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S - ABSTRACT®

Improved Sampling, Measuring, Identification and Analyzing
Techniques of Airborn Asbestos Particles
| .
L. Bartosiewicz

' L]
Collection, identification and data analyzing techniques are presented

for the airborn mineral fiders, The limitations of the techmigques epplications

are discussed,

It is shown that the mdaption of the 1-3/4" long plenum for sample
collection is important since it leads to & much more uniform particle
distribution., Sepzration of the asgbestos particles from ol her solid
airborn pollutanis wiith the refractive index liquid method 1s accurate
ané convenient and can have an important effect on the results as shown

by sample D, For analysis of this type the IAM is a very valuable tool,
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The needl to evaluate the hazards from asbestos inhalation was
recognized as éarly as 1906 b;xt it was more tlmz. twenty years before a
detailed description of asbestosis was developed. BSince then, it has
dbeen Gocumented by numerous si;udiea :tha.t inhalation of high concentrations
of asbestos or any prolonged exposure to moferate asbestos Gust level

can in many instances lead to the development of asbestos connected

diseases of the Jnns.l '
v

In general, the available data and information are only pertinent
to the high concentrations caused by occupational exposure, and not to
the low asbestos fiber content found as dbackground in zir, The health
probvlen as posed by the diologically active asbestos fiters has led to
the estadblisiment of occupational safety standards.a But, little hae
been done to develop reliable sample collection, data generation, and

identificétion techniques, Thie paper deals with these three aspects

of analyzing for airborne asbestos particles,

Sampling

Semple collection is the most important step in any analysis for
alr pollution. Therefore one mst be sure that the collection technigue
used@ gives an unbissed representation of tiuose particles which are present,
For this study samplec were collected dy the Ford Motor Industrial Hygiene
Unit. Tvo sample collection methods were used, the approved NIOSH (National.
Institute for Occupational Safety and Heelth) and a modified NIOSH tectmigque.

. A1l samples vere éimultaneously_ obtained at a manufacturing facility of the

° Ford Motor Company.
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Approved NIdSH Techmigue ° )
-!l'he ti;'st group of samples were taken in the mixing room of the plant
using the'technique approved by NIOSR which is to use & short open face
filter holder, ;rith a2 37mm, type AA, Millipore filter supported on a
base pad. Two samples were collected with this device using & 2 liter/
minute air sampling flow rate for 48 minutes per sample (a total of 96
liters of air was sampléd). Sample A was collected in the casting ‘room
and sample B in the mixing room. Micrographs showing the particle distri-
bution of samples A and B are shown in Figures .l and 2. Various areas
ol samples A and B were anelyzed and the data is presented in Teble I.
Samples A and B showed that dividing the entire filters into three
equal parts and analyzing each segment separately yielded three different
results on each filter, The fiber count for fibers equal to or greater
than 5 pm was 5.2 fivers/m{ of air sampled in one area of sumple A, while
the fiber count was 2.5 and k.1l fibers/m¢ in the other randomly selected

areas.

»

The values obtained for particles equal to or greater tian 5 yn for
sample B were 1.1 fibers/mf in the first segment, 3.5 fibers/m,e in the
second, and 6.8 fibers/mf in the third section., It can be seen from
Figures 1 and 2 and the data in Table 1 that the pariticles are not
uniformily distributed on the Millipore filters ar;d therefore these samples
cannot dbe assumed ;:o be representative of.the sampled working area. For
thies reason it is almost impossidble to avoid & biesed area selection for

the particle counting.
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TABIE I ' B

Particle Size Analysis of Samples A and B

Sample A ' B
Where Obtained : Casting Room Mixing Room
Plenum Length . Short Open Face Short Open Face :
Technique Used NIOSH Standard NIOSH Btandurd
Total Air Volume Sampled 96 liters 96 liters
Analyzed Filt. Segments 3 3
Fiber Count/mf 5 pm or > 5.2 1.1

Segment number 1

Fiber Count/mf 5 pm or > 2.5 3.5
Segment number 2

Fiver Count/mi 5 pm or > L. 6.8
Segnent number 3

From these results, it is concluded that the samples collected with

e® A hon s mmee. AR OEC. . . g

an open face filter holder do not present e reliamble or repr&ducible

base for the analysis. Other aspects of reliadbility of this method will

§ FOTN

be discussed later.

