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Foreword 

This document (EN ISO 28439:2011) has been prepared by Technical Committee CEN/TC 137 “Assessment 
of workplace exposure to chemical and biological agents”, the secretariat of which is held by DIN, in 
collaboration with Technical Committee ISO/TC 146 "Air quality". 

This European Standard shall be given the status of a national standard, either by publication of an identical 
text or by endorsement, at the latest by October 2011, and conflicting national standards shall be withdrawn at 
the latest by October 2011. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights. 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following 
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech 
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 
Sweden, Switzerland and the United Kingdom. 
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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for which a technical committee has been 
established 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. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. 

ISO 28439 was prepared by the European Committee for Standardization (CEN) Technical Committee 
CEN/TC 137, Assessment of workplace exposure to chemical and biological agents, in collaboration with 
Technical Committee ISO/TC 146, Air quality, Subcommittee SC 2, Workplace atmospheres, in accordance 
with the Agreement on technical cooperation between ISO and CEN (Vienna Agreement). 

http://dx.doi.org/10.3403/30170491U


BS EN ISO 28439:2011
ISO 28439:2011(E) 

© ISO 2011 – All rights reserved v
 

Introduction 

Within occupational hygiene, aerosol concentrations have been traditionally measured in terms of mass 
concentrations. For some ultrafine aerosols and nanoaerosols, other exposure metrics such as the number 
and surface area concentration are likely to become important for predicting health effects, depending on 
chemical and physical properties. This International Standard provides a method for determining the number 
concentration and size distribution of ultrafine aerosols and nanoaerosols at workplaces by using differential 
mobility analysing systems (DMASs). This can be used by occupational hygienists and researchers to 
measure the concentration at some workplaces. The system is generally not suitable for personal exposure 
measurements. 
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Workplace atmospheres — Characterization of ultrafine 
aerosols/nanoaerosols — Determination of the size distribution 
and number concentration using differential electrical mobility 
analysing systems 

1 Scope 

This International Standard provides guidelines for the determination of the number concentration and size 
distribution of ultrafine aerosols and nanoaerosols by use of mobility particle sizers (also called differential 
mobility analysers). Only the particle fraction of the aerosol is considered. For ultrafine aerosols and 
nanoaerosols, exposure metrics such as the number and surface area concentration are important. 

This International Standard also gives guidelines for the determination of workplace exposure to ultrafine 
aerosols and nanoaerosols. 

Specifically, the differential mobility analysing system (DMAS), now available from several vendors, is 
discussed. Principles of operation, problems of sampling in the workplace environment, calibration, equipment 
maintenance, measurement uncertainty, and reporting of measurement results are covered. 

Potential problems and limitations are described, which need to be addressed when limit values are fixed and 
compliance measurements carried out. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO/TR 27628, Workplace atmospheres — Ultrafine, nanoparticle and nano-structured aerosols — Inhalation 
exposure characterization and assessment 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in ISO/TR 27628 and the following apply. 

3.1 
critical electrical mobility 
Zcrit 
electrical mobility of particles that in the differential electrical mobility classifier are transferred from the sample 
air flow to the exiting monodisperse aerosol flow 

NOTE Due to the finiteness of the DEMC, the exiting monodisperse flow is not strictly monodisperse, but 
corresponds to a range of electrical mobilities for each voltage. 

http://dx.doi.org/10.3403/30147850U
http://dx.doi.org/10.3403/30147850U
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3.2 
particle charge equilibrium 
charging condition for aerosol particles that is stable after exposure to positive and negative ions for a 
sufficiently long period of time 

NOTE 1 Bipolar ions are produced by either a radioactive source or a corona discharge. 

NOTE 2 The electrical charge on individual particles of an aerosol at charge equilibrium is not neutral. 

NOTE 3 Adapted from ISO 15900:2009[1], 2.11. 

