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Background: the present study investigated arsenic content in Iranian, imported 
rice on sale in Tabriz (fourth most populous city of Iran) market, and assesses 
daily arsenic intake from rice. 
Methods: A total of 33 locally available rice samples from different brands were 
collected and then wet and dry ashing digestion procedures were compared for 
decomposition of them before analyzing by graphite furnace atomic absorption 
spectrometry (GFAAS).  
Results: The mean arsenic concentration in Iranian rice was 0.065 mg/kg 
versus 0.082 mg/kg in imported samples. There was no significant difference 
between arsenic concentrations between two groups of samples (P=0.061). 
The average daily ingestion rate of total arsenic was 0.11 and 0.15 µg/kg body 
weight from consumption of 110g of Iranian and imported rice respectively.   
Conclusion: Based on our estimation, daily dietary intake of arsenic from Ira-
nian and imported rice was approximately 7 and 9 µg/day for local population, 
respectively.All of the rice grains that were sampled from Tabriz market were 
low in total arsenic compared to the standard. Nonetheless regular monitoring 
of all rice varieties should be continued. 
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Introduction 
 

Arsenic is one of the serious health 
threaten materials which it progressively en-
ter in humans daily dietary. Arsenic can be 
mobilized naturally in water and soils 
through weathering reactions, microbiologi-
cal activities, geochemical reactions, volcanic 
emissions and other anthropogenic activi-
ties.1 

In the environment, arsenic exists in the 
form of both organic and inorganic com-
pounds. Inorganic arsenic species including 

As (III) and As (V), the most toxic forms 
due to their high bioavailability and 
toxicological effects, are classified as non-
threshold, Class Ι human carcinogens.2 The 
toxicity of arsenic to human health ranges 
from skin lesions to cancer of the brain, 
liver, kidney, and stomach.3 

Although it is assumed that water is the 
major exposure pathway of inorganic arse-
nic, recent studies have indicated the world-
wide concern about dietary arsenic exposure 
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and the associated health risks.4-6 The major 
amount of ingested arsenic comes from sea 
foods; however, only a small proportion of 
their arsenic content is in inorganic forms 
and a great majority of them are fortunately 
non-toxic arsenobetaine (AB) or arseno-
sugars.7,8 Thus, consumption of fish and 
seafood provides a relatively small share of 
dietary inorganic arsenic.9 

In contrast to seafood, the rice plant bio-
accumulates more toxic inorganic arsenic 
species, arsenate and arsenite.10 It is generally 
grown under flooded conditions where arse-
nic mobility is high so rice is more problem-
atic than other cereals in the accumulation of 
arsenic.11,12 Additionally, rice is the dominant 
staple food for more than half of the world’s 
population13 particularly in the Asian coun-
tries which daily rice consumption was esti-
mated up to 0.5 kg (dry weight) per person 
in these countries.14 Noticeably, many of the 
rice producing/exporting countries suffer 
from arsenic contamination in their 
groundwater or soil15,16 and studies from 
some of these countries report high levels of 
arsenic in rice.14,17-19 Zavala and Duxbu-ry14 

reported that "the global normal range of 
arsenic in rice grain is 0.08 - 0.20 mg kg-1".  

In Iran, rice is the second source for sup-
plying food after wheat that has increasingly 
been consumed since 1950.20 Iranian people 
eat an average of 40 kg of rice every year. 
Although Iran is eleventh producer of rice at 
the world with an annual production 
2600000 tons in 2010, during the last years 
the demand for rice has considerably been 
increased in comparison with its production, 
as a result, currently Iran is known as one of 
the large-scale importer of rice countries.21 

Institute of Standard and Industrial Re-
search of Iran set limit of 0.15 mg kg-1 as the 
maximum level for arsenic in rice.22 In spite 
of cultivating of rice in Iran and importing 
from Asian countries, there are fewer evi-
dences about arsenic levels in rice grain, 
which is consumed as the most important 
foodstuff in Iran.  

Hence, the aim of this study was to eval-
uate the level of arsenic in rice samples col-

lected from Tabriz City market as fourth 
most populous city of Iran. 
 

