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Goal: Understand the physics governing particulate
matter sensor operation to better understand the
limitations of sensor performance as well as the quality
assurance and correction approaches that are needed.

We’ll answer questions like:

* Why does the PMS5003 sensor overestimate typical urban PM,, . concentrations in the U.S.?

* Why does the PMS5003 sensor overestimate wildfire smoke PM,, . concentrations even more?
* Why does the PMS5003 report a seemingly invariant particle number size distribution?

* Why do many PM sensors do such a poor job detecting particles larger than 1 um?

* Why do mass concentrations reported by the PMS5003 increase linearly with relative humidity?
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How are particles measured by regulatory-
grade light scattering instruments?
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Mie oh my: How much light would a particle scatter if a
particle could scatter light?
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Retrieving particle size from an OPC
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Good for counting and sizing ~0.3-to-10-pm particles,
as long as particles pass through the focal point one at a time.




To what extent do PM sensors that cost < $50
operate like conventional optical particle
counters? Are they able to count and size
individual particles?



Example: Plantower PMS5003 (used in PurpleAir monitor)
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PMS5003 photodiode output | ™o et
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Aerosol flow is dispersed across the beam profile.

Most particles miss the laser focal point.
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What does this look like in practice?
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Take-home points

1. PM sensors that cost <S50 (e.g., Plantower PMS5003, Sensirion SPS30) are
imperfect optical particle counters

2. They detect particles from 0.3 - 1 um (with varying success).

3. Practical takeaways:

* Particle number size distributions reported by PMS5003 are not accurate.
Most particles are undersized by the sensor.

* The U.S.-wide PM, . correction
is consistent with the physics t
» Effortsto calibrate sensors for
when mass is dominated by su

developed at EPA for the PMS5003 sensor

nat govern sensor operation.
PM, « mass become more complicated

permicron particles (e.g., dust).

* PMS5003, SPS30 sensors do not respond to the PM,,-PM, . mass fraction.
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