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ARSTRACT

There is virtually no inlormation published on the
absolute efficiency of baghouses in reducing the emissions
of fine particles of asbestos. This lack of information is
unfortunate because serious occupational hcalth problems may
result from the common practice of recirculating air teo con-
serve encrgy. Emission testing has been conducted at five
asbestos‘processing plants where the cmissions are concrolled
by baghouses. The results showed that the mass removal ef-
ficiency frequently exceceded 29.99%. Membrane filter sernles
of the effluent were examined by optical and electror micro-
scope. It was observed that despite the hiph mass c¢{liciency,
the number of f{bers emitted, which were greater than 1.5 .:m
in length, was about 10-10° fibers/m>, while the nu-ber cf
{ibers iless than 1.5 um was 107-108 fibcrs/mB. The sipnifii-
cance of the size of the fibers in terms of probable hecolth
izpact is briefly discussed.

Prcpnrcd for inclusion in the 1975 American Induscri
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ASTESTOS TMISSIOMS FROM I \GHOUSE CONTROLLED SOURCES

INTRODUCTION

A recent survey of ashestos processing plants revealed
that baghouses are by far the most common device for control-
ling the emissions from thesc sources'. Asbestos has been
declared a hazavdous pollutant by the EPA and is known to
causc asbestosis, and is strongly associated with the forma-
tion of cancers, particularly mesothelioma. It is surprising,
therefore, tﬁat a review of the published literature has
revealed only one reference to the efficiency of baghouse
devices to limit the cmission of asbestos fibers. In that
paper?, the efficiency was quoted simply as 99.992% on a mass
basis and no dctails were given of the measurment technique
used.

This paper details the cfficiency testing of baghouscs
located at five asbestos processing plants. Information was
cbtained, not only on the mass ef{ficiency of the dust ccl-
lector, but also on the ecfficiency as a function of the size
of the fiber challenginé the filter. Size efficiency was
obtained by counting the number of fibers fromr a piven

I

volume of air by means of optical and clectren wicroscory

The use of an electron micreoscope enahled the smalles:

as small as 0.02 ym in diameter and Q.06 ;m long, to be

counted.
The procedure used by the authors is quite diffcerent
from the OSHA procedure?® which requires that only those

fibers 1longer than 5 um be measured. At > 5 um,




unambiguous measurements by mu'tiple observers may be made
using the relatively simple op'ical microscope with phase
contrast at 430X. The occupational hcalth standard is based
on information gained on the incidence of asbestosis among
those workers occupationally cxposcd to ashentos at known
concentration levels of fibevs greater than 5 um.

The importance of this study in terms of industrial
hygiene is cthat it gives information on the possible conse-
quences of the common practice of recirculating air from
the baphouse back into the plant. The reclationship berween
asbestos particle size and the induction of cancer has not
yct becn established; until such time, it is prudent to
quantify the concentration of fibers of all sizes present

in plant air.

CAPERIMENTAL

Plant Location

Five different plant locatiors were seclected for studs.

The basis for the selection was the nature of the

W
(B4
(9

.
asoc

[

processing catepory which they represenced. Thev includ

(9]
(B

two asbestos ore refining millis, zwo asbestes coment ore

0.

aCT

plants (where the asbestos fibers can be censidered te b

n

bound into the product), and an asbestos textiie plar:
(where the asbestos fibers can be considered as looscolw
beund). In all the locations, chrysotile asbescos was uscd
exclusively.

Baghouse emission control devices were used ar al

locations, and details of the “izchouse conscructicn and
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operation are summarized in Tahle I. These installations

are typical ‘of pgood, accepted modern practice in the industry.
Recirculation was practiced at three of the {ive locations

in order to conserve hcat during the winter months.

Samnling Proccdure

Sampling was conducted using, where possible, the EPA pro-
cedure detailed in the December 23, 1971, TFederal Register, 36,
247. Two standard, LEPA Method 5, isokinetic sampling systems as
shown in Figure 1 were utilized to allow simultaneous sampling
both upstream and downstream of the baghouse. The sampling
probes and nozzles were fabricatéd from stainless steel. The
probes had an I.D. of 1.27 em (0.5 in.) and a length of
107 cm (42 in.), and the nozzles were 0.63 cm (0.25 in.) I1.D.

Sampling points in the duct work were sclectecd in re-
gions where thc most stable flew patterns existed. The ports
were located, where possible, cight to ten diameters upstream
£rom any bends, elbows, junctions, or other constricticns in
the stack or duct.

