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S1 Experiment A—Preliminary test

Experiment A was conducted on three consecutive days be-
tween 13—15 March 2023, using one of our incubation baths
(transparent plastic) as tank, filled with ultrapure water. We
did these preliminary tests to learn about handling, measure-
ments, mixing in the tank and sampling efficiency calcu-
lation from PA. As no glass plate had been available, we
used a mesh screen. Targeted sample volume was 60mL.
Figure S1 depicts the ratios of PA/PAref in experiment
A, analogous to Fig. 3 of the main text (experiment B and
C). Figure S2 depicts the resulting sampling efficiency. 9 of
16 points lie within the uncertainty range for DMS-d3 and
isoprene-d5, and 4 of 9 for 13CS2. Therefore, it seems the
tank was overall less well-mixed than in experiment B and
C. However, no points are excluded from calculation of sam-
pling efficiency, as experiment A serves as a test. This re-
sults in average ratios (± standard deviation) of PA/PAref

of 0.98± 0.21, 0.99± 0.32, and 1.03± 0.29 for DMS-d3,
isoprene-d5, and 13CS2 respectively. Sampling efficiency is
0.30± 0.08 (n= 13), 0.27± 0.09 (n= 13), and 0.26± 0.09
(n= 10) for DMS-d3, isoprene-d5, and 13CS2 respectively.
Mean sampling efficiency and its standard deviation are,
thus, larger here than with the glass plate in experiment B and
C (compare with FW in Table 4 of the main text). The pre-
liminary test with the mesh screen was less well constrained,
which might explain the larger variation. The mesh screen
might be more efficient, since wiping is not required. Also,
the mesh screen captures more volume per dip, reducing the
overall sampling duration. Furthermore, the mechanisms that
contain the sample (fine mesh vs glass surface) might inher-
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Figure S1. Test for uniform trace gas concentration in the tank
(i.e., well-mixed) in experiment A with mesh screen. The ratios
PA/PAref (n= 16 for DMS-d3 and isoprene-d5, n= 9 for 13CS2)
are shown against date for DMS-d3 (left), isoprene-d5 (middle) and
13CS2 (right). Black horizontal line depicts PA= PAref (i.e., well-
mixed). Grey shaded area indicates ±14.1% uncertainty. Mean and
standard deviation for PA/PAref is indicated in upper right of each
subplot (including all shown points).

ently be different physically and interact with the samples’
properties. In field studies, the mesh screen samples are of-
ten associated with more dilution from ULW, as it samples a
larger thickness than the glass plate. We do not expect this to
have caused the differences in sampling efficiency during our
experiment, as the ULW and SML should have been well-
mixed. Finally, we did not remove any data points, thereby
assuming that the tank was well-mixed at all times, though
Fig. S1 indicates otherwise. An extended QC would presum-
ably change the results and likely decrease the variation, but
potentially maintain a similar mean sampling efficiency. We
conclude from this preliminary test, that our experimental
design seems suited to repeat the sampling efficiency esti-
mation for mesh screen sampling.

S2 Calibration curve examples gas
chromatography-mass spectrometry

In order to use peak area normalized by sample volume
(PA) instead of actual concentrations (i.e., skip calibration
for the sake of more sample measurements per lab day), it
is necessary that the gas chromatography–mass spectrom-
etry (GC–MS) (1) behaves linear and (2) shows a (rela-
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Figure S2. Sampling efficiency (E) for DMS-d3 (left), isoprene-d5
(middle) and 13CS2 (right) in experiment A with the mesh screen in
treatment fresh water (FW). Box width shows 25 to 75 percentile,
centre line denotes the median, diamonds denote the mean, open
circles denote outliers, and whiskers show minimum and maximum.
The number of data points in experiment A is n= 13 (n= 10 for
13CS2).

tively) low variation of the intercept (in relation to the low-
est PAs measured). Figure S3 presents examples of calibra-
tion curves for DMS, isoprene, and CS2 (as analogues to
DMS-d3, isoprene-d5, and 13CS2), accompanied by the re-
spective statistics of the linear fits in Table S1. The presented
calibration curves were recorded in the course of a 5 week
long campaign that started about five weeks after our experi-
ment B. This data set was chosen as (1) it contains daily cali-
brations over 5 weeks, nicely depicting sensitivity drifts, and
(2) because unnaturally high concentrations were reached,
which match the range of PAs presented in the main text
better than our usual sea-going field studies. Each standard
measurement was prepared as 10mL ultrapure water with
different amounts of liquid standard added to it (containing
all three compounds). Measurements were performed as de-
scribed in Sect. 2.3 of the main text. Raw peak area (PAraw)
was corrected by the respective blank and normalized by the
volume used for standard preparation, yielding PA, to enable
comparison between the PAs reported in the main text and
the ones presented in Fig. S3. The PAs presented here have
not been corrected for spectral fragmentation, as (different to
experiment A, B, and C) no isotopically labelled substances
had been added. Three calibration curves were selected for
each compound, that match the ranges of PA presented in

the main text. Usually the amount of substance (ngas) in mol
is used for the calibration curves. Here we calculated the cor-
responding concentration in the water-standard mixture as
ngas/10mL. In the absence of actual calibrations during our
experiments A, B, and C those values can serve as an indica-
tion of the order of magnitude of the concentrations achieved.
Note, that not all samples in our experiments were 10mL
samples, i.e., in treatment AS with surfactants in experiment
C 15mL were used. Figure S3 shows that the GC–MS be-
haves linear (all R2> 0.996) over the measured range in our
experiments.

