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Experiments were performed in the laboratory
on synthetic seawater spiked with different
selenium species at trace levels to study the
formation of volatile selenium compounds under
dark or controlled simulated sunlight conditions.
Spiking the reaction media with inorganic and
organic selenium compounds demonstrated that
several volatile selenium species could be formed
under these simulated conditions. Selenoamino
acids react to produce significant amounts of
volatile selenium species in both light and dark
conditions. Products formed include dimethyl
selenide (DMSe), dimethyl selenyl sulphide
(DMSeS) and dimethyl diselenide (DMDSe).
Inorganic selenium oxyanions added to the
synthetic reaction media did not form volatile
species via abiotic reactions despite the presence
of strong methylating agents. These results
suggest that the formation of stable volatile
species from bio-organic selenium compounds
can occur via abiotic reactions in the marine
photic zone. Copyright # 2000 John Wiley &
Sons, Ltd.
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INTRODUCTION

Little is known on the subsequent chemical
reactivity of natural or anthropogenic metalloid
compounds (e.g. of asene, antimony or selenium) in

surface marine waters.1,2 Their reactivity with
light-induced activated oxygen species could be
an important pathway (via redox processes) which
may then affect their biological uptake and
transformation, similarly to those observed for iron
cycling.3,4 Trace metals and metalloids are of great
interest in coastal areas since they can present either
a ‘nutrient-like’ or a toxic effect, depending on the
species present and on their concentrations. The
reactivity and stability of these different com-
pounds will control their impact in aquatic
ecosystems.5

Among the metalloids, selenium is known to
present a very narrow range between nutritional
needs and toxicological effects.6 Methylated sele-
nium species are less toxic than their inorganic
counterparts. Reduction and further methylation of
oxidized selenium species, leading to the release of
selenium in the atmosphere, may potentially be
understood as a detoxification mechanism.7

In surface seawater, photochemistry forms acti-
vated species that may in turn generate abiotic
redox reactions leading to the derivatization of
selenium species. Light was found to activate these
processes for tin and mercury compounds.8,9 The
reactivity of selenium via redox reactions in natural
waters has only been investigated for heterogene-
ous processes in the presence of aqueous suspen-
sions of mineral oxides. Selenite was then found to
be oxidized, under light radiation and in the
presence of titanium oxide, by activated oxygen
species.10 Dimethyl selenide (DMSe) is also
oxidized to dimethyl selenoxide by manganese
oxide suspensions, with pH-dependent mechan-
isms.11

In natural waters, the formation of organic
selenide compounds from inorganic forms is known
to derive from biological activity.12,13 These
processes develop after incorporation of inorganic
selenium in the biological cells of bacteria or
plankton species, and by catalysed reduction and
methylation steps. Organic selenide species, such as
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organicandaminoacids,14 canthenbe releasedin
the water as methylatedseleniummoleculesand
may partially lead to the formation of volatile
compounds.7,13 Abiotic methylation of selenium,
leading to volatile species,may also occur from
inorganicselenide–metalcation(M–Se)complexes
in the presenceof strongcarbo-cationdonorssuch
as halomethane(CH3—X) or sulphonium com-
pounds((CH3)S

�—R2).
15 The presenceof these

methylating agents is indicated in productive
waters,andfavoursthis hypothesis.16

The volatile methylatedseleniumspeciesmay
then represent the ‘end products’ of selenium
speciationreactionsin the aquatic environment,
dueto their goodstability with respectto oxidation
andhydrolysis.5 Their escapeinto the atmosphere
preventsthemfrom anyfurtherinternalrecycling.13

The main volatile compoundsidentified to datein

Table 1 Experimentalreactionmedia

Experimenta Compositionof thesyntheticseawater(SSW) Experimentalconditions

SSW-1 Syntheticseawater(salinity 35)a 1 Sampleat t = 0
SSW-2 1 Sampleat t = 360min(dark)

