bettair

Report of deployment of Air Quality
Monitor in the city of Girona

From 14 of February until the 16" of May.
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Deployment in Girona

Four bettair® static nodes were deployed in the city of
Girona. The deployment included four areas with
different layout and different pollution profiles.

The nodes installed are the prototype of the version 2
of the bettair® static nodes. The nodes include the

following sensors:

e Nitrogen Dioxide (NO2)

o Ozone (03)

e Nitrogen Monoxide (NO)

e Carbon Monoxide (CO)

Particle Matter (PM;, PM2s and PMuo)
e Temperature

e Relative Humidity

e Atmospheric Pressure

e Ambient Noise Level

The nodes were installed in the following locations:
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Escola de Mdsica

Google Maps
Coordinates: 41.976380, 2.816529

Node: BETNOOO13 - 0294

Parc del Migdia

Google Maps
Coordinates: 41.972936, 2.818256

Node: BETNOOOIO0 - 1175
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https://www.google.com/maps/place/41%C2%B058'35.0%22N+2%C2%B048'59.5%22E/@41.976381,2.8159805,231m/data=!3m2!1e3!4b1!4m13!1m6!3m5!1s0x12bae727bc19d41d:0x827425176114cf66!2sEscola+Municipal+de+M%C3%BAsica+de+Girona!8m2!3d41.9760325!4d2.8163389!3m5!1s0x0:0x0!7e2!8m2!3d41.9763804!4d2.8165291
https://www.google.com/maps/place/41%C2%B058'22.6%22N+2%C2%B049'05.7%22E/@41.972937,2.8177075,231m/data=!3m2!1e3!4b1!4m13!1m6!3m5!1s0x12bae6d7e7370cd5:0xec6277d7b11059a9!2sParc+del+Migdia!8m2!3d41.9734528!4d2.818764!3m5!1s0x0:0x0!7e2!8m2!3d41.9729362!4d2.8182557
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Placa de I'Hospital

Google Maps
Coordinates: 41.980942, 2.820670

Node: BETNOOO14 - 2258

NUria Terés i Bonet

Google Maps
Coordinates: 41.975638, 2.801347

Node: BET02000 - BETNOOOO9 - 8844
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https://www.google.com/maps/place/41%C2%B058'51.4%22N+2%C2%B049'14.4%22E/@41.980943,2.8201215,231m/data=!3m2!1e3!4b1!4m14!1m7!3m6!1s0x12bae6defa769c1d:0x236ae155e028d37e!2sPla%C3%A7a+de+l'Hospital,+Girona!3b1!8m2!3d41.981355!4d2.8209675!3m5!1s0x0:0x0!7e2!8m2!3d41.9809417!4d2.8206699
https://www.google.com/maps/place/41%C2%B058'32.3%22N+2%C2%B048'04.9%22E/@41.975639,2.8007985,231m/data=!3m2!1e3!4b1!4m13!1m6!3m5!1s0x12bae739c48b9d61:0xb76f99702ecce3ed!2zTsO6cmlhIFRlcsOpcyBpIEJvbmV0!8m2!3d41.9755723!4d2.8012575!3m5!1s0x0:0x0!7e2!8m2!3d41.9756376!4d2.801347
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CAQI Analysis

The data for each location was processed per hour and the Common Air Quality Index (CAQI) was calculated'.
Normally the CAQI considers only the main pollutants (NO2, Os and PMio) but in this case we have included all
the rest of available measurements, namely NO, CO, PM2s and PM.

The Air Quality Index (AQI) was calculated for 1-hour averages of measured concentration for each of the
pollutants. Then, the CAQI was determined as the worse (quimum) among those indexes. Hence, the CAQI is
always associated to the dominant pollutant.

The following tables show the average CAQI per day, together with the dominant pollutant, for the four locations
during the 14 weeks of deployment.