3.3 
(equivalent) particle electrical mobility diameter 
diameter of a sphere with the same electrical mobility as the particle in question 

4 Symbols and abbreviated terms 

4.1 Symbols 

B particle mechanical mobility s/kg 

C Cunningham correction factor 1 

CN aerosol number concentration 1/m3 

d particle diameter nm 

dp equivalent particle electrical mobility diameter m 

pd  average equivalent particle electrical mobility diameter m 

D particle diffusion coefficient m2/s 

e basic unit of charge (elementary charge) 1,602 177 × 10−19 C 

q1 DEMC sample air flow rate m3/s 

q2 DEMC filtered sheath air flow rate m3/s 

q3 DEMC excess air flow rate m3/s 

q4 DEMC exiting air flow rate to particle detector m3/s 

k Boltzmann constant 1,38 × 10−23 N⋅m/K 

L length of sampling line m 

n number of charges 1 

p penetration through sampling line 1 

t (coagulation) time s 

tscan scan time s 

T absolute temperature at which the DEMC is operated K 

Vv volume of buffer vessel for the sample air flow rate m3 

Z electrical mobility of a charged airborne particle m2/V⋅s 

Zcrit critical electrical mobility of a charged airborne particle m2/V⋅s 

η gas viscosity Pa⋅s 

μ parameter for diffusion losses 1 

http://dx.doi.org/10.3403/30168948
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4.2 Abbreviated terms 

CNC condensation nuclei counter 

CPC condensation particle counter 

DEMC differential electrical mobility classifier 

DMAS differential mobility analysing system 

NOTE A DMAS is also known as a differential mobility particle sizer (DMPS) or scanning mobility particle sizer (SMPS). 

HEPA high efficiency particle arrestor 

5 Principle 

The aerosol is sampled in the workplace at a position representative of the atmosphere to which a worker 
might be exposed. Larger particles than approximately 1 µm are precipitated and the particles smaller than 
approximately 1 µm drawn into the instrument. After charge conditioning, the aerosol particles are separated 
in the electrical field of the DEMC (see References [6] and [7]) according to their electrical mobility, which is 
given by Equation (1). 

p3

Z ne B
CB

dη

= ⎫
⎪
⎬= ⎪π ⎭

 (1) 

where 

Z is the electrical mobility, in metres squared per volt second, of a charged aerosol particle; 

n is the number of electrical charges; 

e is the basic unit of charge (elementary charge), 1,602 177 × 10−19 C; 

B is the particle mechanical mobility, in seconds per kilogram; 

C is the Cunningham correction factor; 

η is the gas viscosity, in pascal seconds; 

dp is the equivalent particle electrical mobility diameter, in metres. 

The critical particle electrical mobility, Zcrit, is directly related to the geometric dimensions of the DEMC. The 
equivalent particle electrical mobility diameter, dp, can be determined from equations provided by the 
instrument manufacturer. 

Particles of a certain size or size interval are counted in a condensation nuclei counter (CNC) [also known as 
a condensation particle counter (CPC)] or electrometer, and the particle number concentration for each size or 
size interval is determined. By scanning or stepwise changing the voltage of the DEMC, a number size 
distribution is obtained. The size range from 3 nm to 1 000 nm in electrical mobility diameter can be partly 
covered by different instruments (see Reference [8]). The DEMC has the advantage that the electrical mobility 
diameter is approximately equivalent to the projected-area diameter of particles (defined as the diameter of a 
sphere with the same projected area as the particles being sized) with compact geometries. The entire 
number concentration is obtained by adding or integrating all size channels. 

Though the composition of the sampled particles cannot be obtained, the distribution of surface area and 
volume concentration in some instances, e.g. if the particles are known to be spherical, can be estimated from 
calculations provided by the manufacturer or in the literature. 
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6 Equipment 

6.1 General 

A DMAS consists of different instrument sections (see Figure 1): 

a) pre-separator; 

b) particle charger or particle charge conditioner; 

c) differential electrical mobility classifier (DEMC), with flow control and high voltage control; 

d) particle detector; 

e) system controller, with data acquisition and data analysis (typically built-in firmware or dedicated software 
on a personal computer). 

 

Figure 1 — Major parts of a DMAS 

6.2 Sampling line 

The aerosol is often sampled with a flexible tube in order to access the breathing zone of a worker. The 
material of the tube shall be an electrical conductor. Particle diffusion losses should be minimized. This can be 
accomplished by using tubes of short length. For example, the application of flexible rubber tubes of 
conducting material of length up to a few metres with an inner diameter of 4 mm or 6 mm ensures a short 
residence time in the tube (see 11.3.2). The flow in the sampling line shall be laminar. 

