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Physical and chemical processes in the atmosphere

Ambient pollutants emitted from sources are affected by various physical and
chemical processes before removed from the atmosphere.
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Photochemical reaction cycle

Secondary pollutants are formed via complex photochemical reaction cycle.

VOCs are important precursors for ozone and SOA.

COC : Condensable Organic Compounds
SOA : Secondary Organic Aerosol
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Secondary aerosol (Meng et al., 1997)




Non-linear relationships

Non-linear relationships between secondary pollutants and precursors
caused by complex photochemical reaction cycle should be understood to
develop effective strategies.
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3-D regional air quality simulation

Emission inventory
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with spatial and
temporal variations
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Simulate spatial and
temporal variations
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Roles of air quality simulations

Clarify formation mechanism of air pollution
|dentify key emission sources on ambient pollutant concentrations

Evaluate effectiveness of emission controls implemented to suppress
ambient pollutant concentrations.

Predict ambient pollutant concentrations based on future scenarios
considering various pathways of emission controls and activities

Forecast ambient pollutant concentrations for a few coming days

Governments utilize air quality simulations to tackle air quality issues




Photochemical reactions in models

Important species and reactions are explicitly represented.

NO2 + HV =NO + O3P
O3P+02+M=03+M
O3P+03=#202

O3P + NO =NO2

O3P +NO2 =NO + 02
O3P + NO2 =NO3

O3 +NO=NO2+ 02
O3 +NO2 =02 +NO3
NO + NO3 =#2 NO2
NO +NO + 02 =#2 NO2
NO2 + NO3 =N205
N205=NO0O2 + NO3

N205 + H20 = #2 HNO3

N205 + H20 + H20 = #2 HNO3 + H20
N205 + HV =NO3 + NO + O3P
N205 + HV =NO3 + NO2
NO2 + NO3 =NO +NO2 + 02
NO3 + HV =NO + 02

NO3 + HV =NO2 + O3P
O3+HV=01D+02

O3 +HV=03P+02
O1D + H20 =#2 OH
OID+M=03P+M

OH + NO =HONO



VOC representations in models

Many kinds of VOCs exist in the atmosphere.
Impossible to explicitly represent all individual VOCs in models.
Chemical mechanisms H H H H H
m Lump similar VOCs H—c::—c::—c::—c::—(::—H
= Lumping based on structures (CB6) H H H H H

o Pentane (C;H,,) — S5PAR ||4 ||4 ||4 k|| ||4

o 1-Pentene (C;H,,) — 3PAR+10LE H—Cc—C=C=C—0—H
= Lumping based on reactivities (SAPRC, CRACMM) HoAH

o Pentane (C;H,,), Hexane (C4H,,), Heptane (C,H,;) — ALK4

m Explicitly represent important VOCs (Benzene, Toluene, Xylene, etc.)




Examples of lumped VOC species (SAPRC07)

I T N

Alkanes and other non-aromatic compounds that react only with

AN OH, and have kOH between 2 and 5 x 102 ppm-! min-* SIS
ALK2 Alkanes and other non-aromatic compounds that react only with Probane
OH, and have kOH between 5 x 102 and 2.5 x 103 ppm-" min-"’ P
ALK3 Alkanes and other non-aromatic compounds that react only with Butane
OH, and have kOH between 2.5 x 103 and 5 x 103 ppm-! min-"
ALKA Alkanes and other non-aromatic compounds that react only with Pentane, Hexane,
OH, and have kOH between 5 x 102 and 1 x 10 ppm-! min-" Heptane
ALK5 Alkanes and other non-aromatic compounds that react only with Octane, Nonane,
OH, and have kOH greater than 1 x 104 ppm-! min-" Decane
ARO1 Aromatics with kOH < 2 x 10* ppm-" min-" Propylbenzene
ARO2  Aromatics with kKOH > 2 x 104 ppm-! min-"’ Ethyltoluene
OLE1 Alkenes (other than ethene) with kOH < 7 x 10* ppm-! min-" 1-Butene, 1-Pentene

