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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the degree of Master of Science 

 

 
TOTAL AND BIOAVAILABILITY CONCENTRATIONS OF HEAVY METALS 

IN VARIETIES OF COOKED RICE, AND HEALTH RISK ASSESSMENT 

 

By 

 

NOREEN ADILA BINTI OMAR 

 

May 2015 

 

Chairman: Sarva Mangala Praveena, PhD 

Faculty: Medicine and Health Science 

 

Rice in the global market is increasing over the years similarly with the rice demand. 

Metal contamination in rice is a rising problem recently. However, limited information 

regarding the bioavailability of metals contamination and its health risks after rice 

ingestion was known. This study aimed to determine both total and bioavailability 

concentrations of metals (As, Cd, Cu, Cr, Co, Al, Fe, Zn and Pb) in varieties of cooked 

rice samples. Moreover, this study aimed to compare bioavailability concentrations of 

metals with the rice varieties, rice grain size and origin. This study also aimed to 

calculate Bioaccumulation Factor (BAF) of heavy metal in varieties of cooked rice 

samples and assess relationships between different bioavailability metals in varieties of 

cooked rice. In addition, this study also identified the similarity of chemical properties 

among the bioavailability metals using Cluster Analysis (CA). Lastly, this study has 

assessed human carcinogenic and non-carcinogenic health risks using Health Risk 

Assessment (HRA). About 1 kg of rice for 22 rice varieties were purchased from local 

groceries and supermarket based on the convenience sampling. Total metal digestion 

was determined by using nitric acid while bioavailability metal digestion was done using 

RIVM in vitro digestion model. The metal concentrations were then analysed by using 

Inductively Coupled Optical Emission Spectrometry Pelkin Elmer Optima 8300. Results 

found that Zn concentration was the highest while As was the lowest metals 

concentration in both total and bioavailability concentrations. All total and 

bioavailability concentrations of metals were below the maximum permitted levels 

stated by Malaysian Food Regulation (1985), FAO/WHO CAC (1984) and FAO/WHO 

CAC (1989). Mann-Whitney U test results (Z values) show that there was a significant 

difference between total and bioavailability of metals concentration (p <0.05). Kruskal 

walis tests results (X
2
 values) also show that there was a significant differences between 

bioavailability concentrations of metals and rice varieties (p<0.05), except for As. 
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However, Kruskal Walis Test (X
2
 values) shows no significant difference between 

bioavailability concentrations of metals with type of rice grains size (p>0.05). 

Nevertheless, Mann-Whitney U results (Z values) show no significant difference 

between bioavailability concentrations of metals with the rice origin (p>0.05). The 

bioaccumulation factor (BAF) values were found in the order of 

Fe>Cu>Al>Zn>Cd>Co>As>Pb>Cr with parboiled rice has the highest BAF values for 

Fe (BAF values>1). Spearman Correlation Coefficient results (rs values) show strong 

positive relationships between the bioavailability metals; FeB and AlB (rs=0.83) and 

between AsB with PbB (rs =0.88). From Cluster Analysis (CA) results, four clusters were 

identified, which were Cluster 1 (Pb, As, Co, Cd, and Cr), Cluster 2 (Cu and Al), Cluster 

3 (Fe), and Cluster 4 (Zn). As for HRA determination, there was no non carcinogenic 

health risks found (Hazard Quotient, HQ<1) for adult and children through individual 

heavy metal exposure. However, there was non carcinogenic health risk present among 

adult via the combination of these heavy metal exposures (HI > 1). On the other hand, 

there were potential carcinogenic health risks present for adult and children via 

individual intake of As (Lifetime Cancer Risk > 1x10
-4

). Furthermore, the values for 

Total Cancer Risk (TCR) for Pb and As in both adult and children were above the 

acceptable range (TCR > 1 x 10
-4

). As conclusion, this study shows that Zn was the 

highest metal found in 22 varieties of rice with a significant difference between total and 

bioavailability metal concentrations. There was also a significant difference between 

bioavailability metal concentration and the rice varieties. Besides, non-carcinogenic and 

carcinogenic health risks may posed by adult and children through their combined metal 

exposure in the rice. 

