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ARTICLE INFO 
 ABSTRACT  

  Red amaranth (Amaranthus cruentus) is an excellent source of essential nutrients, vitamins, and 
minerals that are crucial for human nutrition. The present study was carried out to assess the mineral 
and heavy metal concentration and human health risk through the intake of red amaranth collected 
from Bhabadah water-logging area of Khulna Division in Bangladesh. A total of 24 red amaranth 
samples were collected from 24 different locations. Average concentrations of phosphorus, 
potassium, sulphur, calcium, magnesium and sodium were 0.90 ± 0.46%, 0.24 ± 0.06%, 0.56 ± 0.14%, 
2.22 ± 0.75%, 1.39 ± 0.51% and 0.11 ± 0.10%, respectively. Phosphorus and calcium concentration 
were the highest in Damukhali area. The concentration ranges of zinc, lead, cadmium and copper were 
26.48 - 172.24, trace - 46.41, trace - 0.63 and 7.74 - 32.58 μg g-1, respectively. Chromium was detected 
in red amaranth samples collected from only two locations. The most studied essential nutrients were 
at the optimum level in the collected samples for human nutrition. The survey data and the analytical 
data expressed that the daily metal intake (DMI) of both male and female were higher than that of 
upper permissible limit indicating that serious adverse effects that might be linked to the intake of red 
amaranth of the study area. Incremental lifetime cancer risk (ILCR) data showed Pb in an alarming 
amount to cause carcinogenesis. Target hazard quotients (THQ) of lead (Pb) was 6.550 for female 
(THQ> 5.00) indicating that the exposed population is unsafe and for male was 4.179 (1 < THQ < 5) 
indicating that the exposed population is at a level of concern interval. Food chain contamination by 
heavy metals through an elevated level of Pb in red amaranth of Bhabadah area is evident through 
this research and immediate action should be taken to ensure food safety. 
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Introduction 

Water-logging in Bhabadah is a national problem which 
affects the south-western parts of Bangladesh. The total 
area of Bhabadah spreads over 478 square kilometers 
covering 200 villages in two Upazila under Khulna district 
and three Upazila under Jashore district (The Daily Star, 
2017; Hossain et al., 2020). In the early 1980s Bhabadah 
water-logging problem began and for these last three 
decades, the Bhabadah crisis is known to people due to 
the manufacturing of a sluice gate in Bangladesh resulted 
silt deposition on the river-beds of Mukteshwari, Teka, 
Sree and Hari as well as the bottoms of a number of 
canals and water bodies, locally known as beels (The 
Daily Star, 2017 & 2018; Hossain et al., 2020). This region 
is primarily low-lying land and characterized by 
numerous morphological active tidal rivers and creeks 

provided drainage networks for the system of embanked 
hydrological units which allows entering the saline water 
(The Daily Star, 2018). In the winter season, farmers 
grow vegetables and other cereal crops using that 
stagnant water. 
 
Vegetables are essential sources of nutrients such as 
minerals, carotene, protein, and vitamins necessary for 
human health, considering them as part of daily diets 
(Jimoh and Oladiji, 2005). They are also considered a 
cheap source of energy compared to other food 
alternatives. They are good source of natural 
antioxidants and help to neutralize acidic substances 
produced during digestion (Andrés-Bello et al., 2013; 
Thomson and Kelly, 1990). Inorganic mineral substances 
in vegetables are necessary for maintaining different 
physicochemical processes and activities of the body 
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(Soetan et al., 2010; Eruvbetine, 2003; Hays and 
Swenson, 1985). Red amaranth (Amaranthus tricolor L.) 
is one of the most commonly cultivated vegetables and 
total production in 2017-2018 was 12,912 thousand 
metric tons on a land area of 4,83,194 hectares in 
Bangladesh (BBS, 2020). It is also well known as 
comparatively higher metal accumulator (Alexander et 
al., 2006; Yang et al., 2010); but contamination of 
vegetables with heavy metals such as Cd, Hg, Co, Ni, Pb 
etc. are a serious threat because of their toxicity, 
environmental persistence, bioaccumulation and 
biomagnifications in the food chain (Rajaei et al., 2012; 
Ali et al., 2019). Because of the non-biodegradable 
nature and long biological half-life of heavy metals, and 
their accumulation potentiality in different body parts, 
they become very harmful. Most of the heavy metals are 
ubiquitous, extremely toxic. However, their presence is 
in a minute concentration because their solubility in 
water having harmful effects to man and animals for the 
bioaccumulation and wastewater contains substantial 
amounts heavy metals that create problems (Chen et al., 
2013). Irrigation of crops with waterlogged wastewater 
is a widespread practice in Bhabadah area. 
 
