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CHAPTER2 

LITERATURE REVIEW 

2.1 Paddy 

Oryza sativa is the scientific name for paddy plant. Paddy is the staple food for 

50% of the world and provides a stable income for the country growth (Herman et al., 

2015; Fahrni et al., 2013). In 2009, apart from being the main source of food, it also 

provides the livelihood to 172,000 paddy farmers in the country (Nurul Nadia et al., 2012). 

Figure 2.1 : Picture of paddy plant 
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2.2 Heavy Metal Bioavailability 

There are various definitions on the term bioavailability. The first definition for 

heavy metal bioavailability is the available amount of the total heavy metal content in the 

soil. Secondly, the fraction of dissolved heavy metal that is controlled by physiological 

process and transfer from soil to plant. Thirdly, a physiologically induced 

bioaccumulation or biological effect of heavy metal within plants or other organisms 

which depends on a number of complex processes including translocation, metabolism, 

and detoxification. Simply said, the heavy metal can exist, accumulate, pollute and mobile 

from the soil to grains (Kim et al., 2015). 
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Figure 2.2 Three-step concept of heavy metal bioavailability in soils for plants 

Source : Kim et al. (2015) 
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While in Terengganu, a project called IADA KET ARA under the MOA had 

covered an area of 208,212 hectars which consist of 122,831 hectars paddy fields in 

Besut and 85,381.70 hectars in Setiu. It was set in the 3n1 National Agriculture Policy 

that targeted for the project to reach 6.5 million tonners per hectars, which is needed to 

reach 90% self-sufficiency level (MOA, 2017). 

Whereas, in Kedah, an agency under MOA, which is , Muda Agriculture 

Development Authority (MADA) has managed and operated the paddy fields in Yan. 

The place had 19 unit farmers' shares and had an area of 3,590 hectares. The paddy 

estate project contributed revenues of RM 1,898,855 per annum in the economic sense 

(MADA, 2012). 

MALAYSIA 

SELANGOR KEDAH TERENGGANU 

� 

SABAK BERNAM • : 

TANJUNG l<ARANG ,.• •• 

I 

Figure 3.2.1: Study locations of Sabak Bernam, Tanjung Karang, Sekinchan, 

Yan and Besut paddy fields in Malaysia 
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3.3 Sample Collection 

Paddy soil and rice grain samples were collected from the paddy fields in Sabak 

Bemam, Tanjung Karang and Sekinchan (Selangor), Besut (Terengganu) and Yan 

(Kedah), respectively. Three plots of paddy soil samples and three plots of rice grain 

samples were taken for paddy fields in 

3.4 Study Methodology 

For the paddy soil samples, nitric acid and hydrogen peroxide digestion method 

were used to determine the total concentration, followed by calculating the 

Geoaccumulation Index (Igeo ). 

Whereas, rice grain samples were digested using in-vitro digestion model to 

determine the bioavailable concentration, followed by conducting Health Risk 

Assessment. Finally, both samples were analyzed using Inductive Coupled Plasma -

Mass Spectrometry (ICP-MS) to detect (Pb, Cd, As, Cu, Cr). Futhennore, 

Bioconcentration Factor (BCF) were also calculated by using the determined 

concentration by both samples. 

Nitric Acid and 
Total 

Paddy soil - Hydrogen Peroxide -
concentration 

digestion method

Paddy plant 

Standardized 
Bioavailable 

Rice grain - Static In Vitro -

Concentration 
digestion model

Figure 3.4.1: Process flow of this research methodology 
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3.4.1 Preparation Of Samples 

The samples of paddy soil and rice grains were air-dried, homogenized by mortar and 

pestle, and sieved through a 2mm mesh screen before storage in polyethylene bags. 

Figure 3.4.1.1 : Paddy soil san1ples 
before air-dried and homogenized 

. . 
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Figure 3.4.1.2 : Rice grain samples 
before air-dried and homu�(·niit>d 
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Figu-r�-3.4.1.3 : Samples were air-dried for 3-4 days 
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Figure 3.4.1.4 : Samples were homogenized by homogenized by mortar and 

pestle, and sie\-'ed through a 2mm mesh screen 

Figure 3.4.1.S : Paddy soil samples 

after air-dried and homogenized 

Figure 3.4.1.6 : Rice grain samples 

after air-dried and homogenized 
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Figure 3.4.2.2 : Preparing the nitric 
acid before digestion experiment 

. 

) . 

Figure 3.4.2.3 : Soil samples were 

weighed carefully to lg 

Figure 3.4.2.4 : Soil samples after Figure 3.4.2.S : Soil samples heated in 

adding the nitric acid the oven for 2 hours at 50 'C 

Figure 3.4.2.6 : Soil samples were 

added hydrogen peroxide and left to 

digest overnight 
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Figure 3.4.2.7 : Soil samples were 

filtered using 0.4Spm Whattman filter 

paper 
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Before experiment 

Simulated Salivary Fluid (SSF), Simulated Gastric Fluid (SGF) and Simulated 
Intestinal Fluid (SIF), which are made up of electrolyte stock solutions, enzymes, 

calcium chloride (CaC12), and water. 

�7 
Oral Phase - Simulated Salivary Fluid (SSF) 

lg of rice grain+ 3.5mL SSF + 2.5µL The solution were stirred for I minute 
CaC12 + 975 µL of deionized water. and stand for I minute. 

�7 
Gastic Phase - Simulated Gastric Fluid (SGF) 

3mL of previous digested 
Adjust pH to reach pH 3.0 

Add to water-bath shaker 
solution+ 7.5mL SGF + at temperature of 3 7 C for 

+ Add 0.695 µL of
5µLof CaCl2 + 0.2mL 2 hours at 100 rpm + 

deionized water
HCI St'lad for 20-30 minutes .. 

. ,._._ 

�7 
Intestinal Phase - Simulated Intestinal Fluid (SIF) 

I 0mL of previous solution Adjust pH to reach pH 7.0 Add to water-bath shaker 
+ l lmL SIF + 2.5mL of + Add l.3lmL of at temperature of 3 7 'C for 

fresh bile+ 40µL of deionized water were 2 hours at I 00 rpm + 
· CaC12·+0.15mLNaOH added. Stand till precipitated. 

�7 
After experiment 

Filter digested rice samples through 0.45 µm Whattman filter paper 
. - - - -· - - . .. . . . . . 

+ keep in chiller at 4C before further analysis

Figure 3.4.3.2 : Process Flow of Standardized Static in-vitro digestion model for 

Rice Grain Samples 
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Figure 3.4.3.3 : Transferring the 

previous digested solution 

Figure 3.4.3.5 : pH meter used to 

adjust the pH and the labelled tubes to 

transfer in every phase 

Figure 3.4.3.4 : Rice grain samples in 

the water-bath shaker 
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Figure 3.4.3.6 : Rice samples were 

finally filtered using 0.45pm 

Whattman filter paper 
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Figure 3.4.3.7 •

• Heavy metal Figure 3.4.2.8 : Both paddy soil and

calibration solution and 

solution for ICP-MS 

standard rice grain samples were brought to 

analyze by ICP-MS 
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