Escola de MUsica

Week 1 Week 2 Week 3 Week 4 Week 5 Week & Week 7

DAY BOMIH::; Aql DOMINQ:; AQl BOMIH::; Agl DOMINQ:; AQl BOMIH::; Agl DOMINQ:; AQl BOMIH::; Agl

Monday - PM2.5 B2.6 PM2.5 . o3 o3 . o3 PM2.5 318
Tuesday - PM25 576 PM25 517 o3 PM2.5 (287 o3 o3
Wednesday - PM25 58.0 PM2.5 55.1 PM2.5  28.9 PM2.5 325 o3 o3
Thrusday - PM25 649 PM2.5 53.5 o3 PM2.5 368 PM2.5 PM2.5
Friday PM2.5 PM25 528 PM2.5 492 PM2.5 PM2.5 | 301 PM2.5 PM2.5

Saturday PM2.5 PM2.5 PM2.5 544 PM25 331 PM2.5 37.1 PM25 273 PM2.5 |24.9

Sunday PM2.5 462 PM2.5 PM25 543 PM25 37.0 PM2.5 - PM2.5 | 23.6 PM25 318

! For more information please refer to ANNEX .
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Week & Week 9 Week 10 Week 11 Week 12 Week 13 Week 14
D DOMINANT DOMINANT Aql DOMINANT DOMINANT DOMINANT DOMINANT Aql DOMINANT
GAS GAS GAS GAS GAS GAS GAS
Monday PM2.5 . PM2.5 PM2.5 03 325 o3 C3 NO2
Tuesday PM25 375 PM2.5 PM2.5 o3 - PM2.5 PM2.5 o3
Wednesday PM2.5 NO2 PM2.5 03 | 274 o3 PM25 317 3
Thursday o3 NO2 PM2.5 03 289 PM2.5 c3 NO2 | 20.9
Friday 3 PM25 413 03 325 NO2 PM2.5 (241 NO2 -
Saturday 03 PM2.5 423 03 312 o3 o] . NC2 -
Sunday o3 PM25 326 03 331 o3 03 265 c3 -
Parc del Midgia
Week 1 Week 2 Week 3 Week 4 Week 5 Week & Week 7
TIaT, DOMINANT Al DOMINANT Aal DOMINANT DOMINANT Al DOMINANT Al DOMINANT Al DOMINANT
GAS GAS GAS GAS GAS GAS GAS
Monday - PM25 55.1 PM2.5 . o3 o3 o3 PM2.5 357
Tuesday - PM25 61.1 PM2.5 53.0 o3 PM2.5 o3 o3
Wednesday - PM25 619 PM25 588 PM2.5 | 34.0 PM25 | 36.5 c3 3
Thrusday - PM25 69.1 PM25 556 3 PM25 420 3 PM2.5
Friday PM2.5 PM25 557 PM2.5 520 PM2.5 PM2.5 . PM2.5 PM2.5
Saturday PM25 533 PM2.5 PM25 58.1 PM25 399 PM25 436 PM25 282 PM2.5
Sunday PM2.5 . PM2.5 PM25 589 PM25 409 PM2.5 . PM2.5 . PM25 35.0
Week 8 Week 8 Week 10 Week 11 Week 12 Week 13 Week 14
DAY D-DIIIN::; A D-DIIIN::; Acl D-DIIIN::; Aql D-DIIIN::; Acl D-DIIIN::; Aql D-DIIIN::; Acl D-DIIIN::; Aql
Monday PM2.5 . PM2.5 PM2.5 [33.0 03 353 3 3 3
Tuesday PM25 418 PM2.5 PM2.5 €3 [ 30.5 3 PM2.5 3
Wednesday PM2.5 PM2.5 PM2.5 3 [312 c3 PM25 381 c3
Thursday c3 PM2.5 PM2.5 o3 327 3 3 C3 304
Friday 3 PM25 506 03 373 o3 PM2.5 3 -
Saturday 3 PM25 519 C3 366 3 3 3 -
Sunday c3 PM25 384 €3 361 3 €3 301 (o] -
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Plagca de LHospital

