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ABSTRACT 

The concentrations of four heavy metals in rice grains and the health risk assessments of the metals were 
studied. Sixteen rice samples were gathered from Rajshahi, Bangladesh. Average lead, chromium, manganese, 
and cadmium concentrations measured in rice samples were 6.87, 0.43, 44.58, and 1.13 mg/kg, respectively. 
The concentration level found in most rice samples is greater than the acceptable limit as set by WHO. The risk 
assessment was done by using the intended hazard ratio and target carcinogenic risk where the values for the 
lead, manganese, and cadmium quotient were greater than 1. The target cancer-causing risk values for a 
maximum number of samples are lower than 10-4, which is considered safe. However, target carcinogenic risk 
values for cadmium are higher than 10-4, which is considered a carcinogenic risk. The results of the current 
investigations suggest that appropriate measures should be taken to determine the cause and origin of this 
heavy metal contamination. 
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1.  INTRODUCTION 

Rice is the main crop for food cultivated worldwide. About 40% of people around the world eat it as their main 
staple diet. Rice is a cereal. The seed of either Oryza glaberrima or Oryza sativa, is sometimes known as Asian 
rice (African rice). Rice is grown on every continent except Antarctica. The Oryza sativa plant produces these 
well-liked edible seeds, which come in a variety of colours, textures, sizes, and tastes. There are more than 
40000 varieties. There are countless varieties since it is undoubtedly one of the most popular dishes in the world 
(Jessica, 2022; Melinda, 2021).  
 
Rice is a major contributor to the economy of the agricultural sector in Bangladesh as well as the major source 
of carbohydrates and staple food for almost all families (Saha et al., 2021). Bangladesh grows rice in three 
seasons: Boro, Aman, and Aus. After the pre-monsoon rain, Aus rice is direct sown or broadcast sown in March 
and April, and it is harvested in July and August. Direct seeding with Aus in March and April and transplanting 
between July and August are the two methods that Aman is planted. Whereas Boro is planted from December to 
early February and is harvested in April and June (Shelley et al., 2016).  
 
In recent times, due to the contamination of heavy metals in the crop, it is now a matter of concern for everyone. 
Heavy metals are often d-block elements with high specific gravity and density and they are harmful even at a 
concentration level of parts per billion (ppb). Examples include arsenic (As), lead (Pb), cadmium (Cd), mercury 
(Hg), silver (Ag), zinc (Zn), copper (Cu), nickel (Ni), iron (Fe), chromium (Cr), platinum (Pt), palladium (Pd), 
manganese (Mn), etc. human sources and natural sources of these metals in the environment include automotive 
exhaust, industrial discharge, and mining. Unlike organic contaminants, heavy metals are nonbiodegradable and 
tend to accumulate in living organisms (Manavi et al., 2016). The series of toxicity for the metals in decreasing 
order is as follows Hg > Cd > Cu > Zn > Ni > Pb > Cr > Al > Co (Kinuthia et al., 2020). The amount, degree of 
emission, and length of exposure all affect how toxic heavy metals are to people. In recent times Pb, Mn, Hg 
and Cd have gained a lot of attention because of their widespread exposure (Khalef et al., 2022). 
 
Pb exposure can happen when someone consumes contaminated food or water or inhales polluted dust or 
aerosols. The liver, kidney, heart, skeleton brain and the nervous system may damage due to Pb poisoning 
(Kinuthia et al., 2020). Pb may cause hypertension and affect blood vessels. Blood arteries which are blocked by 
Pb cause fatal heart attacks and rapid demise. Rising blood Pb levels correlate significantly with a higher risk of 
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mortality and cardiovascular disease (Akil & Ahmad, 2011). Acute and chronic Pb poisoning can harm the 
cardiovascular system and the blood vessels to both extents (Flora et al., 2012). 
 
The harmful industrial pollutant hexavalent chromium [Cr (VI)] is recognized as human cancer causing element 
by a number of non-regulatory and regulatory organizations. (Ostad-Ali-Askari, 2022). The multiorgan toxicity 
of compounds containing Cr (VI) is known to result in human respiratory tract cancer, allergies, asthma, and 
kidney impairment (Rojas-Avelizapa, 2022).  
 
Mn's overexposure increases the risk of developing harmful health conditions, such as kidney, liver, respiratory, 
neurological, and cardiovascular problems as well as hyperkeratosis, diabetes, mellitus, pigmentation changes, 
Parkinson's disease, cardiovascular disease, and Huntington's disease (Ghosh et al., 2020; Rahman et al., 2021). 
Serious health issues could result from exposure to Cd compounds such as the effect on reproduction system 
(Zhao et al., 2017), osteotoxicity (Qing et al., 2021), kidney damage (Hernandez-Cruz et al., 2022), 
cardiovascular abnormality (Tellez-Plaza et al., 2013) and carcinogenesis (Liu et al., 2013). Exposures to Cd can 
also cause irritation, this is then accompanied by symptoms such as dryness, coughing, irritation of the throat 
and nose, pneumonitis, dizziness, pulmonary edema, headache an chest pain (Luevano et al., 2014; Mollah et 
al., 2022). 
 
The contamination of water, air and soil with heavy metals including Cd, Pb, Cr and Hg results from numerous 
industrialized activities. In rice, the pollutants can build up and spread (Huang et al., 2013). As a result of their 
accumulation in soil and plants due to both natural and anthropogenic sources, heavy metals are a significant 
indicator of serious ecological contamination issues. But one of the most serious ecological concerns is caused 
by issues with food safety and harmful health risks (Cui et al., 2004). The main sources of heavy metal 
contamination are human activities and natural resources including rapid industrial expansion, anthropogenic 
causes and urbanization which pose a troubling threat to the environment and the state of humanity (Krishnani 
and Ayyappan, 2006; Shariar et al., 2014). The maternal components appear to be the primary source of heavy 
metals in soils. The significance of maternal components in determining the metal content is said to be 
particularly important in soils formed from similar or only parental materials, such as sedimentary or igneous 
rocks like limestones, shales, sandstones and dolomite, or in undeveloped soils that have been battered in 
moderate conditions (Nael et al., 2009; Craig et al., 2007). To assess the effects of bioaccumulation and 
transmission, the concentrations of the toxic heavy metals in the shoots, soil, grains of rice crops and roots were 
measured. The potential threat to the local population's overabundance of rice, their main source of food, was 
evaluated for hazards (Reddy et al., 2013). In Asia, rice is known to be one of the main sources of Cd and Pb for 
human living, and there is abundant evidence that dysfunction of human renal system is linked to the 
contamination of rice with Cd in existing farmhouses (Shimbo et al., 2001; Rufus et al., 2005).  Consumption of 
rice has been shown to be a significant source of exposure to harmful pollutants such as Cd, As, Hg, and Pb 
(Akther et al. 2022; Mahipal et al., 2020; Zhuang et al., 2009). Both anthropogenic and natural factors, such as 
weathering, erosion, lithogenesis, and other geological processes, can result in the presence of heavy metals in 
soil (Hua et al., 2010).  Industrialized activities, Mining, traffic discharges, and staged events are examples of 
anthropogenic sources (mostly the usage of pesticides and chemical fertilizers) (Anju and Banarjee, 2012; Yang 
et al., 2014).  
 
Water is an important factor in proper crop production, thus irrigation water plays a vital role in food safety and 
security. Generally, the concentration of heavy metals in water is typically low, but due to human activity, the 
concentrations of these metals are increase over time. Water used for irrigation in Rajshahi mainly came from 
the Padma River, groundwater, and surface water. However, irrigation water could be a pathway of heavy metal 
contamination in rice. There is also some industry are located in Rajshahi city and around Rajshahi. Also we 
predict that irrigation water nearby Rajshahi city may lead to metal contamination due to industrialization and 
different human activities. Several previous studies indicated that irrigation water could be a pathway of heavy 
metal contamination in crop (Bhatia et al., 2015; Malan et al., 2014; Aweng et al., 2011). Investigations are 
being carried out in different locations of Bangladesh by different researchers to determine the extent of heavy 
metals pollution in Midstream of the river, surface water, groundwater, coal mine area water, soil, and sediments 
(Akther et al. 2016; Ahmed et al., 2018; Bhuiyan et al., 2010; Saha and Zaman 2011; Shahriar et al., 2022). 
Saha and Zaman (2011) analyzed five heavy metals (Pb, Mn, Cr, Cd and As) in rice in Shibganj area of Chapai 
Nawabganj district of Rajshahi division of Bangladesh. They summarized that the mean toxic metal 
concentrations in rice are lower than the respective established safe limits for these elements, except for Pb 
concentration in all samples. 
 
