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The method validation for the speciation of five
arsenic species in urine samples by liquid
chromatography hyphenated to inductively
coupled plasma mass spectrometry is described.
Arsenic species which are identified and quanti-
fied in urine samples are the anions of arseni-
c(III), arsenic(V), monomethylarsonic acid and
dimethylarsinic acid, and the cationic arsenobe-
taine. Detection limits were obtained in the
range 0.3–0.4mg As lÿ1 while the repeatability
was in the range 3–4% (RSD) for concentrations
above five times the detection limit. Urine
samples could be analysed directly after a ten-
fold dilution step. Arsenic compound concentra-
tions were determined in urine samples from a
volunteer who consumed a portion of tuna fish
high in arsenobetaine. It was found that arseno-
betaine was excreted rapidly via the urine with
maximum concentrations after 12 h. Nearly
complete arsenobetaine excretion was reached
after 48 h. Background levels of arsenic com-
pounds were determined in 61 urine samples
from non-exposed inhabitants of The Nether-
lands.# 1998 John Wiley & Sons, Ltd.
Appl. Organometal. Chem.12, 591–599 (1998)
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INTRODUCTION

Arsenic occurs naturally in foods at low concentra-
tions. For foods from animal and vegetable origins
the arsenic content varies from<0.1 and 1.0mg
gÿ1.1 However, seafood products generally have
higher arsenic contents than other foods, with
concentrations up to 25mg gÿ1.1–3According to the
World Health Oganization (WHO), the total daily
intake should not exceed 2mg of inorganic arsenic
per kg of body weight.4

In the human body about 80% of the inorganic
arsenic species are detoxified by methylation,
resulting in urinary excretions of 60% dimethylar-
sinic acid (DMA), 20% methylarsonic acid (MMA)
and 20% inorganic acid under normal conditions.5

Arsenobetaine (AsB), the major constituent in
seafood products, is excreted unchanged in the
urine.6 Toxicities of the various arsenic species
differ very widely. Inorganic arsenic is the most
toxic form while arsenobetaine is almost non-
toxic.7,8 The methylated species MMA and DMA
exhibit an intermediate toxicity.7,8 Human expo-
sure to arsenic can be estimated by determining its
concentration in the urine. This is by far the
predominant method used to estimate recent
exposure. In Europe the total-As concentration in
urine of non-exposed individuals is about 10–
20mg lÿ1.5,9

In order to distinguish between the toxic
inorganic arsenic compounds (and their metabolic
products MMA and DMA) and the less toxic
arsenobetaine, a speciation analysis is necessary.
Generally arsenic speciation is performed by
chromatographic separation and a suitable detec-
tion technique. However, recently a modified
method for the determination of arsenic in urine
using solvent extraction with toluene and graphite
furnace atomic absorption spectrometry (AAS) was
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described.10 With the described method, only
inorganicandthemono-anddi-methylatedspecies
areextractedandsubsequentlyanalysedasthesum
of thesearsenicspecies.Themajordrawbackof this
techniqueis that this arsenicfractionationtechni-
quewill not give resultsfor arsenicconcentrations
of individual speciesand furthermore it is very
laborious.Better techniquesare thosewhich first
separatethe different arsenicspeciesand finally
detect these arsenic species, resulting in the
concentrationsof individual arsenicspecies.Inor-
ganicarsenicandthemethylatedspeciesMMA and
DMA can be separatedby gas chromatography
after derivatizationand determinedwith an ele-
ment-specificdetectionsystem.11–13Whenarseno-
betaine(AsB) andarsenocholine(AsC)alsohaveto
bedetermined,aliquid-chromatographicseparation
is themethodof choicedueto thenon-volatility of
AsB and AsC. These arsenic species can be
determinedat low concentrationsafter LC separa-
tion (both anionic and micellar chromatography)
with ICP-basedinstrumentationsuchas ICP AES
(atomicemission,spectrometry)or ICP MS (mass
spectrometry).11,12,14 Speciation analysis for ar-
senicby LC–ICP MS hasbeenappliedmainly to
environmentalsamples.11–13,15–18Researchpapers
dealingwith arsenicspeciationin biological fluids
suchasurine, blood andserumare rare,probably
becauselegal provisions at present are almost
exclusivelyconcernedwith the total amountof the
elementin foodstuffsanddrinking water.Arsenic
speciationin urinesamplesfrom exposedratshave
beenreportedbefore, resulting in good detection
limits (approx.0.4mg As lÿ1) and reproducibility
(3–5%).19 However, detectionlimits were calcu-
lated as the square root of blanks and the
reproducibility was calculatedby analysinghigh-
arsenic standardsolutions (100mg As lÿ1), not
indicatingthatsimilar resultswould beobtainedin
real-life samples.Using an LC–hydraulic high-
pressurenebulizer system with ICP MS, good
resultswerereported:detectionlimits of 0.5mg As
lÿ1 for several arsenic species and a good
reproducibilityof 2–4%at the5mg As lÿ1 level.20

