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B : Collnﬁon, ldonﬂ!leadon and data analyzlng technlques are pnsenml' for airbom" "

! : : - mineral fibers. The limitations of the techalques are discussed, T i shown.that the -
adaption of a plesum’ 134 loches fong for sample collection Is iraporjant since it .~ - .

Lo : _leads to @ much more uniform. particle. collection and diMrlbdion. paralion of -
~ . the asbestos particles from other solid’ airborn pollutunts with the” refractlve index . - . -
" - - liquid method Is shown to be accorate, convenfent and useful in distinguishinig ashestos -
ré : . from other fibrous material, For analysls of llnls type tlle lme anal, zlng mlcro- R

“ ‘ scope Is a very valnablo tool.
. lntmdndion

TR : HE NEED- TO EVALUATE THE»,: :
HAZARDS from . asbestos inhalation
: _ ‘was recognized as early as 1906 but it was -
P - more than twenty years before a detailed
' description of asbestosis was developed. -
Ny Since then, it has been documented by nu-
merous studfes that inhalation of high con- - -
centrations of asbastos .or any prolonged
exposure to moderate asbestos dust level can -
in many instances lead to the devélopment.
of asbestos connected diseases of the lung.!
In general; the available data and infor--
mation are only pertinent to the hxgh con-
centrations caused by occupational exposurg:,'
and- not o the low asbestos fiber conteat .
found as background in air.  The health -
‘ problem as posed by the biologically active - -
- asbestos fibers has led to the. establishment
¢ of occupational safery standards.? But, little.
has been done to develop reliable: sample. -
collection, data generation, and identifica-
=y _tion techniques. This paper deals with these
v three aspects.of analyzing for au'borne Bs-
bestos pamelcs. :

) Sempling . it e
A R e e o o Fnznre R Non-unit‘om partigle dmribmwn of -/
! Sumple collection is the most important . jg oo fibers -and dust, collectkd with an’ open-
-.——glep-in-any- anal) sis-for-air-pollution.-There-— ~fice filier Rolder and ,.ew..-d at 5oox, phase con-

" fore, one must be sure that zhe collection lrast (Samplo A).

.2,‘2",
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technique used gi\'es an unbiased representa-

tion of those particles which are present.

For this study samples were collected by the -
Ford Motor Industrial Hygiene Unit. Two .
sample collection methods were used, the :
approved NIOSH (National Institute: for’
Occupétional Safery and Health) and a

modified NIOSH technique. All samples

were simultaneously obained at a manufac-
turing faclht) of lhe Ford Motor Compan\. -

Appmvad \'IOSH Techmque .

. The first group of samples were taken in

- the miizing room of the plant using the tech- .
nique gpproved by NIOSH which is to use 2™ .
short, .open-face fi filter holder with a 37 mm, |

. type A/, millipore filter supported on a base * . '

pad. 'Ewo samples were collected ‘with this -
- device: ‘using @ 2-liters/minute air sampling - :
flow raite for 48 minutes per sample (a total
of 96 iBters of air was sampled). Sample A
was aiflected in the casting room and Sample
‘B in tie: mixing room. Micrographs show-
ing the: particle distribution of Samples A
. =l Bhwere counted wlth the NIOSH ap- -
_proved! rmicroscopy technique (phase con-)
trast) agnd are shown in Figures 1 and 2.

Vagious: areas of Samples A and B were

. comted] and the data is presented in Table
L Semples A and B showed that dividmg the .
eatiee ‘filteis into” three equal pans and | -
comtinngs ‘each segment separately vielded . w
throe CHifferent resilts on each filter. - The
Sbexcogunt for fibers equal to'or greater. than,':_ -
fibers-m! of air sampled in_ .-
onc ameea of sample ‘A. while the fiber count”

5 pmwas 5.2

anun 2, l’hase eontm:t mtcrograph at 500X, .-

' _showing the - unevenly dlslribuled asbestos-dust .~
" particles as collected With an open-face filter S
~holder. (Sample B) SR e ..

2.5 and a1 f'beré/ml in the other mn-_;'

: domly selected areas. .

