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Acidity (e.g. cloud pH) as factor controlling sulfate formation

Atmospheric sulfate formation occurs in both gas-phase and liquidphase.
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The aqueous oxidation of S(IV) by Os is only significant at high pH conditions greater than pH =5, due to the strong
pH dependence of S(IV) species in solutions (Calvert et al., 1985; Seinfeld and Pandis, 2016). Since the pH in
modern cloud water is typically within the range of 3 to 5 (Pye et al., 2020 and references therein), the aqueous
oxidation of S(IV) by Os is thus considered to be unimportant when compared to the oxidation by H,0..



Heterogeneous distribution of cloud water pH in the atmosphere
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Is the acidity-dependent sulfate formation pathway (S(IV)+0s in liquid-phase) really important?
Observation <—> Modeling

| | | Motivation:
There is no observational evidence for
sulfate formation pathways based on a Tracing a'I'mQSPheriC Process

comparison between observed and
modeled sulfate concentrations.




A170 in sulfate: tracer of formation pathway

‘ Simplified definition: A770 =870 - 0.52 x 8'80

A170(03) = 26%0, A170(OH) = 0%o0
A170 = 0%o

< OH 7N
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e.d., Savarino et al. 2000 JGR-A; Ishino et al. 2021 JGR-A
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The Tibetan Plateau (hereafter referred to as TP), covering an area of ~2.5x106 km2 and having an
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[Figure 1, Wanqg et al. accepted in ACP]

Good site to test importance of atmospheric acidity (high pH in dusty region) for sulfate formation.
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Comparison with global chemical transport model
GE&'S-Chem i

http //acmg seas.harvard. edu/geos/ - Calculated year: 2013 (Mejc daica: MERRAZ).
- S0O4?2 produced by each oxidation pathway is transported as a

After v12.5, bulk cloud water pH is calculated separate “tracer” in the model.
Iteratively using concentrations

Interactive cloud water pH calculation pH fixed (4.5 for NH, 5 for SH)
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Hattori, Alexander, Savarino, Springer Nature,
Handbook of Isotopologue Biogeochemistry, submitted

A170 of sulfate is expected to be high in dusty region.
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Methods: Site, sampling, measurements

The TSP samples were collected by a high-volume air sampler (Laoying-2031, LAOYING Institute, China)
mounted on the roof of an instrument room (Fig. 1d). Each sample was collected on a pre-baked (450 °C for
4 h) quartz filters (Whatman Inc., UK), and covered 4-7 d at a flow rate of 1.05 m3 min-1.
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[Figure 1, Wang et al. accepted in ACP]
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Results: seasonal trend of ion species and BC
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Figure 2: (a) Temporal variations in concentrations of major ions in TSP samples collected from the Mt. Everest region across the
AI70(SO§—) SAS = [bUlk-SOi_ / [nd-SOi_] X A”O(SOi—)bulk entire study period, and (b-d) correlations between [bulk-SO; ] and [Ca?*], [nd-SO; ] and [BC], as well as [nd-SO? | and [K*] in the

pre-monsoon and monsoon seasons. The error bars in Fig. 2(c) stand for 1G-uncertainty.
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Results: comparison with other place
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Discussion: Why is the S(IV)+03 reaction important?
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Results: comparison with model

The observed high A70O(S042-)sas is reproduced only when
considering interactive pH calculation in the model.
In turn, fixed pH model (= 4.5) underestimate A170(S042-)sps.

pH high

| A170(S042) = 6.4%:0

The aqueous oxidation of S(IV) by Os is only significant at high pH conditions greater than pH = 5, due to
the strong pH dependence of S(IV) species in solutions (Calvert et al., 1985; Seinfeld and Pandis, 2016).

Evidence for importance of atmospheric acidity (high pH in dusty region)
for sulfate formation.

[Figure 7, Wanq, Hattori et al. submitted to ACP]
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Conclusions: importance of atmospheric acidity

Overall, our study provides observational evidence that atmospheric acidity plays an
important role in controlling sulfate formation pathways particularly for dust-rich
environments. Such identification of key processes provides an important basis for better
understanding of the sulfur cycle in the Tibet Plateau, which is further meaningful to
accurately evaluate the environment and climatic changes within this region.

This study: An evidence of acidity-driven sulfate formation at Mt.Everest region

Wang, K., Hattori, S., Lin, M., Ishino, S., Alexander, B., Kamezaki, K., Yoshida,
N., and Kang, S.: Isotopic constraints on atmospheric sulfate formation

pathways in the Mft. Everest region, southern Tibetan Plateau, Atmos. Chem.
Phys. https://doi.org/10.5194/acp-2020-1279, accepted, 2021.
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"0 00 oo Next paper about acidity-driven sulfate formation
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i Hattori, S., Y. lizuka, B. Alexander, S. Ishino, K. Fujita, S. Zhai, T. Sherwen, N.
Oshima, R. Uemura, A. Yamada, N. Suzuki, S. Matoba, A. Tsuruta, J. Savarino,

and N. Yoshida, Isotopic evidence for acidity-driven enhancement of sulfate

formation after SO emission control, Science Advances, accepted.
May 5th, 2021. Stay tuned!

[Figure 8, Wanqg et al. accepted in ACP]
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The high A70(S04%) is found in Mt. Everest region High A170(SO42-) is only possible in high pH condition.
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Summary: Acidity-driven sulfate formation evidenced by 170O-excess
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