OLE2 Alkenes with kOH > 7 x 104 ppm-! min-’ 2-Butene, 2-Pentene




Photochemical reactions of lumped species (SAPRCO07)

ALKI1 + OH =xHO2 + RO2C + xCCHO + yROOH

ALK2 + OH = #.965 xHO2 + #.965 RO2C + #.035
RO2XC + #.035 zRNO3 + #.261 xRCHO + #.704
xACET + yROOH + #-.105 XC

ALK3 + OH = #.695 xHO2 + #.236 xTBUO + #1.253
RO2C + #.07 RO2XC + #.07 zZRNO3 + £.026
xHCHO + #.445 xCCHO + #.122 xRCHO + #.024
XxACET + #.332 xMEK + #.983 yROOH + #.017
yR60OOH + #-.046 XC

ALK4 + OH =#.83 xHO2 + #.01 xMEO2 + #.011
xMECO3 + #1.763 RO2C + #.149 RO2XC + #.149
zRNO3 + #.002 xCO + #.029 xHCHO + #.438
xCCHO + #.236 xRCHO + #.426 xACET + #.106
xMEK + #.146 xPROD2 + yR60OOH + #-.119 XC

ALKS + OH = #.647 xHO2 + #1.605 RO2C + #.353
RO2XC + #.353 zZRNO3 + #.04 xHCHO + #.106
xCCHO + #.209 xRCHO + #.071 xACET + #.086
xMEK + #.407 xPROD2 + yR60OH + #2.004 XC

OLE1 + OH = #.904 xHO2 + #.001 xMEO2 + #1.138
RO2C + #.095 RO2XC + #.095 zZRNO3 + #.7
xHCHO + #.301 xCCHO + #.47 xRCHO + #.005
XxACET + #.026 xMACR + #.008 xMVK + #.006
xIPRD + #.119 xPROD2 + #.413 yROOH + #.587
yR60OH + #.822 XC

OLEl + O3 =#.116 HO2 + #.04 xHO2 + #.193 OH +
#.104 MEO2 + #.063 RO2C + #.004 RO2XC + #.004
zRNO3 +#.368 CO + #.125 CO2 +#.5 HCHO +
#.147 CCHO + #.007 xCCHO + #.353 RCHO + #.031
xRCHO + #.002 xACET + #.006 MEK + #.185
HCOOH + #.022 CCOOH + #.112 RCOOH + #.189
PROD?2 + #.007 yROOH + #.037 yR60OOH + #.69
XC

OLEIl + NO3 =#.824 xHO2 + #1.312 RO2C + #.176
RO2XC + #.176 zZRNO3 + #.009 xCCHO + #.002
xRCHO + #.024 xACET + #.546 xRNO3 + #.413
yROOH + #.587 yR60OOH + #.454 XN + #.572 XC

OLEl + O3P =#45 RCHO +#.437 MEK +#.113
PROD2 + #1.224 XC
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VOC speciation

Need to speciate VOC emissions into lumped species in chemical
mechanisms.

Emission Individual Lumped
inventory species species
[NMVOCW —{ voc1 | [ Ls1 |
DUL32) ) [ voc2 | o 1s2 |
——»{ voc3 |
——»{ voca » 1S3 |
Localized information , )
—»  VOC5
SPECIATE - .
—{ vocs | » LS4 |
—» VOC7 | Prof. Carter’s information
3/ vocs | Speciation tool

——» vOC9




Local information of VOC profiles

Profiles in addition to total emission amounts of VOCs are complied in
emission inventories.