When sampling highly fluctuating aerosols like welding fumes it is recommended additionally that a buffer 
vessel be used in order to average the concentration during the scan. The buffer vessel shall be electrically 
conducting and be earthed. The mean residence time of the buffer vessel shall be related to the scan time. In 
order to get a relatively stable concentration over the scan time, the volume of the vessel can be chosen in 
relation to the sample air flow rate according to Condition (2). 

v

1 scan
5

V
q t

W  (2) 
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where 

Vv is the volume, in metres cubed, of the buffer vessel for the sample air flow rate; 

q1 is the DEMC sample air flow rate, in metres cubed per second; 

tscan is the scan time, in seconds. 

EXAMPLE For a sample air flow rate of 0,3 l/min (0,5 × 10−5 m3/s) and a scan time of 2 min (120 s), a vessel of 3 l 
(3 × 10−3 m3) is appropriate. 

Smaller buffer volumes are preferred if the aerosol agglomerates by coagulation (high concentration of 
primary particles) (see 11.3.3). 

NOTE The state of knowledge at the time of publication allows no recommendation for an upper volume to be made. 

6.3 Pre-separator 

A pre-separator is required such that large particles above the desired measurement range are precipitated. 
This can be done, for example, by use of a suitable impactor or cyclone. The pre-separator shall be cleaned 
and, if necessary, greased regularly. 

6.4 Particle charge conditioner 

The aerosol is charged with free electrical charges by collisions with gas ions and electrons. The free 
electrical charges are usually produced by a radioactive source in the air stream, separated by a thin 
enclosure. Sources like 85Kr, 210Po or 241Am are used. The entire aerosol reaches a charge equilibrium of 
known distribution (see Reference [9]). 

NOTE The charging of non-spherical particles differs from that of spheres. Therefore the distribution of electrical 
charges as a function of particle size employed in the inversion of the critical electrical mobility into a particle size interval 
is strictly valid only for spherical particles. 

6.5 DEMC 

The conditioned aerosol reaches the electrical mobility classification section. A common DEMC comprises an 
inner and an outer electrode maintained at an electrical potential difference typically between 20 V and 
10 000 V (see Figure 2). 

The particles are transported in laminar flow along an annular region or tube along with a clean air sheath. 
The motion of the charged particles depends on their different mobilities, causing them to reach the electrode 
at different positions. Particles of a narrow electrical mobility range centred on the critical electrical mobility are 
sampled via a slit towards the end of the annular region and transported into the detection section. 

6.6 Aerosol particle detector 

The separated aerosol with the specified, critical, electrical mobility is led to a counter which determines the 
number of particles per unit volume. The most widely used counter is the CPC (CNC). In this device, the 
aerosol is brought into contact with supersaturated vapour (alcohol or water) which condenses on to the 
particles. The particles grow rapidly to large droplets, typically several micrometres in diameter, and can then 
be detected using optical methods. Another detector is the electrometer, which determines the net electrical 
current provided by the sampled particles. 

After passing through the detector, further analysis of the particles is not possible. Additional samplers 
operated in parallel to the DMAS can be used to collect samples for further analysis, e.g. an electrostatic or 
thermal precipitator. 
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Key 
q1 DEMC sample air flow rate 
q2 DEMC filtered sheath air flow rate 
q3 DEMC excess air flow rate 
q4 DEMC exiting air flow rate to particle detector 
Z electrical mobility of a charged airborne particle 
Zcrit critical electrical mobility of a charged airborne particle 

Figure 2 — Scheme of a DMAS 

7 Measurement strategy 

The DMAS gives detailed information on the aerosol size distribution within a defined range. The DMAS can 
be used to detect particle-emitting sources in the workplace, or measurements in the breathing zone of a 
worker may be carried out to get information on personal exposure. Since DMAS instruments available at the 
time of publication can only be used as static samplers, if possible a representative sampling position should 
be found with the use of tubes, as specified in 6.2. Workplace air flow pattern characteristics, e.g. direction of 
air flow relative to source and sampling position, and the presence of multiple sources are essential for either 
selection of a sampling position or interpretation for worker exposure. 

For workers moving around, a more structured sampling strategy is necessary (see Annex A). 

NOTE For some workplace conditions, it is not possible to find a representative sampling location. In these cases, 
the values of the measured data are less reliable. 

General information about measurement strategy in workplaces can be found in EN 689[2]. 

8 Measuring procedure 

8.1 Preparation 

The response of a DMAS shall be checked regularly, e.g. before and after a series of measurements, against 
particle size standards (see 10.1). 

