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A method for the determination of inorganic arsenic in seafood samples using high-performance liquid
chromatography—inductively coupled plasma mass spectrometry is described. The principle of the
method relied on microwave-assisted alkaline dissolution of the sample, which at the same time
oxidized arsenite [As(lll)] to arsenate [As(V)], whereby inorganic arsenic could be determined as the
single species As(V). Anion exchange chromatography using isocratic elution with aqueous ammonium
carbonate as the mobile phase was used for the separation of As(V) from other coextracted
organoarsenic compounds, including arsenobetaine. The stability of organoarsenic compounds during
the sample pretreatment was investigated, and no degradation/conversion to inorganic arsenic was
detected. The method was employed for the determination of inorganic arsenic in a variety of seafood
samples including fish, crustaceans, bivalves, and marine mammals as well as a range of marine
certified reference materials, and the results were compared to values published in the literature. For
fish and marine mammals, the results were in most cases below the limit of detection. For other
sample types, inorganic arsenic concentrations up to 0.060 mg kg—! were found. In all samples, the
inorganic arsenic content constituted less than 1% of the total arsenic content.

KEYWORDS: Inorganic arsenic; seafood samples; HPLC ~ —ICPMS; alkaline dissolution; certified reference
materials
INTRODUCTION (AC)] are virtually nontoxic. Inorganic arsenic has been

Typical concentrations of total arsenic in marine organisms Proposed to bind to thiol groups of biologically active proteins,
are in the range 0f4100 mg kg'! (fresh weight) {), whereas  thus inhibiting the function of various metabolic enzyme8)(
samples of terrestrial origin including freshwater fish usually Seafood is the main source of arsenic in the dldt{13), and
contain lower concentrations than their marine counterpayts ( consequently, accurate data for inorganic arsenic in these sample
A variety of arsenic species found in marine samples are listed types are important to make a correct dietary risk assessment
in Table 1. Arsenobetaine (AB) is usually the predominant analysis. In 1988, the World Health Organization established a
species in fish, bivalves, and crustaceans, whereas arsenosugapsovisional tolerable weekly intake (PTWI) for longer term
are the major species in algag—(5). Other arsenic species, exposure to inorganic arsenic, being a recognized human
including the inorganic species As(l11) and As(V), usually only ~carcinogen, at 1ag kg~! body weight (14). The vast majority
contribute with a few percenB(8). In the context of human  of the consumers are not in danger of exceeding the PTWI value
health risk assessment, inorganic arsenic may lead to seriousrom consumption of seafood (13). Well-known exceptions are
adverse effects, including cancer. This applies to acute toxicity cases of high concentrations of inorganic arsenic in the drinking
as well as to long-term effects resulting from low dose exposure water, which is the case in certain areas throughout the world
(9). As illustrated by the acute toxicity Ldpvalues inTable 2, (15, 16).
the inorganic arsenic species, As(lll) and As(V), are the most A number of sample preparation approaches have been
toxic species followed by tetramethylarsonium-ion (TETRA), - applied for the analysis of inorganic arsenic. Commonly reported
methyl arsonate (MA), and sodium dimethylarsinate (DMA), s solvent extraction using water or methanol or mixtures thereof,
whereas the trimethylated forms [e.g., AB and arsenocholine ¢,|1owed by high-performance liquid chromatography (HPLC)

— separation of inorganic arsenic from other arsenic species and
* To whom correspondence should be addressed. E-mail: jjs@dfvf.dk.

t National Institute of Nutrition and Seafood Research (NIFES). determination by, e.g., inductively coupled plasma mass spec-
* Danish Institute for Food and Veterinary Research (DFVF). trometry (ICPMS) (17—20). Although these solvent extraction
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Table 1. Examples of Arsenic Compounds Occurring in the Marine

Sloth et al.

