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Abstract

Rice is the most well known cereal and staple fabith serves as major carbohydrate for more th#frohéhe
world population. The goal of this study is to datme the selected toxic element (As) in rice saspl
Bangladesh is a developing country and the induistdctor of the country is gradually expandingthfg same
time it is a threat to the environment. For thiperkment, eighteen samples of three common rice welected
namely BRRI-28, BRRI-29 &Miniket. All the sampleseve analyzed by using Neutron Activation Analysis
(NAA) under the irradiation and counting facilitiasailable at the Institute of Nuclear Science @adhnology
(INST), Atomic Energy Research Establishment (AER&var, Dhaka in Bangladesh. NAA methods were
validated by certified reference materials (IAEAHSH IAEA-SL-1 and Whey powder IAEA-155). The
concentration of arsenic (As) was ranged from @&0.203 mg kg. The results expressed that the rice samples
accumulate the element at different concentratidiosic element like As found in alarming level inmse
samples.
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1. Introduction

Rice (Oryza sativa) is the staple sustenance ofirarol35 million individuals of Bangladesh. It gives
Carbohydrate about (75-85) % (Ayasekera & Frei@B52.1t is one of the important foodstuffs worldeidnd
consumed by half of the world’s population (Coatal. 2016 D’llio et al. 2002; Welnaet al. 2015; Mahender

et al. 2016; Diyabalanageet al. 2016 ). Rice plays a vital role in the livelihooflthe people of Bangladesh.
Recently, concern has been raised about possibtaromation of rice worldwide by heavy metals whiobre
acute in case of Bangladesh. The wellsprings o$tamtial metal in plants are their developers, mdile air,

soil, supplements, thus on from which over powerrggals are taken up by the roots or foliage €tial. 2002;
Donisaet al. 2000). Anthropogenic exercises like industriaiimathave been adding to the spread of poisonous
chemicals into the earth.

There are numerous analytical techniques capablet&rmining multi-element in foods such as indugdti
coupled plasma atomic emission spectrometry (ICEAductively coupled plasma mass spectrome@p{|
MS), graphite furnace atomic absorption spectroy@®F-AAS), cold vapor atomic absorption spectraanet
(CV-AAS) and Neutron Activation Analysis (NAA) (Rargamaet al. 2010). Neutron activation analysis is a
suitable method to determine elements in plant,asw food samples (Huyrgt al. 1997). It is non-destructive,
sensitive, high accurate, less sample preparatiwh raulti-element detection method (Huyehal. 1997
Parengamat al. 2010). The present study was conducted to assesnmi@ (As) concentration in BRRI -28,
BRRI -29 and Miniket rice, consumed by the greaieition of Bangladeshi people using NAA. TransfEAe
from the soil to the rice and assessment of pakhgalth risk of this metal to human by consumptid rice
was also calculated accordingly.

2. Materials and method

2.1 sampling areas

Eighteen rice samples collected from Tangail Saffzazilla. This area is located in the Dhaka divisiwar the
capital of Bangladesh. Samples were collected femndifferent sampling areas. The six different ping
areas are shown in Figure 1.
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Figure 1. Map of the Tangail Sadar Upazilla

2.2 Sample collection

The samples were collected in the polyethylene bag which are commonly used in our country for staple food.
The samples were marked separately by giving the identification (ID) number carefully. To avoid contamination,
hand gloves were used to collect the samples. Sample ID and names of the location are shown in Table 1.

Table 1. Identification of the rice samples

Rice variety Sample identity Collected from

SP-02 Elashin bazar,Tangail

BRRI-28 SP-05 Silimpur bazar,Tangail
SP-08 Elenga bazar, Tangail
SP-11 Katuli bazar,Tangail
SP-14 Santosh bazar, Tangail
SP-17 Karatia bazar, Tangail
SP-03 Elashin bazar,Tangail
SP-06 Silimpur bazar, Tangail

BRRI-29 SP-09 Elenga bazar, Tangail
SP-12 Katuli bazar, Tangail
SP-15 Santosh bazar, Tangail
SP-18 Karatia bazar, Tangail
SP-01 Elashin bazar,Tangail

