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EXECUTIVE SUMMARY 

 

Food chain contamination by heavy metals has become a critical issue in recent years 

because of their potential accumulation in biosystems through contaminated water, soil 

and irrigation water. Industrial discharge, fertilizers, contaminated irrigation water, 

fossil fuels, sewage sludge and municipality wastes are the major sources of heavy 

metal contamination in soils and subsequent uptake by crops. The main objectives of 

this project were to determine the levels of minerals, trace elements and heavy metals in 

major foods and beverages consumed by the poor and non-poor households of Dhaka 

city and assess the dietary risk exposure to heavy metal and trace metal contamination 

and potential health implications as well as recommendations for action.  
 

A total diet study methodology was used to assess the contamination and calculate the 

dietary risk exposure.  Eighty food samples of plant and animal origin each were 

collected from the markets of Gulshan, Kawran bazar and Hazaribagh. The food items 

from Gulshan market and Kawran bazar were mainly accessed by non-poor households 

whereas the foods from Hazaribagh market were mainly accessed by the poor 

households. Standard procedures were followed for processing of the food samples 

(NIN, 2009a). The samples were digested with ultra pure grade HNO3 and H2O2 and 

were then chemically analyzed using ICP-MS technique in the laboratory of SGS 

Bangladesh Ltd, Dhaka. The daily intake of heavy metals, minerals and trace elements 

from different food items was determined using the total weight of food consumed each 

day multiplied by the concentrations of minerals, heavy metals and trace elements in 

that food. 
 

The concentration of minerals, trace elements and heavy metals varied widely among 

the three markets. This variation can be attributed to the soil conditions in the areas 

where they have been grown and marketed. For example, rice and vegetables grown in 

Rajshahi and Jessore have elevated concentrations of arsenic. On the other hand, rice 

and vegetables grown in Savar, Hazaribagh and Mymensingh had lower arsenic levels. 

Although the total As in the vegetables was less than the recommended maximum intake 

of As, it still provides a significant additional source of As in the diet.  Cooking rice by 

draining method resulted in decreased the concentration of minerals, trace elements and 

heavy metals compared to the absorption method of cooking. Puffed rice had elevated 

concentration of Na, K, Fe, Mn and Al compared to normal rice. 
 

Based on the calculations of food consumption equivalents, diets of males from poor 

household males are estimated to be more deficient in minerals (Ca, Mg and K) and 

trace elements (Fe, Cu, Zn, Co and Se) than males from non-poor household males. The 

intake of Mn and Mo was noted to be higher than the Recommended Daily Intake (RDI) 
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for both poor and non-poor households. Ninety four percent males from poor 

households and 78% males from non-poor households have Cd intake above MPL (50 

µg day
-1

 60 kg body weight
-1

). Mercury, antimony and lithium intake through the food 

by males from both poor and non-poor households was below PMTI and were therefore 

noted to be at safe levels. Eight percent males from poor households and 83% males 

from non-poor households had an Al intake above PTDI, and are therefore are at 

potential risk from Al contamination. Both poor and non-poor households have high 

intakes of As and Pb from different foods.  Given that FAO (2010 b, c) has withdrawn 

the PTWA of As and Pb, all the males of poor and non-poor households are at potential 

risk from As and Pb contamination.   
 

The entry of heavy metals into food chains mainly comes from the industrial effluents, 

phosphatic fertilizers (especially Cd) and burning of fossil fuels (especially Pb). 

Monitoring should be strengthened to treat the industrial effluents before they are 

discharged into the water bodies, use of phosphatic fertilizers with no or very less 

amount of Cd and use of Pb free fossil fuels. Arsenic gets entered into the human body 

mainly through rice irrigated with arsenic contaminated STW water. Cultivation of rice 

with arsenic free water (DTW or surface water) will reduce the arsenic in food chain. 

Cultivation of salinity tolerant Boro rice varieties may be expanded in the southern parts 

of Bangladesh where arsenic status in soil and water is low. The development of rice 

varieties having lower grain-As and grain-Cd may be a good option to reduce As and Cd 

intake by the people.  
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1. INTRODUCTION 
 

Heavy metals refer to those metallic elements which have density of above 5 g cm
-3

. 

These metals include arsenic, cadmium, chromium, copper, lead, nickel, zinc, 

molybdenum and vanadium. However, the main threats to human health from heavy 

metals are associated with exposure to lead, cadmium, mercury and arsenic. 

Food chain contamination by heavy metals has become a burning issue in recent years 

because of their potential accumulation in biosystems through contaminated water, 

soil and irrigation water. Industrial discharge, fertilizers, fossil fuels, sewage sludge 

and municipality wastes are the major sources of heavy metal contamination in soils 

and subsequent uptake by crops (Pendias and Pendias, 1992).  

In Bangladesh, industrial wastes and effluents are being discharged randomly on soils, 

into canals, rivers, along the road sides or in the vicinity of the industrial areas 

without any treatment. Lead, cadmium, arsenic, mercury, chromium and nickel are the 

significant contaminants. Hazaribagh, Tongi and Konabari are important industrial 

areas near to Dhaka city. The rivers around Greater Dhaka City (Buriganga, Lakhya, 

Balu, and Turag) are highly polluted with heavy metals and organic pollutants. The 

river Buriganga is increasingly being polluted with the city‘s thousands of industrial 

units and sewerage lines dumping huge volumes of toxic wastes into it day and night 

(Islam et al., 2006). At present, Dhaka city alone generates about 3500 to 4000 metric 

tons m tons of solid waste per day. There are huge agricultural lands adjacent to these 

industrial areas where polluted river water is being used for irrigation purpose in rice 

and vegetable cultivation. Uptake of the heavy metals by crops may ultimately find 

entry into the food chain and lead to long term health hazards.  

The extent to which the population of Bangladesh is exposed to food contamination 

by toxic heavy metals and trace elements is not widely available.  Since late 1990s, 

considerable research has been carried out on arsenic contamination of groundwater 

and soil and its uptake by rice and vegetable crops (Jahiruddin et. al., 2004; Islam et 

al., 2005; Islam et. al., 2009; Jahiruddin et al., 2009).  Research studies have also 

reported that that rice and vegetables used in diets might have elevated level of heavy 

metals (Alam et. al., 2003, Islam et al, 2005; Williams et al. 2006). Naser et al. (2009) 

reported a significant transfer of cadmium, lead and nickel from soils to vegetable 

crops (spinach, tomato and cauliflower) grown in industrially polluted soils of 

Konabari (Gazipur) and Keraniganj (Dhaka).  

Absorption of heavy metals through the food has been shown to have serious 

consequences on health and thereby economic development, associated with a decline 

in labour productivity as well as increased direct costs of treating illness- such as 

kidney disease, damage to the nervous system, diminished intellectual capacity, heart 
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disease, gastrointestinal diseases, bone fracture, cancer and death (Jarup, 2003).  The 

excessive uptake of certain minerals by food crops from contaminated soils might 

have detrimental effects on food safety and quality, thus imparting detrimental 

impacts on human health.  

Heavy metal contamination of the food items is one of the most important assessment 

parameters of food quality assurance (Marshall, 2004; Radwan and Salama, 2006; 

Wang et al., 2005; Khan et al., 2008). International and national regulations on food 

quality have lowered the maximum permissible levels of toxic metals in food items 

due to an increased awareness of the risk that these metals pose to the food chain and 

its contamination (Radwan and Salama, 2006).  

Therefore, the present study was undertaken to determine the levels of minerals, trace 

elements and heavy metals in major foods and beverages consumed by the poor and 

non-poor households of Dhaka city and assess the dietary exposure to heavy metal 

and trace metal contamination and potential health implications as well as 

recommendations for action.  

 

Objectives 

The objectives of this research project are to: 

a) Assess the concentration of major foods and beverages consumed by poor and 

non-poor households for selected heavy metals, minerals and trace elements: 

calcium, magnesium, sodium, potassium, iron, selenium, manganese, zinc, 

lead, cadmium, aluminium, mercury, antimony, nickel, copper, lithium, 

molybdenum, cobalt, arsenic and chromium. 
 

b) Assess the extent of exposure to heavy metals, minerals and trace elements 

      through food intake in Bangladesh by poor and non-poor households and the 

      potential health implications 
 

c)   Draw implications and to provide suggestions for actions to reduce  

      contamination. 

 

 

 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=quality+assurance
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#41679_an
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#167677_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#416653_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#753020_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#167677_ja
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2. LITERATURE REVIEW 

 

Rapid and unorganized industrialization and urbanization have contributed to an 

elevated level of heavy metals in the urban environment of the developing countries 

such as China (Wong et al., 2003), India (Tripathi et al., 1997; Khillare et al., 2004; 

Sharma et al., 2008a,b) and Bangladesh (Alam et al. 2003; Islam et al., 2005; Naser et 

al., 2009).   

Developing countries lag behind in the area of heavy metals research. However, in 

recent years, a number of research reports have emerged on heavy metal 

contamination in fruits and vegetables (Parveen et al., 2003; Gupta et al., 2007). Very 

recently, Suruchi and Khanna (2011) provided a comprehensive global review of the 

heavy metal contamination in different vegetables grown in and around urban areas. 

Even low concentrations of heavy metals have damaging effects to man and animals 

because there is no good mechanism for their elimination, from the body. In 

particular, heavy metals are persistent environmental contaminants which may be 

deposited on the surfaces and then adsorbed into the tissues of vegetables.  An attempt 

has been made in this section to present an extensive review of heavy metal 

concentrations in various foods of plant and animal origin. 

 

2.1 Sources of heavy metals 

Heavy metals are the elements having specific gravity greater than 5 (density >5 g cm
-

3
). There are 38 heavy metals, of them 13 are used and/or discharged by industries e.g. 

Cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu), iron (Fe), mercury (Hg), 

manganese (Mn), molybdenum (Mo), nickel (Ni), lead (Pb), arsenic (As), tin (Sn) and 

zinc (Zn). Some heavy metals are plant nutrients (micronutrients) such as Fe, Mn, Zn, 

Cu, Mo, Co, Ni and some are essential for animals e.g. Cr, Ni & Sn. The other metals 

viz. Cd, As, Hg and Pb are not considered essential for plants and animals. Toxic 

heavy metals have adverse effects on plants, animals and humans.   

 

Cadmium 

Cadmium occurs naturally at low levels in the environment. Food, rather than air or 

water, represents the major source of cadmium exposure, although tobacco smoking 

adds significantly to the body‘s burden. Additional cadmium has been added to the 

environment through industrial processes such as cadmium metal production. Further 

cadmium has been added to agricultural soils through the use of phosphate fertilizers 

(WHO 1989b). Other sources include farmyard manure, sewage sludges, metal 

working industries, waste incinerators, urban traffic and atmospheric deposition; 

cement factories etc (Sanita and Gabbrielli, 1999). 

 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=developing+countries
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#753076_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#753028_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#753056_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#752966_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#194010_ja
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Lead 

Lead is a widely distributed metal, although lead concentrations are low in 

environments where there has been little human activity. It is used for a number of 

industrial, domestic and rural purposes for example, in lead batteries and in leaded 

petrol (WHO 2000b). 

 

Arsenic  

Arsenic occurs naturally in both organic and inorganic forms in soils. Inorganic 

arsenic is more toxic than organic arsenic. In the past, arsenic compounds were 

commonly used in drugs, but the more recent major uses are in pesticides, veterinary 

drugs and industrial applications. Inorganic arsenic is registered for use in timber 

preservatives and for control of termites in timber. The main source of As in 

agricultural fields is As contaminated Shallow Tube Well (STW) water that is used 

for rice cultivation. There is no registered use of As in food crops or for animal 

production. Both DSMA (disodium methyl arsenate) and MSMA (monosodium 

methyl arsenate) are registered as herbicides for use in cotton and sugarcane 

production. Arsenic contamination of groundwater is a severe problem in the east, 

south-east and south-west parts of Bangladesh.   

 

Aluminium  

Although aluminum is not a heavy metal (specific gravity 2.55-2.80), it makes up 

about 8% of the surface of the earth and is the third most abundant element (ATSDR, 

2008). It is readily available for human ingestion through the use of food additives, 

antacids, buffered aspirin, astringents, nasal sprays, and antiperspirants; from drinking 

water; from automobile exhaust and tobacco smoke; and from using aluminum foil, 

aluminum cookware, cans, ceramics, and fireworks (ATSDR, 2008). 

 

Mercury 

Mercury is found naturally in the environment. It is usually found concentrated only 

in certain areas, geographically known as mercuriferous belts. Apart from industrial 

activities, mercury is also released into the environment during earthquakes and 

volcanic activity. Mercury may be introduced into aquatic systems through geogenic 

processes and anthropogenic pathways including effluent containing dyes, fungicides, 

mining industrial wastes and combustion of fossil fuels, municipal and medical wastes 

(Horacio et al 2006). Fish tissues can therefore accumulate heavy metals and serve as 

a sensitive indicator of aquatic pollution. 

 

Antimony 

Antimony is found at low-level concentrations in water, soil and air. It is also widely 

used as an industrial chemical in the manufacture of alloys and in the production of 

fire proofing chemicals and textiles (ANZFA 1999).  
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2.1.1 Heavy metal concentrations in soil 
 

Baker (1974) reported that in normal agricultural soils, total Cu content ranges 

between 1 and 50 ppm and available Cu ranges from 0.1 to 10 ppm. 

Golovian et al. (1980) reported that the mean value for Zn in Russia podzols and 

sandy soils, loose and silty soils, loamy and clay soils were 31, 48 and 35 mg kg
-1

, 

respectively. 

Domingo and Kyuma (1983) stated that the mean trace elements status of Cu, Zn, B, 

Mo, Co, Cr and Ni of paddy soils of Bangladesh were 27.0, 68.0, 68.0, 3.3, 58.0, 

133.0 and 22.0 mg kg
-1

, respectively.  

Ndiokwere (1984) investigated the heavy metal content of sediments and algae from 

the river Niger and Nigerian Atlantic Costal waters. He found that the concentrations 

of As, Cd, Hg and Sb were higher in sediments from the coastal waters from the river 

Niger. The sediments from the river Niger contained higher Mn, Pb, and Zn 

concentrations.  

Shacklette et al. (1984) reported that the mean value for Zn in USA podzols and 

sandy soils, loose and silty soils, loam and clay soils were 40, 58.5 and 67 mg kg
-1

, 

respectively. The mean values for Cu in USA sandy soils and podzols, loose and silty 

soil, loam and clay soils were 14, 25 and 29 mg kg
-1

, respectively, which within the 

range from 1-17, 7-100 and 7-70 mg kg
-1

, respectively.  The mean values for Pb in the 

cited soils of USA were 17, 19 and 22 mg kg
-1

, respectively, within the range from 

<10-70, 10-30 and 10-70 mg kg
-1

, respectively. 

Holmgren et al. (1986) reported that the mean value for Cd in USA podzols and sandy 

soils, loamy and clay soils and brown soils were 0.21, 0.27 and 0.27 mg kg
-1

, 

respectively within the range of 0.08 to 0.47 mg kg
-1

, 0.13 to 0.55 mg kg
-1

, 0.05 to 

0.71 mg kg
-1

, respectively. 

Wiersma et al. (1986) found that the level of Cd, Pb, Hg and As in soils of 

Netherlands were 0.40, 23.0, 0.07 and 11.0 mg kg
-1

, respectively.  

Willams et al. (1987) reported that sludged, irrigated or fertilized farmland surface 

soil contains 2.60 to 8.30 mg kg
-1

 Cd in the United States. 

Asami (1988) reported that sludged, irrigated or fertilizer farmland surface paddy soil 

contains 2.2 to 7.5 mg kg
-1 

Cd in Japan. 

Bell et al. (1988) conducted a study on soil in Maryland which was amended in 1972 

with dewatered, digested sludge containing 13 mg Cd, 1300 mg Zn, 570 mg Cu, 280 

mg Pb and 45 mg Ni kg
-1

 applied at the rate of 0, 56, 112 or 224 ton ha
-1

. The land 

was allocated to continuous soybeans and maize for 10 years with rye as a winter 
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clover crop each year. Elemental sulphur (S
0
) was applied to half of the plot areas in 

1983 to increase soil acidity by 0.5-1.0 pH units. Maryland tobacco cv. MD 609 was 

planted in 1983 and 1984. Significant increase in DTPA extractable and total soil 

metal concentration was observed for all metals, except Mn, with increased sludge 

application rate. Total soil Zn, Cu, Pb and Cd contents increased >3 fold and 

extractable Zn, Cu and Cd in soils increased >10 fold. 

Machelett et al. (1990) conducted trials on acid sandy soil at Berlin-Malchow. 

Potatoes - winter rye- Lolium multiflorum rotation was given 9 annual applications of 

totalling 26 or 52 ton sewage sludge dry matter (DM) or 496 ton dry sludge DM ha
-1

. 

The dry bed sludge (50-70%DM) markedly increased soil Cd, Cu, Ni, Pb and Zn 

contents after 9 years and the Cd content exceeded the permitted limit, but the wet 

sludge (3-5%DM) only significantly increased soil Cu content. 

Bogacz (1993) studied the influence of soil properties on the distribution of zinc in 

Polish soils and found that 16.2% and 55.2% of total Zn was distributed between the 

Mn and Fe- bound Zn and the residual Zn fraction, respectively. Water soluble Zn and 

non-specifically adsorbed exchangeable Zn, specifically adsorbed exchangeable Zn 

and organically bound Zn fractions contained on an average 1.1, 2.4, 7.4 and 12.8% of 

total Zn, respectively. 

Holmgren et al. (1993) conducted an experiment on Cd, Pb, Zn, Cu and Ni in 

agricultural soils of the United States of America. They found that the value of 

surface soils for Pb, Zn and Cu in the major agricultural production areas of the USA 

were 10.60 mg kg
-1

, 42.90 mg kg
-1

, 18 mg kg
-1

, respectively, within the range from <1 

to 135 mg kg
-1

, < 3 to 264 mg kg
-1

, 0.06 to 495 mg kg
-1

, respectively. 

Barman and Lal (1994) conducted an experiment in industrially polluted field in 

Kalipur, West Bengal. They reported that the zinc, copper, cadmium, and lead 

concentration of the soil samples were 309.74 ± 146.47; 41.50 ± 14.52; 6.11 ± 1.65 

and 180.43 ± 75.61µg g
-1

 soils, respectively. 

Nuruzzaman (1995) had examined the arsenic status of industrially polluted soils 

around Dhaka City and reported a higher concentration of arsenic (> 20 µg g
-1

) in 

soils particularly near Tannery industry. 

Gimeno-Garcia et al. (1996) investigated the incidence of heavy metals due to the 

application of inorganic fertilizers to rice field. They found that soil surface horizon 

contained 1.83, 45.96, 55.80 and 20.35 mg kg
-1 

for Cd, Pb, Zn and Cu, respectively.   

Klose and Braun (1997) studied the As content of soil and As uptake by fodder crop, 

spring barely, potato, maize, winter rape, pasture grass and clover. The soil arsenic 

content of all the soils tested was over 50.0 mg kg
-1

. In maize, rape, barley and potato, 
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the As content ranged from 0.04 to 1.31 mg kg
-1 

dry matter when grown on soil 

containing 60-362 mg As kg
-1 

soil. 

Moslehuddin et al. (1998) carried out a survey on the heavy metal pollution of 

roadside soils in Bangladesh. Accumulation of Pb, Ni, Cr, Cu and Zn in roadside soils 

along the Dhaka-Mymensingh highway was possibly due to the intensive traffic of 

vehicles. On the other hand, sporadic high Zn accumulation was noticed in soils along 

Dhaka-Aricha, Dhaka-Chittagong and Dhaka-Mymensingh highways, which was 

ascribed to the industrial discharge. 

Jlustos et al. (1998) conducted a 3-year pot experiment in three different soils: sandy 

fluvisols (containing 4.4 mg As kg
-1

 and 0.36 mg Cd kg
-1

), loamy greyzems soil 

(containing 16.70 mg As kg
-1

 and 17.56 mg Cd kg
-1

) and sand loam luvisols 

(containing 49.50 mg As kg
-1

 and 0.60 mg Cd kg
-1

) where carrots, spinach, radish, oat 

and bean were grown. They found the accumulation of As in soil in the order of 

luvisols> fluvisols> greyzems.  

Ullah (1998) reported that arsenic concentration in Bangladesh soils ranged from 4-8 

mg kg
-1

. However, in areas where irrigation is performed with arsenic contaminated 

groundwater, soil As level can reach up to 83 mg kg
-1

.  

Candias et al. (1999) investigated the contamination of soil by sewage sludge and 

other fertilizers and found that the heavy metal load in Swiss soils has decreased 

significantly in recent years. Nevertheless, the input is still considerably higher than 

crop uptake. Fertilizers contribute 50% to the load of most metals, except for Cr and 

Zn with 90% and 80% respectively while sewage sludge contributes 42% of Pb, 26% 

of Cu and 24% of Cd load but only 9% of P input in fertilizers. 

Experiements by Kugonic and Grcman (1999) in the polluted region of Slovenia 

showed high cadmium concentration in leaves and roots of carrots.  The concentration 

of lead in washed samples was lower compared to unwashed leaves indicating that 

cadmium was deposited on leaves by industrial emission.    

Jahiruddin et al., (2000) reported that the soils of Gangetic alluvium contain more 

arsenic than that of Brahmaputra alluvium and the former soils had more than 20 µg 

As g
-1

 whereas the later soils had As levels below 20 mg kg
-1

 which was below 

maximum acceptable limit for agricultural soils. They also found that the mean 

concentrations (mg kg
-1

) in calcareous soil were Pb (22.80), Cd (0.25), Sb (0.74), Mo 

(0.31), Mn (457), Cu (29.20) and Zn (78.50), whereas in non-calcareous soil the 

concentrations were Pb (24.1), Cd (0.15), Sb (0.31), Mo (0.31), Mn (444), Cu (22.4) 

and Zn (66.4). The concentration of trace element in calcareous soil was considerably 

higher than that in non-calcareous soils.  
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Nan-Zhong Ren et al. (2000) researched heavy metal concentration in grey soils of 

Baiyin region, Gansu province, China. Concentrations of Cd, Cu, Pb, Zn, Mn and Ni 

were measured in cultivated grey calcareous soils of the Baiyin urban area, China. 

The value showed fluctuating and enriched Cd, Pb, Cu and Zn concentrations in the 

cultivated soils, and suggesting recent inputs from anthropogenic sources.  

Oliveira and Mattiazzo (2001) conducted a study during 1996-98 to evaluate the 

possibilities of heavy metal accumulation in an acid soil after two successive sewage 

sludge applications. After two sewage sludge applications during the whole study 

period, a decrease in Cu, Cr, Ni and Zn levels in the topsoil was observed. 

Wang-Qingren et al. (2001) investigated heavy metal contamination of soils in China and 

found that the level of Cd, Hg and Pb in soils was greater than the Govt. standards. The 

mean cadmium ranged from 0.45 to 1.04 mg kg
-1 

and was as high as145 mg kg
-1

. 

Mantylahti and Laakso (2002) conducted an experiment in South Savo Province in 

Finland. They found that the median concentrations of As, Cd, Cr, Cu, Hg, Ni, Pb and 

Zn in the mineral soils were 2.90, 0.084, 17.0, 13.0, 0.06, 5.40, 7.70 and 36.5 mg kg
-1

, 

respectively. The corresponding values in the organic soils were 2.80 mg As kg
-1

, 

0.265 mg Cd kg
-1

, 15.0 mg Cr kg
-1

, 29.0 mg Cu kg
-1

, 0.20 mg Hg kg
-1

, 5.9 mg Ni kg
-1

, 

11.0 mg Pb kg
-1

, and 25.5 mg Zn kg
-1

.  

Roychowdhury et al. (2002) carried out an experiment in arsenic affected area of 

Murshidabad, India. They reported that the mean concentrations of As, Pb, Cd, Cr, Fe, 

Cu, Ni, Zn, Mn, Se, vanadium (V), antimony (Sb) and mercury (Hg) in the fallow 

land soils were 5.31, 10.40, 0.37, 33.10, 674, 18.30, 18.80, 44.30, 342, 0.53, 44.60, 

0.29, and 0.54 mg kg
-1

, respectively.  

Ahmed et al. (2003) collected 21 soil samples from Bhaluka region of Mymensingh. 

They reported that the detected heavy metal ranges in soil (mg kg
-1

) were As 3.90-

25.50, Cr 80.0-117, Cu 1.2-49, Mo 2.00-2.2, niobium (Nb) 9.00-20.00, Ni 44.0-76, Pb 

12.0-34.0, strontium (Sr) 31.0-120.0 ppm, thorium (Th) 12.0-26, uranium (U) 1.60-

5.8, vanadium (V) 134.0-273.0 , yttrium (Y) 33.0-54.0, Zn 35.0-129 and zirconium 

(Zr) 130.0-370.0. 

Bibi et al. (2003) reported that the detected heavy metal ranges in soil of different 

depth were 3.60- 26.20 mg kg
-1

 As, 89.0-117.0 mg kg
-1

 Cr, 8.0-48.0 mg kg
-1

Cu, 19.0-

24.0 mg kg
-1

 Pb, 127.0-177.0 mg kg
-1

 Sr, 41.0-143.0 mg kg
-1

 Zn and 109.0-212 mg 

kg
-1

 Zr.  

