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xfteu ide of the more impotant chatracteristics of thve available filter materials
whi~.h ire rurrent lv in ine lVvarious systems for monitoring airborne radioactivity throughout the

%;orld, MNlot of" thc nriaori~dak destribcd are commercially' available: (he information herein is presented

w'th thle hope ihat it iSii hc of uise toI ihose whose progr-ams involv'e the emlploymen~tt of air-filter media

I Itwho requjire such infOrmatioti for the design of air-filter systems.
Te filter chtaracterihtics rieasured are such phvi(ltsl Properties ass tensile sirengjth, thicknes, dcnsitv,

'ti (ontellf, retentivitY toward 0.3 k"dto',tyl phtialate (DOP) aerosol particles as a function of air

Clot t, rcttentrvh'V toward airbortte fission products and natural radioxctive aerosols (radon daughters)
%!,- cral air velocities, flow rate as a function of pressare drop across the filter, and thle relative rates
i lggirtg by. atmospheric dtot.

;vobserivatior. of a rapid chang?- in flow with dust loading of' s~me of' file filter media suggests

he y.catistudr., ofsc hairges as possibly at simple proicedutre for monitorilug thse dust content

INTRODUCTION of magnit-ide) change in the concentratiori of'

Air ilt;;ton i wielyempoyedir tuding airborne radioactive products; for others it has
Airiiirt~ionis idey eploed it tuding been necessarv to collect, insofar as is possible,

tne terso~conentof he tmophee, inc by all radioactivity' in a given quantity of air. The
Ins mans t i ossiH. e to secure relatively large fit., ase would thus have less stringent require-

~mpk of~irhrn tacrias woseactal on- ments on filter retentivity than the latter.
centions are gencrally extrcrnwiy small. Such

ioet'n ' lwilb kscladcecl The filter retentivity, filter size, and the type
At~~~ ofe nldn and capacity of the blower are interrelated in

stuies o~miinludngwcighing, t .determine t!fa? filters having the higher retentivities gen-
he co;cinithe cae of aibrlu.nn radioIair erally have gre-ater resistatce and hence rciviire

speialtehniuesfo evluaip th ot P or-y more Powerfuli blowers to move a given v.olumne
sneca~ echiqus fr ealuaingthe~, , o >'of air in the same time intez,.'aI; furthermore,

activiti" of the collectkions are employed.tertniiyo otfle ei o ie
Iyn the course ofhi een d nfo dvlpe thertniiyo otfle ei o ie

of teirindpenentdevlopent size particle increases as the linear vekxity of
~'arous aryig J)rpr~~S the air through the filter increasts. These factors,

antimber of Ifiltration sytm ndflrton wt
togeth-er wihthe different purposes for which

miedia have been employed in monitoring the aismpngyteshvbendisledo
ranjavt If th topee o oejtr a number of different possible combinations of
1);es it has been suficient to collect enough filters and blowers.
m-at.-ria& to It- able to detect a significant (order Practical monitoring systems for determining

radioactivity in the air vary widely, depending on
NR Prlgim M)213 1 nd CWV,17 44ei 91% (114)42-515 the ultimate purposke for which the -ample is being
.md R 001-0I4S-47411. AMC IPre-j Ai(4-7-2435). iliti uis a fimil cletd o -nrlnoieig hs aj"

-rir.- an 11 - of the reitle'nn; etller w.ok on i;svm i- colctd Frgeealmoiong woe nrps
I. g~it- it 1c r . ~5i tO see a alert or an alarm to initiate
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protective measures, -4 relatively inefficient filter The cellulose and synthetic organic filters afford
can be tolerated so as to obtain the maximum col- an advantage in processing, since they arc easily
lection of activity in a given time interval. Small dlecomposed by burning and are esseritially ash-
losses of activity through the filter or absolute less; on the other hand, there is often an advantage
calibrations of sampled volume are of secondary associated with the presence of ash as obtained
importance. On the other hand, for the scientific from glass or asbestos fibers, because a finite
study of airborne radioactivity, particularly when amnount of material is available to observe and
isotope ratios are of interest, it is essential to manipulate. Susitable chemical processes are
employ filters which retain essentially all of the available to dissolve entirely the ash from either
parficles contaixiing radioactivity; the use vf posi- glass or asbestos filters or, indeed, to dissolve any
tive displacement or turbine-type blowers and of of these filter media without ashing. The latter
accuraxe means for determining airflow is also is usually the preferred procedure, since there is
indicated, less danger of loss of volatile elemtues.

It shouid be noted, however, that systems can In addition to, such fundamenLal factors as
be Dverdzusied for a given task, utilizing costly, the retentivity and flow characteristics of the
highily efficient filters and powerful blower filters, the rate of change of flow with dust loading
systems. when they are not necessarily required. is of great importance. particularly whern the
While the main purpose of this study has been collection period is measured in terms of hours
to determine the effectiveness of various filte; or days rather than minute-s. The highly toinpact-
media under different oierating conditions, this ed filters, which are essentially surfacc collectors,
study also indicates areaz where certain, media are partictulardy susceptible to loss in flow th- 9ugh
may have an economic or operational advantage dust loading while the fibrous mats, with loose
at no loss in effectiveness, or less rigidly defined surfaces, show the least

Filter retentivity depends on a number of factors changes in resistgnce with timne. On the otte!r
siach aa pore size, fiber size, mat thickness, filter hand, for sonme purpos es, namely when the filters
compaction or density, development of an elec- are to be used for subsequent a counting, only
trosiatic charge, size and density of the entrained a front-surfac collector can be used because o
partice, and the velocity of air movement through the importance of absorption of a energy by the
the, fiter. The-most effective filters depend prima. filter, medium for the more deeply penetrated
cily on -the mretetion of particles through the surfaces.
sieve acion.of. small pores developed through
coipaction or, other processes, or through the
intercpton of- the particles by A. mat of fine J M M A R OCEDURE
fibers -as thez resull of. either a diffusion or imnpac-
won tiechanism. In most cases combinations of An attempt has been made to secure for study
the cabove -fiactors plus electrosttic effects are as many as possible of the various filter media

e~tin g. The physical Parameters of the filter in use throughout the world for monitoring
mmedi deterine the mechanism of collection the atnosphere for radioactive particulate matter.
and'.t4g adbiliity of the filter to subsequent Thewe media have'been secured by the exchange

an~y~i schmes.of filter samples with agencies and institutions
T1*e'aore coniron filters are of the fibrous type which employ filters not readily acquired by direct
emplyingfibers of cellulose (cotton, esparto), purchase in the United Stts As areutoth

syntheti o rganic mpaterials (polystyrene, rayon), interest and coopemaion of man,, individuals
gt4s,.asbestot, or combiations thereof; organic and groups, a wide spectrum of filter media has

bdeor .guM are often added to increase been accumulated and studied. Unfortunazely,
Omaigh -(but with an increase in mtsistaw~). however, the material from several major air
Me-mbrane-type filters mAde of synthetic organic sampling networks is not covered in this study;
materials veresent filters whose operottion is thus~ fai, attempts to interest scientists in the
br -jyy e7e-ik, though Clectrosttcadipc USSR in an exchange of filter samples have been
tio4,prce'ss impgrt a retentivity toward some unsuccessful. Information published in summary

