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 21 

Abstract 22 

Isoprene is an important reactive gas, produced mainly by terrestrial but also marine ecosystems. 23 

In the marine environment, it is produced in the sea water by various biological processes.  Here 24 

we show that photosensitized reactions involving the sea-surface microlayer (SML) lead to the 25 

production of significant amounts of isoprene. It is suggested that H-abstraction processes are 26 

initiated by photochemically excited dissolved organic matter (DOM) which will the degrade fatty 27 

acids acting as surfactants. This chemical interfacial processing may represent a significant abiotic 28 

source of isoprene in the marine boundary layer.   29 
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Introduction 30 

 31 

Aerosols and low altitude reflective clouds in the marine boundary layer have been shown to impact 32 

the climate system as a whole1,2 triggering substantial research on the origin and chemical 33 

composition of marine aerosols. While primary sources originate from bubble bursting (producing 34 

sea-salt), secondary sources are believed to derive from the gas-to-particle conversion of 35 

phytoplankton-emitted trace gases such as dimethylsulfide (DMS), and various organic precursors, 36 

such as isoprene and others terpenes3,4,5,6,7,8,9,10. While global modeling tend to identify a possible 37 

missing source of organic aerosol in the troposphere11,12,13,14, the nature of the chemical compounds 38 

and their source fluxes remain poorly characterized. 39 

 40 

Since the initial identification of marine emissions of isoprene15,16, its production rates have been 41 

determined for algaes11,17,18,19,20,21macroalgae22, and various microbial communities23, with a light-42 

sensitivity of isoprene production from phytoplankton observed resulting in midday maximum24. 43 

Field observations have shown isoprene levels up to several hundreds of pptv25, which could be 44 

high enough to affect marine pristine regions. Vaattovaara et al.26 found that under coastal 45 

nucleation events, 11–47% of the mass fraction could be attributed to an organic fraction produced 46 

by secondary organic aerosols (SOA) formation processes. These authors suggested that isoprene 47 

was a probable precursor to SOA. Despite this potential importance, large discrepancies still exists 48 

between emission flux measurements, so-called “bottom-up” methods11,27 and the “top-down” 49 

approach which tries to combine in-situ observations and simulations14,27,28 with fluxes ranging 50 

from ∼ 0.1 to 1.9 Tg C yr−1 and ∼ 11.6 Tg C yr−1 , respectively11,18,29,30. There is therefore a clear 51 

need of identifying possible sources of isoprene, including abiotic processes. 52 

 53 
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It has been shown that various alkenes can be photochemically produced, possibly via the 54 

degradation of the dissolved organic matter, in the upper region of the oceanic mixed layer31. To 55 

date, there has been only little or even no attention devoted to atmospherically relevant 56 

photochemistry taking place at the air-water interface32. The sea-surface microlayer (SML), 57 

defined as the uppermost tens to hundreds of µm of the surface of the ocean, covers more than 70% 58 

of the Earth’s surface33. The SML is known to concentrate organic matter i.e., dissolved organic 59 

matter including UV absorbing humic substances, amino acids, proteins, lipids, phenolic 60 

compounds, as well as surfactants i.e., fatty acids33. This interface, having a different chemical, 61 

physical and biological properties compared to subsurface waters, plays a significant role in 62 

biogeochemical processes on a global scale i.e., air-sea gas exchange, trace gas deposition to the 63 

ocean and secondary organic aerosol formation33,34.  64 

 65 

It is only very recently, that the interfacial photoproduction of a series of unsaturated volatile 66 

organic compounds (VOCs) has been reported as arising from the photosensitized degradation of 67 

organic surfactants35,36 The main produced VOCs were corresponding to the oxidation products of 68 

the surfactant, but in addition a series of functionalized and unsaturated compounds was also 69 

observed. A mechanism initiated by the H-abstraction of the surfactant (nonanoic acid) in presence 70 

of exited photosensitizer (humic acid) was proposed. We present here new experimental evidence 71 

that such photosensitized reactions at the air-sea interface can also led to the abiotic production of 72 

isoprene. 73 

74 
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Experimental section 75 

 76 

Photochemical reactor. 77 

Gas phase products produced upon illumination of various SML samples were investigated in a 78 