bettair

Week 1 Week 2 Week 3 Week 4 Week 5 Week & Week 7
T DOMINANT DOMINANT DOMINANT DOMINANT DOMINANT Aal DOMINANT Aal DOMINANT
GAS GAS GAS GAS GAS GAS GAS
Monday - PM2.5 334 PME.ﬁ. 03 | 238 03 264 03 266 PME.E.
Tuesday - PM2.3 41.0 PM2.5 361 03- PM2.5 03 263 03 284
Wednesday - PM25 447 PM2.5 41.1 03 259 NO2 o3 (233 03
Thrusday - PM25 50.2 PM2.5 367 03 253 PM2.5 NO2 03
Friday NO | 328 PM25 39.3 PM2.5 | 34.1 NOZ NO2 NO2 03
Saturday PM2.5 339 PM2.3 PM2.5 405 PM2.3 PM2.5 243 NO2 o3
Sunday PI'u'IE.ﬁ. PM2.5 PM25 39.2 PM2.5 | 24.1 03 26.1 NO2 PM2.5
Week 8 Week 9 Week 10 Week 11 Week 12 Week 13 Week 14
pay DOMINANT  ~ DOMINANT =~ DOMINANT =~ DOMINANT = DOMINANT = DOMINANT =~ DOMINANT
GAS GAS GAS GAS GAS GAS GAS
Monday PM2.5 NO2 03 03 372 03 03 244 03
Tuesday PM2.5 NO2 03 03 300 03 o3 . 03
Wednesday o3 NO2 O3 03 35 O3 PM2.5 250 03
Thursday 03 NO2 248 03 03 329 03 03 241 03 265
Friday o3 PM2.5 28.8 03 394 NO2 NO2 NO2 [22.3 -
Saturday 03 283 PM2.5 28.1 03 363 o3 03 NOE. -
Sunday 03- 03 | 260 03 385 03 297 03 327 03 | 233 =
Bettair Cities S.L. Pages 9 of 21
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NUria Terés i Bonet

bettair

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
AT, DOMINANT DOMINANT AQl DOMINANT AQl DOMINANT DOMINANT AQl DOMINANT Al DOMINANT AQl
GAS GAS GAS GAS GAS GAS GAS
Monday PM2.5 461 PM2.5 - o3 o3 03 | 236 PM2.5 262
Tuesday - PM25 546 PM2.5 451 3 PM2.5 03 | 235 03 288
Wednesday PM2.5 56.4 PM2.5 494 PM2.5 | 276 PM2.5 03 | 236 o3
Thrusday - PM2.5 60.8 PM25 51.0 3 PM2.5 3541 o3 o3
Friday PM2.5 PM2.5 2.7 PM2.5 [43.5 NC2 PM2.5 300D o3 o3
Saturday PM25 456 PM2.5 PM25 527 PM2.5 302 PM25 366 PM2.5 | 23.0 PM2.5
Sunday PM2.5 - PM2.5 PM2.3 503 PM25 324 PM2.3 - PM2.5 - PM2.53 28.5
Week 8 Week 9 Week 10 Week 11 Week 12 Week 13 Week 14
AT, DOMINANT Agl DOMINANT AQl DOMINANT Aal DOMINANT Aal DOMINANT AQl DOMINANT AQl DOMINANT Aal
GAS GAS GAS GAS GAS GAS GAS
Manday PM2.5 . PM2.5 o3 03 38.0 o3 03 [ 264 o3
Tuesday PM2.5 344 o3 o3 03 [31.7 o3 03 [228 o3
Wednesday PM2.5 (300 o3 o3 03 [325 o3 PM25 299 03 [28.5
Thursday o3 NO2 o3 03 338 o3 03 [ 257 03 333
Friday o3 PM25 389 03 338 03 PM2.5 o3
Saturday o3 PM25 395 03 367 03 o3 o3 -
Sunday o3 PM2.5 305 03 392 03 03 320 03 [ 261

It can be observed:

e The first three weeks (in calendar days) were clearly the most polluted ones. During this time, the
dominant pollutant was PM2s, reaching moderate levels of pollution.