 

Keywords: Rice, total, bioavailability, in vitro, health risk. 
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KONSENTRASI TOTAL DAN KEBOLEHDAPATAN BIOLOGI LOGAM 

DALAM PELBAGAI JENIS NASI, DAN PENILAIAN RISIKO KESIHATAN  

 

Oleh 

 

NOREEN ADILA BINTI OMAR 

 

Mei 2015 

 

Pengerusi: Sarva Mangala Praveena, PhD 

Fakulti: Perubatan dan Sains Kesihatan 

 

Beras dalam pasaran dunia semakin meningkat sejak beberapa tahun ini selari dengan 

permintaan beras. Pencemaran logam dalam beras merupakan masalah yang semakin 

meningkat baru-baru ini. Walau bagaimanapun, terdapat maklumat yang terhad 

mengenai pencemaran kebolehdapatan biologi logam dan risiko kesihatan selepas 

pengambilan beras. Kajian ini bertujuan untuk menentukan konsentrasi kedua-dua total 

dan kebolehdapatan biologi logam (As, Cd, Cu, Cr, Co, Al, Fe, Zn dan Pb) dalam 

pelbagai jenis sampel nasi. Selain itu, kajian ini bertujuan untuk membandingkan 

konsentrasi kebolehdapatan biologi logam dengan pelbagai jenis beras, saiz butiran 

beras dan asal beras. Kajian ini juga bertujuan untuk mengira Pengumpulan Faktor 

Biologi (BAF) logam dalam pelbagai jenis sampel nasi dan menilai hubungan antara 

kebolehdapatan biologi logam yang berbeza dalam jenis nasi. Di samping itu, kajian ini 

juga mengenalpasti persamaan sifat kimia antara kebolehdapatan biologi logam 

menggunakan Analisis Kelompok (CA). Akhir sekali, kajian ini telah menilai risiko 

kesihatan karsinogen dan bukan karsinogen manusia menggunakan Penilaian Risiko 

Kesihatan (HRA). Lebih kurang sebanyak 1 kg beras untuk setiap 22 jenis beras telah 

dibeli daripada kedai runcit tempatan dan pasar raya berasaskan persampelan mudah. 

Pencernaan total logam telah ditentukan dengan menggunakan asid nitrik manakala 

pencernaan kebolehdapatan biologi logam dilakukan menggunakan model in vitro 

RIVM. Kandungan logam telah dianalisis dengan menggunakan Induktif Bersama-

Pelepasan Optik Spektrometri Pelkin Elmer Optima 8300. Hasil keputusan mendapati 

bahawa konsentrasi Zn merupakan yang tertinggi manakala kosentrasi As adalah yang 

paling rendah bagi kedua-dua konsentrasi total dan kebolehdapatan biologi logam. 

Semua konsentrasi total dan kebolehdapatan biologi logam adalah di bawah tahap 

maksimum dibenarkan yang dinyatakan di bawah Peraturan Makanan Malaysia (1985), 

FAO / WHO CAC (1984) dan FAO / WHO CAC (1989). Keputusan ujian Mann-

Whitney U (nilai Z) menunjukkan terdapat perbezaan yang signifikan di antara 
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konsentrasi total dan keblehdapatan biologi logam (p <0.05). Keputusan ujian Kruskal 

Walis (nilai X
2
) juga menunjukkan bahawa terdapat perbezaan yang signifikan di antara 

konsentrasi kebolehdapatan logam dan pelbagai jenis beras (p <0.05), kecuali As. Walau 

bagaimanapun, keputusan ujian Kruskal Walis (nilai X
2
) menunjukkan tiada perbezaan 

yang signifikan di antara konsentrasi kebolehdapatan biologi logam dengan saiz bijirin 

beras (p> 0.05). Di samping itu, keputusan ujian Mann-Whitney U (nilai Z) 

menunjukkan tiada perbezaan yang signifikan antara konsentrasi kebolehdapatan biologi 

logam dengan asal beras tersebut (p> 0.05). Nilai Pengumpulan Fakor Biologi (BAF) 

ditemui berada dalam turutan yang menurun daripada Fe> Cu> Al> Zn> Cd> Co> As> 

Pb> Cr dengan beras rebus mempunyai nilai BAF yang paling tinggi untuk Fe (nilai 

BAF> 1). Pekali Korelasi Spearman (nilai rs) menunjukkan hubungan positif yang kuat 

wujud di antara kebolehdapatan biologi logam; FeB dan AlB (rs = 0.83) dan antara AsB 

dengan PbB (rs = 0.88). Dari keputusan Analisis Kelompok (CA), empat kelompok telah 

dikenal pasti, iaitu Kelompok 1 (Pb, As, Co, Cd, dan Cr), Kelompok 2 (Cu dan Al), 

