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Abstract Biological activity in the surface ocean leads to emissions of methanethiol (MeSH) and dimethyl
sulfide (DMS). Measurements of MeSH in the marine atmosphere are sparse and the impact of NOx pollution on

MeSH oxidation remains unexplored. We present measurements of MeSH and DMS at a coastal site with NOx
up to 24.3 ppb in the United Kingdom during May and June. Winds coming from the seaward (northerly)

direction showed a median (25th quantiles) MeSH mixing ratio of 15.7 (7.9–26.9) ppt. The measurements

reveal significantly lower MeSH during daytime. Atmospheric box model calculations suggest that∼25% of the

MeSH oxidation is initiated by NO3 at this site and that NOx pollution can reduce the SO2 yield from MeSH.

This work is further evidence for the prevalence of MeSH and illustrates the impact of NOx pollution on MeSH

oxidation with associated implications for its role in aerosol‐cloud processes, and climate.

Plain Language Summary The oceans emit substantial amounts of volatile, gaseous sulfur in the
form of methanethiol and DMS. Methanethiol measurements in marine air are very sparse, partly because it is

hard to measure. Methanethiol is of interest, because it very efficiently reacts in the atmosphere to form SO2 at a

close to 100% yield. SO2 is a particle forming sulfur gas, cooling the climate. We measured methanethiol in air

on the UK coast and found it to be present at 10–30 ppt, a tiny fraction of the molecules in air. We find higher

mixing ratios when the winds are from the sea, likely because the oceans are emitting this compound. We also

find higher mixing ratios at night, probably due to removal processes initiated by sunlight and physical

processes in the atmosphere. Using a computer model, we calculate that nitrogen oxides from shipping exhausts

and terrestrial combustion sources can react with methanethiol at night. They have the potential to decrease the

efficiency of SO2 production from methanethiol down to a yield of less than 50%. This case study gives a better

appreciation of methanethiol's climatic impact and how this might be different in a polluted marine atmosphere.

1. Introduction

Oceanic plankton produces volatile sulfur compounds in the form of methanethiol (MeSH) and dimethyl sulfide

(DMS), which ventilate to the atmosphere (Novak et al., 2022). These compounds play a crucial role in cooling

the planet by forming SO2 which contributes to aerosol that seed and/or brighten clouds, thus offsetting much of

the anthropogenic warming (Fung et al., 2022; Intergovernmental Panel on Climate Change, 2023). Over the last

40 years, DMS has received all the attention as the main oceanic sulfur compound (Hulswar et al., 2022). New

instrumentation and recent measurements in key locations (Gros et al., 2023) highlight that MeSH has a hitherto

overlooked impact on climate due to its substantial ocean emissions, fast oxidation and high SO2 yield (Wohl

et al., 2024) thus changing the pre‐industrial baseline assumed for many climate change model simulations.

MeSH and DMS have a common precursor, dimethylsulfoniopropionate (DMSP), produced in the surface ocean

by the planktonic food web (Hopkins et al., 2023; Kiene & Linn, 2000). Due to rapid biological consumption of

MeSH (Kiene, 1996), the standing stock and thus ocean emission of MeSH is about 5 times smaller than that of

DMS, with large spatial variations in this ratio (Kettle et al., 2001; Kilgour et al., 2022). Observations of MeSH in

the marine atmosphere remain very sparse, but are of high value, toward improved characterization of atmo-

spheric chemical processing and for associated model validation.

In the atmosphere, MeSH is oxidized by hydroxyl radical (OH) or NO3 to form the methyl thyil radical (CH3S)

(Butkovskaya & Setser, 2021; Jensen et al., 1992) likely at a 1:1 yield (Novak et al., 2022). The reactions of CH3S
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are reasonably well studied since it is an intermediate in the known DMS H‐abstraction pathway (Barnes

et al., 2006) (Figure 1). This enables modeling of the fate of MeSH in the atmosphere (Novak et al., 2022). The

reaction of MeSH with OH is 2–5 times faster than the reaction of DMS with OH, which contributes to its lower

abundance in air (Lawson et al., 2020; Novak et al., 2022). The importance of NO3 in oxidising MeSH remains

unexplored. In the marine atmosphere, OH is produced from the photolysis of ozone by ultraviolet radiation