S3 Additional quality control using mass 91 applied in
the context of Fig. 3 of the main text

Prior to assessing whether the tank was well-mixed (Sect. 3.2
of the main text), an additional step of quality control was
performed on all ULW samples on each of the isotopes.
PA of ULW samples that were far from the linear fit be-
tween PA of the respective isotope and mass 91 (e.g., grey
point in Fig. S4) were flagged as poor-quality measurements
and consequently removed from analysis. We assume that
the poor-quality is caused by errors in measurement han-
dling or short-term sensitivity drifts in the instrument. If the
removed ULW sample was a reference sample, it was re-
placed with another ULW sample from the same sample set
or, in the absence of more ULW samples, the sample set
was discarded completely. SML samples formed a differ-
ent cluster, due to the systematically lower PA compared to
ULW (caused by decreased sampling efficiency) and, there-
fore, this step was not applied to SML samples. The sam-
ple indicated as being removed in Fig. S4 (mass spectrum
ID “BULK_13CM_CC_06”) was the only ULW sample that
was removed from the data set this way. It will be indicated
with use_for_analysis_flag=False in the published data set.

S4 Effect of purging on surface activity measurements

Due to the limited surface area of the tank used in experiment
C (“AZ crate”) two SML samples taken after each would not
have been appropriate replicates of each other. Therefore, it
was tested if the GC–MS sample could be reused for voltam-
metry analysis. The main differences for a reused GC–MS
sample in voltammetry analysis are (1) longer standing time
of sample before freezing and (2) being purged with helium
for 10min. These differences could lead to contamination
due to the added handling. Figure S5 shows the data points
used in the statistics of purged vs non-purged SA (Sect. 3.1.2
of the main text). Only ULW samples were used, as we could
safely assume that purging is the only source of error. Ad-
ditionally, we took six subsamples (three for control, three
were purged) from a beaker filled with ULW from the tank
to specifically test the effect of purging. Surface activity is
not affected by purging.
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Figure S3. Example calibration curves of PA over concentration in the prepared standard (Cstd) for GC–MS. Linear fit is shown as straight
line (see Table S1 for details). Two mixtures of liquid standard in ultrapure water were used with different concentrations for the individual
compounds, indicated by circles and squares.

Table S1. Linear regression of PA and Cstd for DMS, isoprene, and CS2 for the calibration curves shown in Fig. S3

Linear Regression (OLS)
Trace gas slope intercept R2 n PAs

DMS 1561 -515 0.9998 3 1903; 9447; 51204
2256 -575 0.9978 3 1362; 13830; 30160
1672 172 0.9998 3 1112; 22826; 44530

isoprene 1148 31 >0.9999 3 117; 508; 2364
1638 -8 >0.9999 3 56; 668; 1325
1332 -26 >0.9999 3 29; 1059; 2143

CS2 11607 1182 >0.9999 4 4658; 13828; 61602; 238659
9132 -5269 0.9990 3 62239; 121095; 252953
7293 -3082 0.9964 3 47104; 103852; 149452

S5 Results linear and multiple linear regressions in
fresh water and artificial seawater from Sect. 3.4 of
the main text

Linear regression of sampling efficiency against water tem-
perature, salinity, spike volume per litre, and number of dips
is shown for DMS-d3, isoprene-d5, and 13CS2 in Fig. S6.
Output from the multiple linear regression run in python
is shown in Table S2, Table S3, and Table S4 for DMS-d3,
isoprene-d5, and 13CS2 respectively.

S6 Results linear and multiple linear regressions with
an artificial surfactant from Sect. 3.5 of the main
text

Linear regression of sampling efficiency against water tem-
perature, salinity, spike volume per litre, and number of dips
is shown for DMS-d3, isoprene-d5, and 13CS2 in Fig. S7,
and against SA in Fig. S8, Output from the multiple linear
regression runs in python is shown in Table S5, Table S6, and
Table S7 for DMS-d3, isoprene-d5, and 13CS2 respectively.
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Figure S5. Measured surface activity (SA) of purged and non-
purged samples. ULW samples in treatment AS with surfactants
(n= 30, green and black) are shown and a test sample set (n= 6,
empty circles).