L SP-04 Silimpur bazar, Tangail

Miniket SP-07 Elenga bazar, Tangail
SP-10 Katuli bazar,Tangail
SP-13 Santosh bazar, Tangail
SP-16 Karatia bazar,Tangail
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2.3 Sample preparation

18 samples were washed properly by DI (De-ionizeaker. It is more pure than distil water. Aftershiang the
samples were put into the oven to be dried. Thatifigation number (ID) was given on each Petrihdis
according to the sample ID. Collected rice samplese put into the Petri dish corresponding to thvemy ID.
The Petri dish containing the rice samples was #ilenved to dry in an electric oven at°8D-9F°C until having
constant weight. For making small grain size eddhe samples was grounded with an agate mortapastie.
For weighing the rice samples firstly, the weightach empty Petri dish was set to zero by a digltctronic
micro balance. After that, each of the samplestafsn into the Petri dishes. The weight of eachpdarns kept
around 300 mg and net weight was recorded in &tergbook. After weighing the rice samples were enad
individual packet with individual identification mbers. The size and shape of packets were kepbxpmately
same. The packets were then preserved, carefullyefatron irradiation. Three standards: IAEA-SQIXEA-
SL-1 and Whey powder were used for this experimgatirly 50mg of each standard were prepared isdhee
way as the sample.

a. Irradiation

The irradiation facility is the Pneumatic Transfeystem Rabbit of 3 MW TRIGA Mark-1l research reacto
AERE, Savar, Dhaka. The reactor power is 2.4 MWhinprocess of long irradiation the total numbfesaomple
and standards were taken into a long polyethylenadiation tube at a time; then it was kept close tightly and
was sent for irradiation with the ~6.08%3Acm?sec’ thermal neutron flux for 7 minutes. After long rauir
samples were turned into highly radioactive. Fas teason, they usually were not handled immediatéie
properties of used radionuclidegnergies and other details of the analysis argepted in Table 2.

Table 2. Nuclear parameters of interested element.

Element Radionuclide Half-life(sec) | y-ray(keV) Irradiation time(min)
As "As 94680 559.1 7

2.5 Gamma ray counting

Gamma ray counting was performed for irradiatedpdasnand standards using the HPGe detector, CANBERR
[25% relative efficiency, 1.85 KeV resolutions] @oped with PC based ORTEC DSpec Digital gamma
spectrometry system with the following conditioRsr irradiated samples a total of 2 counting werdggmed:

l. 1% counting: counted for 30 min. after 2 days of decay time.
1. 2" counting: counted for 120 min. after 20 days of decay time.

2.6 Jpectrum analysis

Gamma peak analysis was performed using the prodi#gper met PC and also checked each spectrum
manually.

2.7 Concentration Calculation
The concentration calculation equation is giverolelnhich calculate the concentrations of differel@ments
was carried out based on the relative standardizatpproach. The activation equation for relativieANs

; At
Weight of element ‘x’ in sample A insample X (€")sam

Weight of element ‘%’ in standards A. insample x (e)
\ p std

Knowing the activities of ‘X’ in the sample andstandard, the sample and standard decay timeshandeight
of ‘X’ in the standard, the weight of element ‘w’the sample can be calculated.
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3. Result and discussion

3.1 Quality assurance

Quality control test was performed to investigdte teliability of the analysis by measuring difierelements
in Certified Reference Material IAEA-SL-1 and Wheowder IAEA-155 relative to IAEA-Soil-7 and
comparing the measured values with the certifiegson

3.2 Concentration of Asin rice samples

In the present study, the investigations of thamelets were performed by means of the Neutron Aftina
Analysis (NAA). We As in the long irradiation prase The concentrations of As in rice samples aogvshin
the Table 3 and Figure 2 to 4.

Table 3. Concentrations of As in rice samples aeiteed via NAA.

