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Evidence Supporting the Presence of
Dissolved Dimethylarsinate in the Marine

Environment
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Experiments have been carried out to test the
commonly held belief that the dissolved di-
methylarsenic species present in marine waters
is dimethylarsinate. By employing a novel
combination of HPLC and cryogenic-trap hy-
dride generation atomic absorption spectro-
scopy (HG AA), the sensitivity limitations of
conventional in-line HPLC instrumentation can
be overcome, permitting dimethylarsinate to be
measured by HPLC at levels below 200 pg cit.
A comparison of results obtained by this
procedure with those obtained by direct cryo-
genic-trap HG AA demonstrated that much of
the dissolved dimethylarsenic present in the
mouth of the Beaulieu River estuary (Hamp-
shire, UK) had HPLC retention characteristics
consistent with the presence of dimethylarsinate.
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INTRODUCTION

This has often been presented as a proven
reaction mechanism. It has frequently been incor-
porated in modern arsenic biogeochemical cycles
without identification of intermediate steps or
sound evidence having been gathered that some
of the species are present.

A very specific problem is that confusion has
arisen in the literature as to whether the presence of
the dissolved dimethylarsinate ion in the sea has
ever been proven. In 1973 Braman and Foreback
published the first report of dissolved methylated
arsenic species being present in natural waters.
This information was obtained using newly devel-
oped cryogenic-trap procedures for the measure-
ment of inorganic arsenic species. Unfortunately
the fact that their technique would not distinguish
between dimethylarsinate and any other chemical
producing dimethylarsine was not generally appre-
ciated and it was stated that dimethylarsinate had
been found. Since that time the belief has been
perpetuated that dissolved dimethylarsinate had
been identified as being present in marine waters.

Dimethylarsenic has since been found in a
variety of natural systems, ranging from seawater
and marine algdeto urine® In 1974 it was
suggested that the interstitial waters of anoxic
sediments might be the source of the methylated
arsenic® but no evidence could be found for its
presence in the interstitial waters of sediments from

Investigations carried out in the 1940s into thethe Santa Barbara Basin or from the deep Northeast

nature of Gosio gdsled Challenger to write his Pacific. Dimethylarsenic was found in the photic
now-classic review of the biomethylation processeszone, however, and its presence was correlated with
involved in the formation of methyiated arsifie;  indicators of primary productivity such as the
that review he outlined the steps which would bechlorophyll concentration and’C uptake’ Only
necessary to take arsenate through to a polymethyater were methylated arsenic species found to be
lated arsenic oxy-anion, a process which would
involve the sequential reduction and methylation of
arsenic (Scheme 1), eventually producing the
dimethylarsinate ion. |
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* Correspondence to: A. G. Howard, Chemistry Department, Scheme 1 Direct methylation of arsenate according to
University of Southampton, Southampton S017 1BJ, UK. Challenger.
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present in the interstitial waters of estuarine
sediment$™

The exceptionakensitivity of the cryogenic-trap
hydridegeneratiortechniquefor arsenicspeciation
meandghatit is oftentheonly suitablemethod.This
is particularly the casein studiesof the dissolved
arsenicspeciesin marine waters. The underlying
principle is that sodium borohydride converts
methylatedarsenicspeciesto their corresponding
methylatedarsinesThereis currently no evidence
to suggesthattheborohydridereagents capableof
cleavingthe As—Cbond(exceptin somequaternary
arsoniumcompounds)and the numberof methyl
groupsattachedo arsenidn thesecircumstancegs
believed to be conserved.Compoundssuch as
dimethylarsinate for example, yield dimethylar-
sine. Th|s is not the casewith the dimethylarsino-
sugars;:*? however, as in thesecompoundsthe
dimethylarsenianoiety is attachedo the sugarby
anadditionalAs—Cbond.Evidencefor the presence
in the water column of dimethylarsenicspecies
other than dimethylarsinatds to be found in the
discovery of two operationally defined forms of
dlssolved dlmethylarsenlcknown as ‘hidden ar-
senic®® and ‘refractory arsenic’** Whetherit is
correctto deducethat dimethylarsinatds present
from the generationof dimethylarsinerests on
whetherother compoundamight be presentwhich
react with sodium tetrahydroborateto yield di-
methylarsineThesemightbe,for exampleyeduced
dlmethylarsenlc(ll [)compoundssuch as dimethy-
larsinous acid" or dimethylated arsenic(lll)
thiols” Both of thesehave beenfound in anoxic
systemsand might be expectedin oxic systems
which areout of thermodynamiequilibrium.

