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Volatile organic compounds (VOCs) emitted from both natural
and anthropogenic sources play a significant role in the global
carbon budget and the regional ozone formation or destruction in
both the troposphere and stratosphere (Carpenter et al. 2012; Yu
and Li 2021). In addition, they can also serve as an important
source of secondary aerosols, further impacting the radiation
budget, precipitation and climate. Knowledge of emissions of
terrestrial VOCs, and their transformation to aerosols, has
advanced considerably over the past few decades, while the role
that the ocean plays in the global VOC budget and their con-
trolling processes remain unclear. Seawater contains an
extremely complex, diverse and largely unrecognised mix of
VOCs, which are directly or indirectly produced by bacteria,
phytoplankton and seaweeds, as well as by reactions involving
dissolved organic matter (DOM). The most widely known marine
biogenic VOCs include dimethyl sulfide (DMS), halocarbons,
methane (CHy), nitrogen-containing gases and non-methane
hydrocarbons (NMHCs). These VOCs in the ocean are gener-
ally oversaturated relative to the atmosphere; thus the ocean is
considered to be a significant net source of atmospheric VOCs.

As the most abundant natural sulfur-containing gas in the
atmosphere, research on oceanic DMS had been conducted
extensively since the ‘CLAW’ hypothesis was proposed
(Charlson et al. 1987). Dimethyl sulfide can be oxidised in the
atmosphere and form sulfate aerosols, which play the largest role
in mitigation of global warming by both scattering solar radiation
and altering cloud condensation nuclei (CCN) and albedo
(Hoffmann et al. 2016). Recent studies have proven that CCN
over remote oceans and polar regions are primarily composed of
non-sea-salt sulfate (nss-SO37) (Quinn et al. 2017; Park et al.
2021), although the identification of a new reservoir of marine
sulfur in the atmosphere may reduce the DMS contribution to
aerosol generation (Veres et al. 2020). Certain volatile halocar-
bons (e.g. iodinated halocarbons and several bromoalkanes)
released primarily from the ocean may cause ozone depletion
by producing atmospheric iodine and bromine radicals (Hossaini
et al. 2015). Some NMHCs with highly reactive groups (e.g.
carbon-carbon double bonds) readily participate in atmospheric
chemistry, thus contributing to the formation or destruction of
tropospheric ozone and the formation of secondary organic
aerosol (SOA, Griffin et al. 1999; Claeys et al. 2004).

Global measurements show a large range in seawater VOC
concentrations, which may be correlated with chlorophyll-a in
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some cases, and are also affected by various environmental
parameters, such as temperature, light intensity and biological
activity (Yu and Li 2021). Accordingly, SOAs, formed by
oxidation of marine VOCs, exhibit clear spatial and seasonal
variations, and dominate aerosol chemical composition in the
submicron size range during high biological activity periods.
Coral reefs as a source of marine biogenic aerosols is an
emerging topic, and DMS can play a significant role in coral
ecophysiology (e.g. alleviation of oxidative stress and contribu-
tion to ‘thermostat’; Jackson et al. 2020). In addition, the impact
of ocean acidification on production of marine trace gases may
cause potentially large modifications of DMS and nitrous oxide
(N,0) fluxes (Hopkins et al. 2020). Quantifying the emissions of
CH, and N,O from coastal wetlands is critical in the assessment
of natural ‘blue carbon’ sinks (Rosentreter et al. 2021).