(Pimlott et al., 2022). NO3 is the dominant nighttime oxidant in the atmosphere, formed predominantly from the

reaction of nitrogen dioxide with ozone (Archer‐Nicholls et al., 2023). Nitrogen oxides (NO + NO2) are released

into the marine atmosphere mostly from shipping emissions (Van Roy et al., 2023), but also from continental

outflow of anthropogenic combustion sources (Archer‐Nicholls et al., 2023). The presence of nitrogen oxides has

the potential to increase the importance of specific oxidation pathways of CH3S leading to production of

methanesulfonic acid (MSA) or SO3 (Figure 1), thus modulating MeSH's impact on climate. MSA and SO2/SO3
have different impacts on aerosol growth rates and new particle formation, affecting the baseline of natural

aerosol forcing (Hodshire et al., 2019). Uncertainties in the product yields from oceanic sulfur emissions also

impact conclusions drawn from MSA ice core records (Curran et al., 2003; Jongebloed et al., 2023).

Investigations of the oxidation of MeSH under low NOx have shown that MeSH is oxidized to SO2 at close‐to 1:1

yield (Chen et al., 2021). NOx is known to affect the DMS oxidation yield of SO2 (Goss & Kroll, 2024), thus

modulating its climatic impact. To investigate the impact of NOx pollution on MeSH oxidation, we measured

MeSH and DMS in ambient air at a coastal site on the North Sea, which generally receives sizable NOx pollution

(up to 24.3 ppb) from continental outflow and from shipping emissions. These measurements are used to constrain

a chemical box model, based on an updated subset of the MCM v3.3.1 chemistry scheme. Box model analysis are

used to elucidate the major oxidants of MeSH at this site and characterize how the presence of NOx changes

MeSH oxidation products.

2. Materials and Methods

2.1. Site Description

Measurements took place between the 15/05/24 and 27/06/24 at the Weybourne Atmospheric Observatory

(WAO) (https://weybourne.uea.ac.uk/). The site is located on the east coast of the UK in North Norfolk.

2.2. Vocus‐PTR Measurements

A Vocus Proton‐Transfer‐Reaction Time‐of‐Flight mass spectrometer (Vocus; Aerodyne Research, Inc. and

Tofwerk AG (Krechmer et al., 2018), E/N 110 Td, ∼8,000 m/Δm) was installed at WAO for near‐continuous

measurements of DMS and MeSH. A main sampling line was setup consisting of 15 m perfluoroalkoxy (PFA)

Figure 1. Selected key reactions of the methanethiol oxidation mechanism with the role of nitrogen oxides highlighted. Full illustrated mechanism in Figure S1 in

Supporting Information S1.
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(3/8” o.d., 0.062 wall, opaque cover, only PFA fittings, strictly avoiding any metal). This was used to sample air

from the roof of WAO (5 m above ground, approx. 20 m above sea level). The air inlet consisted of a downward

facing 90° PFA elbow. Two pumps were used to create a flow of 35 dm3 min−1 down the main inlet line. The

Vocus subsampled orthogonally from this main flow at a rate of 5 dm3 min−1, where 90–100 cm3 min−1 entered

the instrument.

Data acquisition was split between measuring zero air hourly from a zero air generator (Vocus PTR Clean Air

System, Tofwerk AG) and a calibration gas standard containing DMS every 2 hr. Peak fitting and integration was

completed in Tofware v4.0.1 and data files were averaged to 10 s. Zero air was used as a blank for DMS andMeSH.

DMS was quantified by interpolating the sensitivity derived from the calibration gas standard. MeSH was not

present in the calibration gas standard used here. It has been reported to react on metal surfaces such as a regulator,

to form dimethyl disulfide (Perraud et al., 2016). Instead, MeSH was quantified in the field using the internal

calibration curve of the instrument and mimicking the sensitivity changes observed from DMS. The internal

calibration curve of the instrument relies on a relationship between sensitivity and the reaction rate with H3O
+

derived in the field using the suite of calibrants in the gas standard (Figure S2 in Supporting Information S1). We

used a liquid calibration unit (LCU, Tofwerk AG) in the laboratory prior to deployment to confirm that MeSH

follows this relationship (Figure S3 in Supporting Information S1). A liquid standard of MeSH for LCU analysis

was prepared by dissolving sodiummethanethiolate in water. We used a kPTR of 1.8 × 10
−9 cm3 s−1 as determined

from experimental studies (Williams et al., 1998). Overall, we estimate that our DMS and MeSH measurements

have an error of 5% and 15% respectively (Text S1 in Supporting Information S1).