Quartz cell (2 cm diameter and 5 cm length) filled with 7 ml of solutions (see below), creating a  79 

5 cm2 air/water interface irradiated by means of a 150W, water filtered, Xenon lamp positioned 30 80 

cm away so that the photon flux entering the cell was almost mimicking solar irradiation (for more 81 

details see Ciuraru et al,201535). This cell was continuously purged with 200 sccm of purified air, 82 

entraining the gas phase products to various analytical tools described below. This simple 83 

approach35 allowed to reproduce air-sea exchange on a quiescent water covered by an (synthetic or 84 

authentic) organic film, mimicking low wind conditions. 85 

Blanks experiments were routinely performed on 18 MΩ deionized water and solutions 86 

containing solely the surfactant or the humic acids, to assess background signals when irradiating. 87 

The resulting data are presented in the supplementary information. 88 

 89 

Analytical methods. 90 

The gas-phase products were analyzed using a commercial SRI-PTR-ToF-MS 8000 (Selective 91 

Reagent Ionization Proton Transfer Reaction Time of Flight Mass Spectrometer) instrument from 92 

Ionicon Analytik GmbH (Innsbruck, Austria) in its standard configuration (V mode)37 with H3O+ 93 

and NO+ as reagent ion.. The PTR-MS sampled continuously 50 sccm from the emissions stream 94 

through 1.5 m of 6 mm i.d. peek tubing. No particle filter was placed at the inlet to avoid artefact 95 

from possible organics deposition on the filter. Internal calibration of the TOF data and peak 96 

extraction were performed according to the procedure described in detail by Lindinger et al, 199837. 97 

PTR-ToF-MS spectra were collected at a time resolution of 8s. Measurements using H3O+ 98 
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ionization were performed using a drift voltage of 600 V, drift temperature of 60°C and a drift 99 

pressure of 2.25 mbar resulting in an E/N of about 130 Td (1Td=10-17cm2V-1). The ionization 100 

conditions in the NO+ mode were maintained at a drift voltage of 600V and a drift pressure of 101 

2.25mbar. The instrument was operated at an E/N value of 132 Td. The VOCs concentrations are 102 

expressed in ppbv and they have been calculated according to the formula described in Cappellin 103 

et al.38.We have used the same value of k = 2×10−9 cm3/s for all masses excepting isoprene, which 104 

has a value of k = 1.94×10−9 cm3/s39. Uncertainties in our data may arise from systematic errors in 105 

the concentration determination since the accuracy for compounds concentration has been 106 

estimated using calculated values for the collision rate constant which should equal the reaction 107 

rate constant within ±30%. 108 

One of the main weaknesses of PTR-ToF-MS is that the VOC identification relies solely on 109 

mass spectrometry; therefore comparison of PTR-ToF-MS measurements to those by means of a 110 

GC-MS technique was used for accurate identification of individual VOCs. This comparison was 111 

only used to validate the chemical speciation made with the PTR-TOF-MS. The GC-MS data were 112 

not used to extract yield or fluxes information. An advantage of the PTR-ToF-MS used in this study 113 

relies on the possibility of the simultaneous use of different ionization modes (H3O+ and NO+) in 114 

order to eliminate or reduce possible interferences and therefore obtain a more accurate compound 115 

identification.  116 

Analysis of VOCs were also performed by Automatic Thermal Desorption (ATD Markes 117 

Thermal Desorber Unity with an Markes Autosampler Ultra 2) coupled with GC/MS, using an 118 

Agilent 6890 GC (DB-VRX column of 60m x 0.25mm x 1.4µm, J&W, 122-1564) and an Agilent 119 