Before performing a series of measurements, a zero check of the DMAS is useful by applying high efficiency 
particle arrestor (HEPA) filters to both the sampling line and the sheath air. 

http://dx.doi.org/10.3403/00691252U
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8.2 Sampling 

If worker exposure is to be estimated, the aerosol shall be sampled in the breathing zone of the worker. All 
existing DMASs at the time of publication are large static instruments. The sample should be taken at a 
representative position in or very near the worker's breathing zone. A sampling line as specified in 6.2 can be 
applied. If the worker is not stationary, samples from different locations can be taken by moving either the 
entry of the sampling line or the complete DMAS. 

Diffusion losses in the line shall be taken into account (see Clause 11). 

If the instrument performs a scanning or stepping voltage mode, the time for one measurement is a few 
minutes, typically 3 min to 6 min. During this time, the aerosol should not differ in size and number of particles. 
If highly fluctuating concentrations, such as in welding workplaces, are to be measured, it is recommended 
that a buffer vessel of a few litres' volume be used in the sampling line to avoid artificial peaks during a scan. 
Another option is to average a series of samples if short-term emissions appear regularly. 

Some DMAS devices allow a selection of instrument parameters like sampling air flow rate, sheath air flow rate, 
scan times or even a change of the DEMC type. These settings affect the measurement range. It is 
recommended that the range be selected in such a way as to cover the whole size distribution of the ultrafine 
particles at the workplace. Practical experience shows that the maxima of the particle number size distributions lie 
between approximately 10 nm and 500 nm, depending on the occurrence of primary, aggregated and 
agglomerated ultrafine particles. 

The total number concentration integrated over the measurement range found at workplaces varies between 
109 particles/m3 and 1014 particles/m3 in clean air sections or urban background and welding plumes, 
respectively (see Reference [10]). 

9 Presentation and evaluation of data 

The resulting distribution of the number concentration, CN, shall be given as differential concentration in terms 
of the equivalent particle electrical mobility particle diameter, dp, e.g. dCN/ddp or dlog CN/dlog dp, in order to 
make different instrument settings (number of channels per decade, width of channels) comparable. 

Depending on the object of the measurements, the number size distribution data can be presented in a 
number of different ways, for example: 

a) the calculation of statistical data like maximum or median values is of value and is possible if the entire 
distribution is sufficiently covered; 

b) calculation of the total number concentration in the measurement range, the total number concentration 
for the range below 100 nm, or any other sub-fraction could be reported as a single value for comparison 
of different exposure scenarios; 

c) the time-weighted average size distribution and the total number concentration can be determined for the 
whole reference period (e.g. 8 h or 15 min); 

d) in order to present the variation in concentration over the whole size distribution for the whole reference 
period or measurement period, plot the size distributions as a two-dimensional contour diagram (with time 
on the x-axis, particle size on the y-axis and with concentration as contours) or as a three-dimensional 
surface or wire-frame diagrams (with time on the x-axis, particle size on the y-axis, and concentration on 
the z-axis); 

e) peaks related to process or workplace activities. 

NOTE The particle surface area and particle volume distribution can be estimated from the number size distribution if 
mainly compact or spherical particles or agglomerates and aggregates are sampled. For other non-spherical particle 
shapes, e.g. tubes and ropes, both these estimates as well as the number size distribution are less accurate. These 
distributions can be presented in similar ways to the number size distribution data listed above. 
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An alternative presentation can be achieved by splitting the size distribution into its constituent modes (peaks), 
determining the characteristics of each mode (median diameter, geometric standard deviation and particle 
concentration), and plotting the temporal evolution of the characteristics of the modes in a few diagrams. 

All relevant instrument parameters like measurement range, air flow rates, scan time, as well as DMAS and 
CPC model identification, shall be stated in the measurement report. In addition, sampling equipment such as 
a buffer vessel or sampling line shall be described. Diffusion loss corrections shall be detailed. Sampling time 
shall be given. 

The principal measure when using DMAS devices is the number concentration. A comparison to mass-based 
occupational limit values of airborne hazardous substances is not possible. For example, scanning electron 
microscopy or transmission electron microscopy can be used for the determination of chemical composition 
and can also provide an alternate determination of particle size (see ISO/TR 27628). 

10 Check of DMAS performance 

10.1 Check on particle classification 

Particle size calibration is possible with use of polystyrene reference particles, which are available in the size 
range 20 nm to 900 nm for use with DMAS and certified against standards. It is useful to have three different 
sizes for control purposes of a wide measurement range. The particles are suspended in deionized water, 
sprayed with an atomizer and partially dried before sampling. 