2 Samplesat t = 360min(light)
SSW-3 Syntheticseawater� 1 �g/l asSeselenite(SeIV) and

selenate(SeVI)b
4 Samples(like SSW-2)

SSW-4 Syntheticseawater� 1 �g/l SeIV andSeVI � 5 �M DMSPc 4 Samples(like SSW-2)
SSW-5 Syntheticseawater� 1 �g/l SeIV andSeVI � 5 �M Me-ld 4 Samples(like SSW-2)
SSW-6 Syntheticseawater� 1 �g/l asSeseleno-methionine 4 Samples(like SSW-2)
SSW-7 Syntheticseawater� 1 �g/l asSeseleno-cystine 4 Samples(like SSW-2)

a Marine saltssolution� algaeextracts(diluted 1/20)� fulvic acids(0.5mg/l)
b Fromstandardsolutionsof sodiumseleniteandselenate(pH 2)
c DMSP:dimethylsulfoniopropionate
d Me-l: iodomethane

Figure 1 Experimental reactor used for the dark or light irradiation conditions. Working conditions: Twater= 20� 0.1°C,
P = 1.0� 0.1atm,pH = 8.1� 0.1; sunlightsimulatorat 2.5m distanceand45° incidence.
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natural waters are dimethyl selenide (DMSe),
dimethyldiselenide(DMDSe)anddimethylselenyl
sulphide(DMSeS).12,17–19

In thepresentwork, wehavestudiedtheroleand
impact of abiotic chemical processeson the
reactivity and the mobility of seleniumin coastal
marinewatersduring simulateddark and sunlight
experimentalconditions.

MATERIALS AND METHODS

Synthetic seawater (SSW)

Syntheticseawaterswerepreparedfrom Millipore
Milli-Q salts solution (salinity 35) according to
Lyman andFleming20 usinganalytical-gradesalts
(NaCl, MgCl2, Na2SO4, CaCl2, KCl, NaHCO3,
KBr, H3BO3, SrCl2 and NaF; Aldrich). The
preparedsolution was spiked with 0.5mglÿ1 of
referencefulvic acids (Contech)and 50ml lÿ1 of
liquid extractsobtainedfrom cleanlaboratoryalgal
culturesfilteredon 0.22�m celluloseacetatefilters
(Ifremer Centre,Arcachon).Theseextractswere
obtained after two weeks of final-stagegrowth
(Conway medium, 5 l) of common Isochrisis
Galbana algal culture (E. His, Ifremer, personal
communication).The final stageof development
wasdeterminedafter daily cell counting(Coulter,
Ifremer Arcachon)and monitoring of tryptophan-
like fluorescenceafterfiltration at 0.45�m (excita-
tion 280nm / emission350 nm;). After complete
developmentof thealgal density,themaximumof
tryptophan-like fluorescencewas obtained just
beforethe decaystage.The Conwaymedium(5 l)
was then filtered, stored in opaque250ml poly-
ethylenebottles (Nalgene)and frozen at ÿ20°C.
Syntheticseawater(SSW)is seawaterreconstituted
by mixing the different components(artificial
seawater� humic acid solution� algal exudates)
to give a fluorescencespectrumsimilar to that
obtainedin ArcachonBay seawaterfor different
excitationwavelengths(280,313and340nm).The
synthetic seawaterwas prepared3 h before the
experimentsin orderto allow completehomogeni-
zation of the solution by continuousmixing and
thermoregulation.A seriesof synthetic seawater
solutionswere prepared.Two syntheticseawater
mediawere preparedto be usedas blank experi-
ments without any addition of seleniumspecies
(SSW-1 and SSW-2). Volatile selenium species
analysiswereonly performedon SSW-2.All other
SSWmediawerespikedwith seleniumspeciesand

wereanalysedfor volatileseleniumspecies(SSW-3
to SSW-7)(Table1).

