
                                     
  Food Science and Nutrition Technology 

ISSN: 2574-2701 

                                                                                                                                                                                                                                                                                                                                                                                           
Determination of Arsenic in Thai Rice                                                                                                                                                                          Food Sci Nutr Technol  

 
 

Determination of Arsenic in Thai Rice 

 

Natkhan Beck and Delia Ojinnaka* 

School of Applied Sciences, London South Bank University, United Kingdom 
 

*Corresponding author: Delia Ojinnaka, School of Applied Sciences, London South 

Bank University, Borough Road, London SE1 0AA, United Kingdom, Fax: 020-7815-7999, Tel: 020-7815-6255; E-mail: 

ojinnad@lsbu.ac.uk 

 

Abstract 

Studies have shown that rice (Oryza sativa L.) is one of the main sources of inorganic arsenic in foods. Rice absorbs 

arsenic from the soil and more so when planted in soils contaminated with agrochemicals residues. In this research, the 

concentration of arsenic in over 40 rice samples, selected randomly from paddy fields in the North of Thailand, was 

determined by inductively coupled plasma–mass spectrometry (ICP-MS). It was found that the average levels of arsenic 

in rice grown in uncontaminated soil was 1.8 x10-3 mg kg-1 (1.8 ppb) relatively lower than the guideline of 0.2 mg kg-1 

(200 ppb) agreed by Codex Alimentarius for arsenic in rice. Thus, it is possible to suggest that a normal intake of Thai rice 

from the paddy fields of North Thailand, would not pose any significant adverse health effect on the consumer and import 

restriction of such produce on the ground of safety will be unreasonable. 
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Introduction 

     Arsenic is a toxic heavy metal that is widely distributed 
in the Earth’s crust and found naturally in the 
environment. In humans, it is possible to be exposed to 
arsenic through air, soil, water and food. Rice (Oryza 
sativa L.) is the staple food and a source of energy and 
nutrients for more than half the world's population [1]. 
Nowadays, approximately over 90% of rice worldwide is 
grown in Asia, including Thailand, and it is estimated that 
annual rice production will increase from 524 million 
tonnes to 700 million tonnes by 2025 [2].  
 
     Thailand has been for several decades one of the 
world’s largest rice producers and in some years, the 
world’s number one rice exporter. The sale of rice for 
export has increased gradually from 4.0 million tonnes in 
1990 to 10.6 million tonnes in 2011 [3]. By the end of 
2016, Thailand exported around 8,712,050 million tonnes 
of rice worldwide [4]. In 2017, Thailand is expected to 

increase rice exports to 9.7 million tons [5].The quality of 
rice can directly impact on human health.  
 
     The determination of inorganic arsenic in rice has 
become very important during the last few years, since As 
(III) and As (V) are considered carcinogenic, and have 
been found at high concentrations in rice and rice 
products. Based on the analysis results by the U.S. Food 
and Drug Administration [6] rice (including Thai jasmine) 
and rice based products have been found to contain 
inorganic arsenic, sometimes at high levels. A study by [7] 
also reported that arsenic was found in Thai Jasmine rice 
at concentrations ranging between 0.04–0.40 mg kg-1. 
Furthermore, many studies have indicated that a high 
concentration of arsenic often accumulate in rice grains 
[8-10]. In addition, arsenic has been found in rice and 
many rice products, for example, breakfast cereals, baby 
rice crackers and Japanese rice condiments. In fact, high 
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 content of 75.2-90.1% inorganic arsenic has been found 
in some rice products [11-13] raised a concern that rice 
would be the highest source of arsenic intake by humans 
except where countries have arsenic contamination via 
drinking water. 
 