e During the next two weeks the pollution levels decreased significantly, being PM2s still dominant for the
CAQI but alternating days of worse O3 conditions. Also NO2 made an appearance, especially in Plaga de
Hospital.

e From the 6" week , Oz became the dominant pollutant, despite some alternation with PM2s and NO»,
depending on the location. Although the AQI daily averages remained low, there was a clear episode of
higher pollution levels between weeks 9 and 11.

e The pollution levels in Parc del Migdia were the highest, while the lowest were in Plaga de 'Hospital.
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AQI hourly average per pollutant during the Day

The following plots show how the AQI per hour for each pollutant is distributed along the day. (we have excluded
PM since it is highly correlated to PMzs)
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100 .
. 60 -
80 8
60 ~ 40 81}
(o] o ¢ . | SRR E
' . | ‘
= 40 il = Eeaoatidlbini il”:
H I H { 1
SRR " : 20 1 l
“Cisea b i ||||||| ]
o diiill Ty ! . !
i i ' ' 1% ik 5 :
30 !1“":5;5"' I H 4 .
i;-l;.:-l ll“l! %e
| I T4 3 * b4 - »
320 ='iii| |!|]| 8 JU i
l ” SEH 2l & 3 ;
. el L T
'I: I." 1 'II' ] lll g elpll
o # H s . 0 S e T
80 3
£ 1} 5§ 11 80 5 . " i
T:“g: Pl ‘l!?- hl :, {41
60 - 'y f 4
2 2
o 40 i &
11 : 401 11} TIREEE
: Iﬂel il! ||¢u Y ila T I.iiiu iéi"‘il !
il |I “““ [ ”“” “ |
i LI
0 lI .I I Il'l 0
0 5 0 5 20
Hour of the Day Hour of the Day
Bettair Cities S.L. Pages 11 of 21

https://bettaircities.com
Can Rosés, 45, Cornelld de Llobregat. 08940. Barcelona, Spain.
T. +34 932 049 922 VAT number ES-B67082586



https://bettaircities.com/

bettair

¢ oo * o= S e ea

v me—— — R
P [E—— e S

* e e cmem— _. e L —
e 0 SRS o I LI e

cw me smmm— | —
v C ee—

- - | e—

i —

--  —

. m—— e ee—

= e ee—

oo B ——

B So— - e e—

208 ¢ weme semm— P I
P PRI T -—— L e —
e em e s com— e | — .
- 4 e b SEE— S e smm—
- — _. . - o —

B - - O ee———

s — T e

& A samm—m—— — L S——

o e - s —

& 8 & EDE—— _- . e

Parc del Midgia

o OTivg
L e s eneen - =
- - e @ sme.
- — Lol e omem
o s . - - o e e e —
N B ] e - an B
. - SR = e et @8 - e = L e S
. - r—— . ® L e e ome—
- e —— C e—
- e ——— - e ce—
- e L re—
= ——. e —
- ——— . e ———
- - i o L e c—
o - ———— % 4 - -— C e—
L S & emeE e - e L e
L e — — - = L eom—
L e e e —— - e L]
cer mmes se e E— .= | comem——
— e e 6 8 R MED AU Lo L enemmie
e e e G ——— .- B ——
B - e 1]
L s e —— oomaum B i—
e ] LR, L L .
e e ——— — - - C — a—
m g R 1 E = 8 R B R g R &8 2 °
£ ST

Pages 12 of 21

15

10
Hour of the Day

20

15

Hour of the Day

10

Can Rosés, 45, Cornelld de Llobregat. 08940. Barcelona, Spain.

T. +34 932 049 922 VAT number ES-B67082586

https://bettaircities.com

Bettair Cities S.L.


https://bettaircities.com/

bettair

Plaga de LHospital
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NUria Terés i Bonet
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We can observe:

e« CO and NO pollution levels were higher during the mornings, with major peaks concentrating around 8
am. They also increased in the evenings.

e The same happened for NO2 and Particulate Matter, although it seems that the evenings had higher
pollution levels in this case.

e This is a common behaviour of these by-products of combustion, for which daily cycles correlated to
traffic intensity are quite easy to spot.

e O3 concentrations were higher during the day. This is also expected because Os is mainly generated as
a result of chemical reactions activated by sunlight.

e PM pollution did not decrease at night as much as it did during the day between peak hours. This may
be explained because winds are usually weaker at night, favouring stagnation.

e Hourly CAQI for PM reached moderate and even bad levels in multiple days and different hours. NO
pollution was high during the early mornings as well.