Materials and Methods 
 
Sampling, preparation, analysis 

A total of 33 rice samples including local 
grown rice (n=15) and various brands of 
imported rice (n=17) were collected from 
main market of Tabriz City, northwestern 
Iran. Each sample package contained 2 kg of 
selected rice grains and assigned individual 
identification numbers for them. Character-
istics of each sample were recorded on the 
packages and after carrying to the laboratory, 
stored for a short time e.g. three days in cool 
and dry place until they were analyzed. 

Generally, there are three digestion 
methods for rice samples preparation for 
total arsenic analysis including wet acid di-
gestion method (Wet ashing), Dry ashing 
and microwave digestion. In this study, wet 
ashing and dry ashing methods were com-
pared and the appropriate digestion proce-
dure with analysis apparatus was selected. 
Next, two different rice samples from each 
group were digested with both of these 
methods in parallel.  

Wet ashing digestion: For digestion with 
wet ashing, 5 g from each sample were 
grinded using a hand mill. Afterwards mix-
tures of different acids, namely HClO4 
(10ml), H2SO4 (5ml) and concentrated 
HNO3 (30ml) were added to 2 g of each 
ground samples and kept for 30 min at room 
temperature. Then each mixture was heated 
on the hot plate. Gently boil unit 3ml clear, 
transparent digests were obtained. After 
cooling, the resulting solution was diluted to 
25ml with distilled water. Digested rice sam-
ples were collected in polyethylene bottles 
and kept at 4˚C till further analysis.23 An an-
alytical blank digestion (without sample) was 
carried out through the complete procedure. 

Dry ashing digestion: Five gram of oven-
dried, milled and homogenous samples was 
weighted and placed in special ashing dishes 
and then was dry-ashed in furnace at a 
temperature of 450-500˚C until white ash 
was remained. After cooling, the residue was 
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dissolved in 1ml of diluted HNO3 and fil-
tered through filter paper (Whatman No. 
540). Finally, the samples were diluted to 
25ml with distilled water and collected in 
polyethylene bottles.24 All the glassware and 
polyethylene bottles were washed with dilute 
nitric acid, then rinsed with de-ionized wa-
ter, and dried in a dust free environment. As 
concentration in digested samples was 
determined using graphite furnace atomic 
absorption spectrometer (GFAAS, Buck 
Scientific, Inc. 210VGP model, USA). 
Arsenic standards at concentrations of 0, 
1.0, 5.0, 10.0, 30.0 and 50.0 µg/l were pre-
pared from serial dilutions of a 0.05 mol/l 
certified arsenic stock solution (Merck Co, 
Germany) and the analysis was carried out 
using calibration curves with correlation co-
efficients (R2) of 0.999. To validate the re-
producibility of method duplicate rice sam-
ples were prepared (RSD=5%). Standards 
were re-measured during each set of experi-
ments to assess accuracy in measurements. 
Arsenic concentrations were calculated 
according to the following formula: 

 (1) 

Where C presents concentration of arse-
nic in digested sample solution (µg/l), V is 
mL of sample solution and W is sample 
weight. All of the results were reported in 
mg kg-1 Dry Weight of rice grains. The de-
tection Limit (DL) for arsenic in the samples 
was found to be 0.005 mg/kg.   

Daily intake of arsenic from two groups 
of rice samples was calculated as 

  (2) 

Where EDI is estimation daily intake (µg 
day-1kg-1bw); C is arsenic concentration in 
rice samples (µg/g); DI: average daily intake 
rate of rice (g/person/day) and WAB is aver-
age body weight set to 60 kg in this study. 
Estimated daily intake was compared to the 
Provisional Tolerable Daily Intake (PTDI) 
for arsenic. 
 
Statistical analysis  

The data analyses were performed using 
SPSS 16.0 for Windows (Chicago, IL, USA). 
The independent t tests, at α = 0.05 levels of 

significance was used to compare the arsenic 
contaminations between two different rice 
groups. 
 
Ethical Considerations 

The study was approved by the review 
board of Tabriz University of medi-
calsciences. 
 