Vegetables are contaminated with heavy metals through 
irrigation water, industrial emissions, the harvesting 
process, storage and/or at the point of sale and industrial 
emissions might be the primary pollution pathway in the 
developing countries (Jiang et al., 2006). Once the heavy 
metals are dispersed into water, soil, and air, they can be 
accumulated by crops (Hao et al., 2009; Hernández-
Martínez and Navarro-Blasco, 2012). Luo et al. (2011) 
observed that high level of Cd (0.79 mg kg-1) in broccoli 
and Pb (0.38 mg kg-1) in lettuce growing in the 
contaminated soil from electronic waste processing site 
of China. Gupta et al. (2008) found 17.79 mg kg-1 Cd and 
57. 63 mg kg-1 Pb in radish, which was irrigated by 
wastewater in Titagarh suburban area, India. High level 
of Cd is responsible for kidney stones, while excess Pb 
affects brain activity in children (Toplan et al., 2004). The 
high exposure of these metals certainly has negative 
effects to human health such as cancers and damage 
nervous system (Karalliedde and Brooke, 2012; Pan et 
al., 2013). The uptake of different heavy metals (Pb, Zn, 
Cd, Cr, Ni and Cu) by the vegetables grown in polluted 
water is of great importance as they might be hazardous 
to human health when consumed in excess of dietary 
intake. Therefore, the hypothesis is that the intake of 
vegetables containing heavy metals has potential health 
risk to consumers. Thus, the present study was 
conducted with an aim to assess the level of mineral 
nutrients and heavy metals in red amaranth from three 

Upazila of Bhabadah water-logging area of Khulna 
Division and their effects on human health due to intake 
of these vegetables. 
 
Materials and Methods 

 Sampling 

Total 24 red amaranth samples at the seedling growth 
stage were collected from 24 different locations of two 
Upazila of Jashore district and one Upazila of Khulna 
district of Bhabadah water-logging area Bangladesh. The 
information regarding red amaranth sampling has been 
reported in Table 1. Samples were put into an individual 
polythene bag with definite marking and tagging and 
then brought to the laboratory of Department of 
Agricultural Chemistry, Bangladesh Agricultural 
University, Mymensingh for chemical analysis. 
 
 Sample preparation and analyses  

The collected amaranth samples were dried in an oven 
at 65°C and ground by a mechanical grinder after cooling. 
The prepared samples were then kept into plastic bottles 
until extract preparation. The plant extract was prepared 
by wet oxidation method using di-acid mixture (HNO3: 
HClO4= 2:1) following Singh et al. (1999). 
 
 Determination of mineral nutrient 

Calcium and Mg concentrations in samples were 
analyzed by titrimetric method (Page et al., 1982; Gupta, 
2013). The concentrations of K and Na in samples were 
determined by flame photometric method and the levels 
of PO4 and SO4 in samples were determined by 
spectrophotometric method (Page et al., 1982, Tandon, 
1995; APHA, 2012; Gupta, 2013). 
 
 Determination of heavy metals   

The concentrations of Cd, Pb, Cr, Zn and Cu ions in red 
amaranth samples were analyzed by atomic absorption 
spectrophotometer (AAS) (Model: SHIMADZU AA-7000) 
at the wavelengths of 228.8, 283.3, 357.9, 213.9 and 
324.8 nm, respectively as described by APHA (2012). At 
first, AAS was calibrated followed by the manufacturer 
recommendation. Then the waste sample extract was 
diluted (if required) and/or run directly in AAS to 
determine heavy metal in the sample. A standard curve 
was prepared by plotting the absorbance reading on Y-
axis versus the concentration of each standard solution 
of metal on X-axis. Then, the concentration of metal was 
calculated in the samples of interest by plotting AAS 
reading on the standard curve. 
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Table 1. Detailed information of sampling sites 

Sample 
No. 