MSD 5973 N MS with electron impact ionization mode. A Tenax sorption tube of 200 mg (L = 3 120 

1/2", OD=1/4") has been used. 121 
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The surface tension was measured using a Kruss tensiometer K6 (measuring range between 0 122 

and 90 mN/m). For the measured surface tension the errors are estimated at 10%. 123 

 124 

Chemicals 125 

The proxy organic layer for the experiments within the present study was either nonanoic acid (a 126 

simple proxy for fatty acids) as an organic surfactant or authentic SML samples from Bergen 127 

(Norway). The bulk solutions contained dissolved organic matter in the form of humic acids as 128 

environmental photosensitizer present in dissolved organic matter (DOM)40. 129 

To our best knowledge, there is no direct measurements of nonanoic acid concentration in SML. 130 

This acid is a product of the oxidation of oleic acid; elevated concentrations of C9 acid being 131 

attributed to the ozonolysis of the latter which is enriched in the SML41. King et al.42 reported a 132 

high yield of nonanoic acid (87%) which remained at the surface of the water after being produced 133 

by the reaction of ozone with oleic acid. Some other measurements showed 4.9 ng m−3 of nonanoic 134 

acid in fine particulate organic acids in marine areas41. 135 

For the experiments with artificial SML, a salt solution composed of 1 mol L-1 sodium chloride 136 

(99+%, Sigma-Aldrich), 1 mmol L-1 sodium bromide (99+%, Sigma-Aldrich), 10-3 mmol L-1 137 

sodium iodide (99+%, Sigma-Aldrich) with additional concentrations of humic acids (Fluka) was 138 

prepared by dissolving known amounts of the products in 18 MΩ deionized water. The surfactant 139 

monolayer was prepared by adding a known concentration of nonanoic acid (97%, Sigma-Aldrich) 140 

in these solutions. The pH of the solution was raised to approximately 8 using a sodium hydroxide 141 

solution; experiments were performed using solutions to which base was not added, these having 142 

a pH in the range of 4-5. The nonanoic acid was purchased at Alfa Aesar (97%). 143 

In some experiments, nonanoic acid was previously purified by bubbling ozone before 144 

irradiation. In this case, the PTR-ToF-MS spectra showed no differences compared to those 145 
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acquired without purification. All the experiments presented in the paper represent the results 146 

without purification.   147 

The authentic SML samples were collected by means of the glass plate technique, out of the coast 148 

in the Raune fjord and are therefore "coastal samples", which can be naturally more continentally 149 

influenced compared to samples collected in the open ocean. Sampling was performed on a sunny 150 

day under calm conditions (low wind speed of 4 m s-1) at 1 pm UTC (Coordinated Universal Time) 151 

and the collected SML film was around 200 µm thick. Salinity as well as dissolved organic carbon 152 

(DOC) and particulate organic carbon (POC) content of the SML sample are reported elsewhere35. 153 

Non-filtered samples were used in this study. We did not add any reagents such as Ag or Hg to 154 

terminate biological activity. 155 

 156 

Quantification of fluxes 157 

Fluxes (molec mW-1 s-1) were calculated according to: 158 

 159 

LS
QCF

×
×

=  (EQ1) 160 

 161 

where C is the isoprene concentration (molec cm-3), Q is the flow rate of air into the cell (cm3 s-1), 162 

S is the surface area of the solution (cm2) and L is the light intensity (mW cm-2). Assuming, that 163 

only the UV-A fraction of the Xe lamp output triggers the observed photochemistry, the calculated 164 

flux was 8 mW cm-2 for the wavelength below 400 nm. 165 

  166 

 167 
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Results  168 

Figure 1 shows that when using nonanoic acid as a synthetic proxy of the SML, isoprene is 169 

readily produced after switching on the light. That is the outcome of a typical experiment. The 170 

timescale required to produce it is very short as the residence time of the carrier gas in the glass 171 

reactor is in the order of a few seconds depending on the gas flow. It can be seen that a steady state 172 

concentration is reached very rapidly and maintained through the irradiation period. In contrast, no 173 

isoprene formation was observed using only water, humic acid or the surfactant (Figure S1 and 174 

