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* O;inthe atmosphere

* Levels of O;in Spain

* Phenomenology of O, episodes in Spain
* VOCs Precursors in Spain

* 05 and COVID19 pandemic

O; in the stratosphere O; in the troposphere

Step one in formation of
stratospheric ozone

€ % oo

~ Ozone

Step two

Atomic Oxygen Ozone
oxygen molecule
http://www.geo.hunter.cuny.edu https://www.qld.gov.au/environment/pollution/monitoring/air-pollution/ozone/

Queensland State Gorvernment, Australia


https://www.qld.gov.au/environment/pollution/monitoring/air-pollution/ozone/

Relevant VOCs for the formation of O,

e Alkanes

e Alkenes

e Carbonyls (aldehydes & ketones)
e PAHs

e Alcohols

e QOrganic peroxides

énf:w'rl}f'ﬂ‘ . " ®
de |

Atmospheric lifetime
* |soprene 1h
e Methane 10 yr

Secondary Organic Aerosols

Photolysis of aldehydes

 Halogenated VOCs / ﬁ in polluted areas
How O; is generated? HONO & H,0,
Organic radicals

H NO+ :>No

Hyd ro-peroxyl HO, /]

NO,+0O,

CH, + OH
CO+OH

How O; is consumed?

O; is consumed

NO + O*

——> o,

NO + O,
in urban areas %

QL 1 O

AVOCs + OH {——3 20H+HO,

BVOCs + OH ﬁ %
UAVOCS /

+ BVOCs « Reaction with vegetation:

%  Stomatal deposition

O* +H,0

 Non-stomatal deposition
e Deposition in water



carbon monoxide
ethane

benzene
methyl-tbutylether
toluene

ethylbenzene

2,2, 4trimethylpentane
butane

methanol

methyii ethyl ketone
2-methylpentane
ethanol
ethyl-t-butylether
methylcyclopentane
o-xylene

mp-xylene
2-methyl-1-butene
1,2,4,trimethylbenzene
2-methyl-2-butene
ethene
3-metghylyclopentene
acetaldehyde

propene
propuinaldehyde+higher
isoprene
1,3butadiene

formadehyde

VOCs reactivity for O; formation

Normalized reactivity

1

2 3

0

Normalized reactivity
1 2

3

1
Spatial exposure

E

Average:

NO,+OH

NO, photolysis
Aldehyde photolysis
Peroxyacyls+NO
Peroxyacyls+NO,
0;+NO

PAN,PPN decompositio

|

\

;%

Ozone peak events

Bergin M.S. et al., 1998. Environ. Sci. Technol. 32 (5), 694-703

carbon monoxide
ethane

benzene
methyl-tbutylether
toluene

ethylbenzene

2,2, 4trimethylpentane
butane

methanol

methyi ethyl ketone
2-methylpentane
ethanol
ethyl-t-butylether
methylcyclopentane
o-xylene

mp-xylene
2-methyl-1-butene
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2-methyl-2-butene
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Bergin M.S. et al., 1998. Environ. Sci. Technol. 32 (5), 694-703



Media O; Abr-Sep (ug m3)
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Averages 2010-2019

Exceedance of the EU AQ Health protection target value Close to EU AQ target value
Exceedance of the WHOAQG

Averaged 93.2 percentile 8h-DM O,
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Averages 2010-2019
Daily exceedances >180 ug m-3

0 [1749]
=0 - 1 [99]
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TYPE 3 O; REGIONS:
* MADRID
* GUADALQUIVIR

a) Formacién local y fumigacién de capas de la troposfera libre con aportes de 03 del Atlantico o del Mediterrdneo + EU
b} Formacién local y fumigacién de estratos de reserva generados por recirculacién de masas de aire de la cuenca con
capas limite a mediodia relativamente delgadas

¢} Impacto de la pluma de Madrid en diferentes periodos del dia a) Recirculacién vertical y fumigacién
TCL Techo de la capa limite a mediodia b) Formaciénlocaly transporte en el valle
oo EPISODIODE VENTEO c) Transporte enaltura cfes.del Mediterraneo afectado por fumigacion
[E— d) Transporte desde Atlantico
3000
Océano Dial Guadalquivir A-A’ (SW-NE) Mar
2000 Atlgntico Mediterraneo

ms.n.m.

