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We evaluated total and inorganic arsenic levels in long grain rice and rice based baby foods on Finnish
market. Inorganic arsenic was analysed with an HPLC-ICP-MS system. The total arsenic concentration
was determined with an ICP-MS method. In this study, the inorganic arsenic levels in long grain rice var-
ied from 0.09 to 0.28 mg/kg (n = 8) and the total arsenic levels from 0.11 to 0.65 mg/kg. There was a good

correlation between the total and inorganic arsenic levels in long grain rice at a confidence level of 95%.
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The total arsenic levels of rice-based baby foods were in the range 0.02 - 0.29 mg/kg (n = 10), however,
the level of inorganic arsenic could only be quantitated in four samples, on average they were 0.11 mg/kg.
Our estimation of inorganic arsenic intake from long grain rice and rice-based baby food in Finland indi-
cate that in every age group the intake is close to the lowest BMDL ; value 0.3 pg/kg bw/day set by EFSA.
According to our data, the intake of inorganic arsenic should be more extensively evaluated.

© 2013 The Authors. Published by Elsevier Ltd. Open access under CCRY license

1. Introduction

Arsenic is a metalloid with a ubiquitous presence; it occurs in
rock, soil, water, air and living organisms in inorganic and organic
forms (Mandal & Suzuki, 2002; Naja & Volesky, 2009). The two
inorganic forms are arsenite (As(Ill)) and arsenate (As(V)) and
nowadays over fifty organic arsenic compounds have been discov-
ered (Francesconi, 2010). The most abundant organic arsenic
species are monomethylarsonic acid (MMA), dimethylarsonic acid
(DMA), trimethylarsine oxide (TMAO), tetramethylarsonium ion
(TeMA), arsenobetaine (AB), arsenocholine (AC), dimethylarsinylri-
bosides, trimethylarsonioribosides, glycerylphosphorylarsenocho-
line and phosphatidylarsenocholine (Leermakers et al.,, 2006).
According to the World Health Organization, arsenic, in one or
another form, is found in virtually all foodstuffs (World Health
Organization, 2001).

The toxicity and metabolism of the distinct arsenic species are
different (Huang, Ke, Costa, & Shi, 2004). Generally speaking, inor-
ganic arsenic compounds are more toxic than organic ones, and the
trivalent arsenic form is more toxic than its pentavalent equivalent
(Hughes, 2002). It is difficult to determine the individual arsenic
species in order of their toxicity, because the toxicity of these
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chemical forms is very different not only in different organisms
but even between organs. One factor that makes arsenic more
interesting is that arsenic is an essential element for some animals,
like rats and goats (Piissa, 2008; Ratnaike, 2003) and interindivid-
ual susceptibility in humans to the adverse effects caused by
arsenic compounds has been reported (Huang et al., 2004). The ini-
tiation and progression mechanisms of human carcinogenesis
caused by arsenic exposure are still not entirely clear (Shi, Shi, &
Liu, 2004). However, chronic exposure to inorganic arsenic not only
causes, but also can evoke hypertension, skin lesions, diabetes and
cardiovascular disease and furthermore it can affect the vascular
system (Hughes, 2002; Jomova et al., 2011). Acute exposure to high
levels of arsenic can cause cardiomyopathy, hypotension, gastroin-
testinal discomfort, vomiting, diarrhea, bloody urine, anuria, shock,
convulsions, coma and in death in the most severe cases (Hughes,
2002; Jomova et al., 2011).

According to the International Agency for Research on Cancer
(IARC) arsenic is a class I carcinogen (International Agency for Re-
search on Cancer, 1987). In 2004 IARC declared that arsenic could
cause lung, skin and urinary bladder cancer in humans (Interna-
tional Agency for Research on Cancer, 2004). In 2010, the Joint
FAO/WHO Expert Committee on Food Additives (JECFA) estimated
that BMDLg 5 for inorganic arsenic species would be 3 pg/kg bw/
day (Joint FAO/WHO Expert Committee on Food Additives, 2010).
This conclusion replaced the old PTWI-value for inorganic arsenic
(15 pg/kg bw/week) which had been established in 1989. The
European Food Safety Authority (EFSA) set the BMDLg; value at
0.3 - 8 ug/kg bw/day in 2010 (European Food Safety Authority,
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2010). At present, there are no regulations about organic or inor-
ganic arsenic species in food or beverages except for that in drink-
ing water. In 1993, WHO provided a reference value of 10 pg/L of
total arsenic compounds in drinking water, previously the refer-
ence value had been set at 50 pg/L (World Health Organization,
1993).

In 2008 the Data Collection and Exposure Unit (DATEX) of EFSA
collected information on the arsenic levels in food from the EU
member states and Norway (EFSA, 2010). According to the DATEX
survey, the total arsenic level was highest in fish and seafood and
miscellaneous dietary products. The miscellaneous group con-
sisted of diverse foodstuffs, e.g. algae, algae based food supple-
ments, spices, herbs, different baby foods and formulas. It is
well-known that a significant part of total arsenic in fish and sea-
food exists in the organic arsenic forms, particularly arsenobetaine
(Nam, Oh, Min, & Lee, 2010; Sloth, Larsen, & Julshamn, 2005; Suner
et al., 2002) and in algae, as different forms of arsenosugars (KKohl-
meyer, Kuballa, & Jantzen, 2002).

