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THE METHOD USED BY THE U.S. PUBLIC HEALTH
SERVICE FOR ENUMERATION OF ASBESTOS DUST
ON MEMBRANE FILTERS

G. H. Epwarps and J. R, Lynen

US. Department of Health, Education, and Weifare, Public Hexlth Sd'vn‘.. Bureau of Disexsa
Prevention and Enviroamental Comtrol, National Center (or Urban and Industrial Health, Oczupas
mmmwuwm Cinsinnati, Ohio

(Recaivad 0 May 1967)

Abstract—Sampics of sir-borme minera! dusis are collected by drawing air throuch ceilulose
ater mwmbrane filters. Partickes smaller than nominal pore tizs are retained. Varving
mmpling rats and filer hoider controis the distnibuuson of dust across ihe filter face, Sampies
e moursnd on standard mecroscope slides oung s high viscosicy solution of membrane tilter
materinl i & mixtare of dicthyl oxainw and dimetiryl phitsiate to render the Glter transparent,
The nwvot is stabis for 23-30 duys, but after this penod mgration of the dusl partiches caunes
& koms of areai concentration,

Tha grain and Giber dusi parricies, which liv on the surface of the filter, are counsed with a
plue conttast microscops, using 10X cyw-picses and a 4 mm “highedry™ obiective. The ficid
a8 delwested with 2 Porton graticuls.  Coumt data are recorticad in a form allowing dasa
rchuction and statistical anstyzis by clectromie conmuier. The methoxd, although ot suitable
- 10 determine compimnce with the threshold limit value for asbesios that was devedoped from a
diflarent enameration method, is highly suited for deveioping baxic data for a move pracise
recovsenendation of the lenit for ssbeston,
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INTRODUCTION .

hmm!ycp&mohgendhdthnbmuuﬂmyby?mm(wmm
Dremsav (1938), the impinger was settied upon as the standard method for appraising
dustiness. Sincs fcw fibers. were seen it was necessary to count both graing and fibers
to obtain a statistically wseful count despite the assumption that ashestosis was
camud by fibers. This incossistency notwithstandiag, dust control based on impinger
resuits hos considerably reduced ashestosis where it kas been coascientiously applied
n the asbestos textile industry, However, 3 number of investigators (Lyncit and
Surr, 1955; Dott, 1955) have suppested other hexith harards amtociated with
asbestos, and & more refevant and senetitive method is required for estimation of the
harard, cspecially in industrics using only part asbestos in their product.

A farther weakness in the impinger mcthod is that it is not amenabic to long
personal sampies. It is belicved that personal samples best approximare.the worker's
mwmmdkmm(l%é)hmmmdcdamﬂedumouofwwrk
shifts for mineral dusts, .
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fiber counts at 430X phase contrast on membranc filters that had been made trahs.
parent. This paperdcals with the deveiopment and standardization of this method.
The principle vgriable which necded to be considered was the mounting procedure

in relation o magmum tramparcney and the cflect of time on the dimensional
stability of the mount. Methods using immersion oil, airplane glue or acctone were
found to be either too cumbersome or resulted in an imperfectly cicared or mouled
filter, particularly as viewed with phase contrast optics. In methods which involved -
the application of liquid over the dust deposit the movement of the meniscus across
the deposit sometimes cansed redistribution of the dust. The use of a2 50-30 mixture

{ dicthyl oxalate-dimethyl phthalate was attempted and found to resuit in satise
factory ciearance. However, since this medium dissolved the filter, the migration of
particies resulted in changing counts with tims and needed to be examined to evaluate
the method,

e L "

SAMPLING PROCEDURE

Sampies for count are collected on Millipore®? type AA filters® by personal
samplers operated by battery powered pumps worn by the employees, and a3 simul- i
. taneous sampies collected in conjunction with impingers. The flters are contained
in plastic filter holders and are supported on thick pads which also aid in controlling
the distribution of air through the fiiter. Several methods of admitting air to _the