Elik (2003) analyzed the street dust samples of Sivas city, Turkey and reported that 

the mean concentration of Pb, Zn, Cu, and Cd soil were 197, 206, 68, 84 and 2.60 mg 

kg
-1

, respectively. 
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Warren et al. (2003) conducted an experiment in agricultural and industrial land in 

England. They reported that the most contaminated clay loam soil contained 74.8 mg 

As kg
-1

 soil and a sandy loam soil contained 65.0 mg As kg
-1

. The highest bio-

availability was found in soil which had been contaminated by industrial deposition 

and high sand content. 

Islam et al. (2004) studied the As status of five districts of Gangetic floodplains and 

found that As levels ranged from 2.09 –11.37 mg kg
-1

. Among the five districts, the 

soils of the Pabna and Gopalganj districts had relatively lower levels of As compared 

to Rajbari, Faridpur and Chapai Nawabgonj districts. The highest soil-As 

concentration of 11.37 mg kg
-1

 was found in the soil of Rajbari followed by 10.44 mg   

kg
-1

 in soil from Faridpur. 

 

2.2 Mineral concentrations in foods (Ca, Mg, Na & K) 
 
 

Plants and animals supply nutrients for humans. Animals are dependent on plants for 

their nutrition. Therefore, any nutritional problems (deficiency or toxicity) of plants 

would ultimately impact the food chain. Plants obtain six essential mineral nutrients 

(nitrogen, phosphorus, potassium, calcium, magnesium and sulphur) and seven trace 

elements (iron, manganese, copper, zinc, molybdenum, boron and chlorine) from 

soils. Plant growth would be limited when these elements are in short supply. On the 

other hand, excess uptake of trace elements may cause toxicity in plants.  

The contents of calcium, sodium and magnesium in plants differ widely depending on 

the plant species as well as plant parts. Potassium content is higher in shoot than in 

grain or seed. The typical concentration of K in shoot and seed ranges from 0.4-4.0% 

(Havlin et al., 2010).  The concentration of Ca and Mg is higher in the dicotyledons 

compared to monocotyledons. The ranges of Ca, Mg and Na contents in plants vary 

from 0.2-1.0%, 0.1-0.4%, and 0.01-1.0%, respectively (Havlin et al., 2010). 

Plants are capable of absorbing a wide range of mineral ions with relevance to human 

nutrition and health. Mineral concentrations in many plant foods are low, relative to 

human requirements; this has elicited efforts to enhance plant mineral content by 

using the tools of plant biotechnology. Effective and transgenic strategies for mineral 

improvement should be designed to complement or enhance the existing mechanisms 

and regulatory processes that govern plant mineral nutrition (Grusak, 2002).  

Currently, the achievable densities of minerals in our existing agricultural crops mean 

that few individual plant foods are able to supply the daily recommended intake for 

any given mineral in an average or reasonable serving size. This problem of low 

mineral density is particularly troublesome in staple foods, such as cereal grains and 

tuber crops, which make up a large proportion of daily food intake in the developing 
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world. Fortunately, plant mineral concentrations do vary both among plant sources 

(i.e., species, cultivars) and among plant tissues (e.g., leafy structures versus seeds) 

(Abullahi et al., 2009), thereby demonstrating that genetic differences exist, which 

can contribute to the plant‘s ability to acquire and sequester minerals.  

 

2.3 Trace element concentrations in foods (Fe, Mn, Cu, Zn, Mo, Se, Co, Cr, Al 

& Li) 

Many elements are present in soils and water in trace quantities. Some of them are 

essential for plants and animals. Physiologic roles are known for Fe (haemmoeties of 

heamoglobin and cytochromes), copper (amine oxidases, dopamine hydrolase and 

collagen synthesis), Mn (superoxide dismutase), Zn (protein synthesis, stabilization of 

DNA and RNA),  chromium (glucose homeostasis) and some others. Other heavy 

metallic elements ions are not believed to be essential for plants, animals or humans 

even in trace amounts. 

 

2.3.1 Trace elements concentrations in plant produce 
 

The trace elements, at concentrations exceeding the physiological demand of the 

plants, not only could administer toxic effect in them but also could enter food chains, 

get biomagnified and pose a potential threat to human health (Sugiyama, 1994). 

Some heavy metals such as Cu, Zn, Mn, Co and Mo act as micronutrients for the 

growth of animals and human beings when present in trace quantities, whereas others 

such as Cd, As and Cr acts as carcinogens (Freig et al., 1994; Trichopoulos et al., 

1997). 

Some investigations have been carried out in Bangladesh on the trace elements 

concentration in vegetables. Alam et al. (2003) analyzed vegetable samples from 

Samta village of Jessore district. Average Cu concentrations in leafy and non-leafy 

vegetables were 15.5 and 8.51 μg g
-1

, respectively. The Zn concentrations in 

vegetables were in the range of 10.0- 55.0 μg g
-1

. Lady‘s finger had the highest Zn 

concentration while ash gourd had the lowest Zn concentration. Islam et al. (2005) 

carried out an experiment to determine the extent of trace elements in 24 different 

types of vegetables grown on five intensively vegetable growing areas of Chapai 

Nawabganj of Bangladesh. A wide variation in concentrations of Fe and Zn among 

the vegetables was observed. Zinc concentrations of leafy vegetables, fruity 

vegetables and root & tuber vegetables ranged from 5.81-25.40 μg g
-1

, 9.61-30.48 μg 

g
-1

 and 1.98-18.5 μg g
-1

, respectively. The average Fe concentrations of leafy 

vegetables (281 μg g
-1

) were statistically higher compared to those found in root & 

tuber vegetables (222 μg g
-1

) and fruity vegetables (129 μg g
-1

). 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=superoxide+dismutase
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#753008_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#157064_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#25146_bc
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#25146_bc
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The concentrations of Cu, Ni, Mn and Zn in different food samples of Murshidabad 

district of West Bengal, India as reported by Roychowdhury et al. (2003) varied from 

0.33-14.1μg g
-1

, 0.0002-7.68μg g
-1

, 0.22-101 μg g
-1

 and 0.84-64.9 μg g
-1

, respectively.  

Arora et al. (2008) reported various metals in wastewater-irrigated plants as 116-378, 

12-69, 5.2-16.8 and 22-46 mg kg
-1

 for Fe, Mn, Cu and Zn, respectively. The highest 

mean levels of Fe and Mn were detected in mint and spinach whereas the levels of Cu 

and Zn were the highest in carrot. The values of these metals were below the 

recommended maximum tolerable levels proposed by the FAO and WHO (1999). 

However, regular monitoring of levels of these metals from effluents and sewage, in 

vegetables and in other food materials is essential to prevent excessive build-up of 

these metals in the food chain. 

The nutritive potential of each ingredient, in terms of trace element contents, was 

evaluated using instrumental neutron activation analysis (INAA). Four minor (Na, K, 

P and Cl) and 16 trace elements (Br, Co, Cr, Cs, Cu, Fe, Hg, Mn, Mo, Rb, Sb, Sc, Se, 

Sr, Th and Zn) were determined in six cereals, nine vegetables and 20 spices and 

condiments, including two betel leaves (Singh and Garg, 2006). None of the 

carbohydrate-rich cereals or potato was rich in any of the essential elements but leafy 

vegetables showed higher contents of Fe and other nutrients; Fe/Zn was well 

correlated with Fe contents in cereals and spices. Out of various spices, cinnamon was 

most enriched in Fe, Co, Cr, Na, K, P and Zn, whereas turmeric and curry leaves were 

found to be particularly rich in Se. Cumin and mustard seeds were rich in Cu. Some 

environmental contaminants, such as Hg, Cr, Br and Th, were also present in 

significant amounts. An attempt was made to evaluate the contribution of essential 

elements (Cr, Cu, Fe, Mn, P, Se and Zn) in spices to the daily dietary intake (DDI) 

through an Indian vegetarian diet. For a typical mixture of six commonly used spices, 

contributions of Cr, Fe, Mn and Zn, were found at 7.5% of DDI in each case. 

Al-Rmalli et al. (2011) reported that betel quid chewers had a significantly higher 

mean Mn concentration in urine (1.93 μg L
-1

) compared to non-chewers (0.62 μg L
-1

). 

High levels of Mn were detected in piper betel leaves with an overall average of 135 

mg kg
-1

 (range 26 -518 mg kg
-1

). The mean concentration of Mn in betel quid was 41 

mg kg
-1

 and the daily intake of Mn in the Bangladeshi population was estimated to be 

20.3 mg day
-1

. Chewing six betel quids could contribute up to 18% of the maximum 

recommended daily intake of Mn. 

Spallholz et al. (2008) determined that concentrations of Se in rice, vegetables and 

fishes from different areas of Bangladesh. The average Se concentration of rice was 

0.111 ±0.015 mg/kg with a range of 0.07-0.16 mg kg
-1

. Such levels were similar to Se 

levels in rice from China (Chen et al. 2002) but are low in comparison to the reported 

Se levels in rice from Louisiana in the U.S., reported to contain 0.46 mg Se kg
-1

. The 

http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#694381_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#42534_an
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mean Se value for rice from Bangladesh was higher than Se values of 0.012 mg kg
-1

 

of rice from the Keshan diseased areas of China. Gourds and potatoes from Jessore 

averaged 0.471 and 0.181 mg Se kg
-1

, respectively.  

Lithium is taken up by all plants, although it appears not to be required for their 

growth and development. However, this question is not yet completely resolved, 

since, in the ppb range, stimulatory effects of lithium on plant growth have been 

observed (Schweigart, 1962). At high levels in the soil, Li is toxic to all plants, 

causing a chlorosis-like condition. Uptake and sensitivity to lithium are species 

dependent. Some plants, notably Cirsium arvense and Solanum dulcamera, 

accumulate Li three- to six-fold over other plants. Halophilic plants such as Carduus 

arvense and Holoschoenus vulgaris may reach lithium contents of 99.6–226.4 μg g
-1

 

(Tolgyesi et al., 1983). Lithium is relatively toxic to citrus plants; nightshade species 

are remarkably lithium tolerant and may reach lithium contents of up to 1000 μg g
-1

.  

Although Cu is an essential micronutrient for normal plant metabolism, playing an 

important role in a large number of metalloenzymes, photosynthesis-related 

plastocyanin, and membrane structure, copper has been reported to be among the most 

toxic of heavy metals (Li and Xiong, 2004). Excess Cu inhibits plant growth and seed 

germination, induces chlorophyll degradation, and interferes with photosystem 

activity (Caspi et al., 1999). 

Samples of vegetables, water, and soil were collected from four vegetables farms in 

Addis Ababa to evaluate the extent and trend of metal accumulation in these systems 

and health risk concerns to consumers (Weldegbriel, et al., 2012). The concentrations 

of Cd (0.012-1.13 mg kg
-1

) and palladium (Pd) (011-0.89 mg kg
-1

) in the vegetables 

surpassed the maximum recommended levels. The total metal concentrations in soils 

were (mg kg
-1

): Cr, 9.9-22.8; Co, 28.0-47.3; Cu, 25.1-51.4; Mn, 1000-1054; Ni, 16.4-

55.8; Zn, 146-149; Cd, 1.4-1.8 and Pb, 220-50.7. The trace metals Cd, Co, Cu, Mn 

and Ni in most of the water samples also surpassed irrigation guidelines limits, which 

might be a case for high accumulation of metals in Addis Ababa soils. 

[[[[Naturally, Mn occurs in many food sources, such as leafy vegetables, nuts, grains and 

animal products (IOM, 2002). Typical ranges of Mn concentrations of nuts and nuts 

products are from 18.21 to 46.83 mg kg
-1

, grains and grain products from 0.42 to 

40.70 mg kg
-1

, legumes from 2.24 to 6.73 mg kg
-1

, fruits from 0.20 to 10.38 mg kg
-1

, 

vegetables and vegetable products from 0.42 to 6.64 mg kg
-1

, respectively (ASTDR, 

2000). 

Chemically, trivalent Cr is non-toxic and necessary for humans, while the hexavalent 

form is toxic. Vegetables and fruits that contain high amounts of chromium are 

tomato, spinach, broccoli (11 mcg chromium in half cup), onion, garlic, dry basil 

leaves (2 mcg in 1 tbsp), lettuce, fresh chili, green pepper, beet, mushroom, rye, apple 
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(1 mcg in 1 cup), orange juice (2 mcg in 1 cup) and grape juice (8 mcg in 1 cup) 

(ATSDR, 1998). 

Islam et al. (2012) observed the amount of Zn in different arums, bananas, vegetables 

and pulses which are locally available in Chittagong region of Bangladesh. The 

amount of Zn in twenty samples of arums was found to vary from 0.3174-9.0755 μg 

g
-1

. The highest and lowest value was found in arums of Typhonium trilobatum 

(Patiya) and Amorphophallus campanulatus (Satkaniya) respectively. In bananas the 

concentration of Zn varied from 0.1430 to 2.7360 μg g
-1

. The highest and lowest value 

was found in banana of Musa acuminata in Satkania and Ramgarh upazila 

respectively. The amount of Zn in vegetables was found to vary from 0.92-7.59 μg    

g
-1

. Zinc in pulses was found to vary from 1.29-29.50 μg g
-1

. The highest and lowest 

values were found in Lathyrus sativus and Phaseolus aureus, respectively. From four 

types of food, the highest value of Zn was found in pulse species of Lathyrus sativus 

and the lowest value of Zn in banana species of Musa acuminata respectively of 

Chittagong region, Bangladesh. 

 

2.3.2 Trace element concentrations in animal products 

Iron is found in animal products such as red meat, fish and poultry. Iron from animal 

products is better absorbed than iron from plant produces. Typical ranges of Mn 

concentrations in animal food products such as meat, poultry, fish and eggs are from 

0.10 to 3.99 mg kg
-1

 (ATSDR, 2000). 

Copper is an essential mineral required by the body for bone and connective tissue 

production. Animal liver and various shell fish contain on an average more than 20 

mg kg
-1

 copper. Meats normally have an average Cu content of about 2.5 mg kg
-1

 

(Schorrocks and Alloway, 1988). 

Food contains chromium at concentrations ranging from <10 to 1300 μg kg
-1

 

(ATSDR, 1998). The highest concentrations have been found in meat, fish, fruit, and 

vegetables. Utensils used in the preparation of food may contribute to chromium 

levels. 

Spallholz et al. (2008) determined the concentrations of Se in fishes from different 

areas of Bangladesh. Seven different unidentified fish sampled in Jessore averaged 

1.318 mg Se kg
-1

. Fish was the single highest source of dietary Se per unit dry weight. 

The Se content of the fish from Bangladesh was similar to values reported for U.S. 

tuna (1.075±0.093 mg kg
-1

) and flounder (0.825±0.024 mg kg
-1

). 
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2.3.3 Trace elements concentrations in drinks 

Heavy tea drinkers may have a higher Mn intake than the general population. An 

average cup of tea may contain 0.4–1.3 mg of Mn. Other beverages (including tea) 

contain Mn from 0.00 to 2.09 mg kg
-1

 (ATSDR, 2000). Manganese intake from 

drinking-water is normally lower than intake from food. 

The recommended limit of Cu is 2 mg kg
-1

 for beverages. Drinking water could make 

a significant contribution to Cu intake if it contained more than 0.25 mg L
-1

 

(Schorrocks and Alloway, 1988).  

As a trace mineral, Zn is found in many common foods and is also available as a non-

prescription dietary supplement. Drinking-water usually makes a negligible 

contribution to Zn intake. Under certain circumstances, tap water can provide up to 

10% of the daily intake of Zn (Gillies and Paulin, 1982). 

Most natural waters contain low levels of molybdenum. The WHO recommends a 

maximum level of molybdenum in drinking water of 0.07 mg L
-1

 and notes that 

concentrations of molybdenum in drinking water are typically less than 0.01 mg L
-1

. 

However, in areas near mining sites, molybdenum concentrations up to 0.2 mg L
-1

 

have been reported (WHO, 1993). 

Levels of Se in tap water samples from public water supplies around the world are 

usually much less than 10 μg L
-1

 but may exceed 50 μg mg L
-1

 (Gore et al., 2010). 

Drinking-water from a high soil Se area in China was reported to contain 50–160 μg 

L
-1

 (IPCS, 1987). 

Approximately 18% of the population of the USA are exposed to drinking-water 

levels between 2 and 60 μg Se L
-1

 and <0.1% to levels between 60 and 120 μg Se L
-1

 

(ODW, 1987). In the Netherlands, the chromium concentration of 76% of the supplies 

was below 1 μg L
-1

 and of 98% below 2 μg L
-1

 (Fonds et al., 1987). A survey of 

Canadian drinking-water supplies gave an overall median level of 2 μg Cr L
-1

, with 

maxima of 14 μg L
-1

 (raw water) and 9 μg L
-1

 (treated water) (Méranger et al., 1979). 

 

2.4  Heavy metal concentrations in foods (As, Sb, Cd, Pb, Ni & Hg) 

Absorption and accumulation of heavy metals in crops are influenced by many factors 

such as concentration of heavy metals in soil, composition and intensity of 

atmospheric deposition, including precipitations, stage of crop growth, parts of crops 

and morphological nature (Vontsa et al., 1996). In addition, various agricultural 

practices such as irrigation with wastewater, use of organic and mineral fertilizers 

with the load of heavy metals, or application of pesticides containing those elements 

contribute to heavy metal accumulation in vegetables (Singh et al., 2004; Sharma et 

al., 2006).  
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2.4.1 Heavy metal concentrations in plant produce 

Food and water are the main sources of our essential metals; these are also the media 

through which we are exposed to various toxic metals. Heavy metals are easily 

accumulated in the edible parts of leafy vegetables, as compared to grain or fruit crops 

(Mapanda et. al, 2005). Vegetables take up heavy metals and accumulate them in their 

edible (Bahemuka & Mubofu, 1991) and inedible parts in quantities high enough to 

cause clinical problems both to animals and human beings consuming these metal-

rich plants (Alam et al., 2003).  

Saha and Zaman (2013) investigated the concentrations of heavy metals (Pb, Mn, Cr, 

Cd and As) in vegetables, fruits, and fish species collected from Shaheb Bazar of 

Rajshahi City, Bangladesh. The highest concentrations of Mn and As in vegetables 

(onion and pointed gourd, respectively), Cr and Cd in fruits (black berry and mango, 

respectively), and Pb in fish (catla) are recorded.  

Rahman et al. (2012) assessed the concentration of home-grown vegetables in a 

severely As-contaminated area of Bangladesh. The median concentrations of As, Cd,  

Cr, Co, Cu, Pb, Mn, Ni and Zn in vegetables were 90 μg kg
-1

, 111 μg kg
-1

, 0.80 mg 

kg
-1

, 168 μg kg
-1

, 13 mg kg
-1

, 2.1 mg kg
-1

, 65 mg kg
-1

, 1.7 mg kg
-1

, and 50 mg kg
-1

, 

respectively.  

Al-Rmalli et al. (2012) determined the levels of Cd in different food items from 

Sylhet districts. They reported  Cd levels in  rice grains (37.2 ± 30 μg kg
-1

), puffed 

rice (67.9 ± 102 μg kg
-1

), leafy vegetables (31 ± 29 μg kg
-1

), nonleafy vegetables (7.6 

± 8 μg kg
-1

), fruits (2.3 ± 1.2 μg kg
-1

), and spices (89 ± 87 μg kg
-1

). The content of Cd 

in leafy and nonleafy vegetables varied between 0.7 and 0.8 μg kg
-1

 (in ivy gourd and 

peas) to 4 (lentils) and 4.9 μg kg
-1

 (beans). The highest Cd levels were detected in 

leafy vegetables (ranged from 3.3 to 303 μg kg
-1

). Different varieties of leafy 

vegetables were found to have particularly high levels of Cd, with mean 

concentrations ranging from 46.4 to 100.5 μg kg
-1

.  

Ahmad and Goni (2010) estimated the concentrations of Cu, Zn, Pb, Cr, Cd, Fe, and 

Ni in soils and vegetables grown in and around an industrial area of Bangladesh. 

Accumulation of the heavy metals in vegetables studied was lower than the 

recommended maximum tolerable levels proposed by the Joint FAO/WHO (Expert 

Committee on Food Additives), with the exception of Cd which exhibited elevated 

content.  

Naser et al. (2009) studied the levels of Pb, Cd and Ni in spinach (Spinacia oleracea), 

tomato (Lycopersicon esculentum) and cauliflower (Brassica oleracea) and in the 

rhizosphere soils of the industrially polluted (Konabari, Gazipur; Keranigonj, Dhaka), 

and non-polluted (BARI, Gazipur) areas. Their concentrations varied with the metals 

http://www.ncbi.nlm.nih.gov/pubmed?term=Saha%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22933105
http://www.ncbi.nlm.nih.gov/pubmed?term=Zaman%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=22933105
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and locations, showing the trend: Ni>Pb>Cd and directly polluted> indirectly 

polluted>non-polluted soils. The order of the elements in spinach, tomato, and 

cauliflower and their concentration ranges in μg g
-1

 of dry weight were Ni (1.265-

5.369), (2.031-4.957), (1.698-4.447); Pd (0.767-1.440), (1.027-1.968), (0.486-1.119); 

and Cd (0.559-1.40), (0.630-1.303), (0.506-0.782), respectively. Lead concentration 

was higher in tomato, followed by spinach and the least in cauliflower irrespective of 

the locations. Cadmium and Ni concentrations were found in the order of 

spinach>tomato>cauliflower, especially in the industrially polluted areas. Lead, Cd, 

and Ni concentrations in the studied vegetables were higher than those found in 

vegetables from other countries, but they were lower than the maximum level allowed 

in India.  

Islam et al. (2005) determined the concentration of heavy metals in 24 different types 

of vegetables grown in Chapai Nawabganj of Bangladesh. The lowest concentration 

of As (0.31 μg g
-1

) was recorded with bottle gourd and the highest concentration of As 

(0.81 μg kg
-1

) was observed with cabbage. The Pb and Cd concentrations of the 

vegetables ranged from 0.03 - 0.70 μg kg
-1

 and 0.02 - 0.36 μg kg
-1

, respectively. 

Turkdogan et al. (2002) investigated levels of seven different heavy metals, (Co, Cd, 

Pb, Zn, Mn, Ni and Cu) in soil, fruit and vegetable samples of Van region in Eastern 

Turkey where upper gastrointestinal (GI) cancers are endemic. Four heavy metals 

(Cd, Pb, Cu and Co) were present in 2- to 50-fold higher concentrations whereas Zn 

levels were present in 40-fold lower concentrations in soil. The fruit and vegetable 

samples were found to contain 3.5- to 340-fold higher amounts of the six heavy 

metals (Co, Cd, Pb, Mn, Ni and Cu) tested. The volcanic soil, fruit and vegetable 

samples contain potentially carcinogenic heavy metals in such a high levels that these 

elements could be related to the high prevalence of upper gastrointestinal cancer rates 

in Van region. 

Beccaloni et al. (2012) studied the concentration of As, Cd, Pb and Zn in thirty-five 

different vegetables and fruits that were collected for a total of 255 samples in an 

industrial area of Sardinia, Italy. Spices and herbs showed the highest concentrations 

of all four elements; the highest median concentrations for other food were found in 

pulses for As (0.142 mg kg
-1

), in leafy vegetables for Cd (0.147 mg kg
-1

), in fruits for 

Pb (0.294 mg kg
-1

), and in pulses for Zn (13.03 mg kg
-1

). Hamurcu et al. (2010) 

determined the rate of heavy metal pollution of some minor fruit samples growing at 

the roadsides in Turkey. Lead, Zn and Cu were found at the high levels in fruit 

samples. The results showed the average level of Cu was between 0.27 mg kg
-1

 and 

0.05 mg kg
-1

, Cr 0.32 mg kg
-1

 and 0.18 mg kg
-1

, Ni 0.68 mg kg
-1

and 1.54 mg kg
-1

, Pb 

2.86 mg kg
-1

 and 1.54 mg kg
-1

 and Se 12.96 mg kg
-1

 and 5.42 mg kg
-1

.  
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Plants take up heavy metals by absorbing them from deposits on the parts of the 

plants exposed to the air from polluted environment as well as from contaminated 

soils (Khairiah et al., 2004; Al-Jassir et al., 2005; Kachenko and Singh, 2006; Singh 

and Kumar, 2006; Sharma et al., 2008a,b). 

Sobukola et al. (2010) determined heavy metal levels in eight different leafy 

vegetables from selected markets in Nigeria. The levels of Pb, Cd, Cu, Zn, Co and Ni  

in the leafy vegetables ranged from 0.09±0.01 to 0.21±0.06; 0.03±0.01 to 0.09±0.00; 

0.02±0.00 to 0.07±0.00; 0.01±0.00 to 0.10±0.00; 0.02±0.00 to 0.36±0.00 and 

0.05±0.04 to 0.24±0.01 mg kg
-1

, respectively. 

Singh and Taneja (2010) observed higher concentrations of Zn, Cu, and Mn in the 

vegetable foodstuffs, showing a range of 25.2 to 50.0 mg kg
-1

, 2.4 to 9.8 mg kg
-1

 and 

0.18 to 2.8 mg kg
-1

, respectively.  