As heavy metals have carcinogenic and non-carcinogenic toxic effects on the human body, it is crucial to 
determine the pollution level of heavy metals in irrigation water. It is also essential to analyze how metal 
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concentrations change in a study area with time. In this study, the Rajshahi City Corporation area of Bangladesh 
was chosen for sample collection. No previous studies were found in the literature on the heavy metal levels in 
this study's selected area. Hence, the current research would present baseline information of the pollution level 
of selected heavy metals in rice of studied areas, and it would aid in comparing the results over time and with 
other research. Hence, a systematic study is required in order to determine the pollution level around Rajshahi 
city areas. 
 
Therefore, the present work is designed and carried out for the determination of four heavy metals (Pb, Cr, Mn 
and Cd) in common types of rice grown in Rajshahi City Corporation area of Bangladesh. In addition, for the 
assessment of potential health risks, some factors such as target hazard quotient, total target hazard quotient, 
target carcinogenic risk and cumulative cancer risk were also studied. This result provides the current situation 
of contamination of heavy metals in rice grain and is useful to take protective measures and health professionals 
in reducing heavy metal contamination. Furthermore, it provides a comparison to other regions in the world as 
well as in Bangladesh. 

2.  MATERIALS AND METHODS 

2.1.  Study area 

Bangladesh is a South Asian country geographically located with a north latitude of 26°38' to 20°34' and an east 
longitude of 92°41' to 88°01' (Banglapedia, 2012). Rajshahi City Corporation area make up 95.56 sq km, which 
can be found between 88°32' and 88°40' east of the equator and between 24°20' and 24°24' north latitude. Paba 
upazila surrounds this city on all sides (Banglapedia, 2012). Samples of rice were gathered from several 
Rajshahi City Corporation locations (Fig. 1).  

 
 

Figure 1: Location of the research area. 

2.2.  Date and location of the research 

Between October 2021 and November 2021, samples were taken throughout Rajshahi City Corporation area of 
Bangladesh. The sample analysis was carried out in December 2021 at the central science laboratory of the 
University of Rajshahi, Rajshahi, Bangladesh. 
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2.3.  Sample collection 

Four types of rice of Oryza sativa species are selected for the study. The local names and sample identification 
numbers for the rice samples that are collected are given in Table 1. Each type of rice was collected from four 
locations of Rajshahi City Corporation (Fig. 1).   
 

Table 1: The local names and sample identification numbers of the collected rice samples. 

Local name of the samples Sample Identification Nnmber 
Jira rice J1, J2, J3, J4 

Atash rice A1, A2, A3, A4 
Guti swarno rice G1, G2, G3, G4 

Chikon swarno rice C1, C2, C3, C4 
 
Each location provided three samples (n=3) for the purpose of calculating the standard deviation. Jeera and atash 
rice samples were collected from agricultural storage. The farmers were used traditional storage structures such 
as plastic drum and gunny/plastic bags for storing rice at room temperature. Guti swarno and chikon swarno rice 
samples were collected from agricultural fields. The rice samples were collected (250 gm) in a clean, dry, 
sterilized polyethene bag. The collected samples were carefully sealed, labeled and stored at room temperature 
until analysis. 

2.4.  Sample preparation 

The digestion of the rice samples was performed following the previously described methods (Kormoker, et al., 
2022; Lei et al., 2015; Saha and Zaman, 2011). The moisture content was removed by overdrying at 110°C. A 
grinder was used to ground the samples to make fine powder. The resulting fine powder was stored in a clean, 
dry, sterilized polyethylene bag and sealed carefully. In a beaker, 1 g of powdered rice sample was taken and 15 
mL of HNO3 (Nitric acid) (69%) and 3 mL HClO4 (perchloric acid) (70%) were added. The total volume was 
heated slowly to raise the temperature up to 80-90ºC till it forms a transparent solution. Then it was cooled at 
room temperature and filtered out through Whatman No. 42 filter paper. After filtration, the sample was 
transferred to a 100 mL volumetric flask and diluted to the mark with de-ionized water. The sample preparation 
procedures are given in Fig. 2. 

                                 

 
Figure 2: Sample preparation 

2.5.  Analysis of heavy metals 

The amount of specific heavy metals, including Cr, Cd, Mn, and Pb in the filtrate sample solutions were 
determined at the Central Science Laboratory at the University of Rajshahi, Bangladesh, by means of a 
Shimadzu AA-6800 atomic absorption spectrophotometer (AAS). The operating conditions and limit of 
detection (LOD) of Shimadzu AA-6800 AAS are given in Table 2. Manually generated standard solutions 
environmental of individual heavy metals were utilized to calibrate the AAS. All of the metals' standard stock 
solutions, 1000 ppm each, were purchased from Kanto Chemical Co. Inc. in Tokyo, Japan. All of the standard 
solutions were diluted for the required concentrations in order to calibrate the AAS. Results are shown as mean 
Standard Deviation (SD), and data were analyzed using IBM® SPSS® Statistics of version 17.0 for Windows®. 
 

Table 2: Operating conditions and LOD of Shimadzu AA-6800 AAS. 

Element Wave length 
(nm) 

Slit width 
(nm) 

Lamp current 
(mA) 

Atomizer LOD 
(mg/L) 
(mg/L) 

Pb 283.3 0.5 10 Flame 0.04 
Cr 357.9 0.5 10 Flame 0.01 
Mn 285.2 0.5 8 Flame 0.02 
Cd 228.8 0.5 8 Flame 0.006 

Rice grain Rice powder Labeled powder Digested samples 
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2.6.  Health risk assessment (HRA) 

The process of estimating the type and likelihood of unfavourable health consequences in people who may be 
exposed to chemicals or other hazardous compounds in the environment is known as a human HRA. A health 
questionnaire called an HRA is used to assess a person's quality of life and health risks (Baker et al., 2007). 

2.6.1.  Estimated daily intake (EDI) 

To assess health risk, the United States Environmental Protection Agency (USEPA) guidelines were followed 
(USEPA 1989). The daily intake of metals is influenced by both the amount of metal present in the diet and how 
much food is eaten each day. The human's body weight can also affect how well they tolerate pollutants. To 
account for these factors, the EDI idea was established. According to the literature, the EDI is calculated by the 
equation (Eq.) 1 (USEPA 1989; UNEP/FAO/WHO,1992; Islam et al., 2014). 
 

  𝐸𝐷𝐼 =
஼ ×ிூோ

஻௪
                                                                                                           (1) 

 
Where C is the level of heavy metal contamination in the rice, FIR is the rate of rice consumption (g/person/day) 
in the study area, and Bw stands for body weight. In Bangladesh, rice is the primary food consumed everyday, 
and adults in the area consume an average of 425 g of rice daily (AOAC, 1984; Yunus et al., 2019). The weight 
of each individual in this study was set to 60 kg. Furthermore, the average quantity of rice consumed by a child 
was chosen as 200 g/day and the weight was set to 25 kg. 

2.6.2.  Target hazard quotient (THQ) 

As the greatest level at which no unfavourable health effects are anticipated, the reference dosage, or THQ, is 
defined as the ratio of exposure to the hazardous element. The method for THQ for individual metal/loid is 
provided in the United States EPA, Region III risk-based concentration table (Smith, 1995). The earlier 
described non-carcinogenic health risks related to food consumption by the locals were calculated (Eq. 2) in this 
study (USEPA 1989; Islam et al., 2014). 
 

