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INTERNATIONAL
Standard Practice for
Calibration of an Airborne Particle Counter Using
Monodisperse Spherical Particles *
This standard is issued under the fixed designation F 328; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.
1. Scope counting circuitry shall be specified by the manufacturer and is

1.1 This practice covers procedures for calibrating andilways greater than the DAPC counting rate for the challenge
determining performance of an optical discrete airborne par@€rosol used for any portion of this practice. _ _
ticle counter (DAPC) when presented with a challenge aerosol 1.5 Callbratlon. in accordance V\_nth all parts_ of this practice
of near-monodisperse spherical particles. The practice is dfay not be required for routine field calibration of a DAPC
rected towards determination of accuracy and resolution of thenless significant changes have been noted in operation of the

DAPC for particles which have entered the sampling inlet ofPAPC or major DAPC component repairs or replacements

part of this practice. to a suitable metrology facility for complete calibration,

1.2 The procedures covered here include inlet sample flofPllowing necessary repairs or modifications. Normally, the
rate, zero count level, particle sizing accuracy, particle Sizin%outme field calibration may consist of determination of inlet
resolution, particle counting efficiency, and particle concentrallow rate, zero count level, and particle sizing accuracy. The
tion limit. DAPC functions to be calibrated shall be field or metrology

1.3 The particle size parameter that is reported is thdacility calibrations shall be determined by agreement between
equivalent optical diameter based on projected area of Burchaser and user, but shall not exceed 12 months, unless
particle of known refractive index which is suspended in air. DAPC stability for longer periods is verified by measurements
The minimum diameter that can be reported by a DAPC idn accordance with this practice.
normally specified by the manufacturer and the maximum 1.6 This standard does not purport to address all of the
diameter that can be reported for a single sample is determinéd®fety concerns, if any, associated with its use. It is the
by the dynamic range of the DAPC being used. Typica|re§pon5|bll|ty of the user of th|s standard to e_stabllsh appro-
minimum diameters are in the range from approximately 0.0%riate safety and health practices and determine the applica-
um to 0.5 um and a typical dynamic range specification will bePility of regulatory limitations prior to use.
between 10 to 1 and 50 to 1.

1.4 The counting rate capability of the DAPC is limited by 2. Referenced Documents
temporal coincidence for the specific instrument and by the 2-1 ASTM Standards:
maximum counting rate capability of the electronic sizing and D 1193 Specification for Reagent Watter _
counting circuitry. Coincidence is defined as the simultaneous D 1356 Terminology Relating to Sampling and Analysis of
presence of more than one particle within the DAPC optically _Atmospheres _ _ _ _
defined sensing zone at any time. The coincidence limit is a E 20 Practice for Particle Size Analysis of Particulate Sub-
statistical function of the airborne particle concentration and ~ Stances in the range of 0.2 to 75 um by Optical Micros-
the sensing zone volun{&).? This limitation may be modified copy’ , .
by the presence of particles with dimension so large as to be a D 3195 Practice for Rotameter Calibratfon

significant fraction of the sensing zone dimensi@).® The 2.2 U.S. Federal Standard: _ _ _
saturation level or maximum counting rate of the electronic Y- S- Federal Standard 209E, Airborne Particulate Cleanli-

ness Classes in Cleanrooms and Clean Zones
2.3 Japanese
1 This practice is under the jurisdiction of ASTM Committee E29 on Particle and
Spray Characterization and is the direct responsibility of Subcommittee E29.02 on
Non-Sieving Methods.
Current edition approved June 10, 1998. Published December 1998. Last
previous edition F 328-80 (1998). —
2 Jaenicke, R., “The Optical Particle Counter: Cross Sensitivity and Coincidence: * Annual Book of ASTM Standardgol 11.01.