Sincethe original discoveryof dimethylarsenic
in marine waters, the presumption has been
perpetuatedthat this had been shown to be
dimethylarsinateTherearestill few, if any,reports
of experimentsto test the hypothesisthat this
dissolveddimethylarsenids in fact dimethylarsi-
nate.

In systemscontaining higher levels of arsenic,
ion-exchange HPLC has become an accepted
meansof identifying the presencef dimethylarse-
nic acid (DMAA). Unfortunately current HPLC
systemscannotdetectthe low level of dimethyl-
arsinatewhich is presentin anunpollutedseawater
sample as it elutes. This is the case for both
conventional HPLC instruments and for those
which are capable of arsenic-specificdetection
(by atomic absorption spectroscopy,nductively
coupled plasma mass spectrometry-MSetc). To
overcomethe problem, this paperreportsa new

Copyright© 1999JohnWiley & Sons,Ltd.

approachwhich combines the identification of

dimethylarsinateby HPLC retention behaviour
with the sensitivitywhich canbe achievedoy using
cryogenic-traphydride generationatomic absorp-
tion spectroscopyHG AA). Additional confirma-
tion of the presencef adimethylarsenicompound
eluting in the dimethylarsinate retention time

window is providedby the generatiorof dimethyl-
arsinefrom the fraction.

EXPERIMENTAL

Analytical methods

This paperbrings togethertwo analytical proce-
duresfor the identification of dimethylarsinatan
water. In the first stageof the analysisthe arsenic
speciesin the sample are separatedby anion-
exchangdigh-performancdiquid chromatography
(HPLC). By employing dimethylarsenic acid
(DMAA) standardsolutions and on-line arsenic-
specificdetection,the eluentfraction is identified
which containgheelutingDMAA. Thispermitsthe
DMAA fraction to be collected blind during the
HPLC separationof samplescontainingsuchlow
arseniclevels that the in-line atomic absorption
(AA) detectionsystemis incapableof detecting
them.Eluentfractionsarecollectedfrom theHPLC
separationwhich can then be analysedby cryo-
genic-traphydride AA. Compounddentificationis
provided by HPLC retention behaviourand sup-
ported by the generationof dimethylarsinein the
subsequentcryogenic-trap (HG) AA procedure.
Quantificationof the DMAA is possibleusingthe
cryogenic-trapAA procedure.

Reagentsand glassware
Standardsolutions(1000mgAs dm3) of arsenite,
arsenate monomethylarseniacid (MMAA) and
DMAA were prepared from arsenic trioxide
(As,05), disodiumhydrogenarsenatdeptahydrate
(NapHAsQy), the disodiumsalt of monomethylar-
sonic acid (Na,CH3zAsOs) (reagentgrade, Pfaltz
and Bauer)andthe sodiumsalt of dimethylarsinic
acid [Na(CHs),AsO,-7H,0] (reagentgrade,Pfaltz
and Bauer), respectively.Arsenic concentrations
were checked by flame AA. Secondarystock
solutions, containing 10mgAsdm 3, were then
prepared by dilution of the 1000mgAsdm3
solutions.