Results 
 
Selection of optimum digestion method 

AAS technique has been accepted as the 
standard technique for metals determination 
since they offers satisfactory sensitivity and 
fairly low acquisition cost.25 However when 
using wet ashing digestion method, because 
of mixing different type of concentrated ac-
ids in relatively high amounts, the result ex-
traction solution was very acidic and dam-
aged to graphite furnace. Therefore, the 
method was not appropriate for arsenic an-
alyzing by graphite furnace atomic absorp-
tion technique. In contrast, dry digestion 
procedure had acceptable performance, pro-
vided better stability in analysis and was easier 
to use. Therefore was chosen as optimum 
method for the digestion of all the rice 
samples in this work, which was designed, for 
arsenic quantification in a general food 
chemistry laboratory. In the lack of micro-
wave digestion system, dry digestion proce-
dure can be compatible with analyzer system. 
 
Arsenic contents in rice grain samples 
and potential health risk assessment 

Arsenic contamination was detected in all 
33 rice samples. Total arsenic concentrations 
ranged from 0.03-0.13 mg kg-1 among all 
analyzed samples. Because arsenic levels 
were low, only total arsenic concentration 
was determined in all 33 samples. 

Distribution of total arsenic in the classi-
fied Iranian and imported rice grains has 
shown in Fig. 1. The mean arsenic content 
in the locally grown rice samples was 0.065 
mg kg-1 (n=15, SD= 0.018 mg kg-1, median 
0.07 mg kg-1, and range 0.03-0.09 mg kg-1). 
However, in imported rice grains mean con-
centration was 0.082 mg kg-1 (n=17, SD= 
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0.03 mg kg-1, median 0.09 mg kg-1, and range 
0.035-0.13 mg kg-1).  
 

 
 

 
 

Fig. 1: The concentrations (mg kg-1) of arsenic 
in imported (a) and Iranian (b) rice collected 

from Tabriz market 
 

Almost 53% of imported rice samples 
had arsenic more than 0.082 mg kg-1 (average 
arsenic level in this group) while only 33% 
of Iranian grown samples containing more 
than average concentration. 

Although the mean levels of arsenic in 
local produced rice was lower than the im-
ported, there was no statistically significant 
difference between them (P=0.061). 

In spite of arsenic presence in all samples, 
none has exceeded Iranian MCL for arsenic 
(i.e. 0.15 mg kg-1). 

To assess the potential health risks, Table 
1 provides a comparison of estimated daily 
arsenic intake (EDI) from two groups of rice 
samples. We assume that a person (weighing 
60 kg) consumes an average of 110 g per day 
of rice. The EDI for Iranian rice ranged 
from 0.055-0.165 (µg day-1kg-1bw), with a 
mean of 0.115 (µg day-1kg-1bw) and for im-

ported samples ranged from 0.064-0.24 (µg 
day-1kg-1bw) with a mean of 0.151(µg day-1kg-

1bw). 
 

Table 1: Daily intake of Arsenic by consump-
tion of 110 g of rice 

 

Sample 
No 

µg of As/kg 
body 

weight/day 
 Iranian rice Imported rice 
1 0.165 0.174 
2 0.055 0.22 
3 0.068 0.225 
4 0.137 0.11 
5 0.1 0.223 
6 0.08 0.21 
7 0.134 0.24 
8 0.156 0.098 
9 0.124 0.112 
10 0.154 0.165 
11 0.143 0.124 
12 0.128 0.172 
13 0.066 0.064 
14 0.154 0.161 
15 0.073 0.141 
16 - 0.07 
17 - 0.067 

 

Discussion 
 

Iranian people take rice as daily staple 
food and high amounts of rice must be sup-
plied via local production and importing 
from other countries. Therefore, its safety is 
crucial issue and this study set out with the 
aim of assessing arsenic levels in rice sam-
ples of Tabriz market. 