The values obtained for particles equal to

or greater than 5 pm for Sample B-were 1.1 - - .
f' bers/ml in the t'irst segment 3 5 ﬁbers/ml o

TABLE I
Particle’ Slze Analysis of Samples A and B

Sa.mp!e

Where Obtained

Plesum Length

Technique Used

Total Air Volume Sampled

Segment Number 1
.Segment Number 2
Segment Number 3

Casting Room
- Short, Open Face .-
" NIOSH Standard
" 96 liters .

" Analyzed Filter Segments .‘3 T '

S 52 fml

.25 fiml

‘L' f"ml

- Mixing Room -
."Short. Open Face -
.NJOSH Stnnaard .
96 liters o
S L3
-
3.8 f/ml
. 68 f/ml.
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in the second, and 6.8 fibers/mil in the third "
section. It can be seen from Figures 1 and -
2 and the data in Table I that the particles "

are not uniformly distributed-on the millipore

filters and, therefore, these samples cannot.

be assumed to be representative of the sam-

pled working area. .For this reason it is-
almost impossible to avoid a blased area»f 2

selecuon for the particle counting.”

I-'rom these tvplcal results, it is: deductcd
- that thé samples collected with an open-face.
filter holder do ‘mot present a reliable or *:
reproducible base for the analysis. Other -
aspects of reliability ol ttns mcthod wzll be -

discussed later.
Modified NIOSH Techmque

The ‘collection’ method for the second~'

group of samples was modified so that the

filter- holders were fitted with a plenum . -
1% inches high over the base of the filters. =
The air inlet on-the top of the plenum was- .
the standard size 0.150 inch opening and all. - . .
other: parameters were kept the same. Fig-* -
‘ure 3 shows this modified sample gollector’
with the 13-inch long plenum, and the -
7% -inch long lower chamber belnnd the ﬁlter .

assembly.

Preliminary calculations predlcted that the o
124 -inch long plenum with the %-inch long

= air IR Fiter 8.Pad
»f'. intet” & © O 3Tmm millipore '_ -

(.150"Dia) T L

anure 3. O\erall view of modlf'ed sample
collector, . )
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lower chamber wo .ﬂd create a condxuon 'that -

"would satisfy the cesnred air flow. propemes
“ of this-small. system - Not ‘only -does - the’
N plenum Jlengthen the parucle path but it~

credtes 'a Jow- grade ‘aif turbulance whlch

~ helps 0’ umforml)n distributé particles over
© the entire filter surface The _air stream is~
~-accelerated (pressyre "higher) - through -the |
- orifice (air inlet)-But behind the .orificé in-
- side the plenum thé pressure drcps immedic
ately and the air 'flow- decelerates. " This di- kS
”" minution. of the’ aw{ velocuy is the result. of '

the sudden’ mcrease in -the cross. sectional

"+ dimension . of the lplenum The. pamcles,
..., upon éntering the plenum, become turbulent
~ " but the turbulance decaysJ wnhm a distance ",
- of 2 t0- 4R of the’ plenum Uniform collec- -
" tion over the entiré filter “areas s accom-
< - plished by placing tlie filter assembly at least

a distance d = 2R, upstream* from the air,

inlet where R and‘d dre respecuvely the "

radlus and lhe dianjeter of the’ ‘plenum. -
The elevated orifi

design a properly funk:uomng system.:".
The filter assembly should be located at

" . a distance that is at l¢ast ‘one plenum diam-

- eter from the air mlet,,and one plenum radius.

- . from. the air outlet.. The sample colléction
S _'lmprovement with thxb modlfied collector is B

~ twofold: : - o

' (l) umform colleeuon over the whole S

filter area and

2y represemanve bollectlon of large paro e

ticles.

Expenence has sh¢wn ;hat samplmg
- ‘ra!e eof 2 lltcxs per minute for either 48 min-.
- utes as was. the case for Sample C or the

38 mmutes collectlon hme used for Sample

2080, 0333 -

pressure With the con-

_ sequently higher air nvelocxty is necessary to

* .overcome the gravntatnonnl force of the larger -

. particles in order at’ collect. them on the .

© filter. Therefore, ‘répresentative - ocllectmn .