     It has been reported that skin cancers can be related to 
arsenic intake, via drinking-water [14, 15]. Guo, 2004, 
reported that a level of arsenic exceeding 0.64 mg l-1 can 
cause lung cancer in humans. In addition, in West Bengal, 
arsenical skin lesions were found in people drinking tube-
well water which contained arsenic concentrations above 
the World Health Organization (WHO) set limits (10 μg l-

1), and some areas had even higher levels than the 
national standard of 50 μg l-1 [16, 17] suggested that the 
number of fetal deaths was likely due to the drinking of 
tube-well water with a high arsenic concentration by 
pregnant women. A study by Davis et al., 2015 reported 
that high exposure to inorganic arsenic can adversely 
affect fetal development in pregnant women. In addition, 
Bangladeshi adults were affected by arsenic poisoning 
through the intake of large quantities of arsenic-
contaminated rice and drinking water [18]. The 
accumulation of arsenic in rice can be increased due to the 
use of arsenic-contaminated irrigation water exceeding 
the permissible limit for drinking water (0.01 mg l-1) 
stated by [19] (Food and Agriculture Organization of the 
United Nations) and WHO [20]. The [21] suggested that 
the maximum limits of inorganic arsenic at 150 ppb (0.15 
mg l-1) for rice grain and 75 ppb (0.075 mg l-1) for rice 
products could reduce the risk of cancer in humans. In the 
European Union, acceptable limits have been introduced 
for inorganic arsenic in rice (0.20 mg kg-1), rice products 
(0.30 mg kg-1) and baby and toddler rice products (0.10 
mg kg-1) by the Commission Regulation [22] (EU) 
2015/1006, amending Regulation (EC) No 1881/2006, 
setting maximum levels for certain contaminants in 
foodstuffs [17].  
 
     The aims of the present study were to determine the 
concentration of arsenic in 43 different Thai rice samples 
collected from the Phayao and Chiangrai provinces in the 
North of Thailand and to consider whether the 
concentrations were above the Codex Alimentarius’ 
guideline value of of 0.2 mg kg-1 (200 ppb), [18]. 

 

Materials and Methods 

Overview  

     Samples of Thai rice (n=43) were collected from 
different locations in Chiangrai and Phayao provinces, 
North of Thailand in the years 2014 and 2015. The rice 

plants were grown during the rainy season between June-
July 2014, and were harvested in November 2015 
(approximately 180 days after seed sowing). As far as can 
be ascertained, the rice plants were cultivated in 
uncontaminated arsenic paddy fields. Hydration was 
provided by rain water. The harvested rice samples were 
sun dried and stored in a cool dry place. The 
concentration of the arsenic was determined using 
inductively coupled plasma mass spectrometry (ICP-MS). 
ICP-MS was chosen for it has high detection limit, 
selectivity, accuracy and precision [23-26]  
 

Sample Preparation  

43 rice samples were randomly selected and coded (Table 
1). The samples were hand-milled with a mortar and 
pestle. 
 

RF power: 1550 W 

Auxilliary gas: 0.8 l/min 

Nebulizer gas: 1.05 l/min 

Sampler and skimmer cone: Ni 

Mode: KED mode 

Table 1: The ICP-MS operating parameters. 

 
     This process was performed to remove the husks from 
the rice seeds. The rice grains were then powdered using 
a domestic coffee grinder. The powdered rice samples 
were weighed accurately to a weight of 5.0 g into 100 ml 
volumetric flask to which 10 ml of 70% concentration 
nitric acid (HNO3) was added. The rice samples were 
heated using a hot plate for 1 hour and then diluted with a 
standard solution which consisted of 3 litres of 2% HNO3 
+ 0.5% HCl (hydrochloric acid) + 5ppb Rh (rhodium) + 
200ppb Au (gold). The sample solution was diluted at a 
ratio of 1:10 by transferring 1 ml of the sample into a 10 
ml volumetric flask. The 43 rice samples plus one blank 
were analyzed with a Thermo ICAP Q ICP-MS. 
 

Chemicals and Reagents 

     2% HNO3, 0.5% HCl, 5 ppb Rh, 200ppb Au was 
purchased from Fisher Scientific UK Ltd. Bishop Meadow 
road, Lough borough LE11 5RG. Pure water was collected 
from University of Reading. 
 

ICP-MS analysis  

     Rice samples were analysed using a Thermo an ICAP Q 
ICP-MS (Thermo Fisher Scientific, UK) with a CETAC ASX-
520 auto sampler. A PFA Micro Flow nebulizer attached to 
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a glass cyclonic spray chamber was used for sample 
introduction. The ICP-MS operating parameters are listed 
  

below (Table 2) and the number of replicate is three. 
 
