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Abstract 

 Rice plants absorb substantial amount of arsenic when grown in rice field soil containing 3.21 mg/kg 

arsenic and irrigated with contaminated groundwater from a shallow tube-well having 476 ± 3 µg arsenic/l at 

Sonargaon, Bangladesh. It is revealed that highest total arsenic accumulation occurred in roots (5.790 ± 0.337 

mg/kg) followed by shoots (3.766 ± 0.370 mg/kg) and brown-rice grains (2.552 ± 0.507 mg/kg). The 

concentration of total arsenic in rice grains was beyond permissible limit (1.00 mg/kg) for human 

consumption. At the time of harvest 4.90 ± 1.11 - 8.27 ± 1.35 mg As/kg soil remained in the rice field soil. 

However, majority of the soil arsenic is washed out by rain and flood water leaving more than 3.00 mg As/kg 

soil after flood period which along with high level of As contaminated groundwater for irrigation, elevated 

the level (up to 8.27 ± 1.35 mg As/kg soil) beyond permissible limit of e.g. in USA it is 5 mg/kg soils for 

agriculture use. To keep the environment clean, surface water for irrigation has been suggested. 
 

Introduction 

 In the major part of Bangladesh, high concentration of arsenic in the groundwater from hand 

tube-well and shallow tube-well (STW) used for drinking and irrigation, respectively has been 

observed (BGS 1999). This has been polluting the environment alarmingly and local people have 

been suffering from arsenicosis (melanosis, gangrene, chronic ulcer, skin cancer, etc.) (Dey 2002). 

Studies in home and abroad confirmed that a substantial amount of this heavy metal is absorbed 

by plants (Anderson et al. 1980, Aziz 2000, Jain et al. 1989, Wauchope 1983) including rice 

(Juhasz et al. 2006, Meharg and Rahman 2003, Xu et al. 2008). It has been observed that in 

presence of arsenic, PO4-P absorption is affected (Aziz 2000), where phosphate may be replaced 

by arsenates and prevents ATP generation (Walsh and Keeney 1975, Wauchope 1983, Zingaro 

and Bottino 1983). Islam and Ullah (2003) also found that As  in plants antagonize the uptake of 

nutrients like N, P, K, S, Ca, Mn and Zn. Jahan et al. (2003) have shown in a pot experiment that 

As toxicity symptoms in rice (var. BR 26) started from 20 mg As kg/ soil.  Importance value index 

(≥ 20) indicated that out of 14 weeds four were very sensitive to arsenic (Aziz and Ahmed 2010). 

Rice is particularly susceptible to As accumulation compared to other cereals as it is generally 

grown under flooded conditions where As mobility is very high (Heikens 2006, Xu et al. 2008). 

Rice is by far the largest food dietary source of inorganic-As for populations not drinking water 

with elevated As (Meacher et al. 2002). An attempt was therefore taken to determine total As 

accumulation in rice grain grown in fields irrigated with arsenic contaminated groundwater.  
 

Materials and Methods 

 High yielding boro-rice variety BR-28 was grown during lean period in a farmer’s field at 

village Sanmandi (23° 40´ 35˝ N, 90° 35´ 14˝ E), Nilkanda Union under P. S. Sonargaon in 

Narayanganj district, Bangladesh.  

 The experiment was conducted in 19 × 19 m plots of five replicates arranged in a complete 

randomized block design. Recommended doses of NPK fertilizers at the rate of 45, 15 and 40 

kg/ha, respectively were applied to all  plots  at  the time  of  land  preparation except N which was  
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applied in two splits- 25 kg/ha at 15 DAT and 20 kg/ha before flowering. The boro-rice crop was 

irrigated once in a week with pond water (as control) and As contaminated (476 µg/l) groundwater 

from a STW. The quality of irrigation water is given in Fig. 1. 