Table 3. Instrumental Settings Used in This Work

Environment? .
ICPMS settings
Acronym Arsenic species Formula RF power (V\/) 1600
ASCV)  Awsent Omas(O) carrier gas flow (L min—1) 1.15-1.25
S rsenite =AS 3 A—1
As(Ill)  Arsenate As(O); plasma gas flow (L m”7 7)1 15
MA Methylarsonate CH;ASO(0); auxiliary gas flow (L min™) 1 .
DMA Dimethylarsinate (CH;),AsO(0) nebulizer Meinhard concentric
%\B/’IAO ?@enol‘:e[taiqe y g(cigsgsis OCHzCOO' spray chamber water-cooled double pass
rimethylarsine oxide 3)3A8 )
AC Arsenocholine {CH3);As"CH,CH,OH .Spray chamber temp ( C) 2 .
TETRA  Tetramethylarsonium-ion (CH3)sAs”™ interface cones pla“num
DMAA  Dimethylarsinoylacetate (CH;),As(0)CH,CO0 lens voltage (V) 2-3
TMAP Trimethylarsoniopropionate (CH3);As CH,CH,COO™ mass resolution (u) 0.8
9 integration time (ms) 1000
HC=0s7 o O/Y\R HPLC settings
CH, & injection volume (uL) 25
operating pressure (bar) 45-50
HO OH mobile phase concn 50
Arsenosugar 1 (glycerol sugar) R=0H [mmol L1 (NH,)2CO3)
Arsenosugar 2 (phosphate sugar) R = OP(0)(O")OCH,CH(OH)CH,CH :
e mobile phase pH 10.3
Arsenosugar 3 (sulphonate sugar) R =803 . -
Arsenosugar 4 (sulphate sugar} R =0805 mobile phase flow (mL min ) 1

@ For simplicity, the compounds are depicted in their fully deprotonated form. )
Nomenclature is as proposed in a recent review by Francesconi and Kuehnelt salmon; however, in mackerel, the recovery of As(lll) was

(37 incomplete and this was attributed to the high content of lipid
in mackerel. The methodology was thus reported to be restricted

Table 2. LDs, Values in Mice and Rats for Some Arsenic Species (7, to lean white fish.

38, 39) In the present study, the same sample preparation approach
LDy values (k) was applied. The aim was to further §[mplify the HPLC
methodology for faster analyses and additionally to document
As(lll 14-42 the stability of naturally occurring organoarsenic compounds
/,;\ASA(V) igc_f(l)goo when subjected to this sample preparation procedure. Further-
DMA 200-2600 more, the scope was to report data for inorganic arsenic in a
TETRA 900 range of different seafood samples including fish, crustaceans,
AC 6500 bivalves, and marine mammals. Finally, because no certified
/?rsle Iégggo reference materials (CRMs) exist for inorganic arsenic, the paper

aims at discussing the existing literature values in comparison
with results produced in the present study.

systems have been reported to extract arsenic from fish tissue
quantitatively, the procedure is often time-consuming, and the MATERIALS AND METHODS

elxtractlon of arsenic spqus from certain sample WPeS (e.g., Instrumentation. For the analysis of the total arsenic content, the
bivalves) may be less efficien2{). Incomplete extraction of  |yophilized seafood samples were digested using an Ethos Pro
As(lll) from seafood matrices using methanol was reported by microwave system (Milestone, Holger Teknologi, Oslo, Norway). An
Munoz et al. (6), who found that 85% of As(lll) added to a Agilent quadrupole ICPMS 7500c instrument (Yokogawa Analytical
cockle sample was retained in the residue after extraction with Systems Inc., Tokyo, Japan), which was used as an arsenic specific
methanol and when using methanol/chloroferwater only 31% detector, was run in the standard mode. The sample introduction system
of added As(lll) was recovered in the extract. These results consisted of an ASX-500 Auto sampler (CETAC Technologies, Omaha,
suggest that the thiol groups in the proteins with an affinity to NE), a peristaltic pump, a concentric nebulizer (CPIOInternatlonaI,
As(lll) remain active during the extraction procedures investi- Amsterdam, The Netherlands), and a water-cooled*@ spray

.. . chamber.
gated; therefore, quantitative extraction of As(lll) was not

achievable. More efficient reagents are necessary to dissociate -OF (€ arsenic speciation analysis, the ICPMS instrument was
. . coupled to an Agilent 1100 series quaternary HPLC pump, degasser,
and dissolve As(lll) in a solvent.