Journal of Aerosol Science Vol. 3, 1972, pp. 95-111. S Annual Book of ASTM Standardgol 11.03.
®Knapp, J.Z. and Abramson, L.R., “A New Coincidence Model for Single ¢ Annual Book of ASTM Standardgol 14.02.
Particle Counters. |. Theory and Experimental Verificatidotrnal of Pharmaceu- 7 Available from U.S. General Services Administration, Federal Supply Service
tical Science and Technology, Vdi8, 1994, pp. 255-294. Standardization Division, Washington, DC 20406.
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3. Terminology of the standard deviation of the distribution to the mean of the
3.1 For definitions of general terms used in this practiceistribution. It is normally expressed as a percentage.
refer to Terminology D 1356 3.2.14 resolution n—a measure of the ability of a DAPC to

3.2 Definitions of Terms Specific to This Standard: differentiate between particles of nearly the same size; also, the
3.2.1 calibration, n—measurement, report, and adjustment'@19€ Of sizes which a DAPC would report for a particular

as necessary, of test instrument operation in comparison with particle if its size was determined repeatedly.

standard material or an instrument of known adequate accu- 3-2-1° sampled flown—the air which passes through the
racy. sensing volume of a DAPC. The sampled flow may be either a

3.2.2 calibration particles n—monodisperse, isotropic par- portion of or the entire inlet flow. Sampled flow is expressed as

ticles of known dimension and physical properties. Polystyrené(0|3ug]i_3per un't.t'm?’ atl ambrllent temperature and pressur?.
latex spheres are typically used for calibrating a DAPC. Thesil{l -2.16 saturation level n—the maximum counting rate o

are available in diameters covering the operating range of mo e electronic circuitry at which a_ccurate pulse amplitude
DAPCs. sizing data are produced. The counting rate depends upon both

the particle concentration and the sampled flow rate.

3.2.17 sensing volumen—the portion of the illuminated
olume in the DAPC through which the sample passes and
rom which scattered light is collected by the DAPC photode-

tector.
3.2.18 zero count raten—the maximum count indicated by
DAPC in a specified time period when the DAPC is sampling

3.2.3 coincidence n—the simultaneous presence of more
than one particle within the sensing volume of the instrument
causing the instrument to report the combined signal from th
several particles as arising from a single larger particle.

3.2.4 concentration n—number of particles within a spe-
cific particle size range or equal to and larger than a specific

rticle siz r unit volume of air mbient temperature and. . . e
particle size per unit volume of air at ambient temperature a air free of particles larger than the lower sizing limit of that

pressure. L . s DAPC. This is also referred to as False Count Rate or
3.2.5 concentration limitn—the concentration specified by .
Background Noise Level.

the DAPC manufacturer where the coincidence error is below
10 %. An error less than 10 % may be chosen, as required. 4 Summary of Practice
3.2.6 counting efficiencyn—the ratio, expressed as a per-

centage, of the reported particle concentration in a given size 4.1 Inlet_ Sample Flow _R?“E‘TO report samp!ed particle
ancentratlon accurately, it is necessary to define the sample

range to the actual concentration in the measured aerosgl “ 1o accurately. That flow rate may change if flow
suspension. components in the DAPC are affected by long term operation

3.2.7 dynamic rangen—the particle size range over which : i . . L
the DAPC produces patrticle size data with both a lower and a%rpglég%;g\?v bé d:c?rcr)r?glll?/ : g;ﬁpnaefgcgtatsmr%?éi?aérégsﬁg't'gga

qu?rl size bou.ndar)r/{ Thi ralmge may ".’USIS be expressed a%e?nperature and is not normally corrected to standard condi-
partlce'3|ze ratio, when the lower Siz€ 1S Known. tions. For these reasons, it is necessary to verify the inlet
3.2.8 inlet ﬂOW’ n—the gas ﬂ.OW which enters the DAPC sample flow rate. A calibrated rotameéter other volumetric
t_hrough the gas inlet. Flow rate is expressed as volume per U'ibw measurement device is required which operates with a
time, at amblen_t temperature and pressure. . _ pressure drop small enough so that the DAPC sampling pump
3.2.9 lower sizing limit n—the smallest_ partlgle Size at ig 1ot loaded to the point where flow is degraded. The flow
Wh'(.:h the DAPC is capable of measuring with counting measurement device should report volumetric flow rate at
efficiency of 50 %i 10 %. ) ) o ) ambient temperature and pressure. If a mass flowmeter is used,
3.2.10 monodispersen—a particle size distribution with e correction to ambient conditions will be required. The
relative standard deviation less than 5 %. Polystyrene late},, measurement device is coupled to the DAPC inlet and the
(PSL) particles are commercially available with this propertypapc sampling pump is operated. The flow indication on the
in particle sizes ranging from less than 0.1 um to greater thagjtin DAPC flowmeter (if available) is recorded and com-
40 pm. . . . . . pared with the flow indication on the calibrated flow measure-
'3.2.11 particle size n—for calibration purposes, particle ment device. If the flow or the flow indication do not meet the
size is the modal diameter of the calibration particle batch “Sepequired level, as indicated by the volumetric flow measure-

for each size threshold definition. For application purposesyent device, the incorrect flow or flow indication shall be
particle size is the diameter of a reference sphere with knowpgrected and the remedial measures recorded.