2.3. Atmospheric Chemical Box Model

An atmospheric chemistry 0‐D chemical box model was developed by modifying the MCM v3.3.1 (Jenkin

et al., 1997; Saunders et al., 2003) run in the Framework for 0‐D Atmospheric Modeling (F0AM) (Wolfe

et al., 2016). The mechanism for DMS, CH4 and C5H8 (isoprene) was downloaded from the MCMwebsite (http://

mcm.york.ac.uk, last accessed 15/01/2025). We modified reaction rate constants and added reactions of DMS

oxidation as per recommendations by Jacob et al. (2024) focusing only on pathways relevant to MeSH oxidation.

We added oxidation of MeSH by OH and NO3 to form CH3S (Burkholder et al., 2019; Butkovskaya &

Setser, 2021; Jensen et al., 1992). There are other oxidants of MeSH (e.g., BrO, Cl, HO2), but these reactions are

poorly studied and we lack constraint data at this site, which precludes reliable atmospheric modeling (Burkholder

et al., 2019). Reactions updated over the standard MCM DMS mechanism are provided in the supplement (Table

S1 in Supporting Information S1).

Although a concurrent comprehensive chemical supporting observational data set is not available, the well

characterized nature of the WAO site means historical data is available to provide sufficient constraints for the

purpose of assessing MeSH loss mechanisms at this location. Campaign mean observed values for northerly

winds (315°North East (NE)–45°North West (NW)) of meteorological parameters, that is, pressure

(1,012.52 mbar), temperature (285 K) and relative humidity (87%) were provided by the station and prescribed in

the model. Similarly, fixed mixing ratios of CO (130 ppb) and CH4 (2,100 ppb) were used which corresponds to

typical observed values during northerly winds for the campaign. We used fixed mixing ratio values of 522 ppb

hydrogen (Forster et al., 2012), 0.05 ppb HNO3 (Bannan et al., 2017) and 10 ppt isoprene (Phillips et al., 2021).

The first‐order rate constant for physical dilution out of the boundary layer was set to one per day. Due to a lack of

comprehensive volatile organic compounds observations, we prescribed model OH to simulate DMS and MeSH

oxidation. The OH diurnal cycle was set to mirror the observed solar radiation cycle with a maximum at

4 × 106 cm−3 (Figure S5a in Supporting Information S1), based on previous observations at this site by

Woodward‐Massey et al. (2023). Ozone mixing ratios were prescribed by using the observed diurnally varying

hourly mean during northerly winds (Figure S5b in Supporting Information S1). The model was set to conserve

NOx (=NO+NO2= constant) and jcorr factor was adjusted to 0.4 (Wolfe et al., 2016) to yield approximately the

measured NO to NO2 ratio (Figure S5c in Supporting Information S1). The products of MeSH oxidation were

labeled in the box model. The model was allowed to spin up for 4 days and data from the 5th day is presented here.

Geophysical Research Letters 10.1029/2025GL114929
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3. Observations

3.1. Environmental Setting

For the time period of the campaign, the wind direction showed a bimodal distribution of either coming from the

southwest (defined here as 180°W–270°S) or from a northerly direction (defined here as 315°NE–45°NW), which

highly influenced mixing ratios and variability of trace gases (Figure S6 and Text S2 in Supporting Informa-

tion S1). During northerly winds, the NO2 mixing ratio distribution is highly skewed and influenced by high

mixing ratio events (northerly winds NO2, mean: 1.68 ppb, median 0.99 ppb). We observe episodes of around

10 ppb NOx coinciding with peaks in black carbon (particularly around 21/05 and 01/06, Figure S6 in Supporting

Information S1), flagging these as very local combustion pollution events, likely from shipping emissions. These

events also coincide with drops in ozone (O3) of about 10 ppb. Shipping related NOx has been shown to reduce O3
in this region at this time of year (Jonson et al., 2020). These events are also accompanied by relatively small

peaks in CO2, CO and CH4. Shipping emissions are expected to emit these gases (Yi et al., 2024). Satellite

tropospheric column NO2 (Figure S4 in Supporting Information S1) suggests that northerly air episodes may also

be impacted by continental outflow from terrestrial NOx emissions.

