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VACUUM CLEANER EVALUATION

Addison, Jllinois

i
. AMERICAN CLEASIKRC EQUIPMENT CORP,
v
!I
i

INTRODUCTION

-~

American Cleaning Equipment Corporation retained Clay-
ton Environmental Consultants to conduct an cvaluation
of » vacuum cleancr identified as "Model No. 380-15A."
The primary purpose of the test was to determine the
effectiveness of the unit for containment and contro)

of emissions of asbestos during uvse in cleoning asbertos-
containing dust. It is understood that thisc vacuum
clcancrs are intendecd to be used in auvtczotive service
centers for dust cleanup associated with brake rebujld-
ing operations, including the removal of dust from brake
drums &nd dust produced by grinding and fitting of brake
shoes., PResults of this evaluation, conductcd by Mr.
Dennis D, Zeacbst of Clayton Environmontal Consultants

on May 19, 1976, are presented in this report,

DESCRIPTION OF TEST PROCEDURE

The spatial arrangement and relative locations of the
vacuum cleaner, air sampling devices, and operators arec
shown in Figure 1. The tests were corried out in a rela-
tively small confined room (room volume was approximately
B0O cubic feet) which was sealed to prevent air moverment
into or out of the room during cach test., The only cir-
culetion of air within the room was thzt generated by the
exhaust action of the vacuum cleancr., These conditions
wverc imposed for the purpose of maximizing the severity

of use conditions,

Puring cach of threce tests, the operator of the vacuum
cleaner cleaned approximately ten pounds of asdbestos-
containing brake duczt (€iscribed below) from a carddoard
containcy placed vn tbe Tioors of the reom. During cach
test, one air sample wos token in the breatning zone of
the operator &nd twWo ¥lva samplcs werc taken at stationary
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locations equidistant from the vacuum cleaner exhaust
port. An additional area sanple; located in the north.
east corner of the room, was taken immediately after the
vacuun clecaner vas turncd off. The room was then vuenti-
lated for approxzimately two hoursg to minimize the possi-
bility of interfcrence with subsequent tests. To reduce
the possibility thot fibrous cust, vhich rmight normally
be present in the indoor air, or .fibers geuncratied by o
previous test might dnterfere with the analyses of the
test samplcs, “"control" sanples were taken immediately
prior to cach of the tusts before any hand\irg of the
asbestos-containing cust,

Since it would be difficult, $f not impossible, to simu-
late with & commercial asbestos product actual "brake
Gust," with respect to particle end fiber size distribu-
tions end thus to simclate the efficiency with which the
fibers were removed by the vecuum cleaner filtretion sys-
tem, §t was desireble to use for the eveluation actual
asbostos-containins dust gencrated in a manner siriler

to that associated with automobile naintcerance procclures,
€C.8., grinding of bralke shoes, A bulk sample of dust pro-
duccd by grindsing of brak: shoes was obtained fror & local
sutonotive axle plaut., This dust had becn collected by
fabric filters incoerporated in the nlant's local exhauvst
ventilation systems, Tue physical appearance ol the dust
wes that of a very fine, cry, preyishobrown vouder sini-
lar in consistency to talcum or face pouwder, No other
dust was mixed with the brake dust during or after ene
trainment by the cxhaust-filtration systems, 7The dust
was analyzed in the Clayton laboratory for percent fiber
and {iber lenpgth Cistribution by phase contrest micro.
scopy at 400X magnification, The results indicatec that
the dust wes composed of appro:imately 19,4 percent fiber
(i.c,, fiber to particle ratio), and that fiber lengths
range ¢ from approximately four micrometers to greater
than fifty micrometers, Apprecuimately four percent of

the fibers were leoss than sin micrometers in length,

about forty-two percoent wmeasured betveer si and tuvclve
micrometers, and the remaining fifty-iour percent meas-
urec grcater than twelve micremeters in length.