𝑇𝐻𝑄 =
ாி௥ ×ா஽ ×ிூோ ×஼

ோ௙஽ ×஻௪ × ஺்
                                                                                                                      (2) 

 
Where THQ is the target hazard quotient, EFr is the exposure frequency (365 days/year), ED is the exposure 
duration (70 years), equivalent to the average human lifetime, FIR is the rate of rice ingestion (g/person/day) in 
the study region, C is the metal concentration in foods (mg/kg fw), RfD is the oral reference dose (mg/kg/day), 
Bw is the average body weight, AT is the averaging time for non-carcinogens (365 days/year × number of 
exposure years, assuming 70 years). The oral reference doses were based on 0.002, 1.5, 0.14 and 0.0001 
mg/kg/day for Pb, Cr, Mn and Cd, respectively (USEPA, 2022; EFSA, 2010; Zeng et al., 2015; Robert, 1991). 
The exposed population is unlikely to incur overtly harmful consequences if THQ is less than 1. When THQ is 
equal to or more than 1, there may be a possible health risk, and appropriate preventative measures and actions 
should be performed (USEPA 1989; Islam et al., 2014). 

2.6.3.  Total target hazard quotient (TTHQ) 

The total heavy metals' THQs are added to create the TTHQ. The total of THQ (Eq. 3) was used to determine 
TTHQ (USEPA 1989; Fakhri et al., 2017). 
 
𝑇𝑇𝐻𝑄 =  𝑇𝐻𝑄𝑃𝑏 +  𝑇𝐻𝑄𝐶𝑟 +  𝑇𝐻𝑄𝑀𝑛 +  𝑇𝐻𝑄𝐶𝑑                                               (3) 

 
When TTHQ 1.0, adverse consequences are improbable, but when TTHQ 1.0 indicates the likelihood of 
unfavorable effects; when TTHQ>10, the risk of chronic adverse health impacts is significant (USEPA 1989; 
Lei et al., 2015).  

2.6.4.  Target carcinogenic risk (TR) 

The TR derived from the intake of heavy metals was calculated using the Eq. 4 provided in USEPA Region III 
risk-based concentration table (USEPA, 1989; USEPA, 2020; Islam et al., 2014). 
 

𝑇𝑅 =
ாி௥ ×ா஽ ×ிூோ ×஼ ×஼ௌி௢

஻௪ × ஺்
 ×  10ିଷ                                                                (4) 
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Whereas AT is for the average time for carcinogens (365 days/year ED), TR stands for the goal cancer risk or 
lifetime cancer risk, and CSFo stands for the oral carcinogenic slope factor, which is, respectively, 8.5×10-3, 
0.420, and 15 (mg/kg/day)-1 for Pb, Cr and Cd (USEPA, 1989; Zeng et al., 2015). In this study for estimating 
carcinogenic risk, the heavy metals of Pb, Cr and Cd with CSFo were considered. 

2.6.5.  Cumulative cancer risk (TCR) 

Then, using data from metal(oid) consumption, the TCR, which, depending on the exposure level, may induce 
carcinogenic effects, was estimated for Pb, Cr and Cd by using Eq. 5 (USEPA, 1989; USEPA, 2020; Alsafran et 
al., 2021). 
 
𝑇𝐶𝑅 = ∑ 𝑇𝑅௡

௜
௡ୀଵ                                                                                               (5) 

 
Here, i = 1, 2, 3, ……. n, TR represents target cancer risk and n represents the heavy metals number considered 
for risk calculation of cancer. Since Cd, Pb and Cr may induce both non-carcinogenic and carcinogenic effects 
depending on the exposure level, the TR generated from their intake was computed. When TR and/or TCR is 
greater than 10-4 value, the exposed population are at a significant carcinogenic risk, but if TR and/or TCR is 
lower than 10-6 value, the exposed population are not at a considerable carcinogenic risk (USEPA, 2020).  Also, 
if TR and/or TCR are between 10-4 to 10-6 value, the exposed population are at threshold cancer risk (USEPA, 
2020).   

3.  RESULTS AND DISCUSSION 

3.1.  Heavy metals 

The level of Cd, Cr, Pb and Mn in rice samples and their maximum values (Max), minimum values (Min), 
average values, percentage relative standard deviations (%RSD) and Standard Deviations (SD) are shown in 
Table 3. The amounts were measured in milligrams per kilogram of the rice samples.  
 
The Pb concentrations in the collected samples were ranged from 2.00 mg/kg to 17.99 mg/kg. The highest 
concentration was found in the rice sample C4 and the lower concentration was found in samples J3, A2 and A3. 
World Health Organization (WHO) and the Ministry of Health of the People’s Republic of China (MHPRC) 
specified the allowable level of Pb in rice grain as 0.2 mg/kg (FAO/WHO, 2002; WHO, 2011; MHPRC, 2005), 
whereas the United States Environmental Protection Agency (USEPA) set the value 0.1 mg/kg (USEPA, 2021). 
Bangladesh Standards and Testing Institution (BSTI) set the permissible limit of Pb as 0.3 mg/kg (BSTI, 2018). 
It was found that, the concentration of Pb in the selected rice samples was greater than the allowable 
concentration limit (Kormoker et al. 2022) collected rice from Tangail district of Bangladesh and found Pb in a 
range from 0.35 to 18.05 mg/kg that is greater than the WHO-permitted limit. Similarly, Pb concentration was 
found 5.67 mg/kg (Avijit and Anindya, 2018), which also exceeds the permissible limit. The excessive amount 
of Pb has a toxic effect in human health. Chronic exposure to heavy metals from eating rice can have a major 
impact on mental disorders and may cause permanent harm to human health. 
 
The concentration of Cr in rice samples were varied from 0.10 mg/kg to 0.70 mg/kg. The higher amount of Cr 
was found in the rice samples J1, A4, G1, C2 and the lower concentration was found in the samples J3, A1 and G2. 
The International Agency for Research on Cancer categorizes Cr(VI) as 'carcinogenic to humans' and Cr(III) as 
'not classifiable' (IARC, 1987). However, the USEPA lists total Cr in drinking water as having 'inadequate or no 
human and animal evidence of carcinogenicity' (USEPA, 1996). WHO states that 0.05 mg/1 drinking water 
guideline for total Cr is unlikely to cause significant health risks (WHO, 1996). The maximum permissible limit 
for Cr in rice grain is 1.0 mg/kg−1 as found in several studies (FAO/WHO, 2002; WHO, 2011; MHPRC, 2005; 
Qu et al., 2016). It was found that the concentration of chromium in the selected rice samples is lower than the 
allowable concentration limit. Guo et al., (2020) collected rice from the Jin-Qu Basin, China to conduct a 
regional field survey and determined the concentration of Cr in rice grain. They found maximum concentration 
is 1.34 mg/kg and the minimum concentration is 0.05 mg/kg. 
 
The concentration of Mn in rice samples was found between 36.80 mg/kg to 55.55 mg/kg. The higher level of 
Mn was found in the rice samples C3, C4 and the lower level was found in samples J1 and J4. In Australia, 
Rahman et al. (2014) examined the Mn content of rice cultivated in Australia, Bangladesh, India, Italy, Pakistan, 
Thailand, and Vietnam. According to Rahman et al., the Mn content of rice farmed in Australia was higher than 
that of rice imported from India, Italy, Pakistan, Thailand, and Vietnam but lower than Bangladesh. The 
Australian rice with the greatest Mn content was organic brown rice, followed by brown rice, white rice, and 
sushi rice. According to Antoine et al. (2012), in Jamaican, the Mn concentration in white rice was reported 
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from 5.02 to 17.1 mg/kg which have 10.5 mg/kg as the mean while brown rice was 5.19 to 43.5 mg/kg and 
mean reported at 26.5 mg/kg. The Mn concentration in rice samples of white rice from seven Asian countries 
which includes Korea, Malaysia, Indonesia, Thailand, Japan, Philippines and China was studied by Moon et al. 
(2012). According to their research, rice was consumed on average in seven different countries at 300 g per day, 
with a mean Mn concentration of 8.46 mg/kg. The findings showed that there was no significant heavy metal 
pollution in the rice samples from any of the participating nations. Manganese is necessary for human survival. 
It can act as an enzyme activator for a variety of enzymes as well as a component of some metalloenzymes. It is 
also necessary for bone development, carbohydrate and lipid metabolism. Deficiency is unlikely in an adequate 
diet due to its ubiquity in foods. On the other hand, its toxicity is well documented, but dietary exposure is 
doubtful except in exceptional circumstances (McDowell, 1992; Crossgrove and Zheng, 2004). Despite the fact 
that there is no defined recommended daily amount for manganese, adult males and girls are thought to need 2.3 
and 1.8 mg per day, respectively. The National Institutes of Health has established a maximum of 11 mg daily 
for adults (Antoine et al., 2012). 
 