Al-Jassir et al. (2005) have reported elevated levels of heavy metals in vegetables sold 

in the market of Riyadh city in Saudi Arabia due to atmospheric deposition. Sharma et 

al. (2008a, b) have reported that atmospheric deposition can significantly elevate the 

levels of heavy metals contamination in vegetables commonly sold in the markets of 

Varanasi, India. High accumulations of Pb, Cr and Cd in leafy vegetables due to 

atmospheric deposition have also been reported by Vouts et al. (1996). Okunola et al. 

(2008) studied the concentration of Cd and Zn in the soil and vegetation along some 

roadsides in Nigeria and concluded that automobiles are a major source of these 

metals along the roadside environment.  

Odai et al. (2008) studied the concentration of heavy metals in cabbage, lettuce and 

cauliflower grown on urban waste dump sites. The levels of the two most toxic heavy 

metals (Cd and Pb) were far higher in the vegetables than the WHO/FAO 

recommended values and the transfer factors of these two metals were also the highest 

suggesting that consumption of vegetables grown on such sites could be dangerous to 

human health. 

As reported by Maleki and Zarasvand (2008), the average concentrations of each 

heavy metal regardless of the kind of vegetables for Pb, Cu, Cr and Cd were 

13.60±2.27,  11.50±2.16, 7.90±1.05 and 0.31±0.17 mg kg
-1

, respectively.  

The contents of Pb, Cu, Cr, Zn and Cd in various leafy vegetables viz., spinach, 

coriander, lettuce, radish, cabbage and cauliflower grown in an effluent irrigated 

fields in the vicinity of an industrial area of Faisalabad, Pakistan were assessed 

(Farooq et al., 2008). The contents of Cu, Zn, Cr, Pb and Cd were below the 

recommended maximum acceptable levels proposed by the Joint FAO/WHO Expert 

Committee on Food Additives. The leaves of spinach, cabbage, cauliflower, radish 

and coriander contained higher concentrations of Cu (0.923 mg kg
-1

), Cd (0.073 mg 

http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#21544_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#753009_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#753052_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#52195_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#52195_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#752966_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#194010_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#753009_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#752966_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#752966_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#194010_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#608886_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#124210_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#124210_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#124447_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#753083_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#752956_ja
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kg
-1

), Cr (0.546 mg kg
-1

), Zn (1.893 mg kg
-1

) and Pb (2.652 mg kg
-1

) as compared to 

other parts of each vegetable.  

Abdullahi et al. (2009) determined the concentration of Cd, Cr and Pb in onion leaf 

samples. Cadmium, Cr and Pb in onion leaves of study sites were found in the range 

of 0.667-0.933, 3.870-7.870 and 5.870-7.537 mg kg
-1

, respectively while the results of 

control sites showed values ranging from 0.583-0.700, 0.447-0.842 and 3.833-7.333 

mg kg
-1

 for Cd, Cr and Pb, respectively. The trend of abundance of heavy metals in 

both sites followed the same sequence: Pb > Cr > Cd. 

Suruchi and Jilani (2011) have investigated the accumulation of air borne heavy 

metals in edible parts of vegetables in the selected areas of Agra, India. Three samples 

of vegetables were taken and the concentrations of Pb, Cd, Cr, Ni and Zn were 

determined in washed and unwashed test samples by AAS. The result revealed high 

concentration of toxic elements in unwashed samples than in the washed samples. 

Heavy metal contamination of agricultural soils from wastewater irrigation is of 

serious concern since it has implications on human health. A study carried out by 

Mensah et al. (2008) in Ghana using water to which Cd and Pb had been added to 

irrigate cabbage, carrot and lettuce revealed that Cd and Pb concentrations increased 

with irrigation water concentrations significantly with p-value of Cd<0.001 and for 

Pb<0.05. Excessive accumulation of heavy metals in agricultural soils through 

wastewater irrigation, may not only result in soil contamination, but also affect food 

quality and safety (Muchuweti et al., 2006; Chen et al., 2005; Singh et al., 2004).  

Banerjee et al. (2011) assessed the Pb, Cd, Cu and Cr levels in vegetables 

(cauliflower, brinjal and Indian spinach) collected from different markets in Kolkata, 

India. Heavy metal content was found highest in unwashed samples followed by 

washed and boiled samples. Permissible limits of Cu, Pb, Cd and Cr in vegetables as 

recommended by WHO/FAO are 40, 0.3 0.2 and 2.3 mg kg
-1

, respectively (Maleki 

and Zarasvand, 2008).   

Jiang et al. (2012) determined the contents of As, Hg, Pb and Cd in milled rice. 

Among 216 genotypes, the As, Hg, Pb and Cd contents were ranged from 5.06 to 

296.45, 2.46 to 65.85, 4.16 to 744.95 and 5.91 to 553.40 ng g
-1

, respectively. 

Shakerian et al. (2012) investigated the Cd and Pb contents of several commercially 

available brands of rice grains (Oryza sativa) in central Iran. A total of 67 samples of 

the most widely consumed brands of rice grains were purchased from local markets in 

Shahrekord, Iran. The results showed that Cd concentration in rice grains ranged from 

0.0378 to 0.1225 mg kg
-1

 dry weight and its average concentration was 

0.062 ± 0.019 mg kg
-1

 and Pb content ranged from 0.0405 to 0.1281 mg kg
-1

 dry 

weight and its average concentration was 0.068 ± 0.0185 mg kg
-1

. 

http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#752888_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#3009_op
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#117940_ja
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Park et al. (2011) investigated the transfer factors of As, Cd and Pb from soil to 

polished rice based on the total and HCl-extractable concentration of As, Cd, and Pb 

in soil. The results showed that As, Cd, and Pb contents in polished rice and human 

health risk through rice intake were more influenced by HCl-extractable 

concentrations of As, Cd, and Pb in soil than by total concentration.   

Uraguchi and Fujiwara (2012) reviewed that Cd is a toxic heavy metal which harms 

human health. In Japan, a major source of human Cd-intake is rice grains and 

contamination of paddy soils by Cd and accumulation of Cd in rice grains are the 

serious agricultural issues. There also exists Cd contamination of rice and its toxicity 

in several populations in countries including China and Thailand.  

Al-Rmalli (2012) reported that in puffed rice, which is commonly consumed by 

Bangladeshis, contained much higher levels of Cd (mean 67.9 μg kg
-1

) and Pb (mean 

98 μg/kg), compared to uncooked rice (Cd, 37.2 μg kg
-1

; Pb, 18.9 μg kg
-1

). This may 

be related to the illegal practice of using urea for whitening puffed rice in Bangladesh.  

Zhang et al (2011) showed the single-variable regression models were significant for 

As, Cd and Pb uptake both by rice and vegetables; however, the standard errors of all 

the regressions were comparatively large. Soil pH as a variable was generally 

significant but it only contributed positively to model fit for Cd uptake. After model 

comparison and selection, the upper 95% prediction limits of the multiple regression 

model for Cd uptake by rice was recommended to calculate screening value of Cd for 

paddy soil based on the limit for Cd concentration in rice grain. 

Matos-Reyes et al. (2010) shows the total content of As, Sb and Se in vegetables and 

cereals. The levels of the aforementioned elements expressed in ng g
-1

 dry weight 

show a wide variation, and no common tendency related to the type of sample was 

observed. For As, the highest levels were found in mushroom, endive and carrot, 

while for Sb the highest levels were found in chard, spinach and parsley samples. 

Aubergine, artichoke, cauliflower, and lettuce showed the highest levels for Se. For 

the case of pulses, their concentrations were lower than for vegetables. Arsenic (13–

61 ng g
-1

) and Se (15–270 ng g
-1

) concentrations were, as in the case of vegetables, 

the highest ones. Antimony is at levels in general lower than in vegetables. In cereal 

samples, As and Se are at levels higher than those found for the other trace elements 

considered. The highest As levels were found in wheat bran, rice semolina, rye flour 

and rice. The As levels found in rice probably could be attributed to the quality of 

water used for cultivation. The difference between the As contents found in wheat 

semolina (86 ± 4 ng g
-1

) and wheat flour (<LOD) is probably due to the ingredients 

used in the elaboration of wheat semolina.  

Amin et al. (2013) studied the accumulation of eight heavy metals (Cu, Ni, Zn, Cr, Fe, 

Mn, Co and Pb) in green vegetables like Allium cepa, Allium sativum, Solanum 
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lycopersicum and Solanum melongena, irrigated with wastewater in Mardan. They 

showed that metals in vegetable grown on wastewater irrigated soil were significantly 

higher than those of tube well water irrigated soil. The most heavily contaminated 

vegetable was wastewater irrigated A. cepa, where the accumulation of Mn (28.05 mg 

kg
-1

) in the edible parts was 50-fold greater than Allium cepa irrigated with tube well 

water irrigated soil. It may be concluded that both adults and children consuming 

these vegetables grown in wastewater irrigated soil ingest significant amount of these 

metals and thus can cause serious health problems. 

Shakerian et al. (2012) investigated the Cd and Pb contents of 67 samples of different 

brands of rice grains (Oryza sativa) from central Iran. Cadmium concentration in rice 

grains ranged from 0.0378 to 0.1225 mg kg
-1

 (dry weight basis) and its average 

concentration was 0.062 ± 0.019 mg kg
-1

 and Pb content ranged from 0.0405 to 

0.1281 mg kg
-1

 dry weight and its average concentration was 0.068 ± 0.0185 mg kg
-1

.  

Jiang et al. (2012) determined the contents of As, Hg, Pb and Cd in milled rice of 216 

genotypes in China. The As, Hg, Pb and Cd contents in milled rice ranged from 5.06 

to 296.45, 2.46 to 65.85, 4.16 to 744.95 and 5.91 to 553.40 ng g
-1

, respectively. The 

averages of As and Pb contents for indica rice were higher than those of japonica rice, 

while the averages of Hg and Cd contents were in contrast.  

 

2.4.2 Heavy metals concentration in animal products 

Of the chemical pollutants, heavy metal being non-biodegradable, they can be 

concentrated along the food chain, producing their toxic effect at points after far 

removed from the source of pollution (Tilzer and Khondker, 1993). Heavy metals that 

are introduced into the aquatic environment are ultimately incorporated into the 

aquatic sediments; organisms living in these sediments accumulate these heavy metals 

to varying degrees (Cross et al., 1970; Bryan and Hummerstone, 1977).  

In Bangladesh, the concentration of heavy metals in fish, water and sediment has been 

studied to a considerable extent, of them Sharif et al. (1991, 1993 a, b), Bhowmik 

(2002) and Ahmed et al. (2009a,b) are important, however conclusive study is yet to 

be done.  

Saha and Zaman (2013) investigated the concentrations of heavy metals (Pb, Mn, Cr, 

Cd, and As) in fish species collected from the central market (called Shaheb Bazar) of 

Rajshahi City, Bangladesh. The highest concentration of Pb was found in catla fish.  

Al-Rammali et al. (2012b) determined the concentrations of Cd in different fishes of 

Bangladesh and reported 0.7 to 0.8 μg kg
-1

 for small fish and big fish, but it was high 

for Hilsha fish eggs (mean 47 μg kg
-1

).   

http://www.ncbi.nlm.nih.gov/pubmed?term=Saha%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22933105
http://www.ncbi.nlm.nih.gov/pubmed?term=Zaman%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=22933105
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Sharif et al. (2007) determined Hg concentration in edible portion of some popular 

sweet water fish species namely, Tenualosa ilisha, Pangasius pangasius, Septinna 

phasa, Neopropius atherinoides, Otolithoides pama, Puntius sarana, Ompok pabda, 

Sperata aor, Clarias batrachus, Heteropneustes fossil, Labeo rohita, and Catla catla. 

Among fish species, Hg concentrations varied from 0.243 to 0.675 µg g
-1

 (dry weight 

basis). Later Sharif et al. (2009) reported that concentrations of Hg in edible portion 

of some commonly consumed fresh water fish (14 varieties) namely, 

Amblypharyngodon mola, Orechromis niloticus, Orechromis mossambicus, Channa 

guchua, Barbonymus gonionotus, Nangra nangra, Megarasbora elanga, Chanda 

mama, Clarias gariepinus, Colisa fasciata, Labeo gonius, Silonia silonia and 

Chagunius chagunio were found to range from 0.20-0.91 µg g
-1

 (dry weight basis). 

Ahmed et al. (2010) determined the spatial and temporal distribution of heavy metals 

in water, sediment and fish (dry weight basis) of Buriganga River, Bangladesh. In 

water concentration of Pb, Cd, Ni, Cu and Cr varied seasonally and spatially from 

58.17 to 72.45μg L
-1

, 7.08 to 12.33μg L
-1

, 7.15 to 10.32μg L
-1

, 107.38 to 201.29 μg L
-

1
 and 489.27 to 645.26 μg L

-1
, respectively. Chromium was the most abundant in the 

water of Balughat during pre-monsoon, whereas, Cd was the most scarce in the water 

of Shawaryghat during monsoon. The sediment also showed spatial and temporal 

variation of Pb, Cd, Ni, Cu and Cr ranged from 64.71 to 77.13 mg kg
-1

, 2.36 to 4.25 

mg kg
-1

, 147.06 to 258.17 mg kg
-1

, 21.75 to 32.54 mg kg
-1

 and 118.63 to 218.39 mg 

kg
-1

, respectively. Among all the metals studied in sediment, Ni was the highest at 

Faridabad during pre-monsoon and Cd was the lowest at Shawaryghat during 

monsoon. In six species of fish studied, the concentration of Pb, Cd, Ni, Cu and Cr 

varied seasonally from 8.03 to 13.52 mg kg
-1

, 0.73 to 1.25 mg kg
-1

, 8.25 to 11.21 mg 

kg
-1

, 3.36 to 6.34 mg kg
-1

 and 5.27 to 7.38 mg kg
-1

, respectively. Of the five metals 

studied Pb concentration was the highest in Gudusia chapra during monsoon, in 

contrast, Cd concentration was the lowest in Cirrhinus reba during post-monsoon. 

Some of the heavy metal concentrations are higher than the recommended value, 

which suggest that the Buriganga is to a certain extent a heavy metal polluted river 

and the water, sediment and fish are not completely safe for health. 

Indiscriminate use of potential toxic chemicals in the agricultural field ultimately 

drains into the adjacent water bodies and are carried downstream through the river 

waters. Their subsequent incorporation into the food chain, with biological 

magnification, at highest tropic level, risks the stability of biota itself and also results 

in the disruption of the biogeochemical cycles of the ecosystem. The problem may be 

exacerbated due to increased concentrations of toxicants during summer paddy 

cultivation when rivers have low discharge (Karim, 1994). High concentrations of 

heavy metals in the water have been reported to reduce fish growth with elevated 

levels of heavy metals in the flesh (Vinodhini and Narayanan, 2008).  
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Vinodhini and Narayanan (2008) reported that the bioaccumulation of heavy metals 

(Cd, Pb, Ni and Cr) was the highest in liver compared to gills and flesh of Cyprinus 

carpio (common carp). The concentrations of Cr, Ni, Cd and Ni in fish flesh were 2.2, 

1.5, 1.55 and 2.5 μg g
-1

, respectively.  

Singh and Taneja (2010) reported that the concentrations of Zn, Cu, and Mn in the 

meat foodstuffs ranges from 102.8 to 165.2 mg kg
-1

 of Zn, 1.2 to 5.8 mg kg
-1

 of Cu 

and 0.78 to 1.5 mg kg
-1

 of Mn. 

Rahimi (2012) determined the Pb and Cd concentration in Cow‘s milk in Iran. He 

reported that the Pb concentration in milk ranged from 1.84-20.7 ng ml
-1

 with the 

mean value of 9.88 ng ml
-1

 while for Cd it ranged from 0.28-3.43 ng ml
-1

 and the 

mean value of 0.92 ng ml
-1

.  

Mondal and Suzuki (2002) detected 13.5-21.0 µg As ml
-1

 in powdered milk in Japan. 

Rana et al. (2008) found As in dairy milk (156±9 µg ml
-1

) at Paschim Bangla India. 

Ghosh et al. (2013) analyzed 210 cow milk samples from Madaripur, Chandpur, 

Satkhira, Jessore and Faridpur for total arsenic analysis. The milk arsenic 

concentration over the locations was 26.2±2.8 µg ml
-1

.  

Mukherjee and Bhupander (2011) determined toxic heavy metal concentrations of Cd,  

Hg and As in muscle tissue of six marine fish species collected from north eastern 

Bay of Bengal, India. The concentrations of As, Cd and Hg were in range of 0.02-2.34 

μg g
-1

, 0.01-2.10 μg g
-1

 and 0.07-1.60 μg g
-1

 (dry weight basis), respectively. Arsenic 

was higher in average concentration followed by Hg and Cd and their average 

concentrations were 0.66±0.09 μg g
-1

, 0.62±0.05 μg g
-1

 and 0.47±0.07 μg g
-1

 (dry 

weight basis), respectively.  

Canli et al. (1998) determined the concentrations of Cd, Pb, Cu, Cr and Ni in the gill, 

liver and muscle of Cyprinus carpio, Barbus capito and Chondrostoma regium caught 

at 5 stations on the Seyhan river system. Heavy metal concentrations in the tissues 

tended to vary significantly among stations, and one station thought to be 

contaminated by hospital effluents showed particularly high metal concentration. 

Liver and gill tissues showed higher metal concentrations than muscle tissue. The 

ranges of mean metal concentrations (μg g
-1

 dry weight) were as follows: the range of 

Cd concentration was 1.26-6.10, 0.96-4.72 and 0.51-1.67, that of Pb was 9.41-44.75, 

5.22-37.15 and 2.94-13.73, that of Cu was 5.43-58.63, 5.91-201.1 and 3.27-7.35, that 

of Cr was 1.72-6.10, 0.23-5.35 and 0.36-1.71 and that of Ni was 6.83-28.03, 3.42-

27.05 and 1.62-13.35 in the gill, liver and muscle, respectively.  

Among marine animals, arsenic is found to be accumulative to levels from 0.005 to 

0.3 μg g
−1

 in coelenterates, some molluscs and crustaceans. Some shellfish may 

contain over 100 μg g
−1

 of arsenic. The average As content in freshwater fish is of 
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0.54 μg g
−1

 on the basis of total wet weight, but some values reach as high as 77.0 μg 

g
−1

 in the liver oil of freshwater basis (Whitacre and Pearse, 1972). 

Al-Rmalli (2012) for the first time reported, arsenic speciation in Bangladeshi fish. 

Hilsha, which is a very popular fish in Bangladesh, contained 2.55 mg/dry wt (mean 

value) of total arsenic. Extraction efficiencies were 59 – 89% for fish flesh, over 69% of 

arsenic present in the extract was dimethyl arsenic acid (DMA) species with about 11% 

arsenobetaine and 19% arsenosugar. 

Biswas et al. (2012) estimated the concentrations of Cu, Mn, Zn, Fe, Cr, and Pb in 

nine commercially important and locally consumed fish species (Sarda orientalis, 

Scomberomorus commerson, Rastrelliger kanagurta, Sardinella longiceps, 

Paraplagusia bilineata, Cynoglossus lida, Cynoglossus macrostomus, Lepturacanthus 

savala, and Siganus javus) collected from coastal waters of Kalpakkam, eastern part 

of India. Their concentration (μg g
−1

) in the examined fish species ranged as follows: 

Cu (0.8–6.5), Zn (14.3–27.9), Mn (0.5–8.8), Fe (17.6–117.0), Cr (0.24–1.78), and Pb 

(0.18–2.29).  

 

2.4.3 Heavy metal concentrations in drinks 
 

Bingol et al. (2010) investigated the levels of heavy metals in soft drinks from Turkey 

using ICP-OES method. They noted the mean levels of As, Cu, Zn, Cd and Pb as 

0.037, 0.070, 0.143, 0.005 and 0.029 mg L
−1

, respectively which however were within 

the Turkish Food Codex values.  

Krejpcio et al. (2005) from Poland reported Pb, Cd, Cu and Zn levels as 0.020-0.46 

mg L
−1

, 0.004-0.060 mg L
−1

, 0.047-1.840 mg L
−1

 and 0.063-3.39 mg L
−1

, respectively 

in fruit juice samples. In Nigeria, Maduabuchi et al. (2006) observed Cd levels as 

0.003-0.081 mg L
−1

 in canned drinks and 0.006-0.071 mg L
−1

 in non-canned drinks. 

The Pb levels they recorded as 0.002-0.0073 mg L
−1

 and 0.092 mg L
−1

, respectively. 

Onianwa et al. (2001) reported Cd, Cu, Pb and Zn levels as 0.002, 0.10, 0.04 and 0.15 

mg L
−1

, respectively in carbonated soft drinks in Nigeria. They noted these metals 

levels in fruit juice as 0.003, 0.52, 0.06 and 0.46 mg L
−1

, respectively. A research 

performed in England revealed that the Pb, As and Cd levels in non-alcolic beverage 

samples were determined as 0.02, <0.01 and 0.0004-0.001 mg L
−1

, respectively 

(MAFF, 1998). 

Tasnim et al. (2010) performed a study to evaluate the As, Pb, Zn and Cu 

concentration of industrially processed packed juices of mango (Mangifera indica) 

and orange (Citrus sinensis) from nine different manufacturing companies in Dhaka 

city. The levels of metals tested namely, As, Pb, Cu and Zn in the juices were in the 
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range of As 0.002-0.010 mg kg
−1

, Pb 0-0.045 mg kg
−1

, Zn 0-1.64 mg kg
−1

 and Cu 

0.13-1.5 mg kg
−1

, respectively.  

 

2.5 Intake of trace elements and heavy metals by humans through food  

Rahman et al. (2012) assessed the daily consumption by adults of As and other 

elements in drinking water and home-grown vegetables in a severely As-contaminated 

area of Bangladesh. Daily intakes of As, Cd, Cr, Co, Cu, Pb, Mn, Ni, and Zn from 

vegetables and  drinking water for adults were 839 μg, 2.9 μg, 20.8 μg, 5.5 μg, 0.35 

mg, 56.4 μg, 2.0 mg, 49.1 μg, and 1.3 mg, respectively. The health risks from 

consuming vegetables were estimated by comparing these figures with the 

WHO/FAO provisional tolerable weekly or daily intake (PTWI or PTDI). Vegetables 

alone contribute 0.05μg of As and 0.008 mg of Cu per kg of body weight (bw) daily; 

0.42 μg of Cd, 8.77 mg of Pb, and 0.03 mg of Zn per kg bw weekly.  

Saha and Zaman (2013) calculated the target hazard quotient (THQ) and hazard index 

(HI) to evaluate the non-carcinogenic health risk from individual and combined heavy 

metals due to intake of different food items in Rajshahi town. The THQ values for 

individual heavy metals are below 1, suggesting that people would not experience 

significant health risks if they ingest a single heavy metal from one kind of foodstuff 

(e.g., vegetables). However, consumption of several foodstuffs could lead a potential 

health risk to human population since HI value is higher than 1. The relative 

contributions of vegetables and fruits to HI are 49.44 and 11.53 %, respectively. Also, 

the relative contributions of Pb, Cd, As, Mn, and Cr to HI are 51.81, 35.55, 11.73, 

0.85, and 0.02 %, respectively. 

Al-Rmalli (2012a) calculated total daily intake of As (306 μg d
−1

), Se (90.4 μg d
−1

), 

Cd (34.6 μg d
−1

), lead (74.4 μg d
−1

), Mn (20.3 mg d
−1

) and Zn (11.2 mg d
−1

) in the 

Bangladeshi population. The intake of arsenic and Mn exceeds the PMTDI for these 

elements. Water was the highest source of arsenic exposure in Bangladeshis followed 

by rice. For Cd and Pb, rice and leafy vegetables were the key contributors to the 

daily intake. 

Consumption of 450g rice d
−1 

head
−1

 alone from contaminated sites may supply more 

than the potential maximum daily intake of As (Islam et al., 2007). A good amount of 

As is also being consumed due to intake of vegetables grown in As contaminated soils 

(Alam et al., 2003; Roychowdhury et al., 2003; Islam et al., 2005). Roychowdhury et 

al. (2003) reported that the average daily dietary intake of Cu, Ni and Mn is high, 

whereas for Zn, the value was low (for adult males: 8.34 and 10.2 mg d
−1

; adult 

females: 8.26 and 10.3 mg d
−1

; and the children: 4.59 and 5.66 mg d
−1

) in the Jalangi 

and Domkol blocks, respectively, compared to the recommended dietary allowance 

for Zn for adult males, adult females and children (15, 12 and 10 mg d
−1

, 

http://www.ncbi.nlm.nih.gov/pubmed?term=Saha%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22933105
http://www.ncbi.nlm.nih.gov/pubmed?term=Zaman%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=22933105
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respectively). The average daily dietary intake of Se (µg kg
−1

 body weight day
−1

) is 

on the lower side for the children and adult (1.07 and 1.26), comparable to the 

recommended value (1.7 and 0.9 µg kg
−1

 body weight day
−1

 for infants and adults, 

respectively). Alam et al. (2003) estimated the average daily intake of heavy metals 

through vegetables in Samta village of Jessore district. They estimated that per capita 

consumption of 130 g fresh vegetables supplied 27.78 µg As, 9.45 µg Cd, 74.7 µg Pb, 

12 mg Cu and 25 mg Zn to human.  Islam et al. (2005) reported that the intake of 130 

g fresh vegetables daily by an adult of 60 kg body weight contributes 598-10851 μg 

Fe, 72 -1067 μg Mn and 33 -565 μg Zn d
-1

, and 2.4-16.4%, 0.2-5.0%, 0.4 -13.4% of 

the provisional maximum tolerable daily intake for As, Pb and Cd, respectively. 