: . . . and autosampler (Agilent Technologies, Waldbronn, Germany). Polypro-
Several approaches involving hydrolysis with a strong pyiene autosampler vials were used, as it was found that glass vials
hydrochloric acid solution for the release of inorganic arsenic could contaminate with arsenate. The outlet of the HPLC column was
have been reported. By this procedure, As€produced, which connected to the nebulizer of the ICPMS instrument by a short length
subsequently may be extractds] 22—24) with organic solvents of polyethylene tubing. For anion exchange chromatography, a polymer-
or collected by distillationZ5, 26) followed by determination ~ based strong anion exchange HPLC column, ICSep ION-120 (4.6 mm
of inorganic arsenic content as total arsenic by, e.g., HG-AAS. x 120 mm; 10um particles) equipped with a guard column (Trans-
However, a potential error associated with these procedures jsdenomics, San Jose, CA), was usedTable 3, the ICPMS settings
the coextraction of MA, DMA, and trimethylarsine oxide an_d the HPL_C settings are given. Data were coIIecteq and processed
(TMAO) by chloroform and, consequently, overestimation of using the Agilent Chemstation ICPMS chromatographlc softvvgre.
the inorganic arsenic (6). Standard Substances and Chemicals:or the microwave-assisted

R ty L tal2 ted th f mi digestion of seafood samples prior to analysis of their total arsenic
ecently, Larsen et al2{) reporte e use or microwave- content, concentrated HN@nd 30% w/w HO, (both Merck, Darm-

assisted alkaline sample dissolution and gradient elution aniongi, i, Germany) were used. External calibration standards were prepared
exchange HPLC-ICPMS for the detection of inorganic arsenic gajly by dilution of a 1000 mg L certified arsenic stock solution

in samples of salmon, plaice, and mackerel. Spike experiments(Spectrascan, TeknoLab, Drgbak, Norway) in 5% (v/v) HXi@erck).

with As(lll) gave quantitative recovery as As(V) in plaice and A diluted solution (0.5 mg %) of a 1000 mg L* rhodium stock
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Table 4. Results from Recovery Experiments with Added As(lll) or Table 5. Results from the Analysis of Inorganic Arsenic in Various
As(V) (both 50 ng as As) to Selected Samples Seafood Samples?
recovery (ng) recovery (%) sample identification inorganic arsenic  total arsenic
sample As(lll)  As(V) As(Ill) As(V) salmon (Salmo salar) <0.0006 19+02
TORT-2 (lobster hepatopancreas) 48 51 96 102 cod (Gadus morhuz) <0.0006 17+2
DORM-2 (dogfish muscle) 6 4 01 9 cod (G. morhua) <0.0006 152
g wolffish (Anarhichas lupus) <0.0006 41+05
BCR CRM278R (mussel tissue) 46 50 91 100 .
crab meat (Cancer pagurus) 56 53 112 107 wolﬁlsh (A lup US.) . . <0.0006 31x4
anglerfish (Lophius piscatorius) <0.0006 15+2
Norway lobster 47 54 94 108 . . ;
(Nephrops norvegicus) anglerfish (L. piscatorius) <0.0006 44+ 6
Atlantic halibut <0.0006 12+1
cod (Gadus morhua) 51 50 102 100 ( H;';{')Zloi'sui hiopogassus
hme;,{gfgréf(lg’i Efng‘;e:g) L;r?brus) jg gg gg 132 mackerel (Scomber scombrus) <0.0006 1.7£02
mean + 26 A8+7 5146 97+15 103+12 mackerel (S. scombrus) <0.0006 28104
- - - - - herring (Clupea harengus) <0.0006 15+0.2
herring (C. harengus) <0.0006 17£02
herring (C. harengus) <0.0006 1.7+£02
solution (Spectrascan, TeknoLab) was added on-line and served as an tuna fish (Thunnus alalunga) 0.008 +0.001 09+01
internal standard. lobster, tail meat <0.0006 14+2

For the microwave-assisted sample dissolution for inorganic arsenic (Homarus gammarus)
analysis, a solution of 0.9 mol i sodium hydroxide (Merck) in 50% lobster, head and thorax 0.037 £0.005 223
ethanol (Arcus, Oslo, Norway) was used. Standard stock solutions of Meat (H. gammarus)

the following chemicals were prepared in water: arsenite standard with crab, white meat (Cancer pagurus) 0.016+0.002 s2x4

. - . crab, head and thorax 0.060 + 0.009 26+3
a concentration of 100& 3 mg L™ (Fluka, Buchs, Switzerland), meat (C. pagurus)
arsenate standard with a concentration of 1808 mg L™t (Spectra- ; - Pag.