In somc instances, it was not pessible to collces
samples by the isoliinetic sampling method. This was Tozaus
of physical limitations in the plant desipn which made such
points inaccessible, or because of the clese provimicy ef

accessible scctions to fans or bends. liere, hirh volu-e
samplers fitted with 20 cm % 25 em (8 x 10 in) membrane
filters were used within the baghouse close to the exic.

On the upstream side of the baghouse, samples werc

cdravn through a cyclone followed by a 10 cm (4 in) mer-rane

filter of 0.8 um pore size. O the dowvmstrean side, neo

GAF 17177




Tabie 1
BAGUHOUSE SPICIFICATIONS

- P11nt |
Feature I 7 A 5 4
. Waukegan, |[Denison, H1lsﬁv1IIb Asberstos, Ecen MilTs,
Locacion Illinois | Texas Quebec Vermont
rrod Asbestos Asbestos Aarquos Milled Hitlled
Producct Ccment Cement Textiles Asbestos Asbestos
Baghouse Make {Parsons Uheelabrator|Wheclabrator| Wheelabrator{Uheelabrator,
“nd Model ,pocix] Model 26 Model) 117 Special Mndel R-607’
aipn . Desiyen Series VIIT
Baphouse |
Capacity,
md min-l 1,132 736 873 127,000 $,400 |
(cfm) (40,000) (26,000) (16,000) (4.500,000) | (300,000)
Air te Cloth ;
Ratio cflm:fr2 2.0:1 2.6:1 3.0:1 3.0:1 3.2:1
jNumber of
Compartments 4 1 1 11 8
local humber n
o s $00 784 304 79,200 | 2,688
ac Size i
L.amerer, cmil2. 7 (5") [12.7 (5") 20.3 (3 12.7 (5') 1 20,3 (8"
Length, m 3.05 (107)13.18 (10'5"312.82 (9'3") 14.27 (x4') 15.33 (17'6")
Hay f
R S R U I IS U 15 + 5 25 16-20
0.5 H20 i i
lag, !
Construction
Material Cotton Cotton Cotton Cotton Cotton
Weave Satecen Sateen i Sateen Sateen Sateen
Threads/in. - 06 x 60 -- -- 96 w 60
‘ressure Drop | l
in.i1y0 (Max.) 6 5.7 2.2 3 b
Llcg.-nb tlechanicalj Mechanical  MechaniIcal [ lechanical .lcchernical
Method hake Shake lshwmo | Shake i Shake
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Filter Holder

\

ree s e ermr e s

Stack
Probe . Woll .
o :
C . .
: : Orifice
Reverse - Type :
Pitot Tube : teter
- :Cyclone &

Pump

b

»

ure 1. Sampling arransement
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cyclone was used: the air stream was lead directly to the
membrance fil.r.cr. Afcer sampling, the [ilter was placed in
a marked plastic folder. MNaterial adhering to the inside
of the probes and tubes was washed into a sample collector
using acctone. The collector was then marked and scaled.

Sample  Analvsis

The mass collection efficiconcy was determined by accuvately
weighing the samples collected before and after the baghouse.
The filters were weighed on an clectronic balance having a
sensitivity of + 0.1 mg. On the upsgrecam side, the dust
deposited in the probe, the sampling train, and cvclone was
washed with water into a weighing botrle. Tt was then criced
in a vacuum oven at 110°C, cooled and reweiphed. From these '
wveights, the mass efficiency was calculated.

Fiber Counting

Optical microscope analysis was perfermed using the
method described in the MIOSH criteria document on asbcstos’.

A portion of the membrane filter, approximately 1 centimeter

square, vas removed from the central part of the filter znd

meunted on a2 slide. Using a 1-1 solurticn of dimechvl zhinciate

and diethyl oxalate, the filter was aliowed to clear
clean cover slip was placed on top of the sawple and the

fiber concentration determined. The lighc microscope uced

was equipped with phase-contrast and polarized lipht. Tre

objective lens of 4 mm resulted in a tetal magnification of

500X. Trom randomly chosen [ields, the number of ficlds for

a total count of 100 fibers w~s noted (with

199

a miriren of 20

fields observed), or 100 {i«; !« were observed when the
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discribution was sparse.

For the Electron microscorc analysis, a circle of the
sample filter 3.5 mm in diameter was cut. This picce of
filter was placed on top of a carbon-coated 100 mesh electron
ﬁicrosccpc prid.  The prid with the filter on it was placed
in a condensation washer using, acctonce as a solvent. The
filter medium was dissolved away by the acctone, depositing
the fibers of the sample undisturbed on the carbon substrace
of the grid. The specimen was then counted on a Hitachi MU-11
transmission clectron microscope at a mapgnification of 16€,3064X.