 

Type of rice Name of mutant rice Code of rice samples 

Glutinous rice RD6 RD6-1 
Glutinous rice RD6 RD6-2 
Glutinous rice RD6 RD6-3 
Glutinous rice RD6 RD6-4 
Glutinous rice RD6 RD6-5 
Glutinous rice RD6 RD6-6 
Glutinous rice RD6 RD6-8 
Glutinous rice RD6 RD6-9 
Glutinous rice RD6 RD6-10 
Glutinous rice RD6 RD6-11 
Glutinous rice RD6 RD6-12 
Glutinous rice RD6 RD6-13 
Glutinous rice RD6 RD6-14 
Glutinous rice RD6 RD6-15 
Glutinous rice RD6 RD6-16 
Glutinous rice RD6 RD6-17 
Glutinous rice RD6 RD6-18 
Glutinous rice RD6 RD6-19 
Glutinous rice RD6 RD6-20 

Plain rice RD15 RD15-1 
Plain rice RD15 RD15-2 
Plain rice RD15 RD15-3 
Plain rice RD15 RD15-4 
Plain rice RD15 RD15-5 
Plain rice RD15 RD15-6 
Plain rice RD15 RD15-7 
Plain rice RD15 RD15-8 
Plain rice RD15 RD15-9 
Plain rice RD15 RD15-10 
Plain rice RD15 RD15-11 
Plain rice RD15 RD15-12 

Plain rice RD15 RD15-13 

Glutinous rice RD14 RD14-1 
Plain rice RD15 Pitsanulok RD15-PIT-1 
Plain rice RD15 Pitsanulok RD15-PIT-2 

Glutinous rice Phayao black rice PBR-1 
Glutinous rice Phayao black rice PBR-2 

Crossed breed between black 
rice and white jasmine rice 

Riceberry RB 

Plain rice RD15 white jasmine rice 105 RD15-KDM 105 
Glutinous rice RD6 Thai Prathumthani fragrance rice RD6-TPFR 
Glutinous rice RD16 RD16-1 

 
Table 2: The type of rice samples, mutant name and the codes. 
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Statistical Analyses 

     The statistical analyses were performed using IBM 
SPSS Statistic version 21.0. 

 

Results and Discussion 

Arsenic in Rice  

     The concentrations of arsenic in the 43 unpolished rice 
samples are shown (Figure1) and as far as can be 
ascertained, the rice samples were grown in 
uncontaminated soil where there was no history of 
industrial pollution.  

 
 

 
 

Figure 1: Arsenic concentrations in the rice samples (ppb)*. 
*(1ppb = 0.001 mg kg-1) 

 
 
     At a glance, it is apparent that all the rice samples 
contained some arsenic. The mean, range and standard 
deviation are given in (Table 3).  
 

Samples 
Number 

(N) 
Concentration  

(ppb) 
Mean 43 1.8 

Range 43 
Minimum-Maximum  

0.5-3.5 
Standard 
deviation 

43 0.6 

Table 3: Mean, range and standard deviation of arsenic in 
rice. 

     The range for arsenic content in the rice is 5.0x10-4 – 
3.5x10-3 mg kg-1 (0.5-3.5 ppb) with the mean of 1.8 x10-3 
mg kg-1 (1.8 ppb) and a standard deviation of 0.6. As seen 
in (Figure 2), two rice samples contained the highest of 
arsenic concentrations of 3.5x10-3 mg kg-1 (3.5 ppb) in RB 
and 3.2x10-3 mg kg-1 (3.2 ppb) in RD6-19. 
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Figure 2: Standard deviation for arsenic in rice. 