S2). In addition to the formation of isoprene, methacrolein and methyl vinyl ketone are also 175 

detected and separated by PTR-ToF-MS in NO+ ionization mode43. These compounds are isoprene 176 

first generation oxidation products. 177 

It is well described in the literature that the chromophores contained within the humic acids 178 

substances of dissolved organic matter (DOM) will be excited44.Subsequently, they will initiate the 179 

degradation of an organic surfactant at the air/water interface. Such processes are well 180 

documented44  for bulk water and are known to initiate a series of potential oxidative pathways 181 

such H-abstraction, charge transfer reactions, hydrated electrons, HOx or singlet oxygen 182 

production45,46. All these processes have the potential to chemically degrade aqueous organic 183 

compounds leading to formation of different classes of molecules (i.e. unsaturated compound, 184 

alcohols, aldehydes or ketones), their structure depending on their parent molecule35.  185 

In addition to these classes of products, in the experiments performed here we also observed  the 186 

photoinduced formation of dienes (see figure 1), including isoprene at m/z 69.069 (detected in 187 

H3O+ ionization mode) and 68.062 (in NO+ mode)43 . These chemical attributions were verified by 188 

two techniques, i.e. ATD-GC-MS measurements and PTR-ToF-MS in different ionization gases 189 

(H3O+ and NO+).  190 
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In H3O+ mode, the proton transfer reaction of MACR and MVK with H3O+ giving rise 191 

dominantly to a single ion, thus only the sum of their mixing ratios can be reported47. Gas chemistry 192 

in our experiments is expected to be unimportant due to the absence of added oxidant and to the 193 

short residence time preventing for instance the building-up of ozone. Therefore these compounds 194 

may either arise also for the air/water interface chemistry, but depending on the ionization mode 195 

(especially for H3O+) also from secondary processes in the ion cell of the PTR-MS. Table 1 also 196 

lists the emission fluxes of these compounds assuming that their photochemical production do not 197 

interfere with ionization processes in the mass spectrometer. 198 

Similar observations were also made with authentic SML samples taken in Bergen. In these 199 

samples, 30 mgL-1 humic acid was added to mimic DOM. When irradiating the samples, the results 200 

reveal a close matching with the artificial samples (Figure S4).  201 

Using the authentic SML samples, a formation of 17x109 molec cm-2 s-1 of isoprene is observed 202 

during irradiation with λ > 300nm, which represents the same order of magnitude as for isoprene 203 

production by phytoplankton24. A production of methacrolein and methyl vinyl ketone was also 204 

observed during irradiation. 205 

To obtain further insights into the underlying processes, the yield of isoprene was measured on 206 

synthetic samples as a function of the nonanoic and humic acids concentrations. The actual 207 

isoprene yield was observed to linearly depend on the humic acid concentration (Figure S3) but 208 

non-linearly with the nonanoic acid concentration. The surface concentration of the later is related 209 

to the surface tension of the corresponding acid/water mix35. A strong correlation between the 210 

measured surface tension and the isoprene concentration was clearly evidenced (Figure 2). In fact, 211 

both the yield of isoprene and the surface tension are levelling-off at surface tension lower than  212 