Table 3: The concentration of selected heavy Metals (mean ± SD) in rice samples (mg/kg). 

Sample 
Identification 

No. 

Samples collection 
location in Rajshahi 
city corporation area 

Pb Cr Mn Cd 

J1 Ward no. 14 (n=3) 4.00 ± 0.089 0.70 ± 0.002 36.80 ± 0.042 0.96 ± 0.001 
J2 Ward no. 26 (n=3) 12.00 ± 0.001 0.40 ± 0.001 37.27 ± 0.464 1.01 ± 0.002 
J3 Ward no. 17 (n=3) 2.00 ± 0.003 0.10 ± 0.001 39.61 ± 0.464 1.30 ± 0.001 
J4 Ward no. 2 (n=3) 10.00 ± 0.034 0.60 ± 0.002 36.80 ± 0.051 0.45 ± 0.001 
A1 Ward no. 14 (n=3) 4.00 ± 0.023 0.10 ± 0.001 39.85 ± 0.552 2.02 ± 0.006 
A2 Ward no. 26 (n=3) 2.00 ± 0.001 0.30 ± 0.002 41.49 ± 0.231 1.05 ± 0.004 
A3 Ward no. 17 (n=3) 2.00 ± 0.052 0.60 ± 0.003 42.43 ± 0.411 1.05 ± 0.002 
A4 Ward no. 2 (n=3) 4.00 ± 0.041 0.70 ± 0.007 44.07 ± 0.023 1.48 ± 0.002 
G1 Ward no. 14 (n=3) 8.00 ± 0.002 0.70 ± 0.002 43.36 ± 0.342 1.59 ± 0.006 
G2 Ward no. 26 (n=3) 4.00 ± 0.005 0.10 ± 0.003 45.71 ± 0.423 1.21 ± 0.007 
G3 Ward no. 17 (n=3) 12.00 ± 0.031 0.20 ± 0.003 46.18 ± 0.018 2.06 ± 0.002 
G4 Ward no. 2 (n=3) 6.00 ± 0.021 0.60 ± 0.001 47.35 ± 0.061 0.92 ± 0.003 
C1 Ward no. 14 (n=3) 12.00 ± 0.002 0.60 ± 0.005 52.50 ± 0.041 0.31 ± 0.003 
C2 Ward no. 26 (n=3) 4.00 ± 0.077 0.70 ± 0.002 50.40 ± 0.231 1.66 ± 0.001 
C3 Ward no. 17 (n=3) 6.00 ± 0.068 0.30 ± 0.001 53.91 ± 0.052 0.56 ± 0.001 
C4 Ward no. 2 (n=3) 17.99 ± 0.002 0.20 ± 0.002 55.55 ± 0.021 0.45 ± 0.001 

Min - 2.00 0.10 36.80 0.31 
Max - 17.99 0.70 55.55 2.06 

Average - 6.87 0.43 44.58 1.13 
SD - 4.673 0.241 6.072 0.537 

%RSD - 67.974 55.985 13.620 47. 5444 
ALa - 0.2 1.0 - 0.1 
ALb - 0.1 - - 0.4 
ALc  - 0.2 1.0  - 0.2 
ALd - 0.3 - - 0.2 

AL: Allowable Limit of heavy metals in rice.  
aWHO (FAO/WHO, 2002; WHO, 2011). 
bUSEPA (USEPA, 2021) 
cMinistry of Health of the People’s Republic of China (MHPRC, 2005). 
dBangladesh Standards and Testing Institution (BSTI, 2018) 

The level of Cd in rice samples were ranged from 0.314 mg/kg to 2.062 mg/kg. The higher amount of Cd was 
found in the rice samples A1, G3 and the lowest amount was found in sample C1. WHO gives the allowable limit 
of cadmium in rice grain as 0.1 mg/kg (FAO/WHO, 2002; WHO, 2011), whereas USEPA set the value as 0.4 
mg/kg. MHPRC and BSTI set the allowable limit of cadmium in rice grain as 0.2 mg/kg (BSTI, 2018; MHPRC, 
2005). It was revealed that, the concentration of Cd in the selected rice samples is higher than the allowable 
concentration limit. Kormoker et al., (2022) collected rice from Tangail district of Bangladesh and found higher 
cadmium concentration than the permissible limit set by WHO. Guo et al. (2020) collected rice from the Jin-Qu 
Basin, China to conduct a regional field survey and determined the concentration of Cd in rice grain. They 
found maximum concentration is 1.094 mg/kg and minimum concentration is 0.028 mg/kg. 
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3.2. Health Risk Assessment 

Table 4 shows the EDI amounts of observed heavy metals in different types of rice at each area. The estimated 
daily intake of Pb, Cr, Mn and Cd from rice varied from 0.0142 to 0.1274 mg.kg-1.d-1, 0.0007 to 0.005 mg.kg-

1.d-1, 0.2607 to 0.3935 mg.kg-1.d-1 and 0.0022 to 0.0146 mg.kg-1.d-1, respectively, for an adult in the investigated 
area. For child EDI amount for Pb, Cr, Mn and Cd varied from 0.016 to 0.1439 mg.kg-1.d-1, 0.0008 to 0.0056 
mg.kg-1.d-1, 0.2944 to 0.4444 mg.kg-1.d-1and 0.0025 to 0.0165 mg.kg-1.d-1,respectively, Tolerable daily intake for 
Pb, Cr, Mn and Cd is .0036, 1.5, 0.14 and 0.001 mg.kg-1.d-1 for adult recommended by WHO (WHO, 1993). It 
was found that the EDI value observed for Pn, Mn and Cd is far above than the recommended tolerable daily 
intake (TDI). 

Table 4: EDI of heavy metals of Rice (Exposure per Day). 

Sample Id 
No. 

EDI (mg.kg-1.d-1) 
Pb Cr Mn Cd 

Adult Child Adult Child Adult Child Adult Child 
J1 0.0283 0.0320 0.0050 0.0056 0.2607 0.2944 0.0068 0.0077 
J2 0.0850 0.0960 0.0028 0.0032 0.2640 0.2982 0.0072 0.0081 
J3 0.0142 0.0160 0.0007 0.0008 0.2806 0.3169 0.0092 0.0104 
J4 0.0708 0.0800 0.0043 0.0048 0.2607 0.2944 0.0032 0.0036 
A1 0.0283 0.0320 0.0007 0.0008 0.2823 0.3188 0.0143 0.0162 
A2 0.0142 0.0160 0.0021 0.0024 0.2939 0.3319 0.0074 0.0084 
A3 0.0142 0.0160 0.0043 0.0048 0.3005 0.3394 0.0074 0.0084 
A4 0.0283 0.0320 0.0050 0.0056 0.3122 0.3526 0.0105 0.0118 
G1 0.0567 0.0640 0.0050 0.0056 0.3071 0.3469 0.0113 0.0127 
G2 0.0283 0.0320 0.0007 0.0008 0.3238 0.3657 0.0086 0.0097 
G3 0.0850 0.0960 0.0014 0.0016 0.3271 0.3694 0.0146 0.0165 
G4 0.0425 0.0480 0.0043 0.0048 0.3354 0.3788 0.0065 0.0074 
C1 0.0850 0.0960 0.0043 0.0048 0.3719 0.4200 0.0022 0.0025 
C2 0.0283 0.0320 0.0050 0.0056 0.3570 0.4032 0.0118 0.0133 
C3 0.0425 0.0480 0.0021 0.0024 0.3819 0.4313 0.0040 0.0045 
C4 0.1274 0.1439 0.0014 0.0016 0.3935 0.4444 0.0032 0.0036 

TDI (WHO, 
1993) 

0.0036  1.5  0.14  0.001  

 
Table 5 shows the THQ of observed heavy metals in rice of different types at each area. The value of THQ for 
each metal, with the exception of Cr, from each sample of rice was greater than one, which may result in 
dangers that are not related to cancer. While the THQ value for Cr is not more than 1, which indicates that it 
might not cause any non-cancer causing risks. Observed TTHQ is shown in Table 5. The TTHQ for adults and 
children was greater than 10, indicating a high risk for chronic or even acute adverse health effects (Lei et al., 
2015). 