100% ~
90% - m Others
80% A m Butyl acetate
m Ethanol
70% -
m n-Butane
60% 1 m [sobutane
50% - m Ethylbenzene
40% - ® [sopropyl alcohol
® [sopentane
30% -
m Ethyl acetate
20% 1 = Xylene
10% A m Toluene
0%

Paint Fuel Chemical Printing ink Adhesive Industrial  Thinner Others
evaporation product cleaner

VOC profiles complied in the VOC emission inventory in Japan




SPECIATE

VOC profiles of various emission sources are available.

https://www.epa.gov/air-emissions-modeling/speciate

Environmental Topics + Laws & Rejrulations + Report a Vielation + About EPA ~

SPECIATE

Introduction | Browser | Download | Documentation | Development

SPECIATE Data Browser

The purpose of the SPECIATE data browser is to provide access to the SPECIATE database through a web interface, You can search on any ficld or sornt, See weblinks below for searching features. Right click to export your selection to excel. Each tab is briefly explained below.

il « Profile weight percents and metadats (ol SPECIATE database fields)

Profife - Basic - Profile weight percents and less metadata (subset of SPECIATE database fields)
Profile List - List of profiles in SPECIATE (no weight percents in this table)

« Provides information about the species (no profile information in this table)

= Adlows the user to visualize one or more of the profiles in a bar chart

pie) - Allows the user to view one profile

cocBEAaH

s« Shows changes made to the data during SPECIATE development

For additional help, please consult the B SPECIATE Browser Help Guide (docs) (45651 KB,

This. v SPECIATE bro

* Dt Browser may take 3 few moments 1o load below”

o e = s PROFILE CODE ¢y H?YM o

g
g

“—7:, SPECIATE Data Browser 5.3

B s [ il

-~
)

Profile Data - Basic



https://www.epa.gov/air-emissions-modeling/speciate

Lumping information

Relationships between individual and lumped species are available.

m Prof. Carter’s information (https://intra.engr.ucr.edu/~carter/emitdb/SpecDB.xls

m Speciation tool (https://www.cmascenter.org/speciation_tool/)

