
RESEARCH PAPER

SPE HG-AAS method for the determination of inorganic
arsenic in rice—results from method validation studies
and a survey on rice products

Rie R. Rasmussen & Yiting Qian & Jens J. Sloth

Received: 31 January 2013 /Revised: 20 March 2013 /Accepted: 20 March 2013 /Published online: 20 April 2013
# Springer-Verlag Berlin Heidelberg 2013

Abstract The present paper describes the development,
validation and application of a method for inorganic arsenic
(iAs) determination in rice samples. The separation of iAs
from organoarsenic compounds was done by off-line solid-
phase extraction (SPE) followed by hydride generation
atomic absorption spectrometry (HG-AAS) detection. This
approach was earlier developed for seafood samples (Ras-
mussen et al., Anal Bioanal Chem 403:2825–2834, 2012)
and has in the present work been tailored for rice products
and further optimised for a higher sample throughput and a
lower detection limit. Water bath heating (90 °C, 60 min) of
samples with dilute HNO3 and H2O2 solubilised and oxi-
dised all iAs to arsenate (AsV). Loading of buffered sample
extracts (pH 6±1) followed by selective elution of arsenate
from a strong anion exchange SPE cartridge enabled the
selective iAs quantification by HG-AAS, measuring total
arsenic (As) in the SPE eluate. The in-house validation gave
mean recoveries of 101–106 % for spiked rice samples and
in two reference samples. The limit of detection was
0.02 mg kg−1, and repeatability and intra-laboratory repro-
ducibility were less than 6 and 9 %, respectively. The SPE
HG-AAS method produced similar results compared to par-
allel high-performance liquid chromatography coupled to
inductively coupled plasma mass spectrometry (ICP-MS)
analysis. The SPE separation step was tested collaboratively,

where the laboratories (N=10) used either HG-AAS or ICP-
MS for iAs determination in a wholemeal rice powder. The
trial gave satisfactory results (HorRat value of 1.6) and did
not reveal significant difference (t test, p>0.05) between
HG-AAS and ICP-MS quantification. The iAs concentration
in 36 rice samples purchased on the Danish retail market
varied (0.03–0.60 mg kg−1), with the highest concentration
found in a red rice sample.
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Introduction

Arsenic (As) is a trace element present in the environment
and consequently in various food items. The total As con-
tent in food products of plant origin is usually low, but rice
and rice-based products are exceptions [2]. Rice contains
most often three forms of arsenic; inorganic arsenic (iAs)
and the methylated species monomethylarsonic acid (MA)
and dimethylarsinic acid (DMA) [3, 4]. As has two oxida-
tion states and the two forms of iAs: arsenite (AsIII) and
arsenate (AsV), which can interconvert during extraction [5].
Dietary intake of iAs is of special concern due to its carci-
nogenicity to humans [6], whereas DMA and MA are con-
sidered of less toxicological importance [7]. Rice grains and
rice-based products are staple foods in many countries and is
one of the major contributors to the iAs exposure according
to the European Food Safety Authority (EFSA). Since the
total dietary intake of iAs for some European consumer
groups are close to or even above the recommended margins
of exposure (0.3–8 μg (kg bw)−1 day−1 Benchmark Dose
Level), the possibility of a risk to these consumers groups
cannot be excluded [7]. Rice contains typically between
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0.05 and 0.20 mg kg−1 iAs [8], but concentrations up to
1–2 mg kg−1 in specific rice products have been reported
[9]. Inorganic As represents very variable percentages of
total As (10–90 %) in rice [10] and therefore selective
detection methods for iAs are required for accurate exposure
assessment. Arsenic in foodstuffs is currently not regulated
in the European legislation [11], and China seems to be the
only country with a maximum level (ML) for iAs in rice
(0.15 mg kg−1) [8]. The Codex Alimentarius Committee on
contaminants in food, established by FAO and WHO, pro-
posed in 2012 a draft MLs for iAs in raw and polished rice
(0.3 and 0.2 mg kg−1, respectively) [8], but this proposal has
not been adopted yet. Internationally accepted validated
method(s) are needed before establishment of MLs as
emphasised by EFSA (2009) [7], WHO (2011) [12] and
Codex (2012) [8]. Currently, two European standards for
the determination of iAs have been published: EN
15517:2008 for iAs in seaweed by hydride generation atom-
ic absorption spectrometry (HG-AAS) [13] and EN
16278:2012 for iAs in animal feedingstuffs of marine origin
by solid-phase extraction (SPE) HG-AAS [14]. Further-
more, China has a national standard for determination of
abio-arsenic in foods, where the (abio-)As extracted with
6 M hydrochloric acid is detected by HG atomic fluores-
cence spectrometry (AFS) [15].