In this paperthe validation is describedfor the
speciationanalysisof arsenicin urine by LC–ICP
MS using a normal cross-flow nebulizer. The
speciesof interest are As (III), As (V), MMA,
DMA andAsB. Themethodvalidatedis compared
with a total-arsenicdeterminationby UV diges-
tion–hydride AAS.21 Finally, results from urine
samplesare presented.An demonstrationexperi-
ment (fish consumption)is described,aswell asa
pilot study for the determinationof background

arseniclevelsin urine samplesfrom inhabitantsof
TheNetherlands.

EXPERIMENTAL

Reagents and standards

The stock solution of As(V) (1000mg lÿ1 in 5%
nitric acid) wasfrom Perkin-Elmer,Norwalk, CT,
USA, and the stock solution of As (III) (1000mg
lÿ1 in 0.3M hydrochloric acid) (Instra-analysed)
was from J. T. Baker Deventer,The Netherlands,
MMA {CH3AsO(OH)2}, DMA {(CH3)2AsO(OH)}
and AsB {(CH3)3As�CH2COOÿ} were obtained
from Tri ChemicalLaboratory,Japan.All arsenic
standardsusedhada purity of 99.9%or more.The
speciespurity of these individual standardswas
checkedwith LC–ICPMS in orderto establishthat
the individual arsenic speciesstandarddid not
contain other arsenicspecies.The concentration
was checked against As(III) using inductively
coupled plasma/optical emission spectroscopy
(ICP/OES). No inadequacieswere found in the
purity of thesestandards.All otherchemicalsused
were of pro analysi quality or equivalentand the
waterwasproducedby aMilli-Q system(Millipore,
Milford, MA, USA).

Certified referencematerialsfor arsenicspecies
were not available, so a referencematerial with
certified concentrations for total arsenic was
selected,namely NIST-SRM-2670(StandardRe-
ferenceMaterials,Gaithersburg,MD, USA), com-
prising:(1) elevated-levelhumanurine,spikedwith
arsenate,certified total-As concentration480�
100mg lÿ1 (error expressedas 95% confidence
interval of the meanvalue); and (2) normal-level
humanurine, indicativevalue60mg As lÿ1.

Analytical instrumentation and
instrumental settings

Arsenic speciationby LC–ICP MS
For the LC separationsa SpectraSystemP2000
(Thermo SeparationProducts,The Netherlands)
HPLC system and a Perkin-Elmer Advanced
SampleProcessorISS200(Perkin-Elmer,Überlin-
gen, Germany) with a 100ml injection loop
were usedin conjunctionwith an anion-exchange
columnwith a mobile phase,asindicatedin Table
1.

The chromatographicsystemwas interfacedto
the Perkin-Elmer SCIEX ELAN 6000 (Perkin-
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Elmer SCIEX, Thornhill, ON, Canada)ICP MS
instrumentby 30cm of PEEK (polyetheretherke-
tone) tubing (0.17mm i.d.). The chromatographic
effluent flow was compatible with the uptake
requirementsof the ICP MS sampleintroduction
system,consistingof a RytonTM Scott-typespray
chamberandcross-flownebulizer.

Themassspectrometerwassetto monitortheion
intensityat m/z 75 (75As�). TheICP MS wastuned
daily: the nebulizer flow rate, auto-lensvoltage,
radio-frequencypower and MS resolution were
optimized by continuouslyaspiratinga standard
solutionof 20mg lÿ1 of In, Co andMg.