Rice seem to contain higher levels of arsenic compounds than
many other terrestrial plants or crops (Meharg et al., 2009; Wil-
liams et al., 2007). For example, the rice plant seems to be more
effective in its ability to take up and translocate arsenite than oat
and barley (Su, McGrath, & Zhao, 2010) and a significant amount
of the total arsenic in rice exists in its inorganic forms (Heitkemper,
Vela, Stewart, & Westphal, 2001; Nishimura et al., 2010). The
amount of inorganic arsenic depends also on the cultivation site
(Meharg et al., 2009; Williams et al., 2005). The People’s Republic
of China has set a maximum value for inorganic arsenic in rice of
0.15 mg/kg (United States Department of Agriculture Foreign Agri-
cultural Service, 2006).

EFSA has stated that in EU member states the main dietary
exposure to total arsenic is derived from fish and seafood, cereals
and cereal products whereas inorganic arsenic intake is most often
derived from cereals and cereals products (EFSA, 2010). In this cat-
egory, rice is one of the main contributors to the inorganic arsenic
intake due to its high level of total arsenic. Generally speaking,
drinking water does not play any significant role in inorganic
arsenic intake in the EU member states.

The national Findiet 2007 survey revealed that 20% of working
age men eat rice as a side dish and they consume 80 * 60 g/day of
rice (KTL-National Public Health Institute. Department of Health
Promotion, 2008a). In men in the age group 65 - 74 years the cor-
responding figures were 11% and 83 + 33 g/day. Finnish women of
their working age eat rice as a side dish somewhat less than men
(17%); their consumption was 66 + 42 g/day. Only ten percent of
older women consume rice as a side dish; they eat on average
54 + 38 g/day. “The Diet of Finnish Preschoolers” study showed
that 0.6-50% of one to six years old girls consumed manufactured
porridges (KTL-National Public Health Institute. Department of
Health Promotion, 2008b). Typically the food group called “man-
ufactured porridges” consists of water and milk based porridges
both as powders and ready-made porridges. The girls were given
porridge 171-280 g a day. 1 - 50% of the boys aged one to four
years were fed with manufactured porridges; their intake was
in the range of 184 - 234 g. Finnish children (1 - 6 years old)
can consume rice in forms other than porridges (wholegrain rice,
rice noodles, rice-rye mixture); the amount vary from 20 to
47 g day, although only a minority of this age group (7-24%) ate
rice in forms other than porridges. According to the present
knowledge of inorganic arsenic risk assessment, every exposure
represents a risk (Meharg & Raab, 2010). The amount of rice con-
sumed varies significantly in different countries. In 2009, the rice
consumption was 4.40 kg/capita/year (milled equivalent) in Fin-
land whereas in the People’s Republic of China it was much more,
76.30 kg/capita/year (milled equivalent) (Food, 2012). However,
with respect to arsenic intake the way of cooking significantly

contributes to the arsenic intake originating from rice (Mihucz
et al., 2007).

According to EFSA’s risk characterisation, children who are fed
with rice-based baby formula may be exposed to a higher intake
of inorganic arsenic than other consumers (EFSA, 2010). Based on
that assessment, children under three years of age are believed
to be exposed to between two to three times more inorganic ar-
senic than adults because children consume more food relative
to their body weight than adults. The dietary exposure to inorganic
arsenic in children under three years of age has been estimated to
be 0.50 - 2.66 ng/kg bw per day. These estimates are lower than
BMDLy; values for those thought to be causing lung and bladder
cancer as well for dermal lesions (0.3 - 8 pg/kg bw per day). In Eur-
ope, the average dietary exposure to inorganic arsenic is in the
range 0.13 - 0.56 pg/kg bw per day; for high level adult consumers
it is between 0.37 - 1.22 pg/kg bw per day. However, in certain
ethnic groups the exposure to inorganic arsenic can be higher,
for example avid consumers of rice (certain ethnic groups) it can
be 0.95 pg/kg bw per day, in individuals eating a lot of algae-based
products it can be as high as 4.03 pg/kg bw per day. Nonetheless
these values for exposure are still within the range of BMDLg;
values.

In this article we describe a fully validated method for the
determination of total and inorganic arsenic in rice. We also as-
sessed total and inorganic arsenic levels in long grain rice and
rice-based baby food products on the Finnish market. This paper
also performs a risk assessment for inorganic arsenic from long
grain rice and rice based baby food in different age groups in
Finland.

2. Materials and methods
2.1. Samples and reference materials

The samples evaluated in this study were long grain rice and
baby food products based on rice. Eight brands of long grain rice
were purchased from a Finnish supermarket, three packets of each
brand. Rice-based baby foods were also bought from a Finnish
supermarket. Three packets of each ten brands were purchased.
Baby porridge powders were composed only on rice or rice and
other cereals. Some of the powders contained also dried fruits.