Table 5: THQ and TTHQ of heavy metals in Rice. 

Sample 
Id No. 

THQ TTHQ 
Pb Cr Mn Cd 

Adult Child 
Adult Child Adult Child Adult Child Adult Child 

J1 7.075 8 0.0033 0.0037 1.862 2.103 6.8 7.7 15.7 17.81 
J2 21.25 24 0.0019 0.0021 1.886 2.130 7.2 8.1 30.3 34.23 
J3 3.55 4 0.0005 0.0005 2.004 2.264 9.2 10.4 14.8 16.66 
J4 17.70 20 0.0029 0.0032 1.862 2.103 3.2 3.6 22.8 25.71 
A1 7.08 8 0.0005 0.0005 2.016 2.277 14.3 16.2 23.4 26.48 
A2 3.55 4 0.0014 0.0016 2.099 2.371 7.4 8.4 13.1 14.77 
A3 3.55 4 0.0029 0.0032 2.146 2.424 7.4 8.4 13.1 14.83 
A4 7.08 8 0.0033 0.0037 2.230 2.519 10.5 11.8 19.8 22.32 
G1 14.18 16 0.0033 0.0037 2.194 2.478 11.3 12.7 27.7 31.18 
G2 7.08 8 0.0005 0.0005 2.313 2.612 8.6 9.7 18.0 20.31 
G3 21.25 24 0.0009 0.0011 2.336 2.639 14.6 16.5 38.2 43.14 
G4 10.63 12 0.0029 0.0032 2.396 2.706 6.5 7.4 19.5 22.11 
C1 21.25 24 0.0029 0.0032 2.656 3.000 2.2 2.5 26.1 29.50 
C2 7.075 8 0.0033 0.0037 2.550 2.880 11.8 13.3 21.4 24.18 
C3 10.63 12 0.0014 0.0016 2.728 3.081 4.0 4.5 17.4 19.58 
C4 31.85 35.98 0.0009 0.0011 2.811 3.174 3.2 3.6 37.9 42.76 
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The estimated TR values of Pb, Cr and Cd due to exposure from rice samples collected from Rajshahi city are 
shown in Table 6. The TR values of Pb for rice were 0.1×10-6 to 1.1×10-6 for adults and 0.1×10-6 to 1.2×10-6 for 
children, for Cr were 0.3×10-6 to 2.1×10-6 for adult and 0.3×10-6 to 2.4×10-6 for children and for Cd were 
0.33×10-4 to 2.19×10-4 for adults and 0.38×10-4 to 2.48×10-6 for children. It was found that, TR values for Pb 
and Cr are lower than 10-6 for some samples which are considered as non-carcinogenic, rest of the values is 
between 10-4 to 10-6 values, which is considered as a  threshold cancer risk. But most of the TR values for Cd are 
higher than 10-4 which is carcinogenic, rest are between 10-4 to 10-6. Most of the TCR values are also higher than 
10-4. Table 6 also shows that maximum TCR values are higher than 10-4, which is considered as carcinogenic 
risk (USEPA, 2020).  
 

Table 6: TR and TCR of heavy metals in rice. 

Sample 
Id No. 

Target Carcinogenic Risk (TR) TCR 
Pb Cr Cd 

Adult Child 
Adult Child Adult Child Adult Child 

J1 0.2×10-6 0.3×10-6 2.1×10-6 2.4×10-6 1.02×10-4 1.16×10-4 1.04×10-4 1.19×10-4 
J2 0.7×10-6 0.8×10-6 1.2×10-6 1.3×10-6 1.08×10-4 1.22×10-4 1.10×10-4 1.24×10-4 
J3 0.1×10-6 0.1×10-6 0.3×10-6 0.3×10-6 1.38×10-4 1.56×10-4 1.38×10-4 1.56×10-4 
J4 0.6×10-6 0.7×10-6 1.8×10-6 2.0×10-6 0.48×10-4 0.54×10-4 0.50×10-4 0.55×10-4 
A1 0.2×10-6 0.3×10-6 0.3×10-6 0.3×10-6 2.15×10-4 2.43×10-4 2.16×10-4 2.44×10-4 
A2 0.1×10-6 0.1×10-6 0.9×10-6 1.0×10-6 1.11×10-4 1.26×10-4 1.12×10-4 1.26×10-4 
A3 0.1×10-6 0.1×10-6 1.8×10-6 2.0×10-6 1.11×10-4 1.26×10-4 1.13×10-4 1.26×10-4 
A4 0.2×10-6 0.3×10-6 2.1×10-6 2.4×10-6 1.58×10-4 1.77×10-4 1.60×10-4 1.80×10-4 
G1 0.5×10-6 0.5×10-6 2.1×10-6 2.4×10-6 1.70×10-4 1.91×10-4 1.73×10-4 1.94×10-4 
G2 0.2×10-6 0.3×10-6 0.3×10-6 0.3×10-6 1.29×10-4 1.46×10-4 1.30×10-4 1.47×10-4 
G3 0.7×10-6 0.8×10-6 0.6×10-6 0.7×10-6 2.19×10-4 2.48×10-4 2.20×10-4 2.50×10-4 
G4 0.4×10-6 0.4×10-6 1.8×10-6 2.0×10-6 0.98×10-4 1.11×10-4 1.00×10-4 1.11×10-4 
C1 0.7×10-6 0.8×10-6 1.8×10-6 2.0×10-6 0.33×10-4 0.38×10-4 0.36×10-4 0.39×10-4 
C2 0.2×10-6 0.3×10-6 2.1×10-6 2.4×10-6 1.77×10-4 2.00×10-4 1.79×10-4 2.03×10-4 
C3 0.4×10-6 0.4×10-6 0.9×10-6 1.0×10-6 0.60×10-4 0.68×10-4 0.61×10-4 0.69×10-4 
C4 1.1×10-6 1.2×10-6 0.6×10-6 0.7×10-6 0.48×10-4 0.54×10-4 0.50×10-4 0.56×10-4 

4. CONCLUSION 

This investigation sought to ascertain the quantities of heavy metals (Mn, Cd, Pb, and Cr) in rice grain 
gathered from several locations of Rajshahi City Corporation in Bangladesh as well as their health risks 
assessment. The baseline information on heavy metal pollution was supplied by the current study, which can 
also be used to estimate the danger of exposing consumers to levels of heavy metal that are expected. The order 
for average concentration (mg/kg) of heavy metals in rice samples were measured as Cr (0.43) < Cd (1.13) < Pb 
(6.87) < Mn (44.58). The concentrations of heavy metals were higher than the permissible limit recommended 
by WHO in maximum cases. The concentrations of Pb and Cd exceeded 100%, whereas, for Cr, none (0%) of 
the samples exceeded the permissible limit as set by WHO. The results clearly showed a divergence from the 
permissible levels by WHO. The maximum permissible limit of Mn was not found in the literature. Based on the 
result of THQ, the studied rice samples are at high risk with respect to Pb, Mn and Cd (except Cr) which can 
cause non-carcinogenic risks. Similarly, TR values of Pb, Mn and Cr indicate safe for carcinogenic risk, but Cd 
indicates carcinogenic risk. This study could suggest that further research is needed to find out possible sources 
of heavy metal contamination and concentration determination to take proper action. This study will be helpful 
for future studies on heavy metals of selected areas. 