-

SAYMPLING AND AUALYTICAL METHODRS

both general arez and hrcathing zone samples vere col-
lected by éraving aiv at o noemiaal flovrate of two )iters
prr minute throvrh 37.mm diameter cellulose ¢oler mem-
brane fiticrs :“]“JUY\, Tynd AA, nominad porc siwe .5
picroncter ) maounted in 2 tivec-picey ecaravtty ‘iL\ Th
cover romove:d; u.aing portable batrery- Ow;ratcd punps (Mivw
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Safety Applisnces Company, Model G). Ereathing zone
samples vere obtained by fa tening the pump to the
operator's belt and the fii =r head to the outside of
his collar at apfroximstc b-cathing zonc height, Thuz,
the breathing zonc semple was represcntative of the

. " time-wveighted average conditions to which the operator
was exposcd during the sarpling period.

Each sample was analgyzed subsequently for asbéstos fibers
using the method specified by the National Institute for
Occupational Szfety and Health, Briefly, this method .
consists of the following steps: a pie-shaped scction
of cach filter is cut carefully from the filter and
mounted on a standard microscope slide using a high vis-
cosity solution of membrane filter material in a 1l:1 mix-
ture of diethyl oxylate and dimethyl phthalate to render
i the filter transparent. Asbestor fibers, defined as
particles havinn an aspect ratio (epparent length to
width) of thrce vr grcater, which were observable on th.
surface of the filter were counted using a 10X eyepicce
and a 40X objective vwith phase contrast $lluvinatior.
A minimur: of 100 fields, seclectcd at random on the cax-
ple, were cxamincd and fibers greater thar five micro-
meters in length vere counted, The microscepic analy-
sis, thaet is, fidber count data, was used in conjunztiun
with {icld sampling data (air flowrates and2 duration of
sampling) to calculate the concentrations of nsbestous
fibers in air corresponding to each sample in units of
fibers, greater than five micrometers in length, pcr
cubic centimoter of air.

This procedurc is concistent with the method used by the
Occupational Safety and liealth Administration in its com-
pliance cffort. Data thus obtained were thenm compared

to applicable standards promulgated by the Occupationzl
Safety and Health Administration (OSHA) ané by the Amzri-
can Conference of Governmental Industrial Nygienists
(ACGIH). The presont OSHA and ACGIH standards limit
cight-lour, timc-weighted average exposuvres of workers

to a concen-ration of five fibers (greater than five
micromators in length) per cubic centiretcer of air,
Effective July 1, 197G, the OSHA linit fer ecight.hour,
tirc-veighted average exposures is scheduled to be re-
duced to two f{ibcrs per cubic centincter of air. The
prescnt OSHA starndard elso establishes & ceiling (or
pcal) exposur> linit of ten fibers per cuvdic centinetcr
of air. 0. October 9, 1975, 0SHA issucd proposed rule-

¢
¥
¢
v
l!
ii
il
]
4
l'.

-,
sam

- wdill =

making to Jorver ihe pronent standard such thst ejizht-
houy, tiue-uweihie? avirase exposures vould oo lisitedl .

to 2.3 J{iboey vor cubic centimeter of air, aud ciiiig
cxposures neasured ovir a period up to fiftcen miunutes
would be limited to five asbcstos fibers per cubic centi-
metey o of oor. Yhe nronesed etandnard o hasnd layeolv on

FET ' HEEN ireine wniedty o) oLEbe oot
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PRESERTATION OF DATA

Bulk Brake Dust

Resuvlts of -microscopic analyvsis .of the bulk semple of
brake dust for percent fiber eand' fiber length distribu-
tion are presented iw Yakble 1. Exarinagtion of these
data indicate that the bulk samplde was conposed of 19.4
percent fibrous material (by count) and fiter lengths
ranged from approximatcly four micrometers to grcatcr
than fifty micrometers, . .