properties yvhich produces the same response from the DAPC 4 5 particle Sizing Accuracy-Although the DAPC may be

as the particle being measured. _ ~ used to characterize particulate suspensions containing mate-
3.2.12 pulse height analyzer (PHA)—an electronic device  (jg|s that vary in shape and composition, consistent response to

for accumulating and sorting electronic pulses by voltage levelstandard materials is required. An air suspension of calibration

The output is generally a histogram with 64 to 4096 levelsyarticles is generated by atomizing a liquid suspension of those

(referred to as “channels”). A PHA may be built into a DAPC particles, evaporating the liquid droplets to leave an air

or may be connected to a DAPC output test point. The PHAsyspension of individual particles. The DAPC samples a
should have at least 64 channels and be capable of defining 1 %

of the maximum voltage pulse level with 95 % accuracy.
3.2.13 relative Standard Deviatignn—a measure of the
width of distribution data. It is quantified in terms of the ratio Documents
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portion of this suspensién The suspension may be diluted count for the particle size ranges of concern. Primary counting
with clean gas, as required, to keep the particle concentratiogfficiency data are procured using monodisperse spherical
sufficiently low so that the coincidence error is below 3 %. Thecalibration particles. Counting efficiency data for specific
particle size and relative standard deviation of the calibratiormaterials can also be procured with a suspension of polydis-
particles is either measured before the sizing accuracy deteperse particles that may contain particles of varied materials
mination or the particle vendor reports data traceable to thand shapes. The counting efficiency determined for such
National Institute of Standards and Technology (NIST) ormaterials may vary from the primary counting efficiency.
equivalent agency on the modal size and relative standard 4.6 Particle concentration limiIf the particle concentra-
deviation of the calibration particles. The DAPC modal pulsetion in the DAPC becomes excessive, then the probability of
amplitude response to the calibration particle suspension isiore than one particle being present in the sensing volume at
recorded along with the standard deviation of the DAPC pulsany time may become significant. In that situation, several
data. This procedure is carried out with batches of monodissmall particles simultaneously present in that volume will be
perse calibration particles whose sizes are within the DAPQeported as a single larger particle, resulting in a report of
dynamic range. larger and fewer particles than those actually present in the

4.3 Particle Sizing Resolutieh-Sizing resolution of the suspension being measured. The particle concentration limit is
DAPC defines it's capability to differentiate between particlesdetermined by producing a series of aerosol suspensions
of nearly the same size. This DAPC parameter is determinedarefully diluted and sampled by the DAPC. Each of the
after the particle sizing accuracy measurements are completeslispensions is diluted so that the concentration of each
Data obtained during determination of particle sizing accuracyucceeding suspension is reduced by a constant factor from that
can be used to determine particle sizing resolution. An aiof the previous suspension. The reported concentration of each
suspension of monodisperse calibration particles is generateispension is recorded. At excessive concentrations, the ratio
as stated in 4.3. Particles shall be larger than the DAPC lowesf succeeding reported concentrations will be less than the
sizing limit by a factor of at least 2. The modal pulse amplitudedilution ratio. This indicates that coincident particles in the
and relative standard deviation is determined for the batch (ogsensing volume are being reported as single particles. When
batches) of particles used; these data are converted to partidlee concentration is low enough so that only individual
size mode and standard deviation. The increased relativearticles are being counted, then the reported concentration
particle size standard deviation as compared to the NISTratio between two succeeding measurements will be nearly the
traceable data is used to calculate the DAPC particle sizingame as the dilution ratio. The upper concentration where this
resolution. Normal practice is to report the particle sizingphenomenon occurs is then accepted as the DAPC particle
resolution as the increased relative standard deviation as @ncentration limit.
percentage of the size for the particular batch of calibration L
particles. 5. Significance and Use

