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FQREVVORD 

ISO (the International Organization for Standardization) is a worldwide federation 
of national Standards institutes (ISO Member Bodies). The work of developing 
International Standards is carried out through BS0 Technical Committees. Every 
Member Body interested in a subject for which a Technical Csmmittee has been set 
up has the right to be represented on that Committee. International organizations, 
governmental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the Technical Committees are circulated 
to the Member Bodies for approval before their acceptance as International 
Standards by the ISO Council. 
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INTERNATIONAL STANDARD ISO 2889=1975(E) 

General principles for sampling airborne radioactive materials 

0 INTRODUCTION 

The potential hazard from breathing airborne radioactive 
materials must be evaluated and controlled through 
measurements of the levels and nature of the airborne 
radioactive materials. In zones occupied, or to be occupied, 
by workers, the levels of airborne radioactive materials 
must be determined and compared with the applicable 
control level to ensure that workers are not exposed to 
concentrations exceeding those considered Safe. Levels 
necessitating improved facility design, isolation of Source of 
contamination, control of exposure time, or the wearing of 
approved respirators may thus be identified. 

Although the most important and ultimate objective of 
sampling is to protect individuals from excessive exposure 
to internally deposited radioactive materials, other desirable 
objectives are realized in a weil-developed sampling and 
evaluation Programme. Some of these are : 

1) to provide the supporting documentation of working 
environments to demonstrate compliance with 
regulations. Weil-kept records of air contamination levels 
along with other data may assist in supporting or 
refuting Claims of radiation injury by workers or others; 

2) to call attention to deteriorating equipment, faulty 
processes, or other conditions leading to loss of effective 
control of airborne materials in an Operation and 
subsequently to determine the effectiveness of cor- 
rective measures; 

3) to measure the release of radioactive materials to the 
environment through sampling near the Point of release. 
Sampling of effluents will assist in evaluating and 
controlling the exposure of the worker to radiation at 
the installation, but the results of effluent sampling are 
generally of greater importante in ensuring that People 
in the environment are not exposed to levels of airborne 
materials exceeding established levels. In non-routine 
incidents, effluent samples are of material worth in 
estimating the possible consequences and the necessary 
corrective action, or in some cases in determining Cause 
and sequence of abnormal events. 

Sampling should permit integrated radioactive contami- 
nation release to the environment to be measured over 
various time periods. 

Recommendations by a Panel of experts on air sampling 

included the following specific goals to be achieved through 
samplingll 1 : 

1) a detailed study should be made to characterize the 
nature of aerosols in different types of working 
environments; 

2) the general levels in working spaces should be 
measured and controlled as a matter of routine; 

3) Provision should be made for rapid detection of high 
levels of contamination during accidental release; 

4) evaluation of individual inhalation should be 
stressed. 

1 SCOPE 

This International Standard sets forth the general principles 
which apply in obtaining representative samples of airborne 
radioactive materials and prescribes acceptable methods and 
materials for gas and particle sampling. 

2 FIELD OF APPLICATION 

These general principles are limited to the collection of 
samples and do not embrace the area of measurement of 
the radioactive materials collected. Exc1 usion of 
radiochemical measurement from the field of application 
must not be construed to mean that the measurement and 
evaluation of samples are of lesser importante than 
sampling. Accurate measurement and evaluation are vitally 
necessary, but these are valid only to the extent that the 
Sample obtained reflects the existing conditions. 

These general principles are further limited to guides for 
sampling airborne radioactive materials in installations 
where work with radioactive materials is conducted, with 
the primary emphasis on the need to protect the radiation 
worker. However, they do include sampling effluent gases 
Prior to, or at, the Point of release to the atmosphere from 
the installation. Although this therefore exludes certain 
sampling techniques such as, for example, those used in 
environmental and free atmosphere sampling, the principles 
defined and most of the methods discussed are in most 
cases generally applicable. 

These general principles do not deal in detail with the 
application of various collectors to specific Problems. The 
specific and detailed application of charcoal for iodine 
sampling, for example, is felt to be beyond the scope of this 
International Standard. 
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Fsr he 
fs8lciwing 

PU 
def 

rpsses sf this lnter 
initisns are applicable 

I-latiQnal Standard the 

A material which takes up a cmstituent 
thrsugh the actisn sf diffusion allovtiing the csnstituent to 
penetrate into the structure the absorbent, if a solid, or 
to dissslve in it, if a liquid. Herz chemical reaction takes 
place during abserption, process is eahled rllhemi- 

3.2 adsorbent : A material, generally a soiidp which retains 
a substance ccsntacting it through the short-range molecular 
forces which bind the adsorbed material at the surface sf 
the adsorben t. 