Bettair Cities S.L. Pages 15 of 21
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Summary

A pollution episode can be observed during the first weeks of the pilot (from the 18™ of February until the 3 of
Mqrch).

In general, the air quality of the city is good, with CAQI consistently low or very low if we analyse day averages.
However, is moderate during some hours, especially the mornings, probably due to traffic.

The node installed in Parc del Migdia recorded the highest concentration levels, followed by £scola de Masica.
This agrees with these locations being surrounded by highly transited streets, although we could have expected
a green area to be less polluted. On the other hand, the node in Placa de /Hospitalrecorded the lowest pollution
levels. The same order is preserved if we analyse monthly averages, shown in the next table, instead of values
per day.

Month Escola de Musica Parc del Migdia Placa de 'Hospital MNuaria Terés | Bonet

February 491 541 359 469
March 277 34 244 274
April 26.6 30.7 271 286
May 21.4 25.2 234 253

However, the fact that the CAQI is being determined by the dominant pollutant can partly mask the big picture.
As we have seen, the pollution levels for PM, when dominant, were much higher than that of the rest of pollutants,
If we do not take them into account and look at the individual AQI for each pollutant, we can see that Placa de
IHospital had the worst air quality. This can be seen in next table, showing the AQI averages for the whole
observed time period.

Escola de Musica Parc del Migdia Placa de 'Hospital Mdaria Terés i Bonet

co 1.3 1.2 1.5 151

NO 6.6 29 1.7 44

NO2 15.6 13.2 188 127

o3 18.0 21.4 222 221

PMA 17.0 20.0 11.6 15.4

PM2.5 25.7 29.0 18.1 240
PM10 18.8 20.2 123 17.5
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Conclusions

It can be clearly observed that a deployment like the one provided by bettair® provides detailed information of
the air quality of the city even with a deployment of only 4 nodes. Comparing this data with the only station that
the city had, the advantages of bettair® are clear. Much more detailed information.

It is worth to mention that the bettair® nodes provide high accuracy due to a proprietary methodology that
allows to increase the accuracy of the electrochemical sensors to over 90% when compared to traditional

equipment.
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ANNEX - Pollutans and Sources
PM.s - Fine particulate matter (<2.5um) - Dominant

Sources

Main sources are combustion processes (e.g. power plants, indoor heating, car exhausts, wildfires), mechanical
processes (e.g. construction, mineral dust) and biological particles (e.g. bacteria, viruses).

Effects

Fine particles can penetrate into the lungs and bloodstream. Short term exposure can cause irritation of the
airways, coughing and aggravation of heart and lung diseases, expressed as difficulty breathing, heart attacks
and even premature death.

PMyo - Inhalable particulate matter (<10pym)

Sources
Main sources are combustion processes (e.g. indoor heating, wildfires), mechanical processes (e.g.
construction, mineral dust, agriculture) and biological particles (e.g. pollen, bacteria, mold).

Effects

Inhalable particles can penetrate into the lungs. Short term exposure can cause irritation of the airways,
coughing, and aggravation of heart and lung diseases, expressed as difficulty breathing, heart attacks and even
premature death.

CO - Carbon Monoxide

Sources
Typically originates from incomplete combustion of carbon fuels, such as that which occurs in car engines and
power plants.

Effects

When inhaled, carbon monoxide can prevent the blood from carrying oxygen. Exposure may cause dizziness,
nausea and headaches. Exposure to extreme concentrations can lead to loss of consciousness.

NO - Nitrogen Monoxide

Sources

Main sources are fuel burning processes, such as those used in industry and transportation.