Techo de la capa limite k

Qlm 30km
EPISODIO DE ACUMULACION

ms.n.m.

ms.n.m.

@ --------.. O;DoRana (fondoregional) vk 05 Sevilla (fondo urbano)

HP q
€ |Dia1l Dia 2 Dia 3 X1 T 05 formacion y transporte en GV
a0 —p | duranteeldia3
3
- X2 T 0; acumulado por recirculacion y
VENTED ACUMULACION (g fumigacién en el dia 3
N — 0 \% T 0; acumulado por recirculacion
E € x I 0; formacion y transporte en superficie Impacto pluma ‘¢’ '% _ | (dias2y 3) y fumigacion (dia 3)
| b — e 1 >
' y _— c k
g ¥ 0, acumulado por recirculacion y fumigacidn desde altura 8 | Z 0, de fondo registrado el dia 1
E a =
: 8
3 ane) 0, de fondo registrado, formacién local pero sobretodo
5 fumigacidn desde capas troposfera libre 0 23 0 23 0 23
h del dia

h del dia



TYPE 2 O, REGIONS: CASTILLA Y LEON

a. Transporte por superficie
b. Transporte en altura y fumigacion desde alli

Catalanides Mediterraneo

Atlantico
VientosS, E en altura Vientos E en altura Vientos W, NW en altura
) e—  — |

2000 —

—
1500 Il - b A
e : 4 valladolid

500 Portod ”lv‘i"}) ;/‘}7 Z
777
0 ) LA%‘&?/A

2000 b
1500
1000

500 Mediterraneo

250 km 500 km 750 km 1000 km



Generacion local/regional de O,
Inyeccién y transporte de Ozen altura
Transporte de O; en superficie
Fumigacion desde capas altas
Recirculacion vertical de masas de aire

Paooo

TYPE 1 O; REGIONS: EUSKADI

A-A’ SW-NE Bilbao Arcachon

4o
Initial stage

Late stage

VENTEO ACUMULACION

""g c X T 0, formacién y transporte externo en superficie
[} —
= 0O, Formacion local y sobretodo fumigacion desde altura
(o) s s
= o transporte en superficie desde Atlantico o Ebro-
2 atd atb+d Mediterraneo
©
2l 4R
§ naas” T e 1 0, de fondo registrado, formacion local pero sobretodo
3 fumigacion desde capas troposfera libre

0 12 23 0 12 23

h del dia



A POSSIBLE STRATEGY FOR A SPANISH O; PLAN

e Euskadi
e Galicia

e Asturias
e Cantabria

R1

All Spain: Receiving O; contributions external to Spain and Europe, and diluted ones
from other atmospheric basins of Spain. Low impact of local O5 contributions

On top of the above ones receiving O contributions from closer

pollution hotspots (from Madrid, Porto, Lisbone, Barcelona,
Tarragona)

e Extremadura

e Navarra
e CyL

e CLM

e C.Ebro
e Baleares

R2

2008/50/CE O, target value

0, concentration (pug m3)

- C3. Local contribution (from the atmospheric basin)
- C2. Regional contr. (Europe or other Spanish basins)

- C1. Hemispheroic & stratospheric contributions

BL, Background levels
EL, Episodic levels

BL EL

BL EL NF

NE
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THE HIGHEST O; AQ MONITORING SITE IN EACH AUTONOMOUS REGION
2025-2019

OMS AQG level
. O; Apr.-Sep. AOT40 veg. SOMO35 Exc. TVHP p93.2 4th highest 8hDM | Exc. Info. Tresh.
Autonomous regions s O; peak season 3 3 1 3 -3 1
(ng m?) (g m?) (ngm~hour) | (ngm~day) | (dayyr’) (ngm”) (ngm™) (hours yr™)
Andalucia [ERNG9NIN 4 10776 s (W 24
Aragn (NG00 22902 | 8336 26 | 0.4
Asturias(INZSN  [DNEEN [ 6367 5091 Es NiGeN (e | 1.0
Islas Baleares|[INOI W04 (25100 | (WNseasn 27 2N s | 0.2
Comunidad Valenciana|lndo2 10875 s 1.2
Islas Canarias_ _ - 6397 -)96 7 _ _ | 0.2
Cantabria |67 e, W 4392 3 sl |[Emee | 0.2
Catalufia [NNNNIOTNN 10434 | 135 __*
Castilla La Mancha [N  [INGIINNNN 243321  |Weeean _*_ 153 | 104 *
Castillay Leon|[INNEENN (NGO 2166  [WesszN |2 2N |[Esse | 0.4
Extremadura[lnean (G070 (NEoaes s 2N [ (B 36
Galicia[ 731  [WNEZN , (BN 7626 5101 &_ LR )
— 10807 S s (Y
Murcia [N8AN 2101 [esel | 25 N | | 0.3
Navarra[E2N  [NG0INNN |assr>  (MNeew | 24 (NE20N (MNEseN 0
Pais Vasco[ gl W02 [WNEE1s1 [Eosal [0 22N o | 0.8
A N A T Y4 N 0
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VOCs MEASURMENT CAMPAIGNS JULY 2019 & 2020