Air mass back trajectories for some northerly winds/marine air episodes are overlaid on distributions of chlo-

rophyll a (Chl a) and Cargo Ship Vessel density in Figure 2.

The air mass back trajectories indicate that northerly air masses have predominantly traveled over the ocean in the

day proceeding arrival at WAO, but they are not purely marine air masses and likely picked up some terrestrial

influence. This is supported by the measurements of atmosphere radon activity (222Rn), which show a median of

603.5 mBq m−3 in air arriving from the north. By comparison, previous work by Fleming (2023) used a threshold

of less than 200 mBq m−3 to identify marine dominated airmasses at this site. The MODIS Chl a data for June

2024 highlights that the Chl a concentration is between 0.5–1 mg m−3, indicating moderate biological activity

during the measurement period. The Cargo Ship density map highlights a shipping lane north of the observatory.

Note that the map only includes cargo ship vessel density and thus likely represents an underestimate of the true

vessel abundance. Areas with higher cargo vessel density in the North Sea are probably related to oil platforms.

This map highlights that northerly air episodes were influenced by a variety of emissions from both marine

biological and anthropogenic sources.

Figure 2. Back trajectories for northerly wind episodes. Representative air mass back trajectories for 24 hr indicated as solid

black lines with markers denoting 6 hr intervals. Overlaid on a map of Chl a (MODIS monthly June 2024) and Cargo Ship

Vessel Density (June 2024). Location of WAO indicated as a red star.
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3.2. Methanethiol and Dimethyl Sulfide Mixing Ratios

The campaign time series of MeSH and DMS air mixing ratios and NOx is presented in Figures 3b and 3c.

The campaign mean, median and inter‐quantile range of MeSH was 12.3, 8.6 and 4.7–15.1 ppt (volume mixing

ratio ‐ here and throughout), while the mean, median and inter‐quantile range of DMSwas 0.197, 0.106 and 0.034–

0.294 ppb. For winds from a northerly direction, the meanMeSHmixing ratio was 19.0 ppt, while the median and

inter‐quantile range was 15.7 and 7.9–26.9 ppt. During northerly winds, the mean, median and inter quantile range

of DMS was 0.382, 0.333 and 0.213–0.517 ppb. These methanethiol mixing ratios are similar to previous obser-

vations in marine air in the Eastern North Atlantic (Kilgour et al., 2024), Eastern Pacific (Novak et al., 2022) or the

Southwest Pacific Ocean (Lawson et al., 2020), but higher than measurements over the Southern Ocean (Berre-

sheim, 1987). The DMS mixing ratios measured in marine air during this campaign are similar to other mea-

surements in spring/summer on the west coast of the UK (Phillips et al., 2021; Yang et al., 2013). The campaign

mean, median and inter‐quantile range ofMeSH:DMS ratio was 0.140, 0.071 and 0.036–0.173. This is comparable

to previous observations and provides further evidence that MeSH is present in the atmosphere at mixing ratios of

about 5%–15% that of DMS. Overall, these measurements confirm that MeSH accumulates in the lower tropo-

sphere to substantial amounts, despite a relatively short lifetime, estimated as 0.125–0.4 days in a box model

(Lawson et al., 2020; Novak et al., 2022) and 1.5 days (Wohl et al., 2024) in a chemistry‐climate model.

We find that MeSH and DMS display significant diurnal variability (Figures 3e and 3f). For northerly winds, the

average MeSH mixing ratio during the day is 16.5 ppt, but 26.2 ppt during the night (t test, nday = 16; nnight = 8; t

stat = −7.6; t critical = 2.0; p = 0.01). Similarly, during northerly winds, the mean DMS daytime mixing ratio

was 0.356 ppb, while at night it was 0.466 ppb (t test, nday= 16; nnight= 8; t stat=−4.9; t critical= 2.1; p= 0.01).

The MeSH:DMS ratio during northerly winds is also lower during the day than at night. The reaction of MeSH

Figure 3. Dimethyl sulfide (DMS) and MeSH mixing ratios (a) Wind Barbs. Short wind barb 5 kts. Shafts pointing to the direction from which the wind is blowing.