39 mN m-1, corresponding to surfactant concentrations larger than ca. 1.5 mM, and clearly the 213 
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isoprene yield is not proportional to the nonanoic acid bulk concentration. Furthermore, in the 214 

absence of a surfactant film, isoprene production was never observed. These results represent a 215 

direct evidence of photochemical production of isoprene by interfacial chemistry i.e., the air-216 

aqueous interface tends to concentrate the organic molecules at the surface, enhancing chemical 217 

pathways otherwise too slow to occur. 218 

Some experiments have been performed with longer irradiation times (about 12 hours). In these 219 

experiments, the isoprene signal was stable during the entire irradiation time. This means that the 220 

surfactant replenishes itself, just by diffusion from the bulk water to the surface, during the 221 

irradiation time. At this point, a loss of surfactant over time cannot be calculated due to the fact 222 

that the nonanoic acid concentration is constant over time and that we are only measuring the 223 

emitted VOCs.   224 

We varied the carbon chain length of the surfactant in order to help understanding if the length 225 

will contribute to the isoprene formation. The experimental results, performed with pentanoic and 226 

hexanoic acid as surfactants, showed no photochemical isoprene formation, indicating that gaseous 227 

isoprene is emitted from organic monolayers containing at least seven atoms of carbon. Since 228 

pentanoic and hexanoic acids are more water soluble than nonanoic acid, the equilibrium will be 229 

then displaced towards the bulk, leading to a lower concentration of the acid at the surface than in 230 

the bulk. It has been shown that if the carbon number of the hydrocarbon tail of an acid is greater 231 

than eight, it will be immiscible in water and act as a surfactant, as it is the case of nonanoic acid48. 232 

Pentanoic acid is then unable to form a monolayer on the water surface under our experimental 233 

conditions. These results highlight again the importance of the surfactant for this specific chemistry 234 

at the air-water interface. 235 

Experiments as a function of pH have also been performed using nonanoic acid as surfactant 236 

(pKa=4.9) within a pH range of 4 to 12. The pH of the solution was raised to approximately 8 using 237 
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a sodium hydroxide solution; experiments were performed using solutions to which base was not 238 

added, these having a pH in the range of 4-5. When increasing the pH of the solution to 12, no 239 

isoprene was identified in the PTR MS spectra. This can be explained by the ability of an alkaline 240 

solution to dissolve completely nonanoic acid and depleting the organic surfactant i.e., 241 

corresponding to a reduced surface concentration which directly reduces the emitted VOCs. Figure 242 

3 is illustrating the flux of isoprene as a function of the pH of the solution.  243 

A key feature of interfacial reactions is that they favor protonation and self-reactions (due to 244 

higher concentrations) which will lead to the formation of dimers as already suggested by Griffiths 245 

et al.49 (Scheme 1).  246 

 247 

Scheme 1. Suggested reaction mechanisms leading to nonanoic acid dimer. 248 

 249 

The isoprene production may be explained by the formation of these dimers followed by 250 

subsequent oxidation via H-transfer and unimolecular decay of the peroxy intermediates. Further 251 

hydrogen abstraction reactions results in shorter alcohols, acids, aldehydes or ketones (due to the 252 

variety of highly oxygenated and substituted products obtained in the various oxidations steps) 253 

which can in turn lead to the formation of unsaturated products as identified in the PTR-ToF-MS 254 

spectra in our previous study35.  255 

Due to the high concentration of nonanoic acid at the interface, we expect a direct abstraction of 256 

an H-atom at the alkyl chain by OH radicals to form an α-carboxyalkyl radical. The H-abstraction 257 

followed by oxygen addition will lead to a hydroxy acid. Primary photochemical reactions of an 258 

OH

O

OH

O

  

 

.H abstraction

DOM*

 

 
    

nonanoic acid (NA)

 

 
 

  

 

 

dimerization

 

 
    

  

 

 

 

O

O

  

 

 

OH
OH

 

 
    

  

 

H

 

 

  

 

  

 
    

  

 

 
 