This research front was proposed to address the limited
availability of survey data and knowledge gaps about marine
biogenic VOCs, and contains nine original research papers
focusing on the production, distribution and emissions of vari-
ous VOCs in marine environments and their contributions to
aerosols and correlations with marine biota. Zhang et al. (2021)
estimated the DMS sea-to-air flux across the Southern Ocean,
south-east Indian Ocean, and north-west Pacific Ocean, and
analysed the influence of DMS fluxes on sulfate aerosols. Wu
et al. (2021) conducted a comprehensive survey of DMS
distribution, production and transformation in the East China
Sea (ECS) during summer, including the measurements of DMS
and dimethylsulfoniopropionate (DMSP) in surface seawater,
DMSP in sediment pore water, and nss-SO3” and methanesulfo-
nate (MSA) in atmospheric aerosols. The production and micro-
bial consumption rates of DMS are also investigated through
incubation experiments. Han et al. (2021) conducted laboratory
incubation experiments of Ulva prolifera to examine the effects
of temperature and nutrients on its biogenic sulfur emissions
during the decline period. These survey and experimental results
provide useful information and improve our understanding of
oceanic DMS biogeochemistry and its impact on aerosol
properties.

He et al. (2021) investigated the concentrations and fluxes of
five methyl halides in the Yellow Sea and the ECS. The
influence of marine environmental factors on the sources of
these volatile halocarbons was also examined. These results help
to reasonably assess the ocean contribution of halocarbons and

www.publish.csiro.au/journals/env


https://orcid.org/0000-0001-9576-4035
https://orcid.org/0000-0001-9576-4035
https://orcid.org/0000-0002-1982-9252
https://orcid.org/0000-0002-1982-9252

understand their roles in ozone depletion and global climate
change. Liu et al. (2021a) investigated the photochemical
generation of bromophenols in the presence of DOM and
demonstrated that DOM enhances the photobromination reac-
tion. The result indicates that the bromination process induced
by sunlit DOM contributes to the natural sources of organobro-
mine compounds in marine environment.

Li et al. (2021) investigated the horizontal and vertical
profiles of 10 NMHCs along with phytoplankton biomass and
species in the ECS and examined the roles of phytoplankton
assemblages in the occurrence and emissions of NMHCs. This
study provides a better understanding of the biogeochemical
cycling of NMHCs in marine systems. Liu et al. (2021b)
investigated dissolved CH4, N,O and other hydrological para-
meters over tidal cycles in Golden Bay mangrove ecosystem
from 2019 to 2021. The survey data has improved our under-
standing of fluxes of greenhouse gases in mangroves and
assessment of ‘blue carbon’ sinks.

Xu et al. (2021) characterised the concentrations, size dis-
tributions and chemical pathways of aerosol aminiums over a
coastal city and marginal seas, and estimated the contribution of
marine biogenic sources. This study can facilitate our under-
standing about the interactions between human activities, bio-
genic emissions and the atmospheric environment. Wang et al.
(2021) conducted a time-resolved observational study on the
mass concentrations of gaseous and particulate ions to help
explore the formation pathways and forms of secondary aerosols
in Southern Ocean in summer. The study enriches the back-
ground data and illuminates the formation mechanism of sec-
ondary aerosols in the Southern Ocean, and provides the
theoretical support for understanding global climate change.

Conflicts of interest

The authors declare no conflicts of interest.

References

Carpenter LJ, Archer SD, Beale R (2012). Ocean-atmosphere trace gas
exchange. Chemical Society Reviews 41, 6473-6506. doi:10.1039/
C2CS35121H

Charlson RJ, Lovelock JE, Andreac MO, Warren SG (1987). Oceanic
phytoplankton, atmospheric sulphur, cloud albedo and climate. Nature
326, 655-661. doi:10.1038/326655A0

Claeys M, Graham B, Vas G, Wang W, Vermeylen R, Pashynska V,
Cafmeyer J, Guyon P, Andreae MO, Artaxo P, Maenhaut W (2004).
Formation of secondary organic aerosols through photooxidation of
isoprene. Science 303, 1173—1176. doi:10.1126/SCIENCE.1092805

Griffin RJ, Cocker DR, Flagan RC, Flagan RC, Seinfeld JH (1999). Organic
aerosol formation from the oxidation of biogenic hydrocarbons. Journal
of Geophysical Research: Atmospheres 104, 3555-3567. doi:10.1029/
1998JD100049