03-07/07/2019

Limitations

e Passive dosimeters
<C5 not measured
Isoprene not measured
Indicative method

15 days averages

13-25/07/2020% - D

__14:_24707/ 2020
5% " Pros

* Easily deployed
* Spatial variations

GUA 19 sites, 78 VOCs detected (45 HVOCs & 33 OVOCs)
BCN 16 sites, 65 VOCs (36HVOCss & 29 OVOCs

Pt-CyL 18 sites, 52 VOCs (39 HCOVs y 13 OVOCs)

CS 19 sites, 44 VOCs (30 HVOCs y 14 OVOCs)



TROPOMI -ESA- NO2 COLUMN JJA 2019

NO, (umol m2)
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AREA WITH NO, > 40 pumol m

Madrid 2733 km? elipsoidal
(4730 km? cartesian)

Barcelona 2043 km? elipsoidal
(3649 km? cartesian)
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VOCs MEASURMENT CAMPAIGNS JULY 2019 & 2020

10 2 3

Guadalquivir

A

Barcelona-Vic Castillay Led6n Castellé-Interior

Ranking the problem of O,
1 (low exceedances) to 10 (high)

= Siloxanes

m Carbox. Ac.
Aldehydes

m Esters
Ketones

= Terpenes

m PaH

m Alkenes
Alkanes

= Siloxanes

= Carbox. Ac.
Aldehydes

= Esters
Ketones

= Terpenes

= PaH

= Alkenes
Alkanes

z%_\ 7%
5% ' 33%
6%

Guadalquivir Barcelona-Vic

2% 2% 3%_ 1%

3%

26%

1% 1%_4%

1% 6%

29%

2%
10%
27% 6%
11% ‘
' )

Portugal-Castilla y Leon

Castello-Interior
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VOCs MEASURMENT CAMPAIGNS JULY 2019 & 2020

Maximum O, Formation Potential (MOFP)

Maximum incremental reactivity (Carter 2009&2010)
TY -JOUR

AO;
AU - Carter, William MIR. = ( O‘/ VOC
_ P = 905/gVOC)
PY -2010/01/01 ACOVl
SP - 07 . 3
EP - 339 MOPF=VOC*MIR. (ugO,/m?3)
T1 - Updated maximum incremental reactivity scale and hydrocarbon bin reactivities for regulatory )
applications MOPFTOFMOFPG'I'b'I'C'f' ....... I
VL -1
JO - California Air Resources Board Contract
ER - . . . 1% 3%
Maximum O; Formation Potential
1%
450 =
Aldehydes 38%
w 400 - 401 \
€ 350 A m Esters
o
% 300 - Ketones /
250 n 0, 0,
Terpenes 2% Ny
S_) 200 151 P ” 2%/
S 150 - m PaH 5% 2% 9% 10 8%
o 100 - 8 18% g °
! - — m Alkenes 0%
=] . Alk g o
0 _— T - T T anes - 21%
CyL+Pt cs BCN GUA 0

2 3 10 4
Ranking of O; problem



GUADALQUIVIR

Alkenes heptene 100 pg O; m3 Aromatic Hy.
octene 41 pg O, m3
Aromatic Hy. Toluene 40 pg O; m3,
1,3,5,-trimetylbenzene 21 pg O, m3, Alkenes
o- & m,p-xylene 17 & 14 pg O, m3
Terpenes camphene & a-pinene 16 & 11 ug O; m3
Alkanes decane & dodecane 5 & 9 pg O, m3
CASTELLO (very similar PORTO-CASTILLA Y LEON) Terpenes
Aromatic Hy. o,m,p-xylenes & toluene 17 pg O; m3 together,
etylbenzene, trimetylbenzene 4 pg O, m3 together
Terpenes camphene & m-cymene 6 pg O, m3
B-pinene pgO; m3
Alkenes octene 3 pg O, m3
Alkanes dimetylbutane (3 pug O; m-3)
Ketones sabinketona 2 pg O; m3