The raw ion-intensity data for m/z 75 were
transportedto PE Nelson TurbochromNavigator
software(version4.1),peakareasweredetermined,
and concentrationswere calculated by external
calibrationcurves.

Total-arsenic determination by UV digestion–
hydride AAS
The decompositionof organicboundarsenicwas
performed by UV irradiation as describedpre-
viously.21 In short,a fivefold diluted urine sample
was subjected to UV radiation (254nm) at
enhancedtemperature(95°C) for 8 h. During this
periodall organicboundarseniccompoundswere
quantitativelydecomposed,resulting in inorganic
arsenic. To 5 ml of the digestedurine samples
0.5ml of freshly preparedKI/ascorbicacid (both
5%,w/v) and1.5ml HCl (37%,w/v) wereaddedin
orderto reducearsenateto arsenite.A Perkin-Elmer
FIAS-2100(Norwalk, CT, USA) systemwasused
to produceon-linearsines.Instrumentalparameters

were: wavelength 193.6nm; slit width 0.7nm;
integrationtime 10 s, quartz-cellpathlength180–
190mm. Sampleswere quantifiedby the external
calibrationmethod.The limit of detection(defined
asLOD = 3� SD, whereSD is the standarddevia-
tion of the arsenicconcentrationin a urine sample
nearthe LOD) for urine samplesis 0.35mg As lÿ1

while the precision is better than 5% at concen-
trations> 3mg As lÿ1. The linear rangeis 0.35–
40mg As lÿ1.

Influenceof methanol on the LC–ICP MS signal
intensity
It is known that additionof carbonasmethanolto
the aqueousanalyte solutions enhancesICP MS
sensitivity for arsenic.13,15,17 The amount of
methanol neededfor optimum sensitivity varies
between2 and5%, dependingon the instrumenta-
tion used.13,17 It was proposedthat an increased
populationof carbonor carbon-containing ions in
theplasmafacilitatesamorecompleteionizationof
elementslower in ionization energy than carbon
itself. In orderto obtainmaximumsignalintensities
for theinstrumentationused,variouspercentagesof
methanolwereaddedto theLC buffersbeingused.

Validation of the LC–ICP MS method for the
speciationof arsenicconcentrationsin urine
In orderto obtaintheperformancecharacteristicsof
the methodthe following parameterswere deter-
mined:

Limit of detection, definedasLOD = 3� SD, where

Table 1 Operatingconditionsfor the ICP MS andthechromatographicsystem.

Inductivelycoupledplasmamassspectrometry
RF power 1100W
Spraychamber RytonTM Scott-type
Nebulizer Cross-flow
Argon flow rates:

Plasma/coolant 17 l minÿ1

Auxiliary 1.2 l minÿ1

Nebulizer 0.7 l minÿ1

Dwell time 500ms
Sweepsper reading 1
Readingsper replicate 750
Numberof replicates 1

Chromatography
Anion-exchangecolumn ION 120(125mm� 3 mm i.d.), InteractionChromatography(MountainView, CA, USA)

Mobile phase
Ammoniumcarbonatebuffer adjustedto pH 10.3with ammonia.Gradient0.0–3.1min, 0.005
mol lÿ1 immediatelyfollowed by a 0.2 mol lÿ1 buffer solution

Flow rate 1 ml minÿ1

Injectedvolume 100ml
Chromatographysoftware TurbochromNavigator,version4.1
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SD is the standard deviation of the arsenic
concentrationin a ‘real-life’ sampleneartheLOD.

Repeatability, definedasr = 2sr
p

2, wheresr is the
repeatabilitystandarddeviation.

Accuracy, which can be checkedwith certified
referencematerials;the value obtainedmust fall
within the95%confidenceinterval.

Recovery, which can be checkedby addition of
standardsolutionsto thesample.

Themethoddevelopedwascheckedby comparing
theresultsobtainedfor severalurinesampleswith a
total-arsenicdetermination.

Urine samples

With thevalidatedmethodtwo setsof experiments
wereperformed:(1) apilot studyfor thedetermina-
tion of backgroundarseniclevels in urine samples
from Dutch inhabitants,and (2) a study of the
excretionof arsenicspeciesafterfish consumption.