Kelompok 3 (Fe), dan Kelompok 4 (Zn) . Bagi penentuan HRA, tiada risiko kesihatan 

bukan karsinogenik didapati (Hasil Bahagi Bahaya, HQ <1) untuk dewasa dan kanak-

kanak melalui pendedahan logam berat secara individu. Namun, terdapat risiko 

kesihatan bukan karsinogen hadir di kalangan dewasa melalui pendedahan gabungan 

semua logam berat tersebut (Indeks Bahaya, HI> 1). Di samping itu, terdapat risiko 

kesihatan karsinogenik wujud bagi orang dewasa dan kanak-kanak melalui pengambilan 

As secara individu (Kanser Risiko Sepanjang Hayat > 1x10
-4

). Tambahan pula, nilai 

untuk Jumlah Risiko Kanser (TCR) untuk Pb dan As dalam dewasa dan kanak-kanak 

melebihi julat yang boleh diterima (TCR> 1 x 10-
4
). Kesimpulannya, kajian ini 

menunjukkan bahawa Zn adalah logam yang paling tinggi terdapat dalam 22 jenis beras 

dengan perbezaan yang signifikan antara kepekatan total dan kebolehdapatan biologi 

logam. Satu perbezaan yang signifikan juga didapati antara kepekatan kebolehdapatan 

logam dan jenis beras. Selain itu, risiko kesihatan bukan karsinogen dan karsinogenik 

boleh dihadapi oleh orang dewasa dan kanak-kanak melalui pendedahan logam yang 

digabungkan dalam nasi. Hasil kajian ini boleh memberi panduan mengenai tahap 

kontaminasi logam semasa di dalam pelbagai jenis beras yang dipasarkan di Malaysia. 

 

Kata kunci: Nasi, total, kebolehdapatan biologi, in vitro, risiko kesihatan. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1    Background of the study 

 

Food security in Malaysia largely depends on achieving self-sufficiency in rice 

production at about 65-70% of local consumption (Arshad et al., 2011). Since paddy is a 

strategic crop in Malaysia, it is essential to maintain a domestic rice production level for 

food security purposes in tandem with the growing population (Najim et al., 2007). As 

paddy is categorized under food based agricultural sub-sector, Malaysians largely 

depend on paddy as rice is the main staple food in Malaysia (Fahmi et al., 2013; Ismail 

et al., 2013; Syahariza et al., 2013). 

 

Even though rice is an essential staple food worldwide, environmental pollutants and 

bioaccumulation in rice are gaining attention. Polluted paddy soils increase the 

accumulation of environmental pollutants in rice, which is mostly impacted by 

anthropogenic activities (Cao et al., 2010; Hang et al., 2009). Some examples are metal 

mining (Smuc et al., 2012; Zhao et al., 2012; Nobuntou et al., 2010; Zhuang et al., 

2009), electroplating and chemical activities (Ji et al., 2013; Liu et al., 2011), e-waste 

dismantling (Zheng et al., 2013; Fu et al., 2008), irrigation with heavy metal-

contaminated water (Bhattacharya et al., 2010; Simmons et al., 2005), wastewater 

irrigation (Rhee et al., 2011; Singh et al., 2010), usages of fertilizers and pesticides 

(Khairiah et al., 2013; Zhang et al., 2011), and metal recycling (Minh et al., 2012). 