     The results indicate that the level of arsenic in all the 
rice samples was well below the guideline value of 0.2 
mg/kg (200 ppb) agreed by Codex Alimentarius for 
arsenic in white rice [21]. Based on the results in this 
study, the arsenic concentrations are relative low 
compared with the data from Consumer reports, 2012 
and [21]. The present study also showed that arsenic 
contents and the range in the samples are much lower 
when comparing with the Chinese limits which are 
permitted at 0.2 mg kg-1 for arsenic in rice grains [27]. In 
the European Union (EU), setting a maximum limit of 0.4 
mg kg-1 (400 ppb) for arsenic in brown rice was discussed 
[28]. In terms of arsenic contamination in other foods, 
many studies have detected high levels of arsenic in rice 
based products such as rice milk, rice bran, rice-based 
breakfast cereals, rice cereal bars containing rice and rice 
crackers. A study was carried out by [29] on baby rice, 
rice cereal and rice crackers. The results showed some 
samples contained a higher level of inorganic arsenic than 
the advisable maximum limit of 0.20 mg kg-1 (200 ppb) 
for arsenic in white rice by [21]. In another study [30] 
showed that some Spanish gluten-free baby rice based 

products have elevated inorganic arsenic concentration, 
ranging from 126 ± 26 mg kg-1. They suggested that 
babies particularly those aged from 6-12 months old have 
a high potential to be exposed to arsenic when fed with 3 
portions of rice cereal per day mixed with water 
containing 10 mg l-1 of arsenic.  
 
     At present, in the Europe Union, the maximum levels of 
inorganic arsenic in foodstuff has been set by the 
Commission Regulation [22] (EU) no 2015/1006, 
amending Regulation (EC) No 1881/2006) setting 
maximum levels for certain contaminants in foodstuffs 
(European Commission, 2015). Comparing the mean of 
arsenic concentrations in the samples and the maximum 
levels for arsenic in non-parboiled milled rice (polished or 
white rice), the mean arsenic concentration 1.8x10-3 mg 
kg-1 in the samples was far less than the European 
Commission guideline of 0.20 mg kg-1. According to the 
[31], Thai regulations specify the maximum limits for 
heavy metals such as inorganic arsenic but only for fish 
and sea foods. The Thai limits stated that the acceptable 
level for arsenic in fish and seafood is 2 mg kg-1 and 2 mg 
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kg-1 for total arsenic in other foods set by the Ministerial 
Notification No. 98 of B.E. 2529 (1986) and Ministerial 
Notification No. 273 of B.E. 2546 (2003). In some 
countries like Australia and New Zealand, the total 
maximum allowable arsenic level for cereal and rice is 
suggested at 1 mg kg-1 [32-38]. With regards to arsenic, it 
can conclude that it is statistically highly significant as P < 
0.001. The P-value in rice is 0.00. 
 

Conclusion 

     Rice, one of the most widely consumed foods in the 
world, is also one of nature’s great scavengers of metallic 
compounds. Consumers have already become alarmed 
over reports of rice-conveyed arsenic in everything from 
cereal bars to baby foods. This study found that arsenic 
was present in all the rice samples but the concentrations 
were lower than the limits (0.20 mg kg-1 to 0.30 mg kg-1) 
or guideline value (0.20 mg kg-1) set by the European 
Union and the Codex Alimentarius, respectively. Thus it 
can be concluded that the rice samples studied, are 
compliant and consequently pose a minimum threat to 
human health. However, further studies may be required 
to investigate the potential for hazardous levels of arsenic 
in rice from different parts of Thailand, from 
contaminated soils and rice samples treated with 
chemical fertilizers.  
 

Acknowledgement 

     The samples were prepared at the School of Applied 
Sciences, London South Bank University (LSBU), UK and 
the ICP-MS analysis was carried out at the Department of 
Chemistry, University of Reading, UK. The authors thank 
Dr Yan Gao of University of Reading and William Cheung 
of LSBU for their technical support. 
 

References 

1. Juliano BO (1993) Rice in human nutrition (FAO Food 
and Nutrition series, No 26 International Rice 
Research Institute, Los Baños, Laguna (Phillippine). 

2. FAO (2017) Rice production in the Asia-pacific 
region: issues and perspectives-MK Papademetriou.  

3. Ricepedia (2014) Rice around the World: Asia-
Thailand. The online authority on rice. 

4. Thai Rice Exporters Association (2017) Rice Exports 
Statistics. 

5. Childs N (2017) Rice Outlook. 

6. FDA (2012) U.S. Food and Drug Administration (FDA) 
Analytical Results from Inorganic Arsenic in Rice and 
Rice Products Sampling. 