3.3 aerodynamic diarneter : Particies sf the Same diameter 
but sf different densities will have different terminal 
settling velscities. Two particles of different densities are 
said to have equivalent “aerodyna ic Diametros’” if tf-k 
densities and diameters are such that the terminal se,tt%ing 
welscities are equal, or that they are acted upon by air drag 
to an equal degree. Since comparisons with uni-t density 
materials are frequentiy made, ““aerodynamic diameteT Ts 
the diameter of a unit density sphere with the saime settling 

article in question irrespective of shape. 

aerosd : 
ther gases. 

A dispersion sf solid or liquid particles in air 

3.5 anisokinetic : A condition which prevails when the 
welocity of air entering a sampling probe 8r the csHector 
vvhen held in the airstream is different from the welecity 0-f 
the airstream beirigg sampled at that point. 

3.6 breathing zone : That region adjacent to a vvorker”s 
mouth and nostrils from which air is drawn into the lungs 
while he performs his assigned work. Air taken from this 
region will truly represent the air the worker is breathing 
while he works, whether standing, sitting or maving. 

3.7 burial 
medium. 

: The embedding g%f a particle in a filter 

3.8 collection efficiency : The percentage retained by the 
fitter of the total amount of particles initiafly in a known 
volume of air passed through the filter. 

3.9 droplet : A very small quantity of a liquid in the 
general fsrm of a sphere. 

3.W impaction : A process by which a particle or dropfet 
is removed from an airstream by striking an Object in the 
airstream. 

3.11 isokinetic : A conditisn which prevaiis when the 
velocity of air entering a sampling probe or the csllector, 
when held in the airstream, is identical to the welocity o-f 
the airstream being sampled at that point. 

filter medium consisting 
generafly o-f very thin srganic-based film having a porosity 
and eomp~sition contrslled within a selecte range. (Very 
thi~a porsus metallic fieters are also knowvn as membrane 
filters.) 

3,l” msnüt : 1) To measure an airborne radioactive 
constituent the gross content ~-f aadioactive material 
continuously or at a frequency which permits an evaluation 
oF the csncentration over an interval o-f kirne. 2) The 
iiwtrumentat&~i7 QY device use an monhloring. 

An aggregate o-f molecules forming a solid 
OB’ liquid oF size ranging from a fevv mo/ecuDar diameters to 
some tenths of a milfimetre (seweral hundred micrometres). 

3.15 penetratisn : 
completely thrsugh 

The passage sf airborne 
a filter or other coHector. 

contaminants 

3.1 perrnissible leve (as used in this International 
Standard) : That concentratisn of airbsrne material wh ich 
has been established as a local guide or regulation, 
compl Panee with which will Iimit the quantity sf 
radioactiwe matert& inhaled. Permissible level may be 
different depending upon the nature sf the airborne 
material, the dur of anticipated exposure, and the 
protectisn afforde special clothing or ather barriers. 

udo-csincidence’” csunting : method for 
the concentratisn of lang-live a-particle 

emitters, say plutonium or its csmpounds, coljected on a 
fillter, vvith differentiation of the a-particle emitters 
occurring naturajly as the decay products of *** Rn (radon) 
and **cRn (thoron). The detectsr senses and recsrds the 
““pseudo-coincidence” sf *l “Bi P-decay and its daughter, 
2-1 Vo a-decay, thus providing an index to the quantity sf 
*** Rn present. The *J4Po decays %nsith a half-life of 
150 ps; hence, the parent-daughter decay is regarded and 
utilized as a ““pseudo-csincidence? The Same consideration 
holds true fsr the *73i to *~*Po decay. These are 
members of the **OW, decay chain. 

3.1 regresentative sampie : A portion of the medium of 
interest, or one or more separated constituents from this 
medium, which has the same quality and characteristics as 
possessed by the whole medium. 

3.19 scaubbea : A device for allowing air and liquid to 
achieve intimate contact to effect a transfer sf gases, 
liquids, or sslids carried in the gas to the liquid stream. The 
liquid may be a static po01 through which the gas rises, or 
may be sprayed into a column or passed through packing. 

3.2 A randomly taken, Single Sample 
removed from a stream over a short interval sf time. 

A conditisn which prevails when the 
ng a sampling probe or the collector, 
tream, is less than the welocity of the 

airstream being sampled at that Point. 
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3.22 super-isokinetic : A condition which prevails when 
the velocity of air entering a sampling probe or the 
collector, when held in the airstream, is greater than the 
velocity of the airstream being sampled at that Point. 

3.23 vapour; vapor /USA/ : The gaseous form of materials 
which are liquids or solids at room temperature, as 
distinguished from non-condensable gases. (Vapours are 
gases but carry the connotation of having been released or 
volatilized from liquids or solids.) 