Awide range of sample pretreatment methods (extraction
into water, acidic extraction with different acids, alkaline
extraction, enzymatic digestion, etc.) and instrumental set-
ups can be used for As speciation analysis, as thoroughly
reviewed by Francesconi and Kuehnelt [16]. Recently, the
European Union Reference Laboratory for Heavy Metals in
Feed and Food organised a proficiency test on the determi-
nation of iAs in rice, where the participants (N=32) used
various analytical techniques of their own choice. The main
conclusion from the study was that, among seven expert
laboratories, the determination of iAs in rice did not depend
on the applied analytical method [17]. High-performance
liquid chromatography coupled to inductively coupled plas-
ma mass spectrometry (HPLC-ICP-MS) is often favoured
for arsenic speciation analysis, due to the low limits of
detection and the high selectivity of this detector even when
analysing real sample matrices. Separation of As species, by
anion exchange chromatography exploiting their different
pKa values and charges, is widely used [17, 18]. However,
the ICP-MS detector is not available in all food control
laboratories since its purchase and running costs are higher
compared to other elemental detection techniques like e.g.
the AAS and AFS.

The aim of the present work was to develop a method for
the specific determination of iAs in rice samples based on
anion exchange SPE separation and HG-AAS detection,
using the same principles as previously applied for seafood
samples [1, 14]. The method was further optimised in order

to achieve a lower detection limit and an easy-to-use high-
throughput sample extraction approach. The current study
presents the method performance characteristics obtained
from an in-house validation study and the results from a
collaborative trial of the SPE separation approach. Further-
more, the method was applied to a range of different rice
samples (N=36) obtained in the Danish retail shops.

Experimental

Chemicals and reagents

The following chemicals and reagents were used to prepare
the solutions used for the experimental work, including
extraction of samples, the SPE and HPLC separations as
well as the HG-AAS and ICP-MS detection procedures.
Methanol (MeOH) was HPLC grade (Rathburn, Walker-
burn, Scotland, UK) and acetic acid (CH3COOH) pro anal-
ysis quality (Merck, Darmstadt, Germany). The 67–69 %
nitric acid (HNO3) and 34–37 % hydrochloric acid (HCl)
were Plasma Pure grade (SCP Science, The Netherlands),
30 % hydrogen peroxide (H2O2) and 25 % ammonia (NH3)
were Suprapure grade (Merck), sodium hydroxide (NaOH)
was Ph Eurgrade (Merck) and ammonium carbonate
((NH4)2CO3) was Puratronic grade (Alfa Aesar, Karlsruhe,
Germany). Sodium tetrahydroborate (NaBH4) (Fluka,
Buchs, Switzerland), L-ascorbic acid (Fluka) and potassium
iodide (KI) (Merck) were all pro analysis quality. The 30 %
silicone antifoam emulsion in water was obtained from
Sigma-Aldrich (Steinheim, Germany). Water was ultrapuri-
fied using a Millipore system (Molsheim, France). Serial
dilutions of arsenate (AsV) standard stock solution (1,000±
3 mg l−1) from (CPI Peak Performance, USA) were prepared
daily in water.