Maleki and Zarasvand (2008) reported that the dietary intake of Pb, Cu, Cr and Cd 

through vegetable consumption was estimated 2.96, 2.50, 1.72 and 0.07 mg d
-1

, 

respectively in Iran.  

Sharma et al. (2006) reported that the estimated daily intake of Cd in different 

countries ranges from 20-60 µg day
-1

 while the tolerable daily intake of Cd is about 

57-72 µg d
-1

. Water, food and smoking are the major sources of Cd. Among the most 

important food possible contaminated with Cd are pork meat, fish, milk, beer, and 

vegetables. Leafy vegetables potatoes and beans are likely to absorb more Pb than 

fruiting crops like tomatoes, beats, etc. 

Fu et al. (2008) estimated that  Pb daily intake through rice consumption 3.7 µg day
-1

 

kg
-1

 body weight, which already exceeded the FAO tolerable daily intake, and the Cd 

daily intake (0.7 µg d
-1

 kg
-1

 body weight) through rice had already taken up 70% of 

the total tolerable daily intake (1 µg d
-1

 kg
-1

 body weight). The daily intake of Hg and 

As through rice was much lower than the tolerable daily intakes, but bioaccumulation 

of Hg through the food chain and intake of As from other food stuff should also be of 

concern. 

The dietary intake of As, Cd, Pb and Zn has been estimated through an environmental 

research carried out in a small town located in an industrialized area of Sardinia, Italy 

(Beccaloni et al., 2012). Human health risk assessment was evaluated for three 

population groups: total population, infants and children. Provisional Tolerable 

Weekly Intake (PTWI) values were used for the risk assessment of As, Cd and Pb. 

For each population group, the toxicological parameters have not been exceeded. The 

highest estimated intake was for Pb and Cd, while intake of Zn and As was very low. 

Infants are more sensitive than the other population groups as expected. 

Vegetables are an important component of diet after cereals. Vegetables can 

effectively buffer some toxic substances produced during the digestion process (Bean 

et al., 2010). However, nutritional value and consumer acceptance must be taken into 

consideration when vegetables are considered as food, because vegetables can contain 

http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#753083_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=dietary+intake
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both essential and non-essential elements over a wide range of concentrations (Gupta 

et al., 2008). Concentration and daily intake (DI) of heavy metals (Pb, Zn, Mn, Cu, Cd 

and Cr) in market vegetables in Chongqing of China are investigated and their 

potential health risk for local consumers is simultaneously evaluated by calculating 

the target hazard quotient (THQ). The results showed that the measured Pb and Cd 

concentrations exceeded the safety limits given by FAO/WHO and Chinese 

regulations, indicating serious contamination of market vegetables by these heavy 

metals (Yang et al., 2011). As respective DI values for Pb, Mn and Cd were also 

above the international guideline bases, health risk to the consumers is obvious. The 

individual THQ for Pb and Cd in pakchoi and Cd in mustard, and the combined THQ 

for all metals in each vegetable species excluding lettuce were above the threshold 

1.0, implying the obviously adverse effect on health. 

Dietary exposure to heavy metals, namely Cd, Pb, Zn and Cu has been identified as a 

risk to human health through the consumption of vegetables (Kachenko and Singh, 

2006). 

2.6  Heavy metal contaminations and health implications 

Heavy metals are very harmful because of their non-biodegradable nature, long 

biological half lives and their potential to accumulate in different body parts (Sharma 

et al., 2007). A number of serious health problems may develop as a result of 

excessive uptake of dietary heavy metals such as Cd, Cr & Pb in human body (Oliver, 

1997). Furthermore, the consumption of heavy metal-contaminated food can seriously 

deplete some essential nutrients in the body causing a decrease in immunological 

defences, intrauterine growth retardation, impaired psycho-social behaviour, 

disabilities associated with malnutrition and a high prevalence of upper 

gastrointestinal cancer. 

  

 

 

 

 

 

 

 

 

Fig.2.1 Health response for toxic element (adapted from Fergusson, 1990). 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Heavy+metals
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Prolonged consumption of unsafe concentrations of heavy metals through foodstuffs 

may lead to the chronic accumulation of heavy metals in the kidney and liver of 

humans causing disruption of numerous biochemical processes, leading to 

cardiovascular, nervous, kidney and bone diseases (Jarup, 2003). 

Heavy metals are generally not removed even after the treatment of wastewater at 

sewage treatment plants, and thus cause risk of heavy metal contamination of the soil 

and subsequently to the food chain. Intake of heavy metals through the food chain by 

human populations has been widely reported throughout the world (Muchuweti et al., 

2006). Due to the non-biodegradable and persistent nature, heavy metals are 

accumulated in vital organs in the human body such as the kidneys, bones and liver 

and are associated with numerous serious health disorders (Duruibe et al., 2007). 

Individual metals exhibit specific signs of their toxicity. Lead, As, Hg, Zn, Cu and Al 

poisoning have been implicated with gastrointestinal disorders, diarrhoea, stomatitis, 

tremor, hemoglobinuria causing a rust-red colour to stool, ataxia, paralysis, vomiting 

and convulsion, depression, and pneumonia (McCluggage, 1991). The nature of 

effects can be toxic (acute, chronic or sub-chronic), neurotoxic, carcinogenic, 

mutagenic or teratogenic (European Union, 2002). 

The International Agency for Research on Cancer (ICRC) has classified Cd as 

carcinogenic to humans (Group 1) (IARC, 1993). Cadmium can have serious effects 

on health if ingested at high enough doses. The renal cortex appears to be the most 

sensitive target tissue in humans, resulting in chronic kidney failure. Osteomalacia 

(softening of the bones) is also seen. Toxicity is in part due to Cd‘s extremely long 

half-life in mammalian systems, being about 15 years in human kidneys, so a steady 

state would be achieved in 45–60 years of exposure (Honda et al., 2010; WHO, 

2010b).The Joint Expert Committee on Food Additives (JECFA) assigned reference 

health standard for Cd is a PTMI of 25 µg kg
−1

 body weight and is based on kidney 

toxicity (WHO, 2010c).  

Lead is a cumulative toxin that can primarily affect the blood, nervous system and 

kidneys. In the blood at high concentrations, lead inhibits red blood cell formation and 

eventually results in anaemia (WHO, 2000b). The effects of high concentrations of 

lead on the nervous system can vary from hyperactive behaviour and mental 

retardation to seizures and cerebral palsy. As the kidneys are the primary route for 

lead excretion, lead tends to accumulate in these organs, causing irreversible damage. 

There is currently no reference health standard for lead, so the risk assessment has 

been based on the MOE approach. For adults, there is consistent evidence that the first 

significant effect seen at lower blood lead concentrations is an increase in systolic 

blood pressure (WHO 2010c).  

http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#3212_ja
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The JECFA recently reviewed the PTWI for aluminium (WHO, 2011a). The 

Committee established a PTWI of 2 mg kg
−1

 body weight on the basis of adverse 

effects on reproduction and development in laboratory animals (WHO, 2011a). There 

have been questions about the possible role of aluminium in the development of 

Alzheimer‘s disease, however conclusive evidence to support this association has not 

been demonstrated (WHO, 2007b).  

Occupational hazards associated with both ingestion and inhalation of mercury has 

been recognized for a long time. Organic mercury, particularly methylmercury, is 

significantly more toxic than the inorganic form of mercury in foodstuffs. In seafood, 

mercury is most commonly found in the organic form, usually methylmercury. 

Methylmercury is a cumulative toxin that can cause disruption of the developing 

central nervous system, resulting in retarded mental and physical development (WHO, 

1978a, 1989b, 1991a). The embryo and foetus are the most vulnerable life-stage with 

respect to the adverse effects of methylmercury (WHO, 2007). While the placenta 

provides an effective barrier to the transfer of inorganic mercury, methylmercury is 

readily transferred across the placental barrier to the foetus (Clarkson, 1987). A study 

among the fish-eating population of the Faroe Islands did find a correlation between 

adverse neurodevelopment effects and levels of mercury in cord blood at birth 

(Grandjean et al., 1997). In contrast, a similar study among the fish-eating community 

of the Seychelles for in utero exposure to methylmercury from maternal consumption 

of fish indicated that exposures of 5.18–11.2 µg kg
−1

 body weight wk
−1

 were not 

associated with any developmental delays up to nearly six years of age (Shamlaye et 

al., 1995). The JECFA assigned reference health standard for methylmercury is a 

PTWI of 1.6 µg/kg body weight and is based on the estimated exposure that would be 

expected to have no appreciable adverse effects on children (WHO, 2004).  

Human exposure to inorganic arsenic (Asi), a class 1, non threshold carcinogen, for 

non industrially exposed cohorts, is primarily from food and water (Mondal and 

Polya, 2008). Acute toxicity as a result of high exposure to inorganic arsenic can 

result in gastrointestinal disturbances such as vomiting (WHO, 2001). Chronic 

toxicity from high exposure to inorganic arsenic from drinking water has been 

associated with arsenicosis, characterized by hyperpigmentation (melanosis) of the 

torso and keratoses of the planer portions of hands and feet. In the extreme, cancer of 

the skin, liver, lungs and bladder may occur (WHO, 2001; Yu et al, 2006). People 

who consume large amounts of seafood may ingest significant amounts of arsenic; 

however, the arsenic in seafood is primarily in the organic, less toxic form (Borak and 

Hosgood, 2007).   

The intake of heavy metal can lead to illness of humans and animals. Thus, the 

carcinogenic effects generated by continuous consumption of fruits and vegetables 

loaded with heavy metals such as Cd, Pb or even Cu and Zn are known. This may be 
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related to the incidence of gastrointestinal cancer (Trichopoulos et al., 1997; 

Turkdogan et al., 2002) and cancer of the pancreas, urinary bladder or prostate 

(Waalkes and Rehm, 1994). The sad thing about the pollution of the environment with 

heavy metals is that they can only be transformed from one oxidation state or organic 

complex to another (Lone et al., 2008; Jing et al., 2007).  

Heavy metals have been reported to produce mutagenic, teratogenic, neurotoxic and 

carcinogenic effects even at very low concentrations (Das, 1990; Al-Saleh et al., 

1996; Waalkes et al., 1999) since there is no effective mechanism for their 

elimination from the body (Bahemuka and Mubofu, 1991). Human beings have also 

been reported to develop several diseases like cardiovascular, tubular dysfunction in 

kidneys and nervous disorders due to metal toxicity (Friberg et al., 1986; WHO, 

1996). 

Sharma et al. (2009) have generated data on heavy metal pollution in and around 

Varanasi city of India and associated health risk assessment for the consumer‘s 

exposure to the heavy metals. They proposed the hypothesis that the transportation 

and marketing of vegetables in contaminated environment may elevate the levels of 

heavy metals in vegetables through surface deposition. Heavy metals have a toxic 

impact but detrimental impacts become apparent only when long-term consumption of 

contaminated vegetables occurs. 

 

2.7 Technologies for reduction of dietary toxicity of heavy metals 

There are several options to reduce dietary exposure of heavy metals; these include 

reduction of the sources of soil pollution, cultivation of crop plants that translocate 

less amount of heavy metals to the edible portion (mainly to seeds or grains), water 

management practices, cooking rice with excess water and draining the gruels, some 

micro-organism-based remediation techniques, such as bioremediation, show 

potential for their ability to degrade and detoxify certain contaminants.  

Norton et al. (2009) reported that there exists wide variation among rice genotypes 

with respect to grain-As contents of rice. Among the HYV of rice, BRRI dhan47 and 

BR 3 showed lowest grain-As contents than the other Bangladesh rice varieties. 

Uraguchi et al. (2011) reported that knock-down of OsLCT1 reduced rice grain Cd by 

50%. 

Uraguchi and Fujiwara (2012) reviewed that Cd is a toxic heavy metal which harms 

human health. In Japan, a major source of human Cd-intake is rice grains and 

contamination of paddy soils by Cd and accumulation of Cd in rice grains are the 

serious agricultural issues. There also exist Cd contamination of rice and its toxicity in 

several populations in countries including China and Thailand. Understanding the Cd 

http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#25146_bc
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#79292_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#628438_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#753075_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#645050_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Heavy+metals
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#25711_bc
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#752902_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#752902_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#753085_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#64889_b
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#33669_b
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#33669_b
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#753005_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Heavy+metals
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transport mechanisms in rice can be a basis for regulating rice Cd transport and 

accumulation by molecular engineering and marker-assisted breeding.  

Khan et al. (2010) reported that washing rice with water before cooking reduced the 

concentration of arsenic in raw rice by 13-15%. Rice, when cooked with excess water 

discarded, showed a significant decrease in As concentration compared to that cooked 

without discarding the water. In contrast, concentration of Cd did not decrease in 

cooked rice after discarding water. Similar results were also observed by (Bae et al., 

2005) 

Arao et al. (2009) reported that flooding the rice field before and after heading 

drastically reduced grain Cd concentrations, but on contrary, this treatment increased 

As concentration in grains. 

Bioremediation is a defined as a process that uses micro-organism, fungi, green plants 

or their enzymes to return the natural environment altered by contaminants to its 

original condition. Bioremediation technologies can be generally classified as in situ 

or ex situ. In situ bioremediation involves treating the contaminated material at the 

site while ex situ involves the removal of the contaminated material to be treated 

elsewhere. Some examples of bioremediation technologies are bioventing, 

landfarming, bioreactor, composting, bioaugmentation, rhizofiltration and 

biostimulation. Not all contaminants, however, are easily treated by bioremediation 

using microorganisms. For example, heavy metals such as Cd and Pb are not readily 

absorbed or captured by organisms (Meagher, 2000). 

Phytoremediation is considered a clean, cost-effective and non-environmentally 

disruptive technology, to remove heavy metals from polluted lands. However, one 

major disadvantage of phytoremediation is that it requires a long-term commitment as 

the process is dependent on plant growth, tolerance to toxicity and bioaccumulation 

capacity. 

Sarma (2011) has reviewed the recent advances of phytoremediation technology. 

Different plants have been identified for phytoremediation of heavy metals. Chinese 

Brake fern (Pteris vittata) for As, Willow (Salix viminalis) for Cd, Zn & Cu, and 

Indian Mustard (Brassica juncea) and sunflower for Pb (Raskin and Ensley, 2000; 

USEPA, 2000).  

Hyper accumulators store metals in their tissues at concentrations far exceeding those 

in the environment. Heavy metal contents in hyper accumulators are more or less 100 

times those found in non-hyper accumulator plants grown in soil under the same 

conditions (Brooks, 1998).  

 

http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#192806_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#592367_ja
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#75953_b
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#41674_an
http://scialert.net/fulltext/?doi=rjet.2011.162.179&org=10#25137_bc
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3. METHODOLOGY 

 

3.1 Preparation of a Total Dietary Study (TDS) food list 

The most important foods (representing 85% of the total weight of the food intake) 

reported in the Household Income Expenditure Survey (HIES, 2010) were selected. In 

addition, traditional foods that contribute to dietary diversity (Greenfield and 

Southgate, 2003) and foods that are potentially contaminated by heavy metal exposure 

were taken into account in the food list. The food items and the number of samples for 

analysis from each of the Gulshan market, Kawran bazar and Hazaribagh market of 

Dhaka city are presented in Table 3.1. 

 

Table 3.1 List of food samples with their names collected from each of the three            

                 markets of Dhaka city 
 

 

Food group Food items  English 

name 

Scientific name No. of 

samples 

1. Cereals Chaal 

(Mota) 

Rice (Coarse 

grain) 

Oryza sativa 2 

Chaal 

(Chikon) 

Rice (fine 

grain) 

Oryza sativa 2 

Cheera Beaten rice  Oryza sativa 1 

Muri Puffed rice Oryza sativa 1 

Ata Whole wheat 

flour  

Triticum aestivum 1 

Moida Refined 

wheat flour  

Triticum aestivum 1 

2. Pulses Masur Lentil Lens culinaris 1 

Khesari Grasspea Lathyrus sativus 1 

Chhola Chickpea Cicer arietinum 1 

Mung Mungbean Vigna radiata 1 

3. Fish Ilish  Hilsa Tenualosa ilisha 1 

Golda 

chingri 

Prawn Farfantepenaeus 

aztecus 

1 

Rohu Indian major 

carp 

Labeo rohita 1 

Katla Indian major 

carp 

Catla catla 1 

Mrigel Indian major 

carp 

Cirrhina mrigala 1 

Grasscarp  Chinese carp Ctenopharyngodon 

idella 

1 

Pangas Irridefpren 

shark 

Pangasius pangasius 1 

Shutki Dry fish  1 

http://en.wikipedia.org/w/index.php?title=Farfantepenaeus_aztecus&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Farfantepenaeus_aztecus&action=edit&redlink=1
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Food group Food items  English 

name 

Scientific name No. of 

samples 

maach 

4. Eggs Murgir and 

hasher deem 

Hen and duck 

egg 

 1 

5. Meat Gorur gosth Beef Bos tauras 1 

Gorur kaliza Beef liver Bos tauras 1 

Khasir gosth Mutton Capra  aegagrus 1 

Murgir 

gosth 

Farm chicken Gallus gallus 1 

6. Vegetables Alu Potato Solanum tuberosum 1 

Begun Brinjal Solanum melongena 1 

Barboti Yard long 

bean 

Vigna sesquipedalis 1 

Kacha kala Green banana Musa sapientum 1 

Kacha 

papya 

Green papaya Carica papaya 1 

Patal Pointed 

gourd 

Trichosanthes dioica 1 

Misthi 

kumra 

Pumpkin Cucurbita maxima 1 

Kachur 

mukhi 

Aroid tuber Colocasia esculenta 1 

Okra Lady‘s finger Abelmoschus 

esculentus 

1 

Tomato Tomato Lycopersicon 

esculentum 

1 

Palang sak Spinach Spinacia oleracea 1 

Data sak Amaranth Amaranthus lividus  1 

Phul kopi Cauliflower Brassica oleracea var 

botrytis 

1 

Gazar Carrot Daucus carota 1 

Mula Radish Raphanus sativus 1 

Badha kopi Cabbage Brassica oleracea var 

capitata 

1 

Pui sak Indian 

spinach 

Basella alba 1 

Dhonia pata Coriander 

leaf 

Coriandrum sativum L. 1 

7. Milk and 

dairy 

Liquid milk   1 

Powder 

milk 

  1 

8. Sweetmeat Rasogolla   1 

Jilapi   1 

Chamcham   1 

9. Oils  Sarishar  tel Mustard oil  Brassica juncea 1 

Soybean tel Soybean oil  Glycine max 1 

10. Fruits Paka Kala Ripe banana Musa sapientum 1 

Aam Mango Mangifera indica 1 

http://en.wikipedia.org/wiki/Wild_Goat
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Food group Food items  English 

name 

Scientific name No. of 

samples 

Kanthal Jackfruit Artocarpus 

heterophyllus 

1 

Peyara Guava Psidium guajava 1 

Anaras Pineapple Ananas comosus 1 

Apple Apple Malus pumila 1 

Papay Papaya Carica papaya 1 

Kul Jujube Zizyphus mauritiana 1 

Kamaranga Carambola Averrhoa carambola 1 

11. Drinks Chaa/Coffee Tea/Coffee Camellia sinensis/ 

Coffea arabica 

1 

Akher rosh Sugarcane 

juice 

Sacharum officinarum 1 

Aamer rosh Mango juice 

[Pran] 

Mangifera indica 1 

7-up   1 

Sprite   1 

Coca cola   1 

12. Sugar and 

Molasses 

Cane sugar   1 

Gur (Cane 

molasses) 

  1 

13. Dinning out Rice   1 

Fish   1 

Meat   1 

14. Spices Sukna 

marich 

Dried chilli Capsicum annum 1 

Kacha 

marich 

Green chilli Capsicum annum 1 

Peyanj Onion Allium cepa 1 

Rasoon Garlic Allium sativum  1 

Ada Ginger Zingiber officinale  1 

Jeera Cumin Cuminum cyminum 1 

Dhoneya  Coriander 

Seed 

Coriandrum sativum  1 

15. Betel leaf Pan pata Betel leaf Piper betle 1 

Supari Betel nut Areca catechu L. 1 

16. Tap water Dhaka city   1 

 

There were altogether 240 (80 x 3) samples of different food items from three 

locations of Dhaka city. Besides, there were 3 more water samples from Barishal, 

Rajshahi and Sylhet city. There were 4 samples from Certified Reference samples and 

3 samples blank. In total there were 250 samples for analysis. 
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Fig. 1 Diagrammatic representation of sampling from three markets of Dhaka city 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dhaka City 

Hazaribagh Kawran bazar Gulshan 

1. Cereals-8 

2. Pulses-4 

3. Fish-8 

4. Eggs-1 

5. Meat-4 

6. Vegetables-18 

7. Milk-2 

8. Sweetmeat-3 

9. Oils-2 

10. Fruits-9 

11. Drinks-6 

12. Sugar & 

molasses-2 

13.  Dinning out -3 

14. Spices-7 

15. Betel leaf-2 

16. Tap water-1 

Total= 80  

1. Cereals-8 

2. Pulses-4 

3. Fish-8 

4. Eggs-1 

5. Meat-4 

6. Vegetables-18 

7. Milk-2 

8. Sweetmeat-3 

9. Oils-2 

10. Fruits-9 

11. Drinks-6 

12. Sugar & 

molasses-2 

13.  Dinning out -3 

14. Spices-7 

15. Betel leaf-2 

16. Tap water-1 

Total= 80  

 

17. Cereals-8 

18. Pulses-4 

19. Fish-8 

20. Eggs-1 

21. Meat-4 

22. Vegetables-18 

23. Milk-2 

24. Sweetmeat-3 

25. Oils-2 

26. Fruits-9 

27. Drinks-6 

28. Sugar & 

molasses-2 

29.  Dinning out -3 

30. Spices-7 

31. Betel leaf-2 

32. Tap water-1 

Total= 80 
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3.2 Collection of food samples  

Foods were purchased in the raw/uncooked form.  Each of the food samples were 

collected from 10 different shops from Kawran bazar and Hazaribagh market.  In case 

of Gulshan, food samples were collected from 7 different shops of the market and also 

from 3 supermarkets (total of 10 shops) to get a representative sample for high income 

group. Proper labeling was done for each of the collected food items. In case of 

vegetables, attempt was taken to collect tender fresh samples. The collected samples 

were kept in new clean thick plastic poly bags. Some water was sprayed on the 

vegetable samples during packing in poly bags to keep the samples moist during 

transportation from market to the laboratory. The purchased meat and fish samples 

were kept in the ice box at 4°C to avoid spoilage during transportation. 

 

3.3 Origin of food samples 

During collection of the major food items from different markets information was 

collected about origin of the food samples. This information is presented in Table 3.2 

 

Table 3.2 Origin of major food samples available at Gulshan market, Kawran bazar 

                 and Hazaribagh market 

 

Food items Gulshan market Kawran bazar Hazaribagh market 

 Rice  Rajshahi 

 Pabna 

 Kushtia 

 Rangpur, 

 Dinajpur 

 Naogaon 

 Netrokona,        

 Sherpur, 

 Badamtoli 

 Vegetables  Rajshahi 

 Jessore 

 Ishurdi 

 Ishurdi, 

 Jessore 

 Narshingdi 

 Savar, 

 Kawran bazar, 

 Hazaribagh area 

 Hilsha  Chandpur 

 Barishal 

 Chandpur 

 Barishal 

 Barishal 

 Prawn  Satkhira 

 Khulna 

 Satkhira 

 Khulna 

 Satkhira, 

 Khulna 

 Other fishes  Bhoirab 

 Kaptai 

 Bhoirab 

 Mymensingh 

 Faridpur 

 Mymensingh 

 Sowarighat,    

 Kawran bazar 
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3.4 Processing and cooking of food samples 

Standard operating procedures were followed for processing of food samples (NIN, 

2009 a). Hand gloves were used to process the samples to avoid any contamination.  

Food samples (uncooked) were cooked without the addition of salt and with known 

amount of tap water collected from the respective locations of Dhaka city in locally 

available aluminium/alloyed container that are commonly used in cooking in 

Bangladesh. The following procedures were followed for processing and/cooking the 

different food items collected. 

 

Cereals  

Rice was cooked by both draining out (rice water ratio1:5) excess water and by the 

absorption method (rice water ratio1:3) without draining out excess water. In case of 

whole wheat flour (Ata) and refined wheat flour (Moida), the required quantity of 

water was added to prepare the dough.  The dough was then rolled into ruti and 

cooked on hot a plate.  

 

Pulses 

Two hundred fifty gram each of lentil, mungbean, chickpea and grasspea were boiled 

with known amount of water. 

 

Fish  

The fresh weight of all samples of a specific fish collected from each market was 

taken. The scales, fins and viscera of fishes were removed and weight of the cleaned 

fish was recorded. The fishes were cut into pieces. A sub-sample weighing 250g was 

boiled with known amount of water. The weight of the cooked fish was recorded. The 

bones from the boiled fishes were removed and its weight was recorded. In case of 

dry fish (Shutki mach), a sub-sample weighing 250g was boiled in water. The weight 

of the cooked dry fish was recorded. Bones from the boiled fish were removed and its 

weight was taken. 

 

Eggs 

Ten hen eggs and 1 duck egg were collected from each of the three locations. All the 

11 eggs were hard boiled and pooled together to make a single composite sample.  