Sodiumtetrahydroborate(lllYNaBH,) (Aldrich)
solutionswerepreparediaily in deionizedwaterto
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giveaconcentratiorof 2 or 4% (w/v). Hydrochloric
acid (Fluka, ‘arsenic free’) was diluted with
deionizedwaterto give final concentration®f 2%
(v/v) or 0.05mol dm 3, L-Cysteine(reagengrade)
wasobtainedfrom Sigma.
Potassiuntdihydrogerorthophosphaté<H,PQy)
(BDH) solutionswerepreparedn deionizedwater,
their pH wasadjustedto the requiredvalue by the
addition of sodium hydroxide, then they were
degassedby ultrasonictreatmentundervacuum.

HPLC separation of arsenic species

The HPLC separationof anionic arsenicspecies
was carried out on a Partisii SAX10 column
(25cm x 4.6mm i.d., 10um particle size) eluted
with a potassiumdihydrogenorthophosphatéuf-

fer.*®1n orderto identify theDMAA retentiontime,

the HPLC was fitted with an on-line HG AA

detectionsystenf derived from an ion chromato-
graphy systemas reportedby Ricci et al.*® but

omitting the persulphateoxidant. This was con-
structedby the direct coupling of the outlet tube
from the HPLC column to a continuous-flow
hydride generation AA system reported pre-
viously 2% Solutioneluting from the HPLC column
was mixed with hydrochloric acid solution
(3moldm™3, 2.5cm®*min™?) and then sodium
tetrahydroboratsolution(2%w/v, 2.5cm® min™%).

After passinghroughareactioncoil, theliquid was
mixedwith aflow of nitrogen(100cm® min~*) and
the gasphasewasthenseparatedrom theliquid in

a custom-builtgas—liquidseparator.The gaswas
driedby passageversodiumhydroxidepelletsand
the arsenic was detectedby atomizationin an

electricalfurnace(ca 1000°C) alignedin the light

pathof anatomicabsorptionspectromete(Varian

AA5, Varian AA175 or Baird A5100).

The retentiontime window coveringthe elution
of dimethylarsinatérom the columnwasidentified
by the separatiorof arsenicspeciesvhich hadbeen
addedto seawaterand by detecting the eluted
arseniccompoundsy on-line HG AA.

This on-lineHG AA detectionprocedurecannot
be employed,however,to determinedirectly the
naturallyoccurringDMAA assuchinstrumentation
hasinsufficientsensitivity (the naturally occurring
dimethylarsenicspeciesin coastalseawatersam-
ples are normally gresentat concentrationdelow
ca 400ngAsdm °). Oncethe elution time of the
DMAA hadbeendeterminedoy HG AA detection,
the HG AA modulewasremovedfrom the HPLC
system and in subsequentexperimentsdiscrete
eluatefractions were collectedfor analysisusing
the more sensitivecryogenic-trapsystem.

Copyright© 1999JohnWiley & Sons,Ltd.

Cryogenic-trap HG AA of arsenic species

Two variants of the cryogenic-trap HG AA
speciation procedure were employed. The first
hydride procedurewas a variation of our original
proceduré?? In subsequentvork an alternative
versionof thetechniquevasemployedn whichthe
sample was pre-treated with  cysteine
(20mgem3).2% In both proceduresthe sample
was acidified andreactedwith sodiumtetrahydro-
borate producingarsinesvhichwerethensweptby
a flow of nitrogeninto a cryogenictrap. This trap
containedChromosorb/N/-HP coatedwith 3% w/w
silicone OV-3, andwas cooledby liquid nitrogen.
When all the arsineshad beencollected,the trap
was gently warmedby electrical heating,sequen-
tially releasinghearsinednto a quartz-Ttubeheld
at ca 900°C in an electrically heatedfurnace.
Arsenic atoms generatedin the furnace were
monitored by an atomic absorptionspectrometer
(Varian AA5, Varian AA175 or Baird A5100).