Samples: preparation, extraction and analysis

Various types of rice products, including white (N=11), brown
(N=10), parboiled (N=1), black rice (N=5), red rice (N=2)
and rice crackers (N=7) were obtained from local retail shops
in the Copenhagen area. Minimum of 10 g of each of the
samples was homogenised and ground to a fine powder using
a commercial coffee grinder (Tefal Simply Invents, China)
and stored at room temperature (20 °C) until analysis. Two
natural incurred rice reference materials, IMEP-107 rice (In-
stitute for Reference Materials and Measurements Geel, Bel-
gium) containing 0.107±0.014 mg kg−1 iAs and 0.172±
0.018 mg kg−1 total arsenic [19] and the Standard Reference
Material NIST1568a rice flour (National Institute of Standards
and Technology, Maryland, USA) certified for 0.29±
0.03mg kg−1 total arsenic, were included. Though no certified
iAs value exists for NIST1568a rice flour, a literature
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consensus value of approximately 0.096mg kg−1 iAs has been
reported [20].

Subsamples (approx. 0.5 g dry weight) were extracted with
10ml of a diluted acidic mixture (0.1MHNO3 and 3%H2O2)
in 13-ml round bottomed polypropylene tubes assisted by
water bath heating (90 °C±2) for 60 min. After 10 min cen-
trifugation (2,500×g, 10 °C), the sample extracts were trans-
ferred to clean plastic tubes, before aliquots were analysed by
SPE HG-AAS (as described below). External calibration
standards matching the final sample solvent composition were
included twice: in the beginning and at the end of each
sequence, for quantification. Linear calibration curves were
drawn by the least squares method points by plotting the
response of the analyte against the concentration.

The rice sample for the collaborative trial was obtained as a
fine powdered rice meal in a retail shop and was homogenised
by thorough shaking before being distributed into dark glass
bottles (N=30; approx. 10 g/bottle). A homogeneity test car-
ried out following the requirements set by the ISO 13528 [21]
demonstrated that the test sample was sufficiently homoge-
neous for the collaborative trial. The samples were dispatched
to the participants in May 2012 and results were obtained by
the end of July 2012. Sample extraction with diluted HCl and
SPE separation was done according to EN16278:2012 [14]
and both the HG-AAS approach and determination by ICP-
MS was applied for the iAs detection in the SPE eluates.

SPE HG-AAS

Inorganic arsenic was selectively separated from other arse-
nic compounds using a silica-based strong anion exchange
SPE (Strata SAX, Phenomenex, 6 ml, 500 mg 55 μm, 70 Å).
The SPE procedure followed the approach previously
reported by Rasmussen et al. [1] with slight modifications
in solvent composition (Fig. 1). The sample extract was
buffered with a 70 mM (NH4)2CO3 buffer (1+1) and pH
adjusted if outside the 5.0–7.5 range. Following loading of
the buffered sample extract on the SPE column (step 3,
Fig. 1), a washing step with 0.5 M acetic acid (step 4,
Fig. 1) removed MA and DMA from the SPE. In the final
elution step, the SPE eluates (step 5, Fig. 1) containing iAs

were collected and pre-reduced prior to determination of the
(total) arsenic concentration by HG-AAS. Pre-reduction
included mixing of 0.8 ml SPE eluate with 5.6 ml reduction
solution (30 mM KI, 28 mM L-ascorbic acid, 0.1 % (v/v)
silicone, 3 M HCl), which was allowed to react for 1 h at
room temperature. Subsequently, 4.8 ml of 3 M HCl was
added and it was left to react for another hour at room
temperature prior to HG-AAS measurement. The AsV stand-
ards and the SPE sample eluates were pre-reduced simulta-
neously. The HG-AAS (Thermo Fisher Scientific,
Cambridge, UK) was operated as previously described [1].
The gaseous arsenic hydrides (AsH3) generated with NaOH/-
NaBH4 (0.5 % w/v) and HCl (4.7 M) were transported by
argon gas through a dryer tube (610×22 mm id, Perma pure
model MD-110-24F-4, Toms River, USA) to reduce vapour
precipitation, which may decrease the sensitivity. The six
external calibration standards matching the solvent composi-
tion of the samples were 0 and in the range 0.25–4.98 μg l−1

corresponding to 0 and 0.044–0.87 mg kg−1 in a rice sample.