3.24 volatile : Having a high vapour pressure at room 
temperature. 

4 PRINCIPLES 

Certain principles must be recognized and used as guides if 
effective sampling is to be realized. These are discussed in 
th is clause. 

4.1 REPRESENTATIVE SAMPLES 

A Sample must be representative of the bulk stream or 
volume from which it is taken. “Representative” embodies 
various qualities of the Sample. 

4.1 .l Representative according to spatial location 

4.1.1.1 Sampling in a zone occupied b y workers 

The Sample should ideally be drawn from a Point or series 
of Points within the “breathing Zone” of the worker.[*] 
The actual sampling Point would ideally be closely adjacent 
to the man’s nostrils and mouth throughout all the worker’s 
activities. For routine monitoring this is impracticable and 
some compromises are usually necessary. For many 
purposes a battery-operated Sampler with a collector 
fastened near the breathing zone is an acceptable 
compromise, provided that adequate sensitivity tan be 
achieved and worker comfort and safety are not jeopardized 
by wearing the device. 

In the interests of simplicity, air samples are frequently 
taken with fixed Position Samplers. When fixed sampling 
positions are used, care must be taken in the selection of 
the Position and number of Samplers in a given work area. 
The location should be selected to be as close to the 
breathing zone as is practical without interfering with the 
work and the worker. Sampling with fixed Position 
Samplers compromises to a degree the principle of a Sample 
being representative according to spatial location of the 
sampling Point; however, with judicious placing of the 
sampling Point and correlation with true breathing zone 
Samplers the fixed Position Sampler tan be useful. 

Routinely obtained samples from fixed locations will Signal 
changes in general air concentrations and help in 
determining the Source of the contamination. When room 
Ventilation arrangement is such that room air is exhausted 
through a Single or a few ducts, Samplers placed at the 
Ventilation duct exits Prior to filtration may provide a 
better integrated average of the air concentration, but could 

Air Samplers may be installed slightly above head height 
and in front of the worker, or they may be installed at the 
front face of the hood, gloved box or other enclosure used 
to contain the radioactive material processed. The collector 
filter is most frequently oriented in a vertical plane to 
reduce the potential for the collection of larger particles by 
gravity settl ing. Although the principle of isokinetic 
sampling is not achieved in fixed room air Samplers, the 
particles of interest are almost always of sizes sufficiently 
small that anisokinetic sampling errors are not of serious 
concern. 

Due consideration should be given to the number, location, 
and air-moving requirements of Samplers during the design 
of a facility in which radioactive materials are to be 
processed. 

4.1 .1.2 Sampling from a duct or exhaust Stack 

To withdraw representative samples from a duct or Stack 
requires attention to the placement and number of entry 
nozzles and the configuration of the nozzle used. 
Arrangements in which the collector tan be held in the air 
stream are to be preferred over those in which delivery lines 
between sampling Points and collector are used. (See 4.12.) 
Some recommended probe configurations and guides 
locating exhaust Points in ducts and Stacks are given in 
annex A. 

The sampling Point for a reasonable degree of mixing 
should be a minimum of five duct diameters (or five times 
the major dimension for rectangular ducts) downstream 
from abrupt changes in flow direction or prominent 
transitions. Although these guidelines are generally 
applicable, it is recommended that velocity traverses also be 
taken to tonfirm that fully developed flow has been 
achieved at the sampling section. 

4.1.2 Representative with respect to physical and Chemical 
composition 

4.1.2.1 Sampling 
particle size or kind 

withou t differentiation or bias as to 

A representative Sample must have the Same radiochemical 
and physical composition as the air which would be 
contacted by the worker in the area sampled. In addition to 
the requirement of correct spatial location is the 
requirement that the Sampler does not fractionate by 
particle size, or in other ways distort the physical and 
chem ical properties of the airborne radioactive 
constituents. This requirement is difficult - often 
impossible - to accomplish perfectly. Any delivery line 
through which the Sample is carried to the collection device 
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will preferentialiy remove iarge particles, ei%her %hr~ugh 
gravitational se%%hing when the flow is too low, or through 

action when the flow is too high. Density of 
in the air BS also of importante in the 

fractionation by particle size. Some quides are presented in b 
annex B to allsw estima%es to be made of 
sampling Iines due %o gravity settling and %ur 

A sample obtained with a deiivery Bine and coHec%or vvhich 
do not discriminate between particles of various sizes tan 
be evaluated accurately as to radi gical significance only 
after lmxdedge 0C the Chemical prsperties Qf 
the airborne material is obtained. Separate study may be 

ecessary to establish in @wen eircumstances the size 
istribution ad chemical natkare of the airborne material. 

