APPLIED ORGANOMETALLIC CHEMISTRY
Appl. Organometal. Cheni4, 401-410 (2000)

Arsenic speciation in some environmental

samples: a comparative

study of HG-GC-

QFAAS and HPLC-ICP-MS methods

T. Guerin," N. Molenat,? A. Astruc®* and R. Pinel?
'Agence Franaise de Seurite Sanitaire des Aliments (AFSSA), 10 rue Pierre Curie, 94704 Maisons-Alfort

Cedex, France

2Universitede Pau et des Pays de I'’Adour, Laboratoire de Chimie Analytique Bio-Inorganique et

Environnement, UMR CNRS 5034, Avenue de I'U

niversitd000 Pau, France

Some water and soil extracts polluted with
arsenic, and a sewage sludge certified for total
arsenic have been analysed by high-performance
liquid chromatography-inductively coupled
plasma—mass spectrometry (HPLC-ICP-MS)
and hydride generation—gas chromatography—
guartz furnace atomic absorption spectrometry
(HG-GC-QFAAS techniques.) Detection limits
in the range of 200—400 and 2-10 ng respec-
tively allowed the determination of inorganic
[As(l1), As(V)] and methylated (DMA, MMA,
TMAO) arsenic species present in these samples.
Results obtained by both methods are well
correlated overall, whatever the arsenic
chemical form and concentration range (8—
10 000pg I™Y). Comparison of these results
enabled us to point out features and disadvan-
tages of each analytical method and to reach a
conclusion that they are suitable for arsenic
speciation in these environmental matrices.
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INTRODUCTION

Natural accumulations of arsenic occur in some
parts of the world. Additionally arsenic is intro-
duced into the different compartments of the
environment by largescale industrial and agricul-
tural use and also by mining activities.

Inorganic arsenic is predominant in soils and
waters. Methylated forms such as monomethylar-
sonic acid (MMA), dimethylarsinic acid (DMA)
and trimethylarsine oxide (TMAQO) can be also
found, due to the use of organic arsenicals as
pesticides and to biological methylation.

In biological matrices more complex organic
arsenic forms such as arsenocholine (AsC) and
arsenobetaine (AsB) can occur. AsB may represent
up to 95% of arsenic species in marine fish. In
algae, arsenic is also present in arsenosugar forms,
resulting from biotransformation of simpler arsenic
compounds.

As for many other elements, the acute toxicity
and environmental fate of arsenic compounds
depend on their molecular forms. Inorganic arsenic
is known to be particularly toxic, especially arsenite
[As(1ID)]; the acute toxicity of arsenic compounds
decreases in the order: arsenitarsenate-
MMA > DMA, with a ratio of about 100 between
the toxicity of inorganic and methylated forms. It is
therefore important to determine the concentration
of each of these species accurately.

Numerous analytical methods have been devel-
oped for that purpose in recent years and have been
reviewed® The oldest methods optimized for
arsenic speciation are based on hydride genera-
tion.?® However, the predominant methods nowa-
days consist of coupling the separation power of
HPLC to detection with specific detectors such as
natomic absorption spectrometry (AAS), inductively
coupled plasma—atomic emission spectrometry
(ICP-AES) or ICP—mass spectrometry (ICP—
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MS).* Numerougpublicationsdealwith theanalysis
of standardsolutionsbut few with actualenviron-
mental samples. To calibrate these analytical
methodsfor arsenicspeciationa standardsolution
certifiedin arsenobetaineontent(CRM 626)anda

tuna-fishtissue(CRM 627) certifiedin AsB andin

DMA have beenrecently commercializedby the
BCR (Commissionof the EuropeanCommunities,
BrusselsBelgium.Becausef thelack of reference
materials certified for the more toxic arsenic
compoundgAs(lll), As(V) and MMA], it was of

particular interestto comparearsenic speciation
determined by different methods on the same
samples.

The aim of this paperis to quantify the major
arsenicspeciegresenin somenaturalwaters,soil
andsludgewaterextractsby two different hyphen-
atedtechniqueshydridegeneration—gashromato-
graphy—quartz furnace atomic absorption
spectrometry(HG—GC—-QFAAS)and high-perfor-
manceliquid chromatographyiductively coupled
plasmamassspectrometryHPLC—-ICP-MS)Com-
parisonof the resultswill establishtheir validity
andinterest.