Photoreactor set-up

Thephotochemicalexperimentswereperformedin
a large silica-borePyrex photoreactor(6 l, wave-
length cut-off >300nm) (Fig 1). Continuous
agitationwasprovidedwith anovoidTeflon-coated
magneticstirrer and thermal regulationwas con-
trolled by a thermoregulatedwater bath (Huber).
The temperatureand pH of the seawaterwere
monitoredcontinuouslywith two probesimmersed
in thereactionmedia(Jenco).Thephotoreactorwas
gas-tight and pressure-controlled.Water and gas
samplescould be sampledcontinuously by two
outlets locatedat the baseand at the top of the
reactor. Experimentsin the presenceof natural
simulatedlight flux wereperformedwith a large1-
kW sunlight photosimulator(Applied Photophy-
sics) positionedat an angle of 45° and at 2.5m
from thehorizontalline (Fig 1) passingthroughthe
centre of the photoreactor.The light flux in the
photoreactor(300–500nm) was calibratedwith a
ferric oxalateactinometerandtheglobal lamp-flux
stability was monitored with a thermopile light
sensor(Applied Photophysics).

Experimental procedures

All experimentswere performedin a dark room
undersimilar thermodynamicconditions,giving a
temperatureof 20.0� 1.0°C as recordedin the
photoreactor,apH of 8.1� 0.1for theseawaterand
an atmosphericpressureof 1.0� 0.1atm. For all
experiments,5 l of seawaterwaspreparedin a dark
environment,transferredto thephotoreactor(which
hadbeenpreviouslyrinsedwith thesample),mixed
and thermoregulated.Just before exposureto the
simulatedsunlightcommenced,two sampleswere
collected, respectively, for the dark incubation
(kept under the same experimental conditions)
and for the initial point of the experimentalstudy
(t = 0). The irradiationswereperformedduring6 h
to reproduce a diurnal time scale. The initial
volumeof seawaterwasadjustedin orderto obtain
a final volumepresentingsimilar irradiationcondi-
tions (V(final) >3.5l). The reproducibility of the
whole experimentalprocedurewas monitoredby
measurementof theH2O2 concentrationduringthe
different experiments.21 Reproducibility of the
kineticsof H2O2 productionwaswithin than10%
onthesamebodyof syntheticseawater(SSW-1and
SSW-2)submittedto thephotonflux.22,23
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Selenium spiking conditions

Ultra pure reagentsand Millipore Milli-Q water
wereusedto preparethedifferentsolutionsfor the
experiments.Sodiumseleniteandsodiumselenate
(Merck) wereusedfor thepreparationof inorganic
selenium standard aqueous solutions (pH 2).
Standardsolutions from crystallized DL-seleno-
methionine(Se-Met;Sigma–Aldrich)andDL-sele-
nocystine(Se-Cys;Sigma–Aldrich)wereprepared
a few minutesbefore the experiments,to prevent
degradation.Stocksolutionsof iodomethane(MeI;
Merck) and potassiumdimethyl sulphoniopropio-
nate (DMSP; ResearchPlus) were also freshly
preparedbeforeuse.

Seleniumcompoundswere added to obtain a
final concentrationof 1�g lÿ1 as Se (12.7nM) in
the syntheticseawater(SSW)in orderto studythe
effectsof abiotic processeson seleniumspeciation
at trace concentrations.Selenoaminoacids forms
representthe major pool of non-volatiledissolved
organic selenium in productive surface marine
waters.14However,their reactivityin naturalwaters
is still unknown.As a consequence,two different
experimentswereperformedafterspikingtheSSW
mediawith eitherSe-Metor Se-Cysin orderto also
obtain a final concentrationof Se of 1�g lÿ1

similarly to the inorganicSespikingexperiments.
Methylating agents,such as MeI and DMSP,

wereaddedseparatelyto obtaina concentrationof
5�M in theSSWmediumspikedwith inorganicSe.