 The soil textural class- silt clay, and contained 4.31% sand, 45.56% silt, 50.13% clay; having  

6.35 pH, 200 µS/cm EC, 0.87% iron, 3.21 mg/kg arsenic, 1.85% organic matter, at  Meghna  

Floodplain  in  Silmondi  and  Narailbag  soil  series.  Soil  particle  size  analysis  was  carried out 

by hydrometer method (Day 1965) while organic carbon by wet oxidation method of Wakley and 

Black modified by Jackson (1973) and soil pH from a solution of 1 : 2.5 of soil and water. Total 

As was determined by Atomic Absorption Spectrophotometer (AAS) after digestion with HNO3-

HCl at 5 : 1 in a closed system. Plant samples as roots, shoots and paddy grains were collected 

separately and dried at 70°C for three days, grounded and kept in poly-bags till analysis. Arsenic 

concentration in brown-rice grains was cross checked by Neutron Activation Analysis (NAA) 

using the 3 MW Research Reactor at Atomic Energy Research Establishment, Saver, Dhaka. 
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Fig. 1. Water quality of pond and ground-waters (STW) used in irrigating BR-28 rice. Unit for As 

is µg/l and for others is mg/l. n = 5; bars, standard deviations. 

 

Results and Discussion 

 Arsenic concentration in soils of the experimental plots during rice cultivation is shown in 

Fig. 2.  It is revealed that irrigation with 476 ± 3 µg/l As contaminated STW water increased soil 

arsenic due to coagulation and sedimentation as indicated by 7.51 mg/kg soil after 7 days of 

irrigation against initial value of 3.21 mg/kg soil. However, As concentration in the soil irrigated 

with the groundwater during the cultivation cycle of rice ranged from 4.90 to 8.27 mg/kg soil, 

where the permissible limit for USA is 5 mg/kg and 10 - 20 mg/kg in Canada, Uk, Australia for 

agriculture use of soils (Duxbury and Zavala 2010). Bangladesh do not have defined permissible 

limit for As. Total As in soils of control plots decreased to almost steady level of 1.91 to 2.60 

mg/kg from its initial value, though irrigated every seven days interval with pond water having 

about 9.5 µg/l As. Xu et al. (2008) reported bioavailability of As under flooded condition but in 

the present study rice plants appeared not to absorb As (only insignificant amount by roots) at a 

concentration of (on an average) 2.50 mg As/kg soil or less. The presence of 3.21 mg/kg soil 

arsenic at the time of plantation of rice seedling compared to 8.27 ±1.35 at the time of harvest, 

indicates that during monsoon the rain and floodwater washed out the arsenic from the previous 

year’s rice-field soil to the surrounding environment. 

 Arsenic concentration in the boro-rice plant parts at the time of harvest is shown in Fig. 3.  It 

is revealed that As was accumulated mostly in roots followed by shoots and brown-rice grains. 

The brown-rice grain contained 2.552 mg/kg total As, determined by AAS. The total As in rice 

grains collected from an adjacent farmer’s field irrigated with the same groundwater was cross 
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checked by NAA and was found to be 2.56 ± 0.20 mg/kg. Meharg and Rahman (2003) reported 

total brown-rice grain As of 1.7 - 1.8 mg/kg when grown in soils containing 15 - 27 mg/kg total 

As in Bangladesh soil. The high As accumulation in rice grains in the present study was perhaps 

due to high As content in irrigation water used in flooding the soil which was already 

contaminated with As. The presence of 1.91 to 2.60 mg As/kg soil after rice harvest against 3.21 

mg As/kg initial soil indicates that most of the arsenic absorptions take place from water. The high 

As content in straws might affect cattle due to bioaccumulation. 
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Fig. 2. Arsenic concentration in soils of the experimental plots during rice cultivation, irrigated with pond and 

STW waters.  Initial soil arsenic was 3.21 mg/kg, while pond water contained 9.50 ± 0.50 µg/l; STW 

water contained 476 ± 3 µg/l arsenic. Seedlings were transplanted on 15 Feb. and the rice crop was 

harvested on 10 May. n = 5; bars, standard deviations. 
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Fig. 3. Arsenic concentration in roots, straw and brown-rice grains of rice plants at the time of harvest. Initial 

soil arsenic was 3.21 mg/kg, while pond and STW waters contained 9.50 ± 0.50 µg/l and 476 ± 3 µg/l 

arsenic, respectively. n = 5; bars, standard deviations. 
 