EXPERIMENTAL

Reagents and solutions

Arsenic trioxide (As,Os3, p.a.) was obtainedfrom
Merck DarmstadtGermany) Dimethylarsinicacid
sodiumsalttrihydrate(DMA, purum)andstandard
solution (1000mgAs|~1) of arsenate(H3AsOy,
spectrosol)were purchasedfrom Fluka (Sigma—
Aldrich, Buchs, Switzerland) and BDH (Poole,
Dorset, UK), respectively. Methylarsonic acid
(MMA) disodium salt [Puro (>98%)] was pur-
chasedrom Carlo Erba(Milan, Italy).

Deionizedwater(Milli-RO/Milli-Q systemfrom
Millipore, 18 M) cm)wasusedto preparghestock
standardsolutions and the eluent solutions. Ar-
senitestockstandardsolution(1000mgAs | %) was
preparedby dissolutionof As,Oz in 0.2% (m/v)
NaOH solution (NaOHH,0, suprapur, Merck)
leading to formation of sodium arsenite. The
1000mgAs|—t stock solutions of MMA and
DMA were preparedin deionized water. All
standards(1000mgl~%) were used without any
further purificationand storedat 4 °C in the dark;
their stability over several months has been
confirmed®

For the HPLC-ICP—-MSmethod,working stan-
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dard solutions, obtaineddaily by dilution in the
chromatographieluentjustbeforeuse werestored
in the dark. Phosphate mobile phase (12.5
mmoll~*, pH 6.8) was preparedby dissolving
diammonium hydrogen phosphate[(NH 4),HPQy]
in deionizedwaterandpH adjustmentvasobtained
by dropwiseaddition of 30% ammonia(NH,OH);
all were RPE quality (Carlo Erba). The mobile
phasewas filtered (0.45um) and deaeratedust
beforeuse.

For the HG—-GC-QFAASmethod, stock solu-
tions were diluted daily to intermediatesolutions
containingl0mgAs |~ andto working solutions
containing100.g As| 1. Trimethylarsine(TMA)
standardsolution(1000mg As | ) andtheworking
solution were preparedby solubilization of com-
mercial trimethylarsine (Strem, 99% purity) in
methanol(Merck, p.a.).A 6% NaBH, (Fluka,99%
purity) solution was prepareddaily in deionized
waterandstabilizedwith 0.1m NaOH(NaOHH,0,
Merck, suprapur).Oxalic acid (RPE quality) was
purchasedfrom Carlo Erba. Phosphatebuffer
(0.05m) was preparedwith KH,PO, (6.8g1° %
Merck, p.a.)andK,HPQO, (8.7g1™; Merck, p.a.).

All the vesselsand samplingbottles usedwere
decontaminatedwith 10% (v/v) HNOs; (Merck,
p.a.)andrinsedseverakimeswith deionizedwater.

Apparatus

HPLC-ICP-MS

The HPLC system consistedof a Varian 9012
(Varian) gradientsolventdelivery unit fitted with a
Hamilton PRP-X100 (Hamilton,Reno,NV, USA)
anion-exchangecolumn (25cmx 4.1mm i.d.;
spherical 10-um particles of a styrene—divinyl-
benzene copolymer with trimethylammonium
exchangesites; stable betweenpH 1 and 13;
exchangecapacity0.19meqg ). A 100l injec-
tion loop (PEEK; Interchim)wasusedin conjunc-
tion with a Rheodynesix-port injection valve. An
Elan 6000 ICP/MS (Perkin-Elmer)was used to
detectarseniccompoundsn the chromatographic
effluent.