4.4 Zero Count Rate- When a DAPC is used for measure- 5.1 Much present-day technology depends upon operation
ment of particle concentration in very clean gases, the numbedf components whose performance may be degraded if par-
of particles counted per unit time may be very low. If the ticulate materials are present within their working elements.
DAPC electronic or optical system is generating any noiséProduction of these components in an environment contami-
pulses with amplitudes similar to those reported for particles anated by airborne particles may cause failure or poor perfor-
the lower sizing limit, some noise pulses may be reported agiance. For pharmaceutical and medical products, regulatory
particles. The noise count rate is determined by operating thegency documents specify the maximum number and size of
DAPC with air known to be free of particles larger than theairborne particles that may be present in the production area.
lower sizing limit of that DAPC. Filtering the sampled air to An accurate measurement of the number and size of particles
the DAPC inlet with a filter which recording the DAPC count is required to determine the effectiveness of control methods to
data over a specified time period will provide valid zero countmaintain cleanliness in that environment. A DAPC is fre-
rate data. guently used to characterize air cleanliness. The usefulness of

4.5 Particle Counting Efficiency-A suspension of airborne data from that DAPC requires reliability of the DAPC for
particles is generated into a chamber where a well-mixegccurate sizing and counting of the particulate materials in the
suspension can be produced. Samples are withdrawn fromair which it is sampling.
single location within the chamber by the DAPC and by a
reference particle counting device (RAPC). The sample han(-s' Interferences
dling systems for both units should be designed so particle 6.1 Uncontrolled intake of environmental airborne particles
losses during transit from the chamber to either unit are eithedluring testing will cause errors. Since the particles used during
identical or negligible. The reference device should be onéhe DAPC testing are in the size range and concentration that
known to have 100 % counting efficiency for the smallestmay be similar to those of normal airborne particles in an urban
particles in the suspension. Counting efficiency is defined agnvironment, it is necessary to ensure that neither normal

the ratio of the DAPC particle count to the reference devicedirborne particles nor dust particles entrained from surfaces in
the area are allowed to enter the test system or the DAPC under

test. Operation in environments where clean air is present is
8 Rimberg, D. and Thomas, J.W., “Response of an Optical Counter to Monodisrequ”ed- If a Fed?ral Stande_\rd 209E Class M4.5 (1000 or
perse Aerosol” Atmospheric Environmenvol. 4, 1970, 680-688. better cleanroom is not available for Bocumm S
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horizontal flow clean bench should be used. 7.6.2 Vibrating Orifice Aerosol Generat8r A vibrating

6.2 Since the DAPC is a high sensitivity device, it may beorifice aerosol generatttcan produce uniform droplets with
affected by radio-frequency or electromagnetic interferencediameter between 20pum and 400 pm at a controlled rate. By
Precautions should be taken to ensure that electrical noise Bpraying a liquid with or without dissolved materials present in
the test area environment does not exceed the capabilities tifat liquid, the generator can create solid or liquid particles
the DAPC. Electronic or operational verification, such aswith good uniformity of size, shape, density, and surface
indication of acceptable background levels, can be made toharacteristics.
verify the noise level. 7.7 Oscilloscope— An oscilloscope is used to view the

voltage pulses generated by the DAPC. Indication of pulse

7. Apparatus amplitude levels can be seen and observation of the pulse

7.1 Aerosol NeutralizerA bipolar ion source may be used pattern aids in maintaining the particle inlet rate at a level
to reduce electrostatic charge on aerosol particles in order t@here coincidence in the sensing volume does not occur.
reduce agglomeration of airborne particles and losses by 7.8 Pulse Height AnalyzerA pulse height analyzer (PHA)
deposition on transit tubing walls. Either a radioactive sourceollects and analyzes the distribution of voltage pulses from
or a bipolar electric field generator can be used to generat@onodisperse particles. The required pulse voltage range, rise
sufficient bipolar ions to produce a nearly neutrally chargedime, duration, and time between pulses should be procured

particle suspension. . from the DAPC vendor. The PHA should display data in at
7.2 Barometer—A calibrated barometer with accuracy of |east 64 channels with resolution of at least 1 % of the average
133 Pa (1 mm Hg). voltage measured. If the DAPC electronic system includes a