Modified NIOSH Technique ]
The collection method for the second.group of samples was modified

so0 that the filter holders were fitted with a one and three-quarter
inch high plenum over the base of the filters. The air inlet on the top
of the plenum was the standard size 0,150" opening &nd 21l other

parameters were kept the same,

' Y ' e 800S 1409
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Preliminary calculstions predicted that the 1-3/4" long plenum would

C . create a co;xdition that would satisfy the desired air flow properties of
ﬂ 5 this small system. Not only does the plenum lengthen the particle path
but it creates & low grade air turbulance which helps to uniformly
“1 .distribute particles over the entire filter surface. Experience has
shown that a sampling rate of 2 liters per minute for either 4B minutes
&5 was the case for sample C, or the 38 minutes collection time used

for sample D will produce an adequate, moderately dense and very uniform

¢
particle distridbution, ac shown in Figures 3 and 4 and in Table II.

An enalysis corresponding to that used for sample A and B was made
on these spevimens, It was found that the analysis of these samples
with the evaluation method as outlined by the NIOSH, yielded results

with much less scatier between ihe filier sepments.

An evelustion of samrple C taken in the casting room, revenled that
there were 5.6 Tibers/mf present for fibere 5 pn or creater in length

in the first segment of the filter while 4.9 fibers/mf were found in

the second and 5.8 fibers/ml were counted in the third segment. Sample

D, .taken in the mixing room, shows an equally good distridbution between

the three segments of the filter. In the first filter segment 10.5 ﬁbers/mz
were counted for fibers 5 pm or longer in length, while 11.2 fibers/mf

were found 11.1 the second, and 9.8 fibers/mf were found in the third

seguent.,
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TABIE 11 i
" ) .. Parti"cle Size Analysis of Samples C and D

Sample c ' D
Where Obtained . Casting Room Mixing Room
Plenum length 1-3/4" long . 1-3/4" long
Technique Used Modified Modified
Total Air Volume Sampled 96 liters | 76 liters -
Analyzed Filter Segments 3 3
Fiber Count/mf 5 pm or > 5.6 10.5

Segment number )

Fiber Count/m¢ 5 pm or > 4.9 1.2
Segment number 2

Fider Couni/mf 5 ym or > 5.8 9.8
Segment number 3

Comparing the results of the wnalysis of sample C with sample A,
the superiority of the dong plenum collection method is appa%ent. The
di{ference between the high and the low fiber count of sample C is only
+9 Tiber, while sample A shows & three times higher discrepancy or 2.7
fivers. The relationship between sample D and B is even worse. Sample
D ehows only & 1.4 fiber count difference between the individual filter
segments, while a 5.7 fiver count difference exists between the three
filter segments of sample D. The fiber count discrepancy of sample B

is slighlly more than four times that of sample D.

The previously descridbed length of the plenum (1-3/4") and the
standard size air inlet were f;aund acceptable for all other flow rates «

a6 specified by the NIOSH. Since the recommended flovw rate of air is

- . ' % , 8005 1411

PRODUCED BY FORD




AT . IS I

L |
Nt o Seee AT
. .—.
e
L A

SR L

betveen 1'and 2.5 1iters per

-

minute and the calculs

tioné for the

'le'ngthenet.l‘plenmu were made for 2 liters per minute of eir flow, no

s’ seen here (ie.>5 pm) insures the uniform distridution of smaller

particles (i.e. <5 pm) o

Bample Preparation for Asbestos ldentification Using a Refractive Index

Liquiad

‘.‘difference is expected et either end of the flov rate’range. It
" should de pointed out that the uniform distridution of heavier particles -

Since the index of refraction (ND) of most asbestos fibers is

near to the refractive index of the chemically cleared membrane filter,
it becomes necessary to eliminate the presence of the filter.
can best be mccomplished using 8 low temperature asher.
uses & very slow oxidizing process, that will neither harm nor disturd
even the finest particles of asbestos or other non-oxidizable materiaml.
This instrument allows the oxidastion reaction to occur et a low temperature
by converting approximately 20% of the molecular oxygen to atomic oxygen"’
with the use of a radjo frequency field.
the oxidizable materials in the specimen chamber. A mechanical vacuum

pump then removes the volatile oxidation products.