HG-GC-QFAAS

The HG-GC-QFAAS systemwas an automatic
deviceoptimizedin our laboratoryfor organotif?"’
and arsenicspeciatiorf It consistsof a hydride
generatiorflask madeof Pyrex(50ml) linked to a
glass U-tube (705mmx4 mm i.d.) packed with
10% OV 101 on Chromosorb80/100-mesh.This
glasscolumncouldbeimmersedn liquid nitrogen.
It wasconnectedo a T-quartzcell (14cmx12mm

Appl. OrganometalChem.14, 401-410(2000)
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Table 1 Operatingconditions

ICP-MS:Elan 6000 HG-GC-FFAAS

Hydride generation:
R.f. power ~ 1100W Acid:
Nebulizer Cross-flow Exptl:As(lll+V), MMA, DMA 1% Oxalic acid (50 ml)
Spraychanber Ryton Scott-type Expt I1:As(Ill) only 0.05m Phosphatduffer (50 ml)
lon samping: NaBH,4

Samplercone
Skimmercone

Argon flow rates:
Outer
Intermediate
Aerosolcarrier

Acquisition paraneters:
Dwell time per mass
Sweepgerreading
Readinggerreplicate
Replicates
Acquisitionmode
Dataacquisition

HPLC: Varian 9012
Anion-exchangeolumn
Mobile phase
pH
Flow rate
Injectedvolume

Nickel, 1 mm orifice
Nickel, 0.75mm orifice

151 min~?t
0.80I min™*
=0.95| min—*
50ms

2

535

1
Peakjumping

Turbochrom(Integratbn software)

PRP-X100(250mm x 4.11 mmi.d.)
12.5mm (NH,4),HPQ, in water

8.5 with NH,OH
1.5ml/min~t
100ul

Concentration
Flow rate (time)

Trapping:

Column
Packing
Trappingtime

Roomtemperaturdime
Heatingtime

Initial helium flow rate:

Expt |
Expt Il

Detection
Lamp current
Wavelength

Quartzcell temperature

O, flow rate
H, flow rate

6% in 0.1m NaOH
2ml min~* (5min)

GlassU- tube (Pyrex

705mm x 4mmi.d.)

10% OV 101 on Chromosorb/\-
HP (80/100mesh)

5.5min

3min

3min (40°Cmin™ %)

100ml/min~?
600ml/min~—?t

8mA
197.3nm
800°C
5ml/min—t
300ml min~?

S3TdAVS TVLINIANOYIANT NINOILVIO3IdS DINISHY
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Table 2 Retentiontimes(Ry) andperformance®f the anion-exchang&lPLC—ICP-MSmethod

Calibrationcurves

Detectionlimits®

Species R+ SDs)  Slopé (cpspug ™) r? Relativé (ng|™%) Absolute(pg aselement)
As(Ill) 110+ 1 271 0.9998 250 25
As(V) 430+ 2 180 0.9999 380 38
DMA 150+ 1 289 0.9999 240 24
MMA 195+1 315 0.9997 220 22

2 Meanfor threereplicateexperimentgpeakheight).
b Definedas3 x SD of 10 blanks/slopeof calibrationcurve.
¢ Injection loop: 100 .

i.d.) heatedby a ceramicfurnace (Perkin-Elmer).
Tygon tubing connectedthe reaction vessel,the

trapandthe quartzcell. Themixturein the hydride

generatiorflaskwashomogenizedvith a magnetic
stirrer. Absorbancesignals were detectedby a

SpectrAA-10 atomic absorption spectrometer
(Varian) and a Shimadzu CR4A-Chromatopac
Integrator;a PC16N I/O carddrovethe process.

Analytical methods

HPLC-ICP-MS

The mass spectrometerwas set to sample ion

intensities (peak jumping mode) at the analyte
mass-to-chargeatio (m/2 75 (“°As™). Instrument
sensitivity was first optimized using standard
solutions introduced with a peristaltic pump
deliveringa 1.5ml min~* flow of solution. Instru-

ment adjustmentsincluded physical x,y mass
spectrometerpositioning relative to the plasma,
theion lensvoltage,argonaerosolcarriergasflow

andradio-frequency(r.f.) powerinput to the argon
plasma. The chromatographicsystemwas inter-

facedwith theICP—MSinstrumenthrougha 10-cm

Teflon capillary tube (0.5mm i.d.) connectingthe

HPLC column outlet to the inlet of the nebulizer.
Thechromatographifiow rateof 1.5ml min~* was
compatiblewith the sampleuptakerateof the |ICP—
MS instrument. The chromatographicconditions
usedin this studywere previouslyoptimized?