 

Meat  

Meat samples (beef and mutton) were collected from all different body parts and from 

10 different butcher shops of each market. The meat samples from all shops were 
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mixed together. A sub-sample weighing 1000g was boiled with water until they 

became soft. The weight of the boiled meat was recorded. The bones from the meat 

were removed and its weight was taken. In case of beef liver, samples from different 

parts of the liver were collected from 10 beef. The liver samples were cut into pieces. 

A sub-sample of 250g was boiled and weight of the boiled liver was weighed. In case 

of farm chicken, 10 live birds were purchased, slaughtered, dressed and cut into 

pieces. A sub-sample of 1000g was boiled and weight of the boiled meat was 

recorded. The bones were removed and weight of the boneless meat was recorded. 

One hundred gram of boneless meat was placed in the oven to get the dry weight.  

Vegetables 

Weight of whole amount of a specific vegetable was taken. The vegetable was 

washed, peeled and cut into pieces by stainless steel knife. Edible coefficient of the 

vegetables was calculated by taking weight before and after peeling. A sub-sample of 

250g vegetable was boiled with water. The weight of the boiled vegetables was 

recorded to calculate the yield factor. 

 

Liquid milk 

Liquid milk was boiled at 35º
C
 for 10 min. 

 

Powder milk 

Milk powder milk was diluted with water (in the ratio of milk powder to milk as 1:4) 

from the respective markets and boiled for 10 minutes.  
 

Sweetmeats 

Weight of the collected samples of rasogolla, jilapi and chamcham from the markets 

were recorded. The sub-samples (100g) of each of the three types of samples were put 

in the oven to get dry weight. 

 

Fruits 

Fresh weight of all the samples of a specific fruit was recorded. The fruits were peeled 

and sliced. The weight of the sliced fruit was taken. A sub-sample of 250g was kept 

for drying in the oven and the dry weight was recorded.  

 

Molasses 

Weight of collected molasses sample was taken. A sub-sample was placed in the oven 

to get dry weight. 

 

Dinning out 

Cooked samples of rice, fish and meat were collected separately from the hotels of 

three locations in Dhaka city. The weight of each food item was recorded. The bones 
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were removed from the fish and meat samples and their weights were recorded. A sub 

sample was dried in the oven and the dry weight was noted. 

 

Spices 

Weight of individual spices samples was recorded. A sub-sample was placed in the 

oven to get dry weight.   

 

Betel leaf and nut 

Weight of the betel leaf and nuts was recorded. They were placed in the oven to get 

dry weight. 

 

3.5. Drying and storage of samples 

An amount of 100g each of all the boiled samples and uncooked samples were placed 

on a clean petri dish in an oven at 65°C until a constant weight was obtained. The 

oven dry samples of different food items were ground to powder in a non-metallic 

acrylic mortar and pestle. The homogenized mixture of each food sample amounting 

to 50 g was kept in polythene zipper bags labeled with a specific code number. The 

polythene bags were stored in desiccators. 

 

3.6 Preparation of food samples 

An amount of 0.5g sample was digested with ultra pure grade HNO3 and H2O2 using 

the digestion block at 115°C until the digest became colourless. The digested samples 

were diluted to 25ml using deionised water. The digested samples were kept in the 

refrigerator until analysis.  

 

3.7. Chemical analysis of food samples  

Digested samples were analyzed for different minerals, trace elements and heavy 

metals using ICP-MS in the laboratory of SGS Bangladesh Ltd. Dhaka, Bangladesh. 

The concentration of the element in question was determined by using a standard 

curve. The regression coefficient (R
2
) of the standard curve for all elements was more 

than 0.98.  This laboratory has the accreditation certificate for chemical testing in 

Bangladesh. Analytical data was back calculated to the cooked weight using the 

dilution factors based on the water percentage.  

 

The reliability of the procedure for the estimation of all elements was assessed by 

analyzing the Certified Reference Material GBW(E)080684. Method standardization 
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and validation was carried out with internal standard (IS) and percent recovery of the 

Certified Reference Material (CRM).  

 

3.8. Food consumption data 

Food consumption data for the poor (<2122 Kcal day
-1

person
-11

) and non-poor (>2122 

Kcal day
-1

person
-1

) households were collected from the food consumption data sets of 

HIES, 2010. A stratified sampling was followed to select the poor and non-poor 

households. The food items consumed by the household members were  then 

calculated for the calorie values based on the Food Consumption Tables developed by 

the Institute of Nutrition and Food Science (INFS), Dhaka University (INFS, 2013). 

Total household calorie equivalent per day was divided by household food 

consumption unit (Male: Female: Child =:1.0:0.9:0.5) to obtain per adult equivalent 

per day calorie consumption (FAO, 1990). The food consumption of 100 g each of 

poor and non-poor households was taken into consideration for this study.  

 

3.9 Estimating dietary risk exposures  

The dietary intake of an element was calculated as per capita food intake by the poor 

and non-poor households in the Dhaka city on the basis of food consumption data as 

outlined in the HIES (2010). Daily intake of heavy metals, minerals and trace 

elements from different food items was determined using the total weight of food 

consumed each day multiplied by the concentrations of minerals, heavy metals and 

trace elements in that food.  In this way, a distribution curve of exposure for each 

element was created.  

 

3.10 Comparison of the reference health standard 

Diets are the main route of exposure to heavy metals and trace metals, so the 

assessment risks of these elements to humans via dietary intake is important. The 

intake of the minerals and trace elements was compared with the recommended daily 

intake (RDI) for adult males (Table 3.3).  

 

 

 

 

 

 

 

                                                 
1
 Clasification based on Direct Calorie Intake method 
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Table 3.3 Recommended daily intake (RDI) of minerals and trace elements for adult 

                 male 

 

Mineral 

nutrients and 

trace elements 

Recommended 

Daily Intakes 

(RDI) (per day) 

Reference 

Calcium 600 mg NIN (2009b) 

Magnesium 340 mg
 

NIN (2009b) 

Sodium 1500 mg http://en.wikipedia.org 

/wiki/ dietary_ref_intake 

Potassium 3800 mg http://en.wikipedia.org 

/wiki/ dietary_ref_intake 

Iron 17 mg NIN (2009b) 

Zinc 12 mg NIN  (2009b) 

Manganese 2.0 mg NIN  (2009b) 

Copper 2.0 mg NIN  (2009b) 

Selenium 36 µg WHO (2004)  

Molybdenum 45 µg http://en.wikipedia.org 

/wiki/ dietary_ref_intake 

Cobalt 29 µg http://en.wikipedia.org 

/wiki/ dietary_ref_intake 

Chromium 33 µg WHO (2002) 

 

For heavy metals, the estimated dietary exposures were compared to provisional 

tolerable intake, either in the form of Provisional Tolerable Weekly Intake (PTWI) or 

Provisional Maximum Tolerable Monthly Intake (PTMI). This value provides an 

indication of the amount of toxic heavy metals that can be consumed on a weekly 

basis or monthly basis without appreciable risk. These ‗provisional tolerable intake‘ 

reference health standards for the toxic heavy metals investigated in this study are 

those assigned by JECFA. Table 3.3 summarizes the reference health standards used 

for each toxic heavy metal. 
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Table 3.4 Reference health standards for toxic heavy metals 

 

Toxic heavy 

metals 

Reference Health 

Standard 

(mg/kg body wt.) 

Source 

Aluminium 1.0 (PTWI
^
) WHO (2011) 

Antimony 2.3mg  kg body wt
-1

  www.strobel.com/ antimony  _risks 

.htm) 

Arsenic None
1 

 WHO (2010b) 

Cadmium 0.025 (PTMI
*
)  WHO  (2010c) 

Lead None
1
 WHO  (2010c)) 

Mercury   

Inorganic 

mercury 

4g  kg body wt
-1

 WHO (2011b)  

Methyl mercury 1.6 g kg body wt
-1

 WHO (2010b) 

 

^ PTWI = Provisional Tolerable Weekly Intake 

* PTMI = Provisional Tolerable Monthly Intake 

ˇPMTDI = Provisional Maximum Tolerable Daily Intake 

 

3.11  Estimated individual intake through household diets  

The percentage contribution of each food group to total estimated individual intakes 

was calculated by dividing the sum of the individual‘s intake from one food group by 

the sum of all individuals‘ intakes from all foods containing the elements assessed, 

and multiplying this by 100. 

 

 

 

http://www.strobel.com/
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4. RESULTS AND DISCUSSION 
 

Two hundred and forty food samples representing 16 different food groups were 

collected from Gulshan market, Kawran bazar and Hazaribagh market of Dhaka city. 

Besides food samples collection, three tap water samples were collected from Sylhet, 

Barishal and Rajshahi city. Gulshan market and Kawran bazar are mainly accessible 

to the non-poor households and Hazaribagh market is accessible to the poor 

households. The food samples were processed and cooked/boiled in water collected 

from the respective area, with no salt addition. The edible coefficient and dry weight 

of the food samples were recorded. All the food samples were digested with ultrapure 

nitric acid and hydrogen peroxide for determination of minerals, trace elements and 

heavy metals and analysis was done by ICP MS. The food consumption data of the 

Dhaka city were used from the HIES, 2010 to calculate the intake of minerals, trace 

elements and heavy metals by the poor and non-poor households. 

 

4.1 Edible coefficient and dry weight of food 

A total of 40 food items of 6 food groups were cooked and their edible coefficient 

and/yield factor were determined (Table 4.1). The yield factors for cereals and pulses 

increased due to absorption of water during cooking. The yield factors for rice ranged 

from 3.04 to 3.19.  Lentil, lathyrus, mungbean and chickpea had the yield factors of 

2.07, 2.48, 2.17 and 1.92, respectively. The edible coefficient of fresh fishes varied 

from 0.66 in prawn to 0.86 in grass carp and pangas. This variation was due to 

removal of scales, fins and viscera from the fishes. The yield factor of the fresh fishes 

was in the range of 0.65-0.74. The dry fish had the yield factor of 1.45 due to 

absorption of water during boiling.  The dry matter in the cooked fishes varied from 

26.9% in katla to 43.9% in hilsha. The eggs had the yield factor of 0.88 with 28.5% 

dry matter. The yield factors of beef, and mutton were almost same with the values of 

0.42 and 0.43, respectively. The yield factor of beef liver was comparatively higher 

than that of beef and mutton. The dry matter weights of the boiled beef, beef liver and 

mutton were 40.6, 42.1 and 32.9%, respectively.  The farm hens had the edible 

coefficient, yield factor and dry matter of 0.63, 0.51 and 35.7%, respectively.  

 

The edible coefficient of the different vegetables varied widely (Table 4.2). The 

edible coefficient of vegetables varied from 0.69 in green banana to 0.97 in tomato. 

The yield factors also varied greatly among the different vegetables. It ranged from 

0.53 in tomato to 1.23 in lady‘s finger. The dry matter weight of the vegetables ranged 

from 5.4% in Indian spinach to 17.9% in aroid tuber.   
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The dry weights of different sweetmeats ranged from 71.2% in rasogolla to 83.9% in 

jilapi. The edible coefficients of different fruits also varied greatly (Table 4.1). The 

lowest edible coefficient (0.51) was observed in pineapple and the highest edible 

coefficient (0.95) was found in apple. Both jujube and guava had the edible 

coefficient of 0.93. The edible coefficients of cooked fish and cooked meat collected 

from hotels were 0.74 and 0.70, respectively. The edible coefficient of spices ranged 

from 0.81 in garlic to 0.95 in dried chilli. The dry matter of the spices ranged from 

12.6% in green chili to 31.4% in garlic. The edible coefficient of betel leaf and betel 

nut was 0.92 and 0.99, respectively.  
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Table 4.1 List of food items for cooking and processing for chemical analysis 

 

Food group English name Bangla  Name Edible 

coefficient 

Yield 

Factor 

Dry wt. 

(%) 

Cereals Rice (Coarse 

grain) 

Mota chal- 

(Absorption 

method) 

No 3.04±0.11 37.6±0.41 

Rice (Coarse 

grain) 

Mota chal- 

(Drain out 

method) 

No 3.05±0.20 34.7±1.80 

Rice (Fine grain) Chikon chal-

(Absorption 

method) 

No 3.12±0.21 36.4±1.36 

Rice (Fine grain) Chikon chal  

(Drain out 

method) 

No 3.19±0.48 34.38±1.38 

Cheera Beaten rice  No - 96.1±1.2 

Muri Puffed rice No - 96.4 

Ata Whole wheat 

flour  

No 1.39±0.01 69.3±1.81 

Moida Wheat flour  No 1.31±0.05 70.8±1.24 

Pulses Lentil Masur No 2.07±0.02 38.1±1.77 

Lathyrus Khesari No 2.48±0.04 35.1±1.26 

Mungbean Munbgean No 2.17±0.02 34.9±1.70 

Chickpea Chola N0 1.92±0.04 44.2±1.07 

 Fish Hilsa Ilish 0.85±0.05 0.65±0.05  37.4±4.5 

Prawn Golda chingri 0.66±0.03 0.68±0.08 29.8±4.74 

Indian major carp Rohu 0.81±0.04 0.69±0.02  29.3±1.2 

Indian major carp Katla 0.82±0.05 0.70±0.02  26.9±3.9 

Indian major carp Mrigel 0.85±0.02 0.65±0.06  28.3±0.99 

Chinese carp Grass carp 0.86±0.05 0.74±0.03  32.7±2.1 

Irridefpren shark Pangas 0.86±0.03 0.70±0.02  28.2±2.8 

Dry fish Shutki maach 0.89±0.04 1.45±0.11  43.9±0.45 

Egg Egg Deem 1.04±0.07 0.88±0.01  28.5±0.71 

Meat Beef Gorur gosth 0.60±0.15 0.42±0.04  40.6±1.2 

Beef liver Gorur kaliza - 0.57±0.05  42.1±0.93 

Mutton Khasir gosth 0.60±0.01 0.43±0.01  32.9±6.5 

Farm chicken Murgir gosth 0.63±0.02 0.51±0.04  35.7±3.5 

Vegetables Potato Alu 0.92±0.01  0.99±0.02 19.6±1.72 

Brinjal Begun 0.85±0.04 0.92±0.07 7.8±0.47 

Yard long bean Barboti 0.91±0.01 0.96±0.14 8.9±1.09 

Green banana Kach kala 0.69±0.04 1.02±0.02 15.7±5.61 
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Food group English name Bangla  Name Edible 

coefficient 

Yield 

Factor 

Dry wt. 

(%) 

Green papaya Kacha papya 0.79±0.01 0.93±0.02 7.8±0.62 

Pointed gourd Patal 0.71±0.02 0.87±0.02 6.9±0.41 

Pumpkin Misthi kumra 0.81±0.04 0.64±0.20 9.3±7.4 

Aroid tuber Kachur mukhi 0.71±0.06 0.89±0.02 17.9±0.97 

Ladys‘ finger Dherosh 0.85±0.04 1.23±0.02 6.9±0.55 

Tomato Tomato 0.97±0.02 0.53±0.09 8.2±0.67 

Spinach Palang sak 0.87±0.09 0.55±0.12 9.6±1.9 

Amaranth  Data shak 0.83±0.03 0.85±0.03 9.2±0.05 

Cauliflower Phul kopy 0.71±0.13 0.95±0.08 7.9±0.64 

Carrot Gazar 0.87±0.05 0.81±0.02 12.8±0.92 

Radish Mula 0.79±0.06 0.75±0.14 7.7±0.37 

Cabbage Badha kopy 0.98±0.01 0.88±0.08 8.8±1.00 

Indian spinach Pui sak 0.85±0.07 0.76±0.04  5.4±1.16 

Coriander leaf Dhonia pata 0.90±0.04 0.76±0.07 11.3±0.73 

Sweetmeat Rasogolla Rasogolla - - 71.2±2.7 

Jilapi Jilapi - - 83.9±1.3 

Chamcham Chamcham - - 72.3±1.5 

Fruits Banana Paka Kala 0.68±0.03 - 29.2±1.0 

Mano Aam  0.63±0.02 - 12.4±1.5 

Jackfruit Kanthal 0.36±0.02 - 13.2±0.9 

Guava Peyara 0.93±0.02 - 15.1±4.5 

Pineapple Anaras 0.51±0.04 - 15.8±1.0 

Apple Apple 0.95±0.01 - 17.0±1.0 

Papaya Papaya 0.74±0.04 - 10.4±2.0 

Jujube Kul 0.93±0.03 - 14.3±1.1 

Carambola Kamaranga 0.91±0.03 - 12.3±2.3 

Dinning 

out  

Cooked rice  Ranna bhat - - 29.3±2.05 

Cooked fish Ranna mach 0.74±0.11 - 35.9±0.85 

Cooked meat Ranna gosth 0.70±0.17  40.2±0.62 

Spices Dried chilli Shukna marich 0.95±0.01 - 96.7±1.3 

Green chilli Kacha marich 0.91±0.05 - 12.6±0.79 

Onion Peyanj 0.90±0.01 - 18.1±0.62 

Garlic Rasoon 0.81±0.08 - 31.4±0.40 

Ginger Ada 0.92±0.01 - 13.4±0.76 

Cumin Jeera - - 94.2±1.2 

Coriander Seed Dhoneya  - - 96.5±1.3 

Chewing Betel leaf Pan pata 0.92±0.01 - 16.0±0.53 

Betel nut Supari 0.99 ±0.03 - 84.7±1.1 
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4.2 Mineral concentration and intake  

 

4.2.1 Calcium  

Calcium concentration 

The highest concentration of Ca (470 mg kg
-1

) was found in cooked fine grain rice 

from Gulshan market while the lowest concentration (393 mg kg
-1

) was found in 

sample from Kawran bazar (Table 4.2). In case of coarse grain rice, the sample from 

Hazaribagh market showed the highest concentration on Ca (384 mg kg
-1

) and the 

lowest concentration of 305 mg kg
-1

 was from sample from Gulshan market. Cooking 

both coarse and fine grained rice by absorption method showed higher concentration 

of Ca compared to rice cooked by drained out method. Beaten rice from Gulshan 

market showed much higher concentration of Ca (567 mg kg
-1

) compared to those 

from Hazaribagh market (269 mg kg
-1

) and Kawran bazar (226 mg kg
-1

). Puffed rice 

from Gulshan market had the highest concentration of Ca (393 mg kg
-1

) followed by 

sample from Kawran bazar (255 mg kg
-1

) and Hazaribagh market (236 mg kg
-1

). 

Calcium concentration both in whole wheat flour and wheat flour was highest in 

samples from Gulshan market and the lowest was found in samples from Kawran 

bazar. The Ca concentration in lathyrus, chickpea and mungbean was the highest in 

samples from Hazaribagh market while for lentil it was the highest from Gulshan 

market. The lowest concentration of Ca in all pulses was found in samples from 

Kawran bazar. 

 

The Ca concentration in fishes was in the order prawn>hilsha>rohu>katla>mrigel> 

grass carp>pangas. Hilsha, prawn, rohu and katla from Gulshan market had the 

highest concentration of Ca while the lowest concentration of Ca in these fishes was 

found in samples from Hazaribagh market. Mrigel and pangas from Kawran bazar had 

the highest concentration of Ca while grass carp from Hazaribagh market had the 

highest concentration of Ca. The highest concentration of Ca (18,412 mg kg
-1

) in dry 

fish was found in samples from Hazaribagh followed by Gulshan market (16,642 mg 

kg
-1

) and Kawran bazar (15,919 mg kg
-1

).   

 

The eggs from Kawran bazar had the highest concentration of Ca (678 mg kg
-1

) 

followed by from Gulshan market (463 mg kg
-1

) and Hazaribagh market (385 mg kg
-

1
). There was a wide variation in Ca concentration in beef (115-806 mg kg

-1
), beef 

liver (70-124 mg kg
-1

), mutton (145-202 mg kg
-1

) and farm chicken (120-347 mg kg
-

1
).  Beef and mutton from Gulshan market had the highest concentration of Ca while 

farm chicken from Hazaribagh market had the highest concentration of Ca.  
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Calcium concentration in vegetables ranges from 72 mg kg
-1

 in tomato from Gulshan 

market to 2158 mg kg
-1

 in amaranth from Gulshan market. Potato, brinjal, yard long 

bean, pointed gourd, aroid tuber lady‘s finger and cauliflower from Hazaribagh 

market had the highest concentration of Ca than the samples from other markets. In 

case of green papaya, pumpkin, tomato, spinach, carrot and radish, the highest 

concentration of Ca was found in samples from Kawran bazar than the samples from 

other markets. Vegetables like green banana, amaranth, cabbage, Indian spinach and 

coriander leaf from Gulshan market had the highest concentration of Ca.  

 

Liquid milk from Kawran bazar had the highest concentration of Ca than that from the 

other two markets. Powder milk from Gulshan market had the highest concentration 

of Ca followed by powder milk from Hazaribagh market and Kawran bazar. 

Rasogolla and jilapi samples from Gulshan market recorded the highest concentration 

of Ca while chamcham from Kawran bazar had the highest concentration of Ca. 

Mustard oil collected from Hazaribagh market had Ca concentration of 23 mg kg
-1

 

followed by Kawran bazar (15 mg kg
-1

) and Gulshan market (11 mg kg
-1

). The Ca 

concentration in soybean oil from all markets was very close (6-8 mg kg
-1

). 

 

Calcium concentration of different fruits ranges from 74 mg kg
-1

 in mango from 

Kawran bazar to 670 mg kg
-1

 in apple from Gulshan market. Mango, jackfruit, guava, 

pineapple, apple and carambola from Gulshan market had the highest levels of Ca 

compared to the other two markets. Banana, papaya and jujube from Kawran bazar 

had the highest levels of Ca compared to the other markets. Tea, sugarcane juice, 

mango juice and coca cola from Hazaribagh markets had the highest concentration of 

Ca than other markets.  Cane sugar from Gulshan market, Kawran bazar and 

Hazaribagh had 546, 169 and 235 mg Ca kg
-1

, respectively. Cane molasses had 1050, 

2000 and 3900 mg Ca kg
-1

 from Gulshan market, Kawran bazar and Hazaribagh 

market, respectively.  In case of dinning out items, the highest concentrations of Ca in 

cooked rice and cooked fish were found in Hazaribagh market while for cooked meat 

it was the highest  in samples from Kawran bazar.  

 

The fleshy spices had Ca concentrations ranged from 120 mg Ca kg
-1

 in green chilli 

from Gulshan market to 877 mg Ca kg
-1

 in garlic from Hazaribagh market. The 

highest concentrations of Ca in dry chilli, green chilli, onion, and coriander seed were 

observed from Kawran bazar whereas in garlic and ginger the highest Ca 

concentration was observed for the samples from Kawran bazar market. Betel leaf had 

3577-4004 mg Ca kg
-1

 and betel nut had the Ca concentrations ranging from 377-

2222 mg kg
-1

 across the markets. There was a wide variation in Ca concentration in 

tap water collected from three markets. The Ca concentration of 55 mg L
-1

 was found 
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in tap water from Hazaribagh market followed by 21.3 mg L
-1

 in Kawran bazar and 

4.5 mg L
-1

 in Gulshan market. 

On the whole, for Ca, the results indicate that the food presenting the highest levels of 

calcium is fish and dairy products. While leafy vegetables and lentils also contain 

high amounts of calcium, factors of bioavailability need to be considered.   

 

Calcium intake 

Total Ca intake by the adult male of poor households ranged from 297-583 mg d
-1

 

with the mean and median value 401 and 398 mg d
-1

, respectively (Table 4.3). All the 

males of poor households had total Ca intake below RDI of 1000 mg d
-1

. Ten percent 

of the males had Ca intake within 75-99% RDI; 89% within 50-74% and 1% within 

25-49% (Fig.  4.1). In case of non-poor, the Ca intake was higher than the poor, 

ranging from 196-888 mg d
-1

 (Table 4.3) with the mean and median values of 402 mg 

d
-1

 and 365 mg kg
-1

. Six percent of the male of non-poor households had the intake of 

Mg above RDI; 22% within 75-99%RDI, 54% within 50-74% RDI and 18% within 

25-49% RDI (Fig. 4.1). Cereals contributed 27.3% of the total Ca intake followed by 

fish (21.8%), vegetables (14.0%) and milk & dairy products (10.6%) for the poor 

households (Annex. 1). In case of non-poor households, the contribution of cereals, 

fish, vegetables and milk and dairy products was 27.3%, 21.7%, 14.9%, and 10.6% of 

the total Ca intake, respectively (Annex.1).   

 

4.2.2 Magnesium 

 

Magnesium concentration 

The highest Mg concentration (312 mg kg
-1

) was found in fine grain rice cooked by 

absorption method from Kawran bazar and the lowest concentration (286 mg kg
-1

) 

was found in samples from Gulshan market. Similar trend was also observed in case 

of coarse grained rice. Beaten and puffed rice showed higher Ca concentration than 

the coarse and fine grained rice indicating that Ca in the samples was increased during 

preparation of beaten rice and puffed rice.  Whole wheat flour had higher levels of Ca 

than the wheat flour indicating that Ca might be concentrated on the surface layers of 

wheat seed, which was removed during preparation of wheat flour. The highest 

concentration of Mg (565 mg kg
-1

) was found in whole wheat flour samples from 

Gulshan market and the lowest (292 mg kg
-1

) was in samples from Kawran bazar.   
 