Method validation

In-house validation data for SPE HG-AAS were collected in
three series (white rice, brown rice and rice crackers), which
were analysed on three separate days by two different labora-
tory technicians. Each validation series comprised 24 samples,
i.e. rice samples spiked with AsVat four levels (0, 0.3, 0.55 and
0.80 mg kg−1) each analysed in triplicates, one reagent blank,
two reference materials (NIST1568a and IMEP-107) analysed
in duplicates and single determinations of unspiked retail rice
samples. Additional retail samples were analysed in an extra
series, where also one reagent blank and two referencematerials
(NIST 1658a and IMEP-107) were included. The spiked sam-
ples had a varying natural content of iAs with white rice, brown
rice and rice crackers, containing 0.05, 0.15 and 0.28 mg kg−1

(N=3), respectively. AsV were added prior to the sample ex-
traction step in order to reach the desired spike levels.

Inorganic arsenic SPE separation was also collaborative-
ly tested in 10 German trace element laboratories, handing
in 11 data sets for iAs determination in a rice sample. Only
two of the participants (laboratory ID 3 and 4) had previous
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experience with the SPE technique. A 2-day theoretical iAs
speciation and hands-on SPE training was given to the
laboratory staff beforehand the trial.

Data processing

Statistical evaluation of the data followed ISO 5725-2 [22]
and was carried out in Microsoft Excel 2010 spreadsheets
following the procedure described by the Nordic Committee
on Food Analysis [23]. The within-day and between-day
data were used for the determination of the in-house relative
standard deviation of repeatability (RSDir) and reproducibil-
ity (RSDIR), respectively. The limit of detection (LOD) and
limit of quantification (LOQ) were determined as three
times and six times the standard deviation at in-house val-
idation conditions (SDIR) divided by the recovery, respec-
tively, both based on results obtained from the analysis of
the NIST1568a rice flour with relative low iAs content
(∼0.096 mg kg−1). In the collaborative trial, the repeatability
and reproducibility RSDs were calculated from within-
laboratory (RSDr) and between-laboratory (RSDR) data.
The obtained relative standard derivations (RSDobtained)
were compared with predicted values (RSDpredicted) calcu-
lated by the Horwitz equation (2(1–0.5·log C)) for the specific
mass fraction (C in gram per gram) and the HorRat value
(RSDobtained/RSDpredicted) was calculated. From the laboratory
mean, the overall mean (Xobs) and associated standard deriva-
tion (uobs) was calculated using data from compliant labs.
Outlying results for laboratory precision (variance) were iden-
tified by the Cochran test and outliers for laboratory replicates
or laboratory means were identified by the Grubbs test [22].

Results and discussion

Optimization of the analytical procedure

The original extraction procedure developed for seafood sam-
ples [1] was in the present work further optimised to achieve a
lower detection limit by increasing the sample to solvent ratio
by a factor 2.5 (from 0.2 to 0.5 g sample per 10 ml solvent),
which is within the typical ratio applied by other iAs specia-
tion laboratories for rice samples [24]. The weak acidic aque-
ous solvent was exchanged from HCl (0.06 M) to HNO3

(0.1 M) in order to reduce the Cl− content, which is strongly
retained on anion exchange columns and can potentially cre-
ate argon chloride interference (40Ar35Cl+ on 75As+) in the
ICP-MS detection. Application of extraction by water bath
heating (90 °C, 60 min) instead of the previously used
microwave-assisted extraction (90 °C, 25 min + cooling)
approach enabled a higher sample throughput because of a
higher capacity of the water bath and the use of single-use
tubes for the extraction. H2O2 (3 % v/v) was added for

quantitative oxidation of AsIII to AsV for stronger retention
on the anion SPE cartridge as demonstrated previously [18].

The separation of iAs from MA and DMA in an extract of
the NIST1568a rice sample is illustrated in Fig. 2, which
shows overlaid HPLC-ICP-MS chromatograms from the
loading-, washing- and elution steps, respectively, of the
SPE separation. AsV eluted exclusively in elution step,
whereas the other arsenic species eluted in the fractions
from the loading and washing steps.