There are commercially available rice or other cereal based ref-
erence materials which have a certified value for total arsenic level
not for the distinct inorganic arsenic or arsenic species. We utilised
IMEP-107 - test material (The Institute for Reference Materials and
Measurands IRMM, Joint Research Centre JRC, European Commis-
sion, Belgium) rice flour as a reference material in the inorganic ar-
senic analysis. The IMEP-107 has been used as a test material in
one interlaboratory comparison in 2009 - 2010. For total arsenic
determination, NIST Standard Reference Material® 1568a Rice
Flour (National Institute of Standards and Technology, Gaithers-
burg, MD, USA), was used as the reference material. The laborato-
ries of the Chemistry and Toxicology Research Unit of Research and
Laboratory Department of Finnish Food Safety Authority Evira have
been accredited according to ISO 17,025.

2.2. Reagents and standards

The water was ultrapure water obtained from a Milli-Q-system
(Millipore Corporation, Bedford, MA, USA) and nitric acid (68 -
70%), hydrochloric acid (30%), ammonium carbonate (powder),
hydrogen peroxide (30%) and formic acid (98%) were all from J. T.
Baker (Deventer, Netherlands). In the arsenic speciation analysis
arsenobetaine (AB) (Fluka Analytical, Italy), arsenic(Ill)oxide
(As(Il)) (Aldrich Chemistry, USA), dimethyl arsenic acid (DMA)
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(Chem Service, USA), monomethyl arsenic acid disodium salt
(MMA) (Argus Chemicals, Italy) and arsenic(V) (As(V)) standard
solution (Merck, Germany) were used.

Two stock solutions of each standard compound were made; for
AB, As(Ill), DMA and MMA the concentrations were 100 mg/L and
1mg/L and for As(V) the concentrations were 10 mg/L and
0.1 mg/L. The stock solutions were prepared in nitric acid (1%),
with the exception of As(Ill), in which concentrated hydrochloric
acid was used to promote its dissolution. The final standard con-
centrations for all compounds were 1, 5, 10, 20 and 50 pg/L in 1%
nitric acid.

Three standard stock solutions for the ICP-MS analysis were
prepared 100, 10 and 1 pg/L from ICP Calibration mix FS9 ME175
multielement reference solution (Romil, Cambridge, GB). From
these stock solutions, seven standard solutions were made
(0.005, 0.01, 0.05, 0.1, 0.5, 1 and 16 pug/L). The stock solutions
and final standard solutions were both prepared in 2% nitric acid.
In final standard solutions, internal standard, rhodium (Romil,
Cambridge, GB), was incorporated. A stock solution of 1 mg/L rho-
dium was made daily in ultrapure water. The stock solution was
added to final standards and samples so that the final concentra-
tion of rhodium was always 10 pg/L.

2.3. Instruments

In the total arsenic determination, a quadrupole inductively
coupled plasma mass spectrometer (Thermo Fisher Scientific XSer-
ies II, Waltham, Massachusetts, USA) was used. In the inorganic ar-
senic analysis, the ICP-MS was equipped with a high performance
liquid chromatograph (Waters 2690 Separations Module, Waters,
USA). An anion exchange column Hamilton PRP-X100 (Bonaduz,
Switzerland), 250 x 4.6 mm 5 pm, and pre-column, 25 x 2.3 mm,
were used to separate the arsenic species. Sample preparation
was performed in a microwave oven (Milestone Ethos Plus High
Performance Microwave Lab station, Chelton, Connecticut, USA).

2.4. Sample preparation and determination of total arsenic

Long grain rice samples were homogenised before microwave
assisted digestion in the presence of strong nitric acid (3 mL),
hydrogen peroxide (2 mL) and ultrapure water (3 mL). The sample
was weighed (0.5 g) into a digestion vessel and the reagents were
added. The microwave digestion program was as follows: 5 min to
100 °C, 5 min to 130 °C, 5 min to 160 °C, 7 min to 200 °C, 10 min at
200 °C and cooling down to 80 °C. The digested solution was trans-
ferred into a volumetric flask (100 mL) using ultrapure water, the
internal standard was added and the volume was made up to
100 mL.

The performance of the ICP-MS-method in the rice matrix was
confirmed by using NIST Standard Reference Material® 1568a (rice
flour). Eight parallel samples were analysed which resulted in a
mean value of 0.290 mg/kg, SD was 0.006 mg/kg and coefficient
of variation was 2.0%. The certified value for the total arsenic in
the NIST 1568a is 0.29 + 0.03 mg/kg. The method used in this exer-
cise is a self-devised modification of an accredited method used for
heavy metals in animal tissue samples.

2.5. Determination of inorganic arsenic

Samples (2 g) were weighed into a digestion vessel and nitric
acid (1%) was added - 10 mL for long grain rice and 20 mL for baby
food, respectively. The samples were microwave extracted as fol-
lows: 5 min to 55°C, 10 min at 55 °C, 5min to 75°C, 10 min at
75 °C, 5 min to 95 °C, 30 min at 95 °C and cooled down to 50 °C
(Sun et al., 2008). After microwave extraction, the sample was
transferred into a 50 mL volumetric flask with 1% nitric acid

followed by shaking and the transfer of an aliquot into a centrifuge
tube. The samples were centrifuged (Ultracentifuge Avanti™ J-301
High Performance Centrifuge, Beckman Coulter, Brea, California,
USA) (20 min at 10,000 G at 10 °C) and supernatant (1.5 mL) was
passed through a 0.2 pm syringe-type filter. The data were quanti-
tated using the external standard method and peak areas. The
amount of inorganic arsenic was calculated as the sum of arsenite
and arsenate.