7.3 Filter—A cartridge filter or filter assembly unit with at PHA which meets these criteria, then it can be used.
least 99.97 % removal efficiency for particles equal to and 7.9 Reference Particle CounterA reference particle
larger than the DAPC lower sizing limit. Pressure drop acrosgounter (RAPC) is a DAPC whose counting efficiency has been
the filter unit should be small enough so that the air flow rateyerified to be 100+ 5 % at the lower sizing limit of the DAPC
to the DAPC can be maintained as its rated level with this filtefunder test. The RAPC sizing resolution should be no greater
attached to the DAPC inlet. than 5 % at the lower sizing limit of the DAPC under test. A

7.4 Flowmeter—A gas flow measuring device with flow rate condensation nucleus counter (CNC) can be used as an RAPC
error of less than 3 % of full scale flow. Full scale flow shouldwith an appropriate means of removing all possible liquid
be no more than 150 % of the specified DAPC flow rate. Thesuspension residue particles significantly smaller than the
flowmeter should have a pressure drop small enough so thatitonodisperse particles used for testing, but sufficiently large to
does not cause an error greater than 2 % in the sampled floge counted by the CNC. If a DAPC with lower sizing limit
rate due to that pressure drop. The flowmeter data outpWelow that of the DAPC under test is used as an RAPC, then it
should report the volumetric gas flow rate at ambient pressuréhould have been calibrated for counting efficiency with a
and temperature. If a mass flowmeter is used, then the magglidated RAPC.
flow rate should be corrected to volumetric flow rate at ambient 7,10 Temperature Measuring DevieeA calibrated ther-
pressure and temperature. mometer or thermocouple with accuracy of 0.2° Celsius.

7.5 Mixing Chamber— A vessel with fittings to allow 7,11 Tubing—Flexible tubing is required to connect the
introduction of a monodisperse aerosol stream along with APC inlet to the test aerosol source, to a filtered air supply,
dilution air stream, if required. Both inlet fittings are located in or to flow measurement systems. The inside diameter of the
such a way that the two streams will mix thoroughly. The totaltubing should be essentially the same as that of the DAPC inlet
volumetric flow rate of the two streams should be in the rangsitting and large enough so that flow is not restricted. The
from 150 to 200 % of the combined volumetric flow rates of tubing material should have sufficient conductivity so that it
the DAPC and an RAPC. Additional tubing with fittings lead to does not build up or retain electrostatic charge such that
a single location within the mixing chamber to the DAPC andparticles will be retained upon the tubing surfaces. Materials
the RAPC are included and laid out so that the flow pathsuch as polyurethane, plasticized polyvinyl chloride or other
configurations to the DAPC and the RAPC are similar. Aconductive polymers are suitable.
filtered vent line is included with a filter of sufficient capacity ~ 7.12 Tubing Fittings and ConnectionsFittings, as neces-
so that the pressure in the mixing chamber remains in the ranggry, to make leak-free connections between the inlet to the
of ambient pressure: 5 % when aerosol and dilution air flow DAPC and any apparatus used for testing. If changes in tubing
into, and sample flows and vent flow out of the chamber takejirection are to be used, avoid elbow fittings with small radius
place. of curvature; these can remove some particles due to deposition

7.6 Monodisperse Aerosol Generator as a result of centrifugal force.

7.6.1 Suspension Droplet AtomizefThis device is used to 7,13 Ultrasonic CleanerAn ultrasonic cleaner rated at 30
spray a dilute water suspension of monodisperse particleso 60 W with a one to two liter tank is recommended for

Clean compressed gas is used to generate the spray and to caii¥persion and de-agglomeration of monodisperse particles.
particles to the DAPC. Clean dry air is added to the spray to

evaporate the water droplets, leaving the test particles. T ;

; ; Berglund, R.N., and Liu, B.Y.H., “Generation of Monodisperse Aerosol
amqunt of added .all‘ may. al.so be used to mOdIfy the d.ryStandards”, Environmental Science and Technology, Vol. 7, 1973, pp. 147-153.
pamCIe Con_centrauon. by dilution. Aerosol generators of this 19 A suitable source for this generator is TSI, Inc., P.O.ﬁx 64394, St. Paul, MIE
type are typically available from DAPC manufacturers. 55164. ocuments
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