Name of sampling 
areas 

Locations  Sample 
No. 

Name of 
sampling areas 

Locations 

1 Shorkhola 23°00'54.7"N 89°22'35.3"E  13 Balidha 22°57'46.6"N 89°20'26.9"E 

2 Andha 23°00'30.7"N 89°22'28.4"E  14 Kalibari 24°42'57.4"N 90°10'11.2"E 

3 Cholisia 23°00'34.0"N 89°22'18.5"E  15 Lokhaidanga 22°58'28.2"N 89°20'42.4"E 

4 Baghdha 22°59'53.5"N 89°23'50.8"E  16 Mohonpur 24°32'47.1"N 88°38'54.1"E 

5 Khota 22°59'38.1"N 89°21'41.3"E  17 Nehalpur 22°58'09.0"N 89°19'21.3"E 

6 Dighalia 22°58'40.3"N 89°22'48.2"E  18 Sujatpur 22°59'40.1"N 89°21'27.4"E 

7 Fakirhat 22°57'43.7"N 89°22'23.2"E  19 Kultia 22°59'47.8"N 89°18'51.8"E 

8 Tekerhat 23°14'00.7"N 90°01'27.4"E  20 Hatgasha 23°00'15.4"N 89°21'02.2"E 

9 Bhabadah 22°55'58.4"N 89°21'56.1"E  21 Bolarabad 23°00'33.0"N 89°22'01.6"E 

10 Damukhali 22°56'31.5"N 89°22'36.9"E  22 Bedvita 22°59'45.5"N 89°21'47.5"E 

11 Bhabadah  22°55'58.5"N 89°21'56.7"E  23 Dumurtola 23°11'18.5"N 89°30'06.9"E 

12 Panchakari 22°57'17.5"N 89°21'20.4"E  24 Bhuikara 23°01'01.4"N 89°23'39.9"E 

 
 Estimation of Daily metal intake (DMI) 

Daily metal intake (DMI) through consumption of red 
amaranth was calculated with the following formula: 
 
DMI = (FIR × C)/BW 
 
Where, FIR is the amaranth ingestion rate (g person-1 day-

1), C is the metal concentration in amaranth samples (mg 
kg-1, fresh weight), BW is the body weight assuming 70 
kg for adult male and 50 kg for adult female in the 
present study. The average consumption rate of red 
amaranth person-1 day-1 was assessed as 10.0 and 8.0 g 
for male and female, respectively from a survey 
conducted in the study area on 60 respondents. 
 
 Estimation of Incremental Lifetime Cancer Risk (ILCR) 

Incremental lifetime cancer risk (ILCR) is the expression 
of potential cancer risks associated with exposure to a 
measured dose of heavy metal or chemical contaminant. 

One in a million (1  10-6) cancer risk means that one 
additional cancer case would be expected if a million 
people are exposed. Incremental lifetime cancer risk is 
obtained using the Cancer Slope Factor (CSF), which is 
the risk produced by a lifetime average dose of 1 mg kg-

1 BWday-1 and is contaminant specific. Incremental 
lifetime cancer risk (ILCR) was calculated by using 
following equation (Liu et al., 2013). 
 

ILCR = CDI  CSF 
 
Here, CDI (chronic daily intake of chemical, mgkg-1 
BWday-1) represents the lifetime average daily dose of 
exposure to the respective heavy metal. The CDI value 
was calculated on the basis of the equation (Liu et al., 
2013). 
 

CDI = DMI  EFr  EDtot / AT 
 
Where, DMI is daily metal intake; EFr is exposure 
frequency (365 days/year); EDtot is the exposure duration 

73 years, average lifetime for Bangladesh (Macrotrend, 
2021); the AT is the period of exposure for non-
carcinogenic effects (equal to EFr × EDtot), and 73-year life 

time for carcinogenic effects (i.e., 73 years  365 
days/year) (Liu et al., 2013).  
 
