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NOTE

Inorganic and Organic Selenium Compound
Speciation with Coupled HPLC-MW-HG-AFS
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Coupling between high-performance liquid
chromatography, microwave-induced reduction,
hydride generation and atomic fluorescence
spectrometry (HPLC-MW-HG-AFS) has been
used for selenium speciation. The concentrations
of a redox mixture (HCI solution of KBr and
KBrO 3z aqueous solutions) used for both destruc-
tion of organic matter and reduction of the

INTRODUCTION

Selenium species are widely distributed in the
environment and can be present as inorganic or
organic species, exhibiting different chemical and
biological properties. Inorganic compounds, such
as selenite and selenate ions, are present in water
and soils, whereas inorganic selenides and ele-

selenium species have been optimized, as well as mental selenium are insoluble compounds. Some

the concentration of NaBH, in the hydride
generation step. Chromatographic separation

volatile organoselenium compounds, such as di-
methyl selenide and dimethyl diselenide, are the

of selenocysteine, selenite and selenate took place result of biomethylation of inorganic selenium by

in 15 min, employing a polymer-based strong
anion-exchange column. Calibrations with cor-
relation coefficients r> 0.998 were obtained for
the three compounds at concentrations between
0.5 and 10ug |, Detection limits for selenite,

microorganisms. More complex selenoamino
acids (e.g. selenocysteine and selenomethionine)
can be found in biological tissues as a consequence
of biological pathways by which selenium is
incorporated into proteirss.

selenocysteine (SeCys) and selenate were 0.2, 0.3 Low levels of selenium are necessary for human

and 0.5ug |, respectively. The coupling has
been tested with spiked water samples (tapwater
and seawater), obtaining recoveries in the range
94-104%. Copyright © 1999 John Wiley &
Sons, Ltd.
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metabolism, as it is a component of glutathione
peroxidase, necessary for the removal of hydrogen
peroxidase and lipid peroxidases from cellin
addition, this element prevents tissue interactions
with toxic heavy metals such as arsenic and
mercury? The nutritional requirements for sel-
enium have been established to be in the range 0.1-
0.3mg kgl; higher concentrations (2—-10 mg
are toxic>®

Liquid chromatography (HPLC) has been widely
used for the speciation of non-volatile selenium
compounds. Different selenoamino acids (sele-
noethionine, selenocysteine or selenomethionine)
have been separated employing a reverse-phase
column’/® However, inorganic compounds (sel-
enite and selenate) are not retained on this type
of column, and co-elutd.The use of a vesicle-
mediated HPLC (with didodecylammonium bro-
mide), allows separation of inorganic compounds.
Also, use of a mixed packing consisting of
octadecyl and ion-exchange stationary phases
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(ODS/AMINO) has been proposed! Finally,
separationof selenoaminoacids and inorganic
selenium has been achieved by use of strong
anion-exchangeolumns!?*3

Severalcouplingsbasedon HPLC and atomic
detectorshavebeenproposedor seleniumspecia-
tion. Direct couplingwith flameatomicabsorption
spectrometry(HPLC—FAAS)? provides poor de-
tection limits, in the milligram per litre range.
Better results (microgramsper litre) are obtained
with coupling betweenHPLC and electrothermal
atomic  absorption spectrometry (HPLC-
ETAAS).** HPLC-ICP-MSprovides high sensi-
tivity, as has been reported’** with detection
limtits in the microgramper litre range.

Anotherapproachnvolvesuseof anintermedi-
ate stepbasedon microwaveradiationin orderto
destroy the organic part of the organoselenium
molecules,followed by hydride generatioh® and
atomic absorption detection (HPLC—-MW-HG—
AAS). This approaclemploysaredoxreagentalso
(a HBr/KBrOs mixture) in orderto reduceall the
speciedo selenium(IV)beforethe hydridegenera-
tion step,andit is suitablefor complexmolecules,
especially selenoaminoacids. Other authorg®*’
havealso employedatomic fluorescenceletection
(HPLC-MW-HG-AFS) for the speciation of
inorganicselenium.

