collection of particles of such aerodynamic size and in part to the
low resolving power of the 10X objective used. As a result of recent 
studies of the asbestos industry, techniques were evolved for detecting 
mazy of the airborne fibers previously missed (6,7). Membrane filters 
with a pore size of 0.8 micron ore known to have surface collection 
efficiencies of close to 100 percent for particlea down to a few 
hundredths of a micron. Airborne duet samples collected on these

^Mention of ccnmercial products or concerns does not constitute indorse­
ment by the Public Health Service.
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Electron Microscopy. The morphology of certain fibers is suffi­
ciently distinctive to permit positive identification when the fiber is 
observed with enough resolution to reveal fine structure. For example, 
the hollow tube down the middle of a chrysotile asbestos fiber dis­
tinguishes it from other forms of asbestos and is dearly visible in a 
10,0002 electron micrograph. Bullc materials may be prepared for electron 
microscopy in a variety of ways, but the mounting of airborne dust or lung 
samples is more difficult. An electrostatic precipitator has been devel­
oped which is capable of depositing the dust on the flat surface of a 
'copper grid previously coated with formvarw). The efficiency of particle 
collection by this instrument is not size dependent, and the particles are 
essentially undisturbed by the collection procese. However, this device 
is not suitable for breathing zone samples, and a long sample period is 
often necessazy to obtain a heavy enough deposit. Oust collected on 
membrane filters used in personal breathing zone samples may be trans­
ferred directly to coated grids. A small square slightly larger than the 
grid is cut from the filter and placed dust side down on a coated grid 
resting on a support screen in a spot plate. Acetone is added to the 
plate cavity and allowed to contact the grid and filter from underneath 
by capillary action. The filter dissolves through tho foxmvar, leaving 
the dust laying on the grid. Several treatments with clean acetone are 
necessary to completely dissolve the filter.

Fibers in lungs must first be located before they can be seen by electron 
microscopy. Since the fibers are very sparse, especially in the lungs of 
people without occupational exposures, and since the electron microscope 
field area is so small, direct mounting of a lung specimen is generally 
not practical. A better method involves concentrating the lung residue 
by ashing or digestion and locating a fiber by means of a light microscope. 
The fiber is encased in a collodion film and then transferred to the 
electron microscope grid.

Analytical Methods

Methods are available to determine either the chemical, or elemental com­
position or the crystal structure of mixtures of materials containing 
fibers, pure fiber bundles or single fibers. Their limitations are deter­
mined by the amount of sample required and their ability to distinguish 
the fiber from the associated material.

X-Rav Diffraction. Milligram quantities of chrysotile, amosite 
and crocidolite asbestos may be determined by I-ray diffraction. Both 
external(^0; and intemal(li*12) standard methods for the analysis of 
these minerals have been developed. In the latter ease the samples are 
ground dry in a mixer mill to an average fiber length of < 3.5 microns 
and passed through a 325-mesh U. S. Standard sieve prior to being mixed
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This sensitivity permits magnesium analysis of filter halves with deposits 
so small that light field counts of particles may be made on the other half 
of the same filter. In the case of samples where the use of this line 
requires too great a dilution, the magnesium 2026 1 line is used. In eithe 
event, the estimated magnesium concentration is converted to the quantity 
of chzysotile in the total filter sample.

Comparison of this method with the x-ray diffraction procedure has shown 
a variation of results no greater than ± 10 to 15 percent for a limited 
number of samples containing a sufficiently large dust deposit for the 
x-rsy technique. The atomic absorption method for magnesium has permitted 
us to run thousands of personal staples, including many whose total dust 
weighed less than 0.1 mg. The application, of course, is limited to 
exposures containing only one source material, of the analysis element, 
namely, chrysotile asbestos in this ease. However, where only one 
etiologic agent containing the analysis element is present in an airborne 
dust, the technique offers the recognized advantages of high sensitivity, 
accuracy, specificity and speed ccemon to all. atomic absorption methods.
The error of the method is < ± ;> percent as determined from the analysis 
of known samples in our laboratory.

Atomic absorption has also been used to determine several heavy metals in 
bulk samples of chzysotile, amosite and crocidolite, the asbestos minerals 
most used in this country. For this purpose, 0.25 g of a bulk material is 
digested with hydrofluoric acid in a platinum dish for 3 to 4 hours, a 
procedure which involves a double evaporation to dryness. The final 
residue is dissolved in 1:1 redistilled hydrochloric acid and double dis­
tilled water and then filtered through a Whatman No. 42 paper. After the 
filter is washed, the solution is concentrated and then finally diluted 
to 25 ml. A one-half portion of this solution is reserved; the remainder 
is diluted, as required, for the individual analyses. Amnonium chloride 
is added to provide a concentration of 20 mg/ml to reduce the interference 
of iron with chromium. Iron suppresses the chromium response; e.g.,
200 ug Fe will suppress the response of 5 ug Cr to that of < 3 ug Cr.
Some elements found in asbestos samples are listed in Table XI along with 
their sensitivities (amounts giving one percent absorption) at the stated 
resonance lines.