Effects

Exposure may cause increased bronchial reactivity in patients with asthma, lung function decline in patients with
COPD, and increased risk of respiratory infections, especially in young children.
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NO; - Nitrogen dioxide

Sources
Main sources are fuel burning processes, such as those used in industry and transportation.

Effects
Exposure may cause increased bronchial reactivity in patients with asthma, lung function decline in patients with
COPD, and increased risk of respiratory infections, especially in young children.

O3 - Ozone

Sources
Ozone is created in a chemical reaction between atmospheric oxygen, nitrogen oxides, carbon monoxide and
organic compounds, in the presence of sunlight.

Effects
Ozone can irritate the airways and cause coughing, a burning sensation, wheezing and shortness of breath.
Additionally, ozone is one of the major components of photochemical smog.

Bettair Cities S.L. Pages 19 of 21
https://bettaircities.com

Can Rosés, 45, Cornelld de Llobregat. 08940. Barcelona, Spain.

T. +34 932 049 922 VAT number ES-B67082586



https://bettaircities.com/

bettair

ANNEX Il - Air Quality Index

The Air Quality Index measures the severity of air pollution and the health implications as shown in the table
above. Anything over 100 is considered to be hazardous and likely to cause serious health issues.

Air quality in European cities is presented in an easily understandable way by converting all detailed
measurements for a city into a single relative figure: The Common Air Quality Index (or CAQI)2 To enable the
comparison between cities three indices are available with a different time scale:

e An hourly index: which describes the air quality today, based on hourly measurements and updated
every hour,

e A daily index: which stands for the general air quality situation of yesterday, based on daily values and
updated once a day,

¢ Anannual index: which represents the city's general air quality conditions throughout the year. This index
is based on the pollutants year average concentrations compared to annual limit values. It is updated
once a year.

The Hourly and daily indices

These indices have five levels using a scale from ‘0° (very low) to ‘> 100" (very high). It presents a relative measure
of the amount of air pollution. The calculation is based on three pollutants of major concern: PMio, NO2, Os. It can
also take the pollutants PM2s, CO and SOz into account if these data are also available.

In order to make cities more comparable, independent of the nature of their monitoring network two situations
are defined:

« City Background, representing the general air quality in an agglomeration (based on urban background
monitoring sites),
e Roadside, representing the air quality in streets (based on roadside monitoring stations)

2 For more information about CAQI please refer to: http://airqualitynow.eu/download/CITEAIR-

Comparing _Urban _Air_Quality across Borders.pdf
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CAQI Scale and Health Implications

CAQl Air Pollution Level

50 -75 Moderate

75-100

Unhealthy for Sensitive Groups

Unhealthy

100-150 Very Unhealthy

Hazardous

Bettair Cities S.L.
https:/ /bettaircities.com

Health Implications

Air quality is considered satisfactory, and

air pollution poses little or no risk

Air quality is acceptable; however, for
some pollutants there may be a
moderate health concern for a very small
number of people who are unusually
sensitive to air pollution.

Members of sensitive groups may
experience health effects. The general
public is not likely to be affected.

Everyone may begin to experience health
effects; members of sensitive groups may
experience more serious health effects

Health warnings of emergency conditions.

The entire population is more likely to be
affected.

Health alert: everyone may experience
more serious health effects

Can Rosés, 45, Cornelld de Llobregat. 08940. Barcelona, Spain.
T. +34 932 049 922 VAT number ES-B67082586
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Cautionary Statement (for PM2.5)

Active children and adults, and people with
respiratory disease, such as asthma, should
limit prolonged outdoor exertion.

Active children and adults, and people with
respiratory disease, such as asthma, should
limit prolonged outdoor exertion.

Active children and adults, and people with
respiratory disease, such as asthma, should
avoid prolonged outdoor exertion; everyone
else, especially children, should limit
prolonged outdoor exertion

Active children and adults, and people with
respiratory disease, such as asthma, should
avoid all outdoor exertion; everyone else,
especially children, should limit outdoor
exertion.

Everyone should avoid all outdoor exertion
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