 Estimation of Target hazard quotients (THQ) 

Target hazard quotients (THQ) was calculated by the 
general formula established by the USEPA (2010) as 
follows: 
 
THQ = (EF × FD × DMI) / (RfD × W × T) 
 
Where, EF is exposure frequency; FD is the exposure 
duration; DMI is the daily metal ingestion (mg person-1 

day-1) and RfD is the oral reference dose (mg kg-1 day-1); 
W is the average body weight (kg) and T is the average 
exposure time for noncarcinogens (365 days year-1 × 
number of exposure years).  
 
 Statistical analysis 

Statistical analyses of analytical results obtained from 
red amaranth samples were performed (Gomez and 
Gomez, 1984) by SPSS 17.0 and results were expressed 
as mean ± SD. The potential health risk for adult male 
and female was also studied by calculating the daily 
heavy metal intakes and target hazard quotients. 
 
Results and Discussion 

 Mineral nutrient concentrations  

 Phosphorus 

Maximum phosphorus concentration (2.10%) was at the 
Damukhali and minimum concentration (0.19%) was at 
the Bedvita with a mean value of 0.90% (Fig. 1 and Fig. 
2). Out of 24 samples, 12 samples were above the mean 
value and the rest 12 samples were below the average 
value. The reference value of the concentration of P in 
green leafy vegetables is from 0.20 to 0.50% (Epstein, 
1965; Ward et al., 1973; Campbell, 2000).   
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So, P concentration of Bhabadah water-logging area was 
above the range of reference value. Therefore, red 
amaranth is considered as good source of P and daily 
intake 100 g of this vegetable to meet almost 100% daily 
requirement of an adult where the daily requirement for 
an adult is 0.7 g day-1 (NAS, 2004). 
 
 Potassium 

The highest concentration of potassium (0.38%) was at 
the Balidha and the lowest concentration (0.09%) was at 
the Bedvita with an average value of 0.24% (Fig. 1 and 
Fig. 2). Out of 24 samples, 14 samples were above the 
mean value and the rest 10 samples were below the 
average value. Reference value of the concentration of K 
in green leafy vegetables is from 1.50 to 4.50% (Epstein, 
1965; Ward et al., 1973; Campbell, 2000). So, K 
concentration in red amaranth of Bhabadah water-
logging area was below the range of reference value. The 
human body requires at least 100 mg of K daily to 
influence vital processes. Considering the daily 
requirement of 4.7 g day-1 for an adult and 3.0 g/100 g 
for a child of 1 - 3 years old (NAS, 2004), red amaranth is 
not good enough to supply K to the people of Bhabadah. 
A high potassium intake reduces the risk of overall 
mortality by 20%. Aykroyd et al. (1963) found that K 
concentration in edible portion of red amaranth was 341 
mg l00 g-1. 
 
 Sulphur 

The status of sulphur (0.79%) in red amaranth samples 
was maximum at the Kalibari and minimum (0.21%) was 
at the Bedvita with a mean value of 0.56% (Fig. 1 and Fig. 
2). Out of 24 samples, 12 samples were above the mean 
value and the rest 12 samples were below the average 
value. The reference value of the concentration of S in 
green leafy vegetables is from 0.15 to 0.65% (Epstein, 
1965; Ward et al., 1973; Campbell, 2000). So, S 
concentration in red amaranth of Bhabadah water-
logging area was within the range of reference value.  
 
 Calcium 

Maximum calcium (Ca) concentration (3.85%) was at the 
Damukhali and minimum concentration (0.80%) was at 
the Lokhadanga with a mean value of 2.22% (Fig. 1 and 
Fig. 2). Out of 24 samples, 13 samples were above the 

mean value and the rest 11 samples were below the 
average value. Reference value of the concentration of 
Ca in green leafy vegetables is from 0.20 - 1.0% (Epstein, 
1965; Ward et al., 1973; Campbell, 2000). So, Ca 
concentration in red amaranth of Bhabadah water-
logging area was above the range of reference value. 
Considering the daily requirement of 1.3 g day-1 for an 
adult as recommended by NAS (2004), red amaranth is 
treated as a good source of Ca as 100 g of that vegetable 
consumed daily is adequate to provide well above 100 % 
of daily requirement for an adult. Begum (2006) reported 
374 mg Ca 100 g-1 of the edible portion of red amaranth. 
 