To obtainanimpressionof backgroundlevelsof
arsenicspeciesfrom healthyindividuals,61 urine
sampleswere collectedfrom all over the Nether-
lands.In a questionnaireparticipantswereaskedto
give detailsof their food consumptionin the past
48h, especiallyin relation to the consumptionof
fishandfishproducts.Urinesampleswerecollected
betweenJuly 1996andNovember1996,andwere
storedin polyethylenesamplecontainersat 4 °C.
Sampleswere diluted 10-fold before analysisby
LC–ICP MS. Total-arsenicconcentrationswere
stablefor at leastthreeweeks.21

In order to study the excretionrate of arsenic
speciesaftereatingoneportion(250g) of freshtuna
fish, urine sampleswere collected from a male
volunteer during six consecutive days, during
which he did not ingestanyotherfish product.

RESULTS AND DISCUSSION

LC±ICP MS

Optimization of the separation
The LC separationwas optimized by applying
variousgradientsandmolaritiesof the ammonium
carbonate/ammoniabuffer.Themainobjectivewas
to achieve a baseline–baselineseparation of
AS(III), As(V), MMA and DMA from eachother
and from cationic speciessuch as AsB. Further-
more,chloride from the urine samplehadto elute

after all arsenic speciesof interest becausethe
formation of the polyatomic 40Ar35Cl interferes
with thedetectionof arsenicat m/z 75.A baseline–
baselineseparationof all five arsenicspeciesof
interestwas achievedby applying the gradientas
mentioned in the Experimental section. The
chlorideinterferenceeluted3 min after the elution
of thelastarsenicspecies[As(V)]. A chromatogram
for the separationof the five arsenicspeciesis
shownin Fig. 1.

Influence of methanol on the column effluent
To thebuffer solutions,0–3%methanolwasadded
in orderto obtainmaximumICP MS intensitiesfor
the five arsenicspeciesin a ‘normal-level’ urine
sample.Resultsaregivenassignalintensityplotted
againstmethanolpercentagein Fig. 2 from which it
is clearthatmaximumsensitivityis obtainedwith a

Figure 1 Chromatogramof anion-exchangeICP MS of five
injected arseniccompounds.Peak identification: 1, AsB; 2,
DMA; 3, As(III); 4, MMA; 5, As(V).

Figure 2 ICP MS responsefor five arsenic speciesas a
function of the variousmethanolconcentrationsin the buffer
solutionsapplied.
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methanoladditionof 2%. At this concentrationthe
sensitivity for the different arsenic species in-
creasedby a factor of 2–4 comparedwith that
obtained by applying buffer solutions without
methanol.The sensitivity enhancementis in the
samerangeasenhancementsdescribedearlier.13,17

Performance characteristics

Calibration modeand recovery
In orderto checkpossibleeffectsmatrix,of thefive
different urine sampleswereanalysedby both the
standardaddition techniqueand by an external
calibration. The slopesof standard-additioncali-
brationswere comparedwith the slopesobtained
for normal calibrations,showing addition recov-
eriesof 94% for AsB and 99–100%for the other
arsenicspecies;this indicatedminormatrix effects.
For reasonsof efficiency the externalcalibration
procedurewasusedto quantify arsenicconcentra-
tions. The cationic arsenic species, e.g. AsB,
arsenocholine(AsChol), tertramethylarsoniumion
(TMAs) and trimethylarsineoxide (TMAO), are
notretainedontheanion-exchangecolumnthatwas
used,andconsequentlyco-eluteasonepeakat the
beginning of the chromatogram. In order to
separatethesecation arsenicspecies,cation ex-
changemustbe applied.However,from a toxico-
logical point of view the main targetin this study
wasto separateinorganicarsenicspeciesandtheir
metabolitesfrom theotherarsenicspecies.Further-
more,AsB is themostabundantcationicAs species
in humanurine.9,20 In order to quantify the cation
speciesas AsB, the sensitivities of the cationic
arsenicspeciesAsChol, TMAs and TMAO were
comparedwith thesensitivityof AsB. It wasfound
that the sensitivitiesof thesecationsdeviatedless
than4% from thesensitivityof AsB. Thereforethe
sumof thecationicspeciescanbequantifiedby an
AsB calibrationcurveandthe sumof the cationic
arsenicspeciesin urine sampleswill be expressed
asAsB.