POWrn pa~dm. Whicmh are small -enough dimen- reports issued by the U.S. Atomic Energy Comn-
sinly to pa;ss trough the pores in these filters, mission (1) and the European! Nuclear Energy
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Agezitc (2) has been useful in determining the For our needs a very brief description will
extent to which the different filter media have suffice. A smoke generator is provided for pro-
been employed. A summary of the air-filter ducing a controlled, monodisperse liquid aero-
media in use by the various organizations is given sol of DOP by condensation from the vapor
iii Table 1. state. The d oplets can be made extremely homo-

The study of the filter media has been carried geneous at 0.3.t diameter with particle loadings
out by two independent methods: (a) the labora- of about 100 micrograms per liter of air. Accurate
tory determination of such filter characteristics as measurements of smoke particle concentration
thickness, density, tensile strength, ash content, are made in a light-scattering chamber provided
pressure drop across the filter at various linear with a sensitive photoelectric detector. The
velocities, and retentivity toward 0.31A dioctyl penetrometer (detector) is calibrated against the
phthalate aerosol particles as a function of air full aerosol concentration (100 percent) and
velocity, and (b) a field or "practical" determina- against absolutely clean air (0 percent). Penetra-
tion of filter retentivity toward radioactive aero- tion through a test specimen can then be read
sols existing in the atmosphere (both fission off directly in percent, with 0.001 percent being
products and the smaller short-lived radon-daugh- the ultimate sensitivity.
ter products) at several flow rates, of the effect of Under the stardardized conditicn of testing,
dust loading on airflow, and of the relative flow DOP smoke penetration measurements are made
and pressure drop of the various filters in the at 28 linear feet per minute (85 liters of air per
same filter system. minute through 100 cm2 of filter surface). To

reach higher flow velocities the total flow is

Laboratory Evaluation maintained while the filter area is reduced pro-
portionately.

To assess the performance of a filter, the Table 2 shows the resistance to airflow for
filter should be evaluated against the type and all of the filter materials evaluated in terms of
size range of particles that will be encountered the pressure drop across the filter at various
under working conditions and evaluated at the linear velocities through the filter. In every
flow rate utilized by the sampler. In general, it instance the observed pressure drop is linear
is impracdcal to cubject filters to comprehensive with flow rate, thus indicating streamline flow
tests of this nature; thus, it has been necessary , through the medium. The actual resistance
to devise arbitrary methods, the results of which values given should be considered as represent-
can be related to the actual performance of the ative of the specific filter evaluated, since con-
filter. While measurement of such an important siderable variations were observed among differ-
factor as resistance to airflow car readily be made, ent sheets of the same material; this was especially
other characteristics, such as rate of clogging and true of the so-called "chemical" filter papers.
general serviceability, can be assessed only during Table 3 shows the variation in filtration efli-
actual exposure. ciency toward 0..S DOP aerosol as a function

A number of test methods have been-developed, of the air velocity. The filtration performance
some of which are. applicable to evaluation of of the various media seems to fall into one of
the filters themseives while others pertain to evalu- three separate types. The first type, illustrated
ation of the materials from which the filters by IPC 1478, shc Ws a broad plateau of relatively
are derived. At NRL a different and more exact- constant penetration with increasing velocity.
ing test was developed for use irs the testing of This is characteristic of loosely woven, low-
military gas-mask filters, where the standards resistance materials. These filters generally ex-
of protection are very much higher than those hibit a high penetrati.' for the 0.3tp test aerosol.
normally required for industrial filter materials. The second type, illustrated by Whatman #41
This L!., is generally referred to as the dioctyl paper, shows a continuous decrease in penetra-
phthalate (DOP) test; it has been described in tion with increasing air velocity, which is indic-
detail by Knudson and White (3). Instrumental ative of the tightly packed (heavily calendered),
parts of the DOP tester and theories of their oper- high-resistance materials. The penetration of
ation have also been presented in the literature this type is usually high at the low flow rates but
(4,S). is considerably lower at the higher air velocities.
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TABLE I

_____________ Identification of Air Filter Media

Filter Type' Filter Designaio [ auacturer (or Distibutor) Organizations Employing the Filter for A'r Monitoring Purposes'

Cellalose Eapasto 1'B. 0. Mo;cris. England United Kingdom (Atomic Energy Research Establishment)*

Grvkthbo $8 Mantufactured in Sweden Denmark (Research Establishment Risd)'

IPC 1478 Institute of Pasper United States (Defense Atomic Support Agenc%.
Chemivtry. USA High-Altitude Sampling Program)*

United States (Atomic Energy Commission.
-Ash Can" Balloon Sampling Program)

MSA BM-2133 (Mine Saftcty Appliances Co.. United States Public Health Service (Radiation
USA) Surveillance Networkl

S and S 58911 Schleicher and Schuell. Italy (Comitato Nazionale per L'Energia Nucleare)'
Germany

S and S 589/2 Schleicher and Schuell. Italy (Comitato Nazionale per L'Energia Nucleare)'
Germany

S and S 2430t Schleicher and SchutfU. Germany (Beutscher Wetterdienit)o
Germany Israel (Atomic Energy Commission)*

Spain (Junta de Energia Nuclear)

Struer Manufactured in Denmark Denmark (Research Establishment Risa)'

TFA-41 (The Stapiti Co., USA) N-w Zealand (Dominion X.Ray and Radium Laboratory)
Belgium (Royal Meteorological Institute)

4TA-2133 (The Staplex Co., USA) New Zealand (Dominion X-Ra3y and Radium Laboratory)

Toyoi SA Manufactured in Japan Japan Meteorological Agency*

Whatana #1 W. and %L Ealason Ltd.. Denmark (National Defence Research Establishment)
England

Whatman 041 W. and R. Blston Ltd. Ireland MeorlialService)
Englanid Netherlands (Royal Netherlaxls Meteorological Institute)

Poland (institute of Nuclear Research)
Portugal (National Meteorologcal Service)
Spain (junta de Energia Nuelear)

Whatman 0541 W. and R. Balston Ltd., Belgium (Nuclear Energy Research Center)
England Luxemsburg (Conseil National de r'Energie Nucaire)

'Cellullose- Draeger Draegcrwerk, Lubeck. Germany Norwegian Defence Research Establishment*
Asbestos Dracges #6901 Draegerwerk. Lu~beck, Gertmany Germany (Heidelberg University)'

HV-70 Holligswoitls and Vase. USA India (Atomic Energy Establishment lfrornbay)

S-P bWet (HYN 75%) Etablissemessts Schneider- France (Direction de Ia M toolgic Nationale)'
Pottman. France

S.Pjaunie (HYN 97%) Etabllssments Schneider. France (Direction de la MWtborologie Nationale)*
Poelman. France

S-P roae (HYN 100%) Etalblissemesss Schneider- France (Direction de Ia Mkskorologie Nationale)'
Poelman. France

Toyo HE-. 10Nantificured in japar Japan Meteorological Agency'

Type 5 Hollingsworth and Vote, USA U.S. Naval Research Laboratory'

Type 8 (Navy N-I15) Hollingaseceh and Vowe. USA 'U.S. Naval Research 1.2boratory4
(NRL 80th Meridian Program. 1957-1962)

CeiluloseCIas Type SG HoIUIpworth and Vase, USA U.S. Naval Research Labotsuun?