The smallest polystyrene particle that can be used for calibration of a DMAS is approximately 100 nm. The 
reasons for this are twofold: the particle size peak of smaller particles is usually superposed on the 
background of particles generated from water impurities or residuals; and the surface of the sprayed 
polystyrene particles can contain a thin film consisting of water impurities causing the particles to behave 
larger than specified. 

NOTE This means that the performance of a DMAS cannot easily be tested by the user in the size range of ultrafine 
particles and nanoparticles smaller than 100 nm. The only available method at the time of publication for calibration with 
particles smaller than 100 nm is to use particles generated by electro-spray or electro-sparks. This method, however, is at 
the time of publication too complicated to be used for end-user applications. See also ISO 15900[1] for a test of the 
calibration of a DMAS. 

10.2 Check on particle number-counting efficiency 

A calibration against the number concentration is only possible at the time of publication with a reference 
instrument and a stable particle source. At the time of publication, there is no primary standard for particle 
number concentration. A possible standard method could be based on a stable coagulation effect (see 
Reference [11]). 

At the time of publication, the manufacturers of DMAS use reference instruments to set the count rate of the 
instruments they supply. An alternative recommended way is to participate in round robin tests (see 
Reference [12]) which are commercially available (see, for example, “calibration workshops” in Reference [13]). 
For a comparison of a CPC with an electrometer, see ISO 15900[1]. 

11 Problems and errors 

11.1 CPC (CNC) counting efficiency 

The counting efficiency of a CPC (CNC) varies over the available measurement range. For example, the CPC 
is characterized by a lower particle size at which the counting efficiency is 50 %. Information from the 
manufacturer shall be taken into account and the applicable measurement range shall be defined. The aerosol 
particle detector efficiency as a function of particle size shall be known and included in the data inversion, 
which is usually included in the manufacturer's software. All corrections to the counting efficiency applied to 
the raw data shall be noted in the report. The maximum detectable number concentration of a CPC (CNC) is 
limited by coincidence counts, leading to an underestimation of the concentration. Dilution systems at the front 
of the sampling line can be used to avoid this effect. If the counting efficiency is not known, it shall be stated in 
the test report. 

http://dx.doi.org/10.3403/30147850U
http://dx.doi.org/10.3403/30168948U
http://dx.doi.org/10.3403/30168948U


BS EN ISO 28439:2011
ISO 28439:2011(E) 

© ISO 2011 – All rights reserved 9
 

11.2 Particles with multiple charges 

Multiple charges of the particles can lead to an underestimation of the diameter of the particles. A DMAS 
usually offers a correction for this effect. The correction is based on known proportions of multiple-charged 
particles at charge equilibrium. These effects shall be calculated and shall be corrected for in the software of 
the instrument. The method of multiple charges shall be documented in the test report. 

11.3 Sampling losses 

11.3.1 General 

There are three types of sampling loss that modify (bias) the measured size distribution: 

a) diffusion losses inside the sampling tube (if used), see 11.3.2; 

b) coagulation inside the buffer vessel (if used), see 11.3.3; 

c) diffusion losses inside the DMAS, see 11.3.4. 

11.3.2 Diffusion losses in a sampling tube 

For a sampling line (with circular cross-section), the diffusion losses can be estimated using Equation (3) (see 
Reference [14], section 7.4): 

2 / 3

1

1 5,50 3,77 0,009
0,819 exp( 11,5 ) 0,097 5 exp( 70,1 ) 0,009

p

DL
q

D k T B

μ μ μ
μ μ μ

μ

⎧⎪ − + <= ⎨
− + − ≥⎪⎩

=

=

 (3) 

where 

p is the penetration through the sampling line; 

μ is the parameter for diffusion losses; 

B is the particle mechanical mobility, in seconds per kilogram; 

D is the particle diffusion coefficient, in metres squared per second; 

k is the Boltzmann constant, 1,38 × 10−23 N·m/K; 

L is the length of the sampling line, in metres; 

q1 is the DEMC sample air flow rate, in metres cubed per second; 

T is the absolute temperature at which the DEMC is operated, in kelvins. 

