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ﬂ INTRODUCTION P

Air pollutant measuring devices are essential for monitoring air quality in
buildings and public spaces. Unfortunately in Africa, we have difficulties
related to the :

x High cost of these measuring devices ;

X Process of acquiring and transporting devices;

x Handling and maintenance of newly acquired devices.

Nowadays, thanks to the technological evolution, we can realize portable
measuring devices, which integrate the Internet of Things (IoT) and can
connect virtually to communication tools, such as smartphones and

computers.
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OBJECTIVES

C Design an intelligent, efficient and autonomous device based on sensors
and microcontrollers for measuring air pollutants;

C Carry out real-time monitoring of air quality based on the developed device.

SPECIFIC OBJECTIVES

C Use less expensive sensors and electronic components ;
C Build less complex loT-enabled devices ;

C Carry out calibration work and comparative analyzes of the results obtained
with the reference values (WHO).
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& MATERIAL AND METHODS B

The developed device is based on the components such as :
C Atmega Microcontrollers ;

C Sensors and electronic components ;

C Areal-time display screen ;

C Addigital data storage module ;

C Two XBee transceiver modules for wireless data transmission to a remote
PC.
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g MATERIAL AND METHODS

X Electronicomponentssed

03 Sensor(MQ131) CO and NO2 Sensor(CIJMCU- SO2 Sensor(SPEC Particle matter sensor Temperature and humidity
6814 sSensor) (PPD42NS) sensor (DHT22)

1 Number of pins: 28 including 6 PWM Mémoire Flash : 32 ko
1 RAM memory: 2 KB

1 Parallel ports: 3, with 23 1/O pins

1 Clock frequency: 16 Mhz (max tolerated = 20 Mhz)

1 6 10-bit Analog/Digital converters.

@ 20x4 LCD screen XBEE Modules (Transmitter - Receive SD card support
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MATERIAL AND METHODS

X Synopticiagramofthedevicaleveloped

Zighee wireless

transmission

MQ131 sensofOs) |::>
|:> Xbee S2C transmitter Xbee S2C receiver

CJIMCU-6814 sensor (NO,
and CO)
E:> ATMEGA 328P E>

SPEC sensofSO,) Microcontroller LCD 20x4

PPD42NS sensofPM., )
|::> PC

|:> Micro SD card module
DHT22 Sensor(T and H) E:>
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MATERIAL AND METHODS B

X

Designandrealizationprocesefthe electronirototype

Purchasing components, sensor configuration tests;

Individual programming and functional testing of each sensor and other
component used,;

Assembly of the prototype developed following the proposed block diagram;

Programming the general operation of the device and calibration work.




ﬂ MATERIAL AND METHODS
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MATERIAL AND METHODS
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devicethe GentSampler

x Calibration work of the electronicd
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MATERIAL AND METHODS
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x Calibrationwork of the electroniad
devicethe GentSampler

The regression line with equation w= 1.8779w+ 2.0995, and the line with equation w
= 2w are almost coincident in the scatter plot. Thus, the data from the electronic
device can be correlated with that of the GENT Sampler in the following way:

CaQnob & ¢ EAbY 6000 YD

It has been demonstrated by Castanho et al., that the Gent Sampler determines a
daily concentration, estimated at 50% of normal pollution. The electronic device will
be in agreement with the GENT Sampler if the following relation deduced from Eq.

(1), is respected:

0 'Quo b 82" amy 6Y0 700U 6YD

evicewith a reference

C8twwu ¢z "000 BYD

P

Measuring period: 2 months

Devices

GENT Sampler

Electroniadevice

PM, - Averageoncentratigipg/m?) 16.120.11

32.3£0.40

Using equation (2) and the values obtained in the table, a reliability

coefficient of 1.00 N0.01 is obtained.