Changes in the nature 0-F airborne materials rnust be 
anticipated with changes in opera%ions. Characterization of 
the airborne constituents must be performed frequently 
enough to ensure statistically significan% informatisn 0-f the 
nature of the airborne materiaL 

4.1. Sampling with deßiberate differentiaticw as k-0 !-he 
partiale sizes 

ecause knowledge of artiek size distribution is i 
to a correct evaluation f radiological effect 
collectors may be deliberately designed to i 
more size fractisns sf the airborne material 
of the radioactivity associated with each size fraction will 
permit a determina%ion sf the radioactiwity which wi61 be 
preferentially retained in various portions sf the respiratory 

Although no% capable of high resolution, these 
tan reasonably wefl distinguish radioactiwity 

associated with particles which will be retained in t&e upper 
respiratory assage, and the much smaller particles which 
wsuld be ccessible to %ke 1: sf khe lung. These 
sarnpling evices have consi Ie 

. 
fmere% and 1 in ahe 

absence of knowledge of particle sizes in the air ‘sampledr 
are recomrnended. Referencesf31# 191r 1101, 11111 1121 and 
& 1 3l describe some of these. 

4.1.2.3 Partich size fractionatisn due to anisokinetic 
sam pling 

Distortion in particle size distributions may occur when the 
velocity of the sampled Gr entering the sample probe (oi 
collector, when supported directly in the strearn to be 
sampled) is significantly different from the welocity of the 
air in the stream sampled. When the air drawn through the 
sampler or collector in the stream is at a much lower 
welocity than the stream velocity, larger particles will be 
preferentially collected. When the air velocity through the 
Sample probe and collector is greater than the stream 
welocity, smaller particles will be collected preferentially: 

The degree to which %he fractionatisn occurs is a function 
avticle size, density, the 
differente between %he SQkiWtiC velocity 

befcxe %his errw tan be evaluated In applieations in vvhEci3 
partide sizes may be expected ks wary, par%icularly when 
particks larger %h an 5p-n are anticipated, ia iS 
recommended %ha% the sarnpler arrangernent be designed to 
permit near-isokinetic -FSow in-h3 %he sarnp~ei~ entry probe Ei- 

when %he eollector is facing into the 
stream sampled. otential scxme sf non-represerata%ivu 
sampling may thL! awoided. 

le a”is50rtion due ts chemical reactions and 

ExZrem 2 care mus% be exercised in extraeting a sample from 
an airstream when %he air n-7 contain ehen%caHy reactive 
ssrms 0% radissnuclides. eaetiwe vapours such as 
radioioche may be BargeIy dsorbed Qn73, Qr react wiah, 
materjak whFcP~ n-G&-iI be cmsdered for sam 

Ie rubber, topper ad some plas-iks materials. 

Same collectors, such as impingers, trap matereals in a 
iiquid vv1d-l warying efficiency, depending upon ihe 
soiubility and particie size. Condensa%e on the inner 
surdaces Qf sai’I3ph-g he% may ferm pockets and act as 
traps, OS’ provide wetted surfaces $8 which the material of 
interest may adhere. In extreme situa%ions traps and 

kets rnay act as effective scru 
eriai %ranspor%ed. SarnpIing I&n 

dus%, oil or grease, all of which may lead 
deposi%ion sf transported radioactiwe material. 

When the air to be sampled is nearly saturated with water 
vapour, condensation may ~ccur on the collector itself. 
Excessiwe moisture may destroy filter media usefulness 
either by blocking the air passageways through the pores, or 
by weakening it to a Point that it tears or breaks easily. 
When heavy moisture loadings are anticipated, heated 
sampling Bines will be required to prewent condensaaion in 
the Bines to raise the collector temperature weil above the 
dewpoint. 
All possible interactions whic may change the sample 
quality from the point where it BS diverted to the collectou 

e carefully considered. The Chemical ferm as weil as 
the physical nature sf the airborne constituents to be 
sampied must be known before a representative Sample tan 
be ensured. 

* The Task Group on Lung Dynamits fsr Cornmittee B of the Cnternatisnal Commission on RadioIogicaI Protection has developed and 
recommended a dust deposition model which uaiiizes and depends upon knswledge of particle sizes obaained Wough air sarnples.~7~ When 
paraicle size disaributions are known, Phe fractional depssitisn in each sf three regions of the respiratory tract tan be estirnared from this 
rnodel. When specific particle size data are lacking, the 8CRP earlier recommended -thaz inhaled particles be assumed to be 25 % exhaled, 50 % 
deposiaed in the upper respiratory passages (and subsequena!y swakmed and that 25 % would be deposited in the iungs.h81 On eipher ease it is 
also necessary to know in some detail ahe physico-Chemical prsperaies 0% the particles to estimate the rate of clearance from Phe deposition siae. 
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41.2 l 5 Qualifica tion o f sampling me thods and equipmen t 

In each case, the sampling methods and equipment used 
should be carefully studied and tested to make certain that, 
in use, they will perform as intended. Leaktightness, general 
integrity, and general methods for Sample handling must be 
thoroughly reviewed. 