Pulses had elevated concentration of Mg compared to the rice. Lentil, lathyrus and 

mungbean samples collected from Hazaribagh market had the highest Mg 

concentration than the other two markets. Chickpea from Hazaribagh market had the 

highest concentration of Mg (1539 mg kg
-1

) than the chickpea from other two 
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markets. The concentration of Mg was the lowest in lathyrus, chickpea and mungbean 

samples from Gulshan market.  
 

Magnesium concentration of fish ranges from 87 mg kg
-1

 in grass carp from Gulshan 

market to 352 mg kg
-1

 in prawn from Hazaribagh market. All the fish samples except 

grass carp had the highest concentration of Mg from samples collected from 

Hazaribagh market. Dry fishes had the highest concentration of Mg (2238 mg kg
-1

) in 

samples from Hazaribagh market followed by the samples from Kawran bazar (1600 

mg kg
-1

) and Gulshan market (1125 mg kg
-1

).  
 

The Mg concentrations in eggs collected from Kawran bazar, Hazaribagh bazar and 

Gulshan market were 209, 130 and 123 mg kg
-1

, respectively.  Beef liver had lower 

concentration of Mg than the beef collected from all markets. Farm chicken had 

higher Calcium concentration than beef and mutton collected from all markets. 

Magnesium concentration was higher in beef and mutton samples collected from 

Kawran bazar while in case of farm chicken it was higher from Hazaribagh market. 

All the meat samples from Gulshan market had the lowest Mg concentration.  
 

Magnesium concentration in different vegetables ranges from 55 mg kg
-1

 in pumpkin 

collected from Gulshan market to 1003 mg kg
-1

 in amaranth collected from 

Hazaribagh market. Generally the leafy vegetables like amaranth, spinach, Indian 

spinach and coriander leaf had much higher Mg content than fruity, root & tuber 

vegetables.  
 

Liquid milk had higher concentration of Mg than the powder milk collected from all 

markets. Liquid milk and powder milk collected from Gulshan market had the highest 

concentration of Mg than those collected from other markets. Rasogolla and 

chamcham from Kawran bazar had the highest concentration of Mg while chamcham 

collected from Gulshan market had the highest concentration of Mg. Rasogolla, 

chamcham and jilapi from Hazaribagh market had the lowest concentration of Mg. 

Very low amount of Mg was noticed in mustard oil, but not in soybean oil. 
 

The Mg concentration of different fruits ranged from 47 mg kg
-1

 in jujube to 695 mg 

kg
-1

 in banana from Gulshan market. Banana, mango, jackfruit, guava, apple, papaya 

and carambola collected from Gulshan market had the highest Mg concentration 

while jujube collected from Kawran bazar and carambola from Hazaribagh market 

had the highest concentration of Mg. 

 

The Mg concentration in tea from Kawran bazar had the highest concentration of Mg 

(78 mg kg
-1

), followed by Gulshan market (41 mg kg
-1

) and Hazaribagh market (27 

mg kg
-1

). The highest concentration of Mg (128 mg kg
-1

) in sugarcane juice was 
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found from Hazaribagh market followed by Kawran bazar market (124 mg kg
-1

) and 

Gulshan market (105 mg kg
-1

). Mango juice from Gulshan market and Hazaribagh 

market had almost same concentration of Mg while mango juice from Kawran bazar 

had higher concentration of Mg. Cane molasses had the Mg concentration of 3000 mg 

kg
-1

 collected from Hazaribagh market followed by 1500 mg kg
-1

 in Kawran bazar 

market and 1050 mg kg
-1

 in Gulshan market. 

 

In case of dinning out items, the highest concentration of Mg in cooked rice, cooked 

fish and cooked meat was found in samples from Kawran bazar while the lowest 

concentrations were found from Gulshan market. 

 

Magnesium concentration in the fleshy spices ranged from 114 mg kg
-1

 in onion from 

Gulshan market to 521 mg kg
-1

 in garlic from Kawran bazar market. The highest Mg 

concentration in dry chilli, green chilli, onion, garlic and cumin was found in samples 

collected from Kawran bazar while for ginger and coriander seed it was from 

Hazaribagh market. Betel leaf from Kawran bazar and betel nut from Hazaribagh 

market had the highest levels of Mg than the samples from other markets. Tap water 

from Gulshan market had the highest concentration of Mg (105 mg L
-1

) followed by 

Hazaribagh market (28 mg L
-1

) and Kawran bazar (9.8 mg L
-1

). 

 

Magnesium intake 

Total Mg intake by the adult male of poor households of Dhaka city ranged from 172-

377 mg d
-1

 with the mean and median values of 261 mg d
-1

 and 257 mg d
-1

 (Table 

4.3). Only 2% of male had the intake of Mg above RDI of 340 mg d
-1

 (NIN, 2010), 

54% within 75-99% RDI and 44% within 50-74% RDI (Fig.4.1). Cereals contributed 

40.6% to the total Mg intake followed by vegetables (20.3%) and pulses (8.4%) 

(Annex. 1). In case of non-poor, the Mg intake was higher than the poor, ranging from 

301-700 mg d
-1

 (Table 4.3) with the mean and median values of 404 mg d
-1

 and 391 

mg d
-1

. Eighty eight percent of the males of the non-poor had the intake of Mg above 

DRI of Mg and the rest 12% within 75-99% RDI (Fig. 4.1). The contribution of 

cereals, pulses, vegetables, fishes and fruits to the total intake of Mg for the non-poor 

household was 26.2%, 5.5%, 13.6%, 2.5% and 4.5%, respectively (Annex. 1).  

 

4.2.3 Sodium  

Sodium concentration 

Both fine and coarse grain rice collected from Kawran bazar and cooked by 

absorption method had the highest Na concentration of 452 mg kg
-1

 and 418 mg kg
-1

, 

respectively (Table 4.2). The fine grain rice collected from Gulshan market and 

cooked by absorption method had the lowest Na concentration (286 mg kg
-1

) and for 
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coarse grained rice this element concentration was the lowest (272 mg kg
-1

) for the 

samples collected from Hazaribagh market and cooked by absorption method. 

Cooking rice by draining out excess gruel had lower Na concentration than cooking 

by absorption method. Sodium concentration in beaten rice was in the order of 

Hazaribagh market (184 mg kg
-1

) > Gulshan market (162 mg kg
-1

) > Kawran bazar 

(124 mg kg
-1

). Sodium concentration in puffed rice was much higher the normal rice. 

The highest Na concentration in puffed rice (4627 mg kg
-1

) was found in samples 

collected from Gulshan market followed by Kawran bazar (1832 mg kg
-1

) and 

Hazaribagh market (935 mg kg
-1

). Brine water at varying concentrations is mixed 

with rice during the preparation of puffed rice which is mainly responsible for 

elevated Na in puffed rice compared to normal rice. The Na concentration in whole 

wheat flour and wheat flour was in the range of 121-152 mg kg
-1

 and 105-139 mg kg
-

1
, respectively across the markets. 

 

Sodium concentration in pulses was in the range of 151 mg kg
-1

 in mungbean from 

Gulshan market to 634 mg kg
-1

 in lathyrus from Hazaribagh market (Table 4.2). The 

highest concentration of Na was observed in lentil and chickpea collected from 

Kawran bazar while for lathyrus and chickpea it was from Hazaribagh market.  
 

There was a variation in Na concentration among different fishes studied from 

different markets. The Na concentration in the fishes ranged from 170 mg kg
-1

 in 

hilsha fish from Hazaribagh market to 799 mg kg
-1

 in prawn from Gulshan market 

(Table 4.2). Hilsha and prawn from Gulshan market had the highest concentration of 

Na compared to Hazaribagh market and Kawran bazar. The rest of the fishes had the 

highest concentration of Na from Hazaribagh market. Dry fish from Kawran bazar 

had the Na concentration of 7662 mg kg
-1

 followed by 7549 mg kg
-1

 from Gulshan 

market and 5085 mg kg
-1

 from Hazaribagh market.   
 

Sodium concentration in egg was 1219, 956 and 646 mg kg
-1

 from Gulshan market, 

Hazaribagh market and Kawran bazar, respectively. Sodium concentration in beef and 

beef liver was the highest in samples from Kawran bazar while for mutton and farm 

chicken it was from Hazaribagh market.  
 

There was a wide variation in Na concentration among different vegetables studied 

from three markets (Table 4.2). Sodium concentration in vegetables ranged from 20 

mg kg
-1

 in pointed gourd from Hazaribagh market to 2021 mg kg
-1

 in spinach from 

the same market. Cabbage, Indian spinach and coriander leaf from Gulshan market 

had the highest level of Na than the other two markets.  Yard long bean, green 

banana, green papaya, pointed gourd, pumpkin, tomato and radish from Kawran bazar 

had the highest level of Na compared to those from Kawran bazar and Hazaribagh 

market.   Potato, brinjal, aroid, lady‘s finger, spinach, amaranth and cauliflower from 



52 

 

Hazaribagh market had the highest Na concentration than the samples from the other 

two markets.   
 

The Na concentration in liquid milk of Gulshan market was the highest (1138 mg kg
-

1
) followed by Hazaribagh market (1000 mg kg

-1
) and Kawran bazar (813 mg kg

-1
). 

Powder milk from Gulshan market had the concentration of Na of 563 mg kg
-1

 

followed by Hazaribagh market (820 mg kg
-1

) and Kawran bazar (190 mg kg
-1

).  

Jilapi from three markets had very close concentration of Na. Sodium concentration in 

rasogolla from Kawran bazar was almost double than that from Gulshan market. The 

highest concentration of Na in chamcham and jilapi was found from Gulshan market 

that those from Kawran bazar and Hazaribagh market. Mustard oil and soybean oil 

had about 4 mg Na kg
-1

 from all markets.  
 

Sodium concentration in different fruits was in the range of 8.0 mg kg
-1

 in pineapple 

from Gulshan market to 137 mg kg
-1

 in papaya from Kawran bazar.  Fruits like 

mango, jackfruit, apple, jujube and carambola from Gulshan market had the highest 

concentration of Na than those from Kawran bazar and Hazaribagh market. Banana, 

guava, pineapple and papaya from Kawran bazar had the highest concentration of Na 

than those from Gulshan market and Kawran bazar. 
 

The Na concentration in tea varied widely among the three markets. Sodium 

concentration in tea was the highest from Kawran bazar (123 mg kg
-1

) followed by 

Gulshan market (73 mg kg
-1

) and Hazaribagh market (48 mg kg
-1

). Sodium 

concentrations in sugarcane juices obtained from three markets were very close 

ranging from 49-57 mg kg
-1

. The mango juice from Kawran bazar had the Na 

concentration of 160 mg kg
-1

 followed by 102 mg kg
-1

 from Gulshan market and 92 

mg kg
-1

from Kawran bazar market. Among the three soft drinks, 7-up had the highest 

concentration of Na followed by sprite and coca cola. Cane sugar from Hazaribagh 

market and Gulshan market had the same concentration of Na (97 mg kg
-1

) followed 

by cane sugar from Kawran bazar (78 mg kg
-1

). Cane molasses are very rich in Na. 

The highest concentration of Na (3000 mg kg
-1

) in cane molasses was found from 

Gulshan market followed by 1800 mg kg
-1

 from Hazaribagh market and 1700 mg kg
-1

 

from Kawran bazar.  
 

Among the dinning out items, the highest concentration of Na in cooked rice, cooked 

fish and cooked meat was found in samples collected from Gulshan market. Sodium 

concentration in cooked rice was low ranging from 78-97 mg kg
-1

 across the markets. 

Very high concentration of Na was observed in cooked fish and cooked meat as salt is 

added for cooking. Dry chilli, garlic ginger and cumin form Gulshan market had the 

highest concentration of Na compared to those from other two markets. Green chilli, 

onion and coriander seed from Kawran bazar had he highest concentration of Na than 



53 

 

samples collected from other two markets. The concentration of Na in betel leaf 

among the three markets was very close. Similarly, the betel nuts from three markets 

had almost similar concentration of sodium. Tap water collected from Hazaribagh 

market had the highest concentration of 35 mg Na L
-1

, followed by 224 mg Na L
-1

 

from Gulshan market and 11 mg Na L
-1

 from Kawran bazar. 

 

Sodium intake 

Total intake of Na by the adult male of poor households of Dhaka city ranged from 

172-471 mg d
-1

 with the mean and median values of 288 mg d
-1

 and 273 mg d
-1

 (Table 

4.3). In case of non-poor, the Na intake was in the range of 131-542 mg d
-1

 (Table 

4.3) with the mean and median values of 277 mg d
-1

 and 255 mg kg
-1

, respectively. 

The RDI intake of Na for adult is 1500 mg d
-1

. Therefore, all the males from poor and 

non-poor households had Na intake below RDI (Fig. 4.1). Salt (NaCl) is the main 

source of Na for human. All the food items were boiled without addition of any salt; 

hence the intake of Na is much lower than the DRI. The salt content of natural diets, 

predominantly plant based foods in India does not exceed 300-400 mg of Na (1g Na). 

The diet provides 90% Na from sodium chloride and only 10-15% originates from 

natural foods (NIN, 2009).  The NNMB (1987) indicates that salt consumption (added 

NaCl) ranges from <5 to 30 g in different states of India with almost 40% of the 

families consuming around 10 g NaCl d
-1. 

Cereals contributed 60% of the total Na 

intake followed by pulses (9.9%), vegetables (8.7%) and fishes (6.9%) for the poor 

households. The contribution of cereals, pulses, vegetables, fishes and dairy products 

was 5.94%, 9.8%, 9.6%, 6.9% and 4.05%, respectively for the non-poor households 

(Annex. 1).  

 

4.2.4 Potassium 

Potassium concentration 

The highest K concentration was found in both fine and coarse grain rice was found in 

samples from Kawran bazar followed Hazaribagh market and Gulshan market (Table 

4.2). Cooking rice by absorption method increased the concentration of K compared 

to cooking rice by draining method. Puffed rice showed higher K concentration than 

the coarse and fine grain rice indicating that K in the puffed rice was increased during 

the process of preparation of puffed rice.  Whole wheat flour had higher levels of K 

than the wheat flour indicating that K might have concentrated on the surface layers 

of wheat seed, which was removed during preparation of wheat flour. The highest 

concentration of K (2115 mg kg
-1

) was found in whole wheat flour samples from 

Gulshan market and it was followed by Kawran bazar (1508 mg kg
-1

) and Hazaribagh 

market (1362 mg kg
-1

).  
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Pulses had much higher concentration of K than the rice. Mungbean had the highest 

concentration of K compared to lentil, lathyrus and chickpea. The highest K 

concentration in all the pulses was found from samples collected from Gulshan 

market whereas the lowest one was found in samples from Hazaribagh market.   
 

Potassium concentration in fishes ranged from 953 mg kg
-1

 in prawn from Hazaribagh 

market to 2591 mg kg
-1

 in grass carp from Gulshan market. All the fish samples 

except Hilsha had the highest concentration of K from samples collected from 

Gulshan market. Hilsha collected from Hazaribagh market had the highest 

concentration of K (2402 mg kg
-1

) followed by Gulshan market (2030 mg kg
-1

) and 

Kawran bazar (1946 mg kg
-1

).  
 

Potassium concentration in eggs collected from Kawran bazar, Hazaribagh market 

and Gulshan market were 1878, 1067 and 1829 mg kg
-1

, respectively.  Mutton had 

lower K concentration compared to beef and farm chicken. Beef liver had higher 

concentration of K than the beef collected from all markets. Farm chicken had higher 

K concentration than beef and mutton collected from all markets.  
 

Potassium concentration of different vegetables ranged from 537 mg kg
-1

 in pointed 

gourd collected from Kawran bazar to 3827 mg kg
-1

 in coriander leaf collected from 

the same market.  Aroid tuber, tomato, cauliflower, radish and cabbage from Gulshan 

market had the highest concentration of K than those from the other two markets. 

Potato, brinjal, yard long bean, pumpkin, lady‘s finger and coriander leaf from 

Kawran bazar had the highest concentration of K than Gulshan market and 

Hazaribagh market. The highest concentration of K in green banana, green papaya, 

pointed gourd, spinach, amaranth, carrot and Indian spinach was noted in samples 

collected from Hazaribagh market.  
 

The liquid milk had higher concentration of K than the powder milk from all three 

markets. The K concentration in liquid milk from Gulshan market was 4590 mg kg
-1

 

followed by 4515 mg kg
-1

 from Hazaribagh market and 3505 mg kg
-1

 from Kawran 

bazar. Jilapi and chamcham from Gulshan market had the highest concentration of K 

while it was the lowest from Kawran bazar. Rasogolla collected from Kawran bazar 

had the highest concentration of K while the lowest K concentration was found from 

Hazaribagh market. Mustard oil from all three markets had 15-21 mg K kg
-1

 while 

soybean oil had same quantity of 5 mg K kg
-1

 from all markets.  
 

The K concentration in different fruits varied widely from 786 mg kg
-1

 in pineapple 

from Kawran bazar to 3032 mg kg
-1

 in jujube from Gulshan market. Mango, apple, 

papaya, jujube and carambola from Gulshan market had the highest concentration of 

K than those from other two markets. Banana, jackfruit, guava, and pineapple 
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collected from Kawran bazar had the highest K concentration. All the fruits from 

Hazaribagh market had the lowest K concentration in all fruits.  
 

The K concentration of tea, sugarcane juice, mango juice and 7-up was the highest in 

samples collected from Kawran bazar while the lowest concentration was noted for 

Hazaribagh market samples.  The highest K concentration in sprite was found from 

samples collected from Hazaribagh market and the lowest K concentration was found 

from Gulshan market.  Potassium concentration in coca cola ranged from 3 mg kg
-1

 in 

samples collected from Kawran bazar to 17 mg kg
-1

 in samples from Gulshan market. 

The highest K concentration in cane molasses was found from Gulshan market (11325 

mg kg
-1

) followed by 9188 mg kg
-1

 from Hazaribagh market and 9750 mg kg
-1

 from 

Kawran bazar. 
 

In case of dinning out items, the concentration of K in cooked rice ranged from 200 

mg kg
-1

 from Kawran bazar to 989 mg kg
-1

 from Gulshan market. The concentration 

of K in cooked fish and cooked meat was the highest in samples from Gulshan market 

while the lowest concentrations were found from Hazaribagh market. 
 

Potassium concentration in fleshy spices ranged from 1760 mg kg
-1

 in onion from 

Kawran bazar to 4226 mg kg
-1

 in garlic from the same market. The highest K 

concentration in dry chilli, green chilli, garlic, ginger and cumin was found samples 

from Kawran bazar while for onion it was from Hazaribagh market. The coriander 

seed from Gulshan market had the highest concentration of K than those from the 

other two markets. Betel leaf from Kawran bazar and betel nut from Gulshan market 

had the highest levels of K than the samples from the other two markets. The tap 

water of Gulshan market, Kawran bazar and Hazaribagh market had the K 

concentration of 1.91, 5.75 and 2.54 mg K L
-1

.  

 

Potassium intake 

Total K intake by the adult male of poor households of Dhaka city ranged from 582-to 

1657 mg d
-1

 with the mean and median values of 1002 mg d
-1

 and 985 mg d
-1

, 

respectively (Table 4.3). In case of non-poor, the K intake was higher than the poor, 

ranging from 899-to 3299 mg d
-1

 (Table 4.3) with the mean and median values of 

1603 mg d
-1

 and 1500 mg d
-1

 respectively. 
 

The RDI of K for adult male is 3800 mg d
-1

. Hence, all the males from both poor and 

non-poor households had K intake less than RDI. Cereals contributed 37.0% to the 

total K intake followed by vegetables (29.9%) and pulses (11.8%) for the poor 

households. For non-poor households, the contribution of cereals, pulses, vegetables, 

fishes and fruits to the total intake of K was 57.9%, 8.6%, 15.2%, 3.9% and 4.4%, 

respectively(Annex.1).                                                                      
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Table 4.2 Concentrations of Ca, Mg, Na and K in different foods from three markets of Dhaka city 

 

Food name 

  

Calcium 

(mg/kg fresh wt) 
Magnesium 

(mg/kg fresh wt) 
Sodium 

(mg/kg fresh wt) 
Potassium 

(mg/kg fresh wt) 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Cereals 

Fine rice (Absorption) 470 409 393 286 315 312 286 452 321 1596 2766 2160 

Fine rice (Drained) 406 394 355 256 311 277 252 353 227 1296 2556 1236 

Coarse rice (Absorption) 305 471 384 241 364 286 239 418 272 2011 2835 2370 

Coarse rice (Drained) 189 378 375 212 288 322 175 277 253 1503 2560 2101 

Beaten Rice 567 226 269 404 985 894 162 124 184 1329 2018 1716 

Puffed Rice 393 255 236 442 466 289 4627 1832 935 1938 2025 1620 

Whole wheat flour 416 317 323 565 293 292 133 152 121 2115 1508 1362 

Wheat flour 503 228 244 280 195 219 139 105 118 1248 1275 1179 

Pulses 

Lentil 1456 603 644 887 1001 659 170 278 195 7595 7064 6063 

Lathyrus 1013 921 1163 1185 1630 1348 436 529 634 12389 10836 8789 

Chickpea 872 827 1479 861 966 1539 293 207 684 10343 7973 7749 

Mungbean 1431 1528 1740 1074 2397 2105 151 314 284 16644 11871 11393 

Fish 

Hilsha 1834 1162 719 198 201 384 312 258 170 2030 1946 2402 

Prawn 8125 4908 3785 263 308 352 799 374 411 1937 1008 953 

Rohu 1769 1179 390 160 213 293 269 221 321 2376 1529 1751 

Katla 768 614 505 183 197 306 276 251 380 2091 1859 1766 

Mrigel 185 1646 691 103 258 289 188 293 297 2217 1877 1701 

Grass carp 259 207 428 87 212 202 242 256 295 2591 2075 2148 

Pangas 121 216 98 111 119 149 207 255 284 1890 1490 1884 

Dry fish 16642 15919 18412 1125 1600 2238 7549 7662 5085 9560 6543 6309 

Egg 

Duck and chicken egg 463 678 385 123 209 130 1219 646 959 1878 1067 1829 

Meat 

Beef 115 806 115 55 153 79 122 197 138 695 453 707 

Beef liver 124 85 70 82 92 85 191 260 229 1488 1272 1005 
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Food name 

  

Calcium 

(mg/kg fresh wt) 
Magnesium 

(mg/kg fresh wt) 
Sodium 

(mg/kg fresh wt) 
Potassium 

(mg/kg fresh wt) 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Mutton 145 202 185 41 106 68 152 146 155 242 375 713 

Farm chicken 120 279 347 103 120 224 284 36 192 903 840 1239 

Vegetables 

Potato 80 85 86 277 321 286 57 74 84 2759 2825 2310 

Brinjal 146 281 403 116 226 262 40 101 134 1290 1674 1464 

Yard long bean 311 323 358 268 373 381 35 78 51 1020 1545 1533 

Green banana 298 260 244 265 133 160 28 54 42 1385 969 1529 

Green papaya 321 470 413 152 269 241 103 149 89 950 968 1109 

Pointed gourd 147 162 343 85 92 173 26 32 20 672 537 761 

Pumpkin 106 354 170 55 123 65 15 77 26 752 1031 1139 

Aroid 328 345 498 221 238 294 33 38 48 2003 2214 1794 

Lady‘s finger 812 815 1785 372 444 768 73 115 108 1548 2018 1482 

Tomato 72 255 86 93 162 80 63 84 40 1935 942 1344 

Spinach 462 1013 560 457 397 443 1438 1521 2021 1737 917 1751 

Amaranth 2158 1159 1895 727 552 1003 65 62 81 1226 1076 2001 

Cauliflower 274 184 506 173 96 290 197 128 264 1727 1503 1215 

Carrot 388 433 262 144 153 72 262 293 244 900 1043 1394 

Radish 301 313 151 153 137 62 164 185 278 1034 798 831 

Cabbage 622 577 508 281 186 186 269 190 235 1827 1503 1481 

Indian spinach 930 881 672 637 391 354 122 73 87 615 981 1376 

Coriander leaf 1190 777 1156 514 236 603 433 112 429 1275 3827 1692 

Milk   

Liquid milk 378 1165 318 390 130 273 1138 813 1000 4590 3503 4515 

Powder milk 1740 965 1343 245 105 130 563 190 343 1230 1325 2010 

Sweetmeat 

Rasogolla 2599 2058 1887 110 137 97 123 269 231 398 599 278 

Jilapi 218 2328 143 155 100 97 376 268 290 1637 441 453 

Chamcham 4555 2169 1627 147 126 120 305 312 320 1682 1058 1410 

Oils 

Mustard oil 11 15 23 3 19 17 3 4 4 15 17 21 

Soybean oil 7 8 6 0 0 0 4 4 3 5 5 5 
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Food name 

  

Calcium 

(mg/kg fresh wt) 
Magnesium 

(mg/kg fresh wt) 
Sodium 

(mg/kg fresh wt) 
Potassium 

(mg/kg fresh wt) 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Fruits 

Ripe banana 58 97 70 695 501 278 34 41 26 2904 2919 2741 

Mango 92 74 62 285 208 82 31 25 22 1857 1523 1131 

Jackfruit 621 595 530 471 425 379 24 18 17 2090 2462 2393 

Guava 330 130 253 218 102 176 14 23 23 1959 2333 2180 

Pineapple 278 181 266 189 199 258 8 14 13 894 1079 786 

Apple 670 190 168 74 62 55 33 29 31 1430 1290 1115 

Papaya 215 489 192 227 269 104 127 137 35 2193 1611 1425 

Jujube 80 160 73 47 103 67 24 22 20 3032 2952 2094 

Carambola 289 168 190 247 109 84 27 18 22 2157 1800 1478 

Drinks & Beverages 

Tea 54 63 103 41 78 27 73 123 48 311 459 294 

Sugarcane Juice 53 95 118 105 124 128 57 52 49 2325 2490 1823 

Mango Juice 57 64 77 7 33 6 102 160 92 116 210 105 

7-up 17 78 58 3 5 4 99 149 104 5 14 9 

Sprite 8 5 4 0 0 1 39 55 22 11 2 17 

Coca cola 4 9 57 1 0 1 11 9 10 17 3 6 

Sugar & Molasses 

Cane sugar 546 169 2350 0 0 0 97 78 97 0 15 0 

Gur (cane molasses) 1050 2000 3900 700 1050 1500 3000 1700 1800 11325 9188 9750 

Dinning out 

Rice 52 60 84 47 57 63 63 55 60 989 200 923 

Fish 319 1202 1514 186 630 638 7173 2431 2922 3467 2660 1913 

Meat 141 1604 661 155 240 521 5164 3700 1998 3461 2448 2216 

Spices 

Dried chilli 1745 3215 2940 2205 3261 2986 321 236 253 20945 24597 16812 

Green chilli 120 407 287 229 410 321 45 198 86 3105 3587 2889 

Onion 318 586 415 114 338 212 318 326 106 2016 1760 2211 

Garlic  38 712 877 127 521 343 547 426 216 3777 4226 3090 

Ginger 154 382 407 314 394 493 228 200 173 2081 3569 2616 

Cumin 13047 11351 11210 5464 5605 4051 4098 3226 1649 22538 24162 18935 
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Food name 

  

Calcium 

(mg/kg fresh wt) 
Magnesium 

(mg/kg fresh wt) 
Sodium 

(mg/kg fresh wt) 
Potassium 

(mg/kg fresh wt) 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Coriander seed 8154 11122 8396 3522 5549 5838 452 1255 451 19542 18167 14765 

Chewing 

Betel leaf 3916 4004 3577 1649 1755 1641 70 54 69 3014 3201 3014 

Betel nut 377 1908 2222 1377 1300 1551 191 197 181 6038 5912 4529 

Water  

Tap Water  4.5 21.25 55 105 9.75 28 24 10.5 35 1.91 5.75 2.54 
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Table 4.3 Statistics of minerals intake by male of poor and non-poor households  

 

Element Minimum Maximum Median Mean S.d.  