Ghns Fiber jFOA-1-48 Grykibo. Sweden Sweden (Research Institute of National Defence)*

Gelm Type A (Gehmn Instrument Co.. USA) -
TabL Continues

OSamples supplied by indicated organizaions; otbzrwise fiftms were obtained fronm c6mnercia sources
tAvaigabke only as A narrow~ paper tape unsuited for this stuy; Cad Sdsleicer of Schleicher and Schuell %Keane. New Hampshire. USA) supplWe

stoeets oSand S 26 10 papeir which was said to be the equivalent of S and S 2430.

I
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TABLE I (Continued)
Identification of Ah Filter Media

Filter T~e Filter Designation jManufacturer (or Distributor) Organizations Emploiing the Filter for Air Monitoring Purposes*

G;Ias% Fiber Gelman Tspe E (Gelman lnstir-iment (.o. USA) -

Hurlbuet 934 Ail Huriburt Paper 0), USA Canada (Radiation Prote~tion Dision, Depariment of National
I Health and Welfare).

MSA 1 106B (Mine SafetN Appliances 0o U' S Public Health Sermice (National Aii Sampling Network)*
USAi Netherlands (Roval Netherlands Metc-orologicatl Institute)

rFA-69 GF (The Staples. Co., USA) Mexico 'Cormston, Nacional de Energia Nuclear)?

Whaitman GFtA WA. andl R Balsion Litd. United Kingdom (Atomnic Energs Research Establish nieni)'
England Denmark (Reseatrh Establishment Rtto)

Ghana (University of (.han;:)

Polvstsrene Microsorban (Gelman Intrument Co, USA) Canada (Radiation Protection Dfivision. Departnment of Natioi..
Health and Welfare)*
U.S. Atomsic Energ Conmmission (HASI. 80th Met idian Nethork)
Austria (Bundesstaatlics Bakienologit i-Serologm hie
Untersuchungsanstalt)

Delbag Delbag Luftflti. German) U.S. Air Force (Caridge Resaiti Laboratories)'
France (Direction de Mi;orologic Nationale)*

Membrane Millipore AA Millipore Filter Corp., USA Various organizatins hase been reported to use "Mmliporr" or
(O.8;& pore size) -membrane" filters but the pirsicular filters were not further

identified:

Polypore AMI-I (Gelman Instrunment Co., USA) Netherlands (Royal Netherlands Meteorological Intiitute)

(5.0;& poesie Crechoslosakia (Geoph)sical Institute)
Belgium (Centre d*Etude de P'Energie Nuclcaire)

PoIypore AM..3 (C~eman Instrunment Co. USA)
__________ (2.0,u pore size)

*Samples supplied by indicated organizations. otherwise filters sere obtained from commercial sourcts

The third type, illustrated by MSA 1 106B, shows Field Evaluation of Filter Retentivity
a changing penetration with flow. With an increase T eetvt fteflestwr ib'r
in velocity, the penetration increases to a maxi- raictv mteal wsdtrindb mas
mum at about 30 cm per sec, but as the flow rate of a filter-pack technique wherein atmosphericjis further increased, penetration decreases pro- air was drawn successively through the filter under
gressively. This behavior has been studied by study and then through a so-called ultimate
Ramskill and Anderson (6), who attribute the filter (Type 6 cellulose-asbestos paper) clamped
various "hapes of the penetration-flow perform- together in a suitable holder, after which the
ances to the influence played by the various filters were separated and the radioactivity of

filtration mechanisms (diffusion, inertia, inter- comparable areas measured by standard #l-count-
ception). In addition, these authors shou hou ing techniques. Different flow rates were obtained
the character of the curves is controlled by aero- by employing three different positive-displacement
Sol particle size, particle density, diameter of the blowers driven by constant-speed electric motors.

filter fiber, and interfiber spacing. It was deter- (,-) a Leiman Model 29-6 blower driven by a

mined that, in general, particles of higher density C- oo n aigacpct faot2
haveles peetrtio thrugha gvenfiler, cfm (cubic feet per minute) through a 2-1/2-in.-
haveles pentraion hrogh agivn ~ler, diameter Type 6 paper (the backup or final filter

especially at the higher velocities. It was also empln.yed in these studies), (b) a Roots-Conners-
shown that, although particle shape was important, viisc Rotary-Positive blower (Type AF-24) driven
filtration performance could be predicted by by a I-hp motor and having a capacity of about
using an average particle size for aggregates 19 cfm trough a 4-in.-diameter Type 6 paper,
or irregularly shaped materials. and (c) a graphite vane vacuum pump (M-D
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T ABLE 2

Relationship of Pressute Drop to Flow Rate for Various Aii Filtei Media
Pressure Drop (mm Hg) at Various Flow Rates

Filter ad -ipe 35 53 71 i 106 141 211 283

(cmlsec) (cmlsec) (cmlscc) I <)-.,usc) [ fcm/su (,,.1./.,(

Cellulose

Esparto 10 16 20 30 41 60 81

Gryksb,) #8 25 38 51 77 I) 155 202
IPC 1478 1 1.5 2 3 3.5 5.5 7.
MSA BM-2133 6 8 I1 17 22 33 4,1
S and S 589/1 18 27 37 56 74 112 149
S and S 589/2 29 48 67 106 134 213 270
S and S 2610 1 2 3 5 7 10 13
Struer 6 9 12 18 24 36 48
TFA.4! 23 40 48 81 95 160 19
TFA-2133 5 8 12 16 25 33 5I
Toyo 5A 15 23 30 45 61 9. 123
Whatman # 1 60 86 1 lb 175 235 350 468

Whatman #41 24 36 48 72 95 146 194
Whatman #541 20 30 41 61 82 123 163

Ceiluhose-Asbestok

Draeger 34 50 68 102 138 205 278
Draeger #6901 56 82 110 164 222 328 445
HV-70 44 64 87 127 172 254 343
S-P bleu 6 9 12 18 24 36 49
S-Pjaune 15 21 29 44 57 86 114

S-P rose 38 57 75 112 148 225 291)
Toyo HE-10 59 87 117 171 235 340 470
Type 5 3 5 7 10 14 20 27
Type 6 (Navy N-15) 22 32 43 67 86 130 192

Celltknc-Glass

Type 5C 3 57 If0 14 21 28

Glass Fiber

FOAoi-484 18 30 37 61 840 126 168
Gelman Type A 23 33 43 65 85 129 170
Gelman Type E 19 28 38 57 76 114 150f
Hurlburt 934AH 25 37 50 74 99 150 198
MSA 1106B 20 30 40 61 79 120 160
TFA-69GF 20 27 39 55 80f If0 158
Whatman GF/A 20) 29 40 60) 78 118 157

Polystyrene

Microsorbari 14 21 29 45 57 85 '12
Delbag 31 44 60 89 118 176 235

Membrane

Miflipore AA 98 142 195 285 388 570' -
Polypore AM-I 16 23 31 46 62 95 127
Polypore AM-S 56 84 117 190 237 3801 470
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TABLE 3
DOP Sm'oke Penetration of Various Filter Media as a Function of Air Veloi''

PenetrAtion ('A) W 0 ,$u IS)P Porties .it Varput 1oi. Rate%

,,,1 And I 10", 4.2 j 21b22675 7 1 14H 211 28
(cm/.) ((m"u m)(m/ (M/ m/5) I (Cm/se) (cm/ e) j (mi/c) 4 mi ) ( m/wc) (tm/.et') (m/s") (tn/ss)

s -;O 42 45 46 45 44 42 40 32 22 I H 8
(.ryklmt #8 53 50 49 44 38 32 26 17 12 !6 '4 2
P( 1478 74 78 80 88 0 90 90 90 90 90 85 80