The optimizedHPLC and ICP-MS settings,the
analytical performancesof the HPLC-ICP-MS
methodand a typical chromatogramobtainedfor
standardsolutionsaregivenin Tablesl and2 and
Fig. 1 respectively.

Sensitivitiesas peak heightswere very similar
for thethreeless-retainedpecieAs(l1l), DMA and
MMA (differing by lessthan 8%). Thesediffer-
encesarein the orderof magnitudeof the day-to-

Copyright© 2000JohnWiley & Sons,Ltd.

day repeatability of the measurementdy this
method.

HG-GC-QFAAS

This methodwas optimized in order to quantify
As(lll), As(V), MMA, DMA and TMA species.
The principle canbe summarizedasfollows.

An aliquot of sample(0.05-50ml) was intro-
ducedinto a Pyrexreactor,containing50ml of an
appropriatebuffer, to which NaBH, solution was
progressivelyaddedusinga peristalticpoumpunder
continuous stirring. Arsines and alkylarsines
formed were flushedby the helium carrier gasto
be trappedin the U-column maintainedin liquid
nitrogen. After purging, the column was removed
from liquid nitrogenandthenwarmedup at room
temperatureover 3 min. Volatilized hydrideswere
carriedto an electrically heatedquartz cell where
they were atomized in a H-O, flame. Water
vapour condensedin the trap was removed by

35000 DMA

MMA

30000 ] AsUID

25000 4
As(V)

-1

20000

15000

Counts s

10000

5000

0 100 200 300 400 500 600
Retention time (s)

Figure 1 Typical HPLC-ICP-MS chromatogramobtained
with the instrumentationconditions describedin Table 1.
Amountof eachstandardnjected:100ngml~ (asAs).

Appl. OrganometalChem.14, 401-410(2000)



ARSENIC SPECIATIONIN ENVIRONMENTAL SAMPLES

405

o

e @ Inorganic As R; = 0.5 min
e © MMA R, =1.7 min
o © DMA R¢=2.3 min
O TMA Ry =2.7min
6 H,0 R; >4 min
(5]

¢"

012345% R, (min)

Figure 2 Typical HG-GC—-QFAASchromatogranobtained
with the instrumentéion conditions describedin Table 1.
Amount of eachstandardnjected:10ng (asAs). R, retention
time.

controlled heating via a nichrome wire. The
equipmentwas fully automatedexceptfor sample
handling and a modified Shimadzu integrator
determinedall successiveventsandproceededo
datastorage plotting and calculations.

A pH-selective reduction was used for the
speciationof As(lll) and As(V). It necessitated
two steps:

(1) In a 1% (m/v) oxalic acid solution (pH 1.5),

inorganicarsenicAs(lll + V) andMMA, DMA
and TMA specieswere reducedby NaBH, to
correspondin@rsines(Fig. 2).

(2) In a 0.05m phosphatebuffer (pH 6.8), As(lll)
wasreducedo AsHs. As(V) quantificationwas
then obtainedfrom the differencebetweenthe
total inorganicarsenicconcentratiorpreviously
determinedand the concentratiorobtainedfor
As(11) in this step.

The operatingparameteraredetailedin Table1
andanalyticalperformancesregivenin Table3.X°
A direct comparisonof analytical performances
with standardsolutionscanbe madeby considering
Tables2 and3.

Absolute(mass)detectionlimits (DL) aremuch
lower for HPLC—-ICP-MShowever—owingo the
muchlargersamplevolume (50 ml vs 100 ul) used
—HG-GC-QFAAS allows much lower relative
(concentration)DL values. Moreover trimethyl-
arsine(TMA) and TMAO may be determinedby
HG-GC-QFAASand not by HPLC-ICP-MS,as
theseneutralarsenicspecieswere not retainedby
the anion-exchangeHPLC procedureused here.
This limitation is of little importance for our
purposessneitherTMA nor TMAO haseverbeen
detectedn the matricesstudiedin this work.

Water samples

Sampling and storage
Polycarbonatéottleswere usedfor samplingand
storage.They werefirst decontaminateavith 10%
HNO; overoneweekandrinsedseverakimeswith
deionized water before use. The sampleswere
storedin thedarkat4 °C andfiltered (0.45um) just
beforeanalysis.