 The concentration of absorbed As in rice grains was much above the permissible limit of 1.00 

mg/kg (Das et al. 2004) for human consumption. Heikens (2006) indicated that elevated As in rice 

significantly contribute to dietary  As  intake  and  estimated  that  around  50%  of  total As in  the  

grain is inorganic-As, rest is dimethylearsinic acid (DMA). Bioavailability of inorganic-As from 

rice has been shown to be high (Juhasz et al. 2006). Zhu et al. (2008) estimated that As 

concentration in rice would have to be as low as 0.050 mg/kg if consumed at 200 g/d to equate to 
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similar exposure from drinking water at 10 µg/l. Bangladesh rice has 2.552 ± 0.507 mg total As/kg 

which means that 0.85 to 1.276 mg inorganic-As (assuming about 33 to 50% of total As: Meharg 

et al. 2008) is present per kg rice. But Xu et al. (2008) reported that in rice grains from flooded 

conditions DMA accounted for a majority of the total-As, and inorganic As varies from 22 to 42% 

which in quantity ranged from 0.561 to 1.072 mg/kg for Bangladesh rice. If the lowest amount 

0.561 mg inorg.-As per kg rice grain is considered and equate to permissible limit o 0.050 mg/l 

water (which would be 0.250 mg inorganic-As/kg is consumed at 200 g/day by a person) then a 

person in the study area is consuming double the amount of permissible As. China has a food 

standard limit of 0.15 mg inorganic-As/kg (USDA 2006). There is currently no Bangladesh 

regulation regarding As levels in foods but for drinking water which is 50 µg/l. Thus high 

inorganic-As (compared to Chinese permissible limit) in the rice grain at Sonargaon can lead to 

greatly increased exposure to chronic carcinogen.  

 In the present study it was revealed that a substantial amount of arsenic remained in the soil 

after harvesting the rice crop which will be absorbed by other subsequent crops causing health 

hazard. The washed out arsenic (by rain and flood waters) is being carried to the estuaries at the 

end and is being accumulated year after year. This would affect the marine flora and fauna in near 

future (Aziz 2002). Ahmed et al. (2010) recorded 0.86 (SE 0.057; CV 34.66) mg As/kg leaves of 

Sonneratia apetala, a mangrove plant with insignificant variation in three coastal islands of 

Bangladesh indicating that groundwater As is being accumulated in the biotic and abiotic 

components of the environment. Thus digging out groundwater for irrigation should be 

immediately stopped. Attempt has been taken to store river water twice a day by rubber dam (e. g. 

at Sonargaon, in the Old Brahmaputra River) in areas with tidal effect for irrigation of boro crops 

and has been successful. In areas having no tidal water in rivers, Bangladesh should have surface 

water reservoirs for irrigation of all types of crops during lean period. Surface water (undisturbed) 

contains all elements in a relatively constant proportion necessary for the growth and development 

of all organisms. The best solution, to be relieved from the arsenic hazard, would thus be to use 

surface water with proper care for all purposes (Aziz 2002). 

 

Acknowledgements 

 Authors are grateful to the Ministry of Science and Information & Communication 

Technology, Govt. of Bangladesh for supporting the research project entitled “Mitigation of 

arsenic poisoning of groundwater by employing a locally innovated bioremediation technique”, 

no. MOSICT/Sec. 9/SAP 93/2002-2003. The authors are thankful to Dr. Syed Mohammad 

Hossain, Institute of Nuclear Science and Technology, Atomic Energy Research Establishment, 

Saver, Dhaka for his help in determining arsenic in rice grains by Neutron Activation Analysis. 

 

References 

Ahmed A, Ohlson M. Hoque S and Moula MG 2010. Chemical composition of leaves of a mangrove tree 

(Sonneratia apetala Buch.-Ham.) and their correlation with some soil variables. Bangladesh J. Bot. 

39(1): 61-69. 

Anderson AC, Abdelghani AA and McDonell D 1980. Screening of four vascular plants for uptake of 

monosodium methane arsenate (MSMA). Sci. Total Environ. 16: 95-98. 

Aziz A 2000. Removal of arsenic from water by Azolla and Spirodella. I. J. Asiat. Soc. Bangladesh (Sci.) 

26(2): 271-276. 

Aziz A 2002. Arsenic problems: integrated approach for solution by floating plants. In: Bangladesh 

environment, Ahmed MF, Tanveer SA and Badruzzaman ABM (eds). Vol. 1: 186-199. Bangladesh 

Poribesh Andolon, Dhaka.  



ARSENIC IN RICE GRAINS AT SONARGAON 89 

Aziz A and Ahmed A 2010. Effects of arsenic on diversity of rice field weeds. Dhaka Univ. J. Biol. Sci. 19(1): 95-

98.  