ipounds in DB The I i the "aster " sbepirt st gxactly match thive =
friri] 1008 1600 1.006 1455 0.1 1000 prival
wr_ Tozes ey To1so  1aer "ot w7 "oy @ "oees  we1? "o ALiH 117 LT w7
| — Mindal spocios assigrmants lor mechanisms > .
Dascription Gif Inhis 3] sor 0T csor 1 L3400 S16C S 2
Tsthawyoctytsdans
mtihglenebesid.cyciohexyisocya 1
acetone 1 ACET 1000 ACET 1000 ACET 1000 PROZ aof1 ACET 1000 ACET ACET T ACET i
acetylens 1 ALKZ 1000 ACYE 1000 ACYE 1000 ALKY 0.308 ALYL 1.000 ACYL ACETL ACETL ACETL |
acrylontrie 1 ALK 1000 ALKE 1000 ALKE  1.000 ALK4 1,000 ALKE 1000 ACRYLMT OTH4  OFME  ACRINT |
acilai (2 propanal) 1 MUCR 1000 MACR 1000 ACRD 1000 PRD 1.000 MACR 1000 ACRO ACAO  ACRO  ACROD |
cyclapsniane. 1 ALK4 OO0 ALK4 1000 ALKE 1000 ALK 1.000 ALKA 1000 CYOCE ALK ALKA  ALKE |
nepentane 1 ALK4 1000 ALK4 1000 ALK& 1000 ALKS 1.000 ALKA 1000 MCE ALKA  ALKA  ALK4
2amathyl.butane 1 ALKA 1000 ALKA 1000 ALKE 1000 ALK4 1,000 ALKE 1000 MRC4 MKE  OALKS ALK
nehane 1 ALKA 1000 ALK4 1000 ALKE 1000 ALKL 1,000 ALKA 1000 MCE ALK MK ALKL
Zmathyipentane 1 ALKA D00 ALKA 1000 ALKE 1000 ALKE 1000 ALKA 1000 MRCE AR KA ALKE
Amathylpeniane 1 ALKA 1000 ALKA 1000 ALKE 1000 ALKL 1600 ALKA 10680 MOCE MKE OAKE ALKE
2 3-devathylbutane 1 ALK4 1000 ALK4 1000 ALKE 1000 ALK4 1.000 ALKA 1,000 M23C4 MKE AKE ALK |
1, T=dematyicyclopantane 1 ALHA 1000 ALK4 1000 MKE 1000 ALKS 1.0600 ALKA 1000 MIGES Allka  ALKA  ALKE
22, VArimathySutae 1 ALKA 1000 ALKA 1000 ALKE 1000 ALKL 1.000 ALKA 1000 MICI  AMWE ALKA MLKE |
2 4-demmthyipentane 1 ALK 1000 ALKA 1000 ALK 1000 ALK4 1.000 ALKE 1000 MRICS MKA  MKA  ALKE
23, Vanmathyipantsng 1 BLKA 1000 ALKA 1000 ALKE 1000 ALK4 1,000 ALKA 1000 MOIICE  AlWE  ALKA  ALKE |
33-demathryihexans 1 ALK4 1000 ALK4 1000 ALKE 1000 ALK4 1,000 ALKA 1000 OTHE MKE  AKe ALK |
22 demathyihexans 1 ALK4 1000 ALK4 1000 ALKE 1000 ALK4 1.000 ALKA 1000 ME22CE MKE  OAKE ALK |
22 Janmathylpentane 1 ALHA 1000 ALK4 1000 ALKE 1000 ALKE 1.000 ALKA 1000 OTHE AlkA ALK ALKe |
Lmathy-3-echpiperiane 1 ALKE 1000 ALKE 1000 ALKS 1000 ALKL 1.000 ALKE 1000 OTHS AKE AKS ALKE
1,13 3autrmmatind Cyclopentans 1 ALK 1000 ALKS 1000 ALKE  1.000 ALK4 1,000 ALKE 1000 CYCCH ALKE  ALKA MKE |
1 3-depthyfpentans 1 BLKA 1000 ALKA 1000 ALKE 1000 ALK 1.000 ALKA 1000 OTME AKE  ALKS  ALKS
2.4, 4nmathyhaxane 1 ALKA 1000 ALK4 1000 ALKE 1,000 ALK4 1,000 ALKA 1000 OTHE ALKE  ALKA ALK |
22 Sanmathyhaxane 1 ALK4 1000 ALK4 1000 ALKE 1,000 ALK4 1,000 ALKA 1000 M2ZECE  ALWA ALK ALKE |
22,3 dasunmatiyipentane 1 ALKS 1000 ALKS 1000 ALKE  1.000 ALK4 1000 ALKE 1000 BRCS AKS  MKE  ALKE
Lothyt3metteyl Heane 1 ALK 1000 ALKS 1000 ALKE 1000 ALK4 1000 ALKE 1000 BRCS MKS  AKe  ALKE
tracyeiens ALKE 1000 ALKS 1000 ALKE 1000 ALK4 1.000 ALKE 1000 OTHS ALKE OALKS  ALKE
