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White Paper Pegasor AQ Indoor™

What needs to be measured from indoor air?

Today there is no legislation for indoor air ultrafine particle (UFP) concentration.

Particulate matter found indoors will include particles of outdoor origin that migrate indoors and
particles that originate from indoor sources. Indoor Particulate Matter (PM) can be generated
through cooking, combustion activities (including burning of candles, use of fireplaces, use of
unvented space heaters or kerosene heaters, cigarette smoking) and some hobbies. Indoor PM can
also be of biological origin.

Indoor PM levels are dependent on several factors including outdoor levels, infiltration, types of
ventilation and filtration systems used, indoor sources, and personal activities of occupants. In
homes without smoking or other strong particle sources, indoor PM would be expected to be the
same as, or lower than, outdoor levels [1].

Optical instruments are often used to measure particle concentrations indoors. Unfortunately,
optical devices are not sensitive to ultrafine particles and therefore instruments report mass of
particles, which is dominated by particles larger than 300 nm in size. This is the lower detection
limit for optical measurement instruments. 300 nm is outside the ultrafine particle size range and
ultrafine particles go through the measurement device undetected. Engine emissions are dominated
by UFP and these particles migrate easily indoors.

It is well understood that mass of particles does not correlate with the adverse health effects of UFP.
For outdoor air particle concentrations there is legislation for mass of particles in the air. Legislation
of outdoor air particle concentration measurement is slow to change. Therefore, therefore it can be
expected that legislation for indoor air particle concentrations will take time and plenty of research
to be realized. Low sensitivity to ultrafine particles is true also for Beta Attenuation monitors (Beta
Gauge) and Tapered Element Oscillating Microbalances (TEOM) used to measure outdoor air
particle mass concentrations and sometimes also indoor air particle mass concentration for research
purposes. Condensation Particle Counter (CPC) in combination with Differential Mobility Particle
Sizer (DMPS) can be used to measure ultrafine particle number concentrations indoors. Also
Electrical Low pressure Impactor (ELPI) can be used to measure ultrafine particle number
concentration, ultrafine particle surface area and Ultrafine particle mass in indoor air. Unfortunately
all of these instruments are big, heavy, complex to use and terribly expensive.

Some countries like Canada, Hong Kong, Mainland China, India, Mexico, United States, United
Kingdom and even Europe have established Air Quality Indexes (AQI) or similar to better correlate
air quality with health effects. AQI can also be applied for indoor air. Lung Deposited Surface Area
of Particles (LDSA) is used today to describe adverse health effects of ultrafine particles and this
should be the target to measure.

It is known that PM1 (mass of particles below one micron in size), PN (total particle number
concentration), PA (total ultrafine particle surface area) or LDSA better correlate with the harmful
effects of particle pollution than TSP, PM10 or PM2.5. Most of the particles that contribute to the
PN, PA and LDSA come from combustion sources such as vehicle engine, wood combustion,
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cooking and remote combustion sources. Ultrafine particles produced in combustion remain
airborne for very long time and can travel thousands of kilometers away from the initial source and
migrate indoors through ventilation and open windows.

Advanced organizations and universities have started to measure PN, PA and LDSA in indoor air.
Pegasor AQ Indoor™ can be used to measure PN, PA and LDSA with one single unit. This paper
describes the benefits of Pegasor AQ Indoor™ in indoor air measurement.

Pegasor AQ Indoor™

Operation principle

The operation of Pegasor AQ Indoor™ is based on Faraday Cage filter. Sample of air is pumped
inside Pegasor AQ Indoor™, First there is a PM2.5 separator cyclone in the sampling line to
prevent large particles from loading and distorting the measurement. After the precut cyclone
particles contained in the sample flow are being charged by a corona discharge inside the
measurement unit. Trap electrode placed inside the corona discharge chamber removes ions from
the sample flow allowing only the charged particles to enter the measurement unit. Trap voltage is
modulated to provide particle size information for data calculation. The current collected on the
faraday cage filter in combination with modulating trap provides the user with the following
concentration information

ultrafine particle number
ultrafine particle surface area
LDSA

ultrafine particle mass

Additionally inside Pegasor AQ Indoor there are state of art sensors for Temperature and Relative
Humidity % (Vaisala HUMICAP® sensor). Sensor for CO, (Vaisala CARBOCAP® GM10) is also
inside the Pegasor AQ™ Indoor monitor.

Pegasor AQ Indoor™ operation principle is shown in fig. 1, and Pegasor AQ Indoor™ sensor is
shown in fig. 2.

In the sensor all flows are continuously monitored and adjusted. Therefore, for example filter
loading or altitude of measurement has no effect on the sample flow. Also, all critical insulators are
protected with sheath air flows to assure long term independent operation without user attention.
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Fig. 1. Operation principle of Pegasor AQ Indoor™ sensor.

Fig. 2. Pegasor AQ Indoor™ sensor.
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Fig.3. Pegasor AQ Indoor in a suitcase

Pegasor AQ Indoor™ is equipped with a 98 Wh internal battery. This battery enables 8 hours of
measurement in places where there is no mains power available. Internal battery below 100 Wh
enables easy transportation of the unit. Water condensation inside Pegasor AQ Indoor™ must be
prevented. Pegasor AQ Indoor™ needs no sampling systems to temperature control the sample or to
separate water from the sample. The only consumable in Pegasor AQ Indoor ™ is the faraday cage
filter, which needs to be replaced in the worst case once per year. In more normal concentrations
filter lasts for several years without need to change it. Internal functions are built in the unit to
compensate for filter loading. In the end, alarm function tells the user to exchange the filter.
Additionally, there is self-diagnostics inside the unit to inform the user e.g. for a missing filter.