: king crab, white meat 0.005 + 0.001 263

scan, TeknoLab), MA hexahydrate (Chem Service, West Chester, PA), (Paralithodes camschaticus)
DMA trihydrate (Merck, Hohenbrunn, Germany), TMAO, AC bromide,  Nonway lobster (N. norvegicus) 0.020 +0.003 21£3
and TETRA iodide (Hot Chemicals, Tokyo, Japan), respectively. A shrimp (Pandalus borealis) <0.0006 38+05
certified standard solution was used for AB (BCR CRM626, 1831 shrimp (P. borealis) <0.0006 60+8
6 mg kg as AB [Institute for Reference Materials and Measurements  shrimp (P. borealis) . <0.0006 67+8
(IRMM), Geel, Belgium]. Dimethylarsinoylacetic acid (DMAA), tri- horse mussel (Modilous modiolus) 0.0012 + 0.002 34+04
methylarsoniumpropionic acid (TMAP), and four arsenosugar standards Scallop muscle (Pecten maximus) 0.008 +0.001 31+03
(seeTable 1) were kindly donated by Professor K. A. Francesconi oystker (hof"eg ‘7d”/’s)[ orostrat <8géé‘6i 0.002 ole'?fg'gs
(Karl-Franzens University, Graz, Austria). The stock solutions were hm;?p \SNeaE; ?P(agifﬂe;/r'}gf gerrgef]‘/:;’n%gjsr)a 3 <0.0006 09+ 01
stored in the dark at 4C and were checked for impurities of other /e ceal (Cystophora cristat) <0.0006 0.22 +0.03

arsenic species using the HPLC-ICPMS system (no impurities found).
The mobile phase solutions were prepared by dissolving an appropriate
amount of ammonium carbonate (J. T. Baker, Phillipsburg, NJ) in an
aqueous 3% (v/v) methanol solution (Merck) followed by adjustment
of the pH to 10.3 with 25% (v/v) aqueous ammonia (Merck) and remained after centrifugation and filtration. To maintain satisfactory
filtration through a 0.45um polyvinyldifluoride filter (Pall Gelman  performance for the ION-120 column, frequent regeneration was
Sciences, Ann Arbor, MI) prior to use. The high pH of the mobile performed after approximately every-3a0 injections under conditions
phase ensured complete ionization of the arsenic species. Deionizedeported in ref27.
water (resistance> 17 MQ cm!, Nanopure-system, Nanopure,
Barnstead, United Kingdom) was used throughout the work. All RESULTS AND DISCUSSION
chemicals were of pro analysi quality or better.
Samples and Sample PreparatioriThe following CRMs have been Method Development.Previously, gradient elution had been

used in this work: DORM-2 (dogfish muscle), DOLT-2 (dogfish liver), used for the analysis of inorganic arsenic in samples of fish
and TORT-2 (lobster hepatopancreas) (National Research Council offollowing alkaline sample dissolutior27). To shorten the time
Canada, Ontario, Canada); BCR CRM627 (tuna fish tissue), BCR of analysis, an isocratic elution approach was pursued in this
CRM422 (cod muscle), and BCR CRM278R (blue mussel) (IRMM) ~work. A variety of ammonium carbonate concentrations were
and NIST1566b (oyster tissue) (National Institute for Science and tagteq g5 isocratic mobile phase aiming at a short time of analysis
fTeCh”C"Ogy (NIST), Gaithersburg, MD). Furthermore, seafood samples | i1t compromising the separation of the target species As-
rom the Norwegian surveillance program on contaminants in marine ) .

(V) from the organoarsenic compounds. A mobile phase

animals were analyzed (see list of samplesTable 5). The CRMs . . . .
were used as received, and all other samples were freeze-dried and?Oncentration of 50 mM was optimum and resulted in a relative