 Magnesium  

Magnesium concentraiton in red amaranth samples was 
maximum (3.85%) at the Bhuikara and minimum 
concentration (0.34%) was at the Damukhali with a mean 
value of 1.39% (Fig.  1 and Fig. 2). Out of 24 samples, 10 
samples were above the mean value, and 14 samples 
were below the average value. Reference value of the 
concentration of Mg in green leafy vegetables is from 
0.14 to 1.0% Mg (Epstein, 1965; Jones et al., 1991; 
Campbell, 2000; Barker and David, 2007). So, Mg 
concentration in red amaranth of Bhabadah area was 
above the range of reference value. So, red amaranth is 
considered as a good source of Mg as 100 g of that 
vegetable consumed daily is capable of providing about 
2 g of Mg, which is well above the daily requirement 0.42 
g day-1 (NAS, 2004) for an adult. Aykroyd et al. (1963) 
observed Mg concentration as 247 mg 100 g-1 in the 
edible portion of red amaranth. 
 
 Sodium 

Maximum concentration of sulphur (0.33%) in red 
amaranth was at Sujatpur and the minimum 
concentration (0.01%) was at the Bedvita with a mean 
value 0.11% (Fig. 1 and Fig. 2). Out of 24 samples, 8 
samples were above the mean value and the rest 16 
samples were below the average value. Reference value 
of the concentration of Na in green leafy vegetables is 
from 0.43 to 1.5% (Epstein, 1965; Ward et al., 1973; 
Campbell, 2000). So, Na concentration in red amaranth 
of Bhabadah water-logging area was below the range of 
reference value. 
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Figure 1. Boxplot showing mineral nutrient distribution of red amaranth in different sampling locations 

 
 
 
 
 
 
 

 

Figure 2. Mean mineral nutrient concentration of red amaranth in different sampling locations 
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 Heavy metal concentration  

 Zinc 

Zinc status (172.24 μg g-1) in red amaranth was maximum 
at the Bhabadah and minimum concentration (26.48 μg 
g-1) was at the Bedvita with a mean value of 88.64 μg g-1 
(Table 2). Out of 24 samples, 12 samples were above the 
mean value and the rest 12 samples were below the 
average value. Zinc concentration in the collected 
amaranth samples might vary with the sampling 
location, resulting from the presence of added fertilizer 
or other sources. This statement was supported by 
Kacholi and Sahu (2018). Reference value of the 
concentration of Zn in green leafy vegetables is from 20 

to70 g g-1 (Reuter and Robinson, 1986; Ward et al., 
1973; Campbell, 2000). So, Zn concentration in red 
amaranth of Bhabadah water-logging area was above 
the range of reference value. The value of Zn found in 
this study was far higher than 0.3 mg kg-1 (FAO/WHO, 
1993). Maximum permissible level of Zn in vegetables is 
100 μg g-1 as reported by CAC (2001). 
 
 Lead 

Maximum concentration of lead (46.41 μg g-1) in red 
amaranth was at the Khota and trace amount was 
detected in Shorkhola, Andha, Dhogolia, Fakirhat, 
Tekerhat, Bhabodha and Damukhali areas with a mean 
value of 8.20 μg g-1 (Table 2). Out of 24 samples, 10 
samples were above the mean value, and 14 samples 
were below the average value. This mean value is higher 
than the safe limit (0.3 mg kg-1) recommended by 
FAO/WHO (1993) and Bangladesh Food Safety 
(Contaminants, Toxins and Harmful Residues) 
Regulations (2017). The concentration of Pb exceeding 
maximum permissible limits of 0.03 mg 100 g-1 (CAC, 
2001) in human body, which can damage the nervous 
system, bones, liver, pancreases, lungs, teeth and gum 
and causes blood diseases (Rahman et al., 2013; Kacholi 
and Sahu, 2018).  
 