Table 3 Retentiontimes(R;) and performance®f the HG-GC—-QFAASmethod

Calibrationcurves

Detectionlimits*

Linearity range Relative® Absolute
Species R, (min) RSD? (%) (ng As) r2 (ngl™Y (pg aselement)
As(lll), pH 1.5 0.5 3 0.5-20 0.997 10 500
As(V), pH 1.5 05 3 0.5-20 0.999 10 500
As(lll), pH 6.8 0.6 4 0.2-25 0.998 4 200
DMA 2.3 5 0.2-20 0.999 3 150
MMA 1.7 4 0.1-20 0.999 2 100
TMA 2. 6 0.3-20 0.996 6 300

2 Peakarearepeatabilityof 10ng of standardsolutions(five replicates).
b Definedas3 x SD of 20 blanks/slopeof calibrationcurve (IUPAC, k= 3; Ref 10.).

¢ Samplevolume=50ml.

Copyright© 2000JohnWiley & Sons,Ltd.
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Figure 3 Simplifiedmapof the Matrasitein Corsica.Sample
sitesl-5areindicated.

Sampling sites
Threedifferentsiteswereusedfor watersampling.

Matra (Corsica)

Thefirst site wassituatedin High Corsicanearthe
mining site of Matra, where arsenic sulphide,
realgar (As,;S,), was extracteduntil 1945. Five
samplesveretaken thesitesof which areindicated
on a simplified map of the site (Fig. 3).

Salsigne
Thereareseriousarsenic-associateghvironmental
problemsin the regionof Salsigne(Aude, France)
situatednearanold gold andarsenicmine* Three
samplesof water were takenin Decemberl1996.
Sample6 wastakenfrom the Orbiel river upstream
of the mine, sample7 downstreanof the mine and
sample8 from the lagoon, situatedclose to the
Orbiel river. Becauseof torrential rainsduring the
sampling, the Orbiel river was in spateand the
lagoonwas in dangerof overflowing, leading to
very particular hydrological conditions, and data
presentedn this papercannotbe extrapolatedto
representhe generalsituation.

Thermalwater

A thermal water sample was provided by the
Departmentof Toxicology, Hydrology and Hy-

gieneof the PharmaceuticadndBiological Science
Facultyof Lille.

Soil sample extracts

Threeindustrially contaminatedoilsweresampled
with a spadefrom confidentialsites,andcarriedin
refusesooks.A sewagesludgereferencematerial

Copyright© 2000JohnWiley & Sons,Ltd.

(CRM 007-040), certified the total arsenic
(5.74mgkg ™), wasalsoanalysed.

These sampleswere treated via simple water
extractionusingexperimentatonditionsascloseas
possibleto thosedescribedin AFNOR X 31-210
(Decemberl992).

Before analysis extracts were centrifuged at
3400rpm for 15min, thenfiltered througha 0.45-
wm membraneThe pH andtheredoxpotential(Ey,)
of thesamplesveremeasuredhn thewaterextracts,
which were then storedin airtight polyethylene
boxesin the dark.

RESULTS AND DISCUSSION

HG-GC-QFAASresultswere obtainedusing the
standardadditionsmethodin peakareamode.With
the HPLC—-ICP-MS device MMA was used as
internal standard(to improve accuracyandreduce
analysis time) when it was not presentin the
samples.In the other casesthe internal standard
usedwasTe(VI) (m/z126)in peakheightmode.

Before analysis of real samples,the perfor-
mancesof the two methodswere testedby blind
analysisof a mineral water containingno signifi-
cantarsenicspeciesand spikedby anotherworker
with As(lll), As(V), MMA and DMA at an
undisclosedevel. Resultsobtained(Table 4) are
satisfactorywith recoveriesn therangel06—-107%6
(HPLC-ICP-MS) and 96-119 % (HG-GC-
QFAAS). Clearly, As(V) recovery by HG-GC-
QFAAS methodis lessgoodbecaus®f the method
of determinationwhich leadsto a lower precision.
For all other arsenic species,relative standard
deviationsare below 5%, whateverthe analytical
method.