MSA (.M.2133 36 59 .10 42 45 46 46 47 44 40 35 28
S and S 589/( 57 54 52 48 44 118 34 26 20 13 8 4
S and S 5892 17 44 40 36 30 27 21 16 12 7 4 1
S md S I261 64 70 72 75 78 80 80 80 78 72 62 55
SIfuCF 33 30 26 24 16 12 8 5 35 2 5 08 04
DlA.41 40 38 35 34 26 22 14 10 20 1 95 003
I FA-21

3
3 36 40 42 42 44 46 46 47 45 40 36 28

ovo-SA 4F 43 40 35 32 28 24 18 14 8 5 2
Whatman#1 31 21 14 12 7 4 095 030 0061 0015 0001 ()0 W
Whatmun 041 39 36 34 34 28 22 16 9 2 075 030 0,020
Whaman #541 73 70 66 64 56 50 40 I 22 14 9 4

(ellulose-As estm j
Dreger 0024 0026 0.028 0.028 0024 0.019 0.014 0.010 0.006 0002 0001 0 000
Dr.,teer #6901 0.70 0.60 050 0.50 0.35 0.24 0.13 0.(8 005 0.02 0.01 0,005
HV.70 4.0 3.4 2.9 2.5 1.8 1.2 0.8 0.36 0.20 0.08 0,05 002
S.Phleu 52 53 54 56 56 56 54 62 45 40 28 18
S.Pjaune 14 15 15 16 15 14 12 10 7 5 3 2 5
S-P rtne 076 0.82 0.83 0.85 0.72 0.67 048 0.30 02 ?4 0.12 008 004
Toyo H-I0 0.22 0.18 0.12 0.12 0.070 0.041 0.014 0.006 0004 0002 0000 0000
Type 5 28 29 30 30 30 30 30 26 22 20 13 8
Type 6 (Nas N. 15) 0 002 0.003 0.003 0.004 0.005 0.004 0.002 0.001 0000 0.000 0.000 0 000

C((lulose-g.GC4I

Type . 26 29 30 32 32 32 32 32 96 24 16 12

(.Ai., Fib"t

FOA.-484 0.007 0.012 0.015 0"C I 0.027 0.031 0.026 0.018 0.012 0.005 0.001 0.000
(G1mm Tipe A 0.008 0.011 0.015 0.017 . 0.019 0.021 0.018 0.014 0.0(2 0.005 0.001 0000
(CII..,A Type E 0.016 0.026 0.030 0.032 0.036 0.036 0030 0.020 0.014 0.008 0.004 0.00.
Hudlmn 934AH 0.006 0.008 0.009 0.010 0.010 0.008 0.006 0.004 0.003 0,002 0.001 0000
WISA I 06B 0.020 0.032 0.042 0055 0.068 0.065 0.048 0.033 0.022 0.01a 0.00N 0.001
TFA.48;F 0025 0.037 0.050 0.052 0.058 0.065 0,052 0.040 0.024 0,010 0.006 0.002
Wh Am n(;FIA 0.008 0.011 0.014 0016 0.018 0.020 0.015 0.012 0.008 0.003 0.001 0.000

1etlygyrene

Mkrtmocun 0.13 0.17 0.20 0.21 0.24 0.26 0.23 0.20 0.24 0.090 0040 0.002
DebIg 0.16 0.23 0.30 0.40 0.45 0.48 0.40 0.30 0.20 0.10 0050 0005

Me4mbrane

Milliptmwe AA 0.002 0.008 0.020 0.010 0015 0.015 0.020 . ..
iuypnre AM. 10. 12. 12, 12. 22. 10. S. 7. 5. 3. 2 15
Puitpnwre AM-S 0.25 0..0 034 0.35 0.36 0.30 0.22 0.12 0.090 0.032 0,015 0.002
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Blowers, Inc., Model 50-DA-3FS) driven by a employed when there was only a limited number
3/4-hp motor and having a capacity of about of counters available for use in this stdy. The
8 cfm through a 4-in.-diameter 'Type 6 filter, results were plotted on semilog paper and the
Airflow as a function of the pressure drop across counting rates were extrapolated to a common
the filter was determined by calibration against time; for example, the midpoint of the counting
the same flow meter; actual flow rates were period of the backup filter. The efficiency of
monitored by observing the corresponding pres- retention was determined by a comparison of the
sure changes with time. activities on the two filters at that time. Often

Fission prx-tuct radioactivity was collected by the RaB+C activity was so large that the longer-
exposures of 8 to 72 hours depending on the lived theron-daughter products and fission prod-
work schedule, the quantity of radioactivity ucts that were also collected could be ignored.
in the air, and the rate of dust loading of the When the natural activity was lower, a second
filter. Dust loading of the hard-surfaced papers, count after 5 hours was made to determine the
particularly those with low initial flow rates, extent of correction required for these longer-
was often a limitation in securing a suitable sam. lived isotopes. Since generally only a small fraction
pie; the resulting increased pressure drop across of the fission products penetrated to the second
the filter caused the blower and motor to become filter, the corrections were of minor importance.
overloaded and to overheat with the result that On many occasions during the period March
the collection was terminated. The flow rate was through May (1963), natural activity levels were
determined from the average of the initial and so !ow that no satisfactory collections could be
final flow rates. At the end of the collection made.
period the filters were separated, placed in glas- The statistical variation (standard deviation)
sine envelopes, and stored for a minimum of 7 of the counting rates was determined from the
days to permit decay of the interfering natural expression o = \'NI, where N is the total num-
radioactivity. The filters were counted for 8i ber of counts. The degree af accuracy varied
activity in succession on the same counter using with the quantity of activity collected; a was
sufficiently long counting times (1 to 18 hours) generally quite low for the fission product col-
to give reasonable statistical accuracy. Radio- lections, except for some of the hard-surfaced
active decay during this period was negligible papers which tei-ded to become clogged before
and the relative counting rates did not need the desired size sample was obtained. With the
correction for decay or other variables (self- natural radioactivity, sample size was deter-
absorption of the ,8 activity by the filter was mined both by the daily variations in the Ralk+C
neglected). A comparison of the activity of the content of the air and by the flow characteristic
initial filter with the total activity collected by tie of the papers; th'se factors, combined with the
two filters was a measure of the retentivity of short counting tiraes, resulted in larger standard
the initial filter, deviations in the mezsured retentivity for these

Radon-daughter products (RaB+C) with their determinations.
short effective half-lives were collected thrugh The measurements of the retentivity of natural
a short sampling period (about 30 minutes) activity (RaB+C) and of fission produt.s by the
during which time about 50 percent of their various filters are svmrmarized in Tables '4 and 5.
equilibrium value was obtained. Dust clogging In general, only me two series of measurements
presented no problem in these short collections. having the highest statistical significance bave
Counting was started immediately after termina- been included; those measurements which have
tion of the collection using either (a) the pre- been omitted were in essential agreement with
ferred procedure, which involved counting those listed. Collections mrie during periods
the filters simultaneously for 45 minutes on *two of rainfall have been omitted, because on several
identical fl-counting units that had been inter- occasions activity was observed to have been
calibrated, or (b) #he original procedure, which transferred from the top to the bottom filter
consisted of counting the final filter for five through the solvent action of the collected water
successive 5-minute periods after which the droplets. The wide range of retentivity values
initial (top) filter was counted for five or more that may be noted in several cases is due to either
5-minute periods. The latter procedure was or both of two factors: (a) nonuniformity in the
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Measured Rttentivit, of Air Filters foi Natural Radioactive Aerosols (RaB + () in the Aitmplte-
i Unit A Unit B Unit C

te Fpifte, W Weather Air Velocit Retention Air Velocit Retentkm Air Veloity Retention

y~lln (cmlo") (M/ (c(s)) -

(C'lhtl . sparto 1 -8-62 Cloudy 60 59.5± 1.0 19 63.4±t 0.5 314 88.3±:0.2
2-6.63 clear 60 50.1 t 1.4 136 74.4±t 0.5 326 87.9±t0.2