An example of diffusion losses is shown in Figure 3. The losses are calculated for laminar flow in a tube of 
length 1 m for air flows of 0,3 l/min and 1 l/min (equal to 0,5 × 10−5 m3/s and 1,7 × 10−5 m3/s), respectively. 
The diameter of the tube is irrelevant for the calculation of diffusion losses. For particle diameters below 
40 nm (equal to 40 × 10−9 m), the losses in this example exceed 5 %. 
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Figure 3 — Diffusion losses calculated for a tube of 1 m length operated at two flow rates 

11.3.3 Bias generated by a buffer vessel 

Applying a buffer vessel (see 6.2) in the sampling line can lead to a change both in the aerosol number 
concentration and in the size distribution. The residence time inside a buffer vessel causes high-concentration 
aerosols, e.g. of welding fume or wood smoke, to coagulate. This lowers the particle number concentration 
and increases the count median particle diameter. For an aerosol with a unimodal size distribution, a buffer 
vessel shall not be used if the number concentration, CN, exceeds 0,3 × 1012/m3. 

NOTE Wall losses occur in the buffer vessels, but no recommendation can be given on how to estimate them. 

11.3.4 Internal diffusion losses 

Particle losses inside the DMAS should be specified by the manufacturer and taken into account by the 
instrument's software, but this needs to be verified by the user. Diffusion losses are highest for low sample air 
flow rates, generally lower than 0,5 l/min. The user can determine the internal losses of a low-flow DMAS by 
parallel sampling with a high-flow DMAS using a test aerosol generated in a laboratory, homogeneous in 
space and constant over time, and, by comparing the measured concentrations, arrive at a particle 
size-dependent correction formula. Another method is to compare a tandem DMAS (without charge 
conditioning before the second DMAS) with a single DMAS, which are all set to the same particle mobility. 

11.4 Uncertainties 

11.4.1 General 

Uncertainties for the determination of the electrical mobility Z originate either from the operating conditions like 
air flow rates, the applied electrical voltage of the DEMC or the efficiency of aerosol charging, or from the 
design of the DMAS like tolerances of the geometry or internal particle losses. The combined uncertainty is 
described in ISO 15900[1]. 

11.4.2 Air flow rates 

The stability of the sample air flow rate affects both the determination of the mobility diameter and the number 
concentration in the detector. 

http://dx.doi.org/10.3403/30168948U
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The stability of the sheath air flow rate influences the determination of the mobility diameter. Often ratios of 
1:10 for the sample to sheath air flow rate ratio are used. Differing ratios than those set by the manufacturer 
change the transfer function of the DMAS and thus the resolution in particle size. 

The air flow rates of the instruments shall be checked regularly and the air flow rate measurement devices 
shall be calibrated. Turbulent air flows inside the mobility analyser section shall be avoided. This is usually 
taken into account when following the manufacturer's recommendations. 

11.4.3 Electrical voltage 

The voltage inside the DEMC directly affects the selection of particles according to their electrical mobility. 
Fluctuations lead to different mobility diameters and broaden the transfer function. A calibration of the high-
voltage source and meter is important. 

11.4.4 Design of DMAS 

Inaccurate geometrical dimensions of the DMAS lead to deviations of the selection of particle mobility. 
Additionally internal particle losses in the sample flow system shall be taken into account. 

11.5 Overloading 

At very high particle number concentrations, a small number of particles can remain inside the DMAS, e.g. in 
the downstream part of the classifier, for a time longer than one scan period. When starting a subsequent 
scan these particles are initially counted at an incorrect size position and lead to artificial concentrations. 
Allowing a longer time period between scans can eliminate this behaviour (see Reference [15]). 

11.6 Sampling of fibres 

If fibres or chain-like aggregates are sampled, the corresponding mobility diameter is not the same as the fibre 
diameter or its length. To get more information on the shape at a certain mobility diameter, it is useful to 
sample those particles at a fixed mobility diameter, e.g. by use of an electrostatic precipitator behind the 
classifier instead of the particle detector, and to analyse them with a scanning or transmission electron 
microscope. 

11.7 Humidity 

Humidity effects can influence the particle size especially when sampling hygroscopic aerosols or under 
strongly changing humidity. Drying of the aerosol prior to sampling using a diffusion dryer or dry dilution air or 
other humidity control devices can be useful to get stable conditions. In these cases, the test report shall 
contain a full description of the humidity control of the measurement system. 

