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VMS are widely used human-made VCP

* Additive in personal care product

Cyclopentasiloxane

» Volatile (>90% in atmosphere)
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VMS

Personal care
products

- InWA Brunet et al. (2024); Alton & Browne (2020) ; Gkatzelis et al., Environ. Sci. Tech., 2021.

Mackay et al., Environ. Toxic. Chem., 2015. Jiang et al., 2018



There are uncertainties on the role of personal care
products in SOA concentration
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Personal care
products

- I“WA Atkinson 1991, Atkinson et al. 1995, Alton and Browne 2020, Milani et al. 2021, Wu and

Johnston 2016, Wu and Johnston 2017, Charan et al. 2022, Avery et al. 2023



Aerosol Formation Evidence of VMS
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Research Goals:

1. SOA characterization:

Establishing yields and chemical composition of VMS derived aerosol in
OFR experiments and comparison to real ambient aerosols.

2. Atmospheric Modeling:

Estimating the fate of cVMS from PCPs upon oxidation over the US and

rest of the world.
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Modeling cVMS and its SOA in MUSICA
makes sense

- Continued interest in global distribution of parent and oxidation
products due to PBT status.

* Available gas and particle concentrations to compare against
in NYC 2022.

- Proposed as tracer of PCP; we need to know fate and
distribution.
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The Multi-Scale Infrastructure for Chemistry and Aerosols
(MUSICA) VO is a configuration of the Community Earth System
Model (CESM)

« CESM components:

o IOWA

CAM
(Community Atmosphere Model)

|

: CAM-chem

I (Community Atmosphere Model with
: Chemistry)

WACCM

(Whole Atmosphere Community
Climate Model)

https://wiki.ucar.edu/display/MUSICA

MUSICA over
CONUS:

Spectral Element
(SE - cubed sphere)
dynamical core




Using VMS emission from Brunet et al. (2024)

90°N
WorldPop.Org 30°N A
Sales data 2000-2020,
1km resolution
Statista "Beauty & -
Personal Care" v P
dataset, 2020 VMS H°S 177
emission ' 5L
(kg/m2/s) _ X e
mg/km2/day \/ PET. _aama Mgl 3;"5;:4«5" MAX: 3.6e-12 kg/m2/s=
%DS l L L ] L
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D5 emission (kg/m2/s)
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SOA formation reactions in CAM-chem for different precursors sources is based
on volatility basis set (VBS) and molar yields of SOAG formation

Gas-phase Aerosol-phase
C*=0.01 - T_=300k
SOAGO < > soal . SreOfAG molecular weight in CESM=
Cx=0 1 250 g/mol (based on C,.H,.0,)
SOAGT < > so0a2
VMS Saks soag2 | R soa3
C*=10
soAG3 | > soa4
C*=100
soacs | > soad
C*: Saturation vapor pressure (ug m=)
* D5+ OH =D5+ OH + a; SOAGO + &, SOAGT + a, SOAG2 + o, SOAG3 + @, SOAG4 k...,
* D4+ OH =D4+ OH + a; SOAGO + o, SOAGT + a, SOAG2 + ar, SOAG3 + @, SOAG4 k...,
* D6+ OH = D4 + OH + a; SOAGO + o, SOAGT + a, SOAG2 + ar, SOAG3 + @, SOAG4 k...,

o IOWA

Tilmes et al. (2019); Jo et al. (2023)




D5 derived SOA yield vs OH exp and equivalent photochemical
age in the atmosbhere

Photochemical Age (days)
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Fitting VBS molar yield (o ) from experiments

1041 @ Wu& Johnston (2017)
Janecheck et al. (2019)

A Charan et al. (2022) - Chamber
& Charan et al. (2022) - Flowtube
0.8 - Han et al. (2022)
Avery et al. (2023) @
Kang et al. (2023) 4
<+
S 06
Q
>
S
o 047
L4
4
<@
A &
& & A ¢
50 100 150 200 250

D5 reacted (ppb)

After estimating «, each of these experiments can be simulated to give aerosol mass concentration (C_,) and yield

m I0WA



Best molar yield (a) chosen via nonnegative
linear least squares

1.04 @ Wu & Johnston (2017)