(;ryksbo #8 4-19-63 Cloudy 58 73.2±t 1. 1M8 84.1 ±0.5 204 92.-1±0.2

IPC 1470 10-22-62 Clear 62 8.8±0.9 151 13.1-± 0.6 338 21.9-t0.3
3-1-63 Ck)udy 61 6.7± 1.0 154 10.6±t 0.5 373 24.1 ±0.4

MSA BM-2133 10-22-62 Clear 64 84.9±t 1.7 139 87.9± 0.6 - -

(tafrtn side up) 10-24-62 1 - - 41 78.1±0.8 343 79.9±0.5

2-14-63 Clear 61 81.4± 1.2 146 84.4±0.6 347 86.6±0.3

S and S 589/1 10-3.62 Cloudy 59 81.0±0.8 127 92.3 ± 0.4 236 97.3± 03

2-7-63 Haz) 58 84.4±0.5 324 93.9± 0.2 235 97.2±0.1

S ani S 58912 10-3-62 Cloudy 56 88.1±0.5 III 93.6± 0.3 174 99.1± 0.1
2-27-63 (:hmldy 58 74.7± 1.6 09 85.9±t 0.9 197 95.5± 0.4

. andS260 11-16-62 - 61 20.2± 0.8 - - 347 60.7±0.3
11-16-62 - - - 146 32.9-t 0.6 342 68.8±t0.3

Stiter 5-363 (:lear 53 95.3±t0.6 88 99.0±0.4 129 99.3±t0.2

TFA-41 q-20-63 Clear 57 90.5±0.3 128 95.8t 0.2 240 98.7±t 0.1

30-9-63 Cleat 57 65.7±0.9 129 78.8±0.7 232 92.3±0.3

10-10-03 Hay 58 81.5±0.5 123 94.6± 0.2 211 99.2±t0.1

"FA-2133 10-9-63 Clea, 60 73.4 ±0.7 145 72.2±0.7 327 74.6±t0.3

(uarhon --idv up) 10-0I-63 Ha/) 59 75.4 ±0.5 145 79.9±0.4 322 89.8± 0.2

"loyo 5A I-9-62 (3ioly 59 81.1 ±0.7 125 91.4 ±0.4 239 97.5±0.2
4-23-63 Chimdy 60 77.8±t2.2 129 91.6±0.8 259 96.8±0.4

Whatman #1 3-4-63 Clear 50 94.4±- 1.2 81 96.5±.0.7 123 97.9±0.4
5-16-63 Cloudy 52 90.1 ±0.7 82 96.9±0.4 123 98.9±0.2

Whatman #41 10-11-62 Clear 57 82.2±0.8 13 92.7:±0.5 196 98.3±0.2
2-27-63 Coudly 59 69.0± 1.8 123 86.1 ±0.7 227 93.7±0.4

Whtarn #541 11-14-62 Ck'ar 59 63.6± 1.4 122 82.4±0.8 225 88.1 ±0.3

4-3-63 Clear 59 66.0- t.1 326 78.8±t0.5 218 84.8±0.3

Cellultc- Dmrager 4-3-63 Clear 56 101.2±0.6 1 M 99.9±L-0.3 188 II). I ±0.2
Asbestos 4-2963 Clear 5 00.3± 1.4 308 I(8.5 ±0.6 184 100.5±0.3

)ratger #6)1I 5-3-63 Clear 53 101.6± 1.9 112 50.9± 0.8 148 100.6±0.3
5-224i3 Clear 52 100.6 ± 0.6 85 300.5±0.5 152 100.0±0.2

(Tahk i
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TABL 4 (Continued)
Measured Retentivity of Air Filters for Natural Radioactive Aerosols (RaB + C) in the Atmosphere

DtofUnit A [, Unit B Unit C

Filer Filter Date of Weater Air Velocity Retention Air Vehit Retention Air Veo-ity Retention
Type (cm/seC) (,) (CM/se) , () (cm/s-c) ( )

2.70 3V-70 2-7- Haxy 55 9&7-t0.4 103 99.8± 0.2 191 99.8±0.1
Asbewtos 5-16. 3 Cloudy 55 98.4±t0.7 102 100.2-0.3 183 99.5-t0.2
(Cont'd) S-Pblu 5-2.63 Cear 61 41.2±4.6 139 51.0±-'2.6 310 72.7±t 1.0

54-6 Cloudy 61 4&.8± 1.8 141 58.9±- 0.8 309 80.5±t.0.4

S.Pjaune 5-10-63 Clear 60 82.7±t.0.7 125 89.0t 0.3 259 95.6---0.2

5-17-63 Cloudy 59 78.9±t 1.5 131 92.5± 0.6 270 97.5±0.3

S-Prose 4-17-63 Clear 56 99.9±0.9 107 99.0±t 0.5 197 99.8±0.3

5-3-63 Clear 57 98.4±t-0.3 103 99.4±t-0.2 141 100.0 ±0.1

Toyo HE-1O 10-2-62 Clear 57 100.1±0.4 88 99.8±t 0.3 151 100.04±0.2

3-63 Ckar 53 101.7±t 1.1 74 99.3±0.6 151 100.2±0.3

Type5 10-12-62 Clear - -1 48 73.8±0.4 32.7 86.0± 0.2

10-19-62 Ckar ,51 66.1 -0.7 149 73.1 ± 0.3 336 85.5±0.2

T)pe6 10-162 Hazy 58 100.1±0.3 - - 233 100.0±0.1
(Navy N-IS) 34143 Clear 58 101.3±1.4 120 99.9± 0.6 259 100.1±0.3

5-20-63 Cloudy 58 100.1±0.5 19 99.4±t: 0.3 248 10.0±0.1

Cvuloe- Type5G 2-2M43 Cear 61 59.6±1.4 150 64.6± 0.6 342 74.0±0.4

Glass Fiber 3.1-63 Cloudy 61 63.6±t 1.7 146 69.9± 0.8 344 81.1±0.4

GWsFiber FOA.1484 10.3-63 Clear 58 100.3±"0.4 131 100.1±0.2 270 99.9±0.1

GemanType A 4. 22.63 Cloudy 58 100.9±k 2.3 123 100.0± 0.6 235 99.8±0.3

Gelman Type E 4-19-3 Clear 59 99.8±0.5 123 99.5±0.2 248 99.9±0.1

Hurlburt 9,4AE 10-2-62 Clear 57 100.7±0.5 120 100.0±0.2 209 100.0±0.1
3-7-63 Clear 58 100.6±. 1 118 99.9:L- 0.7 237 1300.1±0.3