Detection limits
Detectionlimits, definedas3� SD asbefore,were
determinedin real-life urine samples(n = 10) with
arsenic speciesconcentrationsbetween 0.4 and
2.3mg As lÿ1. Detectionlimits were found to be
0.3mg As lÿ1 for AsB andMMA, and0.4mg As lÿ1

for As (III), As (IV) andDMA in the non-diluted
urine. Thesedetectionlimits are very suitablefor
arsenic speciesdetermination in urine and are
comparablewith, or better than, detectionlimits
reportedin Refs16–18.

Repeatability

Therepeatability(2Sr
p

2) wastestedonareal-urine
sample, high in AsB. Each determination was
performed10 times and the resultsare shown in
Table 2. At higher arsenic concentrations
(>10� LOD) the repeatabilityexpressedas RSD,
reachesa level of 3% or better,which in fact is
almostthe sameasfor normalICP MS determina-
tions. At lower concentrationsnear the detection
limit therepeatabilityis of courseinfluencedby the
uncertaintyof theanalysis.

Validation of the method
Certified referencematerialsare not availablefor
arsenic species in urine. Reference materials
availablefor total arsenicin urine were found to
bespikedwith As (V) andto containamaximumof
14%of organicarsenicspecies.23 TheNIST SRM-
2670, both normal- and elevated-levels,were
analysedfor arsenicspeciesand the resultswere
comparedwith the certified(or indicativevaluein
the caseof the ‘normal-level’ urine) total concen-
trations.The resultsarepresentedin Table3. The
same material has been subjected to an As
speciation determination recently by another
group, whoseresultsare also presentedin Table
3.20

The concentrationof total arsenic(430mg lÿ1)
found in this study is in goodagreementwith the
certifiedvalueof 480� 100mg lÿ1 for theelevated

Table 2 Repeatabilitytestedon a ‘real-life’ urine sample(n = 10)

Arsenicspecies
Concentration
(mg As lÿ1)

Standarddeviation(sr)
(mg As lÿ1) RSD (%)

Repeatability(2sr
p

2)
(mg As lÿ1)

AsB 49.8 1.7 3.4 4.8
MMA 2.15 0.07 3.2 0.20
DMA 2.37 0.08 3.4 0.23
As(III) < 0.40 — — —
As(V) 2.00 0.09 4.5 0.24
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level. Comparisonof our results with speciation
data publishedearlier by Goessleret al. for this
SRMshowsdifferencesfor thearsenicspeciesAsB
andarsenite.20 In ourstudywecouldnotdetectany
arsenitewhereasGoessleret al. reported 13mg
lÿ1.20 This difference could appearfrom species
transformationafter reconstitutionof the freeze-
driedmaterial.For theelevatedlevel of SRM-2670
wefoundanAsB concentrationof 16.2� 1.1mg As
lÿ1 whereasGoessleret al. reported24.7� 0.7mg
As lÿ1.20 Thesedifferencesin arsenicconcentra-
tionsobservedin the two studiesindicatetheneed
for certifiedreferencematerialsfor arsenicspecies
in anurine matrix.

Comparison of speciation analysis
with a total-arsenic determination

Verification of the method by anothertechnique
was performedby analysingsevenurine samples
bothby LC–ICPMS andby UV–hydrideAAS for a
total-arsenicdetermination.A widerangeof arsenic
concentrationswerechosento checkthespeciation
method. In Table 4 the individual and summed
arsenic concentrationsin the urine samplesob-

tainedby LC–ICPMS aregiven,togetherwith the
UV–hydrideAAS resultsfor total-arsenicdetermi-
nation. The results obtained were evaluatedby
applying the so-calledDeming regression.22 With
this type of regression,two independentmethods

Table 3 Concentrationsfor arsenicspeciesin SRM-2670a referenceurine determinedby LC–ICP MS, comparedwith literature
data

Concentration(mg As lÿ1)

This study Dataof Goessleret al.b

Arsenicspecies Normal level Elevatedlevel Normal level Elevatedlevel

AsB 16.0� 1.1 16.2� 1.1 21.2� 3.7 24.7� 0.7
MMA 9.4� 0.9 9.2� 0.9 9.5� 3.0 10.9� 2.1
DMA 47.5� 1.6 50.7� 1.8 48.2� 2.4 51.6� 3.4
As(III) < 0.4 < 0.4 15.0� 4.5 13.1� 4.5
As(V) 6.9� 0.8 354� 17 2.9� 0.7 386� 51

a Normal-levelindicativevalue60mg lÿ1 total arsenic;elevated-levelcertifiedvalue480� 100mg lÿ1 total arsenic.
b Ref. 20.