4.2 SAMPLE PROGRAMMING 

Many factors enter into the design of a sampling 
Programme. The sampling Programme includes the 
frequency, duration, and volume rate of sampling. In most 
cases the selection of these three elements in programming 
will be a compromise between ideal values and those which 
provide adequate information for the evaluation of 
operational safety and yet are technically, economically, 
and conveniently achieved. 

4.2.1 Sensitivity of detection and measurement 

The sensitivity and accuracy of the analytical or counting 
method will determine the minimum wolume of air which 
must be sampled to obtain the requisite accuracy and 
precision of results. 

4.2.2 Permissible levels at Point of sampling 

The permissible concentration of the radionuclides of 
interest will also determine the minimum volume to be 
sampled. If possible, the Sample should be large enough to 
permit one-tenth the permissible level to be determined 
with reliability. In some cases the Sample must be 
sufficiently large to permit the effectiwe measurement of 
activity levels equal to or less than the ambient levels (see 
also 4.2.4). 

4.2.3 Radioactivity decay 

The radioactive half-life of the nuclide to be measured is an 
important consideration. For short half-life materials the 
sampling period may be short with a large volume 
throughout and rapid measurement. An alternative 
procedure is to Sample until the radioactive material 
collected has reached equilibrium. At such time the decay 
rate is equal to the accumulation rate. Evaluation requires a 
method of quantitation during or immediately following 
collection. Long-lived materials, being low in radioactivity 
per unit of mass, may require sampling of large volumes to 
achieve the necessary degree of accuracy using radiometric 
analyses. 

4.2.4 Natura1 radioactive materials 

The presence of natura1 radioactive materials of short 
half-life may mask the presence of significant quantities of 
longer-l ived materials, necessitating delays between 
collection and counting, repeated counting at subsequent 
times, or special methods - for example, energy 
discrimination, pseudo-coincidence counting, or particle size 

discrimination sampling methods such as the annular 
impactor and particle size selective filter technique.[ 13, 14, 
15, 161 (See 5.1.2.2.) 

4.2.5 Specific nature of the Operation or process 

The nature of the Operation which creates the potential for 
airborne radioactive materials may influence the sampling 
Programme. An Operation or process being instituted for 
the first time may require more frequent and extensive 
sampling than one which is weil established and proven. 
The potential for release of radioactive material and the 
consequences of accidental air contamination must be 
considered in establishing frequency and duration of 
sampling. 

When the purpose of sampling is to establish the total 
release of radioactive materials to the environment, the 
sampling Programme must be designed to ensure obtaining 
an adequate Sample during accidental releases. Under 
normal operations, intermittent, relatively infrequent 
sampling may be adequate, but when due account is taken 
of the Off-Standard or accident Situation, it may be 
necessary to Sample continuously. The relative levels of 
radioactivity contained in the Sample during an accidental 
release must be anticipated. This consideration may 
influence the volume rate of Sample withdrawal for 
non-Standard situations. In some cases, two separate 
sampling Systems may be justified, one to obtain a Sample 
during non-routine high level releases, the other for 
day-to-day release evaluation. The collection method may 
also be different for the two purposes. 

The unusual conditions following a serious radiation 
incident must be anticipated when sampling is required for 
assessing the levels of airborne radioactive materials present 
in an area affected by the incident. Representative samples 
from a contained atmosphere following a reactor accident 
must be obtained, for example. Sampling under adverse 
conditions must be anticipated and the necessary provisions 
designed into the System. 

5 METHODS 

The two forms of airborne radioactive materials are 
particles and gases; the particles tan be solid or liquid, 
although particles are more generally considered to be very 
small fragments of solids. The sampling methods for 
airborne radioactive material tan be discussed according to 
the application to gases or particulate material. 

5.1 PARTICLES 

5.1.1 Sample delivery 

Principles concerning the removal of a representative 
Portion of a contained stream as from a large duct have 
been presented. The Sample line designed according to these 
principles will deliver a representative Sample to the 
collector. For samples drawn from an atmosphere such as 
room air, delivery lines are not required. 
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5.1.2 Collectsrs 

Various collectors are applicable to sampling airborne 
radioactive particulate material. Two general categories are : 

1) gross particle collectors without significant size 
differentiation; 

2) particle collectors with size differentiation. 