MSA 1106B 9-28-62 Clear 58 99.8±0.5 130 99.4± 0.3 250 99.7±0.1

5-206 3 Cl)udy 59 100.1±0.7 124 100.0± 0.3 26. 99.9±0.1

TFA-6MF 920-03 Clear 57 99.7±0.2 130 99.8±0.1 258 99.9±0.1

WhaumnaGF/A 10-562 Chmdy 59 100.8± 1.0 126 99.3±0.3 259 99.9±0.1

4-17-63 Cloudy 59 101. ±0.9 125 99.4±0.5 254 100.0±0.3

Phl1tyre Micrworban 4.4-0 Clear 58 98.5±0.9 123 98.1 ±0.6 272 98.3--0.3
5.10.63 Clear 59 95.6±0.7 136 94.8±0.4 259 98.4±0.1

Debn (Fra-c) 4-W Clear 57 100.0+3.2 123 9.4±0.9 232 99.4±0.4

5.743 Clear 55 102.0±2.8 119 97.6±t 1.3 216 98.4±0.6

Membrmwe Milipom AA 24-63 Clear 45 100.1±0.8 74 99.6±0.4 17 99.7±0.2
4-26-63 Clear 47 98.5± 1.7 67 101.7±1.0 91 100.2±0.5

Fhpre AM-I 9-24-62 (lear 59 85.3±0.6 132 91.7±0.4 270 95.6±0.2
2-13-63 Ckar 60 80.5±t-2.2 130 91.8± 0.7 275 95.6-±0.3

Poqypre AM-3 9-24-62 Clear 56 99.3±t 0.2 - - 165 99.5± 0.2
2-13-63 (;lear 56 98.8±2.2 113 99.4±0.7 224 99.7±t 0.3



Measured P-trtvt fArFilters fm~ Airborne Fission Products

Da~e O Unit A - n tuk

Ft-rTye strWethr hVelocity RIteuticot Air Velocity Reutesinfi Air Velocity Vztentio

Celuloaw Eaparso IlM Coc 60 93.8±t0.2 r34 9&.6:t0. 1 217 W97*0.1
1/22-3/W IMAY 60 88.8t±0.2 136 97:t01 1

Gr-ksW 08 1/14-15163 Clear 54 98.7±t0.4 91 06t& 2 83 .

IPC 1478 81- Clear 460 3&.9±t0.3 3NS53: . 33 7.3t.
9/4J62

102- Clear C6 62.4±:t0.2 148 62t02 344 76.1±:t0. 1

SIASM233 925W2 lud 0 93.3±t0.2 141 903:t0. 1 215 9&.8±t0.31

USA 6A 2193 015.aW - 61 85.2t±0.2 141 89t0! 25 9.t.

SC.±0.2 W3 9

417-S Clsre eetiit of Air: 0'.2e I, 997: 0.1orr 142o 992ot0.

,,Se49 99.7 0.6 92,, t , 9 , .,

4/24-2e/r3 Cla F'52 %. 9.t±0.3 9 "t 0.2 60 e9A8oti.1

Se~zk and S 2610 -1/4- Clear 61 77.20.3 It 9.6:t0.1 m15 9 :t0.1

1/12-5t Cled 61 7.2± 0.9 141 97.1 :t 0. 4 90.1 t 0.2

Gr 1/8, Clear 48 301.9t 1 09 7t 86 ".0± 0.5

171478 100i, Cleir 54 100.4±:1 1.2 1.2 13 99.7 :t 0. I6 99.1± : 0.5

1/0 Clear - 1 l 00.8±3.2 366 99.8t0.7

T 0/1- Clear 59 92.3:± 0.3 142 98.0±-0.3 259 99.7:t 0.1

(cbnsk p 4/6

13.1A ! WA Clear 37' 9D.I -t 0.2 124 98t 0.2 218 99.7:0.1
10/1-2M2 Clear 58 99.4±0.3 38 97.2:01 365 99.9:±0.I - 4mu8 #1 10-1. 48 00.3 0.4 67 100.0: 0.5 78 99.8:± 0.2

list- Clody 44 99.9t 0.4 47 99.7 " 0.4 57 99.3: 0.4

II

WhSauani 4 9/19-20162 Clear %6 99.0±t 0.2 97 99.7± 0.1 134 99.4±0.3
5,911/63 Clear 57 991 3 02 99.3:t0.2 152 9.7:0.1

Wha.d S 41 1017- Clear so 9&4:t 0.4 96 9 t .90.3 I2o 97.3 :0.1

4/- Clear 56 93.0± 0.3 101 M t±0.2 166 9.0:t 0.1

)s27rmr .11./ Cloudy 55 101.1* 0.2 300 10.±-0.7 151 100.0:0.1

1/1044/63 Clear 55 99.9±0.4 1013 300.2:0.2 181 100.2± 0.2

DraeM1 11116. Cloudy 51 101.7± 0.5 79 00.0± 0.! 338 300.1±0.2

510.2I Clear 52 99.± 0.2 93 of:0.3±02 124 99.9 t 0.1

*Adkmfber w*n was n~k for t hety cokIc~m primr t* Sept. 19 IM16. Tm od
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T.ANZ 5 (Continued)
________MeasuredRetentivity of Air Filters for Airborne Fission Products

FkrYM FleWe0FWtA I unit B U lC

G~bkm cal'"tAirVelocity Retetion Air Velocity Retention Air Velocity Retention

S&-- H-I*' 10/2-6 Clear 60 91.3±0.3 101 %8t±0.2 211 990.0.1

S.Pjaun 3t124/6 Cloudy 59 100.9±0,6 225 100.0±t0.2 226 100.1±0.1

S k 3/7.16 Cleady 59 98.4±t0.1 129 90.0±t0. 1 211~ 99.9±t0.1

S-Prose 5/2022 Clear 35 100.3±t0.2 103 10.0±t0.1 178 100.1 =0.1
4/13617/63 Clear 35 99198±0. 1 101 99.9±t0.1 344 99.9:±0.1

TtyaHE-10 10/12 Cloudy 54 100.5±1:0.8 81 100.0±-t0.6 99 99.9± 0.4
1/24-25/63 Clear 52 100.4:t 0.4 85 109.1:t 0.2 116 200.2 ± 0.2

Type 5 12/14. Clear 61 95.1 ±0.2 130 99.3±0.2 215 99.5±0.1
17162
114-7/63 Cloudy 61 95.6±:0.2 127 99.3±t0. 1 184 99.bit.