Besides, there are many environmental pollutants in rice, such as pesticides (Gao et al., 

2013; Fuad et al., 2012), organic pollutants (Xu et al., 2013; Minomo et al., 2011), and 

heavy metal (Yin et al., 2012; Jamil et al., 2011). In Malaysia, these environmental 

pollutants have continued to concentrate in most paddy fields and have led to significant 

deterioration of both paddy soil and rice quality (Fuad et al., 2012; Yin et al., 2012; 

Jamil et al., 2011). Among all environmental pollutants stated, heavy metal is vital to be 

studied since it can bioaccumulate in the environment, as it is non biodegradable and 

toxic compared to other pollutants, such as pesticides and organic pollutants (Cao and 

Hu, 2000). Moreover, many studies related to heavy metal and rice have been conducted 

worldwide recently, such as in China (Hang et al., 2009; Rogan et al., 2009; Fu et al., 

2008), India (Singh et al., 2010; Mondal and Polya, 2008), Korea (Chung et al., 2011), 

Saudi Arabia (Al-Saleh and Shinwari, 2001), Greece (Pasias et al., 2013), and Vietnam 

(Minh et al., 2012). On top of that, studies related to heavy metal and rice also have been 

done in Malaysia (Khairiah et al., 2013; Salim et al., 2010; Yap et al., 2009).  

 

In Malaysia, a study has been done by Khairiah et al. (2013) and was carried out at 

Kampung Sungai Kedak, Mukim Mat Sirat, Langkawi Island, Kedah. Extraction of the 

five heavy metals (Fe, Zn, Cu, Pb and Cd) from the rice grain, leaf, stem and root has 
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been carried out. According to the results, all the heavy metal were low and below the 

permissible level as stipulated in the Malaysian Food Act 1983, Food Regulations 1985 

and Codex Alimentarius Commisssion (Khairiah et al. 2013). Thus, the low 

concentration of bioavailable Zn, Cu, Pb and Cd in the paddy soils were reflected in the 

low accumulation of those metals in the paddy plant parts (Khairiah et al. 2013). On the 

other hand, Yap et al. (2009) have studied about heavy metal in rice in Kota Marudu, 

Sabah to compare the content of heavy metals in various parts of the paddy plant. Heavy 

metals studied were Cd, Cr, Fe, Mn, Pb, and Zn. The results showed that Fe was the 

most predominant heavy metal in the rice grains and roots, while Mn was the most 

predominant metal in the rice husks, leaves and shoots (Yap et al. 2009). However, the 

concentrations of heavy metals in the rice grains were still below the maximum levels as 

stipulated by the Malaysian Food Act (1983) and Food Regulations (1985) (Yap et al. 

2009). A study done by Salim et al. (2010) was to determine the concentration of 15 

elements, including toxic and essential elements, in variety of marketed rice. All the 

elements were having low concentrations and also below the Malaysian Food Act (1983) 

and Food Regulations (1985) (Salim et al. 2010). 

 

Heavy metal concentration in rice can be determined by using total and bioavailability 

concentrations of heavy metal (Omar et al., 2013). Total heavy metal concentration can 

be determined via acid digestion methods (Pasias et al., 2013; Singh et al., 2010). Acid 

digestion methods are mixture of acids, such as hydrochloric acid (HCl), nitric acid 

(HNO3), sulphuric acid (H2SO4), hydrogen peroxide (H2O2), or perchloric acid (HClO4). 

In fact, the total heavy metal concentrations do not consider the actual degree of 

ingestion exposure to heavy metal, and overestimates the heavy metal concentrations 

and human health risks (Versantvoort et al. 2005; Lee et al. 2006). Bioavailable fraction 

can be defined as the fraction of total heavy metal concentration present in a specific 

environmental compartment within a time and being uptaken by organisms or plants 

from direct environment, plant or via food ingestion (Peijnenburg and Jager, 2003). 

Versantvoort et al. (2005) stated that the bioavailability of heavy metal concentrations is 

preferable in the estimation of human health risks since it represents the proportion of 

ingested contaminants in the food that can reach the human systemic circulation. 

Moreover, the bioavailability of heavy metal concentrations can be determined by using 

an in vitro digestion model, which is fast, inexpensive and easy to use (Yang et al. 