S7 Calculations for diffusive boundary layer from
Sect. 4.1.2 of the main text

A simple box model was used to assess the effect of the
diffusive boundary layer (DBL) on CSML. A mass balance
(Eq.(S1)) was set up for the complete tank with flux (Neu-
mann boundary condition) only through the surface (i.e., no-
flux Neumann boundary conditions on all other sides).

dn(t)

dt
=−Jsurface (t) ·A (S1)

where n is the moles as (absolute) PA (proportional to
mol), t is time in s after mixing stopped, J is the flux in
molm−2 s−1 through the surface (defined as positive going
inward), and A is the surface area of the tank in m2. The flux
through the surface is derived using Fick’s first law of diffu-
sion (Eq. (S2)). This assumes that the water in the tank was
quiescent, Cair ≈ 0mol L−1, and the air is a perfect sink.

Jsurface (t) =
C0√
πDt

=
n0

Vtank

√
πDt

(S2)

where C0 = n0/Vtank is the initial concentration at t= 0s
in mol L−1, D is the diffusivity in m2 s−1, n0 are the initial
moles in mol, Vtank =AH is the volume of the water in the
tank in m3, and H is the depth of the water in the tank in
m. The concentration in the ULW is used as initial condition,
i.e., C0 = CULW . Analytical solution of the ordinary differ-
ential equation (ODE) in Eq. (S1) by integrating is given in
Eq. (S3).

n(t) = n0 exp

(
− 2A

Vtank

√
Dt

π

)
(S3)

where n(t) are the moles left in the tank at time t, and
t is time in s after mixing stopped. We calculate n0 from
mean PA per experiment by multiplying with the respec-
tive volume of the tank. Water volume in experiment B was
34 cm× 78 cm× 26 cm, and 42 cm× 61 cm× 31 cm in exper-
iment C. Diffusivity of DMS(-d3) ranged from 0.0000111–
0.0000129 cm2 s−1 for the temperature range in this study.
For this calculation we use D = 1.29× 10−9m2 s−1 (T =
20°C, SP = 0, calculated for DMS according to Saltz-
man et al. (1993)). Due to missing diffusivity values for
isoprene(-d5) and (13)CS2, these two are skipped in the cal-
culation. As time we (conservatively) set t= 120s, though
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Figure S6. Linear regressions of sampling efficiency (E) for DMS-d3 (top), isoprene-d5 (middle) and 13CS2 (bottom) against water tem-
perature, salinity, spike volume per litre and number of dips in fresh water (FW) and artificial seawater (AS) treatment. Linear fit, R2 and
number of samples (n) are given in top corner of each subplot. ∗, ∗∗ and ∗∗∗ mark where the null hypothesis was rejected, with p-values
<0.05, <0.01 and <0.001 respectively.

the formation of a quasi-steady DBL only starts after the tur-
bulent motion from the mixing has subsided, which is ex-
pected to take about 1min. Finally, n(t= 120s) yields that
n(t)/n0 = 99.9% of the moles are still left within the box
(i.e., water volume) after 120 s. To estimate the dilution from
the DBL on the glass plate, we partition this n(t= 120s) be-
tween ULW and DBL. Under the assumption that within this
short time CULW did not change, i.e., CULW = C0, we cal-

culate how many moles of n(t) are present in the DBL with
Eq. (S4).

nDBL = n(t)−C0VULW (S4)

where nDBL are the moles in the DBL, VULW = is the vol-
ume of the water below the DBL in the tank in m3 calculated
as A(H −hDBL), and hDBL is the thickness of the DBL in
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Figure S7. Linear regressions of sampling efficiency (E) for DMS-d3 (top), isoprene-d5 (middle), and 13CS2 (bottom) against water tem-
perature, salinity, spike volume per litre and number of dips in fresh water (FW) and artificial seawater (AS) without and with surfactants
treatment. Linear fit, R2 and number of samples (n) are given in top corner of each subplot. Linear regression of surface activity (SA) is
shown in Fig. S8. Null hypothesis was not rejected, as all p-values >0.05.

m, approximated with Eq. (S5).

hDBL = a
√
πDt (S5)

where hDBL is the thickness of the DBL in m, a= 3 is a
common coefficient that defines hDBL in relation to 99% of
CULW . Finally, the concentration in the DBL in relation to
the concentration in the ULW, i.e. the concentration sampled

by the glass plate is calculated by Eq. (S6).

CDBL

CULW
=

nDBL

VDBLCULW
(S6)

where CDBL is the concentration in the DBL, CULW is the
concentration in the ULW in mol L−1, and VDBL =AhDBL

is the volume of the water in the DBL in m3, which equates
to 0.79 for both experiments.
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Figure S8. Linear regression of sampling efficiency (E) for DMS-d3 (left), isoprene-d5 (middle), and 13CS2 (right) against surface activity
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