" filter have been anempted. With the face cap removed and the filter compietely :
« . exposed, the air may enter the flter evenly, but large high velocity particles and .
" foreign objects may also -hit the filter and possibly cause damage, As an alternative,
the face cap msy be left in piace and the smail piug removed. The passage of air
through this 4 mm opening 2t & Sow rate of 2 L per min produces a velocity of
265 cm/see, which yields an impaction purameter of <0-0811 for | micron () wnit
density spheres. Although this impaction parameter would predict 2 very low
collection efficiency of. lp particies by impaction, some larger particies would tend
to be impacted on the center of the filter. This was found not to affect count distribu-
thon, which is dominated by small particles; however, it does resuit in obscuring a
small portion of the filter, particutarly if many large particies are present, as in
friction product plants, The third alternative was to drill 6 additional 4 mm holes in
some {ace cxps and to fit these perforated caps to the filter holder during sammpling.
This reduced the velocity to 38 em/sec thus eliminating the impaction probiem while

ﬂﬂlproce:tinnh:ﬁnnﬁmm

' MOUNTING THE SAMPLE

mmm;mdmudmmnmhodumqmdbydhmhngo-l :of

- mhnaeﬁh:rpcrmld'allmlmofdmhylpmhnhumddmhylowm .

‘The exact proportions of the 3 componcnts are not critical, but the mediom must '

bave a3 high & viscosity a3 possible without being difficult to handle. The index of .
_nfra.monofth:mhumunnpcpumluNp-lﬂ :

'&M'ﬂmml_dhmmmmwhdwwtnmcmumudd

fittery, Sirrwiar techaiques may b dovelonad fure other filter bramis,
. tRant, W. E and Wong, L K (195D Arcks. iml. Hyy. 5, 462
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NOTE: THIS DUt
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“The stthod waed for erasmeration of isbestos dust on membrase filiers 3

To prepare a sammile for microscopic examination, a drop of the mounting
medium & placed on a (reshly cleaned standard (25 mm X 75 mm) microscope slide,
using a dropper or applicator. The velume of the drop is approximately 0-05 ml.
Awdmh:rudpmccabom 1 ¢m x 2 em 13 excised {rom the filter using a seaipel
and forceps.and placed dust side up on the drop of mounting solution (Fig. 1).
A W1} covenslip carefully cleaned with lens tissue is placed over the Glter wedge.
Slight pressure oa the coverslip achicves contact between it and the mounting medium.

Cearing of the filter with this method i3 slow, requiring about 15 min. The
sampie may be examined as soon as the mount i3 transparent.

The txansition of the dust-supporting substrate from transiucent solid membrane
Slter ceilulose ester material to & transparent, opticaily homogeneous gel is very
pmh.ndunumdouammmpmthzdmdm Rather, the
substrate dowly soltens beneath the dust, and there is no opportunity for washing
xsway or redistribution of the dust.

The optical homogenity of the resulting mount is nurly perfect, with only &
slight background granularity under phase contrast, which disappears within 1 or 2
days. .

STABILITY

Observers noted a reduction with time in apparent concentration for samples
mounted: with only dimethyl phthalate and diethyl oxalate, By observation, this loss
was dus to the migration of the dust particies outward {rom the center through the
geistinows material of the fixed mowunt, with & decrease in aresl concentration.
The canse of this migration was not determined but may be reiated to 2 disordering
or distortion of the membrane filter polymer caused by partial solution. To
determine the magnitude of this loss, 3 group of samples was mounted using 1:1
dimethyl phihalate snd diethyl oxalate only, and counted at 13 day intervals for
periods ranging up W 76 days. Counts were displayed as fractions in per cent of the
original, or first day counts (Fig. 2). At the end of | week, samples mounted by this
method yielded only 73 per cent of their original vafues. By 30 days after mounting,
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the counts using this method had declined to 40 per cent of their first day value, and
continucd at this level with no furum decline untif counting was terminated 76 days ~
after mounting. &

A group of mﬂummcd in the method described in the section Mounting the
Sample using h:gh-vmty mounting mcdium were counted at I-day intervals for
1t days. No loss of areal concentration was apparent over this shiort period and a
sceond group was simifarly mounted and counted for a period of 46 days. The !
compasitc of these two series is shown in Fig. 2 No loss of concentration was
desectable during the first 30 days, bus the count declined to 85 per cent of its original t