- of the large particles wnth the “open-face" Coe
filter is' not_reliable. lTranslaung into prac-
tical terms, the comphemed aeromechanics

- of the modified sample collector, the follow--
"ing consideration mukt be made in order to - .
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TABLE 11

Pamcle Size Anal)Sus of Samples C and D
Sample C . R s
: Where Obtzized . Casting Room R Muung Roorn
' PlenumLecgth - . "13iincheslong - . .13 inches Iong
. Technique Used “© Modifised . i Modified : -
Toal Air Voluzte Sampled - 96 Liters = . -76 liters
Analyzed Fiiter Segments -~ -~ 3. .~ - . 3
 SepmentNumberl . . 56 f'ml™ - S 10s f/ml i
Sezment Nuzter 2 T 39 f'ml- DR § B f/ml
Segment Nemberd 0 ¢ 5.8 fmt. - .. 98 f/ml

as shown in Figures 4 and 5 and in Table
1L

. ' Fisune 4 Umform dmr'bunor' of a.sheslos flbers :
" - and dust particles as collectad with the modified

) A : "F:ber ceeat per mi; t'bers 5 wm or greater. . '.j: I

; B D vill produce an ad:quate. moderatel_\" '
‘ : dense and very uniform paricle distribution,

‘ , - with ‘much Tess scather
+ . An analysns correspondmg to that used in. -3 ;
Sample A ‘and B was made on these specn-'

mens. It ‘was found that the pamcle count
" .of these samp!es ‘with:the jevaluation method

" as outlined by the NIOiI-: yielded resulis.

Flgure 5 Even dn,sm"bmon‘bt' mbcslos and non-»
asbestm _particles as ‘collected ‘with .the miodified .
. filter holder (137 long ple um) ‘and vxewed at

e R T T

tween the ﬁlter s

LAt

500X, phise contrasi (Samiple’ C).
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fitter holder (131~ fong plenumt and uewed at’ v

SOOX. phase contrast.. (Sa.mpl

VD)
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casting room. revealed that there were 5.6 . - ence o the ﬁlter This can best be accom- -
fibers ‘i preseci for fibers 5 jum or greater - plished using a low temperature asher." This
in length in the first segment of the- filter = method uses a very slpw- oxidizing process, - B
while. 4.9 fibars ‘m/ were found in the sec-- . “that will neither harm. nor disturb even the . .’

ond and ‘5.8 fiters ml were counted in the " finest’ particles of. as!bestos or other, non-
< third segrment. Sample D. taken in the mix-" - oxidizable- material.- 1Ihxs mstmment allows -
ing room. shows an equally good distribution’- - _the oxidation. reactlon to occur at a low.
: between the three segments of -the. filter.. . temperature by convemng approxnmately'f
In the first filier segment 10. S_flbers/ml;: . 20% _of- the molecular. oxygen to atomic .
= were counted for fibers 5§ um or longer in . oxygen’ with the use jof a radio. frequency .’ -

length. whilz 11.2 fibers 'm! were found in " field. “The -atomic. oxygen reacts . with the * - x
the second. acd 9.8 fibers ‘m! were found in - oxidizable ‘materials in the specimen chams
the third segment. . - " ber. .A mechanical vacuim pump ‘then re- -
Comparing the results of the analysxs of. . moves-the voltatile: oquauon products. This. -

Sample C with Sample A, the superiority of - method also- eliminiates many: other oxidiz* .
the long plenum collection method is appar- .~ able airborn partlcles' oommon!y found-in® -
ent. The difference. between the high and __gmdustnal opetations. : Approximately " four '
the low: fiber count of Sample C is only 0.9 * - hours are required:to xash" the filter, Sam-.. -
fiber, while Sample A shows a three times ',r:."fples C and D 'were. prepared by this' tech-

_ higher discrepancy or 2.7 fibers. The:rela-. - nique. The pressire oF the specimen cham-
tionship between Sample D and ‘B is even - - : ber was maintained at|a pressure of 0.6 mm \ .
worse. Sample D shows only a 1.4 ‘fiber * - -of mercuryand 300 watts of powerwas used. ~
count difference between the individual filter . - ‘The flow rate of the oxygen was : 150 cc/ R
segments, while a 5.7 fiber count difference . “minute.- » : g T
exists berween the three filier segments of =~ ° ‘ ; SO
Sample B. The fiber count discrepancy of - -'Ide"ﬁr“ﬁ‘”‘ ““d Mcasqrements of