Table 4 Comparisonof two independentmethodsfor thedetermination of total arsenica in urinesamples

Speciationby LC–ICPMS UV–hydrideAAS

Sample AsB MMA DMA AsIII AsV Sum Total arsenic

A 370 1.51 32.5 2.89 0.71 408 435
B 27.5 2.67 8.83 3.09 1.38 43.5 42.0
C 0.34 0.56 1.84 0.60 0.40 3.74 2.66
D 18.1 0.40 8.07 0.40 0.64 27.6 25.3
E 70.6 0.98 1.86 1.24 0.40 75.1 96.2
F 183 0.30 19.7 0.84 0.63 204 200

a All concentrationsarein mg As lÿ1.

Figure 3 Dependenceof concentrationsof arsenicspeciesin
urinesampleson time after ingestionof 250g tunafish (t = 0).
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can be compared.It was calculatedthat the two
methodsyield slightly different results.The UV–
hydride AAS gives 2–5% (95%, 5 degreesof
freedom) lower results than the LC–ICP MS
method.The differencein the resultsobtainedis
quitesmallcomparedwith therepeatabilityof both
methods,so whenspeciationanalysisis requested
in future the results obtained can always be
compared with data obtained earlier for total
arsenicin urine samples.This goodcomparisonis

of theutmostimportancewhenanalyticalmethods
arechangedduringmonitoringprogrammes.

Excretion of arsenic species

Excretion after fish consumption
Resultsof theexcretionrateof arsenicspeciesafter
eating one portion (250 g) of fresh tuna fish are
depictedgraphically in Fig. 3, which shows the
arsenicspeciesconcentrationversusthe time after

Table 5 Arsenicspeciesbackgroundconcentrationsa in urine samplesfrom inhabitantsof The Netherlands

No fish consumption Fishconsumption

Sample AsB MMA DMA Sample AsB MMA DMA

1 0.0 0.0 0.4 44 0.0 0.0 2.7
2 0.0 0.0 0.8 45 0.6 0.0 2.3
3 0.0 0.0 1.0 46 0.8 0.0 3.0
4 0.0 0.0 1.6 47 1.6 0.0 2.3
5 0.0 0.0 1.8 48 2.6 0.0 3.0
6 0.0 0.0 1.8 49 5.6 10.0 2.8
7 1.0 0.0 0.9 50 14.5 0.0 4.6
8 0.0 0.0 2.0 51 25.2 0.0 1.9
9 0.0 0.0 2.4 52 16.2 0.0 11.8

10 0.0 0.0 2.4 53 22.2 0.0 6.8
11 0.0 0.0 2.7 54 32.0 0.0 2.1
12 2.2 0.0 0.6 55 23.4 7.0 10.0
13 0.0 0.0 2.9 56 37.8 2.0 6.0
14 0.0 0.8 2.4 57 19.7 3.0 28.1
15 2.3 0.0 1.1 58 48.7 2.5 29.1
16 1.9 0.0 2.2 59 75.9 0.0 13.4
17 2.0 0.0 2.3 60 93.6 1.9 6.9
18 2.4 0.0 3.7 61 212 5.5 10.6
19 0.0 4.2 2.2
20 3.7 0.9 2.6
21 2.8 0.0 4.6
22 0.0 5.5 2.0
23 3.8 1.1 2.7
24 5.6 0.0 2.4
25 2.9 0.0 5.3
26 0.0 0.0 9.3
27 0.5 3.2 7.2
28 9.2 0.0 6.2
29 8.6 2.8 4.7
30 8.2 0.0 8.0
31 2.2 4.9 9.7
32 6.6 2.1 9.7
33 13.5 0.0 5.6
34 15.5 0.0 3.8
35 12.3 2.1 5.1
36 5.9 6.7 8.1
37 10.3 4.0 8.4
38 0.0 17.0 9.4
39 15.0 4.0 9.8
40 25.0 7.7 5.5
41 55.2 1.6 6.5
42 67.0 2.0 7.0
43 114 2.6 4.7

