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M Primary source of Hydroxyl radical

O3+ hv (A< 336) = 02+ 0 ('D)

O ('D)+ H:0 — 2°OH ; k (298 K)=2.2-10""cm™ molec ~ s~
O('D)+N20 = 2'NO; k (298K)=6.7-10""'cm™ molec ' s™
O(D)+M — OCP)+M; k (298K) = 3-10 "'cm™ molec " s~
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VOC oxidation

CH:CHs + 'OH — CH:CH:+ H:0
CH:CH:+ O: — CH;CH00
CH:CH200" + NO — CH:CH:20" + NO:
CH:CH:0" + O2 — HO:2" + CH:CHO
HO2" + NO — NO:2 + "OH




Ozone formation

RH + 'OH —=— RO: + H:0
RO: + 2NO —2— RCHO + 2NO: + "OH
O2NO:2 4+ 2hv (A <424 nm) — 20 (°P) + 2NO
20(C°P)+ 02 — 20

¢ VOCs oxidation lead to ozone and aerosol production.
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(WEEl Gas particle partition as a function of n2 of C & funcional group polarity
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Ozone and precursors

NO:+ ‘OH — HONO: ; k =1.7x10* ppm ™ min™

> ""NO2+OH

VOC+ 'OH — R"+ H0 ;&

VOC+OH
[VOC]l k..., = [NO2] k

NO2+OH

= 3.1x10° ppmC™" min™*

v VOC:NO; =5.5:1




LOG(NO,,, ppb)

W At low VOC/NOy ratios

HNO,

20
ppb

10

'OH + NO.+M — HNO:+M

Fujita, E. Seminar
“Photochemical
smog in Chile and
California:
Experience,
measures and
recommendations
” Organized by
CENMA in
collaboration with
Desert Research
Institute (DRI),
Santiago, Chile.
June 10, 2010.
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High VOC/NOy ratios

"OH + HO2" — H20 + O2
HO2" + HO2" — H202 + O2
RO + HO," — ROOH

2
LOG(NO,, ppb)

Fujita, E. Seminar “Photochemical smog in Chile and California: Experience, measures and recommendations”,
Organized by CENMA in collaboration with Desert Research Institute (DRI), Santiago, Chile. June 10, 2010.
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Fujita, E. Seminar “Photochemical smog in Chile and California: Experience, measures and recommendations”,
Organized by CENMA in collaboration with Desert Research Institute (DRI), Santiago, Chile. June 10, 2010.
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Absorption cross section of Os
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€ Thereis a new O3 Cross-Section consensus value at 253.65 nm
published in 2019 (Bureau International des poids et mesures)
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Basic principle of surface ozone measurement

Absorber

Lig:,tce ) Receiver d ]
2 o
Intensity 4% dl
ly 1<l
¢ Lambert-Beerslaw  [(1) = [o(A)e 7t oWl
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Central Santiago
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Seguel RJ, Gallardo L, Fleming ZL, Landeros S (2020) Two decades of ozone standard
exceedances in Santiago de Chile Air Qual Atmos Health do0i:10.1007/
s11869-020-00822-w
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Ozonesondes: Electrochemical
concentration cell (ECC)
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2 KI+ Os + HHO — 2 KOH + Iz + Oz (Cathode)
31" —» Ii7 +2¢ (Cathode)
L+2¢ — 2I (Anode) .

anode electrolyte
solution
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Estimation of the Ozone column by ECC

Ozone Column=2 3.9449 . ( Poit Dot )ln( E _:_ 1]
l 3 3 pi

[ Where i represents the index for a measurement point.
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Estimation of the Total Column Ozone using a monthly

average ozone climatology
€ Cumulative ozone above atmospheric Pressure levels for 102 from 702N to 702S

(CR)<

Press,
mbar  January February March Aprili May June July August September October November December S.D.
30°-40°S