.-valme by the 46th day, when the scrics was terminated., 1
A 6 mm square of membrane filter with 2 vacnum-deposited film of carbon was
. mounted in the manner described to provide a macroscopic observation of the f
distortion of the filter arcas. After a few days, the square began to disintegrate at the
edges, but the major portion showed no discontinuity during the initial 30 day period. H_\
Bythemdofﬁldays.mostofthesquare!mddumtcgmlcdandthefmgmmu v
m&dowmmlﬁmxl?m&. . ‘
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EVALUATION . .
. Thﬂmmﬁummdmuwmmﬂamwdumbedmwahmedm
terms of grain and fiber concentration, and fiber sire. Binocular rescarch microscopes
_ equupped with fixed mechanical stages have been used. Phase contrast optics fitted
" to these instruments include an Abbe condenser with rotating phase twrret and a
4 mm “high-dry™ achromatic objective used for all membranc filter determinations.
Im all caves 10X Huygens eyepiecss, one of which contained a Porton reticle at the -
Jewe! of the feld-limiting diaphragm, were used. The left half of the Porton reticle . .
fimid served to define the counting area or fieid, _ '
A ribbor filament illuminator was critically adjusted to provide Kohler illumina- ’ .
tion through a clear biue filter, - _
Twenty feids Jocated &t random on the sampie were counted and total graing,
total fbers, fibers greater then Sy, and fibers greater than 10p were recorded. Any
purticle having an aspect ratio of 3 or grexter was cogsidered a fiber.
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RECORDING OF DATA

Sincs it was recognized early in the study of the asbestos products industry that
the large mumber of sampics to be collccted would present a burdensome data pro-
crsing problem, the datx wer collected on forms designed for transcription to punch

ourds (Fig. 3). Computer programs were tien wriiten to ciculate dust concentrations )
and to produce statistical summsrics consisting of mean, standard deviation, median, )
eic,, for any group of mmpics by piant, operation, job, type, etc. These programs,

written in Automath (Fortran IT) are applicabie to any probiem using the sampie and
count {orms as source documents.  Additional analyscs possibie are correiation and
mdwﬂmmﬁumﬂ?wmmlmufdumoaofﬂddmt«
VAROUS counatcry. S _ . . -
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P, 3. Comst mbulstion form wed for the evaluation of dust ssnwpies tskan on membrane fliters.
M sa Mornbrane fiser, U= Ehsrinted membrams fiker, 5 = Breathing zone mmple, G = General
mmple, P w Porsossl sample, S = Scquential sample, €= Count (1), & = Recoumt, COUNT
puwvides for the technicin’s inkials, 027 POIWER indicairs the magnification, M. NO provides (or
R i th Mmicvusicryse maamliery [or calibration purpowes, and LF snd PC ere light-fekd and phase contrast,
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SUMMARY

A method for nmpl‘mga!:dmth:ubcnosdmusing membrane f(ilters has

. been developed and evatuated. The mounting medium developed clears the Glter
. gently 30 a3 10 not redistribute the dust deposit, and produces a2 mount with adequate
damensional stability for a period of 30 diays. This method has been used in developing

* - emvironmental data in connection with the Public Henlth Service study of the asbestos
' . products industry, and is recommended for rescarch studies in other dusty trades
althowgh not (or application to Threshold Limit Valucs, A system of data handling .

imvolving clectronic computer processing, ‘which is also applicable to other studics, *

e L L

. " --_ﬂ_-’—---‘-.—.-\
- THIS DOCUMENT WAS NOTIA RECO™ oF L22mmmmm
: PF"G INDUSTRIES, INC. DD MCT COMI RCM
i IT'S FILES AND CANNOT BE AUTHENTICAI D
. BY- PPG INDUSTRIES, NG,

L. 3232




NOTE. T'—im NOGLHY
NOT COMt Tr‘%’;,'? |

G. H. Eowanos and J. R. Lynen

i REFERENCES
fos
w,

R (1955) Br_ /. imd. Mevi. 12, $1-35, -

C. Dasta Vaurr, 1. M, Enwanns, T. L, MiLa, J. M. and Savens, R. R. (1938)
Hllh.Bun.No.Zﬂ U.S. Government Printmg Oftice, Wash,, D.C,
T W, Docety, A., MaTTitws, J. L. and Houtz, R. L (1915) Special Bull. 42, Perm. Dept,

R.
and Industry,
Ssrit, W, A, (1959) A, J. Cancwr 24, 56-64,

K. M. amd
S A (IMG)AI.MHN A.:rJ.Z?. L.

LTt T
. .

T R R T T T R e R N

THIS DOCUMENT. WAS NOT A reEORD OF

PPG INCUSTRIES, INC. DI MOT COME FRoM * ' |_BB_0020741 |
IT'S FILES AND CANNOT BE AUTHENTICATED -
BY PPG lNDUSTRIES INC,

o o A S s S ks Y e

3233