Air Samples

Results of microscopic enalysis of the filter samples
taken during the vacuum clcaning tests are summarized

in Table 1I. 1Thesc data indicate that the background
level of Aairbornc asbestos in the room prior to any
testing was approximutely 0.04 fiber per cubic centi-
meter of air. Control samples taken just before the
second and third tests indicated. that airborne concen-
trations of fibrous dust were <0.06 and 0,27 fibers/ce

of air, respectively. Alirborne concentrations of fibrou,
dust as mcasurcd by the stationary monitores ranged fro:
0.08 to 0.42 fibers per cubic centimeter of 2ir for ell
tests. The personz) brcathing zone samples indicated
that airborne concentrations of fibrous dust in the oper-
ator's breathinz zone ranged from 0.09 to 0.33 fibers

per cubjcec centlmeter,

CONCLUSIONS

Interpretation of the sampling data leads to the follow-
ing conclusions: ‘

1. Gencra)l airborne contentrations of fibrous
dust, as mcasured by areh monitors strategi-
cally located in the enclosed rooh, ranged
from 0.08 to 0.£2 {fiber per culiic centimetcer
during vacuuming tests, well bhelow the propesed
OSHA ceiling concentration ol iive fibers per
cubic centimcter of air, the m2st stringent
occupationul health standar epplicable to
short (15 ninu:cs or less) cuposures., In

fact, the concoitrations were bolow the pro-
posed lindt Jur .\.ut-hour,.t;ﬂ:»GEightcd '
&v. Yagi expuiaves of 0O, fibvzri.c. Pue tu .

the vaivin. sevetriiy of the test conditions
(¢mall, confined voom, no dilution of roon
air, vocuuming ¢l a4 very large quantity of
brate du-tY, tiws=s N2ta indicrte that under
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normal counditions of use, cmissions of fibrous
(ashcntqv) dust frem the tesctcd vacuum cleaner
arc not likely to resclt in roorm air concen-
trationy in cxces: of present or proposed OSiiA
standards, artuning proper use &nd maintenance
of the vocuuwi clrancr and its filtration sys-
tem. . . .
Airborne conceantrartions of fibrous dust Iin the
brecathing zonce of the operator rarnded from 0.99
to 2.22 Ifiber/ec during vacuuning test proce-
durcx, egain vell below the proposed OSHA cceil-
ing limit for short-term exposures, and also
below the propovsed OSHA linmit for cight-hour,
time-weightced average exposurcs. Again, due
to the scverity of the test conditions, &t is
concluded with reesonable coniidence that,
under nerme?Y vse conditions, vorkers using the
vacuum c¢lcancr arc not likely to be capoesed to
conceniraiions of a2ivborne fibrous (asbestos)
dual in Cmcess Ul prescit or propesed OSNA
standards, assuming proper vsv wnd meintenauce
of the vocuum clewner and filiration systenm.
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Plagram of Test Room Uscd for Evaluation of Vacuum Cleauncr
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TABLL 1

CLAYTOX ENVIRONMERTAL' CONSULTANTS, 1NC.
MICROSCOPIC SIZING DATA FOR GLASS FIEBER DUST

Date 5/19/76 ‘Sample No. Bulk bralc dust
Plant smericap Cleaping Veuipment Objective Yhaco 4OV
Process torp., Eyepiece Perinlan )0

:Total Megnification X KR

SI2E DISTRIBUTION OF FIBERS:* .
N ¢

i Length Mean No. of Size Diseribution by Count .
Range, pwn Length, Fibvers % of Total Cumulacive %
0.8-1.1 0.95 - | - -

, 1.1-1.6 1.35 - - -
1.6-2.2 1.90 - - .
2.2-3.1 2.65 - . -
3.1-4.0 3.75 - . .
4.6-6,2 5.3 ¢ 4.1 4.1
6.2-5.6 7.5 14 14.3 18,4
8.8-12.5 10.6 .27 27.6 L6,0
12.5<17.7 15.1 11 11.2 57,2
17.7-25.0  21.3 17 : 17.3 74,5
25.0-35.2 '30.1 17 17.3 91.8
35,2-50,0 42,6 4 4.1 95,9