Type 6 4W2."9162 Clear 44' 100.2±t0.4 122 100.2±.1~ 284 99.6±t0. 1
(Nary N-15) 10/12-15192 Uloidy 57 99.9±t0. 1 116 100.02:0.1 203 200.0±t0. 1

10/31.11/2/6 - 58 100. 1± 0.3 127 100. 1±0t.1 304 100.0±t0. 1

Ctlhl~mc- TjpC Sb; 6129-7/2/62 Cloudy 40' 74.8:t 0.4 143 88.9:t 0.2 340 98.3 ± 0.31
Glao Fibrr 9/245/62 Cloudy 63 98.8 ±0.3 143 96.2±t0.2 1 VI 99.2-± 0.1

10126.30/62 - 60 90.7±-t0.2 2 43 97.3±0.! 307 m99.0±.

bQam Fiber FOA-I.4&4 10/4-7/63 Clear 57 100.2±t0.2 125 99.9±t0.3 3 49 99.9±t0. 1
(ehman 12/13-14/62 C(ea 58 99.6±t0.3 120 100.3± 1:0.2 235 100.1±:0.3
Type A

Vedrmm 10/3.10/62 Cloudy 58 10J0.2±2:0.3 122 100.0±t0.2 245 99.7-± 0.1
Typ £

Hurhirt 10/15-17/62 - 37 99.8±t0.3 2315 99.9±t0.31 167 100.0±-t0. 1
934AH 12/27.2%06 Clear 57 99.9±t0.2 101 99.9±t0.2 121 100.1±:0.1

NSAII0611 10/24-2606 Cloudy 38 99.8±=0.2 109 100.0±t0.2 173 )00.1 :t0.1
I12/2-212 Clear 33 99.9-±0.2 222 10.0±0.1 177 100.0 ±0.1

TFA.69F 10/14.15/63 Clear 56 101.2±t 2.3 223 99.9±t 0.4 143 200.! ±t0.3

Wbatman 121/1;134/U Cloudy 58 99.9±t0.2 323 100.0±0.1 240 100.0±10.2
C;F/A 1/2-303 Cloudy 38 99.8±t0.3 123 99.6:t0.2 384 100.0±t 0.3

ftiyisyrene Mcrosoqian Q/28-10/1/62 - 39 2000±t0.2 IS0 100.0±20.2 201 10.0±0,2l
21/36.19/6 Cloudy 57 10.00.1 97 99.8±t0.1 177 99.9:t0.1

DCbrSfUSAF) 62-25/62 Cloudy 440 99.8±t0.4 128 99.5 ±0. 1 279 99.7±t0.1
(France) 'p4223/6 - 37 200.0± 0. 1 108 10.0±L0.1 197 109.0 ±0.1
(Franc) 5/k,"7/63 Clear 57 99.8±-t0.3 125 100.0±t0.2 242 99.9±:0.2

Membran MWimreAA-' -- --

I%4)lYpre 013-24/62 Clear - 1312 99.8:t0.2 236 99.6±t0. 1
AM.2 2117/63 Ckea 59 100.3±t0 6 123 100.0-±0.4 277 100.2±z0.3

AM-3"

*A dil~ffem 8ber enit wa eiMploed few ft I*%r-vkx olmdm V2kinspir w Uep. 19. IM6.
"Flow eime URI Notifar kmmadlecuon.tobe mat; ret"*1*iyfVo' am.pVrodcanermd fram RSea rmnzt ee aiyI~
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filter media and (b) significant day-to-day differ- are indicated by the average values obtained
ences in the size distribution of particles with for each filter medium. For a given filter material
which the airborne radioactivity was associated. no direct relationship between filter weight and
The latter led to the undertaking Df another flow characteristics was apparent.
study involving the use of packs of three or more The effect of dust loading on the flow rate
filters as a means of determining the particle through the filter was determined by exposing fil-
size distribution of airborne radioactivity (7). ters in gioups of three to five in separate positive-
The effective size of fission-product particulate displacement blower units while measuring the
matter decreased steadily from January through pressure across the filter (convertible to flow
May (1963), after whxh time the size appeared rate) as a function of time. Since the atmospheric
to remain fairly constant. dust loading varies widely both daily and season-

ally, one filter of each group was used as a standard

Field EvValuvaion of Other Fltm C to normalize the varying dust loadings to an
"average" day; Gelman Type A glass fiber paper

Filters of each type wer,- selected at random was selected as the reference on tire basis of
from the available supply and used for the deter- availability and because it generally underwent
mination of some of the physical characteristics a readily measurable change in flow during an
of the filtei material. While the number available 8-hour period. For long collection periods, Type
was not sufficient to categorize the filter rigorously, 5G cellulose-glass fiber paper was employed as
it war sufficient to indicate the general behavior a standard because of its slower rate of clogging;
of filters from this source. This information is Whatman #1 paper was used as a secondary
presented in Table 6. standard when faster clogging filters were being

The filters were weighed on an analytical bal- evaluated.
ance and an average weight (mg/cm) was calcu- The percent change in flow of each filter was
lated for each material. Measurements of filter compared with the volume of air filtered (in
thickness (caliper) were made by standard pro- m3/cm 2) which had been corrected by a factor
cedures used in the paper industry. The ash related to the dust loading of the air during
contents were determined by igniting one or the period of measurement. The correction
more of the weighed samples of each material factor derived for each set of collections was the
at 750°C in a muffle furnace for an hour and ratio of the volume of "standard" air required
then weighing the residue. In order to obtain to cause a 10 percent decrease in flow of the
a quantitative estimate of the ruggedness of the reference paper relative to the volume required
various filters, the average tensile strength was to cause a similar decrease in the reference filter.
determined by measurement of several 1-inch- It was, in effect, the relative dust loading in the
wide strips of each material by use of an instron atmosphere during the collection as compared
Tensile Testing Machine; the rate of extension to an "average" summer day. Average dust
was 0.5 in. per minute, in accord with accepted loadings, over a 24-hour period, were quite
practice. variable, as evidenced by an approximately five

The airflow and associated pressure drop to one range in values obtained for the reference
across a 4-in.-diameter filter (effective area 60.0 filter during 20 collections. Even greater short-
cm2) were determir,2d for three of the filters term variations were observed. In this comparison
of each type (including the heaviest and lightest it has been necessary to assume a uniform dust
of those weighed) with a Roots-Connersville concentration in the air during the period of
blower unit (Type AF-24) operated at 1250 rpm. simultaneous exposure of the filters and also
The flow was determined by a Fischer and Porter a linear change in filter performance with dust
flowmeter (range 0 to 55 cfm) and the pressure loading, at least during the initial phase (10 to
was determined by a bellows-type pressure gage 20 percent reduction in flow). The relative vol-
(range 0 to 30 cm Hg). The relationship between umes of air (in cubic meters filtered per square
airflow and pressure drop (vacuum) across the centimeter of filter surface) required to produce
filter, which is characteristic of the blower used, a 10 percent decrease in the initial flow rate in
is shown in Fig. 1. The relative positions which comparable positive-displacement blower systems
the various filters would assume along this curve is presented in Table 6. The rate of change ofI
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TAnm. 6

Summary of PhysiJ Characteristics of Filer Media
&b~t co." W offeu Dusi 1.oding

Faw Type T= S W S~umrd Sytem Volume tered Decreaze in
-,6 "k at 10% Rdtln Flow

(()Pr in Flow _% per /,m_ )
(m At (cm Hg) (Miltpmp)

"7 1-62 24.9 0.25 0.061 42.0 5.5 35.716.6 (4)* 0.28
0.58 1.74 S. 0-16 b.j4 33.8 10.9 1.95 0.6(2) 5.1

IM 1473 0.58 0.1st , .. 0,9 ".0 < 5.0 >>150. (3) << 0.1

UAM R**S. i.3 O-. 52.7 0 ) ., 3.3 >>!00(4) < (.U
SapSw Iso . 0.96 8.2 !'0 oqo , I 9.05.1
saasww 0.57 .49 8.0 < 1 8.5 13. 1.97±0w.6 (3) 8.0
S do25o 0.56 0.51 111 1 6-J- [ <1.0 87. (1) 0.25

mI 0.18 2.52 7.6 1 71;k; le' l.3±.34 (2) 7.2
TOA,41 0.25 1.17 9.0 <,210 < .*r " K . 10.1 2.500.03 (2) 4.0
TFA.23. IM.8, 1.02 32.2 <0.' ! z 45.s 33 >1o3) <0.