2.6. ICP-MS for total arsenic determination

In the total arsenic determination, a Cetac Autosampler ASX-
520 was used for introducing the standards and samples. The
HeH,-gas (7% H,, 3.20 mL/min) was used as a collision cell gas to
avoid any interferences. The dwell time was 200 ms, one channel
was used and resolution was standard. The ICP power was set to
1400 W and the nebulizer gas flow rate was adjusted to 0.87 L/
min. The nebulizer was a glass concentric nebulizer and the inter-
face cones were made of nickel.

2.7. HPLC-ICP-MS for inorganic arsenic determination

Ammonium carbonate (10 - 50 mM) was used as the mobile
phase (Thermo Electron Corporation, 2004) and it was prepared
using ammonium carbonate powder and ultrapure water. The pH
of the eluent was adjusted to 8.9 with concentrated formic acid.
The injection volume was 100 pL, the column temperature was
RT and the eluent flow rate was set to 1 mL/min.

In the speciation analysis, the ICP-MS was equipped with HPLC-
ICP-MS Coupling Kit, Integrated PlasmaLab software (Thermo Fish-
er Scientific, Waltham Massachusetts, USA). The data was collected
on-line for arsenic (m/z 75). The dwell time was 200 ms and reso-
lution was in the standard mode. The data was processed with
PlasmaLab and Microsoft Excel softwares.

2.8. Statistics

IBM SPSS Statistics 19 software was used in the statistical anal-
ysis. The correlation tests were performed with the Pearson corre-
lation test and Spearman rank correlation test. In the correlation
tests, the values above the limit of detection were set to LOQ and
the values below the limit of detection were set to LOD (Upper
Bound method). The amount of porridge powder in porridge was
calculated according to the manufacturer’s instructions for prepa-
ration of the porridge. The consumption levels and the consumer’s
weights were obtained from several sources; “The national Findiet
2007 Survey”, “The Diet of Finnish Preschoolers” and “Finnish
Nutrition Recommendations 2005” (KTL-National Public Health
Institute, 2008a; KTL-National Public Health Institute, 2008b; Na-
tional Nutrition Council of Finland., 2005). All the assessments
and consumption data involved only the people who use these rice
products.

3. Results and discussion
3.1. Results

The ICP-MS-method for the determination of elements (lead,
cadmium, chromium, nickel, copper, zinc, manganese, arsenic
and selenium) has been in use in Evira for several years. It has been
validated and has a flexible scope accredited status. Several inde-
pendent exercises (including one done for arsenic in rice flour
during this study) have demonstrated its applicability for other
matrices as well. The limit of detection and the limit of quantifica-
tion for arsenic are 0.005 mg/kg and 0.010 mg/kg, respectively. The
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Table 1
Repeatability, reproducibility and trueness of the method for the assay of inorganic arsenic. Repeatability and reproducibility were analysed using commercial rice sample.
Trueness was analysed using IMEP-107 test material, a sample which was used in one interlaboratory comparison.

Repeatability

(%4
Level 0.08 - 0.11 mg/kg n=36 11
Reproducibility
Istdayn=6 2nd dayn=6 3thdayn=6
Mean mg/kg 0.11 0.11 0.10
SD mg/kg 0.01 0.01 0.004
CV% 12.2 8.6 3.8
Trueness
Mean mg/kg True value mg/kg Trueness
IMEP-107 n=18 0.107 0.107 100%
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Fig. 1. An example of a sample chromatogram (A), a standard chromatogram 20 pg/L (B) and a blank chromatogram (C).

method uncertainty for arsenic was 18%, repeatability was 13% and
reproducibility was 11%.

We validated and accredited the arsenic speciation method for
rice. The limit of quantification and the limit of detection for inor-
ganic arsenic were 0.06 mg/kg and 0.03 mg/kg, respectively and
the overall uncertainty of the method was 25%. The repeatability,
reproducibility and trueness of the method for inorganic arsenic
are summarised in Table 1. These figures reveal that the method
is highly repeatable (CV 11% at the level of 0.08 - 0.11 mg/kg)
and reproducibility is also good (on average CV 8%). The method
trueness was determined using the test material IMEP-107, a
material used in one interlaboratory comparison. No certified ref-
erence materials are available for inorganic arsenic species of rice.
The trueness of the method is very good if compared to the results
achieved in interlaboratory comparison. Examples of a sample
chromatogram, a standard chromatogram and a blank chromato-
gram are in Fig. 1.

The total arsenic content of long grain rice samples analysed in
this study varied from 0.11 to 0.65 mg/kg (n = 8) and the average
amount of total arsenic in long grain rice samples was 0.25 mg/
kg (Table 2). The average amount of inorganic arsenic was
0.16 mg/kg, ranging from 0.09 to 0.28 mg/kg. The relative value
of the total arsenic in its inorganic forms has varied from 34 to
110%, the average being 74%. AB and MMA were not detected in
any of the long grain rice samples. The arsenic species detected
in the rice samples were DMA, As(Ill) and As(V). Both Pearson
and Spearman correlation tests demonstrated a significant correla-
tion between total and inorganic arsenic levels in long grain rice at
the confidence level 95% (Pearson correlation p = 0.016, Spearman
correlation p = 0.043).