Page 12 of 24

ACS Paragon Plus Environment

Environmental Science & Technology



13 

excited carbonyl group (as hydrogen-atom abstraction) will produce radical-pair or biradical 259 

intermediates50. The reaction of these excited triplet ketones with the hydroxy acid can lead, after 260 

decarboxylation, to the formation of a ramified unsaturated diol. The hydoxyalkyl-hydroxy-261 

elimination from the diol formed will lead to isoprene and smaller ketones. The reactions of diols 262 

in which at least one OH group is tertiary, can be cleaved in an acid catalyzed environment 51. This 263 

reaction is then privileged by the surfactant excess at the interface as well as its favorable H-264 

abstraction and decarboxylation51 (scheme 2,a). Another plausible pathway for the isoprene 265 

formation is represented by the reaction of the α-carboxyalkyl radical (scheme 2) with the excited 266 

triplet ketone. After decarboxylation and H-abstraction of this radical, the O2 addition will form a 267 

peroxyl radical. The recombination of two RO2 radicals will lead to an alcohol and a carbonyl 268 

formation. The alcohol can be afterwards converted into isoprene by water elimination and 269 

fragmentation (scheme 2, b). 270 

 271 

 272 

Scheme 2. Suggested reaction mechanisms leading to the photosensitized production of isoprene 273 

at the air/sea interface. 274 

 275 
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 277 

Discussion 278 

Hydrophobic surfactant films are typically believed to play the role of a physical barrier to air-279 

sea exchanges, especially at low wind speed52. This inhibiting effect targets only gases present the 280 

underlying bulk water. However, and as shown here, if chemistry is taking place in the SML, then 281 

the associated chemical products may still be released into the gas phase. In other words, while 282 

surfactant films may isolate the bulk sea water from the gas phase, the composition of the latter 283 

will be mostly affected by products arising from interfacial processes, corresponding to the 284 

degradation products of the surface layer. 285 

In fact, our results suggest that, when H-abstraction reactions are predominately occurring in an 286 

organic monolayer at the air/water interface (i.e., on a fully covered surface), unsaturated gaseous 287 

compounds, such as isoprene, can be emitted. Wurl53 et al. studied the surfactants concentration in 288 

the SML in different regions of the ocean (subtropical, temperate, polar). They suggested that the 289 

ocean surface microlayer is enriched with surfactants to a much larger extent than previously 290 

recognized and can be assumed as fully covered by an organic layer, mostly during fall. It has been 291 

also shown that the surfactant enrichments persisted at wind speeds of up to 10 ms−1, without any 292 

observed depletion above 5 ms−1 53. Table 1 compares favourably the isoprene flux derived from 293 

our studies, at 1 and 5 mM surfactant concentrations, to those of Shaw. et al.24 (real marine fluxes), 294 

so far assigned to phytoplankton and macroalgae24, for a solar flux of 21 mW cm-2, estimated for a 295 

solar zenith angle of 40° corresponding to fall conditions54 (as those encountered during the 296 

sampling of the SML samples). Considering such typical actinic fluxes, the chemical 297 

(photosensitized) isoprene production under the present conditions is ranging from 7x109  to 298 

23x1010 molec cm-2 s-1, which are at the upper limit or much larger than reported in-situ 299 

measurements (see Table 1). It must be underlined, that these data are arising from a laboratory 300 
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study which certainly tends to maximise such fluxes by isolating these processes or by using 301 

slightly broader wavelength regions as compared to the actinic fluxes, or by environmentally too 302 

large enrichment factors (EF). In fact, the maximum achievable surface concentration by a C9 303 

carboxylic acid is ca. 0.01 mol m-2 55; assuming that this evenly distributed throughout a 100 µm 304 

thick water layer, matching operationally defined SML thickness, one can calculate enrichment 305 

factors of 20 or even 100 for 5 and 1 mM nonanoic acid solutions respectively, which is much 306 

larger than typically encountered values. While the laboratory based values are providing 307 

unrealistic high fluxes, scaling to marine conditions (i.e., EF=1, 1.5 or 2, matching for instance the 308 

values reported by Wurl et al53), realistic fluxes ranging from 0.01 to 23 109 molec cm-2 s-1 are 309 

derived (see Table 1), which are in the order of the observed emission fluxes. 310 