ACOA o
Janecheck et al. (2019) = = i _
A Charan et al. (2022) - Chamber ¢ AROG 1 + (¢} /con) Gas-phase
& Charanetal. (2022) - Flowtube
0.8 - Han et al. (2022)
Avery et al. (2023) & 0.0356 SOAGO
# Kang et al. (2023) L
—— SOA Yield Fit & 0
_ SOAGT
2 0671 T=298.15k
> OH
S D5 0 SOAG2
N 0.4 1
0 SOAG3
0.2 A é
o ¢ 0.4719 || SOAG4
° o
0.0 A

T
1

D5 reacted (ppb)
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D4, D5, and D6 and OD4,0D5,0D6 global distribution July 13-Aug 6, 2022 (NYC-METS)

90°N

30°S

90°S

107!
0OD4 (ppt)

ODS5 (ppt) 0D6 (ppt)
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D4, D5, and D6 and OD4,0D5,0D6 CONUS distribution July 13-Aug 6, 2022 (NYC-METS)
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D5 CONUS distribution July 13-Aug 6, 2022 (NYC-METS) vs previous studies

Ja‘nuary ARrI

CMAQ 36 km

MUSICA ~14 km

102 107 09 10!
D5 (ppt)
[D5],,, ~ 450 ng m? in urban areas

Janechek et al. ACP, 2017

m I0WA



D5 and OD5 time series in U.S. cities

6pm-6am D5 peaks in the early morning
— / 758
50 4 —— NYC
Chicago _ 606
40 1 —— Boulder
el LA s O o NYC-MET 2022
Tg‘ 30 - I £ S
; 303 iz \8: ,‘\ [—
O 20 1 \ — 600 ™ .'f
\ { 152 g \ / '\‘“,/ .'f
10 1 ! _‘.: v V ~J
PN >~ \— \o \J 2 A ] © 400
0 _M’ = —— e———— I — —_)‘ B -.GC__)'
12 13 14 15 16 17 18 19 20 O 0, [ |
Jul CC) =
2022 o) D5 m
10— NYC - 152 g 0 5 10 15 20
Chicago =) Hours of day
8 4 —— Boulder /\,\ _121 s
2 g A _,\/\ o S Brunet et al., Environ. Sci. Technol. 2024
o -1 L al
in 3
S 4- 61 3
2 Q \. \ /\_30
04— : : : : : : . : -0
12 13 14 | 15 16 17 18 19 20

Jul .
time (LT)




Preliminary results - addition of VMS to the standard SOA mechanism significantly

changes the overall modeled SOA - needs to be simulated explicitly

[D4_OH] D4 + OH -> 0D4

[D5_0H] D5 + OH -> 0D5

[D6_0OH] D6 + OH -> 0Dé6
How D5-derived SOA is defined  mej#b5_0H_vbs ] D5 + OH

7 1.01e-12
; 1.55e-12
7 1.92e-12

-> OH + 0.0356 (373/250)*SOAGO + O*xSOAG1l + O*SOAG2 + O*SOAG3 + 0.4719(373/250)*S0AG4

[D5_OH_vbs] D5 + OH -> D5 + OH + 0.0531%xSO0AGO + 0.7041%xSO0AG4 ; 1.55e-12

Total SOA in D5 gas+aerosol MUSICA simulation
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Future Direction: research outcomes are going to use for more atmospherically
relavent simulation
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CU Environmental Chamber
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(Summer 2023)




Future Direction

« Multigenerational Aging; 1s2 and 2" generation oxidation product in gas and SOA

formation in the MUSICA model K oS- m/z(37L06ss Y [RNOETEE 0]
\Si/O\Si’O\Si/—OH \Si/ O\Si’O‘Si/—OH
g ! S RAN
0.0~ -0 @) @) O
Si Si Nsi? 'si”
/\ /\ L% £ S
D4D° (a.k.a. D4TOH) D4-(1,2)-D°H,

Meepage et al., ACS EST Air, 2024

« Extended version of SOA parametrization in CAM-chem vs Standard SOA
» More careful consideration of reaction partner in low-NOx OFR/chamber studies (RO, +
OH vs RO,+HO,) and SOA yield, as well as high-NOx condition
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Thank you!

=2 Questions?

Your sunscreen: A potential air pollution source!