This

This method

The atomic oxygen reacts with

This method elso

eliminetes many other oxidizable airborne particles commonly found in

industrial operations. Approximately four hours are required to "ash"

the filter,

Samples C and D were prepared by this technique.

The

pressure of the specimen chamder was maintained a:t. +6mm pressure of

mercury and 300 wvatts of power was used.

vas 150 cc/minute.

The flow rate of the oxygen

8005 1412
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PUR S R

Jdentification and Measurements oi‘ Asbestos Fibers With an Automated
Image Analyzing Microscope. -

Sy An extremely convenient and easy method of measuring particles is
vith an Image Analyzing Microscope (IAM). With the 8id of an IAM it .
is not difficult to measure 50 to 100 fields in & relatively short ‘
time, The particles can dbe bracketé& in various size groups, and the
measuring of a previousiy mepped out area can dbe accomplished.' Datt

collection from 50 fields requires mpproximately 15 minutes.

‘
In order to determine the number and size of asbestos particles
present on 8 filter, using the JAM, a multi-process px-'ocedure is used.
The specimen is first ashed as outlined above to eliminate the filter and .
eny oxidizable particles such as lint. The area (or areas) of interest
are mapped out, measured, and the particles precent counted. This will
give the total number of particles (asbestos and non-asbestos) present.
A second measurement of the exact same area is made ufter & refractive
index liquid havang the same refractive index as chrysot:ile" is placed
on the sample. This will have the effect of meking all the asbestos
particles invisible and allow us to determine the number of non-asbestos
particles present in the sample. By this means, an accurate measure of

only the msbestos particles present can be made.

Some care must be exercised when using the refractive index liquid,
since the threshold sensitivity of the instrument's detection system
for proper functioning requires approximately 10% difference in contrast.

Minute shade variastions Gue to the close refractive index similerities

cannot be detected. Conseqﬁently the absolute matching of the various

refractive indexes mmong the aitferent asbestos types is not necessary.

' Lo 8005 1413
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Por tm.s experiment a }eMc?.ive inde'aé 1iquia (@ = 1.546) wvas used that
very well coincides vith the index of refraction of chrysotile (the most
videly used form of asbestos for industrial application) and also acceptable
for serpentine since the contrast produced is 51;111 a simde below the
detection limit of the instrument. On the average & refractive index
@ifferent of WD = .010 is acceptable; to make proper measurements. It

is also recognized that' substances other than asbestos with refract:ive
indexes within this range will be measured as asbestos. This source

of error cannot be totally eliminated, but know.ing the total materisl
involvement of the locality to be tested, and the type of asbestos used,

the proper choice of the refractive index liquid will minimize this prodblem.

Correlation of the data is very simple. Since the measurements
accumulated in the first part of the analysis cncompass all perticles
present, the calculated values do not reflect accurately the presence
of the asbestos phase alone. BSeparating the asbestos particles from
all other detectable features by suppressing their visibility with the
refractive index liguid in the second portion of the ;malysis. enables

the data accumulation of the non-asbestos content of the sample.

Sample C and D vere analyzed with the JAM., Calculations for the
asbestos fiber content of the sample were carried out using the

formulae published ‘in the appendix of the Criterie Document.?

o . . X 8005 1414
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3 Filter area - '
i Field area - X . @)
Average net count X K _ pypers /mt (2)

Air volume sampled

Measurements of sample C 'indica'ted that only .2% of the particles
were non-asbestos, therefore the sample was viewed as being 100§ asbestos.
The particles vere measured in six different size groups that ranged
from 2 ym to 15 pym. Only 163 particles or 12.7:',3 vere counted as bdbeing
5 ym or larger in the total particle population of 1280. Most particles
vere found in the 2 pym to 3 ym range and the calculated average particle
size vas 2.9 ym. The total fiber count of all sizes vas 5.6 fidbers per

milliliter, and 12,T% of this or .6 fider/mf were 5 pnu or larger.