2012). In vitro digestion model is widely used to study the structural changes, 

digestibility, and the release of food components under the simulated gastrointestinal 

conditions (Hur et al., 2011). In vitro digestion (RIVM) Netherlands model is the best 

model for in vitro digestion model for rice (Omar et al., 2013; Verantvoort et al., 2005). 

 

Furthermore, studies related to potential health risks due to heavy metal contamination 

in rice need better understanding on bioavailability of heavy metal in rice (Omar et al., 

2013; Versantvoort et al., 2005). Moreover, it is crucial to carry out health risk 

assessment (HRA) to assess heavy metal health risks for rice consumption. Health risk 

assessment can be analyzed using the model developed by NRC (National Research 

Council) and NAS (National Academy of Sciences) to estimate the health risks caused 

by contaminants. Based on United States Environmental Protection Agency (USEPA, 
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2012), HRA consists of four main steps, namely hazard identification, dose-response 

assessment, exposure assessment, and risk characterization. Hazard identification is 

examination of contaminant from the point of exposure, while dose-response assessment 

evaluates all the information obtained during the hazard identification. As for dose-

response assessment, estimation on the person, when, where, and for how long the 

individual is exposed to the hazard, takes place. Exposure assessment is the third step in 

HRA that estimates the dose related to adverse effects to the exposed individual. Lastly, 

risk characterization represents the risks that are likely to be exposed to the populations; 

carcinogenic and non carcinogenic health risks (Lee et al., 2006; Versantvoort et al., 

2005).  

 

1.2 Problem statement 

 

Local researchers like Yap et al., (2009), Salim et al., (2010), and Khairiah et al., (2013) 

have studied heavy metal contamination in rice in Malaysia. Most of the studies 

investigated the heavy metal concentration in field rice samples (Khairiah et al., 2013; 

Yap et al., 2009), while heavy metal contamination in marketed rice samples was not 

well documented (Salim et al., 2010). Studies using field rice samples were conducted in 

order to determine heavy metal concentration in different parts of paddy plants to look 

into the impacts of fertilizers usage and anthropogenic activities, such as 

industrialization (Khairiah et al., 2013; Yap et al., 2009). In this aspect, heavy metal 

intake via soil-crop system has been considered as the predominant pathway of heavy 

metal contamination in rice (Solidum et al., 2012). High heavy metal concentration in 

paddy soil increases the potential uptake of heavy metal around the root zone area, 

shoot, and lastly, to the rice grain (Khairiah et al., 2013; McLaughlin et al., 2000). Rice 

grain has been reported to accumulate the least heavy metal concentration compared to 

roots and shoots (Arunakumara et al., 2013), and heavy metal in rice grain represents the 

amount of heavy metal exposed to human.    

 

On the other hand, studies done by Khairiah et al., (2013), Yap et al., (2009), and Salim 

et al., (2010) only focused on total heavy metal concentrations in rice that used acid 

digestion method. In fact, total heavy metal concentration does not identify the actual 

degree of heavy metal ingestion exposure since total heavy metal concentration only 

represents the sum of heavy metal concentration in the environment (Lee et al., 2006). 

Eventually, total heavy metal concentration does not represent heavy metal 

concentrations that being absorbed in human body and thus overestimates human health 

risks if being used in HRA (Lee et al. 2006; Versantvoort et al., 2005). Saleem et al., 

(2014) stated that a realistic evaluation of actual human health risks due to heavy metal 

exposure needs an evaluation of a fraction from the total heavy metal, namely 

bioavailability fraction.   

 

However, there is limited quantitative data on HRA application in local studies in 

Malaysia (Khairiah et al., 2013; Salim et al., 2010; Yap et al., 2009) despite the unclear 
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human health risk via rice intake. On top of that, daily rice intake by Malaysians is 

considerably high, which is about two and half plates per day (Norimah et al., 2008), and 

since Malaysians eat rice daily, they are exposed to long term health risks from heavy 

metal exposure through their daily rice consumption. Moreover, all the local studies in 

Malaysia used uncooked rice samples, which may overestimate heavy metal 

concentration in rice since cooking can reduce the concentration of heavy metal in rice 

grain (Naseri et al., 2014). Devesa et al., (2005) have mentioned that intake of heavy 

metal should be always evaluated on the basis of the product as ingested by the 

consumers so that the risk may reflect the real situation of human exposure (Devesa et 

al., 2005). Furthermore, there were limited studies have been done related to 

bioavailability of metals concentration from cooked rice to be used as a closer 

approximation of HRA determination (Torres-Escribano et al., 2008). 