Sampling

Sampledor studywere collectedfrom the estuary
of the River Beaulieu,which is an essentiallynon-
pollutedriver in southernEngland,approximately
15km long and draining the heathlandand forest
areasof the New Forestinto the Solent.It is awell
characterizedestuary with dissolved methylated
arsenic levels at their highest in the estuary
mouth?*

Water was collected from Lepe Beach, just
outsidethe BeaulieuEstuarymouth,andfrom three
points just within the mouth of the estuary.All
samplesveretakencloseto hightide. The samples
were collecteddirectly into acid-washegolyethy-
lene bottles and returnedto the laboratory for
immediatéfiltration (acid-washedVhatmanGF/C).

Identification of dimethylarsinate

The cryogenic-trapHG AA procedurewas em-
ployedasascreeningrocedurdo identify samples
containingdimethylarsenicspecies Samplesden-
tified as containing dimethylarsenicwere then
subjectedto an ion-exchangeHPLC separation:
200ul aliguotsof thefiltered samplewereinjected
onto the HPLC column andthe HPLC eluatewas
collectedoverthetimewindow coveringtheelution
of dimethylarsinate.This fraction was then ana-
lysed for the presenceof dimethylarsenicby the
cryogenic-trapHG AA procedure.

Appl. OrganometalChem.13, 39-46(1999)
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RESULTS

The chromatographic behaviour of
DMAA

Anion-exchangechromatographyof seawateris
affected by the ionic strength,pH and buffering
capacity of the sample. Care must therefore be
takento ensurethatthe natureof the samplematrix
doesnot significantly alter the retentionbehaviour
of the DMAA, as in this work HPLC eluent
fractionswereto becollected’blind’ for subsequent
cryogenic-trapHG AA analysis.

The pH and ionic strength of the solvent
employed for the HPLC separationstage was
adjustedto identify optimal analysis conditions
andto ensurethat the chromatographidehaviour
of dimethylarsinate was understood when the
DMAA was presentin a seawatermatrix. Pre-
liminary experimentswere therefore carried out
usingadirectly coupledHPLC-HGAA systemand
employing standardarsenicspeciesin solution at
concentration®f ca50ngcm °.

Effect of eluent pH

Initial experimentswvere carriedout to investigate
thedependencef retentionbehaviouron pH. Fora
30mmoldm 2 phosphateeluent with pH values
coveringtherange4.5to 7.0 theresultsareshown
in Fig. 1.

Arseniteis presentthroughoutthis pH rangeas
its fully protonatedform [As(OH);] and is not
retainedoy this chromatographisystem)eadingto
aconstanfpparentetentiontime of ca3.0min. As
the pH is increasedhe retentiontimes of arsenate
and MMAA decreasewhilst that of DMAA
increaseauntil a maximumis reachedat pH 6.2.
The retention times of the methylated arsenic
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Figure 1 Effect of eluentpH on apparentetentiontime.
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species converge ca pH 5.3, resulting in an

inversion of their retention order at this pH. At

pH 6.5theretentionof MMAA hasdecreasetb the

pointwhereit ceaseso beretainedandit co-elutes
with arsenite A pH of 6.2 was chosenfor further

work asit permitsthe resolutionof DMAA whilst

limiting the overall length of the chromatogram,
whichis governedy the arsenateetention.At pH

6.2the phosphateluentalsoactsasa buffer which

assistsin controlling the column pH conditions
when they are perturbedby the injection of the

seawatermatrix, which itself has a significant
buffering capacitytending to shift the eluent pH

towards8.2.

Eluent concentration

Retention times of arsenic species on anion-

exchangecolumnsdependuponthe concentration
of the eluent.The eluentpH wasthereforefixed at

6.2andthe phosphatstrengthwasvariedfrom 5 to

200mmoldm™2 (Fig. 2).