thoroughly homogenized using a laboratory mill (Retsch, Haan, Short time of analysis of approximately 6 min per run, and in
Germany) prior to the microwave treatment. contrast to gradient elution, no column reequilibration between
For the analysis of their total arsenic content, subsamples (ap- runs was needed. Additionally, by using this procedure, chloride
proximately 0.2 g) were submitted to microwave-assisted wet digestion was chromatographically resolved from As(V), and conse-
using 2.0 mL of HNQ@ and 0.5 mL of HO,. Prior to the ICPMS quently, the potential interference frof®Ar35CI* did not pose
determination, the sample digests were diluted to a final volume of 25 any problems. InFigure 1, a chromatogram of a standard
mL with W?tler-o':gr trzz analysist)of inorga_nicdars_fr?iE:A)Stigsanlis of mixture solution, which contained eight arsenic species, il-
approximately 0.2 g (dry weight) were mixed wi mL of a ; ; ;
solution of 0.9 M NaOH in 50% (v/v) ethanol or (B) 10 mL of a solution !Sups ;L?;? K}? ;tﬁ:S\{:)olr?vt:e?lsi;:rl:??ezttal?rzr?stiﬂ ;:()nrg tbf;gnokt r;irair?grkc

of 50% (v/v) methanol and dissolved using microwave-assisted heating As(V) i ities in th bile oh t b d
(90°C for 20 min). Subsequently, the samples were centrifuged (4400 s(V) impurities in the mobile phase reagents was observe

rpm, 10 min), and the supernatant was removed and filtered through a(27, 28). However, a small peak, corresponding to a concentra-
0.45.m single use syringe filter (Sartorius, Géttingen, Germany) prior tion of 0.08ug L™, originating from As(V) impurities in NaOH,

to analysis. The microwave treatment with alkaline ethanol efficiently Which was used in the sample preparation solution, was detected.
dissolved the sample matrix, and only a small amount of undissolved The quantitative conversion of As(lIl) to As(V) by the micro-

2 All results in mg kg™! as As + 20 on a wet weight basis.
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Figure 1. Anion exchange chromatogram of a mixed standards solution (enlar

ug L5 AB, 95 ug L% TMAO, 10 ug L% AC, 10 ug L% TETRA, 2.6 ug L~

settings. For peak identification, see Table 1.
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Figure 2. Overlaid chromatograms of an As(lll) standard solution (10 ug
L™1) before and after microwave treatment, respectively.

wave treatment in alkaline ethanol is illustratedFigure 2,
which shows overlaid chromatograms of an As(lll) standard
solution without and with microwave treatment. Analysis of total
arsenic in a range of CRMs after microwave treatment with
alkaline ethanol gave a recovery of 9886% [meant relative
standard deviation (RSD)] of the certified concentrations. This
clearly indicated that arsenic present in the samples was
completely solubilized by this procedure.

Stability of Organoarsenic Compounds during the Sample
Preparation Step. Any conversion of the predominant orga-

gement inserted) containing As(V), 10 ug L™%; MA, 10 ug L~% DMA, 10
L and TMAP, 10 ug L™1. See Table 2 for information on instrumental

respectively. Speciation analysis of the aqueous standard solu-
tions was performed in order to ensure that no conversion of
the arsenical in question had occurred in the stock solutions.
The alkaline ethanol solutions were subjected to microwave
treatment followed by speciation analysis using HPLC-ICPMS.
For all arsenic compounds investigated, no conversion of the
parent species to inorganic arsenic was observed. Some indica-
tions of interconversions among some of the organoarsenic
compounds were found, but because this did not influence the
inorganic arsenic content, this was not pursued further in this
study. Gamble et al2Q) investigated the chemical stability of
the four main arsenosugars (Sesble 1) in basic environment

at 60 °C and found degradation of arsenosugrand 4 to
arsenosugat and DMA, but no presence of inorganic arsenic
was reported, supporting the findings in the present study.

Comparison with Methanol/Water Extraction. To compare
the extraction efficiency of the sample preparation suggested
in this work (A), with the efficiency of a commonly used
extractant such as methanol/water+11) (B), two samples
(TORT-2 and crab meat) were selected and prepared in five
replicates by each of the methods. For TORT-2, the inorganic
arsenic concentration (mean2o) was (A) 0.176+ 0.007 and
(B) 0.168+ 0.003 mg kg?! and for crab meat (A) 0.22%

noarsenic species in seafood to inorganic species during the0.008 and (B) 0.22@: 0.005 mg kg?, respectively. In either

sample pretreatment procedure would impede the analyticalcase, no significant difference between the two different sample
accuracy of the inorganic arsenic analysis. In contrast, conver-preparation procedures was found. These results may at a first
sion of organoarsenic compounds to other organoarsenicglance seem contradictory to the hypothesis that methanol/water

compounds would not affect its determination.

