/
\I@jtfpj CEST 2021

17" International Conference on Environmental Science and Technology

Athens, Greece, 1-4 September2021

Technology hybridization for real time particulate matter

monitoring

Jérome Louat!”, Claire Thaury!, Azzédine Ben Daoud? with the contribution of Serge S. Aflalo?,

PhD

LENVEA, 111 boulevard Robespierre 78300 Poissy, FRANCE,

*correspondingauthor: Jerome Louat?!
e-mail: j.louat@envea.global

Abstract While the monitoringand management of
airpollution remains a challenge ata regional level, it
also becomes more and more sensitive at very local
scale. Both, as hot spot sources, can be very
localized, but vulnerable population (in schools,
hospital...)due tofluidic effect, especially in cities
with tall buildings, can lead to very significant
disparitiesin local pollutionlevels.

For all those reasons, accurate real time
measurements of local pollution is increasingly of
interest forallstakeholders. So far,no satisfactory
solution (microsensors, modeling...) has provenboth
reliable and affordable on its own asanalternative to
reference analyzers. The solution canthus only come
from an appropriate combination of various
technologiesandalgorithms.

This paper presents and shows the benefit of an
innovative approach to combine well known dust air
quality monitoring proven equivalent method, suchas
beta attenuation and indicative sensors based onlight
scattering as a first step to allow wider hybrid
networks over particulate matter monitoring and
extend it to other parameters such as gases (SO2,
NO2...), which would providesimultaneously a cost
effective, reliable, and hyperlocal solution especially
when combined to mathematical modelling software.

Keywords: PMi, PM2s, monitoring, air quality,
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1. Introduction:

Generally, air quality monitoringmade by compact
micro-sensors are qualified as indicative in
comparison to reference or equivalent measurement,
achieved by certified analyzers.

While the complementarity ofthose two approaches
seem obvious, practical implementation falls short of
any success up to now, with some cities using in
parallel reliable reference network with a limited
number of locationanda network of micro-stations
with a more questionable accuracy.

Effective combination of those two elements is a
critical step to help cities across their problematic
and, their inhabitants, to better monitor, understand,
and thus improve theair quality of their city detection

capabilities. Adedicated studies mixingbothtype of
approaches was thus set up to analyze the
possibilities of closer interaction between the two
typesof monitors.

Air pollution event in Hanoi
2. Materialsand methods
Air quality solution, including MP101M certified
beta attenuation monitor for PMy and PM2s and
micro-sensors using light scattering were installed in

Hanoi city Vietnam, both with collocated and
separated locations.
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AQMS station, Donre, Hanoi

Cairret station installed in Haroi

Cairnet® stations network are innovative tools that enable
the real-time monitoring of thecritical parameters related
to airquality, aswellasthe corresponding impact on the
surrounding community.

Up to 6 parameters are measuredwith one completely
autonomous station, thanks tominiaturecost-effective
sensors based on electrochemical with amperometric
detection (forgases) and light scatteringoptical device
(fordust) developed tocontinuously monitor SOz, CO,
03, NO2, PMyo and PM2s. This study was conducted
using a new generation of optical sensors for the
particulates matter (Cairsens PM) thatincludes, among
otherimprovement, a heating function activated when
relative humidity goes over 60%to minimizeits impact
on the intensity of the light scattered by the particles.
Those sensors have been deployed alongside several
reference stations, using MP101M, EU and US EPA
approved beta attenuationmonitor forPM 1o and PM3 5
measurement. Thesameequipmentwas used for initial
reference in France.
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Graph 1: general results of sensor 116 collocated with SO1
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MP101 reference analyzers for PM10 and PM2,5, Dorre, Haroi