The total arsenic content of rice based baby food products was
0.09 mg/kg on average (n=10), ranging from 0.02 to 0.29 mg/kg
(Table 3) and arsenic species in rice based baby foods were the
same as in long grain rice (DMA, As(IIl), As(V)). We were able to
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Table 2
Concentrations of inorganic and total arsenic in long grain rice.
Sample L.As mg/kg SD Tot. As mg/kg SD % 1.As
1 0.28 0.03 0.65 0.08 43
2 0.12 0.03 0.15 0.003 81
3 0.15 0.04 0.14 0.03 110
4 0.12 0.03 0.36 0.20 34
5 0.09 0.003 0.11 0.02 80
6 0.15 0.001 0.16 0.02 93
7 0.11 0.004 0.14 0.006 78
8 0.24 0.02 0.31 0.01 77
Table 3
Concentrations of inorganic and total arsenic in rice based baby foods.
Sample L.As mg/kg SD Tot. As mg/kg SD % 1.As
1 <LOQ - 0.03 0.001 -
2 <LOD - 0.02 0.001 -
3 <LOD - 0.02 0.002 -
4 0.07 " - 0.07 0.009 100
5 0.21 0.01 0.29 0.009 74
6 <LOD - 0.09 0.005 -
7 0.09 0.005 0.11 0.003 80
8 0.08 0.01 0.10 0.012 83
9 <LOD - 0.09 0.004 -
10 <LOD - 0.07 0.001 -

" Organic product.
“n=1.

measure the amount of inorganic arsenic in four out of ten porridge
powders. The average inorganic arsenic content of these four sam-
ples was 0.11 mg/kg, the highest quantified inorganic arsenic level
was 0.21 mg/kg and the lowest level was 0.07 mg/kg. In one
sample, the level was above the limit of detection. The Pearson
correlation test shows a correlation between total and inorganic
arsenic levels in porridge powders with a confidence level of 99%
(p=0.000). The Spearman correlation test also detected a correla-
tion, but at a confidence level of 95% (p = 0.025).

The results for total and inorganic arsenic in long grain rice
samples are in line with results obtained in other studies (Heitk-
emper et al., 2001; Sun et al., 2008; Zavala, Gerads, Gurleyuk, &
Duxbury, 2008). The distribution of species has also been found
to be similar to those in other surveys (Ackerman et al., 2005;
Heitkemper et al., 2001; Nishimura et al., 2010; Williams et al.,

2005; Zavala et al., 2008; Zhu et al., 2008). However, there is very
little information available on the total and inorganic arsenic levels
in rice-based baby food. Our results for baby food are in line with
the data of Meharg et al., in which the median inorganic arsenic le-
vel of 17 rice-only baby food was 0.11 mg/kg (Meharg et al., 2008).
The major difference with our study is that we analysed rice based
baby foods which contained also other ingredients in addition to
rice. Our data is in line with recently published inorganic arsenic
levels in some rice based baby food (Llorente-Mirandes, Calderén,
Lopez-Sanchez, Centrich, & Rubio, 2012).

3.2. Discussion

One of the major advantages of our method is that it permits
quantification of inorganic arsenic or arsenic species in everyday
routine analysis. Many methods developed in arsenic speciation
are only applicable for research purposes. The disadvantages of
using carbonate buffers as an eluents are long retention time and
the peak broadening with arsenate (Raber et al., 2012). These are
due to high pH which leads to additional deprotonation of the arse-
nate anion. Irrespective of these problems, one achieves good
repeatability and reproducibility with this method (Table 1). One
interesting observation is that reproducibility improves from the
first day to the third day of analysis which may be a result of the
gradual accommodation of the instrumentation to the HPLC-ICP-
MS-mode. Thus, we estimate that the reproducibility of the meth-
od would be around 4% if a dedicated HPLC-ICP-MS instrument
could be used. Furthermore, trueness of the method is very good
with regard to the validation data as well as from the results from
several interlaboratory comparisons. The analysis time is 45 min
which can be considered as long. However the overall analysis time
is not so long because the extraction time is short and sample
preparation is fast and robust. The method takes a full advantage
of specificity and no interfering signals to the five standard com-
pounds used was detected in any of the samples analysed so far.
The method worked perfectly also for the samples which included
also other ingredients.

In general the total and inorganic arsenic contents of rice-based
baby food are lower than the levels in long grain rice. One of the
reasons for the lower total arsenic levels in these products com-
pared to long grain rice is that they include other foodstuffs, for
example fruits and whey and milk powder which dilute the

porridge

Table 4
Assessments of the inorganic arsenic intake from long grain rice and rice-based baby food in Finland.