Iz me ot 1 ALKE 1000 ALKE 1000 ALKE 1000 ALK4 1000 ALKE 1000 OTHS OTHI  OTHI  ALKE |
athytane ghycal 1 ALKE 1000 ALKS 1000 ALKE 1000 ALK4 1,000 ALKE 1000 ETGLYCL OTH4  OTHE  ALKE |
ety sulhs 1 BLKA 1000 ALK4 1000 ALKS 1000 ALK 1000 ALKA 1000 OTHa OTHY  OTH3  ALKS |
athyl e aplan 1 ALKS 1000 ALKS 1000 ALKE 1000 ALK4 1000 ALKE 1000 OTHS OTHI  OTH3 MK |
Trimathytena Crede {1, 3epacypro 1 ALKE 1000 ALKE 1000 ALKS 1000 ALKL 1,000 ALKE 1000 OTHS OTH  OTHE MKE |
1, denieniang. 1 ALK 1000 ALKS 1000 ALKE 1000 ALK4 1000 ALKE 1000 OTHS OTHY  OFTHE  ALKE |
Zmathaywnans [mathyl cellan 1 ALKS 1000 ALKS 1000 ALKE 1000 ALK4 1000 ALKE 1000 MECETOM OTH4 O AKE 1
propylens ghycol 1 ALKS 1000 ALKS 1000 ALKE 1000 ALK4 1,000 ALKE 1000 PRGLYCL OTH4  OTHE  ALKE |
ghycer 1 ALKS 1000 ALKS 1000 ALKS 1000 ALK4 1,000 ALKS 1000 GLYCERL OTH4 OTHE  ALKS |
Ghyoarel sighs-mmanochisrhydnn 1 ALKA 1000 ALKA 1000 ALKE 1000 ALK4 1,000 ALKA 1000 OTHS OTHI  OTHI  ALKS |
Lbutyma (utfryincetybine) 1 131 1000 OLE1 1000 OLE1 1000 OLE1 1000 OLE! 1000 ETACTYL ACYLS ACYVLS ALKE |
ttrahyshenn 1 ALK 1000 ALKS 1000 ALKE 1000 ALH4 1000 ALKS 1000 THF OTHE  OTHE  ALKE |
byl iz shel 1 ALK 1000 ALKS 1000 ALKE 1000 ALKY 1,000 ALKS 1000 NCIOH OTHI  OTHI ALK |
secbutyl slcohol 1 ALKS 1000 ALKS 1000 ALKS 1,000 ALK4 1,000 ALKE 1000 SCIOH OTHI  OFHI  ALKE |
isobutyd akcobed 1 ALKS 1000 ALKS 1000 ALKS 1000 ALK4 1,000 ALKS 1000 1C40H OTHI  OTH3  ALKS |
athyl athes 1 ALKS 1000 ALKS 1000 ALKS 1000 ALH4 1,000 ALKS 1,000 ETOET OTHE  OTHE  ALKS |
1,.4-da3ienei 1 BLKS 1000 ALKS 1000 ALKS 1000 ALK4 1000 ALKS 1000 OTHS OTHY  OTHE  ALKE |
1,4 utsnesol 1 ALK 1000 ALKS 1000 ALKE 1000 ALK4 1,000 ALKS 1000 OTHS OTHE  OTHE  ALKE |
T ahaiey-1-prepansl 1 ALKS 1000 ALKS 1000 ALKS 1000 ALK4 1,000 ALKE 1000 OTHS OTHL  OFTHE  ALKE |
Zuthoywchand [ eloscha) (ages 1 ALKS 1000 ALKS 1000 ALKE 1000 ALK4 1000 ALKS 1000 ETOETOM OTH4 OFHE ALKS |
propyless ghycol matinyd ather {10 1 ALKS 1000 ALKS 1000 ALKS 1000 ALK4 1,000 ALKS 1000 MEOCIOH OTHE  OTHE  ALKS |
23-Butsnpsol 1 BLKS 1000 ALKS 1000 ALKS 1000 ALK4 1,000 ALKS 1000 OTHS OTHE  OTHE  ALKE |
Zmatheey-1-prapassl 1 ALK 1000 ALKS 1000 ALKS 1000 ALK4 1,000 ALKE 1000 OTHS OTHL  OTHE  ALKE |
12-butaniesol 2 Eutmd 1 ALKS 1000 ALKS 1000 ALKS 1000 ALK4 1,000 ALKS 1000 CADHIZ  OTH4  OTHE  ALKS |
1, 3-butanedol 1 ALKE 1000 ALKS 1000 ALKS 1000 ALK 1,000 ALKS 1000 OTHS OTHE  OTHE  ALKE |
1, 1-demwihaucy sshang ALKS 1000 ALKS 1000 ALKE 1000 ALK4 1000 ALKS 1000 OTHS OTH}  OTH3  ALKS |
1, 2-Demwthcyshans 1 ALKS 1000 ALKS 1000 ALKS 1000 ALK 1,000 ALKS 1000 OTHS OTHE  OTHE ALK |
dhethplens ghyes (2.7-tooybriethar 1 ALKE 1000 ALKS 1000 ALKS 1000 ALK 1.000 ALKE 1000 DETGLCL OTH4  OFHE  ALKS |
Dot Sulatn 1 ALKS 1000 ALKS 1000 ALKS 1000 ALKL 1.000 ALKS 1000 OTHS OTHE  OTHE  ALKS |