Some sensors have been deployed together with the The general trend looks reliable with a good
certified analyzers and then switched to more remote correlation, especially compared with previous
locations, while others were always deployedat rem ote generationofsensors thatdid notincluded moisture
distance in the city. One site has beenusedas a reference management functions. This improvement avoid peaks
station for the study. It was based on the roof of the during high humidity events. Global uncertainty
other sites are indicated by their distance from S01 in —_— PMZE . pse
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Table 1: schedule of microsensors localization and distance from SO reference in real time data management system. This
combination could beachievedusing ENVEA XR™
3. Resultsand discussion airquality data management systemthat collects the
Impact of sensor correction concentrations generated by both micro-sensors and
First, result was related to the performances of the approved analyzers, together with other data such as
Cairsens PM on their own, especially in a very humid locationand meteorological data. Thissystem would
climate suchas Hanoicity. Those conditions and main allowfora realtime adjustment. The first correction
parameters levels are summarized in table 2. was decided tobe done usinga fixed formula, made by
. Pﬂ:; PH?-: Hu";':"‘f‘f TEMPERATURE comparingsensor and referenceanalyzerona different
{pg'm3)  (pg/m3) %) ") . h . .
COLLECTION RATE | 74% 4% 70% _— site and different climate (Poissy, France).
MEAN &0 9.1 66.9 118
MEDIAH TL 573 eso a7 Theuse of allthis formula allows anadditional step o f
e s A correction, and provides the result shown in below
83 5.5 236 106 )
Table 2: local conditions graph 3:
Results are summarized on hereafter graph 1: .
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Graph 3: general results of sensor 116 collocated with S01
after correction.

Correlation (R?) are respectively 0,89 for PM10 and
0,93 forPMas.

The same method was applied on all the sensors
without concern for colocation, thecomplete table of
results is shown in table4 below:
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Table 4: general results of corrected micro-sensors

Comparisonof R2intables 3and 4 show that higher
valuesareobtained within the proposed method.

It must be noted that some communication issues
preventedthe complete collectionof data forsite 119,
thus correlation could notbe calculated accurately and
wasnot included in the result table.

Real time Vs pre factory adjustment

A parallel experiment was done using the same
equipment in Beijing (Huajiadi, Chaoyangdistrict), P.R
of China, to expose it to a widely different kind of
climate.

(1h average) (Lhaverage)
temperature -1,2°C 23,5°C
humidity 8% 97%

VSCC+PMy inlet of
the Reference analyzer

(PM_,s measurement)

PMyo inlet of the
I Reference analyzer

(PM;o measurement)

Optical sensor
inside the Cairnet
Statinn
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Forthis location, the purposewasto compare a realtime
adjustment of PM1pand PM. s concentrations with and
without a pre factory adjustment. Measurements were
recorded from Nov. 1%2020to Jan. 1%2021,t0 cover a
wider range of atmospheric conditions. Effective range
of temperatureand humidity coveredwere as follow:

| Lower value | Higher value |

The data logger systemallowed to register raw data, and
thusto performtwo kinds of correction,one based on a
comparison performed in factory with a reference
analyzer, and the second withoutsuch setting, but in both
cases usingthe reference analyzeron site in realtime for
adjustment.

The result of these two strategies is shown below:
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Graph 4: correlation with factory calibration
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Graph 4: correlation without factory calibration

Both methods can achieve an excellent correlation
factor (>0,97), but theonewithout factory calibration
displays higher correction parameters
(y=1,1248x+2,2106, comparedto y=1,0667x+1,4288);
showingthatthe recalibrationfromthe beta gauge is
more important. A slope factor lower than 1,1 is for
example a criteria to pass certification such as US-
EPA.

Conclusion

The article demonstrates that factory calibration is a
key step to ensure proper use of micro-sensors in either
standalone (micro-sensors only) or hybrid networks
(sensors +certified analyzer).

In the case of hybrid networks, this calibration could be
combinedwith on-site real time adjustment, butwould
reduce the scale of this adjustment, increasing the value
of each location measurement.

Next step would be to add such kind of real time
adjustment using certifiedanalyzersthatare notin the
same location, butit will not be possible without either
a micro-sensor collocated asa sample or hypothesis o f
the impact model, otherwise, if the onlyassumption is
that micro-sensors should be close to the reference
station nearby, it would remove any benefit of having
more measurement locations.
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