Group Food Consumption g/ Inorganic arsenic in product mg/ Supposed weight Intake pg/kg bw a MOE "
day kg kg day

Men 25 - 64 years Rice as a side dish 80+ 60 0.28 84.4 0.46 0.6

Men 65 - 74 years Rice as a side dish 8333 0.28 84.4 0.38 0.8

Women 25 - 64 Rice as a side dish 66 + 42 0.28 70.6 0.43 0.7

years

Women 65-74 years  Rice as a side dish 54 +38 0.28 70.6 0.36 0.8

Girls 1 - 6 years Industrial porridges 239 (powder 0.21 9.9 (1 year old) 0.54 0.6
25.6)

Girls 1 - 6 years Industrial porridges 205 (powder 0.21 14.9(3 years old) 0.31 1.0
22.0)

Girls 1 - 6 years Industrial porridges 280 (powder 0.21 21.1 (6years old) 0.30 1.0
30.0)

Boys 1 -4 years Industrial porridges 234 (powder 0.21 10.6 (1 year old) 0.50 0.6
25.1)

Boys 1 -4 years Industrial porridges 184 (powder 0.21 15.4 (3years old) 0.27 1.1
19.7)

Children 1 - 6 year  rice in forms other than 24.5 0.28 10.3 (1 year old) 0.67 0.5

porridge
Children 1 - 6 years rice in forms other than 435 0.28 21.3 (6years old) 0.57 0.5

" The intake figures and the MOE represents the worst case intake.
" MOE = Margin of exposure, = BMDLg ; /intake.
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sample. Only two out of ten baby cereal products had the exact
relative amount of rice declared on the label. Three products which
had rice as the main ingredient (rice was mentioned first in the
ingredient list) had the highest total arsenic content detected in
this study. For this reason, it is reasonable to conclude that when
rice powder is the main ingredient of baby food, the arsenic
content is higher than in products which have some other cereals
or milk to dilute the amount of rice. Therefore it is possible to rec-
ommend that there should be “dilution” of the rice powder with
some other healthy ingredient low in its inorganic arsenic level
to lower the overall arsenic intake. This is particularly true in coun-
tries with high consumption of rice based baby food.

Some assessments of the inorganic arsenic intake from long
grain rice and baby food can be made (Table 4). All the estimations
are conservative, worst case scenarios and conducted using the
products that contained the highest inorganic arsenic levels (long
grain rice 0.28 mg/kg and porridge powder 0.21 mg/kg) and the
lowest BMDLy; level 0.3 pg/kg bw/day evaluated by EFSA. The
consumption of long grain rice is around 66 g/day in women (25
- 64 years) and 80 g/day in men (25-64 years), respectively. The
average consumption figures would result in inorganic arsenic
intakes of 0.26 pg/kg (women) and 0.27 pg/kg (men) bw/day. In
the worst case scenarios the levels of inorganic arsenic intake for
the four groups was above the lower limit of the benchmark dose
needed for a 0.1% increased incidence of various cancer types and
skin lesions. The inorganic arsenic intake of different age groups of
children from rice-based baby food was also close to the lower
BMDLg; value. Our data indicates also, that the cumulative inor-
ganic arsenic intake in different age groups should be assessed.

4. Conclusions

The results from this study can be utilised in risk assessments of
inorganic arsenic. The EFSA Panel on Contaminants in the Food
Chain (CONTAM) stated that arsenic speciation data was needed
for different food commodities, and furthermore they declared that
there was a need for well validated methods for determining the
inorganic arsenic levels in foodstuffs. Our study is one of the first
to report inorganic arsenic levels in rice-based baby foods. In par-
ticular, these experiments provide additional information on the
relationship between total and inorganic arsenic levels as well as
their correlations as evaluated in rice-based baby foods which
are very popular in Europe. It is notable that five of the products
analysed exceeded the limit set by People’s Republic of China for
inorganic arsenic in rice. Due to the fact that the intake figures
are around the lower BMDLg ; value in all age groups even though
only the intake of inorganic arsenic from rice-based baby food and
long grain rice was evaluated, the future goal will be the cumula-
tive intake assessment of inorganic arsenic in different age groups.

Acknowledgements

The authors thank the laboratory assistants for their help and
advice, MSc Tiina Ritvanen for advice with the statistical analysis
and Ewen MacDonald for language consultancy.

References

Ackerman, A. H., Creed, P. A., Parks, A. N., Fricke, M. W., Schwegel, C. A, Creed, J. T.,
et al. (2005). Comparison of a chemical and enzymatic extraction of arsenic
from rice and an assessment of the arsenic absorption from contaminated water
by cooked rice. Environmental Science and Technology, 39(14), 5241-5246.
http://dx.doi.org/10.1021/es048150n.

European Food Safety Authority. (2010). Scientific Opinion on Arsenic in Food. EFSA
Panel on Contaminants in the Food Chain (CONTAM). URL http://
www.efsa.europa.eu/en/efsajournal/pub/1351.htm Accessed 30.1.2013
European Food Safety Authority (EFSA), Parma, Italy.

Food and Agriculture Organization of the United Nations. (2012). FAOSTAT, the FAO
statistical database. URL http://faostat.fao.org/. Accessed 4.12.2012 FAO
Statistics Division, Rome, Italy.

Francesconi, K. A. (2010). Arsenic species in seafood: Origin and human health
implications. Pure and Applied Chemistry, 82(2), 373-381.

Heitkemper, D. T., Vela, N. P., Stewart, K. R., & Westphal, C. S. (2001). Determination
of total and speciated arsenic in rice by ion chromatography and inductively
coupled plasma mass spectrometry. Journal of Analytical Atomic Spectrometry,
16(4), 299-306.

Huang, C., Ke, Q., Costa, M., & Shi, X. (2004). Molecular mechanisms of arsenic
carcinogenesis. Molecular and Cellular Biochemistry, 255(1-2), 57-66.