a All concentrationarein mg As lÿ1.
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fish ingestion.Total-arsenicconcentrationreaches
a maximum (180mg As lÿ1) after 12h, then
decreasesslowly to approximately10mg As lÿ1

after100h. AsB is themainconstituentof thetotal
arsenicpresentin the urine sample,rangingfrom
88%after12h to 58%after94h.Excretionof AsB
is almostcompletewithin 48h. DMA follows the
same pattern as AsB. Whether this DMA is a
metabolic product of inorganic arsenic or was
alreadypresentin thefish is unclear.Resultsof this
studyarein goodagreementwith resultsfrom Le et
al. for total-arsenicdeterminationin urine after
consumptionof fish products.6 In their study they
also observeda rapid excretion of total arsenic
(70%after 37 h).

Background levelsof arsenicspeciesin non-
exposedDutch inhabitants
To obtain an impressionof arsenicspeciesback-
ground levels in urine samples from healthy
individuals in the Netherlands, samples were
collected (n = 61) and analysedby LC–ICP MS.
The results are presentedin Table 5. MMA
concentrationsranged from below the detection
limit to 17mg As lÿ1, DMA rangedfrom 0.4 to
29mg As lÿ1 and AsB ranged from below the
detection limit to 213mg As lÿ1. During these
analyseswe found much higher blank levels for
As(III) and As(V) (standarddeviation 1.7mg As
lÿ1) than are normally observed, resulting in
detectionlimits for arseniteandarsenateof at least
5mg As lÿ1. Due to thesehigh detectionlimits we
could not detect any positive concentrationfor
either of the inorganic arsenic species in the
samplesanalysed.These high blanks originated
from the levels in the glasssamplevials, as was
found in later experiments.Polypropylenesample
vialsdid notresultin higherblanklevelsandwill be
usedin futureexperiments.

Peoplewho ate fish during the preceding48h
hadfour timeshigherAsB concentrationsbasedon
averagesin their urine than peoplewho had not
ingestedfish. Many volunteerssaid they did not
consumefish or fish productsin the previous48h,
yetmanyof themhadhighconcentrationsof AsB in
their urine.They hadprobablyconsumed‘hidden’
fishproductsor productswhichalsocontainedAsB.
Poultrycancontainarsenobetainebecausetheyare
normally fed with fish-containingproducts.Sea-
weedis alsoa well-knownfood productcontaining
high levels of As species6 and evensomemush-
roomspeciescontainAsB.24

Besides a speciation analysis, a total-arsenic
determination was also performed. The mean

arsenicconcentrationdeterminedby UV–hydride
AAS was24.8mg As lÿ1 while arsenicspeciation
yielded a summed (AsB, MMA and DMA)
concentrationof 24.1mg As lÿ1. Even without
neglectinginorganic arsenicspecies,the sumsof
AsB, MMA and DMA obtainedby LC–ICP MS
were not significantly different from the UV–
hydride AAS total-arsenicdetermination,accord-
ing theDemingregression.22

Concentrationsfound in this study are in the
samerangeasresultsdescribedearlierby Goessler
et al., who observedtotal-arsenicconcentrationsof
between9 and315mg As lÿ1. However,the total-
arsenicconcentrationsare much higher than the
concentrationsof 10–20mg As lÿ1 mentioned
previouslyin the literature.5,9 It is mostlikely that
thesenumbersreflect only the inorganicforms of
arsenic,and probably just fractions of the MMA
andDMA.

CONCLUSIONS

The validated method described here for the
speciationof arseniccompoundsin a urine matrix
is very sensitive and has a good potential for
obtainingmoreinformationaboutthetoxic fraction
of arsenicin urine.Themethodis fast,with a high
samplethroughput(approx.50 samplesper day).
The comparability of the summed As species
concentrationsand the total-arsenicdetermination
by UV–hydrideAAS is good.
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