7. Kongsria S, Srinuttrakul W, Sola P, Busamongkol A 
(2016) Instrumental neutron activation analysis of 
selected elements in Thai jasmine rice. Energy 
Procedia 89: 361-365. 

8. Rahman MA, Hasegawa H, Rahman MM, Islam MN, 
Miah MA, et al. (2007) Arsenic accumulation in rice 
(Oryza sativa L.) varieties of Bangladesh: A glass 
house study. Water Air Soil Pollution 185(1): 53-61. 

9. Meharg AA, Williams PN, Adomako E, Lawgali YY, 
Deacon C, et al. (2009) Geographical variation in total 
and inorganic arsenic content of polished (white) rice, 
Environmental Science & Technology 43(5): 1612-
1617. 

10. Williams PN, Lei M, Tie B, Zheng Y, Huang Y (2011) 
Arsenic, cadmium, and lead pollution and uptake by 
rice (Oryza sativa L.) grown in greenhouse. Soils 
Sediments 11(1): 115-123. 

11. Meharg AA, Lombi E, Williams PN, Scheckel KG, 
FeldmannJ, et al. (2008a) Speciation and localization 
of arsenic in white and brown rice grains. 
Environmental Science Technology 42(4): 1051-
1057. 

12. Sun GX, Williams PN, Zhu YG, Deacon C, Carey AM, et 
al. (2009) Survey of arsenic and its speciation in rice 
products such as breakfast cereals, rice crackers and 
Japanese rice condiments. Environ Int 35(3): 473-
475. 

13. Meharg AA, Sun G, Williams PN, Adomako E, Deacon 
C, et al. (2008b) Inorganic arsenic levels in baby rice 
are of concern, Environ Pollut 152(3): 746-749. 

14. Cabrera HN, Gómez ML (2003) Skin Cancer Induced 
by Arsenic in the water. J Cutan Med Surg 7(2): 106-
111. 

15. Karagas MR, Gossai A, Pierce B, Ahsan H (2015) 
Drinking Water Arsenic Contamination, Skin Lesions, 
and Malignancies: A Systematic Review of the Global 
Evidence. Curr Environ Health Rep 2(1): 52-68. 

16. Chakraborti D, Das B, Rahman MM, Nayak B, Pal A, et 
al. (2009) Groundwater Arsenic Contamination, Its 
Health Effects and Approach for Mitigation in West 

http://books.irri.org/9251031495_content.pdf
http://books.irri.org/9251031495_content.pdf
http://books.irri.org/9251031495_content.pdf
http://www.fao.org/docrep/003/x6905e/x6905e04.htm
http://www.fao.org/docrep/003/x6905e/x6905e04.htm
http://ricepedia.org/thailand
http://ricepedia.org/thailand
http://www.thairiceexporters.or.th/export%20by%20country%202016.html
http://www.thairiceexporters.or.th/export%20by%20country%202016.html
https://www.fda.gov/downloads/Food/FoodborneIllnessContaminants/Metals/UCM352467.pd
https://www.fda.gov/downloads/Food/FoodborneIllnessContaminants/Metals/UCM352467.pd
https://www.fda.gov/downloads/Food/FoodborneIllnessContaminants/Metals/UCM352467.pd
http://www.sciencedirect.com/science/article/pii/S1876610216300558
http://www.sciencedirect.com/science/article/pii/S1876610216300558
http://www.sciencedirect.com/science/article/pii/S1876610216300558
http://www.sciencedirect.com/science/article/pii/S1876610216300558
http://link.springer.com/article/10.1007/s11270-007-9425-x
http://link.springer.com/article/10.1007/s11270-007-9425-x
http://link.springer.com/article/10.1007/s11270-007-9425-x
http://link.springer.com/article/10.1007/s11270-007-9425-x
http://pubs.acs.org/doi/abs/10.1021/es802612a
http://pubs.acs.org/doi/abs/10.1021/es802612a
http://pubs.acs.org/doi/abs/10.1021/es802612a
http://pubs.acs.org/doi/abs/10.1021/es802612a
http://pubs.acs.org/doi/abs/10.1021/es802612a
http://link.springer.com/article/10.1007/s11368-010-0280-9
http://link.springer.com/article/10.1007/s11368-010-0280-9
http://link.springer.com/article/10.1007/s11368-010-0280-9
http://link.springer.com/article/10.1007/s11368-010-0280-9
http://pubs.acs.org/doi/abs/10.1021/es702212p
http://pubs.acs.org/doi/abs/10.1021/es702212p
http://pubs.acs.org/doi/abs/10.1021/es702212p
http://pubs.acs.org/doi/abs/10.1021/es702212p
http://pubs.acs.org/doi/abs/10.1021/es702212p
https://www.ncbi.nlm.nih.gov/pubmed/18775567
https://www.ncbi.nlm.nih.gov/pubmed/18775567
https://www.ncbi.nlm.nih.gov/pubmed/18775567
https://www.ncbi.nlm.nih.gov/pubmed/18775567
https://www.ncbi.nlm.nih.gov/pubmed/18775567
https://www.ncbi.nlm.nih.gov/pubmed/18339463
https://www.ncbi.nlm.nih.gov/pubmed/18339463
https://www.ncbi.nlm.nih.gov/pubmed/18339463
https://www.ncbi.nlm.nih.gov/pubmed/12447618
https://www.ncbi.nlm.nih.gov/pubmed/12447618
https://www.ncbi.nlm.nih.gov/pubmed/12447618
https://www.ncbi.nlm.nih.gov/pubmed/26231242
https://www.ncbi.nlm.nih.gov/pubmed/26231242
https://www.ncbi.nlm.nih.gov/pubmed/26231242
https://www.ncbi.nlm.nih.gov/pubmed/26231242
http://link.springer.com/article/10.1007/s12403-008-0002-3
http://link.springer.com/article/10.1007/s12403-008-0002-3
http://link.springer.com/article/10.1007/s12403-008-0002-3