North = ocean (b) Measured DMS and methanethiol (MeSH) mixing ratios. (c) MeSH:DMS ratio and irradiance. (d) NOx measurements (e) Hourly mean MeSH and

DMS mixing ratio separated by wind direction, plotted with the mean irradiance profile (f) Mean MeSH:DMS ratio depending on wind direction and mean irradiance

profile.
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with OH is about 5–10 times faster than DMSwith OH (Burkholder et al., 2019; Lawson et al., 2020). Assuming a

constant emission, the lower MeSH:DMS ratio during the day suggests that daytime oxidation is driving much of

this diurnal variability owing to the faster reaction of OH with MeSH than with DMS. Although boundary layer

height changes could also play a role in this diel cycle. All of the previous campaigns investigating MeSH and

DMS in air have found that MeSH and DMS mixing ratios vary diurnally in the marine atmosphere, with the

relative change being consistently larger for MeSH than for DMS (Deng et al., 2024; Kilgour et al., 2024; Lawson

et al., 2020; Novak et al., 2022). This significant diurnal variability is an important factor to consider for model to

observation comparisons.

MeSH and DMS show remarkable co‐variation. During northerly winds, MeSH and DMS significantly correlate

(P = 0.000, N = 81,065, slope 46.5 ppt/ppb, intercept 1.2 ppt) giving an R2 value of 0.56. In marine air, Novak

et al. (2022), Kilgour et al. (2024, 2025) found an R2 of 0.61, 0.60 and 0.56 respectively, while in Lawson

et al. (2020) the R2 is 0.3 using all data. This supports the premise that MeSH and DMS have common sources in

the marine atmosphere, namely DMSP breakdown in seawater and wind driven co‐emission of DMS and MeSH

(Kiene, 1996; Hopkins et al., 2023). During winds coming from the southwest, MeSH and DMS also correlate

significantly (P = 0.000, N = 99,876) and with a similar slope and intercept (slope 42.1 ppt/ppb, intercept

5.8 ppt), but with a much lower R2 of 0.20. This suggests that terrestrial sources of MeSH and DMS are more

distinct leading to decoupling of both compounds' mixing ratios. For example, MeSH is emitted from a variety of

human activities, for example, from waste management, and has some specific industrial applications, for

example, a gas odorant for natural gas (Bayout et al., 2023). Some measurements in urban areas find episodically

very highMeSH (Deng et al., 2024; Susaya et al., 2011). Emissions from these potentially close‐by anthropogenic

sources could explain the poorer correlation between MeSH and DMS during the south‐westerly winds.

4. Oxidative Fate of MeSH in the Polluted Atmosphere

We explore the atmospheric fate of MeSH using a box model constrained with measured, diurnally varying

mixing ratios of MeSH, DMS and other atmospheric components for northerly, seaward winds (as described in

Sect. 2.3). From constrained OH and modeled NO3, the loss rate of MeSH and the resulting SO2 production rate

and yield is calculated. The sensitivity of the distribution of MeSH oxidation products is tested by varying the

NOx mixing ratio, using the range encountered during the deployment. To estimate the sensitivity to NOx, the

NOxmixing ratio is changed to 0.011 (pristine), 1.1 (similar to WAO median) and 10.1 ppb (moderate NOx, ship

exhaust plumes).

Using this setup, we model ∼1 ppt NO3 (Figure S5a in Supporting Information S1) (previous observations at

WAO 0–10 ppt (Carslaw et al., 1997)) and radical mixing ratios of up to ∼20 ppt (Figure S5d in Supporting

Information S1) (previous observations at WAO up to 24 ppt (Woodward‐Massey et al., 2023)).

The MeSH loss rate (Figure 4a) displays strong diurnal variability, peaking at mid‐day due to OH oxidation,

which explains in part the diurnal variability of MeSH in the atmosphere (Figure 3d). Under these atmospheric

conditions, diurnally averaged, three quarters of MeSH is oxidized by OH during the day and one quarter by NO3
at night, though this ratio is sensitive to the oxidants in the model. The bimolecular rate constant of MeSH with

Figure 4. Box modeling the oxidative fate of MeSH. (a) Stacked MeSH loss rates (b) stacked SO2 production rates from MeSH and DMS (c) SO2 yield from MeSH

during hours of the day under different NOx conditions. Pie chart inserts show the average MeSH oxidation product distribution under different NOx.
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NO3 is 0.89 × 10
−12 cm3molecule−1 s−1 at 298 K, while it is 1.09 × 10−12 cm3molecule−1 s−1 at 298 K for DMS

with NO3. This gives a lifetime ofMeSH and DMS to NO3 oxidation of 12 and 10 hr respectively (for NO3= 1 ppt

and mean measured nighttime MeSH and DMS). This illustrates that MeSH oxidation by NO3 in the polluted

atmosphere is an important process that has previously been overlooked.