A: Poor households 

Ca  (mg d
-1

) 297 583 394 401 52 

Mg (mg d
-1

) 172 377 257 261 36 

Na  (mg d
-1

) 172 471 273 288 69 

K    (mg d
-1

) 582 1657 985 1002 308 

B: Non-poor households 

Ca  (mg d
-1

) 196 888 365 402 134 

Mg (mg d
-1

) 301 700 391 404 65 

Na  (mg d
-1

) 131 542 255 277 87 

K    (mg d
-1

) 899 3299 1500 1603 454 
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Fig. 4.1 Distribution of poor and non-poor population according to intake of Ca, Mg,  

              Na and K  
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4.3 Trace elements concentration and intake  

4.3.1 Iron 

Iron concentration 

Cooking of rice by draining excess gruel after cooking decreased the Fe content of 

both coarse and fine grain rice (Table 4.4). The highest Fe concentration in fine grain 

cooked rice by absorption method was 17.15 mg kg
-1

 (fresh weight basis) and it was 

found in samples from Kawran bazar and the lowest was 13.72 mg kg
-1

 that found in 

samples from Gulshan market while the reverse was true for coarse grain rice. Beaten 

and puffed rice showed higher Fe concentration than the coarse and fine grain rice 

indicating that Fe content of the samples increased during preparation of beaten rice. 

Puffed rice is prepared by using hot sand which may adhere with it and thus may 

increase the concentration of different metals. The highest concentration of Fe (25.64 

mg kg
-1

) in whole wheat flour was found in samples from Gulshan market and the 

lowest of 19.40 mg kg
-1

 was found in samples from Kawran bazar. The wheat flour 

had lower Fe concentration than the whole wheat flour. 
 

Pulses had elevated concentration of Fe than the rice. Pulses collected from 

Hazaribagh market had higher Fe concentration than the other two markets (Table 

4.4). Iron concentration was the lowest in lathyrus, lentil and mungbean samples from 

Kawran bazar. Iron concentration in fishes ranged from 1.87 mg kg
-1

 in grass carp 

from Kawran bazar to 27.68 mg kg
-1

 in prawn from the same market. The highest Fe 

concentrations in katla, grass carp, pangas and dry fishes were found in samples from 

Hazaribagh market while the highest concentrations of Fe in hilsha, prawn, rohu and 

mrigel were observed in samples from Kawran bazar.  
 

The eggs from Kawran bazar had the iron concentration of 33.91 mg kg
-1

 while it was 

20.34 mg kg
-1

 from Hazaribagh market. Beef and mutton had almost the same 

concentration of Fe while beef liver had 3-4 times higher Fe concentration compared 

to the beef. Farm chicken had lower Fe concentration than the beef and mutton 

samples from all markets. 
 

Iron concentration in different vegetables ranges from 1.58 mg kg
-1

 in pointed gourd 

from Kawran bazar to 35.17 mg kg
-1

 in coriander leaf from Gulshan market. 

Generally the leafy vegetables like amaranth, spinach and coriander leaf had much 

higher Fe content compared to the fruity and root vegetables.  
 

Liquid and powder milk from all market had almost equal amount of Fe (Table 4.4). 

Rasogolla and jilapi from Gulshan market had the highest concentration of Fe while 

chamcham samples from Kawran bazar had the highest concentration of iron. 
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Traceable amount of Fe was noticed in both mustard and soybean oils from all 

markets.  
 

The Fe concentration in different fruit samples ranged from 2.26 mg kg
-1

 in pineapple 

from Kawran bazar to 29.55 mg kg
-1

 in apple from Gulshan market. Jackfruit, 

pineapple and apple samples from Gulshan had the highest Fe concentration while 

mango, guava, jujube and carambola from Hazaribagh had the highest concentration 

of Fe. 
 

All the drinks had traceable amount of Fe from all markets. Cane molasses from 

Hazaribagh market and Gulshan market had 51.0 mg Fe kg
-1

 while it was 37.0 mg Fe  

kg
-1 

from Gulshan market (Tale 4.4). In case of dinning out items, the highest 

concentration of Fe in cooked rice, cooked fish and cooked meat was found in 

samples from Kawran bazar, Hazaribagh market and Gulshan market, respectively. 

Among the fleshy spices, onion and garlic from Gulshan market, and onion & ginger 

from Kawran bazar had the highest iron levels. Dry chilli and coriander seed from 

Hazaribagh market and cumin seed from Kawran bazar had the highest concentration 

of iron than samples from other markets. Betel leaf from Gulshan market and betel 

nut from Hazaribagh market had the highest levels of Fe than the samples from other 

markets.  
 

Iron intake 

Iron intake by the adult male of 100 poor households of Dhaka city ranged from 3.6 -

14.2 mg d
-1 

with the mean and median values of 6.0 mg d
-1

 and 5.9 mg d
-1

, 

respectively (Table 4.5). All the males had the Fe intake below RDI of 17 mg d
-1

. 

Only 1% of the population had the Fe intake within 75-99% RDI, 3% within 50-74% 

RDI, 89% within 25-49% RDI and rest 25% below 25% RDI (Fig. 4.2) Cereals 

contributed 59% of the Fe intake followed by vegetables (14.2%) and pulses (7.6%) 

(Annex. 2). In case of adult male of non-poor household, the Fe intake was higher 

than the male of poor household showing a range of 5.4-21.9 mg d
-1

 with the mean 

and median value of 9.8 and 9.3 mg d
-1

. Only 2% of the non-poor had the Fe intake 

more than the DRI, 8% within 75-99% RDI, 54% within 50-74% RDI and rest 36% 

within 25-49% RDI (Fig. 4.2). The contribution of cereals, vegetables, pulses, fishes 

and meat was 59%, 14.2%, 7.6%, 5.7% and 3.9%, respectively (Annex. 2). 
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4.3.2 Manganese 

 

Manganese concentration 

The highest concentration of Mn (13.91 mg kg
-1

) in cooked fine grain rice was found 

in samples from Kawran bazar while the lowest concentration (10.85 mg kg
-1

) was 

found in sample from Gulshan market (Fig. 4.4). On the other hand, the highest 

concentration on Mn (12.8 mg kg
-1

) was observed in coarse rice cooked by absorption 

method from Hazaribagh market and the lowest concentration of 9.61 mg kg
-1

 in 

sample from Gulshan market. Beaten rice and puffed rice from all markets had much 

higher concentrations of Mn than the coarse and fine grain rice. Whole wheat flour 

from Gulshan market had the highest concentration of Mn while the lowest 

concentration of Mn was found in samples from Hazaribagh. Wheat flour generally 

had lower Mn concentration than the whole wheat flour.  
 

The highest concentrations of Mn in lentil, lathyrus and mungbean were found in 

samples from Kawran bazar, and chickpea from Gulshan market recorded the highest 

level of Mn (Fig. 4.4). The Mn concentration in fresh fishes ranges from 0.46 mg kg
-1

 

in mrigel from Gulshan market to 15.18 mg kg
-1

 in prawn from Gulshan market. The 

highest Mn concentration of hilsha, prawn, grass carp, pangas and dry fish was 

observed from Gulshan market while the highest concentration of Mn in rohu and 

katla was found in samples from Kawran bazar market. Beef liver samples had much 

higher content of Mn than the beef. Farm chicken had the lowest concentration of Mn 

than the other meat. 
 

The Mn concentration of vegetables varied from 0.25 mg kg
-1

 in green papaya from 

Gulshan market to 21.09 mg kg
-1

 in amaranth from Hazaribagh market (Fig. 4.4). 

Potato, brinjal, green banana, pointed gourd, aroid tuber, tomato, spinach, carrot, 

cabbage and Indian spinach from the Gulshan market showed the highest 

concentration of Mn than the samples from other markets. In case of yard long bean, 

green papaya, cauliflower, radish and coriander leaf, the highest concentration of Mn 

was found in samples from Kawran bazar than the samples from other markets.  
 

Liquid and powder milk samples from Gulshan market had higher Mn concentration 

than the other markets. Rasogolla and jilapi samples from Gulshan market recorded 

the highest concentration of Mn while chamcham from Kawran bazar had the highest 

concentration of Mn.  
 

The Mn concentration in different fruits ranged from 0.47 mg kg
-1

 in mango collected  

from Hazaribagh market to 15.12 mg kg
-1

 in banana from Hazaribagh market (Fig. 

4.4). Most of the fruits from Gulshan market had the highest levels of Mn.  
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Manganese was detected in low concentrations in sugar cane juice and mango juice. 

Cane molasses had 13.51, 18.69 and 16.13 mg Mn kg
-1

 from Gulshan market, Kawran 

bazar and Hazaribagh market, respectively. In case of dinning out items, the highest 

concentration of Mn in cooked rice found in Hazaribagh market while for cooked fish 

and cooked meat samples were found in Kawran bazar. The fleshy spices had Mn 

concentrations ranging from 2.64 mg Mn kg
-1

 in onion from Kawran bazar to 62.13 

mg Mn kg
-1 

in ginger from the same market. The highest concentration of Mn in green 

chilli and onion was observed from Gulshan market whereas in dried chilli, garlic and 

cumin it was observed from Kawran bazar market. Betel leaf had 6.37-7.42 mg Mn 

kg
-1

 and betel nut had concentration ranging from 23.86-29.9 mg kg
-1

 across the 

markets. 

 

Manganese intake 

Total Mn intake by the adult male of poor households of Dhaka city ranged from 2.0-

8.0 mg d
-1

 with the mean and median value 4.3 mg d
-1

. In case of non-poor, the Mn 

intake was higher than the poor, ranging from 2.9 -13.3 mg d 
-1

 (Table 4.5) with the 

mean and median values of 6.6 mg d
-1

 and 6.4 mg d
-1

. All the male adults of both poor 

and non-poor had the Mn intake above RDI of 2.0 mg d
-1

. Cereals contributed 74.4% 

of the total Mn intake followed by pulses (9.8%) and vegetables (7.9%) for the poor 

household. In case of non-poor household, the contribution of cereals, pulses, 

vegetables, fishes and fruits was 74.3%, 9.8%, 7.9%, 3.6% and 3.2% of the Mn 

intake, respectively (Annex. 2).  

 

4.3.3 Copper 

Copper concentration 

The highest Cu concentration (6.38 mg kg
-1

) in fine grain rice cooked by absorption 

method was found in sample collected from Gulshan market while the lowest 

concentration (3.14 mg kg
-1

) was found in sample from Kawran bazar (Table 4.4).  In 

case of coarse grain  rice cooked by absorption method, the highest Cu concentration 

(6.10 mg kg
-1

) was observed in sample from Hazaribagh market and the lowest 

concentration (3.96 mg kg
-1

) was in sample from Gulshan market. Rice cooking by 

draining of excess gruel generally decreased the concentration of Cu in rice compared 

to those of cooked by absorption method. Beaten rice from Gulshan market had the 

highest concentration of Cu (7.29 mg kg
-1

) while lowest concentration (2.83 mg kg
-1

) 

was observed from Kawran bazar. Puffed rice from Kawran bazar had the highest 

concentration of Cu (4.70 mg kg
-1

) and the lowest concentration (2.80 mg kg
-1

) was 

found from Hazaribagh market sample. The whole wheat flour had the concentration 

of Cu ranging from 1.82 mg kg
-1

 in Kawran bazar market sample to 3.96 mg kg
-1

 in 



66 

 

sample from Gulshan market.  The concentration of Cu in wheat flour ranges from 

2.27 mg kg
-1

 from Hazaribagh market to 3.03 mg kg
-1

 in Gulshan market.  
 

Pulses had higher concentration of Cu than those of cereals (Table 4.4). The highest 

Cu concentration in lentil, chickpea and mungbean was from Gulshan market while 

for lathyrus it was from Hazaribagh market. Fresh fishes had variable concentrations 

of Cu ranging from 0.26 mg kg
-1

 in mrigel from Hazaribagh market to 16.01mg kg
-1

 

in prawn from Kawran bazar market. Among the fishes, prawn from all markets had 

the highest concentration of copper. Most of the fishes from Kawran bazar had the 

highest concentrations of Cu than other fishes from other markets. All the meat 

samples from all markets had Cu concentration less than 1.0 mg kg
-1

. The highest Cu 

concentration (6.76 mg kg
-1

) in beef liver was found from Gulshan market followed 

by Kawran bazar (2.58 mg Cu kg
-1

) and Hazaribagh market (1.41 mg Cu kg
-1

). 
 

The Cu concentration in different vegetables ranged from 0.14 mg kg
-1

 in radish 

collected from Kawran bazar to 1.40 mg kg
-1

 in aroid tuber from Gulshan market 

(Table 4.4).   Potato, brinjal, yard long bean, aroid, spinach, amaranth and coriander 

leaf are rich in Cu compared to other vegetables. Liquid milk from Hazaribagh market 

had 0.19 mg Cu L
-1

 while those of Gulshan market and Kawran bazar had 0.13 mg Cu 

L
-1

 and 0.09 mg Cu L
-1

, respectively. Powder milk had almost the similar 

concentration of Cu in liquid milk. The highest concentrations of Cu in jilapi and 

chamcham were found in samples from Gulshan market and that of rasogolla was 

found in samples from Hazaribagh market. Trace amount of Cu was found in mustard 

and soybean oils from three markets. 
 

The Cu concentrations in different fruits were in the range of  0.16 mg kg
-1

 in papaya 

from Hazaribagh market to 2.73 mg kg
-1

 in jackfruit from the same market (Table 

4.4). All the fruits except jackfruit and pineapple from the Gulshan market had the 

highest concentration of Cu. Copper concentrations in all fruits except jackfruit and 

pineapple were the lowest in Hazaribagh market. There was no wide variation in the 

Cu concentrations among the juices and drinks among the samples collected from the 

three markets. Cane molasses from Hazaribagh had 3.64 mg Cu kg
-1

 while those of 

Gulshan market and Kawran bazar had 2.30 mg Cu kg
-1

 and 2.05 mg Cu kg
-1

, 

respectively.  In case of dinning out items, the highest cooked rice and meat samples 

from Gulshan market had the highest amount of Cu while in case of cooked fishes it 

was highest from Hazaribagh market. Copper concentration was the lowest in cooked 

rice and fishes from Hazaribagh market and that of cooked meat it was lowest in 

Gulshan market.  Dried chilli, green chilli, onion, garlic, cumin seed and coriander 

seed had the highest Cu concentrations in samples from Gulshan market while for 

ginger it was highest in samples collected from Kawran bazar.  Betel leaf had 1.41-
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1.86 mg Cu kg
-1

 and betel nut had the Cu concentration ranging from 8.54-13.84 mg 

kg
-1

 across the markets. 

 

Copper intake 

Total Cu intake by the adult male of poor households of Dhaka city ranged from 0.6-

2.5 mg d
-1

 with the mean and median values of 1.4 mg d
-1

 and 1.3 mg kg
-1

 (Table 4.5). 

Only 2% of adult had the intake of Cu above RDI of 2.0 mg d
-1

, 25% within 75-99% 

RDI, 63% within 50-74%, 7% within 25-49% and the rest 2% below <25% RDI (Fig. 

4.2). Cereals contributed 68.3% to the total Cu intake followed by pulses (11.0%) and 

vegetables (8.3%). In case of non-poor, the Mn intake was higher than the poor, 

ranging from 0.8 -4.0 mg/day (Table 4.5) with the mean and median values of 1.7 mg 

d
-1

 and 1.6 mg kg
-1

. Twenty five percent of the males of the non-poor had the intake 

of Mn above than the DRI of 2.0 mg d
-1

, 42% within 75-99% RDI, 32% within 50-

74% RDI and 1% within 25-49% RDI (Fig. 4.2). The contribution of cereals, pulses, 

vegetables, fishes and fruits to the total intake of Cu was 68.3%, 11.0%, 8.3%, 5.2% 

and 2.2%, respectively for the non-poor household (Annex. 2). 

 

4.3.4 Zinc 

Zinc concentration 

The fine grain rice cooked by absorption method collected from Gulshan market had 

the highest concentration of Zn (18.63 mg kg
-1

) and the Zn concentrations for Kawran 

bazar and Hazaribagh market were very close (10.02 and 10.05 mg kg
-1

) (Table 4.4). 

The coarse rice cooked by absorption method from Hazaribagh market had the highest 

Zn concentration (20.05 mg kg
-1

) which was followed by rice collected from Gulshan 

market (15.13 mg kg
-1

) and Kawran bazar (9.41 mg kg
-1

). Cooking rice by draining 

out excess gruel had lower Zn concentration than cooking by absorption method. The 

Zn concentration in puffed rice and beaten rice across the locations were more or less 

same.  
 

All the pulses from Gulshan market had higher Zn concentration than those from 

other markets (Table 4.4). Prawn and rohu had the higher concentration of Zn 

compared to other fishes. The Zn concentration in fishes ranged from 3.35 mg kg
-1

 in 

grass carp from Kawran bazar to 15.74 mg kg
-1

 in prawn from Gulshan market.  Dry 

fish from Hazaribagh had the Zn concentration of 60.62 mg kg
-1

 followed by 45.89 

mg kg
-1

 and 1.36 mg kg
-1

 from Kawran bazar and Gulshan market.  Among the meat, 

Zn concentration was lowest in farm chicken and the highest Zn concentration was 

found in beef liver. The Zn concentration in all types of meat was highest from 

Hazaribagh market. 
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Zinc concentration in vegetables ranged from 0.79 mg kg
-1

 in pumpkin from Kawran 

bazar to 9.28 mg kg
-1

 in aroid tuber from Hazaribagh market (Table 4.4). Potato, yard 

long bean, green banana, green papaya, pointed gourd, pumpkin, aroids, spinach, 

amaranth, carrot, radish, Indian spinach and coriander leaf from Hazaribagh market 

had the highest Zn concentration than other markets. Brinjal, lady‘s finger, tomato, 

cauliflower and cabbage from Gulshan market had the highest concentration of Zn 

than those of other markets. The Zn concentration in liquid milk of Gulshan market 

and Hazaribagh market was almost same but the Zn concentration in milk of Kawran 

bazar was much lower than the Gulshan market and Hazaribagh market. The Zn 

concentration in powder milk from all markets was almost same. Rasogolla and 

chamcham from all markets had very close concentration of Zn. Jilapi from 

Hazaribagh market had the highest Zn concentration of 13.63 mg kg
-1

 which was 

followed by samples from Gulshan market and Kawran bazar market. Mustard and 

soybean oil had traceable amount of Zn.  
 

Zinc concentration in different fruits was in the range of 0.85 mg kg
-1

 in pineapple 

from Gulshan market to 8.76 mg kg
-1

 in jackfruit from Hazaribagh market (Table 4.4). 

The highest Zn concentration was found in mango, apple, papaya and jujube from 

Gulshan market while jackfruit, pineapple and carambola from Kawran bazar market 

had the highest concentration of Zn. Among the juices and drinks, sugarcane juices 

had the highest concentration of Zn which was in the range of 3.32-4.08 mg L
-1

. Cane 

sugar from Hazaribagh market had the highest concentration of Zn (11.4 mg kg
-1

) 

followed by cane sugar from Gulshan market (9.2 mg kg
-1

) and Kawran bazar (3.3 mg 

kg
-1

). Cane molasses from different markets had the Zn concentrations in the range of 

9.2-11.5 mg kg
-1

. Among the dinning out items, the highest concentration of Zn in 

cooked rice, cooked fish and cooked meat was found in Gulshan market, Kawran 

bazar and Hazaribagh market, respectively. All the spices except coriander seed had 

the highest concentration of Zn from Hazaribagh market than spices from other 

markets. Coriander seed from Gulshan market had the highest concentration of Zn 

than other two markets. Betel leaf and betel nut from Gulshan market had the highest 

concentration of Zn than those of Kawran bazar and Hazaribagh market. 

 

Zinc intake 

Total intake of Zn by the adult male of poor households of Dhaka city ranged from 

3.1-14.3 mg d
-1

 with the mean and median values of 6.0 mg d
-1

 and 5.8/ mg d
-1

 (Table 

4.5). Only 1% of males of the poor households had the intake of Zn above RDI of 

12.0 mg d
-1

, 3% within 75-99% RDI, 37% within 50-74% RDI and 59% within 25-

49% RDI (Fig. 4.2). Cereals contributed 60% of the total Zn intake followed by 

pulses (9.9%), vegetables (8.7%) and fishes (6.9%) in poor household. In case of non-

poor, the Zn intake was higher than the poor, ranging from 4.4 -16.7 mg d
-1

 (Table 
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4.7) with the mean and median values of 7.5 mg d
-1

 and 7.3 mg kg
-1

. Only 2% of 

males of the non-poor households had the intake of Zn above RDI of 12.0 mg d
-1

, 

16% within 75-99% RDI, 60% within 50-74% RDI and 22% within 25-49% RDI  

(Fig. 4.2).  The contribution of cereals, pulses, vegetables, fishes and dairy products 

was 5.94%, 9.8%, 9.6%, 6.9% and 4.05%, respectively for the non-poor household 

(Annex. 2). 

 

4.3.5 Molybdenum 
 

Molybdenum concentration 

Molybdenum (Mo) concentrations in fine grain rice cooked by absorption method 

ranged from 0.86 mg kg
-1

 from Kawran bazar market to 1.14 mg kg
-1

 from Gulshan 

market (Table 4.4). Almost similar concentration of Mo was also observed with 

coarse grain rice from three markets. Draining method of cooking both fine and 

coarse grained rice decreased the concentration of Mo compared to cooking by 

absorption method. Beaten rice and puffed rice from Kawran bazar showed highest 

concentration of Mo than those of Gulshan market and Hazaribagh market. Whole 

wheat flour had higher Mo contents than the wheat flour.  
 

Pulses had much higher concentration of Mo than the cereals indicating a good source 

of Mo for human nutrition. 
 

The Mo concentration in pulses ranged from 3.58 mg kg
-1

 in chickpea from Gulshan 

market to 8.47 mg kg
-1

 in lathyrus from Hazaribagh market (Table 4.4). The Mo 

concentration in fresh fishes is very low. Dry fish had Mo concentration ranging from 

0.07 mg kg
-1

 from Kawran bazar to 0.30 mg kg
-1

 from Hazaribagh market. The egg 

samples from Gulshan market and Kawran bazar had almost similar amount of Mo 

while that of Hazaribagh was much lower. Beef liver had much higher Mo 

concentration than the beef and other meats. 
 

The Mo concentrations in different vegetables are very low compared to cereals and 

pulses (Table 4.4). Molybdenum concentrations in vegetables ranged from below 

detection limit to 0.11 mg kg
-1

 fresh weight. Liquid milk and powder milk made in 

liquid form had Mo levels in the range of 0.03-0.12 mg L
-1

. The different fruits had 

Mo concentration in the range of 0.01 mg kg
-1

 to 0.09 mg kg
-1

 fresh weight of fruits. 