Hughes, M. F. (2002). Arsenic toxicity and potential mechanisms of action.
Toxicology Letters, 133(1), 1-16.

International Agency for Research on Cancer. (1987). IARC Monographs on the
Evaluation of the Carcinogenic Risks to Humans. Overall Evaluations of
Carcinogenicity: An Updating of IARC Monographs Volumes 1 to 42.
SUPPLEMENT 7. URL http://monographs.iarc.fr/ENG/Monographs/suppl7/
Suppl7.pdf Accessed 31.1.2013. Lyon: World health Organization.

International Agency for Research on Cancer. (2004). IARC Monographs on the
Evaluation of the Carcinogenic Risks to Humans Some Drinking-water
Disinfectants and Contaminants, including Arsenic. VOLUME 84. URL http://
monographs.iarc.fr/ENG/Monographs/vol84/mono84.pdf Accessed 31.1.2013.
Lyon: World Health Organization.

Joint FAO/WHO Expert Committee on Food Additives. (2010). Seventy-second
meeting, Rome, 16-25 February 2010 Summary and Conclusions. Issued 16th
March 2010. URL http://whglibdoc.who.int/trs/WHO_TRS_959_eng.pdf
Accessed 29.1.2013. Rome: Joint FAO/WHO Expert Committee on Food
Additives.

Jomova, K., Jenisova, Z., Feszterova, M., Baros, S., Liska, ]., Hudecova, D., et al. (2011).
Arsenic: Toxicity, oxidative stress and human disease. Journal of Applied
Toxicology, 31(2), 95-107.

Kohlmeyer, U., Kuballa, J., & Jantzen, E. (2002). Simultaneous separation of 17
inorganic and organic arsenic compounds in marine biota by means of high-
performance liquid chromatography/inductively coupled plasma mass
spectrometry. Rapid Communications in Mass Spectrometry, 16(10), 965-974.

KTL-National Public Health Institute. Department of Health Promotion and Chronic
Disease Prevention. Nutrition Unit. (2008a). The National FINDIET 2007 Survey.
URL http://www.julkari.fi/bitstream/handle/10,024/78,088/
2008b23.pdf?sequence=1 Accessed 31.1.2013.

KTL-National Public Health Institute. Department of Health Promotion and Chronic
Disease Prevention. Nutrition Unit. (2008b). The Diet of Finnish Preschoolers.
URL http://www.julkari.fi/bitstream/handle/10,024/78,163/
2008b32.pdf?sequence=1 Accessed 31.1.2013.

Leermakers, M., Baeyens, W., De Gieter, M., Smedets, B., Meert, C., De Bisschop, H. C.,
et al. (2006). Toxic arsenic compounds in environmental samples: Speciation
and validation. Trac-Trends in Analytical Chemistry, 25(1), 1-10.

Llorente-Mirandes, T., Calderén, J., Lopez-Sanchez, ]. F., Centrich, F., & Rubio, R.
(2012). A fully validated method for the determination of arsenic species in rice
and infant cereal products. Pure and Applied Chemistry, 84(2), 225-238.

Mandal, B. K., & Suzuki, K. T. (2002). Arsenic round the world: A review. Talanta,
58(1), 201-235.

Meharg, A. A., & Raab, A. (2010). Getting to the bottom of arsenic standards and
guidelines. Environmental Science and Technology, 44(12), 4395-4399.

Meharg, A. A., Sun, G., Williams, P. N., Adomako, E., Deacon, C., Zhu, Y., et al. (2008).
Inorganic arsenic levels in baby rice are of concern. Environmental Pollution,
152(3), 746-749.

Meharg, A. A., Williams, P. N., Adomako, E., Lawgali, Y. Y., Deacon, C., Villada, A.,
et al. (2009). Geographical variation in total and inorganic arsenic content of
polished (white) rice. Environmental Science and Technology, 43(5),
1612-1617.

Mihucz, V. G., Tatar, E., Virag, ., Zang, C., Jao, Y., & Zaray, G. (2007). Arsenic removal
from rice by washing and cooking with water. Food Chemistry, 105(4),
1718-1725.

Naja, G. M., & Volesky, B. (2009). Toxicity and Sources of Pb, Cd, Hg, Cr, As and
Radionuclides in the Environment. In L. K. Wang, ]. P. Chen, Y. T. Hung, & N. K.
Shammas (Eds.), Heavy Metals in the Environment. Boca Raton FL USA: Taylor
and Francis.

Nam, S., Oh, H., Min, H., & Lee, ]. (2010). A study on the extraction and quantitation
of total arsenic and arsenic species in seafood by HPLC-ICP-MS. Microchemical
Journal, 95(1), 20-24.

National Nutrition Council of Finland. (2005). Finnish Nutrition Recommendations
2005. URL http://www.ravitsemusneuvottelukunta.fi/attachments/vrn/
ravitsemussuositus2005.fin.pdf Accessed 10.12.12. The Finnish Nutrition
Recommendations 2005 are written only in Finnish and Swedish.

Nishimura, T., Hamano-Nagaoka, M., Sakakibara, N., Abe, T., Maekawa, Y., & Maitani,
T. (2010). Determination method for total arsenic and partial-digestion method
with nitric acid for inorganic arsenic speciation in several varieties of rice. Food
Hygiene and Safety Science, 51(4), 178-181.