5.1.2.1 Co//ectors without significan t particle size 
differen tia tion 

The careful ewaluation of the radiological significance of 
airborne particles requires a knowledge of particle sizes and 
Chemical nature of the material. This information may be 
determined in other than routine sampling. After such 
special studies have characterized the airborne material, 
subsequent particle collection without particle size 
differentiation may be performed provided that the 
Operation creating the potential for airborne contamination 
is not changed significantly. At regular intervals and when 
any Change is anticipated, the airborne material should be 
characterized as to physical and Chemical nature. This 
procedure should also be adopted in the case of incidents 
because of the likelihood of a Change in the general 
characteristics of the airborne contaminant and much 
higher levels leading to a risk of significant exposure. 

5.1.2.1.1 FILTERS 

Air filtration is most frequently employed in sampling 
atmospheres for radioactive particles. Filters are preferred 
because of the simplicity of the procedure and the 
equipment required. Filter media with a wide range of 
Performance characteristics are commercially awailable so 
that a filter suitable to most air sampling Programmes tan 

usually be found. Collection of particles by a filter is 
achiewed through one or more of the following mechanisms : 
direct interception, impaction, diffusion and electrostatic 
attraction. Although properties of the particles, filters and 
the sampling conditions determine which of these 
collection factors may be involwed, for most filters 
impaction and diffusion are the predominant mechanisms 
to be considered. Collection by impaction increases with 
particle size and velocity, whereas diffusion (Brownian 
motion) is more effectiwe for wery small particles in air at 
low welocities. 

For a given filter and a given face welocity there is 
theoretically a particle size for maximum Penetration; 
particles larger or smaller than this size may be more 
efficiently collected. Filter efficiencies reported by filter 
manufacturers are usual ly based on tests with 
approximately 0,3 Pm particles. This size aerosol tan be 
larger by a factor of 2 to 5 than the most penetrating 
aerosol for some media and flow conditions. Reported 
efficiencies must be regarded as nominal walues and in 
critical situations, more definitive efficiency measurements 
may be required. Since collection efficiencies so determined 
may differ from the efficiency for the actual aerosol, 
attention should be giwen to possible inaccuracies arising 
from this Source. A filter efficiency of 100 % is not 
required, but it is necessary to know the efficiency for the 
particle size and flow rate selected, or to know that the 
efficiency will be equal to or greater than some minimum 
acceptable efficiency. In general, if a filter is reported to 
have a “high” efficiency, say greater than 99 %, it is less 
likely that its efficiency will be as sensitive to changes in 
particle sizes as a lower efficiency filter will be. Although 
there appear to be some different efficiencies reported by 
different experimenters, the ranking is frequently the Same. 

TABLE 1 - Collection efficiency and flow resistance of selected air sampling filter media* 

Filter class Filter designation 

Cellulose Supplier A 

Supplier B 

Supplier C 

Cellulose-asbestos Supplier D 

Supplier E 

Glass Supplier F 

Supplier G 

Membrane Supplier H 
(Pore size 0,8 Pm) 

Supplier G 
(Pore size 5 Pm) 

Collection eff iciency, 
% for retaining 0,3 Fm DOP 

F low resistance, 
mmHg 

velocity, cm/s velocity, cm/s 

10,7 1 26,7 1 53 106 35 1 53 1 71 1 106 

64 72 84 98 24 36 48 72 

46 56 66 80 18 27 37 56 

62 74 86 98 23 40 48 81 

99,18 99,28 99,52 99,75 38 57 75 112 

96,6 98,2 99,2 99,8 44 64 87 127 
- 

99,968 99,932 99,952 99,978 20 30 40 61 

99,974 99,964 99,970 99,986 19 28 38 57 

99,992 99,985 99,980 - 98 142 195 285 
l 

I 88 88 92 95 56’ 84 117 190 
I I 1 I 1 I I I 

* L.B. Lackhart et a/., “Characteristics of Air Filter Media Used For Monitoring Airborne Radioactivity,” NRL Report 6054, March 20, 1964. 
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In addition to differing in collection efficiency, filter media 
differ with respect to air flow resistance, wet and dry 
strength, surface rough ness, and ease of Chemical 
dissoiution in leaching. These properties may be of greater 
or lesser significance and the particular application must be 
carefully considered in a choice of filter media. Often the 
choice of filter must represent a compromise among these 
factors. Filter selection is usually made from five filter 
classes : cellulose, cellulose-asbestos, glass fibre, synthetic 
fibre, and membrane. Characteristics of some typical filter 
media are shown in table 1. 

