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ACTRIS Technical Standard
This recommendation is based on the article of Wiedensohler et al. (2012).

Within the EUSAAR and ACTRIS projects, we have developed technical standards for mobility particle
size spectrometers. Parts of these standards have resulted from the desire to harmonize aspects of
hardware, and enhance the accuracy and definition of the measurement. Others were conceived to
enhance the data formatting and evaluation procedure of the measurements. The recommended
standards have been clearly motivated by the needs of long-term field experiments, nurtured by a
multi-annual practice of field observations and laboratory intercomparisons of mobility particle size
spectrometers. The general spirit of these recommendations is to improve the accuracy and world-
wide comparability of such measurements. We encourage operators of atmospheric measurements
of particle number size distributions to adhere to these standards as far as possible.

Technical Features of the Mobility Particle Size Spectrometers
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Figure 1: Recommended set-up of a mobility particle size spectrometer for long-term measurements
of the ambient aerosol
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The schematic of our recommended mobility particle size spectrometer is shown in Figure 1. Here,
the sheath air flow is circulated in a closed loop, a principle implemented in most commercial and
custom-made mobility particle size spectrometers. The recommended set-up includes dryers to
reduce RH in the aerosol sample and sheath air flows. The dryer in the sheath air flow helps to avoid
measurements with moist air somewhere in the DMA and to achieve a stable relative humidity in the
system. Furthermore, it reduces the time lag to dry all flows and HEPA (High Efficiency Particle)
filters. The sheath air loop contains a heat exchanger and HEPA filters. Sensors continuously record
the aerosol and sheath air flow rates, relative humidity and temperature in both flows, and absolute
pressure in the aerosol flow entering the DMA.

For scanning mobility particle size spectrometers, we recommend using a minimum scanning time
(up or down scan) of 2 min to avoid smearing effects in the particle counters with a relatively slow
response time. These smearing effects can cause e.g. significant false measurements at the slope
towards larger particles in the accumulation mode range.

Relative humidity (RH) Control and Measurement

Due to the hygroscopic growth of atmospheric aerosol particles at RH well below supersaturation, it
is essential to control or limit RH in mobility particle size spectrometers. The philosophy is to obtain
comparable data sets and, therefore, to measure the “dry” particle number size distribution. When
working in a warm and moist atmospheric environment, the dew point temperature can reach the
standard temperature of a measurement laboratory (20-25°C). This requires that the aerosol sample
flow has to be dried, either directly in the main sampling line or at the instrument. A dry aerosol
sample is needed to ensure the correct bipolar charge equilibrium and, thus, sizing downstream of
the bipolar diffusion charger in the DMA. A dry sheath air is needed to ensure particle sizing inside
the DMA with a minimum fluctuation in RH. The recommendation is to limit RH inside an instrument
to below 40%. In this regime, changes in particle diameter as a result of RH are expected to be below
5%.

To limit RH in the aerosol sample flow (see also the recommendation for the drying), we concretely
recommend using a membrane dryer (made from materials such as Nafion™), or a silica-based
aerosol diffusion dryer. Operation of a membrane dryer will require a continuous supply of dry air in
the laboratory, while a silica-based dryer will require regular regeneration. Utmost care should be
taken to select or design dryers that feature minimum particle losses, such as due to Brownian
diffusion. ldeally, particle losses across the dryer are characterized and accounted for in the data
processing as an equivalent pipe length (see below).

In complete analogy, the sheath air flow rate should be dried below 40% RH as well. Both membrane
and diffusion dryers can be used. RH in the sheath air flow should be monitored continuously by a
calibrated humidity sensor as well. The sheath air RH sensor should be installed as close as possible
to the DMA at the excess air outlet. The objective is to measure RH at a temperature and pressure
that best represent the conditions inside the DMA. As a guideline, the temperature of the sheath air
RH sensor should not differ more than 1 K from the temperature in the DMA.
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RH in both the aerosol and sheath air flows should be monitored continuously by calibrated humidity
sensors with a maximum uncertainty of maximum 5% RH across the range of 10-90%. These data
should be recorded and stored with at least the same time resolution as the electrical particle
mobility distributions. When dual mobility particle size spectrometers (systems with two parallel
DMAs) such as a TDMPS (Twin Differential Mobility Particle Sizer) are used to cover a wider particle
size range (e.g. below 10 nm), the RH parameters should be separately reported for each DMA.