The high level of Pb in this study might be attributed to 
industrial waste dumped in the river at the upstream 
level, which is subsequently used to irrigate the 
farmlands in downstream areas. Atmospheric deposition 
of Pb might be a reason for increased concentration in 
the amaranth samples of the respective areas of higher 
contamination. This result is in line with the previous 
reports (Rahman et al., 2020; Rahman et. al., 2018) that 
observed the higher Pb concentrations in red amaranth 
which might be due to the high metal accumulation 
capacity of red amaranth (Yang et al. 2010). This metal 
also could be disposed from traffic activities, which can 
contaminate roadside grown amaranth (Kacholi and 
Sahu, 2018).  

 
 Cadmium 

The highest Cd concentration (0.63 μg g-1) in red 
amaranth was at the Sujatpur and trace amount was 
recorded in Shorkhola, Cholisia, Baghdha, Dighalia, 
Fakirhat, Tekerhat, Bhabodah and Panchakari areas were 
with a mean value of 0.18 μg g-1 (Table 2). So, Cd 
concentration in red amaranth of Bhabadah water-
logging area was within the range of reference value. 
However, World Health Organization has established a 
provisional tolerable weekly intake of 7 μg g-1 Cd for body 
weight (WHO, 1992). The value of Cd found in this study 
was far higher than the safe value 0.2 mg kg-1 (FAO/WHO, 
1993) and Bangladesh Food Safety (Contaminants, 
Toxins and Harmful Residues) Regulations (2017).  
 
 Chromium 

Out of 24 red amaranth samples, only Dumurtola and 
Bhuikara area contained chromium (Table 2). In recent 
years, contamination of the environment by Cr has 
become a significant concern and exposure to Cr may 
occur through breathing air, drinking water, or eating 
food containing Cr or even through skin contact. In 
human beings and animals, it is considered to be an 
essential metal for carbohydrates and lipid metabolism 
within a certain range of concentrations (up to 200 μg 
day-1). The mean value of Cr found in this study is higher 
than 2.3 mg kg-1 (FAO/WHO, 1993) and 0.02 mg kg-1 as 
reported by Bangladesh Food Safety (Contaminants, 
Toxins and Harmful Residues) Regulations (2017). The 
concentration of Cr in vegetables was found 6.4 μg g-1 in 
a previous report (Salvatore et al., 2009). 
 
 Copper  

Among the red amaranth samples, maximum 
concentration of copper (32.58 μg g-1) was at the 
Bhuikara area and minimum concentration (7.74 μg g-1) 
was at the Andha area with an average value 18.43 μg g-

1 (Table 2). Out of 24 samples, 14 samples were above 
the mean value and the rest 10 samples were below the 
average value. Reference value of the concentration of 
Cu in green leafy vegetables is from 4.5 to 15 μg g-1 Cu 
(Epstein, 1965; Campbell, 2000). So, Cu concentration of 
Bhabadah water-logging area was within the range of 
reference value in seven areas and out of range in the 
rest areas. The addition of agricultural products like 
fertilizers and other industrial sources for water 
pollution might be responsible for the contamination of 
Cu in red amaranth samples of those areas (Kacholi and 
Sahu, 2018). The value of Cu found in this study was 
lower than 40 mg kg-1 (FAO/WHO, 1993). 
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Table 2. Status of trace and heavy metals in red amaranth 

Sl. No. Location name Zn (μg g-1) Pb (μg g-1) Cd (μg g-1) Cr (μg g-1) Cu (μg g-1) 