Food Science and Nutrition Technology 

 

Natkhan Beck and Delia Ojinnaka. Determination of Arsenic in Thai Rice . 
Food Sci Nutr Technol 2017, 2(2): 000120. 

                   Copyright© Natkhan Beck and Delia Ojinnaka. 

 

7 

Bengal, India and Bangladesh. Water Quality 
Exposure Health 1(1): 5-21. 

17. Sohel N, Vahter M, Ali M, Rahman M, Rahman A, et al. 
(2010) Spatial patterns of fetal loss and infant death 
in an arsenic-affected area in Bangladesh. Int J Health 
Geogr 9(53): 1-11. 

18. Rahman MM, Asaduzzaman M, Naidu R (2011) 
Arsenic Exposure from Rice and Water Sources in the 
Noakhali District of Bangladesh. Water Quality 
Exposure Health 3(1): 1-10. 

19. JECFA (Food and Agriculture Organization/ World 
Health Organization) (2012) Joint FAO/WHO Food 
Standards Programme Codex Committee on 
Contaminants in Foods, Sixth Session Maastricht, the 
Netherlands 26-30.  

20. Bhattacharya P, Samal AC, Majumdar J, Santra SC 
(2010) Arsenic Contamination in Rice, Wheat, Pulses, 
and Vegetables: A Study in an Arsenic Affected Area of 
West Bengal, India. Water Air Soil Pollution 213(1): 3-
13. 

21. FDA (2016) Arsenic in Rice and Rice Products Risk 
Assessment Report. 

22. European Union (2016) Commission Regulation (EU) 
2015/1006: amending Regulation (EC) No 
1881/2006 as regards maximum levels of inorganic 
arsenic in foodstuffs. Official Journal European Union. 

23. Pétursdóttir AH, Friedrich F, Musil S, Raab A, 
Gunnlaugsdóttir H, et al. (2014) Hydride generation 
ICP-MS as a simple method for determination of 
inorganic arsenic in rice for routine biomonitoring, 
Anal Methods 6: 5392-5396. 

24. Aceto M (2016) The Use of ICP-MS in food 
traceability. Advances in Food Traceability 
Techniques and Technologies 137-164. 

25. Zhao X, Wei J, Shu X, Yang M (2016) Multi-elements 
determination in medical and edible Alpinia oxyphylla 
and Morinda officinalis and their decoctions by ICP-
MS. Chemosphere 164: 430-435. 