>50.0 >50.0 4 4.1 100,0

l L

Ratso, fibers:total particles = 121 . 625

Fibrous Content, Percent 19,4

R Any-partic]e which kss &n aspect r2tio of 3 or greater
is considered a fiber,
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CLAYTON ENVIFUNMENTAL CONSULTANTS, INC,
INDUSTRIAL NYGLENE SZAMPLING SUMMARY
:appAmerican Cleaning Equipment Corpe. Material(s) Fibron: Juat
Addison, Tllinois
i. - . Sampling Sample Sample Concentration
e Sample . Period Weight Volume =
Description
Bl Number : g :
b Start Stop (Liters) “cb:“/
(-
|
' ‘FIRST_TEST 12:00 | 12:11 !
Control, ccnter of room, §
1) AA-07 clevation four fccet n9:09 11:39 394 LN.na
= T Southeast corncer of voom, four
5719 AA-06 feet from vacuum exhaust, 11:58 12:11 34 7.09
- clcvation four fect
ol Tt T T T Personal T hrcathing zonc ol - R T
AR AA-1h | operator — ___JE1:5% j12:11 31 | 0,09
- FT T 7] Nertbeast corner of ruom, .
IEVAL AR-05 | clevation four fect 11:58 12:11 34 [-'0.09
o T Northcast correr of room,
5719 AN-03 aftcr vacuum shut off 12:14 | 12:25 29 0,10
SECOND TEST 1623 | 16:33
Control, ccnter of room,
3119 AA-02 eclevation four fcet 13:53 14:12 50 <0.0%
Northcast corner of room,
AL AA-12 elevation four [ecct 146:22 16:33 29 0,20
) Southcast corncr of room, .
5119 AA-11 four feuvt from vacuum ex- 14:22 14:33 29 <7.10
. haust, clcevation four fect
- Personal "breathing zonc of .
‘o AA-D1 opc rator 14:22 14:33 26 0.33
R Northcast corncr of room,
AR AA-13 after vacuum shut vff 14:36 14:50 37 0.08
= + Fibers preater than f£Ve micrometcrs i{n length, and an aspect ratio (length to width)
" o of J:1 or ercater. <o
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CLAYTON EXNVIROLHENTAJ. CONSULTANTS, INC.
INDUSTRIAD SYCETERNY SAMPLING SUMMARY
S - e e r an (1. |n| ow- :-tq"il‘f'_f'_‘!‘t COrp, Nﬂt('riﬂl(S) F"!'ru“:;“ Dust
,\.]‘:.-:.-vv l|1 n\‘:'?_.
ceee 2l
Sinpling Sample Sarple Concantration
Sample ’~-...-crl-.- T ey erind Weight Voluae B
Stepichieet - ’ ° : : Fi‘)l"f"/
. Start Sten (Liters) ce
“HLRD TEST 1o:20 | 14:36 '
' - Conivrel, *ulor ou reo:r, ° .
i Jhy AN-14 clevation four feet | xes07 | des2T 42 0.7
T T T T e thieast corner ol Trooi, )
A AA- l'v clevation four feet _}:-:23 1G: 26 i 29 i .10
T T s sutlivaRr € cerner ol roon,
: AN AN four f-ct from vacuvrn 16:0% 16:76 29 n.h
ST T e had T O T T ICva L ien Tl T T T T T T I e S I It - -
leot e ]
T T T T T bersonal  broathine zone of | ) ' T T T T T
y . S » Y0
gl L _AA-17_ J operater_ .. 16:25 lG'_3_‘___ 26 0,22
N Horthc'\ t corndr of room,
gty | AA-18  f after vacwun <'u: off Lo:33 1 16:501 32| n.1s
H
1
| e —- — —_
-
R = B
=)
f w
i - -
w
8 - -
: Acceptable 050NN clpght=bour, 1t {me-
m ) _{wvighted averaue concentratinn (TUA) . : 3
! ' OSTA ¢luaht-hour, timc-uclrhted averaoe [
. concentration limit effective 7/1/706 2
K
O31A ceiling limie 10
| - OS5 T(TYA)
: Proposcd OSHA standard 5 (ceiling)
i ;
\
t