Neutron Activation Anal,yai«

This technique is based upon the interaction of neutrons with the stable 
nuclei of chemical elements. These nuclear reactions are s-im-nay to 
ordinary chemical reactions in that they exhibit a mass change and an 
energy of activation and they proceed at definite reaction rates, which 
depend upon the experimental conditions. There are several sources of 
neutron particles available, but research reactors, with their high 
thermal neutron flux, are generally used to irradiate samples for trace 
element analyses.
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The theoretical sensitivities of this technique for the determination of 
trace elements in particles are given in Table 17. As can be seen, an 
el ament such as a metal distributed throughout an asbestos fiber in a 
concentration of a fee parts pair million would not be detectable. However, 
concentrated particles of a metal compound contained in or on a fiber 
bundle could be identified.

Bnission Spectroscopy

fiaission spectroscopy is the study of the radiations emitted by atoms, 
ions and a few molecular species after suitable excitation by a thermal 
or electrical source of energy, lhese radiations lie in the near infrared, 
the visible and the ultraviolet regions of the electromagnetic spectrum. 
Spectrochmoical methods of analysis make practical use of these radiations 
for qualitative and quantitative analytical purposes. The amission 
spectrograph may be used to analyze more than 70 metallic or metal-like 
elements in any type of solid or liquid sample.

Most spectrographie analyses in the field of industrial hygiene require 
the sample to be burned in spectroscopically pure graphite electrodes in 
a 0. C. arc. This source of excitation provides the greatest sensitivity 
for the detection and determination of trace quantities of the metallic 
elements. Quantitative methods developed for specific determinations are 
based upon the employment of optimal excitation conditions and the use of 
spectroscopic buffer salts which minimise the production of the background 
or "continuum" and, at the same time, increase the intensity of atomic 
spectra.

Mineral substances may be ground and then analyzed directly by spectro- 
graphic procedures. However, acme of the metallic impurities in such 
minerals as chrysotile, amosite or crocidolite types of asbestos may be 
quite low in concentration or may not be homogeneously dispersed through­
out the fibrous matrix. In such eases, the analyst will be required to 
digeet the mineral by means of the hydrofluoric acid procedure to reduce 
the bulk of the mineral diluent and to provide a solution of the siliea- 
free residue. The resulting sazsple solution is diluted or concentrated, 
as required, for the analysis of the elements of interest. Sample solu­
tions are measured precisely into the craters of graphite electrodes 
with micropipets. After the addition of an interna], standard solution,

- the electrode is dried at 105 C, cooled and burned in the D.C. arc - Just 
as any other solid sample.

The technique is sensitive to approximately 0.01 microgram of cobalt, 
nickel, vanadiua, chromium and other elements of similar volatility 
contained in a 2-aiilllgram charge of the sample residue introduced into 
the electrode crater.
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Conclusion

Virtually all available methods applicable to the detection, identifica­
tion and analysis of fibers have been brought to bear on the problem of 
evaluating health hazards resulting from exposure to fibers and the 
discovery of the mechanisms of the diseases involved. Frequently, due to 
limitations in sample size and the necessity of dealing with samples of 
fibers mixed with other materials, indirect sources of data have had to 
be combined to obtain an overall characterization of the fiber. Work is 
proceeding, however, in several laboratories to develop new and improved 
methods.
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Zable n

ELemeota Determined by Atonic Absorption 
Spectrophotometry Applied to HF Digests 

of Asbestos Minerals

Sensitivity.,* ng/ml

Element
Besonance 
Line. A

(1# Absorption)
1 Z Scale 3 I Scale

Co 2407 e» 0.2

Cr 3579 0.4 0.15
Fe 3720 1.0 -

Fe 2483 0.15 -
Kn 2795 0.1 -

Ni 2320 0*4 0.15

♦Determined in authors* laboratory.
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fable 17

Element

Fa
Hn
Hi
Fb

SanaitiTity of Electron Microprobe Analyaer

Kin* Detect* 
Hess. c.

Kin. Detect*
% in lu Particle Soectrometer

1 x 10-34 20.0 Grating
8 * icr16 0.1 ABP-LiF
4 x 10-16 0.03 LiF
5 *10-16 0.03 ny

4*10-16 0.03 LiF
5 * 10-16 0.03 LiF
2 *10-16 0.04 UP
5 * lO-M- O.ul LiF-ADP
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