26. Ma L, Yang Z, Kong Q, Wang L (2017) Extraction and 
determination of arsenic species in leafy vegetables: 
Method development and application. Food 
Chemistry 217: 524-530. 

27. USDA (2014) Gain report number: CH1405 - China’s 
Maximum Levels for Contaminants in Foods. USDA 
Agricultural Service. 

28. FAO (2015) Maximum Levels for Inorganic Arsenic in 
Polished Rice: Codex Alimentarius Commission - 
Geneva 14-18. 

29. Signes-Pastor A, Carey M, Meharg AA (2016) 
Inorganic arsenic in rice-based products for infants 
and young children. Food Chemistry 191: 128-134. 

30. Carbonell BAA, Wu X, Ramírez GA, Norton GJ, Burló F, 
et al. (2012) Inorganic arsenic contents in rice-based 
infant foods from Spain, UK, China and USA. Environ 
Pollut 163: 77-83. 

31. FAS (2009) Food and Agricultural Import Regulations 
and Standards-Narrative: Fairs Country Report-Gain 
report number TH9119. Global Agriculture 
Information Network. 

32. Australia government com law (2013) Australia New 
Zealand Food Standards Code- Standard 1.4.1- 
Contaminants and Natural Toxicants. 

33. Carignan C, Punshon T, Karagas MR, CottinghamKL 
(2016) Potential Exposure to Arsenic from Infant Rice 
Cereal, Annals of Global Health 82(1): 221-224. 

34. Consumer reports (2012) Arsenic in your food. 

35. Davis MA, Higgins J, Li Z, Diane GDD, Emily RBER, et 
al. (2015) Preliminary analysis of in utero low-level 
arsenic exposure and fetal growth using biometric 
measurements extracted from fetal ultrasound 
reports, Environmental Health 14(12): 1-11. 

36. FAO (2016) UN strengthens regulations on lead in 
infant formula and arsenic in rice, Food and 
Agriculture Organization of the United Nations. 

37. Guo HR (2004) Arsenic level in drinking water and 
mortality of lung cancer (Taiwan), Cancer Causes and 
Control 15(2): 171-177. 

38. Sohel N, Vahter M, Ali M, Rahman M, Rahman A, et al. 
(2010) Spatial patterns of fetal loss and infant death 
in an arsenic-affected area in Bangladesh. Int J Health 
Geogr 9(53): 1-11. 