Water samples

Waterssampledat the MatraandSalsignesiteshad
a pH in the range 6.8-7.7. Matra waters were
acidifiedwith 0.5%o0f nitric acid,for betterstability
during transport. Thesetwo sites containedonly
As(V) speciesjn accordancavith resultsfoundin
the literature concerningaeratedwaters such as
rivers or lakest' From the theoreticalresults of
Sadiq et al.,*? in oxidizing waters (0.2V <
E°<0.5V) and at a range of pH from 5 to 8,
As(V) is predominant(in the molecular forms
H,AsO,  and HAsO,?"). In reducing conditions
(0-0.1V), As(lll) (H3:AsOs) is the more stable
speciesand its presencehas been confirmed in

Appl. Organometal Chem.14, 401-410(2000)
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Table4 Theoreticalindexperimentalrsenicspecieconcentrationin aspikedmineralwaterdeterminedy HPLC-

ICP-MSandHG-GC-QFAAS

Species
As(llN) DMA MMA As(V)
Theoretical(spiked)value (ng As ml™?) 150 300 200 100
HPLC-ICP-MS  Mearf + sp (ng Asml™?) 159+ 10 322+ 13 214+ 11 106+ 6
Recovery+ sb (%) 106+ 7 107+ 4 107+ 6 106+ 6
HG—-GC-QFAAS Mearf +'sp (ng Asml™?) 144+ 7 312+ 16 208+ 10 119+ 20
Recovery+ sb (%) 96+ 4 104+ 2 104+5 119+ 20

5 (determinedby exterral calibration).
3 (determinedby standardadditions).

groundwaters® However redoxandpH conditions
were not sufficientto determinethe As(l1)/As(V)
ratio, which also dependson the chemical and
biological compositionof the sample.

Matra site

The results(Table 5) obtainedby both speciation
methodsor by ICP-MS for total arsenicwere in
good agreementexceptfor sample4 by HPLC-
ICP-MS. The total arsenlccontentof this sample
was very low (0.9ugl™h), slightly below the
quantlflcatlonllmlt of As(V) by HPLC-ICP-MS
(3.8pg171) establishedwith standard solutions.
The discrepancy between HPLC-ICP-MS and
HG-GC-QFAASthereforehas no real meaning.
This result points to an advantageof HG—-GC-
QFAAS: the samplevolume could be increasedo
50ml (hydride generatorvolume), decreasinghe
relativedetectionlimit, whereasn theHPLC-ICP—
MS method the injection loop volume (100 ul)
cannotbe easilyincreased.

As expectedsamplesl-3takenneartherealgar
mine containeda high arsenlcconcentratlon The
low concentration(about 1 ugl™) in sample 4
indicatedthat the Bravonariver was not contami-
natedby arsenicupstreamof the confluencewith
the Presariver. SampIeS far downstream,still
contained 100ugAs|™, quite a high value.
Finally, the results of this survey are in good
agreementvith thoseof previouswork concerning
total arseniconly.

Salsignesite

Whateverthe speciationor total methodusedand
the concentrationrange, results obtained were
similar. Despitethe high flow of the Orbiel river,
the pollution noted upstreamof the mine was not
negligible (sample 6). Moreover, although the

Copyright© 2000JohnWiley & Sons,Ltd.

lagoon was at risk of overflowing, sample 8
containeda very high arsenicconcentration.

Thermal water
In the thermal water also, As(V) was by far the
predominanform (morethan99.9%)but tracesof
As(lll), DMA and MMA were also detected.The
presence of these forms suggestedbiological
act|V|t¥ (reduction,methylation)occurringin this
water™* The DMA could not be quantified As(l11)
and MMA concentrationsdetermined by both
methodsdiffered significantly. As regardsMMA,
the discrepancyprobably had the sameorigin as
givenfor theMatrawatersamplestheHPLC—ICP—
MS value was closeto the limit of quantification.
The very high mineralization of this sample
probably accountedfor anotherpart of the dis-
crepancy.The caseof As(lll) was more compli-
cated,as both methodswere facing their extreme
limitations for different reasons HPLC—-ICP-MS
wasagaincloseto its limit of quantification.HG—
GC—-QFAAS probably suffered from interference
dueto the high As(V) contentof the sample:the
reductionrate of As(V) to AsHs in stepll wasnot
absolutely zero. Further experiments (Fig. 4)
indicated that As(lll) values may have been
noticeablyoverestimatedvhen the As(V) content
in the hydride-generatingeactorwas higher than
200ng, a limit widely trespassewvith this sample.
Both methodsneverthelessippearedableto show
at leastsemi-quantitatiely the presenceof extre-
mely minor arsenicspecieqlessthan0.1%)in the
presencef a very high concentratiorof As(V).
Taking into accountthese considerationsthe
resultsobtainedby both speciationmethodswere
on the whole well correlatedand fitted well with
total arsenic, validating their use over a large
concentratiorrange.