5.1.2.1.1 .l Cellulose 

Cellulose filters of the type common to analytical 
chemistry are made from purified cellulose pulp. 
Consequently, such filters have a low ash content and are 
easily decomposed by Chemical treatment (oxidizing acids). 
They have a relatively low resistance to air flow but are 
susceptible to increase in flow resistance due to dust 
loading. Collection efficiency is velocity-dependent and 
these filters must be operated at a velocity yielding the 
required efficiency. High velocities are required for best 
Performance. Burial of radioactive particles within the filter 
medium is significant and, as a result, the cellulose Papers 
are not weil suited for detection of ar-emitting radionuclides 
by direct counting. Cellulose filters are strong and are not 
easily damaged in handling. Among the five filter groups 
they are the least expensive. 

5.1.2.1 .1.2 Cellulose-asbestos 

When mineral fibres such as asbestos are mixed with 
cellulose, the resulting filter exhibits improved collection 
eff iciency and greater Chemical resistance. 

Because the asbestos content is significant, special Chemical 
treatment is required for filter dissolution. Consequently, 
cellulose-asbestos filters are usually restricted to those air 
monitoring Programmes where radiochemical Separations 
are not involved. The cellulose-asbestos filters are not easily 
damaged in handling and are widely used in air sampling. 

5.1.2.1.1.3 Glassfibre 

Filter mats of fine glass fibres tan have high collection 
eff iciency and lower burial losses than do the 
cellulose-asbestos filters. An outstanding feature of these 
filters is that this increased collection efficiency is not 
accompanied by increased air flow resistance. Glass filters 
may be used at higher temperatures than cellulose or 
cellulose-asbestos filters. Relative fragility and low 
resistance to hydrofluoric acid are the principal 
shortcomings of this medium. Their general Chemical 
inertness is an advantage when digestion is required since 
the collection material may be dissolved without dissolving 
the filter. 

Small amounts of 4cK may be found in glass fibre filters. 
For extremely low levels of a-emitters, account should be 
taken of possible contribution from this Source. 

5.1.2.1 .1.4 Synthetic fibre 

Various organic-based fibres are available and these may be 
incorporated into filters having specific properties 
determined by the fibre composition and diameter. 
Fluorocarbons, polypropylene, nylon, and other fibres may 
find application as filter media. 

5.1.2.1.1.5 Membrane f ilters 

Membrane filters are porous dry gels of cellulose esters, 
usually produced as the acetate or nitrate. Structure and 
pore size tan be controlled over a wide range by the 
production processes. Filters are commercially available in 
pore sizes (diameters) ranging from about 10 nm to 10 Pm. 
These filters are completely soluble in many organic 
solvents and tan be decomposed easily by oxidizing acids. 
Membrane filters with sub-micrometre pore diameters have 
the highest collection efficiency of the four filter surfaces, 
so that burial losses are minimal. Because of the fragility of 
membrane filters, they require special support in the filter 
holder and must be handled with care during Sample 
changing. The principal shortcoming of these filters is their 
relatively high resistance to air flow, and to obtain the 
required Sample volume may require unreasonably long 
sampling periods, or air movers of a type or size that are 
impractical for the Programme. 

Large-pore membrane filters - those with pore diameters 
greater than 1 ,um - retain the high surface collection 
efficiency of the sub-micrometre filters, but offer 
considerably lower flow resistance. Particle Penetration 
through the large-pore filters is higher than through 
cellulose-asbestos or glass-fibre filters. However, large-pore 
membrane filters are well suited to sampling of 
ar-particle emitting radionuclides, because lower collection 
efficiency is more than offset by the fact that those 
particles that are retained are not lost by burial in the 
medium. 

5.1.2.1.1.6 Metallic filters 

Filters are available which are very thin films of porous 
metal. These will find use in special applications; for 
example, a pure silver filter may be used to trap particles 
and molecular iodine simultaneously. 

5.1.2.1.1.7 Related equipment for filter sampling 

5.1.2.1.1.7.1 Filter support 

The filter 
holder. 

media must be supported in a weil-designed filter 

Features to be included in the design : 

1) A porous backing Screen or plate. The filter 
contacting surface should be smooth, flat, and free from 
burrs and sharp edges. In some instances of small area 
filters when the strength of the filter medium is 
adequate, the porous backing plate may be omitted. This 
will be the exceptional case rather than the rule. 
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2) A compression sealing ring designed to press the 
perimeter of the filter against the backing support and 
ensure an airtight seal is an important requirement. 
Various compressible materials, such as plastics and 
rubber, are useful. Pressure on the seal must be uniform 
through using weil-designed clamps, cams, or other 
compression closure mechanisms. 

3) The filter support must be easily opened and closed 
to facilitate filter changes. 