' A 03 1.09 9.1 < ' AW ;.- k', 7.7 2.66±0.52 (4) 3.8
91 0.15 1.67 8.4 2 0.56t0.05(15) 17.9
m 41 0.2 1.41 8.9 x-& I,. 2.0020.29 (5) 5.0

Wlia 0541 0.15 2.24 810 <1 ' P ' 9.6 0.9W-0.25(4) 50.4

! 0.94 0.15 22.3 9Y1 ' . " :.6 8.StI.8056) .2
#=I~tr950 0.58 0.67 18.8 .V k "W is M 84 5.±.7 () 5.9

T V yN45 .23 0.78 8V 0, "' 15.9 6.010.4(3) 1.7
"' 0.3 05 9.3 i.3 .2 3.4 3.6 12.W.7 (4) o.78

0.4 0.83 12.4 7.07 9.3 7.3 9.9 20. () 0.70s*6 mis 2M 16.8I 16.15 2.7:, 20t.7 14A4 13.20() 0.75

11 .4001 0.75 10.9 9.1.- 1.91 34.8 19.0 8.1±:2(4) 0.2
| VP 0ry7, 1"J, IS 1.93 0.233 4.3 1.2 3 .0:s.9 (3) 0.32

0.30g v N-13) !.n 0.19 28.1 9.97 6.79 35.2 10.0 39.4±41.6 (6) 0."

T 3G 0.76 0I! 14.9 8.0 5. 96o 4&6 1.4 49.4t7.916) 0.0

0.23 0.15 5.3 9.3 6.26 356.4 9.1 35.7:!7.S (4) 0.28
r',W--IType A 0.43 05 9.4 9.4 9. 6 93.4 9.9 20.0.(20) 0.50E 0.46 o.06 9.0 0&1 S.AS S6.4 9.1 I .ft1.2 (2) 0.53

lf uU- 4AU 0-s 0.10 &8 Ws. 6.75 33.8 1 1.1 2 I.3:".2 (6) 0.,47
9, Iwo 0.29 0.12 6.0 99.A 5.96 35.9 9.4 23-W..6 (3) 0.43
_Tr 7s . US 0.41 5.$ 99.2 5.22 35.4 9.9 13.9-J:.71(2) o1.2
1- FI "A 0M 0.1 ! 5.5 99.0 5.49 36.0 9.3 27.0:0.4 (5) 0.37

1.55 0.15 21.7 < 0.10 0.016 39.5 7.3 47.6:3.3 (6) 0.2P
!J52 0.15 24.9 < 0.10 0.016 31.9 12.5 34.7t5.4 (3) 0.29

AA 0.15 09 4.8 < 0.10 < 0.010 19.2 24.4 6.310.3 (4) 1.6
tdypwe AM-I 0.5 0.41 5.2 < 0.10 < 0.010 39.6 6.9 4.5:W0.8 (6) 2.4
,tpme AWS 015 0.72 6.6 < 0.10 < 0.010 30.2 14.1 3.2:0.5 (3) 3.1

tF~n ai awtm w*Jg ade sret.
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SLOWERi ROOTS-COfNiEPSVILLE AF -24
ROTARY -POITIVE BLOWER

OPERATED AT 1250 RPM
FILTERS: 41N4CH DIAMETER (OVERALL)

IPC 1470EFFECTIVE AREA 60.0 cm2

0 s+s 2610
TYPE 5

TYPE 50
MSA - 2133

TFA-2133
S-P BLEU

ESPARTO
40 WCROSORWA POLYPORE AM-I

TCYO. BA S-P JAUNE

VM4TMAK N#FO-484
USAMNOFA F*A 11059 TFA-69-GF

TYPE6 OVY N15) TFA-41

ILS-P ROSE POLYPORE AM-3
HV7

ORAEGER 06901

20-

10-

0 510 I5 20 25 30
PRESSMR DROP ACROSS FILTER (cm lHg)

Fig. I -Pressure-flow charwAceristics of filter materials in a positv-disploement blower system.

flow with volume fiktcred ;%ould be greater in v ith an aluminum absorption curve of a fission
centrifugal or turbine-type bMower systems since product collection of similar age. The absorption
these generally exdilit a nonlinear flow-presure of the bulk filter materials for fission product P
relationship. A sketch or the relative clogging activity was dependent on the mass of the filter
rates of the variou classes of air-filter materials (nig/cm') rather than its composition and was
is shown in Fig. 2. similar to that of an equivalent thickness (mg/cm',l

Finally, an attempt was made to evaluate the of aluminum. However, due to nonuniformity
effect of the filte! media themselves as absorbers of the filters and variations in the dust loading of
for the fission product P activity collected during the various filters, it was not possible to deter-
normal operations. The method involved counting mine the effective depth of penetration of the
the front of an exposed filter, counting the back radioactive particles. The insensitive counter
side of the filter, and then d. front again with employed in this study (effective air path and
a similar dean filter interposed as an absorber be- window thickness equivalent to nearly 10 mg/cm'
tween the radioactive filter and the counter. A of aluminum) discriminated against the low-
rough determination of the apparent depth of energy P's; consequently,~ self-absorption cor-
penetration was made by comparing these results rections of only a few percent were indicated
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gILLMI ER

I 0 flmA
VOLUME OF STANDARDO AIR FILTERED Wm/=r2)

Fig. 2 - Rektive dogging rates of various classes of air-filter materials

for ost materials (most compacted or high- acteristics, permitting a balance to be reached
density filters) though for a few of the thicker in the filter selected for a given system or for
cellulos filters a correction near 10 percent one or more particular features to be optimized,
was indicated. These corrections would be sig- generally at the expense of the others. The in-
nifican*l greater on -systems employing count- formation reported covers such physical proper-
ens having thin windows since fisson product ties of the filters as the tensile strength, thickness,
mnixtures are heavil weighted with low-energy density, and ash content, the pressure-flow char-
P emitters. acteristics of clean filters, the effect of dust loading

CONCUROMon filter performance, and the retentivity of
defii~ers for various aerosols (ie., DOP, fission

Sinc the effectiveness of. any filtration nx-thxt, products, radon daughters auzached to atiios-
eithe for the collection of aerosols or their re- pheric aerosols) as a function of air velocity
moval from the air, depends to an important through the filter.
d Iegree on the filter materWa that is used, the Tfie study of the effect of dust loading on
popertme of the filte should be carefully con- filter performance was complicated by the day-
sjdcre in the desig of any air-montoring to-day variation in the dust content of' the atnios-

or-rpii~cOnsystem. In thi study a umiber phere. It may be possible to take advantage of
of the more import~nt charactrics of a series this observation to devise a system for monitoring
of a(7-fitter mgterials have been evaluated and the dust content of the atmosphere which depends
cqmpzred so.aszto make possible a more scientific on the measurement of the change in flow of a
chokce of a filt materia for any particular use; "standard" filter with exposure time. Such a
no attept is made to indicate which msterial procedure should be inherently simpler than the
shouldbeitsed in any given situation. present practice of determining the dust con-

The reported* measureme ts indicate that tent from the weight gain of an exposed filter or
the avail~k 6Mler cover a wide range of values from densitometer readings of the blackness
in eacb of the physical or performance char- of the filter.
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