Piissa, T. (2008). Principles of Food Toxicology. Taylor & Francis Group LLC.

Raber, G., Stock, N., Hanel, P., Murko, M., Navratilova, |., & Francesconi, K. A. (2012).
An improved HPLC-ICP-MS method for determining inorganic arsenic in food:
Application to rice, wheat and tuna fish. Food Chemistry, 134(1), 524-532.

Ratnaike, R. N. (2003). Acute and chronic arsenic toxicity. Postgraduate Medical
Journal, 79(933), 391-396.

Shi, H., Shi, X,, & Liu, K. J. (2004). Oxidative mechanism of arsenic toxicity and
carcinogenesis. Molecular and Cellular Biochemistry, 255(1-2), 67-78.


http://dx.doi.org/10.1021/es048150n
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0020
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0020
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0025
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0025
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0025
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0025
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0030
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0030
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0035
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0035
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0055
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0055
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0055
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0060
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0060
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0060
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0060
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0075
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0075
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0075
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0080
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0080
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0080
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0085
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0085
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0090
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0090
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0095
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0095
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0095
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0100
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0100
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0100
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0100
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0105
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0105
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0105
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0110
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0110
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0110
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0110
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0115
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0115
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0115
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0125
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0125
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0125
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0125
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0130
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0135
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0135
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0135
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0140
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0140
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0145
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0145

E.-M. Rintala et al./Food Chemistry 150 (2014) 199-205 205

Sloth, J. J., Larsen, E. H., & Julshamn, K. (2005). Survey of inorganic arsenic in marine
animals and marine certified reference materials by anion exchange high-
performance liquid chromatography-inductively coupled plasma mass
spectrometry. Journal of Agricultural and Food Chemistry, 53(15), 6011-6018.

Su, Y., McGrath, S. P., & Zhao, F. (2010). Rice is more efficient in arsenite uptake and
translocation than wheat and barley. Plant and Soil, 328(1-2), 27-34.

Sun, G. X,, Paul, N. W,, Carey, A. M., Zhu, Y. G., Deacon, C., Raab, A, et al. (2008).
Inorganic arsenic in rice bran and its products are an order of magnitude higher
than in bulk grain. Environmental Science and Technology, 42(19), 7542.

Suner, M. A., Devesa, V., Clemente, M. ]., Velez, D., Montoro, R., Urieta, I, et al.
(2002). Organoarsenical species contents in fresh and processed seafood
products. Journal of Agricultural and Food Chemistry, 50(4), 924-932.

Thermo Electron Corporation. (2004). Determination of Arsenic Species in Urine
Using HPLC Coupled with X Series ICP-MS. Application Note 40,720.

United States Department of Agriculture Foreign Agricultural Service. (2006). China,
Peoples Republic of FAIRS Product Specific Maximum Levels of Contaminants in
Foods, Tech. Report No. CH6064 2006.

Williams, P. N., Price, A. H., Raab, A., Hossain, S. A., Feldmann, ]J., & Meharg, A. A.
(2005). Variation in arsenic speciation and concentration in paddy rice related
to dietary exposure. Environmental Science and Technology, 39(15), 5531-5540.

Williams, P. N, Villada, A., Deacon, C., Raab, A, Figuerola, ]., Green, A. J., et al. (2007).
Greatly enhanced arsenic shoot assimilation in rice leads to elevated grain
levels compared to wheat and barley. Environmental Science and Technology,
41(19), 6854-6859.

World Health Organization (1993). Guidelines for Drinking-Water Quality (2nd ed.).
Geneva: World Health Organization.

World Health Organization (2001). Environmental health criteria 224. Arsenic and
arsenic compounds. Geneva: World Health Organization.

Zavala, Y. ]., Gerads, R., Gurleyuk, H., & Duxbury, J. M. (2008). Arsenic in rice. Il
Arsenic speciation in USA grain and implications for human health.
Environmental Science and Technology, 42(10), 3861-3866.

Zhuy, Y., Sun, G., Lei, M., Teng, M., Liu, Y., Chen, N., et al. (2008). High percentage
inorganic arsenic content of mining impacted and nonimpacted Chinese rice.
Environmental Science & Technology, 42(13), 5008-5013.


http://refhub.elsevier.com/S0308-8146(13)01604-X/h0150
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0150
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0150
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0150
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0155
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0155
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0160
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0160
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0160
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0165
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0165
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0165
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0180
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0180
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0180
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0185
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0185
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0185
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0185
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0190
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0190
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0195
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0195
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0200
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0200
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0200
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0205
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0205
http://refhub.elsevier.com/S0308-8146(13)01604-X/h0205

	The intake of inorganic arsenic from long grain rice and rice-based baby food in Finland – Low safety margin warrants follow up
	1 Introduction
	2 Materials and methods
	2.1 Samples and reference materials
	2.2 Reagents and standards
	2.3 Instruments
	2.4 Sample preparation and determination of total arsenic
	2.5 Determination of inorganic arsenic
	2.6 ICP-MS for total arsenic determination
	2.7 HPLC–ICP-MS for inorganic arsenic determination
	2.8 Statistics

	3 Results and discussion
	3.1 Results
	3.2 Discussion

	4 Conclusions
	Acknowledgements
	References