All thedifferentreagentswereaddedto theSSW
media10min before initiating the experiment,in
order to obtain a completehomogenizationof the
reactionmedium.All the experimentalconditions
aresummarizedin Table1.

Determination of volatile selenium
species

For each experiment performed with synthetic
seawater(SSW),four aliquotsof 320� 10ml were
collectedandanalysedfor volatileseleniumspecies
with quartzfurnaceatomicabsorptionspectrometry
(QF–AAS)detection(PE5000,Perkin-Elmer)and
cryofocusing.Four sampleswere obtainedduring
eachexperiment:one at t = 0, which is the initial
point; oneunderdarkincubation(t = 360min); and
two under light radiation (t = 360 min). All the
sample treatment and analysis proceduresare
describedin detail elsewhere.18,19 The samples
werecollectedandtransferredto thepurge-and-trap
vesselusinganon-lineTeflon-cappedPyrexbottle
and helium overpressureto avoid any loss of

dissolvedgasin theambientair. Thesampleswere
then purgedfor 1 h with pure helium gas (L’Air
Liquide) andthevolatile specieswerecryofocused
ontoapackedcolumn(silanizedChromosorbWHP
60/80-meshwith 10%SP2100;Supelco)immersed
in liquid nitrogen.Thepackedcolumnsweresealed
with Teflon caps and stored in liquid nitrogen.
Volatile seleniumcompoundswere desorbedfor
chromatographicseparationand QF–AAS detec-
tion within oneweek.

PureDMSeandDMDSesolutions(99%;Strem)
wereusedto preparestandardsolutionsto calibrate
the analytical system.Calibration was performed
by spikingDMSeandDMDSestandardsolutionsin
300ml of Milli-Q water and following the analy-
tical procedure.The detectionlimits under these
experimentalconditionswere10pM for bothDMSe
and DMDSe asSe.Unknownvolatile compounds
werecalibratedversusDMSeor DMDSesensitivity
according to their retention times and expected
chemicalforms.Methaneselenol(MeSeH)andan
unknowncompound(‘U’) respectivelyelutedjust
before DMSe and DMDSe, and were therefore
calibrated against these two respectivestandard
compounds.The reproducibility of such proce-
dures,characterisedas relative standarddeviation
(RSD) waslessthan15%.18

RESULTS AND DISCUSSION

The resultsaredisplayedin Table2.
One blank experiment,to provide a control for

production of volatile selenium species, was
performedwith SSW alone and the resultswere
usedasa reference(SSW-2).No volatile selenium
compoundsweredetectableduringthis experiment
(concentration<10pM; seeFig.2).Threeexamples
of chromatogramsaredisplayedin Fig. 2, showing
the different volatile seleniumspeciesdetectedin
differentexperimentalmedia.Onepeakappearsin
all the chromatogramsandwasattributedto flame
combustion emission (fce). This peak could
correspondto a selenium-containingcompound
suchashydrogenselenide(H2Se),consideringthe
relatively good selectivity of QF–AAS detection.
However,Pécheyranet al.18 demonstrated,using
atomicfluorescencespectrometryfor thedetection,
that an interference with a carbon-containing
compoundsuch as CO2 is certainly responsible
for the fce peak.
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Addition of inorganic selenium
species

Syntheticmediacontainingonly inorganicspecies
(SSW-3 to SSW-5) did not yield any volatile
species,as shown in Fig. 2. When the inorganic
selenium specieswere added in presenceof a
methylatingagent(Table 1), the determinationof
volatile selenium species did not show any
evidenceof productionof methylatedspeciesunder
irradiationor in thedark.Traceswereoccasionally
observed,but they were not significantly greater
thanthoseobtainedwith theSSWmediaaloneand

could correspondto potential artefacts.In Fig. 2,
the small peak doesnot correspondto a known
volatile seleniumcompoundandwasnot presentin
other samples.We thereforesupposeit to be an
analytical artifact. On the other hand, this small
peakcouldcorrespondto DMSe,but its calculated
concentrationwasbelow the detectionlimit of the
method(10pM for a 300-mlsample).