In this papera procedurebasecbn the separation
of selenium(1V),selenium(VIandSeCysy HPLC
followed by on-line microwavereductionoxidation
of the selenium speciesto selenium(lV) with a
redox mixture (HCIl + KBr and KBrOs), hydride
generationand detectionwith atomicfluorescence
spectrometry (AFS) has been developed and
optimized (HPLC-MW-HG-AFS). This approach
has beenusedfor seleniumspeciationin spiked
watersamples.

EXPERIMENTAL

Reagents

Stock solutions (each 1000mgl~* as Se) of
Na,SeQ, Na,SeQ, seleno--cysteine(all pur-
chasedrom Sigma,Gillingham, Dorset,UK) were
preparedn deionizedwaterobtainedfrom a Milli-
Q Gradientsystem(Millipore, Bedford,MA, USA)
and stored in the dark at 4°C. Dilute working
solutionswere preparediaily.

HBr (47%) (Merck, Darmstadt, Germany),
KBrOs;, NaBH,, KoAc and K,SQ;, (all purchased

Copyright© 1999JohnWiley & Sons,Ltd.

from PanreacBarcelonaSpain)wereof analytical
grade.All aqueoussolutionswere preparedusing
Milli-Q water. Analysed water samples were
filteredthrougha 0.45um syringefilter (Whatman,
Clifton, NJ, USA).

Instrumentation

The HPLC system consistedof a Varian 9012
ternary pump. The samplewas introducedvia a
Rheodyner125injector fitted with a 200l loop.
Separatiorof the seleniumcompoundgook place
in aHamiltonPRPX-100column.TheHBr, KBrO5
and NaBH, solutions were pumped using two
Gilson Minipulse-3 peristaltic pumps.Microwave
radiation was supplied by a Moulinex Y 55
domestic microwave. Separationof the volatile
seleniumhydrideswas achievedin a type A gas—
liquid separatoPS Analytical, Kent, UK). Argon
was used as carrier gas and was dried before
detection with a hygroscopic membranedrying
tube (Perma Pure Products, Farmingdale, NJ,
USA). Detection of the selenium hydrides was
performedusing a PSA Excalibur 10.33AFS (PS
Analytical, Kent, UK). Integrationof thechromato-
graphic peakswas performedby connectingthe
analogueoutput of the detectorto a computer
(Varian, SanFernandoCA, USA).

Procedure

A 200+l samplesolutionwasinjectedin theHPLC
strong anion-exchangeolumn. Separationof the
seleniumspecieswas performedusing a gradient
programwith two mobile phaseqA, 2gl~ KoAc
aqueoussolution; B, 2gl~* K,SO, aqueoussolu-
tion), bothat a flow rateof 1 ml min~* andpH 6.5:
100% A was pumpedfor 1 min, then changedin
1 minto 100%B andmaintaineduntil theendof the
chromatogramA redoxreagentvasaddedafterthe
chromatographic separation, consisting of two
solutions, 2% (w/v) KBr in 10m HCI solution
(flow rate 1.2mlmin~%) and 15mm KBrO; solu-
tion (flow rate 0.6mlmin~") addedon-line. De-
struction of the organic portion of the
selenocysteineand reduction of the different
selenium compounds was achieved with the
microwaveoperatedat 150W. In orderto stabilize
thesignal,anice-bath-cooledoop wasplacedafter
themicrowave.Hydride generatiorwascarriedout
by addingl ml min~* of 1.5% (w/v) NaBH, in 1%
(w/v) NaOH. A flow of argon of 100ml min~*
transportedhe seleniumhydridesto a gas—liquid
separatorA secondargon flow of 200ml min—*
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Figure 1 Scheméor HPLC-MW-HG-AFScoupling.AFS, atomicfluorescencepectrometer.

carnedthehydrldesto the AFS. A hydrogerflow of
60ml min~* wasalsousedin orderto maintainthe
argon—hydrogeuiffusion flame of the detector.A
boostedlischargedollow cathoddamp (BDHCL)
wasusedasradiationsourcewith boththe primary
and boost currentsat 25.0mA. Peakareaswere
consideredhroughoutthe experimentsA diagram
of the couplingis shownin Fig. 1.