 

1.3 Study Justification 

 

There are two major parts of heavy metal in rice studies, namely, field rice and marketed 

rice samples. Studies that have dealt with heavy metal in different parts of paddy plants 

preferred field rice samples, while heavy metal in rice studies involved consumers and 

thus, marketed rice is preferred (Arunakumara et al., 2013; Musa et al., 2011). A survey 

done by Musa et al., (2011) found that Malaysians prefer to buy marketed rice due to the 

rice availability and accessibility in the market. Rice attributes, such as flavor, taste of 

cooking, and well-cooked rice also affect Malaysians in choosing rice that is available in 

the market (Musa et al., 2011). 

  

Total metal concentration represent the whole concentration of the heavy metal in rice 

while bioavailability of metal concentration represents the amount of heavy metal in rice 

that being absorbed in human body (Versantvoort et al. 2004). Total heavy metal 

concentration is commonly used for heavy metal determination in Malaysian rice studies 

(Khairiah et al., 2013; Salim et al., 2010; Yap et al., 2009). In order to assess the 

exposure of heavy metal in rice, bioavailability of heavy metal is considered. With the in 

vitro digestion model, the bioavailability of heavy metal concentration from rice to 

human in gastrointestinal tract (GIT) can be determined (Versantvoot et al., 2005). 

Among the in vitro digestion models, in vitro digestion (RIVM) Netherlands model is 

the best model for in vitro digestion model for rice, which involves three compartments; 

oral cavity, stomach, and small intestine (Yang et al. 2012; Versantvoort et al., 2004). 

Besides, the RIVM is the best in vitro model since it is easily done and need simple 

apparatus to be done (Wragg et al., 2002).  

 

There is knowledge gap in understanding human health risk exposure due to heavy metal 

from rice intake (He et al., 2012). Thus, integration of HRA via bioavailability of heavy 

metal obtained provides a baseline data for future investigation related to heavy metal 

studies in rice. Studies in this nature, which incorporate bioavailability of heavy metal in 

HRA, are crucial in estimating exposure and in providing accurate estimation of health 
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risk. The HRA via ingestion pathway is the main route for identification of many food 

contaminants in human (Intawongse et al., 2006). In addition, HRA is essential to 

determine the quality of human health and for prevention, cure, and control efforts 

towards heavy metal contamination sources (Omar et al., 2013). Nonetheless, previous 

studies in Malaysia had only focused on heavy metal concentration in uncooked rice 

(Yap et al., 2009; Salim et al., 2010). In fact, cooking can reduce heavy metal 

concentration in rice grain (Naseri et al., 2004). Therefore, cooked rice is preferred in 

identifying heavy metal in rice studies that involve consumers so that risk evaluation 

may reflect the real situation of human exposure.  

 

1.4 Expected outcomes of the study: 

 

1. The output of the study displayed variation, level, and distribution of total and 

bioavailability heavy metal concentrations in varieties of cooked rice consumed by 

Malaysians. 

2. This study opened a wide field of estimation of human health risks from heavy metal 

contamination in cooked rice using in vitro digestion model.   

3. This study provided evidence that the inclusion of bioavailability of heavy metal 

rather than total heavy metal concentration produces more realistic estimation in 

HRA of heavy metal. 

4. This study depicts baseline information for the varieties of cooked rice quality in the 

Malaysian market. 

 

1.5 Conceptual Framework 

 

Figure 1.2 shows the conceptual framework of this study. There are many environmental 

pollutants whether organic and inorganic pollutants such as pesticides and metals (Fuad 

et al., 2012; Fu et al., 2008). However, metals are considered as the most essential to be 

studied because metal is always available in environment, persistent and non 

biodegradable (Cao et al., 2010).  

 

Heavy metal due to environmental pollution absorbs and accumulates in soil and in 

irrigation water (Minh et al., 2012). Through the interaction between soil and plant root 

microbes, high concentration of heavy metal in soil enhances the potential uptake of the 

heavy metal by the paddy plants (Solidum et al., 2012). Hence, heavy metal is 

accumulated in other parts of paddy plants, as well as in the rice grain (Khairiah et al. 