Under theseexperimentalconditions,the mini-
mum significantly detectable yield of volatile
seleniumproductionwasestimatedto be 0.3%. If
it is supposedthatabioticmethylationis occurring,
the yields from it would be very low undersuch

Table 2 Formationandrelativeyieldsof volatile seleniumspeciesin the darkor underirradiationconditions

Experiment
abbreviations

Volatile Se
species

D(Vol Se)a

Dark (%)
D(Vol Se)
Light (%)

Type of chemical
mechanisms

SSW-2 Traces <0.3 <0.3 n.d.
SSW-3 Traces <0.3 <0.3 n.d.
SSW-4 Traces <0.3 <0.3 n.d.
SSW-5 Traces <0.3 <0.3 n.d.
SSW-6 DMSe 2.6 1.4 Selenol/ thiol

DMSeS 4.6 28.8 Catalyticoxidation
DMDSe 41.5 33.2

SSW-7 MeSeH 1.1 0.3 Selenol/ thiol
DMSeS 3.3 2.3 Catalyticoxidation
DMDSe 2.4 0.8

a D(Vol Se),chemicalyield of volatile compoundsasa percentageof spikedSeunderlight or darkcondition.

Figure 2 Typical chromatogramsobtainedfor the volatile seleniumspeciesformedunderthe different experimentalconditions:
resultsobtainedwith purge-and-trap– gaschromatography– quartz furnaceatomic absorptionspectrometry.The first peak is
assumedto be a flamecombustionemission(fce) signalsincethesystemwasoperatedwithout D2 backgroundcorrection.
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240 D. AMOUROUX, C. PÉCHEYRAN AND O. F. X. DONARD



simulatedenvironmentalconditions.Similar results
havebeenobtainedwith tin. Inorganictin methyla-
tion yields reported under similar irradiation
conditions were found to be less than 0.2%
(0.001–0.18%).8

Addition of organic selenium
species

Volatile seleniumspecieswereonly detectedwith
SSW-6andSSW-7experimentalconditions,when
organic selenium species were added to the
medium. Significant yields of selenium species
wereevidentunderboth dark and light conditions
for theseawatermediumspikedwith Se-Met.Much
lower yields were obtained in the case of the
medium spiked with Se-Cys.The highest yields
were usually obtainedunderdark controlledcon-
ditions.

The volatile seleniumspeciesdetectedafter the
irradiation experimentsdemonstratedthat volatile
seleniumspeciescouldonly beformedsignificantly
whenSSWsweresupplementedwith selenoamino
acids. In this caseonly, severalspeciessuch as
dimethyl selenide (DMSe), dimethyl diselenide
(DMDSe) and an unknownSe compound,eluting
just before the DMDSe (referred in the text as
unknown, U) were detected.Thesespecieswere
identified on the basis of the selectivity of the
atomic absorptiondetectorand of their retention
time comparedwith syntheticstandards.A typical
chromatogramis displayedin Fig. 2.

Chasteen25 reportedtheoccurrenceof aselenium
specieswhich exhibitedanorderof elutionsimilar
to that for compoundU in this work (just before
DMDSe). This species was identified by gas
chromatographywith massspectrometrydetection
to be dimethylselenylsulphide (DMSeS) and to
havean apparentboiling point of 132°C deduced
from its retention time. The chromatographic
techniqueusedhere also produceda quasi-linear
relationshipfor low-molecular-weight compounds
betweentheir boiling points and their retention
times.19 Usingthisrelationshipsimilarly to Amour-
ouxetal.,19 it waseasyto confirmthattheretention
time of compoundU exactly matchedthe boiling
point of DMSeS.Consideringthat no split of the
DMDSe peakoccurredwhendifferent amountsof
standardsolution were spiked, it is reasonableto
assumethatU is really presentin the sampleand
correspondsto DMSeS.