The optical microscope analysis enumecratced the fibers
greater than 1.5 um in length and a minimuem diameter of
0.5 um. The clectron microscope analysis counted fibers
dowvn to 0.06 um in length and 0.020 um in diameter.

Calculation of Tiber MNumbers

To relate the number of f[ibers to the asbestos ccncenzra-

tion in the air, the following equation was uscd:

no. of fibers _ (no. of fibers counted! _
% of a1 no. ol i:clds )
( . A 2 )
; efccrive filter area, cm -
{arca of microscope's field of vicw, cm“J
! -
lvolume of air sampled, =7
where
Lilcetive filver avea = 81.7 cm2 for f In. Tilter in IP0 train

Effcctive filter arca

]

63.2 em? for 4 in. Wi-Vol filter

Lifective {ilter arca

425.4 cm2 for 8" x 10" Hi-Vol Iil-er

Arca ¢f field of view = 6.514 ~ 107" er” [or optical micrecscope
(500,

, GAF 17181




Arca of field of view = 1,344 = 10.7 cm2 for eclectron micro-
scope (16,364X)

Efficiency Calculation

To calculate the efficiencices, both by mass and by nurber,

the following relationships werce uscd:

Mass Efliciency (%) =

100(1 - Mass in a riven volume of air after the baphouse )
Mass in the same volume ol air betore the baphouse|

umber Efficiency (%) =

100 fl No. of fibers per cubic meter after the barhousc |
- - o — K — = -
l No. ol fibers per cubic meter beiore Lhe barnouse;

RESULTS

Fass Removal Efficiency

The mass c{fliciencies of the five barhouses are given in
Table II. 1t is observed that tie efficicncy is extremelw
aigh and, in all instances, cxceeded 99.99%. Ar two loca-
tions, the mass collected on the upstrecam side of the IZil:zer
was toe small to be weighed, a2lthough a faint celovaticn of

the otherwise pure white filter ccould be obscrved.

Fibecr Removal Ffliciecncv

in Table III, the number of fibers urstrca and égun
stream of the [ive baghouses are presented. In qencral Tzarme
the number of [ibers greater than 1.5 um in lenecth exitin-
from the baghouse is of the order of 10" Tibers per cviiz
merer, while the number of fibers greater than 0.06 :m =in
lengech is of the order of 10S fibers per cubic meter. 4
similar ratio is found in the number of [ibers approaciine

Q ]
the baghouse, where 10 and 10'" fibers per cubic mezor of




Table J11

UPSTREAM AND DOWNSTREAM FIBRER CONCENTRATTONS AND REMOVATL

EFFTCLENCLES FOR DAGHOUS)

CONTROLLED ASRESTOS FEHISHTON

SOURCES AT FIVE PLANT LOCATTONS
Fibers Counted by Fibers Counted by
Optical Microscope at| Electron Micrescope
a Magnification of |at a Magnification of
Plant Sampling 500X 16, 364X
Location Location - Fibers per| Removal Fibers per| Removal
Cubic Ffficienecy| Cubic Rificiency
Meter A leter w
S Upstream > 1019 > 1004
¢n¥I$gani ' . > 99 99 > 99,99
SINOLS ipowmstream|6.4 x 10° 1.1 x 10’ !
iarshville Upstream [S.1 x 103 2.5 =« lO[l !
N-C. ] - . > 99.99 Y 9069
Downstream{l.4 x 10 3.3 = 10 \
1 : . ‘6 ’ "1 n 7 I |
Benison, Upstream 1.0 x lO<_J 07 1c 12.2 x 10 i -+ 50
Texas o Y ; 27
Downstream|2.9 x 10 | 1.4 » 10" |
! . . Yy 1 '
Asbestos, | Upstream (2.2 x 107 | 90 o6 1.2 x 10 | 0 st
Quebec 5 G T 29. i
Downscrcam'S.Z x 10 [ !l hox 107 s
! , . 2 ; oo 1 :
Tden Hills,{ Upstream j1.6 x 107 | o oo (10 ® 207 oo o5 |
Vermont | - 7 S A5 R
1 1,Do-.m:;;rc.:lml1».5 x 107 (1.3 = 10° ¢ i
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greater than 1.5 um and greatcr than 0.06 pr are found,
respectively.

Very high removal efficiéncios are found in all instances.
Based on the available data, it does not appear that the re-
moval clficienciecs are size dependent. Similtar efficiencies
arc found with the preater than 1.5 pm {ihers and the preater
than 0.06 pm Cibers. Onc cexception to the very high efficiency
values occurred at Denison. At this locacion, high grain
loadings were observed in the upstveam duct, and it is possible
that partial bloekage of the probe prevented fibers f{rom
reaching the filter. The number of fibers on the downstream
side was comparable to the other locations.