" Sample B is slightly. more than four nmes o Asbcslos Fibers - C
that of Sample D. ' : o . An extremcly convetnent and easy method.; T

The previously descnbed modified sample T o measuring pamcles is with.an image.an-~ .

collector. with the 0.130-inch size air inlet '.'alyzmg mncrosoope (IAM) With - the aid.of L
was found accepzable for all other flow rates . an IAM it is not- diffi¢ult-to measure ‘50 o
as specified by the NIOSH swandards. Since . '~ 100 fields in-a telatli'ely short time. The @ -

the recommerded flow rate of air is bctwcen ,-partlcles can be bracketed in various size -

1 and 2,5 litess per minutes and the calcula- : . ‘groups, and the measurmg ‘of a_previously
tions for the leagthened plenum were made - - mapped out area can te' accomphshed Dnta":
for 2 liters per minute of air flow, no differ-- .. collected from 50 ﬁelds requires approxl-‘-. o
-ence is .expected at either end of the flow ",';mately 15 minutes. : ‘

rate range. It should be poirited out that the . In order to deterniine the . number and R

uniform distribusion of heavier particles as size of asbestos paiticles present on afilter, = -
seen here (fe. > 5 pm) insures the uniform - . using the 1AM, a.m ltl—process procedure - ]
dlstn'bunon of smaller particles (z e. < S - isused. The specimen is first ashed (as has -

pm). - _ - .., been outlined) to. elitinate 'the - filter ‘and ~ ‘

' - "any oxidizable pamcles such as lint. The “
Sample Preparatlon for Idennﬁcaﬁon © -~ - area (or arcas) of intqrest arc mapped out, ..

Smce the indz2x of refraction- ND) of most R measured, and all the' pamcles prescm are: -

; L -asbestos fibers is near to the refractive index -+ counted.’ This will gwe the total numiber of.

of the €hemically cleared membrane filter, "parucles (asbestos and lnon-asbestos) A see-
it becomes necessary to eliminate the pres- - ond measurement of the exact same area xs-“f _

A

© 80000335 .
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made after a refractive index liquid having °

the same refractive index as chrysotile® ‘is
placed on the sample. This has the effect of

".making all the asbasios particles invisible

and allows. us 10 dctermme the ‘numberof

- non-asbestos particles present in the sample. .
By this means, an accurate measure of only .

the asbestos particles present can-be made. -
© Some care must be exercised when using
S ~ the refractive index liquid, since the thresh- =~
‘URBEE . old sensitivity of the' inisrument’s detection -
RN system’ for -proper functioning requires ap--
proximately 10 differencz in” contrast. ..

" Mimute shade variztions due to the close

refractive index. similarities cannot be .de- .
the absolute matching . - :

Measurement.s of Sample C mdlcated that
" only 0.2% of the pamcles were ‘non-asbestos,
_therefore, the sample -was. viwed as bemg
. 100% ' asbestos.-. The pamcles were meas-
" ured in-six different size
- from 2 pm to 15 gm." Only 163’ patticles or.
"12.7% were counted as being S pm or large;

" . tected. Consequently,

of the variious refractive indexes among the
" dilferent asbestos types is not hecassary. For. -

- (hs experiment a refractive index liqizid

(XD = ] .546) was used that very well coin-
- cides with téhe index of refraction of chryso-

- the (the mwst widely used form of asbestos

" dxed is sifill a shade below the detection

. " gefractive imdex diffarence of ND = 0.010

of the mifragctive index liquid’ will. minimize

Cargillle Corporation. It contains aliphatic,
‘ndogernated and chlorinated hydrocarbons.
Qorreelation of the data is very snmple

Al prr.esem. the calculated values do not

“phi sllone. Separating the asbestos parti-

American indusiricl Hygiene Anoc:'a:imi Jonrm‘zl

- .Air Volue Sampled

- for industriial appheanon) and also accept-" -
. .ghie for serpentine since the contrast pro- -
Most partlcles .were found inthe 2 pm to. -

"3 pm range and the calculated average par= .- L
_ ticle size was. 2.9 . The total fiber count:
~ of all sizes was 5.6. fibers per milliliter; and
: 12 7% -of -this. or 0.6 fnber/ml were 5 ym
- oF Iarger