Rice variety Sample Concentration of
As (mg kg
BRRI-28 SP-02 BDL
SP-05 BDL
SP-08 0.16+0.003
SP-11 0.2+0.01
SP-14 0.11+0.01
SP-17 0.2+0.002
BRRI -29 SP-03 BDL
SP-06 BDL
SP-09 0.2+0.003
SP-12 BDL
SP-15 BDL
SP-18 0.17+0.003
Miniket SP-01 BDL
SP-04 BDL
SP-07 0.116+0.002
SP-10 0.2+0.01
SP-13 BDL
SP-16 0.12+0.002

[BDL=Below Detection Limit]
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Figure 2. Concentration of As in BRRI-28 variety.
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Figure 3. Concentration of As in BRRI-29 variety.
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Figure 4. Concentration of As in Miniket variety.

The concentration of arsenic (As) ranging from @2+0.002 mg kg for BRRI-28, 0 to 0.2+0.003 mg Kdor
BRRI -29 and 0 to 0.2+0.01 mg kdor Miniket. The maximum and minimum average comncaion of arsenic
(As) was in BRRI-28 and BRRI -29.Rice is a bio-analative plant for arsenic (Welret al. 2015). Rice may
be significant source of As (Mondal & Polya 2008loreover, another important source of arsenic ésube of
agrochemicals in paddy field such as a fertilibermone, fungicide, insecticide or soil treatmédrattimproves
the production of crop (Kongsrig al. 2016 ). Recently, the JECFA proposed a maximuwel lef 0.2 mg kg
arsenic in rice (FAO/WHO 2014). Due to irrigatioiittwarsenic polluted water higher accumulation sfwere
informed in Bengal Delta (Meharg & Rahman 2003)tHis study the concentration of As found in alargni
level for some samples according to maximum peiibiesdevel proposed by JECFA. Comparison of arsenic
(As) in rice samples from different investigatiaare shown in Table 4.
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Table 4. Comparison of arsenic (As) in rice samfiles different investigations around the world sik
express as mean. (Unit: mgRg

Country (reference) As
Bangladesh (present study) 0.08
China(Moonet al. 2012) 0.55
Indonesia(Moon et al. 2012) 0.08
Japan(Moon et al. 2012) 0.10
Korea(Moon et al. 2012) 0.13
Malaysia(Moon et al. 2012) 0.11
Philippines(Moon et al. 2012) 0.07
Thailand(Moon et al. 2012) 0.09
Japan(Tsukadet al. 2007) 0.085
Tanzania(Mohammed & Spyrou 2009) -

[- indicates not measured]
Officially arsenic (As) is not essential but it haarmful effect to human health. Table 5 indicatete effects

both for deficiency and overdose.

Table 5. Side effects of deficiency and overdoseafeenic (As).

Element Deficiency risk factors Overdose risk fasto

As NE As can cause lung and skin cancers and auasecother
cancers (Mondal & Polya 2008).

[NE= Not establish]

Each adult person in Bangladesh consumes 441 gofirise a day (Abdullatet al. 2005). The values of
adequate intake (Al) or recommended dietary int@gkBl) were fixed by the institute of medicine (IO
United States (Institue of Medicine, Food and Niatni Board, 2004). Tolerable daily intake (TDI) farsenic

(As) is shown in Table 6.

Table 6. Tolerable daily intake (TDI) of adult wifl® kg body weight.

Elements RDI, TDI BRRI-28 BRRI-29 Miniket consumers
mg/day consumers consumers Daily intake(mg/day)
Daily Daily
intake(mg/day)| intake(mg/day)
As NE 150ug/day .0492 0.0271 0.0320
(Nedjimi et al.
2015)

[NE= Not establish]

The comparison shows that the Daily Intake of Algss than Tolerable Daily Intake (TDI). The Ddityake of
arsenic (As) is in safe limit.

4. Conclusion and futurework

The concentrations of arsenic (As) in three kinflgice samples were analyzed using Neutron Activati
Analysis (NAA). The difference between certifiedarmence values and measured values indicated agcofa
this method. For all varieties of rice samples,rage concentration of arsenic (As) was within $iafé. But the

concentration of arsenic (As) found in alarmingelefor some samples according to JECFA. In fututeeio
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regions of Bangladesh with other varieties of ik be analyzed.
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