https://intra.engr.ucr.edu/%7Ecarter/emitdb/SpecDB.xls
https://www.cmascenter.org/speciation_tool/

Speciated emissions as model inputs

(a) Tokyo
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SAPRCO07 species




VOC monitoring and analysis

Collect air in canisters
9 locations in Tokyo
2 days per season in 2019-2020

m October 15— 17 (Fall), December 9 — 11 (Winter),
April 20 — 22 (Spring), and June 29 — July 1 (Summer)

3 times per day
m 18-6,6—-12,and 12 - 18
|dentify 126 VOCs and 13 aldehydes
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VOC air quality simulations

Regional meteorological model

= WRF-ARW version 4.2.1
Regional chemical transport model
= CMAQ version 5.3.2

3 nested target domains

{

d02 (15 x 15 km)

d04 (5 x 5 km)
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Target VOC species

_ SAPRCO07 Monitored VOC species

Alkane

Alkene

ALK1
ALK2
ALK3

ALK4

ALKS5

ETHENE
PROPENE
BUTADIENE13
OLE1

OLEZ2

Ethane, Dichloromethane, 1,1-Dichloroethane, 1,2-Dichloroethane, 1,2-Dibromoethane,
1,1,2-Trichloroethane, Tetrachloroethylene

Propane, Ethylchloride, Methylacetate, Ethylacetate, 1,2-Dichloropropane

Isobutane, n-Butane, 2,2-Dimethylbutane, Methyl-t-butylether, c-1,2-Dichloroethylene,
2,2,4-Trimethylpentane, Trichloroethylene

Isopropanol, n-Propanol, Cyclopentane, 2-Methylbutane, n-pentane, Methylcyclopentane,
2,3-Dimethylbutane, 2-Methylpentane, 3-Methylpentane, n-Hexane, 2,4-Dimethylpentane,
n-Heptane, 2,3,4-Trimethylpentane, Butylacetate

Acrylonitrile, Vinylchloride, Isobutanol, n-Butanol, 3-Chloro-1-propene, Cyclohexane,
1,1-Dichloroethene, Methylcyclohexane, 2-Methylhexane, 2,3-Dimethylpentane, 3-Methylhexane,
Ethyl-t-butylether, c-1,3-Dichloropropene, t-1,3-Dichloropropene, 2-Methylheptane,
3-Methylheptane, n-Octane, n-Nonane,n-Decane, n-Undecane

Ethylene
Propylene
1,3-Butadiene

1-Butene, 1-Pentene, 3-Methyl-1-butene, 1-Hexene, 1-Heptene

c-2-Butene, t-2-Butene, Isobutene, c-1,3-Pentadiene, t-1,3-Pentadiene, c-2-Pentene, t-2-Pentene,
2-Methyl-1-butene, 2-Methyl-2-butene, 2-Methyl-1-pentene, c-3-Hexene, c-2-Hexene, t-2-Hexene,
c-3-Methyl-2-pentene, t-3-Methyl-2-pentene, Styrene

18
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Target VOC species
| SAPRCO7 | Monitored VOCspecies

Alkyne ACETYLENE Acetylene

Aromatic BENZENE Benzene
TOLUENE Toluene
MXYL+PXYL m,p-Xylene
OXYL o-xylene
ARO1 Ethylbenzene, Chlorobenzene, Isopropylbenzene, Propylbenzene, Benzylchloride,

m-Dichlorobenzene, p-Dichlorobenzene, o-Dichlorobenzene

TMBENZ124 1,2,4-Trimethylbenzene

ARO?2 1,2,3-Trimethylbenzene, 1,3,5-Trimethylbenzene, m-Ethyltoluene, o-Ethyltoluene, p-Ethyltoluene,
m-Diethylbenzene, p-Diethylbenzene, 2-Ethyl-p-xylene, 1,2,3,5-Tetramethylbenzene
Biogenic ISOPRENE Isoprene
APIN a-Pinene