2013).  

 

Metals can be absorbed into human based on three main routes which are ingestion, 

inhalation, and dermal contact (Intawongse et al., 2006). However, ingestion pathway 

has been considered as the main pathway for heavy metal through rice consumption 
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(Versantvoort et al. 2005). Health risk assessment through ingestion pathway portrays 

both carcinogenic and non carcinogenic health risks. 

 

 

 

 

 

 

 

 

 

 

  

  

   

 

 

 

Figure 1.1 Conceptual framework of the study 
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1.6 Research Objectives and Hypotheses  

      

1.6.1 General Objective  

 

To determine the bioavailability of metals, such as zinc (Zn), iron (Fe), copper (Cu), 

cadmium (Cd), cobalt (Co), aluminium (Al), lead (Pb), arsenic (As), and chromium (Cr) 

concentrations in varieties of cooked rice samples and the health risks assessment among 

Malaysian.  

 

1.6.2 Specific Objectives  

  

1. To measure and compare both total and bioavailability concentrations of metals in 

varieties of cooked rice samples. 

2. To compare the bioavailability concentrations of metals with the rice varieties, rice 

grain size and origin. 

3. To calculate bioaccumulation factor of heavy metal in varieties of cooked rice 

samples. 

4. To assess the relationships between bioavailability concentrations of different metals 

in varieties of cooked rice. 

5. To measure the similarity of the chemical properties for each bioavailability 

concentrations of metal. 

6. To assess human carcinogenic and non carcinogenic health risks of all metals 

exposure in varieties of cooked rice through ingestion pathway using Health Risk 

Assessment (HRA).  

 

1.6.3 Research hypotheses  

 

2. There is a significant difference between total and bioavailability metals 

concentrations. 

3. There is a significant difference between the bioavailability concentrations of 

metals with the rice varieties, rice grain size and origin. 

4. There is a significant relationship of bioavailability concentrations between 

different metals in varieties of cooked rice samples. 

5. There are similar chemical properties of the bioavailability metals concentrations in 

varieties of cooked rice samples 

6. There are carcinogenic and non carcinogenic health risks present for all metal 

exposure in varieties of cooked rice through ingestion pathway using Health Risk 

Assessment 
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1.7 CONCEPTUAL DEFINITION  

      

1.7.1 Heavy metal  

 

Heavy metal is a metal and metalloid with potential toxicity or ecotoxicity (Duffus et al., 

2002). 

 

1.7.2 Bioavailability 

  

Bioavailability is the proportion of the ingested contaminant in food that reaches the 

systemic circulation (Versantvoort et al., 2005).  

 

1.7.3 Bioaccumulation factor (BAF) 

 

Bioaccumulation factor (BAF) was the concentration of heavy metal in rice grain from 

the concentration of heavy metal in soils (Liu et al. 2009).  

 

1.7.4 Health Risk Assessment (HRA) 

 

Health risk assessment is a scientific process by which quantification of potential 

environment hazards to human health is achieved. The HRA process utilizes tools of 

science and statistics to identify and measure the hazard, determine the possible routes 

of exposure, and finally, use that information to calculate a numerical value to represent 

the potential risk. A human HRA consists of four steps, namely, hazard identification, 

dose-response assessment, exposure assessment, and risk characterization (USEPA, 

2012). 

   

1.8 Operational Definition 

        

1.8.1 Heavy Metal 

 

Heavy metal such as Al, As, Cd, Co, Cr, Cr, Fe, Pb and Zn can be determined by using 

acid digestion method or in vitro method. Besides, Al, As, Cd, Co, Cr, Cr, Fe, Pb and Zn 

also can be analyzed by using Graphite Furnace Atomic Absorption Spectroscopy 

(GFAAS), Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES), and 
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Inductively Coupled Plasma Mass Spectrometry (ICP- MS) (Shakerian et al. 2012; Al-

Saleh and Shinwari, 2010; Jorhem et al. 2008). 

