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Aims of this Study Preliminary Results transfor velocity at the same wind speed f0r the diforant

Surface active material (“surfactant”) on the water Uyo= 1m/s 2.5m/s om/s 10m/s 1om/s L surfactant conditions
surface: 60* * * * * == gas transfer — wind speed relationships fail!
- modifies near surface turbulence 50 —;mgﬂ Bgﬁgn - | " ---------------- - ' ---------------- S =
- hinders wave formation and L my - theoretical prediction of k = 3~ u.Sc™
- dampens waves -0 1/11/2 3:3*120 we . N _ with n=2/3 for smooth and n=1/2 for rough water surface
_ B : | | n=2/3 well reproduced
all of this modifies the gas transfer velocity k 5 - . - 0.5
= 10 o S e A . = ' 1mg/'| D = o ! the mean square slope
the goal is £ 75 - 01 F 2mgiD - g1 (mss) is a wave parameter
- to understand the physics of gas transfer with R e S D 0.05 | Ml mix " -+ o thatdescribes the
surfactant influence o IS I N DS S SR 7= <G S S S —0.025 | “roughness” of the water
- to accurately quantify the gas transfer velocity with ” 2 . surface
respect to surfactant coverage - £ 001 F SR s 5 5 |
- to develop a physics based model of gas transfer " - theoretical minimum 0005 L& NGO the full mix suppresses
'~ - - without - ) - - | waves up to wind speeds of
0.7« o o o d|rectfllmbarr|er4 ********* . 1 0.0025 . 00»4_. """"""" n '(')'"Wé'\','éé ™ around 7 m/s, where the first
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SurfaCtants friction velocity ux [cm/s] 1 2 3 45 7510 15 20
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Surfactants are produced by:

- phytoplankton primary production (exudates: complex at a constant wind speed u,. of around 13/05/08 Full Mix 13/05/10 Full Mix
high-molecular weight polysaccharides) 10
- zooplankton grazing (digestion and by-products of
ingestion [‘sloppy feeding’])

- degradation products (degradation of exuded matter &

7m/s the gas transfer increased by
almost a factor of 2 for the Full Mix cases

dead organisms, chemical and microbiological) no such increase was seen for the g
- in coastal waters: terrestrial inputs (rivers, wet+dry) Dextran-only cases =
- anthropogenic sources play a minor role. S _ 3
Surfactant tund almost H h t this indicates, that the insoluble =
urfac ar\‘/\f‘ alret OlunZO']aOmOS everywhere on the water surfactant film must have ruptured and £
surtace (Wurl et al. ) was mixed down into the water bulk =
these substances were chosen to model natural }t/vher? it Is ineffective in reducing gas &
. ransfer
surfactants: Dextran (D)
~ Mono-Galactosyl- soluble polysaccharid this film rupturing is also seen in the mean e e A S St S T R RS S
Diacylglycerol (MGDG): Fo-ch, 1 square slope parameter o5 L1 1 1114 T T T T T S S
insoluble glycolipid ° 2 3 4 5 6 7 8 9 101112131 2 3 4 5 6 7 8 9 10 11
AN Ton time since start of experiments [h] time since start of experiments [h]
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@ CompaﬂSOn with a previous study o r omg/| Dextran }thisdl“lpz
OH ‘ | o
- Im ’ T P 40 | full mix e Study,,,,,,,,,% ffffffff SUN DR N .
| using an artificial surfactant o | IEEEENNET Y.
Ph_osphatldylglyceroll (PG) 0.033mg/l Triton @ } synthetlc I L
L _ insoluble phospholipid a synthetic detergent (Triton X-100) was used in two concen- 20 - g o mah Trien surfactant ~— . T
palmitic acid (PA): i trations in a previous study in the Aeolotron M Nagel 2014) AR ’
insoluble fatty acid T 10 [ e s -
o~ HO-HiCHGH,.0-5—0.Lt also, conditions were measured S7o S & i
0 - 5L A L O L W0 DSOS _
" N - . . 3 I SO SURD R I S i S S S S S O S |
I\K/l:tf[ﬁe?rnatrr\]: g?orglsr?gmr,] fQSS?Emibcuue?r;ﬁf ?géliiaésalggggi?gsetc?,b1€9208u;n§e:2;)arovic and Cosovic, 2003; DeXtran alone haS Ilttle Inﬂuence on gaS tranSfer xco g I T T S S L D ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _
Frew et al., 2006; Reinthaler et al., 2008; Tepic et al., 2009; Frka et al., 2011 ®
the full mix suppresses gas transfer velocity to the values o N < T e e e S
Th E . t observed with the highest Triton X-100 concentration, but surface . 't
e Xpenmen SN film ruptures at lower wind speed L e i R S e e e I S e
were performed at the 2 Nt TR _ _ _ _ _ 075 P & T
AEOLOTRON wind-wave tank . AN for the highest wind spgeds, very little surfactant influence is 05 | | | | I IR T T B |
7 e seen, even for the full mix cases 05 075 1 2 3 4 5 6 7 8910 15 20

wind speed u,q [M/S]

Conclusion & Outlook a further study is needed.

where also surfactant

7 wind speeds between 1.7 and”
14.8 m/s

gas transfer velocities of 2
gases measured using FT-IR ‘ y gas transfer velocities with a nature-like a comparison with a previous study using a

3) Full Mix: 2mg/l Dextran + 5.3mg/m* MGDG + accurately describe gas transfer under

\ model of gas transfer
2mg/m? PG + 0.4mg/m? PA (twice) surfactant conditions

|

|
| |
spectroscopy with a method ' surfactant mix were measured for the first synthetic surfactant shows good reproducibility | par_arpet_ers like surface |
: . time in the Aeolot ind- tank f d transf lociti activity is measured |
described in Krall 2013 ime in the Aeolotron wind-wave tan of measured gas transfer velocities | |

| . .

environmental conditions such as mean sauare slope Dextran alone has little influence on the gas the amount of suppression of gas transfer due to | the A90|0tr0”_'3 equipped |
o . > 'Ope, transfer velocity in the used concentration the full mix is comparable to that of Triton | to measure with salty sea |
friction velocity, temperatures and humidity monitored X-100 | water, so it is possible to |
the full mix surfactant layer ruptured at a wind _use natural surfactant |
4 repetitions with different surfactant conditions: speed of around 7m/s gas transfer velocities are highly variable ata fixed | SamPples collected from the
wind speed depending on the surfactant | ocean |
this rupturing was seen in the transfer coverage | o o o
;) ;mg;: gex:ran (once) velocity as well as in the mean square slope, and therefore: | combining all fl_ndlngs will
) 2mg/l Dextran (once) which describes the water surface roughness wind speed — gas transfer relationships do not | lead to a physics based
|
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