ACKNOWLEDGEMENT 

The authors thank the Department of Applied Chemistry and Chemical Engineering, Faculty of Engineering, 
University of Rajshahi, Bangladesh, for supporting us with laboratory facilities. 

LIST OF ABBREVIATIONS 

Pb: lead; Cr: chromium; Mn: manganese; Cd: cadmium; AAS: atomic absorption spectroscopy; FAO: Food and 
Agricultural Organization; WHO: World Health Organization EDI: Estimated daily intake; THQ: Target hazard 
quotient; TTHQ: Total target hazard quotient; TR: Target carcinogenic risk; TCR: Cumulative cancer risk; TDI: 
Tolerable daily intake; Min: Minimum values; Max: Maximum values; SD: standard deviations; %RSD: 
percentage relative standard deviations. 



38       S. M. S. Shahriar et al.                                     Risk assessment of selected heavy metals……………….. 
 

CONFLICT OF INTEREST 

The authors declare that they have no conflict of interest. 

REFERENCES 

Ahmed, M., Matsumoto, M., and Kurosawa, K., 2018. Heavy metal contamination of irrigation water, soil, and 
vegetables in a multi-industry district of Bangladesh. Int. J. Environ. Res. 12, 531–542. 
https://doi.org/10.1007/s41742-018-0113-z 

Akil, L., Ahmad, and H. A., 2011. Relationships between obesity and cardiovascular diseases in four Southern 
states and Colorado. J. Health Care Poor Underserved. 22(4), 61-72. 
https://doi.org/10.1353/hpu.2011.0166 

Akther, S., Shahriar, S. M. S., Badsha, M. R., Alam, M. K., Jothi, J. S., and Sultana, A., 2022. Levels of three 
heavy metals in ground water and cereals in Chattogram Division, Bangladesh. Bangladesh J. Vet. Ani. 
Sci. 9(2): 44-52 

Akther, S., Shahriar, S. M. S., Zakir H. M., and Alam, M. K., 2016. A Quantitative Analysis of Chromium and 
Zinc in Water and Raw Milk in Chittagong, Bangladesh. J. Sci. Res. 8(1), 93-100. 
https://doi.org/10.3329/jsr.v8i1.24776 

Alsafran, M., Usman, K., Rizwan, M., Ahmed, T., and Jabri H. A., 2021. The carcinogenic and non-
carcinogenic health risks of metal(oid)s bioaccumulation in leafy vegetables: a consumption advisory. 
Environ. Sci. 9, 742269. https://doi.org/10.3389/fenvs.2021.742269 

Anju, M., and Banerjee, D.K., 2012. Multivariate statistical analysis of heavy metals in soils of a Pb-Zn mining 
area, India. Environ. Monit. Assess. 184(7), 4191-4206.  

Antoine, J. M. R., Fung, L. A. H., Grant, C. N., Dennis, H.T., and Lalor, G. C., 2012. Dietary intake of minerals 
and trace elements in rice on the jamaican market.  
J. Food Compos. Anal. 26, 111-121.https://doi.org/10.1016/j.jfca.2012.01.003 

AOAC., 1984. Official Methods of Analysis 14th edit. Arlington: AOAC Inc. 
Avijit, D., and Anindya, D., 2018. Heavy metals in common food items in Kolkata, India. Euro-Mediterr. J. 

Environ. Integr. 3, 1. https://doi.org/10.1007/s41207-017-0039-4 
Aweng, E., R., Karimah, M., and Suhaimi, O., 2011. Heavy metals concentration of irrigation water, soils and 

fruit vegetables in Kota Bharu area, Kelantan, Malaysia. J. Appl. Sci. Environ. Manag. 6, 463-470. 
Baker, K. M., DeJoy, D. M., and Wilson, M. G., 2007. Using online health risk assessments: EAPs can help 

reduce organizational risks by advocating the use of online screening tools as part of a health 
management program. The free library (April, 1), 
https://www.thefreelibrary.com/Using+online+health+risk+assessments%3A+EAPs+can+help+reduce...-
a0189703693 Retrieved on November 19, 2021. 

Banglapedia., 2021. National encyclopedia of Bangladesh. https://en.banglapedia.org/index.php/Bangladesh 
Retrieved on November 16, 2021. 

Bhatia A., Singh S., and Kumar A. 2015., Heavy metal contamination of soil, irrigation water and vegetables in 
peri-urban agricultural areas and markets of Delhi. Water Environ. Res. 87, 2027-2034. 
https://doi.org/10.2175/106143015X14362865226833 

Bhuiyan, M. A. H., Islam, M.A., Dampare, S.B., Parvez, L., and Suzuki, S., 2010. Evaluation of hazardous 
metal pollution in irrigation and drinking water systems in the vicinity of a coal mine area of 
northwestern Bangladesh. J. Hazard. Mater. 179(1-3), 1065-1077. 
https://doi.org/10.1016/j.jhazmat.2010.03.114 

BSTI (Bangladesh Standards and Testing Institution). 2018. Bangladesh standard for rice (BDS 7317:2018). 
http://bsti.portal.gov.bd/sites/default/files/files/bsti.portal.gov.bd/page/5dd5f60a_4c20_45be_a11f_0d0a6
3c7bcaa/BDS%207317-2018%20%28Rice%29.pdf Retrieved on May 14, 2023. 

Craig, R., Nobuhiko, M., Randy, D. A., Randal, S. J., and Neil, B., 2007. Soil genesis and mineral 
transformation across an environmental gradient on andesitic lahar. Soil Sci. Soc. Am. J. 71(1), 225-237.   

Crossgrove, J., Zheng, W. 2004. Manganese toxicity upon overexposure. NMR Biomed. 17, 544–553. 
Cui, Y. J., Zhu, Y.G., Zhai, R. H., Chen, D. Y., Huang, Y. Z., Qiu, Y., and Liang, J. Z., 2004. Transfer of metals 

from soil to vegetables in an area near a smelter in Nanning, China. Environ. Int. 30, 785-791. 
EFSA (European Food Safety Authority)., 2010. Scientific opinion on lead in food. 

https://efsa.onlinelibrary.wiley.com/doi/pdfdirect/10.2903/j.efsa.2010.1570. 
Fakhri, Y., Mousavi, K. A., Hadiani, M. R., Keramati, H., Hosseini, P. R., and Moradi, B., 2017. Non-

carcinogenic risk assessment induced by heavy metals content of the bottled water in Iran. Toxin Rev. 
36(4), 313-321. 

FAO/WHO., 2002. Codex alimentarius – general standards for contaminants and toxins in food, 2012.   
Flora, G., Gupta, D., and Tiwari, A., 2012. Toxicity of lead: A review with recent updates. Interdiscip. Toxicol. 

5(2), 47-58. https://doi.org/10.2478/v10102-012-0009-2 



Journal of Engineering Science 14(1), 2023, 29-41                                                                                               39 
 

Ghosh, G. C., Khan, M., Chakraborty, T. K., Zaman, S., Kabir, A., and Tanaka, H., 2020. Human health risk 
assessment of elevated and variable iron and manganese intake with arsenic-safe groundwater in Jashore, 
Bangladesh. Sci. Rep. 10(1), 5206. https://doi.org/10.1038/s41598-020-62187-5 

Guo, B., Hong, C., Tong, W., Xu, M., Huang, C., Yin, H., Lin, Y., and Fu, Q., 2020. Health risk assessment of 
heavy metal pollution in a soil-rice system: a case study in the Jin-Qu Basin of China. Sci. Rep. 10(1), 
11490. 