Under these conditions the arsenite remains
unretained. At low eluent concentrationsthe
arsenatgetentiontime is long; it elutesafter more
than 16min with an eluent concentration of
5mmoldm 3. As the concentrationis increased
the retentiontimes of all componentdall, but the
effect is most markedfor arsenateThe MMAA
retention time decreasesand the anion is not
retained above an eluent concentration of
100mmoldm 3. The DMAA retentionis affected
only little by the eluent strength, remaining
effectively constantabove 100mmoldm 3. An
eluentconcentratiorof 30mmoldm™2 waschosen
as at this concentrationDMAA is well separated
from the other specieswithout giving rise to an
excessiveljong arsenateetentiontime.

\\
arsenate
~

Retention time (mins)

eluent strength (mM)

Figure 2 Effect of eluent concentrationon the apparent
retentiontime of four arsenicspecies.
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Figure 3 Alteration of apparentretentiontimes of arsenic
specieswith varyinginjection volumes.

Tolerance to injection volume
In orderto achievesufficiently low detectionlimits
for seawateranalysis,large-volumeinjections of
the high-ionic-strengttsalineseawatesolutionare
required. The effect of sampleinjection volume
was thereforeinvestigatedfor both standardsolu-
tionsmadeupin distilled waterandin seawater-or
these experimentsa 30mmoldm 3 phosphate
eluent was employed (pH 6.2) at a flow rate of
1.5cm®min~t. The effect of changingthe volume
of the seawatesampleinjectedis shownin Fig. 3.
Arsenite is unretainedon the column and its
retentionbehaviouris thereforeunaffectedby the
samplevolume.Whilst thereis a smallincreasdan
the retention times of arsenateand DMAA, the
mostsignificanteffectonretentiontimeis observed
for MMAA. This of MMAA is increasedas the
injectedvolumeincreasesiesultingin convergence
of theMMAA andDMAA elutiontimeswhen500-
ul injectionsareused.Injectionslargerthan500pl
resultin significantpeakbroadeningandtheywere
thereforenotconsideredAlthoughtheconvergence
of the MMAA and DMAA peaks was not
consideredto be ideal, thesetwo specieswere
completelyresolvedin the subsequentryogenic-
trap analysisstep.

Dimethylarsenic in estuarine waters

Water sampleswere taken regularly from the
estuary of the River Beaulieu to monitor the
presence of hydride-reducible dimethylarsenic
speciesOnce a water samplehad beenidentified
as containing dimethylarsenicby cryogenic-trap
HG AA, an aliquot of it was separatecdby HPLC

Copyright© 1999JohnWiley & Sons,Ltd.

Tablel ArsenicspeciegngAscm °)in estuarineandcoastal
waters

Inorganic
Sample As(lll) + As(V) MMA DMA DMAA
Lepe ND ND 0.34,0.34 0.33,0.36,0.33
Beaulieul 0.77 0.15 0.09 0.09
Beaulieu2 0.79 0.13 0.14 <0.03
Beaulieu3 0.87 0.02 0.09 0.10

and the eluate was collected during a tightly

constrainedtime window covering the elution of

the dimethylarsinateThis eluatefraction wasthen
analysedusing the cryogenic-trapHG AA proce-
dure.The presenceof hydride-reducibledimethyl-

arsenic in this HPLC fraction was evidence
supportingthe presenceof dimethylarsinaten the

sample.

In a preliminary experimenta single water
sample was collected in June 1993 from Lepe
Beach in Hampshire. This sample was filtered
(Whatman GF/C) and then analysed by both
cryogenic-trap HG AA?! and using an early
developmenbf theHPLC procedureln thissample
the dimethylarsenidDMA) concentratiorwasnot
significantly different from the level of dimethyl-
arsinate(DMAA) measuredy HPLC (Table1).