https://www.ncbi.nlm.nih.gov/pubmed/20977746
https://www.ncbi.nlm.nih.gov/pubmed/20977746
https://www.ncbi.nlm.nih.gov/pubmed/20977746
https://www.ncbi.nlm.nih.gov/pubmed/20977746
http://link.springer.com/article/10.1007/s12403-010-0034-3
http://link.springer.com/article/10.1007/s12403-010-0034-3
http://link.springer.com/article/10.1007/s12403-010-0034-3
http://link.springer.com/article/10.1007/s12403-010-0034-3
http://link.springer.com/article/10.1007/s11270-010-0361-9
http://link.springer.com/article/10.1007/s11270-010-0361-9
http://link.springer.com/article/10.1007/s11270-010-0361-9
http://link.springer.com/article/10.1007/s11270-010-0361-9
http://link.springer.com/article/10.1007/s11270-010-0361-9
https://www.fda.gov/downloads/Food/FoodScienceResearch/RiskSafetyAssessment/UCM486543
https://www.fda.gov/downloads/Food/FoodScienceResearch/RiskSafetyAssessment/UCM486543
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2015.161.01.0014.01.ENG
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2015.161.01.0014.01.ENG
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2015.161.01.0014.01.ENG
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2015.161.01.0014.01.ENG
http://pubs.rsc.org/-/content/articlelanding/2014/ay/c4ay00423j#!divAbstract
http://pubs.rsc.org/-/content/articlelanding/2014/ay/c4ay00423j#!divAbstract
http://pubs.rsc.org/-/content/articlelanding/2014/ay/c4ay00423j#!divAbstract
http://pubs.rsc.org/-/content/articlelanding/2014/ay/c4ay00423j#!divAbstract
http://pubs.rsc.org/-/content/articlelanding/2014/ay/c4ay00423j#!divAbstract
https://iris.uniupo.it/handle/11579/77091#.WPSUPkWGPcs
https://iris.uniupo.it/handle/11579/77091#.WPSUPkWGPcs
https://iris.uniupo.it/handle/11579/77091#.WPSUPkWGPcs
https://www.ncbi.nlm.nih.gov/pubmed/27599009
https://www.ncbi.nlm.nih.gov/pubmed/27599009
https://www.ncbi.nlm.nih.gov/pubmed/27599009
https://www.ncbi.nlm.nih.gov/pubmed/27599009
https://www.ncbi.nlm.nih.gov/pubmed/27664668
https://www.ncbi.nlm.nih.gov/pubmed/27664668
https://www.ncbi.nlm.nih.gov/pubmed/27664668
https://www.ncbi.nlm.nih.gov/pubmed/27664668
https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Maximum%20Levels%20of%20Contaminants%20in%20Foods%20_Beijing_China%20-%20Peoples%20Republic%20of_12-11-2014.pdf
https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Maximum%20Levels%20of%20Contaminants%20in%20Foods%20_Beijing_China%20-%20Peoples%20Republic%20of_12-11-2014.pdf
https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Maximum%20Levels%20of%20Contaminants%20in%20Foods%20_Beijing_China%20-%20Peoples%20Republic%20of_12-11-2014.pdf
http://www.fao.org/news/story/en/item/238558/icode/
http://www.fao.org/news/story/en/item/238558/icode/
http://www.fao.org/news/story/en/item/238558/icode/
http://www.sciencedirect.com/science/article/pii/S030881461401807X
http://www.sciencedirect.com/science/article/pii/S030881461401807X
http://www.sciencedirect.com/science/article/pii/S030881461401807X
https://www.ncbi.nlm.nih.gov/pubmed/22325434
https://www.ncbi.nlm.nih.gov/pubmed/22325434
https://www.ncbi.nlm.nih.gov/pubmed/22325434
https://www.ncbi.nlm.nih.gov/pubmed/22325434
https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Food%20and%20Agricultural%20Import%20Regulations%20and%20Standards%20-%20Narrative_Bangkok_Thailand_8-14-2009.pdf
https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Food%20and%20Agricultural%20Import%20Regulations%20and%20Standards%20-%20Narrative_Bangkok_Thailand_8-14-2009.pdf
https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Food%20and%20Agricultural%20Import%20Regulations%20and%20Standards%20-%20Narrative_Bangkok_Thailand_8-14-2009.pdf
https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Food%20and%20Agricultural%20Import%20Regulations%20and%20Standards%20-%20Narrative_Bangkok_Thailand_8-14-2009.pdf
https://www.legislation.gov.au/Details/F2013C00140
https://www.legislation.gov.au/Details/F2013C00140
https://www.legislation.gov.au/Details/F2013C00140
https://www.ncbi.nlm.nih.gov/pubmed/27325082
https://www.ncbi.nlm.nih.gov/pubmed/27325082
https://www.ncbi.nlm.nih.gov/pubmed/27325082
https://www.ncbi.nlm.nih.gov/pubmed/25971349
https://www.ncbi.nlm.nih.gov/pubmed/25971349
https://www.ncbi.nlm.nih.gov/pubmed/25971349
https://www.ncbi.nlm.nih.gov/pubmed/25971349
https://www.ncbi.nlm.nih.gov/pubmed/25971349
http://www.fao.org/news/story/en/item/238802/icode/
http://www.fao.org/news/story/en/item/238802/icode/
http://www.fao.org/news/story/en/item/238802/icode/
https://www.ncbi.nlm.nih.gov/pubmed/15017129
https://www.ncbi.nlm.nih.gov/pubmed/15017129
https://www.ncbi.nlm.nih.gov/pubmed/15017129
https://www.ncbi.nlm.nih.gov/pubmed/15017129
https://www.ncbi.nlm.nih.gov/pubmed/15017129
https://www.ncbi.nlm.nih.gov/pubmed/15017129
https://www.ncbi.nlm.nih.gov/pubmed/15017129

	Abstract
	Keywords
	Introduction
	Materials_and_Methods
	Results_and_Discussion
	Conclusion
	Acknowledgement
	References