On the contraryto whathasbeenobservedwith
inorganicseleniumaddition,averyhighproduction
of volatile compounds(50–65% yield) was ob-

servedunderboth dark and irradiatedconditions,
but with very different yields.

High production of DMDSe were evident
togetherwith a significantsignalfor thecompound
identifiedasDMSeS,andwith tracesof DMSefor
addition of either Se-Metor Se-Cys.The highest
yield of DMSeS was observedunder irradiation
conditions(28.8% yield) comparedwith the dark
controls(4.8%).In contrast,theDMDSeproduction
decreasedin the presenceof light (33.2%) com-
paredwith darkincubations(41.5%).Low yieldsof
DMSe production were observed in both dark
(2.6%)andlight (1.4%)incubationexperiments.

Obtaining high yields of DMDSe could have
beenexpectedsinceSe-Metspikesin soilshasled
to the production of significant amounts of
volatile selenium species,mainly as DMDSe,24

but authorscould not thendistinguishwhetherthe
formation pathwaywas due to microbial activity
or simple chemicalreactivity in the soil matrix.24

Formationof DMSeSfrom our experimentis also
in accordancewith previouspioneeringwork on
volatile seleniumcompoundsin the environment.
As mentionedbefore, it has beenidentified after
its formation from microbial culture amended
with inorganic selenium species.25 This com-
pound had also been reported previously to be
dimethylselenoneand was found to occur in
variousaquaticenvironments.26,27For the purpose
of this work, we evaluated the reactivity of
selenoamino acids without investigating any
isomeric selectivity in the potential chemical
reactionyield or rate.

Reactivity of selenomethionine in
seawater

Resultsobtainedafterspikingtheseawatermedium
with selenoaminoacids suggestthat the DMDSe
yield observedcould be chemically formed from
Se-Met[DL-CH3Se(CH2)2CH(NH2)COOH] degra-
dationby potentialreleaseof theCH3Segroupvia
cleavageor hydrolysispathways(SSW-6).

This pathway could be counterbalancedby
simultaneousphotochemicallyassistedproduction
of DMSeS.DMSeSwasalsoproducedin thedark,
but in lower yields.Chemicalformationof theSe–
Se bond in such a complex medium cannot be
simply explainedbut couldrelateto sulphideauto-
oxidation reaction types, as reviewed by Hoff-
man.28 Formationof DMSeSmay also be related
with the production of organic sulphideor thiol
compoundsoriginating from algal extracts and
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organic selenideor selenol speciesreacting to-
gether.

Organic selenide and diselenide compounds
studied for their photochemicalreactivity were
foundto producealkylselenylradicalintermediates
(RSe)andto be involved in homolytic substitution
reactionsof thealkylatedgroup.29,30

H2O2 is usually produced in seawaterunder
irradiation conditions.31 The direct oxidation of
selenideand selenolvia H2O2 nucleophilicattack
could take place to form RSeSeR,RSeSR or
R2SeO, similarly to observationsfor sulphide
compounds.28,32 Potential pathwaysof formation
of volatile seleniumcompoundsin the presenceof
light arethereforegivenasin Eqns[1] and[2].

2RSeH� H2O2! RSeSeR� 2H2O �1�
RSeH� RSH� H2O2! RSeSR� 2H2O �2�

Finally, another competing process may be
involved, taking into accountthe resultsobtained
from incubation in the dark. In SSW-6 medium,
experimentsin the dark produceda large yield of
DMDSe. Consequently,the formation of volatile
seleniumcompoundsin the dark could originate

from catalyticauto-oxidation(Eqn [3]).