The secondsampleset was analysedusing the
HPLC conditionsdevelopedn this papertogether
with the cysteine-enhancectyogenic-tragHG AA
system.In theseexperimentshree separatevater
sampleswere taken from the mouth of the River
Beaulieu estuary.Whilst all three were found to
containsomedimethylarseniconly in two of the
caseswasthis found to be fully explicableby the
presenceof dimethylarsinate The reasonfor the
absenceof DMAA from Beaulieu sample 2 is
currentlyunclearbutit maybedueto the presence
of currently unknownhydride-reducite dimethyl-
arsenicspeciesAll otheranalyseslemonstratéhat
in thesesamplesthe dimethylarseniccontentwas
consistentwvith the presencef dimethylarsinate.

DISCUSSION AND CONCLUSIONS

HPLC and cryogenic-trapHG AA, when usedin
combination,provide a powerful approachto the
identification of DMAA in unpolluted natural
waters.The HPLC separatiorpermitsthe isolation
of DMAA within a retentiontime window which

Appl. OrganometalChem.13, 39-46(1999)
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might be expectedo excludemostotherdimethyl-
arsenicspecies.The sensitivity of the cryogenic-
trap technique, offering detection limits in the
picogramrange,is capableof detectingthe small
guantity of arsenicelutedfrom the HPLC column.
At the sametime, the trap AA procedureconfirms
thepresencef adimethylarsenicompounddueto

theidentificationof (CHs),AsH generatedrom the
HPLC fraction. The improved detection limits

attainable by this combination approach arises
from the focusingof arsenicwithin the cryogenic
trap.If awatersamplewereto contain for example,
0.2ngAscm 2 asDMAA, the injection of sucha
sample would lead to the elution of 100pg of

arsenicfrom the HPLC column. Spreadover the
width of a typical HPLC peakthis would not be
detectableby any direct HPLC-HG AA system.
When focused by cryogenic trapping, however,
100pg of arsenicmovesinto the AA systemwithin

a few secondsandis readily detectedIn conven-
tionalHPLC systemsheco-elutionof monomethyl-
arsonatewith dimethylarsinate when high-ionic-
strengthseawatesamplesareinjected,would be a
problem.Whencryogenic-tragHG AA detectionis

employed however the dimethylarsinds resolved
from monomethylarsin@andthe HPLC peakover-
lap is inconsequential.

Water sampleshave been analysedfrom the
mouthof the River Beaulieuestuaryanareawhich
hasbeenshownin the pastto contain significant
levels of dimethylarsenic, but which is not
significantly contaminatedrom geological,indus-
trial or urbanrun-off. By comparingthe levels of
dimethylarsenic measuredby the conventional
cryogenic-trapHG AA systemwith the levels of
dimethylarsenianeasuredvithin the dimethylarsi-
nateHPLC retentionwindow, it hasbeenpossible
toillustrateboththe probablepresencef dimethyl-
arsinate and that the majority of the hydride-
reducible dimethylarsenicpresentin thesewater

samplesappearedo be presenasdimethylarsinate.

It shouldbe pointedout thatthe correspondencis
only valid for the hydride-reducite species(of
which dimethylarsinatés one)anddoesnot apply
to the ‘hidden’ arsenicspecieswvhich would not be
detectedin the cryogenic-trapprocedureand that
would be likely to elute outsidethe dimethylarsi-
nateretentionwindow.

How arsenateis converted to DMAA and
‘hidden’ dimethylarsenichas still to be firmly
establishedThereis surprisinglylittle evidenceto
supportthe directrouteto the formationof DMAA
involving the sequential biomethylation of the
arsenatenionthroughMMAA to DMAA, follow-
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ing ghe reactionsequenceut forward by Challen-
ger:

The favoured explanationfor the presenceof
dissolved DMAA is that it results from the
degradationof larger biomoleculesand not from
the direct methylationof arsenatelt is now well
establishedhatmostof thearsenidn marinealgae
is presentas arsenosugat$2® and four dimethyl-
arsenoriboside$iave been shown to accountfor
75% of arsenicin extractsof the edible brown
seaweed Sphaerotrichiadivaricata®® The break-
down of dimethylarsenosugarsyith conservation
of the two CHzAs arsenic—carborbonds during
chemical and biological degradation (through
‘hidden’ arsenicspeciessuchas dimethyloxarsyl-
ethanol?}’ would leadto the formationof DMAA,
which would be very chemically stableunderthe
oxidizing conditionsof the aerobicmarineenviron-
ment. In this route arsenateis taken in by
macroalgae(and phytoplankton?),converted to
arsenosugarsand releasedback into the water
column as a result of excretion, grazing and
decompositionof dead cells. Marine microbes
would be expectedo play a majorrole in changes
to thesecompoundgesultingin the generationof
the metastablalimethylarsinate.

The arseniccompoundsstoredby marinefauna
differ significantly from those found in marine
plants and at presentthis area appearsto be
dominatedby arsenobetaing *° Arsenobetainds
reportedto be brokendownto dimethylarsinatéy
bacteriaisolatedfrom coastalsediment$" and by
bacteriafrom the intestinesof the chiton (mollusc)
Liolophura japonica®® In culture studiesarseno-
betainewasbrokendownto trimethylarsineoxide*®
andthen to arsenaté? From similar experiments
the additional presenceof dimethylarsinatewas
reported’® Arsenobetainevasdegradedy bacteria
in seawateto trimethylarsineoxide andinorganic
arsenic(V)**%” The subsequenthydrolysis of
trimethylarsineoxide would be expectedto result
in the formationof dimethylarsinate.

Arsenocholine is much less common than
arsenobetainein marine organism& but it is
reportedo resultfrom theanaerobicecomposition
of arsenosugar® Metabolismof arsenocholindy
sedimenmmicro-organism$asalsobeernreportedo
resultin the formationof arsenobetaing

It is notyetfully clearwhere‘hidden’ dimethyl-
arsenic fits into the story. The large pool of
dimethylarsenicheld in organismsn the form of
larger molecules,is releasedboth actively during
life and rapidly after deathdue to cell lysis and
bacterialbreakdownprocessesThis resultsin the

Appl. OrganometalChem.13, 39-46(1999)
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releaseof compoundsuchasthe arsenosugarand
their breakdownproductsinto the water column.
Whilst there is evidenceto suggestthat active
excretionanddecompositiomoutesbothcontribute
towards the presenceof dimethylarsenicin the
water column, the relative contributionsof these
two routeshaveyet to be establishedln a previous
study we have attemptedwithout successto link
theappearancef hydride-reducibldOMA with the
presencef particularphytoplanktonor bacteriain
the watercolumn®! Despitea markedsuccessional
developmenbf planktonicspeciesthe appearance
of dissolved DMA could not be linked to the
presenceof any particularspeciesandits concen-
trationslowly built up overthe summetto dissipate
eventuallywith deterioratingclimatic conditions.
Suchobservationsvould not be inconsistentwith
theappearancef dissolvedDMA beingrelatednot
to activeexcretionof hydride-reducibldMA from
living plankton,butto thereleaseof ‘hidden’ DMA
speciesthrough excretion, decompositionalpath-
ways and grazing. Only oncethe ‘hidden’ DMA
decompositionpathwayshad reacheda hydride-
reducible species, such as DMAA, would the
presencef hydride-reducike DMA be evident.

Most of the dimethylarseniccompoundswhich
are not hydride-reduciblehave complexstructures
which make them useful carbon sources;their
lifetimes in a biologically active systemare likely
to berelatively short,yet significantcomparedvith
the few days separatingthe developmentand
demise of a phytoplankton population. Further
microbial/chemicabreakdowrof thesecompounds
will eventually lead to the presence of the
metastable dimethylarsinate which is hydride-
reducible.Subsequerdemethylatiorof the DMAA
would resultin the eventualreturnof thearsenicto
its arsenatdorm.>?

This paper, in presenting evidence for the
presencef dimethyhrsinate haswe believegone
further than previouswork, which only produced
evidencefor dimethylrsenic
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