Hernandez-Cruz, E. Y., Amador-Martinez, I., Aranda-Rivera, A. K., Cruz-Gregorio, A., and Chaverri, J. P., 
2022. Renal damage induced by cadmium and its possible therapy by mitochondrial transplantation. 
Chem. Biol. Interact. 361, 109961. https://doi.org/10.1016/j.cbi.2022.109961 

Hua, Z., Xinbin, F., Larssen, T., Qiu, G., and Vogt. R., 2010. In inland China, rice, rather than fish, is the major 
pathway for methylmercury exposure. Environ. Health Perspect. 118(9), 1183-1188.  

Huang, Z., Pan, X.D., Wu, P.G., Han, J.L., and Chen, Q.,  2013. Health risk assessment of heavy metals in rice 
to the population in Zhejiang, China.  PloS one. 8(9). e75007.   

IARC (International Agency for Research on Cancer). 1987. Overall evaluation of carcinogenicity: An updating 
of IARC Monographs, Vols. 1-42. 

Islam, M., Ahmed, Md. K., Al-Mamun, H.Md., Islam, K., Ibrahim, M., and Masunaga, S., 2014. Arsenic and 
lead in foods: A potential threat to human health in Bangladesh. Food Addit. Contam. Part A Chem. 
Anal. Control Expo. Risk Assess. 31(12), 1982-1992.  

Jessica, G., 2022. Types of rice. 2022. https://www.jessicagavin.com/types-of-rice/ Retrived on March 20, 2023. 
Khalef, R. N., Hassan, A. I., and Saleh, H. M., 2022. Heavy Metal’s Environmental Impact. In Saleh, H. M., & 

Hassan, A. I. (Eds.), Environmental impact and remediation of heavy metals. Intech Open. 
https://doi.org/10.5772/intechopen.103907 

Kinuthia, G. K., Ngure, V., Beti, D., Lugalia, R., Wangila, A., and Kamau, L., 2020. Levels of heavy metals in 
wastewater and soil samples from open drainage channels in Nairobi, Kenya: community health 
implication. Sci. Rep. 10(1), 8434. https://doi.org/10.1038/s41598-020-65359-5 

Kormoker, T., Proshad, R., Islam, M., Tusher, T. R., Uddin, M., Khadka, S., Chandra, K., and Sayeed. A., 2022. 
Presence of toxic metals in rice with human health hazards in Tangail district of Bangladesh. Int. J. 
Environ. Health Res. 32, 1, 40-60. https://doi.org/10.1080/09603123.2020.1724271 

Krishnani, K. K., and Ayyappan. S., 2006. Heavy metals remediation of water using plants and lignocellulosic 
agrowastes. Rev. Environ. Contam. Toxicol. 188, 59-84.  

Lei, M., Tie, B., Song, Z., Liao, B., Lepo, J., and Huang Y. Z., 2015. Heavy metal pollution and potential health 
risk assessment of white rice around mine areas in Hunan Province, China. Food Secur. 7(1), 45–54. 

Liu, X., Song, Q., Tang, Y., Li, W., Xu, J., Wu, J., Wang, F., and Brookes, P. C., 2013. Human health risk 
assessment of heavy metals in soil–vegetable system: A multi-medium analysis. Sci. Total Environ. 463-
464, 530-540. https://doi.org/10.1016/j.scitotenv.2013.06.064 

Luevano, J., and Damodaran, C., 2014. A review of molecular events of cadmium-induced carcinogenesis. J. 
Environ. Pathol. Toxicol. Oncol. 33(3), 183–194. 
https://doi.org/10.1615/jenvironpatholtoxicoloncol.2014011075 

Mahipal, S. S., Rajeev, K., and Lalit, P., 2020. Variation of chromium concentration in Yamuna River (Delhi) 
water due to change in temperature and humidity. Seybold Rep. 15(9), 293-299.  

Malan, M., Müller, F., Cyster, L., Raitt, L., and Aalbers, J., 2015. Heavy metals in the irrigation water, soils and 
vegetables in the Philippi horticultural area in the Western Cape Province of South Africa. Environ. 
Monit. Assess. 187, 4085. https://doi.org/10.1007/s10661-014-4085-y 

Manavi, Y., Radhika, G., and Rakesh, S. K., 2019. Green and sustainable pathways for wastewater purification. 
Adv. Water Purifi. Tech. 355-383. 

McDowell, L. R., 1992. Minerals in Animal and Human Nutrition. Academic Press Inc., CA, USA 
Melinda, D. O., and Rice, R., 2018. What to know about world’s most popular grain. 

Emeidicinehealth.https://www.emedicinehealth.com/grain_rice_types_nutrition_food/article_em.htm 
Retrived on August 17, 2021. 

MHPRC (Ministry of Health of the People’s Republic of China)., 2005. Maximum levels of contaminants in 
foods (GB2762–2005). (In Chinese) 1–5, Standards Press of China, Beijing. 

Mollah, M. M. A., Rabbany, M. G., Nurunnabi, M., Shahriar, S. M. S., and Salam, S. M. A., 2022. Health Risk 
Assessment of Heavy Metals Through Six Common Spices of Mohanpur Upazila of Rajshahi District, 
Bangladesh. Glob. J. Nutr. Food Sci. 3(5), 1-8. 

Moon, J. H., Ebihara, M., Ni, B.F., Arporn, B., Setyo, P., Theresia, R. M., Wee, B. S., Salim, N. A. A., and 
Pabroa, P. C. B., 2012. A NAA collaborative study in white rice performed in seven Asian countries.  J. 
Radioanal. Nucl. Chem. 291, 217–221. https://doi.org/10.1007/s10967-011-1245-1 

Nael, M., Khademi, H., Jalalian, A., Schulin, R., Kalbasi, M., and Sotohian, F., 2009. Effect of geo-pedological 
conditions on the distribution and chemical speciation of selected trace elements in forest soils of western 
Alborz, Iran. Geoderma. 152(1), 157-170.  



40       S. M. S. Shahriar et al.                                     Risk assessment of selected heavy metals……………….. 
 

Ostad-Ali-Askari, K., 2022. Management of risks substances and sustainable development. Appl. Water Sci. 12, 
65. https://doi.org/10.1007/s13201-021-01562-7 

Proshad, R., Zhang, D., Idris, A., Islam, M. S., Kormoker, T., Sarker., M. N. I., Khadka, S., Shuvo A. S., and 
Islam, M., 2021. Comprehensive evaluation of some toxic metals in the surface water of Louhajang 
River, Bangladesh. Environ. Sci. Pollut. Res. 28, 49191–49205. https://doi.org/10.1007/s11356-021-
14160-6 

Qing, Y., Yang, J., Chen, Y., Shi, C., Zhang, Q., Ning, Z., Yu, Y., and Li, Y., 2021. Urinary cadmium in 
relation to bone damage: cadmium exposure threshold dose and health-based guidance value estimation. 
Ecotoxicol. Environ. Saf. 226, 112824. https://doi.org/10.1016/j.ecoenv.2021.112824. 

Qu, M., Li, W., Zhang, C. Huang, B., and Zhao, Y., 2016. Assessing the pollution risk of soil Chromium based 
on loading capacity of paddy soil at a regional scale. Sci. Rep. 5, 18451. 
https://doi.org/10.1038/srep18451 

Rahman, M. A., Hashem, M. A., Rana, M. S., and Islam, M. R., 2021. Manganese in potable water of nine 
districts, Bangladesh: human health risk. Environ. Sci. Pollut. Res. 28, 45663–45675. 
https://doi.org/10.1007/s11356-021-14016-z 

Rahman, M. A., Rahman, M. M., Reichman, S.M., Lim, R.P., and Naidu, R., 2014. Heavy metals in Australian 
grown and imported rice and vegetables on sale in Australia: Health hazard. Ecotoxicol. Environ. Saf.  
100, 53-60. https://doi.org/10.1016/j.ecoenv.2013.11.024 

Rampley, C. P. N., Whitehead, P. G., Softley, L., Hossain, M.A., Jin, L., David, J., Shawal, S., Das, P., 
Thompson, I. P., Huang, W. E., Peters, R., Holdship, P., Hope, R., and Alabaster, G., 2020. River toxicity 
assessment using molecular biosensors: heavy metal contamination in the Turag-Balu-Buriganga river 
systems, Dhaka, Bangladesh. Sci. Total Environ. 703, 134760. 
https://doi.org/10.1016/j.scitotenv.2019.134760 

Reddy, M. V., Satpathy, D., and Dhiviya, K. S., 2013. Assessment of heavy metals (Cd and Pb) and 
micronutrients (Cu, Mn, and Zn) of paddy (Oryza sativa L.) field surface soil and water in a 
predominantly paddy-cultivated area at Puducherry (Pondicherry, India), and effects of the agricultural 
runoff on the elemental concentrations of a receiving rivulet. Environ. Monit. Assess. 185(8), 6693-6704.  