The analysis of sample D was carried out identically to sample C.
¥icrographs of sample D are shovm in Figures 5 and 6 vefore and after
application of the refractive index liquid. It was found thal sample D
contained 31.9% of non-asbestos particles. There was a totai of 53.8
particles counted per milliliter, but the 31.9% or 16.8 particles of non-
asbestos origin reduced this count to 37 fiders/mf. The size distribution
neasurements indicated that 3.3% of the particles were 5 we or larger,
Consequently, for these sizes the fiber count per milliliter was 1.1,

The largest nuuber ‘oi‘ particles were again found to be in the 2 ym to
3 pm group, and the average particle size measured 2.3 ym. These data

are presented in Teble III.
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Sample c: D
% of Non-asbestos 0 31.9
% of Particles 5 ym or > 12,7 3.3
Fiber count/mf 5 ym or > .6 12
Average Particle Size 2.9 pn 2.3 pym
¢
DISCUSSION

The present use of the "total fiber count” syctem as recommended
by the NIOSH for overall evaluztion of asbestos concentrations coupled
with the "open face" filter collection technigue can be a source of
error in the measurement of exposure to asbestos. The low number of
total particle count and an approximately 1/9000 analyzed area of the)
toi;al filter surface (as specified by NIOSH) along with the non-uniform
paf'ticle distridvution cannot produce a reliable analysis. The presence

of asbestos resemdbling fibers also adds to the problems.

The mccuracy of the IAM method relies on two important facts, the
large nutber of particles counted, and the large number of areas covered.
It is slso important that within these areas all particles are counted.
These factors will minimize the uncontrollable errors. There is no
correlation between the results obtained b').r JAM and the microscope
counted samples C and D (Tables II and III). This is due to the fact

that sample D is composed to almost one-third of non-asbestos particles.

8005 1416
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. Pigure 2,

Figure 3.

Figure L.

Figure 5.

Figure 60
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Non-uniform particle distridution of asbestos fibers and dust,

collected with an open face filter holder and viewed at 500X,

phase contrast. (Sample A)

Phase contrast micrograph at 500X, showing the unevenly
distrivuted asbestos duct particles as collected with an open

face filter holder. (Sample B) .

Uniform distridbution of asbestos fibers and dust particles
1
as collected with the modified filter holder (1-3/4" long

plenum) and viewed at SOOX,V phase contrast. (Sample C)

Even disiribution of asbestos and non-asbectos particles as
collected with the modified filter holder (1-3/4" long plenum)

und viewcd at 500X, phase contrast. (Sample D)

Astestos und non-asbestos pariicles before the applicution

of refractive index liquid, 500X. (Sample D)

Exact same area &s shown in Figure 5 after application of
the refractive index liquid, 500X. (Sample D)
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Figure l. Non-uniform particle distribution of asbestos fibers and dust,
collected with an open face filter holder and viewed at 500X,
phase contrast. (Sample A)
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Figure 2. Phase contrast micrograph at 500X, showing the unevenly
distributed asbestos dust particles as collected with an open
face filter holder. (Sample B)
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Figure 3.

Figure k.
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Uniform d1stribution of asdbestos fibers and dust particles
as collected with the modified filter holder (1-3/4" long
plenum) and viewed at 500X, phase contrast. (Sample C)
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Even distribution of asbestos and non-asbestos particles as
collected with the modified filter holder (1-3 long plenum)
and viewed at 500X, phase contrast. (Sample D
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Figure S.

Figure 6.
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of refractive index liquid, 500X. (Sample D)
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Exact same area as shown in Figure 5 after application of
the refractive index liquid, 500X. (Sample D)
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