RESULTS AND DISCUSSION

Chromatographic separation

Separatiorof the seleniumspeciesvascarriedout
usingthe stronganion-exchangeolumn,taking as
the startlng point the resultsobtainedby Gilon et

al.,** who used HPLC-ETAAS, with a gradient
programemploy|ngN|(OAc)2 andNiSQO, solutions
asmobile phaseswith aruntime of 36 min. In our
approach, some modifications were introduced.
Nickel solutions were substitutedby the corre-
spondlngpotassmrrsalts maintainingthe original
concentration®f 21~ for eachsolutionandthe
pH of 6.5. Gilon et al. used GFAAS for final
detectionof the seleniumspecies;thus a matrix
modifierwasneededo obtaina suitablesignal.In
our case,mobile phaseshasedon potassiumsalts
werechosenFollowingtheconditionsdescribedy
Gilon et al., we separatedhe speciesin 25min
(Fig. 2a). The gradient program was then opti-
mized, pumpinginitially 100% of mobile phaseA
(KOAc) for 1min, then changingto 100% of
mobile phaseB (K>SQy) in 1 min andmaintaining

Copyright© 1999JohnWiley & Sons,Ltd.

this phaseauntil theendof thechromatogramUnder
theseconditions,the time of analysiswasreduced
to 15min. A typical chromatogranobtainedwith
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Figure 2 HPLC-MW-HG-AFS traces for selenium stan-
dards (each 10ugl1~* as Se) using the gradient program
describedn: (a) Ref. 14; (b) this paper.
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(SdY), Selenium(VI) (Se”) and SeCyson: (a) KBrOz concentration;(b) NaBH, concentration;(c) KBr

concentration{d) microwavepower.

the HPLC-MW-HG-AFScoupling and the opti-
mizedgradientprogrammeis depictedin Fig. 2(b).

Derivatization optimization

The concentrationsof the different solutions
pumpedwith the peristalticpumpwere optimized.
In Fig. 3 the peakareasobtainedor selenocysteine,
selenite and selenate are shown for several
concentratiorrangesof KBrOs, KBr and NaBH,.
The weakest signal was always obtained for
selenium(lV).Hence,optimal concentrationsvere
chosenn accordancevith the maximumsignalfor
this speciesBoth selenium(IV)andSeCysesulted
in strongsignalsfor all theconditionstestedOnthe
other hand, an increasein the microwave power

Copyright© 1999JohnWiley & Sons,Ltd.

(Fig. 3d) resultedin a significantincreasein the
selenium(IV) signal, but producedan increasein
baselinenoise.A compromisevalue of 150W was
chosen.

Calibration and detection limits

Calibration curveswere determinedfor the sele-
nium species. Several standardscontaining the
threecompoundsvereinjectedinto the chromato-
graph, covering concentrationsbetween0.5 and
10,91~ (asSe).Linear fits were obtainedfor the
three compounds with correlation coefficients
r =0.9994, 0.9993 and 0.998 for selenium(lV),
SeCysand selenium(VI), respectively.Detection
limits (DL) were obtained as three times the
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standard deviation calculated at the intercept
divided by sensitivity (slope of the calibration
curve). The DL obtainedfor selenium(lV),SeCys
andselenium(VI)were0.2,0.4 and0.3ugl* (as
Se),respectively.

Analysis of spiked samples
Two typesof watersamplesof low andhigh ionic

strengthswere studied (tapwater and seawater).

Sampleswere filtered througha 0.451:m syringe
filter andanalysedResultsrevealedhe absencef
selenium speciesin both samples.Therefore, a
spiking experimentwas performedto evaluatethe
recoveryand possibleinfluence of the matrix. A
100ul portion of a standard aqueoussolution
(1 mgl~1) containingthe threespeciesvereplaced
in a 10-mlvolumetricflaskwhich wasfilled to give
afinal concentratiorof 10 ug|~*. Recoveryvalues
were between 94 and 104% with precision
(standarddeviation)betterthan 5%. Neitherreten-
tion time shift nor peak shapedeformities were
observedusingseawatesamples.

CONCLUSIONS

Coupled HPLC-MW-HG-AFS gave detection
limits below the microgramper litre level. These
resultsarecomparablavith thoseobtainedby other
sensitiveatomic detectorssuchas ICP-MS. AFS
detectionalso presentdhe advantageof low costs
and easy coupling to the HPLC system. Forth-
coming work will be directedto the analysisof
otherselenoaminacid speciesandto studieswith
enumeratecdamples.

Copyright© 1999JohnWiley & Sons,Ltd.
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