In-house method performance characteristics

The SPEHG-AASmethodwas in-house validated using spiked
(levels 0.3: 0.55 and 0.80 mg kg−1) and naturally incurred rice
samples. A summary of the in-house validation results are
shown in Table 1. Mean recoveries of 101–106 % were
obtained for the spiked and reference rice samples (Table 1).
Good agreement with the consensus values for the reference
materials IMEP-107 and NIST1568a and the results obtained in
this study: 0.108±0.008 and 0.100±0.007 mg kg−1 (mean ±
standard deviation), respectively, were achieved.

The method complies with the required performance crite-
ria for methods to be used for official food control purposes as
decided by the European Commission [25]. Low values for
the in-house repeatability for replicate measurements (RSDir

3–6 %) were obtained and also the intra-laboratory reproduc-
ibility was satisfactory since the RSDIR values (7–9%) did not
exceed the Horwitz equation values (RSDHorwitz) for the spe-
cific concentration level [26] as also requested by the Euro-
pean Commission [25]. The performance was within the same
range for low, medium and high spike and for white rice,
brown rice and rice crackers, which were analysed in three
different analytical series. The LOD and LOQ were estimated
at 0.02 and 0.04 mg kg−1, respectively.

A linear response for external standards was obtained up to
4.98 μg l−1 (corresponding to 0.87 mg kg−1), with correlation
coefficients (R2)≥0.994. Matrix effects were not seen since
spiking experiments gave quantitative recoveries (105–
106 %, Table 1). Plastic containers were applied whenever
possible to avoid AsV contamination from glassware and the
iAs content in reagent blanks was at a low level (corresponding
to <0.002 mg kg−1), indicating that no contamination were
introduced during the extraction and separation procedures.
At 2.5 times, LOQ level acceptable values for trueness (101–
103 %) and reproducibility (7 %) were obtained for the natural
incurred reference materials (NIST 1568a and IMEP-107)
containing approximately 0.1 mg kg−1 (Table 1). The method
working range defined as LOQ to the highest calibration
standard was from 0.04–0.87 mg kg−1.

All rice sample extracts (from both naturally incurred,
spiked and reference material) were analysed by both SPE
HG-AAS and a HPLC-ICP-MS reference method [1]. A com-
parison of the results from the two methods (Fig. 3) showed
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good agreement although a slightly higher (3 % on average)
and statistical significantly different (p<0.05, paired t test)
results were obtained compared to the HPLC-ICP-MS results.
No significant differences between the two methods were
observed for seafood samples as documented in a previous
study [1]. An overestimation of iAs by SPE HG-AAS could
indicate presence of organo-As compounds in the eluate; how-
ever, the HPLC chromatograms did not support this suspicion
(Fig. 2), since the peak around 2 min also was present in the
reagent blank. The 3 % difference between the two methods
has no practical implications for control purposes since meas-
urements between laboratories typical vary much more.

Collaborative testing of the method

The SPE separation method was furthermore tested in a
collaborative trial on a rice meal sample. The rice sample
was analysed by 10 laboratories handing in 11 datasets
(Fig. 4). One laboratory was a Cochran outlier (ID 1) and

was excluded from the calculations, whereas two Cochran
stragglers (lab 3 and 5) having only medium variance within
the four replicates were included. No significant difference
(p=0.05, t test) between the use of HG-AAS (n=7) or ICP-
MS (n=3) for the arsenic determination following the SPE
separation was observed. The laboratory, which applied
both ICP-MS and HG-AAS (laboratory ID 7 and 8 in
Fig. 4) as detectors, obtained similar results for the two
detection approaches (Fig. 4).