Appl. Organometal Chem.14, 401-410(2000)
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Table 5 Arsenicspeciationn watersamplegug 1™

Water Modée® As(III) DMA MMA As(V) Total As
Matra site
| <LDP <LD <LD 2070+ 60° 2070+ 60
Samplel Il <LD <LD <LD 2100+ 200 2100+ 200
] — — — — 2160+ 40
I <LD <LD <LD 1860+ 30 1860+ 30
Sample2 Il <LD <LD <LD 1900+ 200 1900+ 200
1] — — — — 1950+ 30
| <LD <LD <LD 2180+ 50 2180+ 50
Sample3 ] <LD <LD <LD 2300+ 200 23004+ 200
1] — — — — 2310+ 30
| <LD <LD <LD 3.6 3.6+0.5
Sampled Il <LD <LD <LD 0.96+ 0.04 0.96+ 0.04
1] — — — — 0.89+0.03
| <LD <LD <LD 101+8 101+ 8
Sampleb ] <LD <LD <LD 95+5 95+5
1] — — — — 94+ 3
Salsignesite
I <LD <LD <LD 36+3 36+3
Sample6 I <LD <LD <LD 35+1 35+1
1] — — — — 33+1
I <LD <LD <LD 60+ 1 60+ 1
Sample7 ] <LD <LD <LD 60+ 3 60+ 3
1l — — — — 56+ 2
I <LD <LD <LD 7560+ 210 7560+ 210
Sample8 I <LD <LD <LD 7600+ 300 7600+ 300
I — — — — 7570+ 40
Thermalwater | 32X <LQP 4.3+ 0.5 5260+ 60 527C + 60
Il 25+2 <LQ 8.0+ 0.5 53004200 5330 + 200
1] — — — — 5310+ 40

&Model, HPLC-ICP-MS;modell, HG-GC-QFAAS;modelll, ICP-MS.

<LD, not detected:—, not determined<LQ, not quantified.

¢ Meansandstandarddeviationswere obtainedwith (I) n=5; I, n=3; Ill, n=10.

d Closeto LQ (definedas10 x LD).

¢ Obtainedby addition of individual concentration®f the species.

Soil sample extracts

As in the water samples,As(V) was always the
predominanspeciesdetectedTable 6). However,
As(lll) was presentin all extractsanalysedup to
40% of total arsenicin soil 1 extract. Inorganic
arsenic speciation in soils dependedon the
thermodynamicharacteristic®f the samplé® but
also on its chemical and biological composition.
However, the As(lll)/As(V) ratios determinedin
thesewaterextractswere certainly not representa-
tive of the real soils becauseof the differencein
waterextractionyield for eachinorganicspecies.
Significant concentrationsof the methylated
speciesMMA and DMA were detectedin soil 2,
and moreoverin the sewagesludgeextracts.The

Copyright© 2000JohnWiley & Sons,Ltd.

presenceof these specieswas probably due to
importantmicrobiologicalactivity especiallyin the
sludge.Comparisorof the total arsenicconcentra-
tion extractedfrom the sludgeby water with the
certified value (5.74mgkg ) led to a percentage
of arsenicwaterextractionof about11%.

Both speciationmethodsand the total arsenic
determinatiorwerein goodagreementor thesoil 1
extractanalysis.

Speciationin the soil 2 extractindicateda good
coherenceof MMA and DMA data; different
sample handling and storage delays probably
accountedfor a partial interconversionbetween
thevariousinorganicarsenicforms.However total
arseniadeterminatiorby directHPLC—-ICP—-MSed
to a slightly highervalue.