4) Material of the filter support must be corrosion 
resistant to the atmosphere where the Sample is to be 
taken. 

5) A Sampler with a filter Strip moved continuously or 
intermittently will require a more complex filter support 
and sealing mechanism. Commercial designs anticipated 
for use should be carefully reviewed for the integrity of 
the filter media sealing, the filter advance mechanism, 
and the flexibility in programming. 

6) In special circumstances it may be necessary to 
provide a mesh Screen preceding the filter. The Screen 
will collect from the air insects, leaves, or other debris 
not representative of the aerosol of interest. 

5.1.2.1.1.7.2 Air movers 

Air samples may be drawn through the collector by any of 
a variety of air movers. The Prime requirement is that the 
air mover deliver the necessary air flow against the 
resistance of the sampling System. Positive displacement 
Pumps such as the rotary vane type or the lobe (gear type) 
impeller Pumps find great favour since they will maintain a 
more nearly constant flow even when the pressure drop 
changes. When the pressure drop across the collector is 
quite small, centrifugal blowers or high Speed turbine 
blowers will prove useful. This type of air mover must be 
selected and used with regard for the flow-pressure drop 
characteristics of this unit. By nature of the design, these 
air movers will displace large volumes of air when 
free-running (very little pressure drop) but the flow will 
decrease materially when they operate against a pressure 
drop. Increased pressure drop resulting from ambient dust 
clogging the filter will rapidly reduce the flow rate. 

Venturi-type, air driven aspirators find use in special 
applications. In locations in which electrical power may not 
be available, cylinders of compressed air or other gas may 
be used to operate the air aspiration Sampler. In 
applications in which mechanical Pumps may prove 
expensive and difficult to maintain, for example where 
highly corrosive gases are to be sampled, a steam jet ejector 
for obtaining the pressure drop for sampling proves very 
practical. 

In applications for which a self-contained air mover is 
desirable, for example for personal air sampling, positive 
displacement Pumps powered by rechargeable batteries 
have proved to be very suitable. 

In an installation in which sampling from many locations is 
anticipated, a central vacuum System designed exclusively 
for this purpose is recommended. The vacuum System 

should be engineered to provide a vacuum pump and 
receiver large enough to provide for simultaneous sampling 
at the design rate from all Sample collectors on the System. 

An important consideration is the noise in the work 
location resulting from the air and the air mover itself. Due 
attention should be given to noise specifications and 
permissible levels at the work location. 

5.1.2.1 .1.7.3 Flow-measuring devices 

The flow rate must be measured to determine the airborne 
radioactive material concentration and to ensure that the 
collector is being operated at its design flow rate. The most 
frequently used flow instrument is probably the 
“rotameter”, a variable orifice device. Venturi meters, fixed 
orifices, vane anemometers and pitot tubes may be used 
within their Iimitations. Flow integrators, such as 
displacement meters, prove useful when variable sampling 
rates during long periods are anticipated. All devices should 
be calibrated to the requisite accuracy under the conditions 
of use, using a Standard instrument. 

Flow-measuring instruments should in every case possible 
be located on the downstream (lower pressure) side of the 
collector. With this location, particles and vapour 
deposition in the flow-measuring instrument will not lower 
the apparent concentration, and the flow meter will be 
maintained essentially clean. In these cases the flow meter 
will be metering air at less than atmospheric pressure. 
Proper correction to the volume through the collector may 
thus be required, or accounted for in the calibration. 

5.1.2.1 .1.7.4 Flow rate control 

Provisions must be made for adjusting the sampling rate to 
the required value. In most instances, a control valve placed 
in the line between the air mover and the collector will 
serve this purpose. A by-pass valve may be needed when the 
air mover is operating well below its rating and the 
additional air intake is required for cooling the pump. The 
by-pass valve tan be manually controlled or may be a ball 
check valve with adjustable tension on the check valve 
seating spring. 

Critical orifices placed in the line downstream of the 
collector act to provide a fixed flow and tan be used. 
Adequate pressure drop to achieve critical flow through the 
orifice must be ensured by the air mover selected. 

In some cases rates tan be varied and controlled by 
changing the pump motor Speed. This tan be accomplished 
by adjusting the input voltage on universal type motors. 

The gradual build-up of dust on a filter during a long 
sampling period acts to decrease the flow through the filter. 
The significance of this decrease is a function of air mover 
characteristics and the dust loading on the filter. Averaging 
the initial and final flow rates during a sampling period may 
give a reasonably accurate average if it tan be shown that 
the increase has been linear with time. Flow rate recorders 
and integrators tan be used to establish total Sample size 
and are recommended. Flow integrators are particularly 
useful during long sampling periods during which flow may 
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