Despite Qery hipgh collection cfficiencies, very large
numbers of fibers were found to exit from the baghousc. This
is shown in Tuble IV, where the total nurmber of fibers exiting

per minute and their concentration in the air stream has been

tabulated for cach plant location.

DISCUSSION

The Necirculation of Cleaned Airx

The result of a survey taken as part ol this studv has

revealed that the recirculation of air exhausted from =a

agz
houses uscd to clean asbestos dust [rom cir ie common orac-

tice in the industry. The American Cenfercnce of Goverr-—znzal

Industrial llypicnists has the responsibilicy tlhrourh 2 .-

Ventilation Committee of publishing a Manual of Recomncriiod

Practice, which establishes the governmental vccomrendazions

as regards the recirculation o!f air within a plant. These
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Tabl> IV

THE NUMBER OF FIBERS EXITING FROM FIVE BACGHOUSE COITROLLLD
ASBESTOS EMISSION SOURCES AS COUNTLD BY OPTICAL
AND FLECTRON MTCROSCOP)ES

Number of Fibers Exiting|Number of Fibers Exicing

Createyr than Creater than
Plant 1.5 pm length 0.06 pm length
Location 1
Concentrntson Number per Conccntrataon Number per;
Fibers m~ Minute Fibers m~ Minute
laukepan, 3 N 6 . 7 . . 16
I1linois 6.4 x 10 7.2 » 10 i 1.1 = 10 1.2 = 10 I
faxshville. |1 4 x 10% |1.0 = 10° I 3.3 x 10° [2.4 x 10%%
i 0
Penison, 2.9 x 10% 1.4 x10° | 1.4 x 107 [6.6 x 10°
Asbestos, 1S o yallld N o alé
Quebec §.3 x 10 1.1 = 10 1.4 x 10 1.8 x 1¢C
. . M ]
Tden Mills, 4 . 7 . S . 1]
Vermons 4.5 x 10 3.8 » 10 1.3 x 10 1.1 x 1C
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recommendations are considered and cited in the standards
of the Occupaticnal Safety and Health Administration (OSIA)
of the U.S. Department of Laber.

The recent energy crisis has occasioned a need to conserve
heat as a national policy. Prior to this, regulations pro-
hibited the recirculacion.of plant air containing hazardous
materials even thouph recirculation was cconomically attractive.
This regulation was predicated upon the premise that no con-
trol device is foolproof. A temporary loss in control effi-
ciency would create considerable risk of exposure of workers
to -dangerous levels of toxiec macterials.

The impact of the energy crisis has led the ventilation
committee to propose circumstances which would allow the recir-
culation of cleaned air, provided certain criteria were met
by the system. A formula has been proposed which would estab-
lish the limits of contaminant concentration in the exiting
air;

1

CR = 4 (TLV - Co) X 5= X g

Qp
Qr

where

CR = maxirum permitted concentration of contarminant in
exit air from the collection afzer cleaning, in
any consistent units

TLV = threshold limit value of contaminant

C_ = concentration of contaminant in workers brezzhing
zone with local exhaust discharged outside

Qr = total ventilation flow through affeccted space. cf=
QP = recirculated air flow, cfm

K = an "effectiveness of mixing" factor, usually
varying from 3 to 10

13
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It should be remembered that this equation has only been pro-
posed, not accepted, at this stage. Tor ashestos, the TLV
value would be that presently nccepted as the OSHA standard,
that is,” 2 fibers per cubic centimeter (where a fiber is
greater than 5 um and with aﬁ aspect ratio of greater than
3:1 lengch to breadth). As has been shown in this paper,
only a small portion of the true ashestos concentration in
the recirculated air is accounted for by this standard.

Two methods are proposcd that wouid increase the safecty
of such a system and guard apainst a temporary breakdown in
thé collection efficiency. One is that a back-up filter
should be fitted to remove the contaminant in the event of
a failure of the primary control. The application of such a
system would obyiously add considerably to the costs. The
second method would be to use a monitor which would stop the
recirculation, or activate a rapid acting by-pass to the out-
side air, in the event of a failure of the collector. The
problem would be to produce a monitor for asbestos which
would be fast acting and modest in cost. At the present time,
no such moritoring device exists for asbestos, despite cen-
siderable rescarch effort to achieve this objecctive”.

Exposure Levels for Asbes:zos

The present acccpted standard for ashbestos exposure has
been determined by OSHA to be 2 fibers per cubic centirc:er,
for fibers longer than 5 um, The mcasurement mwethod and the
rationale behind this exposure level is well presented in the
NIOSH document "'Occupational Exposure to Asbestos™®.