To illustrate the stability of the species, the authentic arsenic
standards listed iffable 1 were prepared at concentrations in
the range of 2—19@&g As L™t in water and alkaline ethanol,

is insufficient to quantitatively release As(lll) from a proteina-

ceous matrix as discussed in the Introduction. However, the
results possibly reflect that the inorganic arsenic in the two
sample types is present predominantly as As(V) whereas

55000
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€ 25000
'S 20000
.C%’ 15000
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Figure 3. Overlaid chromatograms of anion exchange analysis of a BCR CRM278R mussel tissue sample unspiked and spiked with 50 ng of As(lll).
The spiked amount of As(lll) is quantitative recovered as As(V). The other (not assigned) coeluting peaks in the chromatogram are organoarsenic
species. The insert shows an enlargement of the chromatogram for the unspiked sample.
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Figure 4. Control chart for inorganic arsenic in TORT-2 from 20 measurements. A mean value of 0.186 mg kg~* with a CV of 7.3% RSD was found.
Upper and lower action limits (mean + 3 s) are given in full lines; upper and lower warning limits (mean % 2 s) are given in dotted lines.

Table 6. Results from the Analysis of Inorganic Arsenic in Various Marine CRMs?

As(I1l) As(V) As(Il) + As(V) sample preparation detection ref
DORM-2 <0.002 microwave/(ethanol/NaOH) HPLC-ICPMS this work
(dogfish muscle) 0.05+0.01 0.05+0.02 dispersion unit/[methanol/water(1 + 1)] HPLC-ICPMS 17
ND 0.0063 + 0.0015 sonication/water HPLC-ICPMS 40
ND 0.36 + 0.09 microwave/water HPLC-ICPMS 32
0.11+£0.04 ND microwave/[methanol/water(1 + 1)] IC-ICPMS 33
ND 0.05+0.01 sonication/(chloroform/methanol/water) HPLC-ICPMS 41
01 04 mechanical agitation/water HPLC-ICPMS 42
<0.03 <0.03 mechanical agitation/(methanol/water(9+1))  HPLC-ICPMS 43
0.08 0.48 aqueous extract IC-ICPMS 44
0.102 +£0.029°  microwave assisted distillation/HCI HG-AAS 25
0.145+0.011¢  dissolution (HCl)/extraction (chloroform) HG-AAS 6
0.15+0.01 distillation/HCI FI-HG-AAS 26
TORT-2 (Lobster 0.19+£0.03 microwave/(ethanol/NaOH) HPLC-ICPMS this work
hepatopancreas) ND 0.47+0.13 microwave/water HPLC-ICPMS 32
ND 0.0928 +0.0371 sonication/water HPLC-ICPMS 40
ND 0.684 + 0.405 various techniquesd/water HPLC-ICPMS 45
ND 0.41£0.03 microwave/[methanol/water(1 + 1)] HPLC-ICPMS 46
0.506 + 0.031°  microwave assisted distillation/HCI HG-AAS 25
0.581 +0.055¢  dissolution (HCl)/extraction (chloroform) HG-AAS 6
0.46 +0.07 distillation/HCI FI-HG-AAS 26
DOLT-2 <0.002 microwave/(ethanol/NaOH) HPLC-ICPMS this work
(dogfish liver) ND 0.0071 +0.0015 sonication/water HPLC-ICPMS 40
ND 0.004 dispersion/(methanol/NaOH) IC-ICPMS 47
BCR CRM 627 0.015+0.003  microwave/(ethanol/NaOH) HPLC-ICPMS this work
(tuna fish tissue) ND ND Soxhlet/[methanol/water(1 + 1)] HPLC-HG-ICPMS 48
0.0018 +0.0001  0.0045 + 0.0002 microwave/water HPLC-HG-ICPMS 49
BCR CRM 422 (cod muscle) <0.002 microwave/(ethanol/NaOH) HPLC-ICPMS this work
BCR CRM 278R (mussel tissue) 0.025+0.002  microwave/(ethanol/NaOH) HPLC-ICPMS this work
NIST 1566b 0.004 £0.001  microwave/(ethanol/NaOH) HPLC-ICPMS this work
(oyster tissue) 0.647 £0.027¢  dissolution (HCl)/extraction (chloroform) HG-AAS 6

a All results in mg kg~ as As on a dry weight basis. Blank cells were not analyzed; ND, not detected. © As(lll) + As(V) + MA + DMA (11%) + TMAO (0.2%). ¢ As(lll)
+ As(V) + MA + TMAO (3-10%). ¢ Various procedures were employed including Soxhlet, sonication, room temperature mixing, and microwave-assisted and supercritical
extraction.