Sairit of the ‘iinstrument. On the average any -
.guscepible ‘ishade difference. produced by.a -

#s acceptablés to-make proper measurements. -
s also rescognized that substances other’
* “Qum ashestaps with refractive indexes within:

- itis raege will be measured as asbestos.. -

" Ais somcoes of error cannot be totally elim- |

ionsted. Sum "knowing -the total marerial in-

veleernezz 0of the locality to be tested, and

" the type of¥ 2usbestos used, the proper choice -

axe tthe measurements accumnulated in the

: fiest prart of the analysis encompass all par-  .was L1

réflocy ad:cu;atel\ the presence of the asbestos

_ L X 257
\ suppressmg thelr vnsxbthty with. the refracnve
“index liquid in the secorid *portion " of the -

“‘analysis 'enables the data accumulation of -
’ the non-asbestos content of the sample.

Sample, C and D were 'analyzed with the

"IAM ‘Calculations_ for. the .asbestos- flber

contént of the sample Were carried out .using -

" the formnlae ‘published . in the’ appendxx of
“the “Cntena Document”? R ;

Fnlter Area - K R o (l) L BN

: Average Nel CO“““‘ K Fnbers/ml (2)

in-the total particle pophlatnon of 1,280.

- The analysis of' Sample JD was carned out

ldengleally to Sample C.| Micrograplis of o
“-Sample D are shown . in 'Figures 6 and 7 -

"before and after applicadon of ‘the réfrac: "
tive index lnquxd It was found: that Sample N
D contained 31.9% of .non-asbestos parti--- ..~ ]
" cles.. There wis a tatal |of :53.8 particles’
- ¢his pxdferm. The refractive index liquid -
usd feor ‘this study is available from the

counted per nulllhter, but *he 31.9% or 16.83

. particles of nan-asbestos Qngin reduced this

count to 37 fxbers/ml The- size dnstnbutxon

- measuremerits’ indicated t{hat 3.3% of: the -
" particles were 5 pm or laréer Consequently.
- for these sizes the fiber count per milliliter
“The largest: aumber .of pamcles ‘

were again found to b in the’ 2 pim to 3 pm

s group, and the avcrage parhcle size measured

oups that ranged .- -

QoK
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: aw froom all other detccmble features by

2.3 pm, These data -are pmented in Table LR
L C ..
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.: Data from JAM Analysis .

Sample . ' - C D
% of Non-Asbestos. 0 L3l
% of Particles Samor > 127- . - 3.3
Fiber Countm/ S umor >. 06 - - 1.1
Averajq Paricle Size S 29um 0 23 um
Dlscussion

HFM - 002041

anure 6. Asbestos and non-asbeslos pnruclcs '
before lhe application of refractive index liquid.

500X. (Samplc D).

" TABLE I

The present use of the “total ﬁber count
systcm as recommended by the NIOSH for

overall evaluation of asbestos conceritrations

-coupled with the “open-face™ filter collection . -
“technique can’ be a source of error inthe. -
. _ -7 measurement -of exposuré to asbestos. The -
- ——ow- number of.lotal pamcle_count and. an___NSample_ D
approxlmately 1/9000 analyzed area oi the

‘ (Sample D)

- - ble errors. ‘There is
' the results obtained by TAM and the. micro-
“scope counts 'of Samples' C and D (Tables -
11 and. I11).. This is' due o the fact ‘that .’

, o£ non-asbestos p mcles :

" June, f973 . -

anure 7. Same aréa. o shown in Fxgure 6 aiur
application of the refm:nve mdex qud. 500)(."‘

'

: total filter. surface (as specmed by NiOSH), o
. along with the non-unifort particle distribu-..- -
" “tion cannot produce a reliable analysns. The - =
‘presence of asbestos’ xesemblmg ﬁbers also o
-~ adds to the pmblems L
" The accuracy of the. Tam method rehesf o
" on two important faCQS, the large number of -
' particles’ counted, ‘and the Jarge number of.

areas’ covered: It is also” lmportant that.

" within these areas; all :parucles are. counted.. " :

These factors will:minimize the uncontrolla-‘
o correlation between

omposed: to almost one-thlrd' 3
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