Appl. OrganometalChem.14, 401-410(2000)
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Figure 4 Effect of high As(V) concentrationson As(lll)
determinationin phosphatebuffer (pH 6.8) by HG-GC-
QFAAS.

Difficulties with the stability of the inorganic
formswerealsoencounteredvith soil 3 andsludge
CRM 007-040extracts.

On the whole a very good generalagreement
may be notedfor MMA andDMA determinations.
Thebalanceof As(lI1)/As(V) is muchmoredifficult
to ascertain.From these data and many other
experimentst appearshatthekineticsof thisredox
processare considerablyenhancedn soil extracts
ascomparedvith naturalwatersandthatextremely
closeattentionshouldbe givenin further work to
the preservatiorof the As(l1)/As(V) ratio in such
experiments.

CONCLUSIONS

HPLC-ICP-MS and HG-GC-QFAAS methods
used to determine arsenic speciationin natural
freshwatersamplesand in soil or sludge water
extractsgave similar qualitative and quantitative
resultsin animportantconcentratiorrangevarying
from 1 to 7000ug |~ for water and from 0.1 to
40mgkg ! for soils and sludge. They were both
ableto detecttracecomponent$As(lll), MMA and
DMA] in the presencef very high concentrations
of As(V). As(lll) determination by HG-GC-
QFAAS wasneverthelesgmpededby interference.

The main difficulty concernedsampleprepara-
tion, handlingand storagewhen dealingwith soil
extractsas redox processesnay sometimeshave
occurredat unexpectedspeed,perhapsowing to
catalysis.

HG-GC-QFAASs aneasymethodto apply.Its
high sensitivity allows dilution of naturalsamples
for the determination of major species, thus
reducing matrix interferences.The separationof
volatile componentsfrom the matrix and their
preconcentrationin a cryogenic trap prior to
detectionmakesit suitableto analysesuccessfully
complex environmentalsamples.This is an in-
expensivemethodcomparedvith HPLC—-ICP-MS,
which requiressignificantinvestmentandfunction-
ing costs.HoweverHG-GC-QFAASanalysigime
(taking 13min) is longerthanthat of HPLC-ICP—
MS (9min), and inorganic arsenic speciation
necessitates two independent determinations.

Table 6 Arsenicspeciationin soil sampleextracts(mg kg2

Water extract Modé® As(l11) DMA MMA As(V) Total As
I 144 1° <LQP <LQ 23+1 B7+£2
Soil 1 I 14+1 <LQ <LQ 30+ 4 4+ 3
I —b — — — 37+3
I 0.164+0.008 0.048+0.005 0.038+ 0.003 1.43+0.12 #1.684+0.12
Soil 2 Il 0.369+ 0.044 0.055+0.003 0.050+ 0.003 1.31+0.14 81.794+0.19
n — — — — 2.20+0.16
I 0.065+ 0.010 <LQ <LQ 0.110+0.009 30.175+0.013
Soil 3 Il 0.086+ 0.012 <LQ <LQ 0.0524+0.041 3.138+0.029
1] — — — — 0.125+ 0.016
I 0.130+£0.006 0.1214+0.001 0.1594+0.003 0.1984+0.004 20.6084 0.008
CRM 007-040 Il 0.064+0.012 0.1304+0.008 0.18440.005 0.24540.012 20.62340.019
1 — — — — 0.616+ 0.010

2 Modesasin Table5.
b <LQ, not detected:—, not determined.

¢ Meansand standarddeviationswere obtained(threereplicateswith (1) n=3; (1) n=3; (Ill) n=10.

9 Obtainedby addition of individual concentration®f the species.

Copyright© 2000JohnWiley & Sons,Ltd.
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Moreover, HG—-GC—QFAASequipment,although
easyto make,is not availableon the market.

Anotheradvantagef the HPLC-ICP—MSmeth-
od is the possible simultaneousmulti-elemental
speciationof As [As(lll), As(V), MMA andDMA]
and other elementssuch as Se [Se((IV) Se(VI)],
Te(VI) andSb(V) in a singleanalysis-®
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