However, as pointed out by Wurl et al.53, surfactant production by non-chlorophyll containing 311 

organisms (i.e., bacteria and/or zooplankton) may become more important in oligotrophic 312 

conditions, leading to a much larger extent of surfactant as compared to chlorophyll based 313 

estimates. In turn, this would mean that photochemical production of isoprene discussed above, 314 

could take place on a wider extent than those estimates based solely on biological activity, 315 

estimated again on chlorophyll levels29. This may help reducing the gap between “top-down” and 316 

“bottom-up” estimations of the isoprene fluxes. Finally, while this study is focusing on 317 

photochemistry at the air/sea interface, one could also expect that particles produced by bubble 318 

bursting would carry some features similar to the air/sea interface i.e., allowing such photochemical 319 

process to take place also on the surface of aerosols and therefore at various altitudes, which could 320 

be a source not captured by bottom-up approaches. If we roughly estimate that around 30% of the 321 

ocean surface (assumed to be 3.8×108 km2) is enriched by surfactant, depending on season53, and 322 

that 50% of the time the surface of the ocean is illuminated, then we can estimate that the 323 
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photochemical flux of isoprene ranges from 0.2 to 35 Tg yr-1, adding to reported biological sources. 324 

Arnold et al.27, combining satellite maps of the global distribution of phytoplankton functional type 325 

and new measurements of phytoplankton-specific isoprene productivities, found a mean “bottom-326 

up” oceanic isoprene emission of 0.31±0.08 (1σ )Tgyr-1, while modelling produced a “top-down” 327 

source estimate of 1.9 Tg yr-1. Therefore, such differences could be partially explain by the 328 

suggested abiotic source of isoprene. 329 

 330 

This study clearly points toward a global impact of the interfacial chemistry at the air-sea interface. 331 

The existence of organic films on the ocean surface due to biological activities influences therefore 332 

air-sea exchanges in an unexpected significant manner, as interfacial photosensitized chemistry 333 

may represent a significant source of isoprene in the absence of any biological sources in the marine 334 

boundary layer. This interfacial chemistry involves only fatty acids as surfactants and dissolved 335 

organic matter as photosentitizers, both being ubiquitous in the marine environment.  336 
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Figures and Tables 511 
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 522 

Figure 1. Typical irradiation experiment of a solution containing salt water, humic acid (30 mg L-523 

1) and nonanoic acid (1mM) showing the formation of isoprene (red line) and methyl vinyl ketone 524 

(MVK, blue line) measured by PTR-ToF-MS with H3O+ as reagent ion 525 
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 527 

Figure 2. Evolution of gaseous isoprene concentration as a function of the nonanoic acid surface 528 

tension  529 

 530 

Figure 3. Evolution of gaseous isoprene flux as a function of the pH of the solution 531 
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 533 

Table 1. Marine isoprene seawater flux measurements and estimates taken from Shaw. et al.24 534 

compared to our estimated values (laboratory maximal and minimal fluxes and from the authentic 535 

sample). The values from this study have been multiplied by the mean solar flux (21 mW cm-2 56) 536 

estimated for latitude and time of the year. The laboratory conditions refer to the measured flux 537 

with a saturated surface and high enrichment factors (EF), while the column at different EFs present 538 

the data scaled to observed marine conditions (see text). 539 

 540 

 541 

Measured isoprene flux ref 

(molec cm-2 s-1) x 109  

This study 

(molec cm-2 s-1) x 109 

North Sea  

(July 1993-July 1994) 

0.017 Isoprene MACR MVK 

Lab. 

conditions 

EF 2 EF 1.5 EF 1 

Northeast Pacific  

(July 2002) 

0.02 Max 

 

230 23 17.3 11.5  23  

  

37  

 
Raunefjord, Southern 

Norway (May-June 2005) 

0.1 

Mace Head, Ireland 

(Sep-Oct 1998) 

0.68  Min 7 0.14 0.1 0.07 12 4.7 

Coastal Crete  

(Feb-Oct 2004) 

6 SML 17 1.7 1.3 0.8 2.1 1.1 

 542 
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