MAXIMUM O3 FORMATION POTENTIAL BCN

toluene 21 pg O, m3

m,p- & o-xylene 9 & 8 pg O, m3
1,3,5 trimetylbenzene 5 pg O, m3
heptene 11 ug O; m3

octene 5 ug O; m3

a-pinene 6, pug O; m3
camphene 6 ug O; m3
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Changes in total mobility caused by COVID19 lockdown in Europe

Change in mobility between 2020-02-28 and 2020-04-03 Change in mobility between 2020-02-28 and 2020-05-29
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Change in worldwide fossil fuel combustion CO, emissions

Liu, Z., Ciais, P., Deng, Z. et al. Near-real-time monitoring of global CO, emissions reveals the effects of
the COVID-19 pandemic. Nat Commun 11, 5172 (2020). Published 14 October 2020

Fig. 1: Effects of COVID-19 on global CO; emissions.
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in the first half of 2020 compared to the same period in 2019.




2n Congres

Qualitat

3
Averages pg/m <+— Lockdown
Pre-pandemic — 26/14/15 <« Relaxation

2015-2019 CORR,

e OBS (2015-2019) wesss OBS (2020) —ssw BAL (2020)

a) 75
S_ m
™~
XEO E 501
S 7223
Vi W =25-
22/10/13 2 I
@
q ——
15 32/16/18 e L=z o ﬁé 40 1
Q METROPOLITAN AVERAGES ﬁ g g -a‘
T 24/10/17 vy 150 km 8
v ——1 un =2 i
_ © (f O ‘ﬂ ' S A 10 g L 20
< 60 1
O ™
=™
@U o % 40
P m = El
(1 N] 20
22 :f =

2020-01 2020-02 2020-03 2020-04 2020-05

’ "
.~ Querol X., etal., 2021. Sci Total Environ.
METRqeeLﬁAN AVERAGESg

100 eni 3




Average 8hDM pg/m? Lockdown
Pre-pandemic —> 65/78/76 <«— Relaxation

2015-2019 CORR. _ %0 METEOCORR.  ~~____ %0
12 73/76/73 -3 8 0 3 9 3 10 14 0 3
58/71/83
a ) Z’Z—uJ"“L\ 65/74/89 67/87/84 b) Z’Z-wL
-12 -7 10 -10
-7 -1 1 -8 -13 -9 10
) 61/81/101 ) f{-
64/83/87 C
8 6 0o -4
71/77/100 9 4 Q = 4 4 Q AN
METEO CORR.
13 RELAXATION > o : 10 RELAXATION > o
' 72/84/99 '
LOCKDOWN /84/ P LOCKDOWN s
1
/ 67/81/87 @ /
< METROPOLITAN AVERAGES 2 g & METROPOLITAN AVERAGES
0 T 87/99/98 om (8 v
o ﬂ O ﬂ " I.. ::.__ : o ﬂ O ﬂ i !_I:_': '
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Traffic site Madrid E. Aguirre

Rural receptor Valencia Villar Arz.
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. Complex O, phenomenology known since 1990s (Millan et al. 1997 and successive studies)
. Basins of Madrid, N-Barcelona, N-Tarragona, Valencia-Castello, Puertollano, Guadalquivir
tend to record the highest O, for specific parameters and environments

. Specific VOCs with high O, formation potential are identified in each basin. Emission
abatement should focus on these

. COVID19 lockdown reduced O, during June-July (high O; season) in 4% as an average for
cities and 10% as an average for the receptor areas, with road traffic being reduced by 20-
25%: May-July measures can have an effect

. We need to use critical loads criteria: Many sources of precursors in a given region, all them
meeting emission standard requirements, might still cause a problem due to the high
emissions density and mor stringent emission limit values should be implemented in the O,
season

. These measures are very relevant in R3 zones, but also in R1 and R2 contributing to the O,
background

. Spring-Summer biomass burning (agricultural and forest fires) can also contribute
importantly to rise O,
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