According to the obtained results, the av-
erage arsenic concentration in both Iranian 
cultivars and imported samples was less than 
the maximum concentration level for arsenic 
proposed by the Institute of Standards and 
Industrial Research of Iran (0.15 mg kg-1). 
The highest total arsenic level (0.13 mg kg-1) 
was observed for one of the Indian samples 
and the lowest value (0.03 mg kg-1) was rele-
vant to Iranian sample (Fig. 1). Similarly, 
average and maximum arsenic levels of 
0.051 and 0.14 mg kg-1 were reported for 
different market available rice samples from 
Khorasan Province, in the Northeast of 
Iran.26 
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Rezaitabar et al. reported that the arsenic 
concentration in rice grains produced in Ma-
zandaran Province on the Caspian Sea litto-
ral, in the North of Iran was 0.39 mg kg-1 
against 0.28 mg kg-1 of arsenic level in im-
ported rice27 which is noticeably higher than 
the results of present study. However, in 
consistent of our findings, the difference 
between the contents of arsenic in local and 
imported rice in their study was not signifi-
cant.  

One of the issues that emerge from these 
findings is need for further studies about the 
possible reasons for arsenic accumulation in 
Iranian rice grains and periodic monitoring 
of all rice varieties, which there are in peo-
ple's food basket. 

The average daily ingestion of total arse-
nic was 0.11 and 0.15 µg/kg body weight 
from consumption of 110g of Iranian and 
imported rice respectively.   

The (PTDI) of 2.1 µg/kg body weight for 
inorganic arsenic had been established by 
Joint (FAO/WHO) Expert Committee on 
Food Additives (JECFA) which was with-
drawn and replaced with a benchmark dose 
lower confidence limit for a 0.5% increased 
incidence of lung cancer in human 
(BMDL0.5) of 3 µg day-1kg-1bw (2-7 μg/kg 
bw per day based on the range of estimated 
total dietary exposure) in 2010.28 

Inorganic arsenic in Asian and European 
rice is the dominate species.14 Even if ma-
jority of the arsenic in analyzed rice samples 
being inorganic arsenic, contribution of 
these samples does not exceed 10% of the 
withdrawn PTDI even at the maximum ex-
posure level.  

Overall, for Iranian people who con-
sumed about 100 g of rice per person per 
day, the estimated average daily intakes of 
arsenic from imported and local rice by 
adults were 9 and 7µgday-1 respectively. 
When 200g of rice with the same arsenic 
concentration was ingested, the exposure 
would be higher. Therefore, adaptation of 
appropriate control measures to ensure the 
safety of locally produced and specially im-
ported rice is very important for consumer 
protection. As this issue requires coopera-

tion between relevant agencies including the 
Ministry of Health-Medication & Medical 
Education, the Ministry of Industry, Mine 
and Trade, Agriculture Jihad Ministry, Insti-
tute of Standards and Industrial Research of 
Iran (ISIR) and Headquarters combat smug-
gling, the government has a key role in this 
regard.  

One of the important elements to pro-
mote the quality and food safety is estab-
lishing and enforcing governmental rules, 
based on the standards and science and im-
plementing health-promoting strategies to 
the extent possible.  

Generation a system for registration and 
monitoring of activities about importation of 
foods by concerned authorities in collabora-
tion with Ministry of Health as the lead 
agency for food safety can be used as a stra-
tegic plan in this regard. The identification 
of importers could be a first step. Then, the 
importer should notify and register the 
origin country, brand name, address of dis-
tributer, standard certification code and 
quantities of foods for brought it to the 
country.  

This process followed by sampling and 
analysis of all rice consignments to the 
country by health inspectors and analysts of 
Food and Drug Organization, the Ministry 
of Health to certify them according to the 
latest Iranian National standards. 

Apart from monitoring and surveillance 
program, the communication program could 
be in the form of regular meetings between 
responsible public agencies and private sec-
tors such as importer's association to share 
information between stakeholders and in-
troduce revised standards and governmental 
criteria for rice import into Iran.  

Iran has already begun to implement the 
new standards and mandatory criteria for 
assurance of imported rice safety into Iran. 

 
Conclusion 

 
This study showed that arsenic intake 

from all analyzed rice was well below the 
lower limits on the benchmark dose for a 
0.5% increased incidence of lung cancer (3-

https://edirc.repec.org/data/itsgvir.html
https://edirc.repec.org/data/itsgvir.html
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µg day-1kg-1bw). Nevertheless, arsenic expo-
sure from other dietary sources such as 
other cereals and vegetables should be sur-
vived and special attention should be paid to 
arsenic intake of children and high rice con-
sumers. 
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