1.  Shorkhola 106.41 Trace Trace Trace 12.78 

2.  Andha 76.46 Trace 0.055 Trace 7.74 

3.  Cholisia 89.69 10.06 Trace Trace 10.78 

4.  Baghdha 104.89 28.82 Trace Trace 12.26 

5.  Khota 63.02 46.41 0.055 Trace 9.22 

6.  Dighalia 103.96 Trace Trace Trace 18.56 

7.  Fakirhat 94.10 Trace Trace Trace 15.90 

8.  Tekerhat 46.86 Trace Trace Trace 11.00 

9.  Bhabodha 59.30 Trace 0.065 Trace 10.85 

10.  Damukhali 46.78 Trace 0.045 Trace 18.56 

11.  Bhabodah Bill 172.24 0.62 Trace Trace 20.42 

12.  Panchakari 149.84 2.22 Trace Trace 19.97 

13.  Balidha 144.48 3.76 0.085 Trace 19.08 

14.  Kalibari 49.74 3.51 0.215 Trace 16.49 

15.  Lokhadanga 79.10 7.86 0.305 Trace 21.53 

16.  Mohonpur 110.34 6.39 0.345 Trace 21.83 

17.  Nehalpur 73.10 8.32 0.345 Trace 19.68 

18.  Sujatpur 125.68 11.31 0.625 Trace 26.35 

19.  Kultia 68.38 9.21 0.285 Trace 21.46 

20.  Hatghasa 91.14 6.57 0.275 Trace 26.28 

21.  Bolarabad 68.56 9.42 0.425 Trace 20.34 

22.  Bedvita 26.48 9.47 0.235 Trace 17.16 

23.  Dumurtola 97.78 17.56 0.475 1.30 31.61 

24.  Bhuikara 78.92 15.36 0.405 1.60 32.58 

Range 26.48 -172.24 0.0 - 46.41 0.0 - 0.63 0.0 - 1.60 7.74 - 32.58 

AverageSD 88.6435.15 8.2010.74 0.180.19 0.120.41 18.436.57 

Reference values 
20-70 g g-1 
[1,2,3]; 0.3 mg kg-

1 [4] 
0.3 mg kg-1 [4] 0.2 mg kg-1 [4] 

2.3 mg kg-1 [4]; 
0.002 μg g-1 [5]  

40 mg kg-1 [4] 

1Reuter and Robinson (1986); 2Campbell (2000); 3Ward et al. (1973); 4FAO/WHO (1993); 5Bose and Bhattacharyya (2008). Trace means the amount 
of below detectable level of flame AAS, where the detection limit is 0.05 mg L-1 for Pb; 0.01 mg L-1 for Cr and <0.01 mg L-1 for Cd. 

 
 Daily metals intake (DMI) 

Daily metal intake was calculated according to the 
average vegetable consumption for both adults male and 
female. The daily metals intakes of Zn, Pb, Cd, Cr and Cu 
from red amaranth samples were calculated by 
multiplying the daily intake by metal concentrations 
determined in this study. Average consumption rate of 
red amaranth day-1 person -1 assumed 10.0 and 8.0 g as 
typical serving for a day for male and female, 
respectively (Aysha et al., 2017). Previously, the average 
daily intake of vegetable for adults and children were 
considered to be 0.345 and 0.232 kg person-1 day-1, 
respectively (Wang et al., 2005). DMI were compared 
with the upper tolerable daily intakes for metals. It was 
evident from Table 3 that Zn and Cu values for both male 
and female were lower than upper tolerable intake level. 
On the other hand, Pb and Cd were higher for both males 
and females than those of upper tolerable intake level, 
indicating that serious adverse effects have been 
associated with the intake of red amaranth in Bhabadah 
water-logging. Sampling location might be the factors of 
the presence of higher metal sources in the red 
amaranth for water contamination for use of 
agrochemicals or industrial wastes disposal into the 

agricultural fields (Kacholi and Sahu 2018). The present 
study results in accordance with the results of previous 
studies on heavy metal contamination in the edible parts 
of vegetables grown with wastewater at different sites 
(Liu et al., 2005; Khan et al., 2008). 
 