As(lll) is only present in negligible amounts. A similar and recoveries of (meah 20) 103+ 12 and 97+ 15% were
comparative analysis using a sample with a significant content found for As(V) and As(lll), respectively. The experiments with
of As(lll) would provide data for a better evaluation of the two As(lll) spiked to the samples additionally confirmed the
sample preparation procedures. At present, no such sample hafundamental feature of the method, namely, the complete
been found. conversion of As(lll) to As(V) in the sample preparation step.
Figures of Merit. None of the CRMs available are certified Figure 3 illustrates an experiment with As(lll) spiked to the
for inorganic arsenic content. Alternatively, the trueness of the CRM BCR278R mussel tissue sample. The spiked amount of
method was evaluated by recovery experiments of As(V) and As(lll) is fully recovered as As(V), which is chromatographi-
As(lll); seeTable 4. For both species, 50 ng as As was added cally separated from other organoarsenic species. The precision
to the sample prior to the microwave treatment. Eight different of the method was estimated from the analysis of the CRM
samples representing different sample categories were selected ORT-2, which was included in each batch of samples analyzed.
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The mean value found was 0.19 mg kgdry matter with a Considering the possibility that the method of analysis charac-
RSD of 7.3% N = 20). Figure 4 shows a control chart of the  terized in this report might be considered for future international
obtained results for inorganic arsenic in TORT-2. The limit of standardization, the advantages and drawbacks are as follows.
detection (30) was based on the measurement of peak area foAdvantages: (i) simple and rapid sample preparation procedure
12 blank samples and was estimated to be 0043971 in resulting in an almost total dissolution of the sample; (ii) short
sample solutions. This is equivalent to 0.002 mgdry matter chromatographic procedure facilitating a high sample through-
or 0.0006 mg kg* wet weight in the samples (i.e., 250 g dry  put; and (i) low limits of detection making analysis of inorganic
matter kg! and sample mass 0.2 g dry matter) and is among  arsenic at biological and toxicological important levels possible.
the lowest reported so far for inorganic arsenic. Drawbacks: (i) HPLC-ICPMS equipment is a costly investment

Analysis of Inorganic Arsenic in Seafood Samples and  but benefits from its flexibility; and (ii) frequent cleaning of
CRMs. A selection of 29 seafood samples representing different the analytical column is required to maintain acceptable
sample types such as fish, crustaceans, bivalves, and maring@erformance.

mammals were analyzed for their content of inorganic arsenic  |n conclusion, a method for the determination of inorganic
and total arsenic. Quantification was based on a peak areagrsenic in seafood has been described. The method was

evaluation using a three point external calibration-{0 ug employed on wide range of seafood samples and marine CRMs.
L~1) with matrlx-matched standard solutlons. Alllsamples Were | ow concentrations were found in all sample types implying
analyzed in duplicate, and the results are givefiable 5. For nat there is no risk of exceeding present recommendations for

fish, lobster, shrimps, and marine mammals, the inorganic jntake of inorganic arsenic associated with the consumption of
arsenic contentis in all cases below the limit of detection, except seafood. A comparison of existing literature values, including
for tuna fish, where a concentration of 0.008 mgkgas found.  {he present study, of inorganic arsenic in marine CRMs showed

Low concentrations for inorganic arsenie@.037 mg kg+) in a large variation between the results. This emphasizes the need
fish have been reported in other studies substantiating the resultg,, f,,rther research toward the development of reliable methods
found in the present study{, 30, 31). In the bivalves, crab, ¢ e determination of inorganic arsenic in biological samples
and lobster samples, inorganic arsenic concentrations up to 0.08,,q CRMs with certified values for inorganic arsenic.

mg kg~! were found. In all samples investigated in the present
study, the inorganic arsenic content constituted less than 1% of
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