The overall mean (Xobs) at 0.16 mg kg−1 is in fair agree-
ment with results obtained at DTU at 0.19 mg kg−1 from the
homogeneity testing, indicating satisfactory accuracy. For
the precision, values at 19.6 % for RSDr and 34.2 % for
RSDR were obtained, respectively. These values are at the
same level as the values from the IMEP-32 study on marine
animal feedingstuffs using EN16278:2012 [14] (RSDr, 5.4–
17.5 % and RSDR, 13.2–31.9 %) and are evaluated as satis-
factory. A HorRat value at 1.6 was obtained, which is satis-
factory according to the requirements in EU directive
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Fig. 2 Overlaid HPLC-ICP-
MS chromatogram of three SPE
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Table 1 Results of the in-house SPE HG-AAS rice validation study.
Determination of inorganic arsenic in two rice reference materials
(IMEP-107 and NIST1568a) and in white rice, brown rice and rice
crackers spiked at three levels. No. of spiked samples (n), mean

recovery and the relative standard deviation of the repeatability (RSDir)
and the in-house reproducibility (RSDIR) calculated according to ISO
5725-2 [22]. RSDHorwitz is the Horwitz relative standard deviation
calculated as recommended by the European Commission [25]

Spike level Rice reference material

Low Medium High IMEP-107 NIST1568a

Target level (mg kg−1) 0.30 0.55 0.80 0.107±0.009a 0.096±0.010a

Observations (n) 9 9 9 8 7b

Mean recovery (%) 105 106 106 101 103

Recovery range (%) 93–112 95–112 95–118 92–112 96–113

Repeatability RSDir (%) 5 3 4 6 5

Reproducibility RSDIR (%) 7 9 8 7 7

RSDHorwitz (%) 19 18 17 22 23

a Consensus values: mean ± standard deviation; IMEP-107 (n=6) [17] and NIST1568a (n=9) [20]
b One outlier result discarded (0.048 mg kg−1 )
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333/2007 [27]. The target standard deviation (σ) for the col-
laborative trial was fixed to 15% reflecting the state-of-the-art
in this field of analysis [17]. Seven out of 11 participants
(64 %) had mean values within the target interval (Xobs±
2·σ), which is at the same level as reported (75 % within the
target interval, N=32) in another iAs trial on rice [17].

Retail rice samples

The SPE HG-AAS method was applied on 36 rice samples
from the Danish retail market (Fig. 5 and Electronic Supple-
mentary Material Table S1). White rice (N=11) on average
contained a lower amount of iAs (median value 0.09 mg kg−1)
compared to other rice types. Median values for black (N=5)
and brown rice (N=10) were also at relatively low concentra-
tion levels (both 0.14 mg kg−1); however, single samples of

these types contained up to 0.3–0.4 mg kg−1. The rice crackers
(N=7) was the sample type with the highest iAs concentration
(median 0.28 mg kg−1 and up to 0.57 mg kg−1). Red (N=2)
and parboiled rice (N=1) were also analysed but here the
samples were too few to give general remarks.

The amounts are within the ranges previously reported for
samples of rice and rice products [8]. Both type of rice as well
as iAs environmental contamination is of importance for the
plant accumulation of iAs [28, 29]. The iAs levels detected in
rice and rice products were for 6 of 36 samples above the MLs
for raw rice (0.3 mg kg−1) proposed by Codex [8].

Conclusion

A SPE HG-AAS method for the determination of iAs in rice
was optimised and subsequently successfully validated. In-
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house average recoveries in the range of 101–106 % and
repeatability and reproducibility RSD values at 3–6 and 7–
9 %, respectively, were in accordance with previous results
obtained for marine samples. Due to optimization of the extrac-
tion procedure, a lower LOD was obtained (0.02 mg kg−1)
which is well below the proposed maximum levels (0.2–
0.3 mg kg−1). Collaborative testing of the SPE separation
method on a wholemeal rice meal sample gave a satisfactory
HorRat value of 1.6. The method was applied to a range of rice
and rice products samples (n=36) and concentrations from 0.03
to 0.60 mg kg−1 of iAs were found. Rice crackers were the
sample type with the highest iAs contents, whereas white rice
generally had the lowest content. The SPE HG-AAS method
presented here enables iAs determination by inexpensive in-
strumentation (HG-AAS) and is fit for purpose as a candidate
method for future control of rice and rice products.
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