The selection of the size of 5 um as the shortes: size

of the fibers which are countc.i stems from British practice®.
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The British use this criteria for two rcasons. Firsrly, it
represents that size which is readily detectable using a
relatively simple optical microscope, while detection for
smaller fibers and particulary submicron {ibers rcquires the
use of an elcectvon micvescape, which 15 both time-consumine
and costly to use.  Sccondly, a wide body of information on
the exposure levels and incidence of asbestnsis has been
generated over many years using the 5 um size limit in estab-
lishing the exposurc levels. Thus, the use of the optical
microscope gives an index of cm:posurc which has had wide
practical applicabilicty.

The prodblem with using this index is that the racio of
the numbers of fibers greater than 5 ym in lenpth to those
less than S um in length is very much a function of the in-
dustry. Thus, textile-producing industries have a greater
proportion of lonper fibers than, for ecxample, those indus-
tires using asbestos as a filler in plastics or. paincs.

The fiber size considercd te be most danrerous is not
established az this time. Evidence in the litecrature eon this
subicct is confusing and reveals the uncertain:iv. Stanton’
has performed cxperiments that iave indicated thaz fibers,
including fibers of macterials other than ashecstes but having

e

a similar morpholory (e.p., alumina), in the size rance of

10-100 wm arc most harmful, ond that their abilicy to oreduce

tunors decrcases with decrcasing lenpth. lHowcver, his find-

ings have been criticized because of the method of application.

method required thac 40 g of the powdercd asbestos bhe rlaced

in contact with the pleura and hcld in place by a fiber nlass

S
(o)

The
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patch attached surgically. Thus, the normal free movement
of the particles was prevente!. This work might also be
criticized from the standpoint that, in all probability, the-
larger fibers do not find their way through the human body
defense mechani sms.

Pott®, on the other hand, has performed cxperiments
using asbestos dry milled to a fine size. Two size pgroups
were used, one with 95% of the fibers less than 5 mm, and a
second with 99% of the fibers less than 3 um (with 23% less
than 1 ym). The size was checked Ly electron microscory,
vhich also showed that the fihrous structurc had been retained
through the grinding process. It was found that with both
groups, tumors developed in 40% of the rats after intraperi-
toneal injeccion of the asbestos. liowever, the small sized
fibers required a lonpger incubation period than the lzrrer
{ipers {about 20 months versus 12 months) to achieve the 40%
tumor level.

A further important point when discussing the expesure
index for asbestos is that it is bascd on the prohabilicze
of a worker contracting asbestesis, noc cancer. 'lith zhe
present cxposure levels, the probabilicy of a worker petzinc
asbestosis is 1% if a 30 ycar working Jifc in the incduszicy is

pursued. There is no definitive information on the charnzo

M)

of developing a cancer. Recopnition of the cavcinopeniz
aspect of ashestos is comparatively recent, and it is ceti-
mated that, in humans, a 30 year incubation period is ro-

quired before the cancer develeps. Therefore, there are no

adequate dosc records upon which to relate the delaycd responsc.

GAF 17189
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Reasonable scientific predictions are made based on ani-
mal experiments but, because of the massive doses used to
accelerate the incubation period, there is justifiable doubt
as to the conclusions reached. Again, a degreg of suscepti-
bility may be required within an individual such that a small
dose might be fatel to him, while a much larger dose would
leave, a second person unaffected.

It is apparent from the literature that there are many
unanswered questions about the danger associated with asbestos.
Until the answers to these questions are more clearly under-

stood, asbestos should be treated with caution.

CONCLUSIONS

Baghouses used for the control of asbestos emissions
have been shown to operate at very high efficiencies on both
a mass basis and on a number of fibers basis. Even with
these high efficiencies, there are substantial numbers of
fibers which penetrate the fabric filter. Recirculated air
may contain enough fibers to be of concern from the stand-
point of cancer induction but the dose/response relationship
between asbestos exposure and cancer is not well understood.
There is certainly, a possibility that a human health penalcy
could off-set the economic advantages of recirculation.

If bag failure results while recirculation is being
practiced, the probability of undesirable health effecrts
could be expected to increase substantially. It is recom-
mended that a rapid-acting detection system be developed
which would activate a by-pass system in the event of a bag
failure.
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It has been shown that recirculated air contains well
below the current Threshold Limiting Value of 2 fibers per
cubic centimeter (fibers equal to or greater than 5 um in
lengch)l This would imply that workers would be protected

from asbestosis unless the bags were to fail.
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