BGS (British Geological Survey) 1999. Groundwater studies for arsenic contamination in Bangladesh. Vol. 

S1: 1-33. Review of existing data. Mott MacDonald Ltd., United Kingdom. 

Das HK, Mitr AK, Sengupta PK, Hossain A, Islam F and Rabbani HH 2004. Arsenic concentration in rice, 

vegetables and fish in Banladesh: A preliminary study. Environ. Intl. 30: 383-387. 

Day PR 1965. Particle fractionation and particle size analysis. In: Methods of soil analysis, Part 1, Black CA, 

Evans DD, Ensminger LE, White JL,  Clark FE (eds), pp. 545-567. Madison, WI.  

Dey RK 2002. Arsenic health problem. In: Arsenic mitigation in Bangladesh, Ahmed MF and Ahmed CM 

(eds), pp. 59-76. Local Govt. Division, Dhaka.  

Duxbury JM and Zavala YJ 2010. What are Safe Levels of Arsenic in Food and Soils? Cornell University, 

USA. 

Heikens A 2006. Arsenic contamination of irrigation water, soil and crops in Bangladesh: Risk implications 

for sustainable agriculture and food safety in Asia. FAO, UN. Regional Office for Asia and the Pacific.  

Islam MA and Ullah SM 2003. Effects of arsenic on some growth parameters of rice plants. Dhaka Univ. J. 

Biol. Sci. 12(1): 71-77. 

Jahan I, Hoque S, Ullah SM and Kibria MG 2003. Effects of Arsenic on growth and nutrient uptake in rice 

plants (Oryza sativa L.). Dhaka Univ. J. Biol. Sci. 12(1): 15-22. 

Jain SK, Vasudevan P and Jha NK 1989. Removal of some heavy metals from polluted water by aquatic 

plants: studies on duckweed and water velvet. Biol. Wastes 28: 115-126. 

Jackson ML 1973. Soil chemical analysis. Prentice Hall Inc., NJ. 

Juhasz AL, Smith E, Weber J, Rees M, Rife A, Kuchel T, Sansom L and Naidu R 2006. In vivo assessment of 

arsenic bioavailability in rice and its significance for human health risk assessment. Environ. Health 

Perspectives 114: 1826-1831. 

Meacher DM, Menzel DB, Dillencourt MD, Bic LF, Schoof RA, Yost LJ, Eickhoff JC and Farr CH 2002. 

Estimation of multimedia inorganic arsenic intake in the US population. Human Ecol. Risk Assessment 

8: 1697-1721. 

Meharg AA and Rahman M 2003. Arsenic contamination of Bangladesh paddy field soils: Implications for 

rice contribution to arsenic consumption. Environ. Sci. Technol. 37: 229-234 

Meharg AA, Sun G, Williums PN, Adomako E, Deacon C, Zhu Y-G, Feldmann J and Raab A 2008. 

Inorganic arsenic levels in Baby rice are of concern. Environ. Polln. 152: 746-749. 

USDA 2006. Foreign agricultural service global agriculture information network report CH6064. People’s 

Republic of China. FAIRS Product specific maximum levels of contaminations in foods.  

Walsh LM and Keeney DR 1975. Behaviour and phytotoxicity of inorganic arsenicals in soil. In: Arsenical 

pesticides, Woolson EA (ed), pp. 35-52. Washington DC: ACS.  

Wauchope RD 1983. Uptake, translocation and phytotoxicity of arsenic in plants. In: Arsenic: industrial, 

biomedical and environmental perspectives, Lederer WH, Fensterheim RJ (eds), pp. 348-377. Van 

Nostrand Reinhold, NY. 

Xu XY, Mcgrath SP, Meharg AA and Zhao FI 2008. Growing rice aerobically markedly decreased 

accumulation. Environ. Sci. Technol. 42(15): 5574-5579. 

Zhu Y-G, Williams PN and Meharg AA 2008. Exposure of inorganic arsenic from rice: a global health issue? 

Environ. Polln. 30: 1-3. 

Zingaro RA and Bottino NR 1983. Biochemistry of arsenic: recent developments. In: Arsenic: industrial, 

biomedical and environmental perspectives. Lederer WH, Fensterheim RJ (eds), pp. 327-347. Van 

Nostrand Reinhold, NY.  

 

(Manuscript received on 6 January, 2014; revised on 10 September, 2014) 

 