1 1.2 1.3 1.3 1.3 14 14 14 1.4 1.4 13 1.2 1.2 0.06
2 4.1 43 4.5 48 53 54 52 5.1 4.9 45 4.1 4.0 0.24
3 8.4 8.7 9.1 96 103 105 102  10.1 9.8 9.2 8.5 8.3 0.44
4 13.8 14.3 150 158 167 168 164  16.4 16.2 15.4 14.3 13.8 0.69
5 19.5 20.0 207 215 222 223 219 220 220 213 20.1 19.5 0.86
6 25.9 26.3 270 276 281 280 276 279 28.2 27.7 26.5 25.9 1.03
7 32.8 33.1 338 341 342 340 337 342 34.9 34.7 33.6 32.8 1.20
8 40.3 40.5 410 409 406 402 400 408 41.9 42.1 41.1 40.4 1.37
9 463 46.4 46.7 464 458 453  45.1  46.1 47.4 478 47.0 46.4 1.51
10 52.4 52,5 526 519 510 S04 503  S14 52.9 53.6 53.0 52.5 1.66
11 58.6 58.6 585 575 562 555 554 567 58.5 59.4 59.0 58.7 1.80
12 64.9 64.8 645 631 614 605 606 620 64.1 65.2 65.1 65.0 1.95
13 7.3 71.1 705 687 666 656 658  67.4 69.7 71.1 713 71.4 2.09
14 77.8 775 766 743 718 707 710 727 75.2 77.0 775 77.9 222
15 84.4 83.9 827 799 771 758 762 781 80.9 82.9 83.8 84.5 2.36
16 91.0 90.5 89.0 8.7 823 809 814 835 86.6 88.9 90.2 91.2 2.50
17 95.5 94.8 933 899 866 852 857 878 91.0 93.4 94.6 95.6 2.59
18 99.8 99.2 976 941 907 894 900 922 95.4 97.8 99.0 100.0 2.67
19 104.1 103.4 101.8 983 949 936 943 965 99.8 102.2 103.3 104.3 275
20 108.3 107.6 1059 1023 990 977 984 1008 104.1 106.5 107.6 108.6 2.83 McPeters RD, Labow GJ, )
21 112.5 111.8 1101 1064 103.0 101.8 1026  105.0 108.4 110.8 111.8 112.8 2.91 Johnson BJ (1997) A satellite-
2 116.7 115.9 1142 1104 1070 1059 1068  109.2 112.7 115.0 116.0 117.0 2.99 i i
23 120.8 120.1 1182 1144 111.1 1100 1110 1134 117.0 119.3 120.1 121.2 3.07 gelrllved 0z0 dne chmato_logy ]l‘or
24 124.9 124.1 1222 1184 1150 1141 1151 1176 121.2 123.5 1242 125.3 3.14 alloonsonae estimation o
§5 128.9 128.1 1262 1223 1190 1180 119.1 1217 153.3 127.6 128.3 1§g.3 3.21 total column ozone Journal of
6 132.9 132.1 130.1 1262 1229 1220 1232 1258 129.5 131.7 132.3 133.3 3.28 . :
27 1369 1360 1340 1300 1268 1260 1272 1299 1336 135.8 136.3 1373 336 Geophysical Research:
28 140.8 1400 1379 1339 1306 1299 1312  134.0 137.7 139.8 140.3 1413 342 Atmospheres 102:8875-8885
29 144.7 143.8 141.7 1377 1344 1338 1352 1380 141.7 143.9 144.2 145.2 3.49 .
30 148.6 147.7 1456 1414 1383 1377 1392 1420 145.8 147.9 148.1 149.2 3.56 doi:10.1029/96JD02977
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= Total column ozone measured by ozonesonde (blue) and
extrapolation computed by adding SBUV climatological
amounts (light blue)

400

DU)

(

W
o
o

200 |

100 |

Total column O3

NN '\\"\ \ ,\q,‘,\@,g,

Q\Q\Q\Q\\\\\(\\\&\Q,Qo 3
RO F N WS PR PSP\ e

¢ The red line represents 220 DU, which is conventionally defined as an “ozone hole”
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Total correlation between satellite products &
and the total column O3 computed by adding
SBUV climatological amounts

350 .
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+ 440-660 TgC ano! (isoprene)
4+ Biogenics: ~10 > Anthropogenics

Isoprene

Z\I 1

Light
Guenther et al. 2006

Z :/!\ iz /;\ Beauchamp et al. 2005

Niinemets et al. 2004
Temperature  CO,

Rosenstiel et al. 2003
Karl et al. 2002
Sharkey et al. 2001
Miller et al. 2001
Loreto et al. 2001
.Zimmer et al. 2000
Nllndemets et aII. 1999
= Lindinger et al. 1998
Tingey et al. 1987 |jchtenthaler et al. 1997

Ghirado et al. 2014
Li & Sharkey 2013
Monson et al. 2012

~ Tingeyetal. 1981 Wildermuth et al. 1996 Velikova et al. 2011
Zimmerman 1979 Sharkeg.& Singsaas 1995 Rasulov et al. 2010
ilver & Fall 1995 Ghirado et al. 2010