2RSeH�O2! RSeSeR� H2O2 �3�

Reactivity of selenocystine in
seawater

Se-Cys[DL-(SeCH2CH(NH2)COOH)2] (bA) is the
commercially available oxidized form of seleno-
cysteine(RSeH)(bB) dueto thehigh instability of
the latter. An unexpectedlylow production of
volatile selenium compounds(3–7% yield) was
measured(SSW-7) from bA. Selenium species
generatedinclude DMDSe, DMSeS.MeSeH was
previously identified by the sametechniqueafter
generation from DMDSe in the presence of
concentratedhydrochloric acid and sodiumboro-
hydride.33 The results also demonstratedthat
MeSeHsensitivity was nearly identical to that of
DMSe, which was therefore used to estimate
MeSeHconcentrationsin thesamples.

Higheryieldsof volatilespecieswereobtainedin
thedark thanin light conditions(SSW-7).Produc-
tion yieldsof 1.1,3.3and2.4%for MeSeH,DMSeS
andDMDSeunderdarkconditionsaresignificantly
higherthanthoseobtainedin thepresenceof light,

Figure 3 Possiblechemicalcycling of seleniumin marinesurfacewaters(adaptedfrom Ref. 13).
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with production yields of 0.3, 2.3 and 0.8%
respectively.Theseresultssuggestthat no direct
photochemicalpathwayscanbeassociatedwith the
productionof volatile seleniumspecies.The lower
reactivity of Se-Cyscomparedwith selenocysteine
under oxidizing conditions may explain these
results.

Implications for selenium
biogeochemical cycle

The largevariety of dissolvedseleniumspeciesin
bothinorganicandorganicforms,togetherwith the
largerangeof stableredoxstates(ÿII, O, IV, VI) of
this element,contributesto its complexreactivity
andspeciationin marinewaters.

Severalprocessesmayparticipatesignificantlyin
thebiogeochemicalcyclingof seleniumin euphotic
surface seawaters.Naturally occurring abiotic
methylation pathways with inorganic selenium
speciesappearto have negligible impact in the
productionof volatile seleniumspecies.Selenoa-
minoacids,suchasSe-MetandSe-Cys,werefound
to be very reactive under both dark and light
conditions.Under simulatedlight or dark condi-
tions, both compounds lead to the significant
formation of volatile selenium forms such as
DMDSe,DMSeS,DMSeandMeSeH.

Experimentsusing seleno-aminoacids demon-
stratedthat DMDSe and DMSeS were produced
underbothlight anddarkconditions.However,the
major volatile seleniumcompoundencounteredin
freshandmarinewatersis DMSe.Theseobserva-
tions suggestthen that similarly to DMS, DMSe
couldhaveaspecificprecursor,possiblyin theform
of adimethylselenoniumcompound[(CH3)2Se�R],
as mentionedby Cooke and Bruland13 (Fig. 3).
More recently, it was shown that euryhaline
microalgaewereableto producelargeamountsof
DMSewheninorganicseleniumwasspikedinto the
culture.Thepotentialprecursorof DMSepresentin
the intracellularmediumwascertainlya dimethyl-
selenoniumspecies.34Thereleaseof thiscompound
by marine algae followed by enzymic cleavage
couldthereforeexplainthepredominanceof DMSe
in the oceanic environment.17,35 In the same
cultures,DMDSe andDMSeSwerealsoproduced
significantly and Se-Met was presentin the cell
fraction.34 Our resultscould thereforeexplain the
productionof thesevolatile seleniumcompounds
(i.e. DMDSe, DMSeS) through abiotic reactions
after the releaseof Se-Met into the extracellular
medium.This hypothesisallowsusto completethe

chemical cycle of selenium in surface marine
waters,asshownin Fig. 3.

Finally, similarly to selenitestability, organo-
selenidecompoundsdisplaya long lifetime versus
oxidation in surfaceseawater.2 This signifiesthat
complementaryphotochemicalandbiological pro-
cessesleadingto volatile specieswill be important
pathways for the removal or organoselenide
compoundsfrom surface waters. This efficient
removalfrom surfaceoceansdefinitelycontributes
to a major part of the atmospherictransfer and
global cycle of selenium.35
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Lascourrèges their help and hospitality at the Laboratoire
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