Robert A. Y., 1991. Chemical hazard evaluation and communication group, biomedical and environmental 
information analysis section, health and safety research division, formal toxicity summary for cadmium. 
The Risk Assessment Information System. https://rais.ornl.gov/tox/profiles/cadmium.html Retrieved on 
November 22, 2021. 

Rojas-Avelizapa, N. G., 2022. Biotechnology for treatment of residual wastes containing metals.  River 
Publishers, pp. 26 https://books.google.com.bd/books?id=S_yGEAAAQBAJ 

Rufus, C. L., Angle, J. S., Marla, M., Roger, L. Yin-Ming, B., Eric, C., Kuang-Yu, R. J., Richard, P., Henrike, 
S. C., Eva, B.L., Catherine, S., Wang, and Alan, B. J. M., 2005. Using hyperaccumulator plants to 
phytoextract soil Ni and Cd. Zeitschrift für Naturforschung. Section C, J. Biosci. 60(3-4), 190-198.  

Saha, I., Durand-Morat, A., Nalley, L. L., Alam, M. J., and Nayga, R., 2021. Rice quality and its impacts on 
food security and sustainability in Bangladesh. PLoS One. 16(12), e0261118. 
https://doi.org/10.1371/journal.pone.0261118 

Saha, N., and Zaman, M. R., 2011. Concentration of selected toxic metals in groundwater and some cereals 
grown in Shibganj area of Chapai Nawabganj, Rajshahi, Bangladesh. Curr. Sci. 101(3), 427–431. 
http://www.jstor.org/stable/24078523 

Shahriar, S. M. S., Islam, M. J., Hanif, M. A., and Salam, S. M. A., 2022. Level of chromium and zinc in 
groundwater and cows' raw milk in Rajshahi, Bangladesh. Int. J. All Res. Educ. Sci. Methods. 10(2), 
2153- 2158. 

Shariar, S. M. S., Akther, S., Akter, F., Morshed, S., Alam, M. K., Saha, I., Halim M. A., and Hassan, M. M., 
2014. Concentration of Copper and Lead in Market Milk and Milk Products of Bangladesh. Int. Lett. 
Chem. Phys. Astron. 8, 56-63. https://doi.org/10.56431/p-25obfk 

Shelley, I., Misuzu, T. N., Mana, K. N., Haque, M. S., and Inukai, Y., 2016. Rice Cultivation in Bangladesh: 
Present Scenario, Problems, and Prospects.  J. Agric. Environ. Int. Dev. 14, 20–29. 

Shimbo, S., Zhang, Z. W., Watanabe, T., Nakatsuka, H., Matsuda-Inoguchi, N., Higashikawa, K., and Ikeda, M., 
2001. Cadmium and lead contents in rice and other cereal products in Japan in 1998–2000. Sci. Total 
Environ. 281(1-3), 165-175.  

Smith, R. L., 1995. EPA region III risk-based concentration table: background information. EPA. 
https://semspub.epa.gov/work/05/229825.pdf. 

Tellez-Plaza, M., Jones, M. R., Dominguez-Lucas, A., Guallar, E., and Navas-Acien, A., 2013. Cadmium 
exposure and clinical cardiovascular disease: a systematic review. Curr. Atheroscler. Rep. 15, 356. 
https://doi.org/10.1007/s11883-013-0356-2 

UNEP/FAO/WHO., 1992. Assessment of dietary intake of chemical contaminants. Nairobi: United Nations 
Environmental Program.  



Journal of Engineering Science 14(1), 2023, 29-41                                                                                               41 
 

USEPA., 1989. Risk assessment guidance for superfund, Vol. 1, Human health evaluation manual (Part A), 
Report EPA/540/1-89/002, United States environmental protection agency, Washington, DC, USA. 

USEPA., 1996. USEPA drinking water regulations and health advisories. US environmental protection agency, 
Washington. 

USEPA., 2020. Quantitative risk assessment calculations. https://www.epa.gov/sites/production/files/2015-
05/documents/13.pdf Retrieved on November 20, 2021. 

USEPA., 2021. Human health benchmarks for pesticides. https://www.epa.gov/pesticide-science-and-assessing-
pesticide-risks/human-health-benchmarks-pesticides Retrieved on May 14, 2023.   

USEPA., 2022. Regional screening level (RSL) summary table USA. https://semspub.ep 
a.gov/work/HQ/402369.pdf. 

Vijay, D., and Bidhan, R., 2013. Rice (Oryza sativa L.). Breeding, Biotechnology and seed production of field 
crops. New India Publishing Agency, vol. 4, pp. 71-122.  

WHO., 1993. Evaluation of certain food additives and contaminants: forty-first report of the Joint FAO/WHO 
Expert Committee on Food Additives, Geneva, 9 to 18 February 1993. 

WHO., 1996. WHO guidelines for drinking water quality, health criteria and other supporting information, 
World Health Organization, Geneva, 2nd edn, vol. 2, pp. 152; 162; 213; 266; 278. 

WHO., 2011. Evaluation of certain contaminants in food: seventy-second report of the joint FAO/WHO expert 
committee on food additives. WHO technical report series, no. 959. 
https://apps.who.int/iris/handle/10665/44584 

Yang, G. G., Qu, L. S., Jian, F. H., Bao, H.Y., Hong, F. B., and Ze, T. J., 2014. Identification of heavy metal 
sources in the reclaimed farmland soils of the pearl river estuary in China using a multivariate 
geostatistical approach. Ecotoxicol. Environ. Saf.  105C(1), 7-12.  

Yunus, M., Rashid, S., and Chowdhury, S., 2019. Per capita rice consumption in Bangladesh. Integr. Food 
Policy Res. Prog. 3, 4-5. 

Zakir, H., Rahman, M. M., Rahman, A., Ahmed, I., and Hossain, M., (2013) Heavy metals and major ionic 
pollution assessment in waters of midstream of the river Karatoa in Bangladesh. Int. J. Environ. Sci. Nat. 
Resour. 5(2), 149–160. https://doi.org/10.3329/jesnr.v5i2.14806 

Zeng, F., Wei, W., Li, M., Huang, R., Yang,F,  and Duan, Y., 2015. Heavy Metal Contamination in Rice-
Producing Soils of Hunan Province, China and Potential Health Risks. Int. J. Environ. Res. Public 
Health. 12(12), 15584-15593. 

Zhao, L. L., Ru, Y. F., Liu, M., Tang, J. N., Zheng, J. F., Wu, B., Gu, Y. H., and Shi, H. J., 2017. Reproductive 
effects of cadmium on sperm function and early embryonic development in vitro. PLoS One. 12(11), 
e0186727. https://doi.org/10.1371%2Fjournal.pone.0186727 

Zhuang, P., Zou, B., Li, N.Y., and Li, Z. A., 2009. Heavy metal contamination in soils and food crops around 
Dabaoshan mine in Guangdong, China: implication for human health. Environ. Geochem. Health. 31(6), 
707-715. 

 
© 2023 JES. Journal of Engineering Science published by Faculty of Civil Engineering, Khulna University of Engineering & 
Technology. This is an open access article under the terms of the Creative Commons Attribution-Noncommercial-No 
Derivatives License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no Modifications or adaptations are made. 
 