 

1.8.2 Bioavailability  

 

The bioavailability of heavy metal concentration is determined via in vitro digestion 

model. 

 

1.8.3 Bioaccumulation factor (BAF) 

 

According to Satpathy et al., (2014), BAF < 1 or BAF = 1 denotes that the plant only 

absorbs the heavy metal, but does not accumulate, while when BAF > 1, this indicates 

that the plant accumulates the heavy metals. In this study, the BAF ratio was calculated 

for the determination of bioavailability concentration of heavy metal to the 

corresponding total heavy metal concentration in rice grain. Thus, the BAF was 

computed as follows: 

 

BAF = CB 

 CT 

 

where CB represents the bioavailability of metals concentration in rice grain, while CT 

represents the total metals concentration in rice grain.  

 

1.8.4 Health Risk Assessment (HRA) 

 

Based on USEPA (2012) and Saipan et al. (2009), average daily dose (ADD) 

(mg/kg/day) of a pollutant via rice consumption was applied in order to evaluate non 

carcinogenic HRA through ingestion exposure pathway on human. The equation below 

was used in the estimation of ADD via ingestion exposure pathways.  

 

 ADD (mg/kg-day) = Crice X IR X EF X ED      Equation 1 

                BW x AT 

  

Where: 

 

 ADD = Average Daily Dose (mg/kg-day)  
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 Crice = Average concentration in the rice (mg/g) 

 IR = Rice ingestion rate (g/day)  

 Ed = Exposure duration (years) 

 EF = Exposure frequency (day/year) 

 BW = Body weight (kg) 

 AT = Averaging time (ED x 365 days) 

 

Then, the value of ADD was applied into the Hazard Quotient (HQ) calculation, as 

shown in Equation 2. The HQ is ratio of the dose divided by the heavy metal reference 

dose (RfD).  

 

 Hazard Quotient (HQ) = ADD     Equation 2 

          RfD 

 

Where; 

 

 HQ = Hazard Quotient 

 ADD = Average daily dose (mg/kg-day) 

 RfD = Oral reference dose of heavy metal (mg/kg-day)  

 

Then, the HQ was compared with the values of risk acceptability for non carcinogenic 

health risks. If the HQ does not exceed 1 (HQ < 1), it is assumed that no chronic non 

carcinogenic health risks are likely to occur. However, if the HQ exceeds 1 (HQ > 1), it 

is assumed that chronic non carcinogenic health risks are likely to occur.  

 

As for the determination of carcinogenic health risks, the lifetime average daily dose 

(LADD) was calculated with Equation 3. Next, the Lifetime Cancer Risk (LCR) was 

quantified by applying the value of LADD in Equation 4. 

 

 LADD (mg/kg-day) = Crice x IR x ED x EF      Equation 3 

               BW x AT 

 

Where; 

 

 LADD = Lifetime Average Daily Dose (mg/kg-day)  

 Crice = Average concentration in the rice (mg/g) 

 IR = Rice ingestion rate (g/day)  

 Ed = Exposure duration (years) 
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 EF = Exposure frequency (day/year) 

 BW = Body weight (kg) 

 AT = Averaging time (25550 days) 

 

Carcinogenic risk is expressed as cancer potency (q*) value, and the following equation 

is used to quantify lifetime cancer risk: 

 

 Lifetime cancer risk (LCR) = LADD x q*     Equation 4 

 

Where: 

 

 LADD = Lifetime average daily dose (mg/kg-day) 

 q* = Cancer potency factor, also known as slope factor (mg/kg-day) 

 

Slope factor was stated on USEPA‘s (2012) Integrated Risk Information System (IRIS). 

The USEPA guidelines specify that an acceptable risk is lifetime cancer risk of no 

greater than 1,000,000 (USEPA, 2012). Then, the LCR values are referred to the 

following table in order to access the risk acceptability for any carcinogenic health risks.  

 

Table 1.1. Lifetime cancer risk (LCR) for carcinogenic health risk 

Lifetime Cancer Risk (LCR) 

> 10
-4

 Unacceptable/ Carcinogenic health risk present 

<10
-4

 Acceptable/ Carcinogenic health risk absent 

 

(Source: USEPA, 2012) 
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