Figure 4b shows that some of the SO2 from MeSH and DMS is produced at night in the box model due to

oxidation initiated by NO3. Thus nitrogen oxides change the time of day of SO2 production compared to more

pristine conditions. Accounting for MeSH oxidation increases the SO2 production rate by 8%, over only ac-

counting for DMS. This illustrates that MeSH makes a substantial contribution to production of natural back-

ground marine SO2 at this site.

For 1.1 ppb of NOx, close to the median condition encountered during this campaign, we calculate a mean MeSH

to SO2 yield of 81% (Figure 4c). Thus under these conditions, 9% of the MeSH is converted to MSA and 10% to

SO3, as indicated by the pie chart insert (Figure 4c). After reducing NOx to 0.011 ppb, we calculate a MeSH to

SO2 yield of 99% (Figure 4c). This confirms that under low NOx, the MeSH to SO2 yield remains at near 1:1,

backed by calculations in Novak et al. (2022) and Chen et al. (2021). Running the model at 10.1 ppb NOx,

representative of the ship plumes or continental outflow regions, we find that the MeSH to SO2 yield decreases to

45%, yielding 36% as SO3 and 15% as MSA (Figure 4c) and the remainder as other stable intermediates. Under

low NOx, most of the SO2 fromMeSH is produced from the reaction of CH3SO with O3 and to a lesser extend the

decomposition of CH3SOO (Figure 1). Under high NOx, SO2 is produced from the decomposition of CH3SO2 and

the reaction from CH3SO with NO2 and O3 (Figure 1). Hence, under higher NOx, the sulfur fromMeSH is moved

further right in the reaction chain in Figure 1 ultimately producing more SO3 and MSA from reactions of the

CH3SO3 radical. This can give MeSH a similar SO2 yield as DMS (Jacob et al., 2024) in a polluted atmosphere.

It is worth emphasizing that the SO2 yield under different NOx conditions has been calculated by varying the NOx
mixing ratio only. Comparing this to Figure 1, the MeSH to SO2 yield could also be sensitive to O3, HO2 and RH

mixing ratios. To test the robustness of our conclusions and lacking concurrent radical measurements for

constraint, we varied O3 and HO2 from 20 to 60 ppb and 10–50 ppt respectively. Keeping NOx at 1.1 ppb and the

OH profile constant, the MeSH to SO2 yield changed by less than 5%. Our calculations rely on published rate

constants surrounding the CH3SO2 and CH3SO3 radical, which were found to be highly uncertain by Jacob

et al. (2024) and deserve more research. Nevertheless, our calculations robustly highlight that the presence of NOx
promotes oxidation pathways producing MSA and SO3, which is not occurring under more pristine conditions.

The reactions studied here have been included when assessing the climatic impact of MeSH emissions (Wohl

et al., 2024). Hence, the box modeling presented here is a case study, nuancing our understanding of the oxidation

of MeSH.

5. Conclusions

We present measurements of MeSH and DMS in air at a UK coastal site on the North Sea. Measurements show

that MeSH is a prevalent sulfur compound at this site, present 5–25 ppt, typically 5%–15% that of DMS. Mixing

ratios of both sulfur compounds are higher during the night than during the day, likely due to daytime oxidation by

OH and aided by changes in boundary layer height. Mixing ratios are higher when winds are from the sea than

from land, highlighting the ocean as the dominant source of these compounds at this location. Box modeling

suggests that the NO3 radical is a major oxidant for MeSH, accounting for approximately 25% of MeSH gas phase

chemical removal in marine air at this site. The box modeling also shows that NOx pollution substantially reduces

the SO2 yield from MeSH and shifts the oxidation products of MeSH toward more MSA, SO3 and other stable

intermediates. While theMeSH to SO2 yield is 99% in near‐pristine conditions, it decreases to 81% at 1.1 ppb NOx
and 45% at 10.1 ppb NOx. These findings have implications for our understanding of the oxidative fate of MeSH

in the atmosphere. It also highlights how anthropogenic pollution affects oxidative and climate cooling processes.

Data Availability Statement

DMS and MeSH mixing ratio data and associated meteorological and trace gas measurements are archived at

Wohl (2025).
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