11.8 Maintenance 

The DMAS shall be cleaned regularly in order to avoid changes of the electrical field inside the DMAS. The 
maintenance of the instrument shall be carried out according to the manufacturer's instructions, depending on 
the frequency of use. For example, the liquid in the CPC shall be replaced regularly. 

Local, national and international regulations (e.g. Council Directive 96/29/Euratom, see Reference [5]) for 
radiological protection shall be followed when using and storing the radioactive source in the particle charge 
conditioner and when transporting the DMAS to different places. Usually it is necessary for the management 
of a company visited for purposes of sampling to be informed about the use of the radioactive source. 
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Annex A 
(informative) 

 
Methods for determining exposure 

Measurements of airborne particles in workplaces made with a DMAS include particles from a number of 
background sources (e.g. nearby work processes, traffic and other combustion emissions, cigarette smoke) as 
well as airborne particles from the work process of interest. These background particles are nearly always 
present to varying degrees, but their contributions to exposure measurements of the mass concentrations of 
the inhalable, thoracic or respirable aerosol fractions commonly measured are normally negligible. However, 
for number concentration exposure measurements of the ultrafine or nanofractions of workplace aerosols, 
their contributions can be high and variable, and so should be taken into account if measurements of worker 
exposure to ultrafine or nanoparticles emitted from the work process are required. 

In order to determine the contribution of the work process to the measured aerosol, outdoor and background 
size distributions and concentrations should be measured. A reference position can be found in the larger 
vicinity of the work process. The direction of wind shall be taken into account. Possibly, instruments other than 
a DMAS, e.g. a CPC, may be used for this purpose if they cover the same particle size distribution. The 
influence of externally generated particles can be visualized by subtracting or dividing the background data 
from the workplace data, either for the total number concentration or for the size distribution. 

Another possibility to determine the contribution of the work process with only one measurement point or 
instrument is to compare the data between activity and non-activity work periods. 

To estimate the whole shift exposure, multiple short-term sample results can be averaged. National 
regulations or recommendations give rules for the shortest cumulative sampling period allowed in order to 
estimate the full-shift exposure. Also short-term exposure, which is generally determined as the average 
concentration encountered for a period of 15 min, can be used for exposure assessment. Depending on the 
particle source and the worker's job activities, static sampling generally cannot be used to estimate personal 
exposure with acceptable uncertainty. This is only possible either if a sampling position representative for the 
work can be used, or if the direction and distance between the worker and the source(s) vary considerably 
over the work shift. The experience of occupational hygiene over the last 40 years has shown that static 
sampling generally can undersample relative to personal sampling by a factor of two to 10, but in extreme 
cases can undersample much more, although situations also exist with almost no difference between 
concentrations determined with personal and static sampling (see References [16] to [22]). Time-weighted 
average results based on multiple sampling locations may be used to estimate personal exposure when the 
worker moves around. For further information on exposure assessment strategies see ISO/TR 27628. 

During exposure assessment, all workplace activities should be observed and documented to provide 
additional information that can be helpful to interpret results of static sampling. Data on other aerosol sources, 
workplace ventilation, local exhaustion, worker activities and personal protective equipment are valuable for a 
later assessment. At the time of publication, when even the metric of exposure to ultrafine aerosols and 
nanoaerosols is unknown, it is advisable to keep all records for a period of 5 years. 

http://dx.doi.org/10.3403/30147850U
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Annex B 
(informative) 

 
List of manufacturers1) 

(non-comprehensive) 

⎯ Grimm Aerosol Technik GmbH & Co KG  
Dorfstrasse 9  
D-83404 AINRING 
Germany  
http://www.grimm-aerosol.com 

⎯ Hauke GmbH & Co KG 
Cumberlandstrasse 46 
A-4810 GMUNDEN 
Austria 
http://www.hauke.at 

⎯ MSP Corporation 
5910 Rice Creek Parkway, Suite 300 
SHOREVIEW 
MN 55126 
USA 
http://www.mspcorp.com 

⎯ TSI Incorporated 
500 Cardigan Road 
SHOREVIEW 
MN 55126 
USA 
http://www.tsi.com 

⎯ Tsukasa Sokken KK 
1-19-4, Tamazutsumi 
Setagaya-ku 
TOKYO 158-0087 
Japan 
http://www.sokken.co.jp 

                                                      

1) This information is given for the convenience of users of this document and does not constitute an endorsement by 
ISO of the manufacturers named. 
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