 Incremental Lifetime Cancer Risk (ILCR) 

Incremental lifetime cancer risk was calculated for both 
the adults male and female according to the average 
vegetable consumption in the study area. The risk of 
carcinogenesis of Pb, Cd and Cr were presented in Table 
3, where Zn and Cu tended to zero (0), since cancer slope 
factor (CSF) of them are zero (0). The maximum 
carcinogenic risk levels for male of Pb, Cd and Cr were 
9.95E-03,  1.14E-02 and 1.00E-02, respectively for 
ingestion exposure whereas 1.11E-02, 1.14E-02 
and 1.00E-02, respectively were found for female. Only 
Pb in male is at very near to carcinogenic risk but the 
people of the study area are marginally at risk through 
the ingestion of Cd and Cr which does not constitute 
threat been below the regulatory range of 1 × 10−6 to 
1 × 10-4, which can be eliminated easily by using proper 
means (Liu et al., 2013). 
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 Target hazard quotients (THQ) 

Target hazard quotients (THQ) is a complex parameter 
used for the estimation of potential health risks 
associated with long term exposure to chemical 
pollutants (Khan et al., 2009; Harmanescu et al., 2011). 
THQ<1 means the exposed population is assumed to be 
safe; <THQ<5 means that the exposed population is in a 
level of concern interval and THQ>5 means exposed 
population is unsafe. As a dimension less index, THQ 
values are additive, not multiplicative and indicates their 
concern level but not a measure of risk. Target hazard 
quotients was calculated considering DMI of people, 
average body weight (male: 70 kg and female: 50 kg) and 
average life expectancy (male: 70.6 and female: 73.1) 
(BBS, 2015). Values of this parameter (THQ) based on 

consumption of red amaranth available in the Bhabadah 
water-logging area for the investigated metals have been 
presented in Fig. 3. THQ value for Pb surpassed 5.0 for 
female (6.550) indicating that the exposed population is 
unsafe and surpassed 1.0 for male (4.179) indicating that 
the exposed population is in a level of concern interval. 
THQ value for Cu also surpassed 1.0 for female (1.475) 
but not for male (0.939). The rest of the THQ values of 
Zn, Cd, and Cr for both males and females were below 
1.0 indicating that the exposed population is assumed to 
be safe. From point of view of human health, THQ values 
of Cu were >1 of studied vegetables reported by Shaheen 
et al. (2016), which could pose health hazard due to 
exposure to the heavy metals. 
 

 

Table 3. Calculated daily metals intakes (DMI) and incremental lifetime cancer risk (ILCR) for red amaranth collected from the 
Bhabadah water-logging area along with the recommended upper tolerable intake level (UTIL), oral reference doses (RfD) 
and cancer slope factor (CSF) 

 Zn Pb Cd Cr Cu 

UTIL (mg day-1 person -1) 40.00a 0.24b 0.064b NE 10.00a 

RfD (mg kg-1 day-1)  0.300c 0.004e 0.001c 0.003d 0.040c 

CSF (mg kg−1 day−1) −1 - 0.0085f 0.38f 0.50f - 

Daily Metal Intake  
(mg day-1 person-1) 

Male 12.66 1.17 0.03 0.02 2.63 

Female 14.18 1.31 0.03 0.02 2.95 

Incremental Lifetime Cancer Risk (ILCR)  Male - 9.95E-03 1.14E-02 1.00E-02 - 

Female - 1.11E-02 1.14E-02 1.00E-02 - 

NE= Not established; a= FDA (2001); b= Garcia-Rico et al. (2007); c= USEPA (2010); d= (1987) and e= Khan et al. (2008), f= USDOE (2011). 

 

 
Figure 3. Target hazard quotients (THQ) and combined target hazard quotient (CTHQ) of heavy metals in red amaranth. 

 

Conclusion 

It may be concluded that red amaranth is a good source 
of minerals and trace elements. In all red amaranth 
samples, heavy metals were below FAO/WHO 
recommended safe permissible level except Pb. Daily 
metal intake and cancer risk results showed that Pb 
concentration in the collected samples was in alarming 
situation. The information generated from this study 
could be used as a baseline data for developing food 
composition database for Bangladesh. The most of 

essential nutrients were in optimum level for human 
nutrition. Overall result of this study suggests that food 
chain contamination by heavy metals through elevated 
level of Pb concentration in red amaranth samples of 
Bhabadah area is evident through this research and it is 
recommended that the government and its related 
organizations or authority could take emergency 
initiatives to develop specific awareness on heavy metals 
level of vegetables.  
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