Han L, Li P-F, Liu C-Y, Yang G-P (2021). Effects of temperature and
nutrients on the emissions of biogenic volatile sulfur compounds from
Ulva prolifera during the bloom decline period. Environmental Chemis-
try 18, 214-225. doi:10.1071/EN21072

He Z, Ni J, Yang G-P, Yu H, Zhang J (2021). Concentrations of CHCl;,
C,HCl;, C,Cly, CHBr3 and CHBr,Cl in the South Yellow Sea and the
East China Sea during autumn. Environmental Chemistry 18, 226-238.
doi:10.1071/EN21073

Hoffmann EH, Tilgner A, Schrodner R, Brauera P, Wolke R, Herrmann H
(2016). An advanced modeling study on the impacts and atmospheric
implications of multiphase dimethyl sulfide chemistry. Proceedings of
the National Academy of Sciences of the United States of America 113,
11776-11781. doi:10.1073/PNAS.1606320113

192

H. Zhang and Y. Chen

Hopkins FE, Suntharalingam P, Gehlen M, Andrews O, Williamson P
(2020). The impacts of ocean acidification on marine trace gases and
the implications for atmospheric chemistry and climate. Proceedings -
Royal Society. Mathematical, Physical and Engineering Sciences 476,
20190769. doi:10.1098/RSPA.2019.0769

Hossaini R, Chipperfield MP, Montzka SA, Rap A, Dhomse S, Feng W
(2015). Efficiency of short-lived halogens at influencing climate through
depletion of stratospheric ozone. Nature Geoscience 8, 186—190.
doi:10.1038/NGEO2363

Jackson RL, Gabric AJ, Cropp R, Woodhouse MT (2020). Dimethylsulfide
(DMS), marine biogenic aerosols and the ecophysiology of coral reefs.
Biogeosciences 17, 2181-2204. doi:10.5194/BG-17-2181-2020

Li J-L, Zhai X, Chen R, Wu Y-C, Zhang H-H (2021). Occurrence and
emission of non-methane hydrocarbons in the East China Sea: roles of
phytoplankton assemblages. Environmental Chemistry 18, 247-260.
doi:10.1071/EN21066

Liu H, Qiu X, Zhu X, Sun B, Zhang X (2021a). Enhanced formation of
bromophenols by anthraquinone-2-sulphonate and benzophenone:
implications for photochemical production of organobromine com-
pounds by dissolved organic matter in a marine environment. Environ-
mental Chemistry 18, 239-246. doi:10.1071/EN21036

Liu J, Zhan L, Ye W, Wen J, Chen G, Li Y, Chen L (20215). Fluxes of
dissolved methane and nitrous oxide in the tidal cycle in a mangrove in
South China. Environmental Chemistry 18, 261-273. doi:10.1071/
EN21090

Park KT, Yoon YJ, Lee K, Tunved P, Krejci R, Strom J, Jang E, Kang HJ,
Jang S, Park J, Lee BY, Traversi R, Becagli S, Hermansen O (2021).
Dimethyl sulfide-induced increase in cloud condensation nuclei in the
Arctic  atmosphere.  Global  Biogeochemical ~— Cycles 35,
€2021GB006969. doi:10.1029/2021GB006969

Quinn PK, Coffman DJ, Johnson JE, Upchurch LM, Bates TS (2017). Small
fraction of marine cloud condensation nuclei made up of sea spray
aerosol. Nature Geoscience 10, 674-679. doi:10.1038/NGEO3003

Rosentreter JA, Al-Haj AN, Fulweiler RW, Williamson P (2021). Methane
and nitrous oxide emissions complicate coastal blue carbon assessments.
Global Biogeochemical Cycles 35, ¢2020GB006858. doi:10.1029/
2020GB006858