TERP B-Pinene, Camphene, Limonene




Target VOC species
| SAPRCO7 | Monitored VOCspecies

Aldehyde HCHO Formaldehyde

CCHO Acetaldehyde

ACROLEIN Acrolein

IPRD Crotonaldehyde

RCHO Propionaldehyde, Butyraldehyde, Isovaleraldehyde, Valeraldehyde, Hexanaladehyde

BALD Benzaldehyde, o-Tolualdehyde, m,p-Tolualdehyde, 2,5-Dimethylbenzaldehyde
Ketone ACETONE Acetone

MEK Methylethylketone

PRD2 Methylisobutylketone

Chloromethane, Bromomethane, Chloroform, 1,1,1-trichloroethane, Carbontetrachloride,

Other NROG 1,1,2,2-Tetrachloroethane, 1,2,4-Trichlorobenzene, Hexachloro-1,3-butadiene, HCFC-22,

HCFC-142, HCFC-141, CFC-12, CFC-11, HCFC-123, CFC-114, CFC-113, HCFC-225ca,
HCFC-225cb




Comparison of monitored and simulated VOCs

Total VOC concentrations at all locations for all periods were underestimated.

Underestimations of alkanes and ketones are evident.

Autumn 2019 Winter 2019 Spring 2020 Summer 2020
40 - - 80 - 3 70 - - 35 -
i - 60 - i 30 - u B Other
. ] - || Ketone
_ 30 - H 60 0L 50 - A o5 | L
_g_ B - - || o I i I — — _ : | — o I:I Aldehyde
a 00 | H H H F o B HBHe HH E 40 - H 0 R 20410 H H B @ 7 Biogenic
g = i ! ! 30 1H A i 540 A B [ F ] Aromatic
8 H F = 20 - w04 A H L] Alkyne
10 o0 o . — Alkene
E H H [ ] Alkane
0 0 0 . 0
e g g g = 2 5 & g i e 5§ g &5 e g g £ 5
8 £ & 9 3 8 £ © T = 8 £ © T & 8 £ &8 T &
— m E ~ — m = E = b— m = E - — m = é =
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» T < § » T < » T % 5 » T 2 §
T T T T

Monitored (left) and simulated (right) concentrations averaged for each period




Comparison of monitored and simulated VOCs

Smaller deviations in propylene-equivalent (PE) concentrations considering
reactivities in the atmosphere.

Reaction rate with OH
Reaction rate of propylene with OH

m PE concentration = Concentration X

Underestimation of alkenes and overestimation of aromatic are evident.

Autumn 2019 Winter 2019 Spring 2020 Summer 2020
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Monitored (left) and simulated (right) PE concentrations averaged for each period




Comparison of monitored and simulated VOCs

Underestimations of smaller alkanes (mainly ethane and propane) and
acetone are evident.

Alkane Conc. Alkane PE Conc. Alkane Ratio
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Comparison of monitored and simulated VOCs

Underestimations of OLE1 and OLEZ2, and overestimations of XYL and

ARO2 are evident in PE concentrations.
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VOC compositions in monitoring and emissions

VOC compositions in monitoring and emissions are generally consistent.
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Contributions of sources to VOC specie emissions

Underestimation of alkenes and overestimation of aromatic seems to be
affected by fuel evaporation and paint application, respectively.
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Implications of VOC air quality simulations

Validations of air quality simulations on VOC species are suggested whereas
monitoring data of individual VOC species are limited.

Uncertainties in emissions and models are clarified by air quality simulations.

Information of individual VOC species is useful to identify problems in
emissions and models.

Poor model performances on VOC species may introduce inappropriate
ozone formation regimes.
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Summary

Air quality modeling is essential to consider effective strategies for
suppressing ambient concentrations of secondary pollutants.

Representation of VOCs in chemical transport models is simplified in
chemical mechanisms.

VOC emissions need to be speciated to lumped species of chemical
mechanisms based on speciation profiles.

Observations of individual VOC species are useful to validate and improve
air quality modeling of NMVOC.
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