Sheath Air Flow Circuit Specifications

In the case of a closed-loop sheath air flow, a heat exchanger is needed to remove the excess heat
generated by the pump or blower. An ideal instrument employs two HEPA filters to provide particle-
free sheath air at the exit from and entrance to the DMA. The pressure drop across the HEPA filters
should be minimal to ensure a correct measurement in the closed loop of the sheath air flow. For a
critical orifice/pump set-up, the absolute pressure downstream of the critical orifice should be
monitored to ensure critical flow conditions (pressure downstream less than half of the upstream
pressure).

Aerosol and Sheath Air Flow Measurement

One of the important but sometimes apparently underestimated issues in particle electrical mobility
measurements is the correct determination of the instrumental air flows. Errors in the experimental
aerosol and sheath flow rates will propagate immediately into the derived particle number
concentrations and/or particle sizes. Our general advice is to combine continuous and automated
flow measurements inside the instrument with the manual precision measurements that are typically
part of regular maintenance. To ensure continuous observations of the aerosol and sheath air flow,
our recommended set-up includes the use of calibrated flow meters in the respective positions.

For the aerosol flow, we recommend using a calibrated differential pressure transducer measuring
the pressure drop across a laminar flow element (capillary). While such a capillary can be
manufactured from widely available plumbing elements, care should be taken to warrant an
undisturbed laminar flow across the device. It is particularly not recommended to use mass flow
meters for the aerosol flow, because of particle losses. The measured flow values should be recorded
and stored with at least the same time resolution as the measured electrical particle mobility
distributions. As a guideline for quality control, the continuously recorded aerosol flow should not
deviate more than 5% from the set-point. Besides the continuous measurement, the aerosol flow
needs to be checked manually using a precision volumetric flow meter (e.g. an electrical bubble flow
meter). This manual measurement should take place as often as possible, but at least at each service
occasion (every month at least). The quality of the continuous flow measurement will be improved if
the differential pressure transducer is recalibrated regularly.

For the sheath air flow measurement, two options are possible: Either a differential pressure flow
meter as described above, or a mass flow meter — because particle losses do not matter inside the
sheath air flow. To capture the flow rate under conditions as close to the conditions (pressure,
temperature) inside the DMA, the flow meter should be installed near the sheath air inlet (but
upstream of the HEPA filter). For differential pressure flow meters, the sensor voltage is typically



L]
World Calibration Centre I \ | R I S

for Aerosol Physics

calibrated against a reference volumetric flow. Any mass flow meter should also be calibrated for
volumetric flow using a reference volumetric flow meter, thereby accounting for air pressure and
temperature in the laboratory. As a guideline, the sheath air flow should be kept as constant as
possible, with a maximum deviation of its floating average of 2% around the set-point value. The
required temporal stability can be accomplished either by a critical orifice/pump set-up or by an air
blower that is controlled by software or hardware.

Temperature and Pressure

To ensure the highest quality and traceability of mobility particle size spectrometer measurements,
temperature and absolute air pressure should be monitored in the instrument. The objective is to
determine the conditions given at any time inside the DMA, because these are needed to ascertain
the correct sizing of the particles and to adjust the final particle number size distributions to standard
conditions (273.15 K, 1013.25 hPa). The preferred option is to monitor temperature and absolute air
pressure near the aerosol inlet of the DMA, however, without disturbing the laminar flow profile.
Since RH sensors are usually capable of recording temperature as well, it is useful to store the
temperatures values from those positions as well. As mentioned before, all parameters should be
stored with at least the time resolution of the measured electrical mobility distribution. In the case of
dual mobility particle size spectrometer, it is obligatory to report the recorded parameters separately
in conjunction with each DMA.
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