Charge that the particles may initially carry has no effect on the result since all particles are charged
to their positive maximum in the charger and then ions and ultrafine particles below selected
particle size are collected on the trap electrode.

Benefits

Consumables in Pegasor AQ Indoor™ include the Faraday Cage filter and Active Carbon filter for
corona air flow. Exchange of these filters can be done by the user easily. User is informed of service
need and both filters should be changed during the service. Annual or biannual sensor calibration at
manufacturer’s site is provided for Q&A purposes if needed.

Pegasor AQ Indoor™ has internal compensation functions correct for variable air flow to the filter
(due to filter loading or measurement at variable altitudes from the sea level). All critical parameters
of the monitor (corona current, corona voltage, impedance and trap voltage) are measured and can
be recorded on the data file. Alarm limits can be set for these parameters.



Specifications

« Extracted sample temperature can be from -20 °C to room temperature (non-condensing)

« 0-100% RH

« No sample conditioning needed

» Time response 1 s—60 min

« Max data storage time 1 year

» Measured ultrafine particle size range from 10 nm and up

« Modulating trap voltage to provide mean particle size information for data calculation

» Total ultrafine particle mass, total ultrafine particle number and LDS measurement
simultaneously from 10 nm and up.

« modulating trap voltage providing size information to the sensor for data calculation.

* No sample conditioning needed

» Low maintenance need

« Concentration range for particle number 300 1/cm? up to 6*108 1/cm?®

- Concentration range for particle mass 1 pg/m? up to 200 mg/m?

« Dimensions 165 x 200 x 340 mm, weight 7 kg

» Clean air flow generated and monitored with internal pump and flowmeter

« Sample flow generated and monitored with internal pump and flowmeter. Measurement
result is flowrate corrected (sensor loading, and altitude effects eliminated)

« Built in data storage 1 GB, flash memory

» Connections USB to Stick, analog V (0-10 V) or mA (4-20 mA). Range adjustable by the
user. Modbus over Ethernet, wireless 3G/4G modem, radio modem, cloud service

» Operating voltage AC 100-240 V or DC 24 V, 2,7 A (power supply included in the
shipment)

» Continuously self-diagnosed for trap voltage, corona voltage, corona current, and sensor
impedance, both trap insulator and main insulator. Impedance indicates sensor loading and
possible cleaning need/water condensation.

Pegasor AQ™ Indoor Strengths

Pegasor AQ Indoor™ has been designed for affordable aerosol concentration measurement from
remote location to densely populated urban areas. Competing devices are typically labor consuming
and require frequent service and dangerous consumables such as Condensation Particle counter
(CPC) needs butane as working fluid and Beta Gauge needs radioactive source for the detection.
TEOM collection filter needs to be changed frequently. Pegasor AQ Indoor™ is measuring well
defined aerosol concentration with no interference nor material dependence in the aerosol itself.
E.g. filter measurement of indoor air PM concentration can sometimes be problematic because used
filter media may react with gaseous compounds contained in the air. CO> concentration and relative
humidity may give further insight to the results.

Modulating Trap Voltage

Pegasor AQ Indoor™ has been designed for affordable and long-term indoor air aerosol
concentration measurement without any user attention. Pegasor AQ Indoor™ is measuring well



defined aerosol concentration with no interference nor material dependence in the aerosol itself.
E.g. filter measurement of urban indoor air PM concentration can sometimes be problematic
because used filter media may react with gaseous compounds contained in the indoor air.
Pegasor AQ Indoor has so called modulating trap function. This function provides particle size
information for data calculation thus getting very exact concentration data for all measured
quantities separately.

Measurement Data

Pegasor AQ indoor™ has been used to monitor indoor air emissions in the office environment
(fig.4.). Particle number concentration in the indoor air is clearly higher when there is a particle
emission source active in the room than the background air.

— Incoming air
— Room air
— Outgoing air
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Fig. 4. Ultrafine particle concentration in an office. Background concentration is increased three
orders of magnitude when there is a particle emission source active in the room. In this case, the
ultrafine particle levels to come back to the level of the background takes about 1 hour. Source:
Finnish Institute of Occupational Health, 2019.

Summary

Pegasor AQ Indoor™ offers the user fast and continuous ultrafine particle concentration (number,
surface area and mass) measurement as well as LDSA measurement. Pegasor AQ Indoor™
measures ultrafine particle number concentration, surface area concentration, mass concentration
and LDSA simultaneously from 10 nanometers and up.



Pegasor AQ Indoor™ does not require any external sample conditioning for example for
temperature and humidity. Sample taken to the Pegasor AQ Indoor™ can have temperatures from -
20°up to room temperature (non-condensing) and 0-100 RH.

Normally data is transferred to a USB memory stick, Modbus over Ethernet, wireless 3G/4G
modem or radio modem. Pegasor AQ Indoor™ has extensive self-diagnosis and it informs the user
on abnormalities and of any action needed to be done in order to keep the sensor data reliable and
accurate.
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