Wilkinson et al. 2009
Vickers et al. 2009
Arneth et al. 2008

Behnke et al. 2007

Tingey & Ratsch 1978
Rasmussen & Jones 1973 ~Monson et al. 1994
Rasmussen 1970 Del;”llfge '5'& Sharkel\g;g%
Sanadze & Kusanov 1966 a onson
Sharkey et al. 1991b
Rasumussen & Went 1965 Loreto & Sharkey 1990
Sanadze 19 I | I Monson & Fall 1989 |

Biogenic emissions

+ ~1000 TgC BVOCs per year (T: 1x1012)

310-720 Oxidation

~1300 Biogenic and
anthropogenic global
VOC emissions

130—-270 Dry and

to CO/CO,

Rasulov et al. 2016
Harvey et al. 2015
Widhalm et al. 2015

1957-1966 1967-1976 1977-1986 1987-1996 1997-2006 2007-2016

Defining the environmental drivers Defining metabolic context

Manipulations to define
environment x metabolism

Atmospheric wet deposition

VOC

50-200 Oxidation to
vVocC/Cco/co,

510-910 SOA formation

Secondary
organic
aerosol

175-375 Dry and wet
deposition

Sharkey TD, Monson RK (2017) Isoprene research — 60 years
later, the biology is still enigmatic Plant, Cell & Environment

40:1671-1678 doi:10.1111/pce.12930
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+ Isoprene emission increases sharply with temperature up to ~38
°C and then falls off rapidly (Sanadze and Kalandaze 1966).
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O3, NO,, NO, T
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USEPA Approach: Photochemical
Assessment Monitoring Stations (PAMS)
compound target list

+ Priority compounds: 26 VOCs + 2 carbonyls

+ Opcional compounds: 30 VOCs + 2 carbonyls + 2 organochlorides +
2 biogenics + ethanol
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Priority compounds

Ozone precursor

Secondary organic aerosol precursors

Hazardous air pollutants

dbueno . X I e ,=
| 1,23-trimetilbenceno S X [ S S
| 1,24-rimeilbenceno | . X T o e —— i
' 224-rimetilpentano 1 S R A X
Benceno o] S X oo e K e X o
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(Etano ] e X o e e
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 Formaldehido ] X o S S X o i
so-butano S X R e
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Propano . X . e :
 Propeno (propileno) i O s N
tebuteno . X S i
Tolveno X I . X
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Optional compounds

' 1-penteno ' 2,4-dimetilpentano Ciclopentano  n-octano

13buadien0  ametihepano  Etanol  npropibenceno |
1 35uimetibenceno  3metihexano | ino (acetleno)  n-undecano |
omefiheptano 3-metipentano lsopropilbenceno | p-dietibenceno
ometihexano  Acetona  m-dietibenceno | t2-perteno |
ometipentano  Altapineno | mefilciclohexano | Tetracloroetileno
o-dimetibutano Benzaldehido  Metilciclopentano  Tetracloruro de carbono-
23dmetibutano Betapineno rdecaro
3dmetipentano | o2-penteno heptano
28 4uimetipentano | Ciolohexano  mnonaro L
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anister for sampling VOCs
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VOC Canister sampler

¥ + Canister Based on 3
crates / weight: 409
kgs, 900 lbs/
chargeable

¥ + Weight: 567 kgs, 1,250
' Ibs (Dims:3 @
64'"x27"x40")
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Automated VOC Analyzer ENTECH

+ Canister GC/MS System
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% of cumulative score

001}

Ozone formation potential
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m&p-xylene
ethene
isoprene
propene
toluene
propane
n-butane
e | m-Xylene p-Xylene
iso-butane
iso-pentane and 18 specieS...
t-2-butene

ethylbenzene

n-pentane

| VOC (+ OH, NOs, O3, hv) %2 5 aRO:>
1T aRO2+ BNO (+ NO2) — yNO2 + SOH + g(products)

t-2-pentene
3-ethyltoluene
1,2,4-trimethylbenzene

1-butene
Carter WPL (1994) Development of Ozone Reactivity Scales for Volatile Organic

Compounds Air & Waste 44:881-899 do0i:10.1080/1073161X.1994.10467290

c-2-butene

acetylene
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On-line monitoring of VOCs at ppt levels by means
of Proton-transfer-reaction Mass Spectrometry
(PTR-MS)

& Chemical ionization

H;O" +R — RH" + H20

Lindinger W, Hansel A, Jordan A (1998) On-line monitoring of volatile organic compounds at pptv levels by means of
proton-transfer-reaction mass spectrometry (PTR-MS) medical applications, food control and environmental research
International Journal of Mass Spectrometry and lon Processes 173:191-241 doi:https://doi.org/10.1016/