(1)

(2)
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MATERIAL AND METHODS

X Alr quality assessmentethod

The World Health Organization (WHO) : CO, O, SG,, NO, et PM, 5/ PM,,

Pollutants

WHO guideline valu

Health effects

WHO reference
values for
air quality

(indoor and
outdoor)

Particles with a diamé
less than 2,5 ym RM

15 pg/ni daily averag
5 pg/n? annual averg

Risks of developing cardiovasculg
respiratory diseases

Ozone

(O3

100 pg/Mon averag
over 8 hours

May induce breathing difficulties, as
Risk of disruption of the functioning
lungs

Na

Nitrogen dioxide
(NG

10 pg/n¥annual
average

25 pg/nt hourly
average

Risk of development of chronic brof
in asthmatic subjects.

Sulphur dioxide

40ug/me dailyaverag

May cause respiratory and pulmo

nal
N

®

(SQ) system function and eye irritatio
Carbon monoxide | 60pg/m3 dailyaverage Asphyxiamas that attaches to red b
(CO) cells and prevents them from carr

oxygen properly in the body

yin
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& MATERIAL AND METHODS

x Air quality andexposurasksassessmentethods

Air quality assessment
IQA sub-index = (measure / referencenglx 5C (3)

Air Quality Index AQI Values Levels of Health Concern

(AQI)

From 51 to 100 Moderate
From 101 to 150 Unhealthy for Sensitive Groups

Exposurerisks assessment

Air Quality
Health Index
(AQHI)

With NO, and O; measured in ppb (parts per billion) and PM, ; measured in pg/m3

AQHI, = 1](.)04* g_OO*(( P00087ING, 4y (4@.00053703 1)- (ég|_000487|»|v|2_5 1)) (4)

Helth Risk Category HIGH | VERVHIGH| SERIOUS
AQHI s/ AQHI From 0to 3 From 4 to 6 To7 From 8 to 10 Beyond 10
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APPLICATIONS

\

This device was produced in two copies and used at the same time from September
to October 2020, for the measurement of air quality in two localities of the city of
Yaoundé, Cameroon (administrative office and family home).

X Temporalevolutionof the averageconcentration®f the pollutants
measured
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APPLICATIONS
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R

x Statistical data of the periodic average concentrationsof the
pollutantsmeasured

Pollutants Office House
PM, -Averaggug/m’) 417+ 1.78 6.57+ 3.08
MirMak [1.910.7]1 [2.0213.06
O;Averag@pm) 1.65+ 0.49 0.07+ 0.28
MinMak [1.072.43 [00-1.3Q
COAveragfgppm) 13.88t 3.23 11.91+ 1.37
MirMak [9.2718.03 [8.1213.66
NO, Averagfpm) 1.74+ 0.81 6.52+ 0.80
[MirMak [1.0:4.97 [4.227.49
SQAveragfppm) 5.71x 2.90 8.69+ 4.61
[MirMak [3.9818.6% [2.0417.72




APPLICATIONS

B AQl House

H AQ] Office
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x Dally evolutionofthe AQI valuedn thetwoenvironments
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APPLICATIONS

X EXxposureisk assessmefitomSeptembdp Octobef020

Air Quality Index (AQI) Air Quality Health Index (AQHI , o
Office AQI House AQI Levels O Office House Levels of
Averages Averages Health AQHYL, - AQHIL -Averagg Health
[MinMax] [MinMax] Concern Averages [MinMax] Concern
[MinMax]
8.36+ 3.56| 13.146.17| 44 0.20+ 0.08 0.31+ 0,14 Low risk
[3.8021.42| [4.0226.12 [0.090.5(¢ [0.090.61]




4 CONCLUSION R

The air pollutant measuring device presented shows promising results for
the future of air quality monitoring in Africa because its development is in
line with the socio-economic contexts of the continent, namely :

x Easy to make, Simple, effective ;

X Autonomous, portable and ;

x Low-cost (less than 100 ).

Local development and use of several other measuring devices have been

carried out and published in high-impact peer-reviewed journals.
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x Air quality measuringlevices

Zigbee based 10T device (PM2.5, GPRS based IoT device (CO, CO2,
CO, CO2, NO2, VOC and CH4) PM2.5, GPL and Smoke)

T=27.808 H=£8

@COZ measuring device Air pollutant measurement device

loT device based on Thingspeak
cloud (PM2.5, PM10)

149 2022 15:26:9

COz2=4%
T=26. 00 H=68

CO2 measuring device