Veres PR, Neuman JA, Bertram TH, Assaf E, Wolfe GM, Williamson CJ,
Weinzierl B, Tilmes S, Thompson CR, Thames AB, Schroder JC,
Saiz-Lopez A, Rollins AW, Roberts JM, Price D, Peischl J, Nault BA,
Moller KH, Miller DO, Meinardi S, Li Q, Lamarque J, Kupc A,
Kjaergaard HG, Kinnison D, Jimenez JL, Jernigan CM, Hornbrook
RS, Hills A, Dollner M, Day DA, Cuevas CA, Campuzano-Jost P,
Burkholder J, Bui TP, Brune WH, Brown SS, Brock CA, Bourgeois I,
Blake DR, Apel EC, Ryerson TB (2020). Global airborne sampling
reveals a previously unobserved dimethyl sulfide oxidation mechanism
in the marine atmosphere. Proceedings of the National Academy of
Sciences of the United States of America 117,4505-4510. doi:10.1073/
PNAS.1919344117

Wang S, YanJ, Lin Q, Zhang M, Xu S, Zhao S, Ruan M (2021). Formation of
marine secondary aerosols in the Southern Ocean, Antarctica. Environ-
mental Chemistry 18, 285-293. doi:10.1071/EN21068

WuJ-W, XuF, Liu L, Ren M-H, Zhang H-H, Yang G-P (2021). Production,
distribution and flux of dimethyl sulfide in the East China Sea and its
contribution to atmospheric sulfate aerosols. Environmental Chemistry
18, 202-213. doi:10.1071/EN21079

Xu Z, Zhou S, Zhu Y, Chen Y (2021). Different characteristics and source
contributions to aerosol aminiums over a coastal city and adjacent
marginal seas. Environmental Chemistry 18, 274-284. doi:10.1071/
EN21070

YuZ,LiY (2021). Marine volatile organic compounds and their impacts on
marine aerosol — a review. The Science of the Total Environment 768,
145054. doi:10.1016/J.SCITOTENV.2021.145054

Zhang M, Marandino CA, Yan J, Lin Q, Park K, Xu G (2021). DMS sea-to-
air fluxes and their influence on sulfate aerosols over the Southern
Ocean, south-east Indian Ocean and north-west Pacific Ocean. Environ-
mental Chemistry 18, 193-201. doi:10.1071/EN21003


http://dx.doi.org/10.1039/C2CS35121H
http://dx.doi.org/10.1039/C2CS35121H
http://dx.doi.org/10.1038/326655A0
http://dx.doi.org/10.1126/SCIENCE.1092805
http://dx.doi.org/10.1029/1998JD100049
http://dx.doi.org/10.1029/1998JD100049
http://dx.doi.org/10.1071/EN21072
http://dx.doi.org/10.1071/EN21073
http://dx.doi.org/10.1073/PNAS.1606320113
http://dx.doi.org/10.1098/RSPA.2019.0769
http://dx.doi.org/10.1038/NGEO2363
http://dx.doi.org/10.5194/BG-17-2181-2020
http://dx.doi.org/10.1071/EN21066
http://dx.doi.org/10.1071/EN21036
http://dx.doi.org/10.1071/EN21090
http://dx.doi.org/10.1071/EN21090
http://dx.doi.org/10.1029/2021GB006969
http://dx.doi.org/10.1038/NGEO3003
http://dx.doi.org/10.1029/2020GB006858
http://dx.doi.org/10.1029/2020GB006858
http://dx.doi.org/10.1073/PNAS.1919344117
http://dx.doi.org/10.1073/PNAS.1919344117
http://dx.doi.org/10.1071/EN21068
http://dx.doi.org/10.1071/EN21079
http://dx.doi.org/10.1071/EN21070
http://dx.doi.org/10.1071/EN21070
http://dx.doi.org/10.1016/J.SCITOTENV.2021.145054
http://dx.doi.org/10.1071/EN21003