S0168-1176(97)00281-4
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doi:https://doi.org/10.1016/S0168-1176(97)00281-4
doi:https://doi.org/10.1016/S0168-1176(97)00281-4

(=~ Proton affinities

Basicity Proton affinity
Classification Molecule (k) mol~—1) (k) mol=1)
Inorganic gases O, 396 421
N, 465 494
CO, 516 541
O3 626 626
H,O 660 691
NH; 819 854
Alkanes Methane 521 544
Ethane 570 596
Propane 608 626
i-Butane 671 678
Cyclopropane 722 750
Alkenes Ethene 652 681
Propene 723 752
Alkynes Acetylene 617 641
Propyne 723 748
Aromatic hydrocarbons Benzene 725 750
Toluene 756 784
o-xylene 768 796
p-xylene 767 794
Naphthalene 779 803

Lindinger W, Hansel A,
Jordan A (1998) On-line
monitoring of volatile
organic compounds at
pptv levels by means of
proton-transfer-reaction
mass spectrometry (PTR-
MS) medical
applications, food control
and environmental
research International
Journal of Mass
Spectrometry and lon
Processes 173:191-241
doi:https://doi.org/

10.1016/
S0168-1176(97)00281-4
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doi:https://doi.org/10.1016/S0168-1176(97)00281-4
doi:https://doi.org/10.1016/S0168-1176(97)00281-4
doi:https://doi.org/10.1016/S0168-1176(97)00281-4

(CR)<

€ PTR-TOF-MS
collects data
across the entire
mass range
essentially
instantaneously
allowing to
monitor complex
trace VOC gas
mixtures in the
atmosphere

H,O
vapour

Repeller
pulse

Air —=—

Einzel
lens

Radioactive ion source

N

} Drift
tube
x/y deflectors
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Blake RS, Whyte C, Hughes CO, Ellis AM, Monks PS (2004) Demonstration
of Proton-Transfer Reaction Time-of-Flight Mass Spectrometry for Real-

Time Analysis of Trace Volatile Organic Compounds Analytical Chemistry
76:3841-3845 doi:10.1021/ac0498260

Measurements and data analysis of ozone and volatile organic compounds - R. J. Seguel



Hydroxyl radical reactivity

+ Frequency of gas phase reactions with OH and is the inverse the
lifetime of the OH.

+ The Total OH Reactivity of an air mass can be defined in terms of
the total loss rate of OH radicals due to the presence of OH
reactants in the air mass

Total OH reactivity (s7) = Zk(X" +on) [Xi]

€ Missing reactivity

Sinha V et al. (2012) Constraints on instantaneous ozone production rates and regimes during DOMINO derived using in-situ
OH reactivity measurements Atmos Chem Phys 12:7269-7283 doi:10.5194/acp-12-7269-2012
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e OH reactivity determined by CRM
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Measured versus simulated OH reactivity

+ Implications for the local photochemistry and the tropospheric
ozone budget

+ and other radiatively active gases, e.g., CH4

! OH reactivity ; T [OH]; | lifetime of Os & CHs4

Measurements and data analysis of ozone and volatile organic compounds - R. J. Seguel
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TOAR-Il in a nutshell

TOAR-II continues the
successful work of TOAR-I

and lasts until 2024 TOARHII will provide updated

- and extended metrics on

EELES RS TOAR-II will provide an updated

T - state of the science estimate

TOAR-II will further enhance

of ozone’s global distribution
the TOAR data portal and web

and trends relevant to climate,

services human health and vegetation
- TOAR-II will extend the
e statistical toolbox and trend
analyses
TOAR-II will maximize — TOAR-Il reaches out to the
exploitation of the TOAR international scientific
Surface Ozone Database community
/
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Design of a new TOAR data portal

TUA R HOME PAGE EXAMPLE PAGE CUSTOM PAGE
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TOAR database: new content

Add ozone precursor and
meteorological data

10AR

tropospheric
ozone
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TOAR-II Status and roadmap
First TOAR-Il workshops

Beginning of new data Finalize data
collection Perform new and
Bring data infrastructure updated analyses
online Draft manuscripts
2020 2022 2024
® (o) i~ ® @
N = N7
2021 2023
®
Selection of new steering WGs: Preparation of Publication of TOAR-II
committee analyses and planning of
Planning of objectives and manuscripts
roadmap Develop new metrics and
Formation of working groups populate database

Development of enhanced

data infrastructure TU A R

tropospheric
ozone
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