Molybdenum was not detected in different juices and drinks. Cooked rice and cooked 

meat from Kawran bazar had the Mo concentration of 0.08 mg kg
-1

 and 0.12 mg kg
-1

, 

respectively.  Different fleshy spices had Mo concentration in the range of 0.01 mg 

kg
-1

 to 0.08 mg kg
-1

 fresh weight. Dry chilli from Gulshan, Kawran bazar and 

Hazaribagh market had the Mo concentrations of 0.11, 0.28 and 0.36 mg kg
-1

, 
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respectively. Molybdenum concentration in betel leaf from three markets had almost 

similar concentration of molybdenum.  

 

Molybdenum intake 

Total intake of Mo by the adult male of poor households of Dhaka city ranged from 

93 -545 µg d
-1

 with the mean and median values of 256 µg d
-1

 and 252 µg d
-1

 whereas 

for adult male of non-poor household it ranged from 210-1083 µg d
-1

 with mean and 

median values of 416 and 389 µg d
-1

 (Table 4.5) The intake of Mo by both poor and 

non-poor groups was well above the RDI of 45 µg d
-1

. Cereals and pulses contributed 

about 96% of the total Mo intake by the population (Annex. 3).  

 

4.3.6 Cobalt 
 

Cobalt concentration 

Cobalt (Co) concentrations in plant and animal products are very low. Very low levels 

of Co was found both in fine, coarse grained rice and puffed rice from Gulshan 

market only (Table 4.4). Wheat flour from Hazaribagh market had only traceable 

amount of Co (0.05 µg kg
-1

). All the pulses except mungbean had appreciable amount 

of Co (0.04 µg kg
-1

 to 0.54 µg kg
-1

. Fresh fishes had Co concentrations from below 

detection limit to 0.26 µg kg
-1

. Dry fish from Gulshan market, Kawran bazar and 

Hazaribagh market had Co concentrations of 0.21, 0.03 and 0.18 µg kg
-1

, respectively. 

Among the meats, high concentration of Co was found in the beef liver from Gulshan 

market and Kawran bazar. The Co concentrations in different vegetables were low 

ranging from below detection level to 0.12 µg kg
-1

 (fresh weight basis) (Table 4.4). 

 

Cobalt intake 

Total intake of Co by the non-poor household was about four times higher than that of 

poor household (Table 4.5). Total intake of Co by the adult male of poor households 

of Dhaka city ranged from 3.3 - 85.1 µg d
-1

 with the mean and median values of 26 µg 

d
-1

 and 23 µg d
-1

 whereas for adult male of non-poor household it ranged from 15-346 

µg d
-1

 with mean and median values of 117 and 110 µg d
-1

. Thirty two percent of the 

poor households had the intake of Co above RDI of 29 µg d
-1

, 21% within 75-99% 

RDI, 28% within 50-74% RDI, 15% within 25-49% RDI and 4% below 25% RDI 

(Fig.4.2). In case of non-poor household, 99% of the population had the intake of Co 

above 100% RDI and only 1% within 75-99% RDI (Fig. 4.2).  Cereals and vegetables 

contributed about 92% of the total Co intake by the poor and non-poor household 

(Annex. 3).  
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Table 4.4 Concentrations of Fe, Mn, Cu, Zn, Mo and Co in different foods from three markets of Dhaka city 

 

Food name 

  
Iron 

(mg/kg fresh wt) 
Manganese 

(mg/kg fresh wt) 
Copper 

(mg/kg fresh wt) 
Zinc 

(mg/kg fresh wt) 
Molybdenum 

(mg/kg fresh wt) 
Cobalt 

(µg/kg fresh wt) 

Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** 

Cereals 

Fine rice (Absorption) 13.72 17.15 14.06 10.85 13.91 11.45 6.38 3.14 4.03 18.63 10.02 10.05 1.14 0.83 0.86 0.44 0.00 0.00 

Fine rice (Drained) 10.22 13.63 11.92 8.66 12.23 11.09 4.71 3.85 4.73 13.74 10.98 11.81 0.78 0.90 0.45 1.30 0.00 0.00 

Coarse rice (Absorption) 26.87 9.53 12.06 9.61 12.19 12.80 3.96 4.07 6.10 15.13 9.41 30.05 1.17 0.32 0.81 0.67 0.00 0.17 

Coarse rice (Drained) 11.64 8.35 9.63 7.80 9.49 11.20 3.64 2.79 3.73 11.54 8.77 12.59 0.48 0.79 0.40 0.83 0.00 0.00 

Beaten Rice 31.71 37.48 46.13 61.59 70.81 62.64 7.29 2.83 3.16 17.96 15.38 14.77 0.73 0.97 0.77 0.00 0.00 0.00 

Puffed Rice 32.78 54.95 56.88 22.10 23.26 20.62 4.42 4.70 2.80 14.75 16.39 14.36 1.09 1.68 0.92 0.68 0.00 0.00 

Whole wheat flour 25.64 19.40 18.76 17.42 14.79 13.54 3.96 1.82 1.76 20.30 10.26 13.38 0.54 0.44 0.62 0.00 0.00 0.00 

Wheat flour 24.78 9.42 17.33 16.38 12.29 11.52 3.03 2.76 2.27 13.74 5.81 6.78 0.37 0.17 0.27 0.00 0.00 0.05 

Pulses 

Lentil 29.04 36.10 40.03 24.96 28.90 20.86 9.01 7.35 5.95 35.32 28.57 24.25 7.40 5.88 6.82 0.08 0.04 0.04 

Lathyrus 59.91 29.95 62.55 34.17 39.88 39.81 6.94 7.28 6.74 49.34 46.69 48.46 7.32 4.68 8.47 0.09 0.54 0.24 

Chickpea 23.04 20.81 27.50 58.80 56.09 58.28 6.83 6.63 6.48 30.11 29.81 30.78 3.58 4.47 4.10 0.35 0.31 0.35 

Mungbean 26.31 22.91 26.31 29.56 34.92 29.22 11.91 10.23 9.92 41.67 26.65 27.24 4.94 4.52 4.57 0.00 0.00 0.00 

Fish 

Hilsha 7.03 21.70 11.98 3.79 2.91 1.08 0.69 0.95 0.49 4.53 6.47 4.24 0.01 0.02 0.00 0.09 0.00 0.00 

Prawn 10.30 27.68 17.52 15.18 11.39 5.97 4.54 16.01 3.10 45.74 13.24 9.50 0.03 0.05 0.01 0.00 0.03 0.00 

Rohu 5.24 7.21 4.26 3.25 3.36 0.69 0.42 0.52 0.40 7.94 15.23 9.33 0.01 0.01 0.00 0.13 0.01 0.07 

Katla 5.40 8.18 10.19 0.52 1.18 1.77 0.39 0.55 0.34 5.57 7.72 6.24 0.00 0.00 0.00 0.02 0.00 0.26 

Mrigel 5.79 7.97 7.82 0.46 1.11 1.57 0.41 0.31 0.26 4.28 4.38 3.92 0.00 0.00 0.01 0.06 0.00 0.12 

Grass carp 4.53 1.87 7.48 0.97 0.21 0.81 0.36 0.37 0.44 7.74 3.35 8.13 0.00 0.00 0.03 0.11 0.00 0.03 

Pangas 5.09 11.87 10.53 0.54 0.47 0.52 0.26 0.34 0.28 5.21 4.69 5.38 0.00 0.00 0.00 0.07 0.01 0.02 

Dry fish 61.75 50.42 67.98 27.80 23.75 27.69 1.37 0.97 1.63 45.89 41.36 60.62 0.16 0.07 0.30 0.21 0.03 0.18 

Eggs 

Duck and chicken egg 25.82 33.91 20.34 1.62 1.18 0.71 1.17 1.08 0.85 16.17 20.34 8.89 0.27 0.26 0.16 0.00 0.00 0.02 

Meat 
Beef 8.49 9.00 8.18 0.28 0.31 0.44 0.20 0.24 0.53 10.13 14.43 14.63 0.04 0.02 0.01 0.00 0.00 0.39 
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Food name 

  
Iron 

(mg/kg fresh wt) 
Manganese 

(mg/kg fresh wt) 
Copper 

(mg/kg fresh wt) 
Zinc 

(mg/kg fresh wt) 
Molybdenum 

(mg/kg fresh wt) 
Cobalt 

(µg/kg fresh wt) 

Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** 

Beef liver 26.95 29.41 57.72 3.09 3.72 2.96 6.76 2.58 1.41 22.30 21.20 23.82 0.92 0.77 1.05 0.03 0.05 0.05 

Mutton 5.01 7.98 8.32 0.41 0.43 0.59 0.72 0.31 1.19 12.14 14.09 19.01 0.09 0.11 0.07 0.00 0.00 0.03 

Farm chicken 3.90 4.36 6.54 0.10 0.22 0.19 0.25 0.14 0.42 4.57 2.73 7.69 0.01 0.00 0.02 0.02 0.01 0.01 

Vegetables 

Potato 5.89 6.61 7.14 1.43 0.91 1.40 0.89 1.00 1.01 2.37 4.34 7.16 0.00 0.01 0.02 0.00 0.04 0.14 

Brinjal 2.44 2.38 1.71 1.36 0.87 1.19 0.67 0.89 0.84 2.45 1.27 1.34 0.03 0.02 0.02 0.01 0.01 0.03 

Yard long bean 7.78 4.43 6.61 3.45 5.05 4.42 0.92 1.14 0.90 4.04 4.28 7.39 0.02 0.05 0.10 0.02 0.08 0.01 

Green banana 6.30 3.98 7.29 2.07 0.84 0.45 0.40 0.34 0.79 1.68 1.26 2.43 0.01 0.04 0.02 0.01 0.05 0.00 

Green papaya 1.66 2.52 3.95 0.25 0.61 0.40 0.20 0.30 0.68 1.05 1.60 3.44 0.02 0.09 0.03 0.01 0.05 0.00 

Pointed gourd 2.47 1.58 2.60 0.89 0.59 0.78 0.42 0.30 0.32 1.49 1.73 1.64 0.01 0.01 0.00 0.01 0.00 0.00 

Pumpkin 3.76 2.36 2.51 0.47 0.32 0.64 0.38 0.19 0.50 1.19 0.79 1.83 0.01 0.00 0.01 0.01 0.01 0.01 

Aroid 2.26 5.99 3.51 2.66 2.66 2.33 0.84 1.13 1.40 2.52 5.93 9.28 0.04 0.11 0.05 0.00 0.01 0.01 

Lay's finger 4.04 6.56 3.75 1.87 1.60 2.61 1.03 0.89 0.94 5.34 5.05 4.91 0.03 0.05 0.03 0.01 0.03 0.04 

Tomato 1.60 4.05 1.64 1.15 1.03 0.78 0.48 0.31 0.42 1.22 1.11 0.91 0.01 0.02 0.35 0.12 0.04 0.01 

Spinach 13.64 22.05 15.89 12.31 4.96 4.64 1.00 0.70 0.68 6.66 4.69 6.89 0.03 0.09 0.03 0.01 0.03 0.03 

Amaranth 22.72 23.37 35.70 14.34 20.77 21.09 1.14 0.55 1.01 6.49 6.94 8.74 0.08 0.08 0.08 0.02 0.03 6.76 

Cauliflower 3.41 2.82 8.26 1.18 1.09 1.64 0.21 0.18 0.36 2.95 1.51 2.60 0.03 0.03 0.04 0.00 0.00 0.04 

Carrot 3.61 4.33 8.66 1.59 1.50 0.84 0.44 0.44 0.40 2.11 1.92 3.69 0.02 0.02 0.01 0.11 0.10 0.08 

Radish 3.15 1.82 3.79 0.62 0.70 0.45 0.28 0.14 0.19 1.46 1.06 1.66 0.02 0.02 0.02 0.01 0.03 0.02 

Cabbage 4.78 2.73 4.93 3.22 1.51 2.19 0.50 0.15 0.27 4.41 1.27 1.27 0.04 0.06 0.05 0.06 0.01 0.01 

Indian spinach 6.17 10.85 12.14 2.69 1.18 2.27 0.39 0.24 0.36 1.08 1.23 3.66 0.03 0.05 0.04 0.04 0.00 0.01 

Coriander leaf 35.17 27.05 32.93 5.64 7.03 5.49 0.91 0.80 0.87 4.71 4.41 5.18 0.02 0.05 0.02 0.01 0.01 0.01 

Milk 
Liquid milk 3.25 3.25 3.30 0.99 0.26 0.77 0.13 0.09 0.19 7.05 4.10 7.00 0.11 0.06 0.12 0.00 0.00 0.00 

Powder milk 1.95 1.30 2.30 0.16 0.07 1.05 0.21 0.07 0.11 4.85 4.20 4.35 0.06 0.03 0.05 0.00 0.00 0.00 

Sweetmeat 

Rasogolla 45.57 25.63 19.22 1.63 1.21 1.44 6.53 6.46 7.82 13.96 14.03 13.45 0.00 0.00 0.00 0.00 0.35 0.27 

Jilapi 47.82 32.72 26.01 2.86 1.47 1.46 4.00 2.32 2.01 9.23 5.54 13.63 0.11 0.05 0.00 0.45 0.55 0.32 

Chamcham 21.69 26.03 23.14 1.50 1.76 1.17 1.76 1.04 1.33 12.72 13.38 12.29 BDL 0.00 0.00 0.13 0.51 0.00 

Oils 

Mustard oil 1.00 0.25 0.40 0.11 0.57 0.50 0.00 0.05 0.06 0.28 0.96 1.10 0.00 0.00 0.00 0.00 0.00 0.00 
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Food name 

  
Iron 

(mg/kg fresh wt) 
Manganese 

(mg/kg fresh wt) 
Copper 

(mg/kg fresh wt) 
Zinc 

(mg/kg fresh wt) 
Molybdenum 

(mg/kg fresh wt) 
Cobalt 

(µg/kg fresh wt) 

Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** 

Soybean oil 1.05 0.05 1.10 0.04 0.01 0.00 0.09 0.03 0.05 0.24 0.25 0.09 0.00 0.00 0.00 0.00 0.00 0.00 

Fruits 

Banana 3.18 5.56 3.18 11.52 1.83 15.12 0.76 0.99 0.75 1.99 2.28 1.79 0.02 0.02 0.02 0.00 0.00 0.32 

Mango 4.62 4.15 7.23 1.53 0.53 0.47 1.29 1.29 0.81 3.60 1.14 0.74 0.00 0.01 0.01 0.02 0.00 0.19 

Jackfruit 6.41 4.84 5.75 5.47 3.18 3.24 1.35 0.98 2.73 2.52 1.80 8.76 0.00 0.00 0.00 0.09 0.06 0.14 

Guava 3.23 3.37 4.77 1.29 1.29 1.03 1.01 1.08 0.81 2.72 3.19 1.92 0.01 0.03 0.01 0.12 0.02 0.06 

Pineapple 11.20 2.26 3.71 14.58 6.93 6.85 0.36 0.38 0.70 0.85 1.30 1.86 0.03 0.02 0.01 0.01 0.01 0.08 

Apple 29.55 11.63 14.86 1.06 1.47 0.58 1.33 0.44 0.36 3.28 1.39 0.84 0.03 0.02 0.02 0.14 0.06 0.17 

Papaya 2.92 3.08 3.85 1.43 0.50 1.01 0.92 0.41 0.16 2.05 1.10 0.68 0.03 0.04 0.01 0.01 0.00 0.00 

Jujube 3.72 5.85 10.77 2.60 2.93 1.03 1.19 1.12 0.78 2.30 1.98 1.81 0.02 0.01 0.01 0.04 0.03 0.22 

Carambola 5.48 4.92 6.72 2.99 8.43 6.60 0.72 0.35 0.47 3.70 4.12 4.16 0.09 0.02 0.04 0.05 0.22 0.26 

Drinks & Beverages 

Tea 0.78 0.74 2.16 1.86 2.64 1.70 0.07 0.07 0.05 0.45 1.00 0.53 0.00 0.01 0.00 0.00 0.00 0.00 

Sugarcane Juice 3.48 2.60 3.06 0.40 0.47 0.35 0.37 0.32 0.27 4.08 3.52 3.32 0.00 0.00 0.00 0.00 0.00 0.00 

Mango Juice 1.26 0.62 0.82 0.03 0.03 0.03 0.06 0.07 0.08 0.14 0.11 0.28 0.00 0.00 0.00 0.00 0.00 0.00 

7-up 0.22 0.10 0.22 0.00 0.00 0.00 0.02 0.06 0.05 0.13 0.16 1.44 0.00 0.00 0.00 0.00 0.00 0.00 

Sprite 0.18 0.18 0.22 0.00 0.00 0.01 0.14 0.13 0.13 0.12 0.14 0.09 0.00 0.00 0.00 0.00 0.00 0.00 

Coca cola 0.32 0.40 0.26 0.01 0.00 0.02 0.03 BDL 0.00 0.11 0.08 0.22 0.00 0.00 0.00 0.00 0.00 0.00 

Sugar & molasses 

Cane sugar 11.00 3.00 3.60 0.15 0.00 0.52 2.42 2.03 1.31 9.20 3.30 11.40 0.00 0.00 0.00 0.00 0.00 0.00 

Gur (cane molasses) 37.00 51.00 51.00 13.51 18.69 16.13 2.30 2.05 3.64 10.90 9.20 31.50 0.06 0.05 0.06 0.00 0.00 0.00 

Dinning out 

Rice 8.79 11.72 9.38 0.89 1.07 1.71 1.31 0.74 1.09 4.31 3.93 2.96 0.07 0.07 0.08 0.13 0.00 0.78 

Fish 6.64 10.10 10.36 0.55 4.64 3.90 0.43 1.52 0.51 5.10 7.15 6.16 0.00 0.00 0.00 0.04 0.00 0.08 

Meat 24.76 11.26 19.14 1.80 6.20 2.42 1.29 0.70 1.04 10.39 9.06 14.91 0.02 0.08 0.12 0.00 0.00 0.03 

Spices 

Dried chilli 147.90 124.94 169.95 25.91 46.46 35.36 11.84 10.24 9.26 23.43 20.67 27.56 0.11 0.28 0.36 0.37 0.11 0.20 

Green chilli 5.50 11.12 6.19 4.45 2.96 3.02 1.79 1.66 1.60 3.27 3.24 3.08 0.05 0.05 0.04 0.04 0.00 0.01 

Onion 16.94 7.00 6.03 3.04 2.67 2.64 1.14 0.75 1.01 3.55 3.88 4.20 0.01 0.01 0.08 0.01 0.00 0.00 

Garlic  6.87 4.07 5.82 2.80 6.41 3.49 3.49 1.41 1.05 4.15 7.32 9.77 0.02 0.01 0.03 0.00 0.20 0.00 
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Food name 

  
Iron 

(mg/kg fresh wt) 
Manganese 

(mg/kg fresh wt) 
Copper 

(mg/kg fresh wt) 
Zinc 

(mg/kg fresh wt) 
Molybdenum 

(mg/kg fresh wt) 
Cobalt 

(µg/kg fresh wt) 

Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** 

Ginger 6.16 8.14 3.45 29.96 47.43 62.13 0.51 0.58 0.53 2.76 1.58 2.84 0.02 0.03 0.03 0.00 0.04 0.02 

Cumin 238.33 386.22 194.99 53.39 66.88 45.16 10.68 10.42 9.90 41.26 37.21 50.87 0.18 0.22 0.23 0.21 0.69 0.16 

Coriander seed 306.87 274.06 483.47 28.78 44.30 68.52 11.99 11.93 9.43 48.25 42.85 37.15 0.36 0.41 0.43 0.16 0.25 0.25 

Chewing 

Betel leaf 28.56 20.90 22.82 7.05 6.37 7.42 1.86 1.41 1.60 5.40 2.27 3.05 0.02 0.02 0.01 0.00 0.00 0.00 

Betel nut 40.25 30.19 42.77 29.90 23.86 27.56 10.81 8.54 7.74 13.84 12.16 10.57 0.18 0.17 0.18 0.00 0.00 0.00 

Water 

Tap water 0.00 0.00 0.00 4.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

Gulsh*  : Gulshan market 

Kaw**  : Kawran bazar 

Haz*** : Hazaribagh market
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Table 4.5 Statistics of Fe, Mn, Cu, Zn, Mo and Co intake by male of poor and non- 

                poor households  

 

Element Minimum Maximum Median Mean S.d. 

A: Poor households 

Fe (mg d
-1

) 3.6 14.2 5.9 6.0 1.5 

Mn (mg d
-1

) 2.0 8.0 4.3 4.3 1.0 

Cu (mg d
-1

) 0.6 2.5 1.3 1.4 0.3 

Zn  (mg d
-1

) 3.1 14.3 5.8 6.0 1.6 

Mo (µg d
-1

) 92.9 545.0 251.9 256.3 72.7 

Co  (µg d
-1

) 3.3 85.1 23.0 26.0 15.8 

B: Non-poor households 

Fe (mg d
-1

) 5.4 21.9 9.3 9.8 2.5 

Mn (mg d
-1

) 2.9 13.3 6.4 6.6 2.1 

Cu (mg d
-1

) 0.8 4.0 1.6 1.7 0.5 

Zn  (mg d
-1

) 4.4 16.7 7.3 7.5 1.9 

Mo (µg d
-1

) 210.3 1082.8 388.8 415.5 137.1 

Co  (µg d
-1

) 15.0 345.9 110.2 116.8 48.3 
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Fig. 4.2  Distribution of poor and non-poor population according to intake of Fe, Cu, 

              Zn and Co  

 



77 

 

4.3.7 Selenium 
 

Selenium concentration 

Selenium (Se) was only found in fine and coarse rice cooked by absorption method 

from Gulshan market (Table 4.6). The same rice when cooked by draining excess 

gruel removed all the Se from the cooked rice. No Se was detected in grass carp and 

pangas fishes. Other fishes had variable amounts of Se in their body. The highest 

amount of Se was found in prawn, rohu, katla, mrigel and dry fish from Gulshan 

market while the lowest concentration of Se in theses fishes were observed in Kawran 

bazar. The highest concentration of Se in hilsha was found from Kawran bazar and 

the lowest Se was found from hilsha from Gulshan market. The Se concentration in 

eggs of Gulshan and Hazaribagh markets was 0.41 mg kg
-1

 while that of from Kawran 

bazar it was 0.34 mg kg
-1

. 
 

Potato, brinjal, yard long bean and green papaya from Gulshan market and cabbage 

from Kawran bazar had detectable Se while other vegetables had not any detectable 

Se (Table 4.6). Carambola from Hazaribagh market had 0.184 mg Se kg
-1

 fresh wt of 

fruit. Sugarcane juice, mango juice, 7-up, sprite and coca cola drinks had detectable 

Se in the range of 0.001 - 0.009 mg L
-1

. The highest Se concentration of cane sugar 

and cane molasses was found from samples collected from Kawran bazar and the 

lowest concentration was found in samples from Hazaribagh market.  
 

In case of dinning out items, the highest concentration of Se was found in cooked rice 

and cooked fish samples from Gulshan market while the cooked meat samples from 

Hazaribagh market had the highest Se content (Table 4.6). Selenium in varying 

concentration was found in all the spices from all three markets. Green chilli, garlic, 

garlic and cumin from the Hazaribagh market had the highest amount of Se while the 

highest concentration of Se was found in coriander seed from Kawran bazar. Betel 

leaf collected from Gulshan market, Kawran bazar and Hazaribagh market had the Se 

concentrations of 0.018, 0.038 and 0.028 mg kg
-1

 fresh weight, respectively. Betel nut 

had 0.242, 0.179 and 0.191 mg Se kg
-1

 from Gulshan market, Kawran bazar and 

Hazaribagh market, respectively.  

 

Selenium intake 

The TDI of Se for an adult is 36 µg d
-1

. Total intake of Se by the adult male of poor 

households of Dhaka city ranged from 2.4 -23.6 µg d
-1

 showing all the population 

having below RDI for Se (Table 4.7). Only 8% of the poor household had the Se 

intake within 50-74% RDI, 42% within 25-49% RDI and the rest 50% below 25% 

RDI (Fig. 4.3). The adult male of non-poor household had the total intake of Se 

ranging from 13.9-90.9 µg d
-1

 with the mean and median values of 32.5 and 30.6 µg 
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d
-1

.  Selenium intake by the non-poor household is better than the poor household due 

to higher consumption of fish and meat which are rich in Se. Twenty seven percent of 

the adult of non-poor household had the intake of Se above 100% DRI, 44% within 

75-99% RDI, 24% within 50-74% RDI and 5% within 25-49% RDI (Fig. 4.3). 

Vegetable and fishes contributed about 86% of the total Se intake by the population 

(Annex. 3).  

 

4.3.8 Nickel 

 

Nickel concentration 

Both fine and coarse grain rice from Gulshan market and Hazaribagh market had Ni 

contents ranging from 1.18 -5.64 mg kg
-1

 rice (Table 4.6). Cooking methods had no 

definite effect on Ni concentration in rice. Nickel concentration in rice samples from 

Kawran bazar was below detection limit. The puffed rice from Gulshan market had 

3.96 mg Ni kg
-1

 while that of Kawran bazar was 2.40 mg Ni kg
-1

. Nickel was found in 

whole wheat flour from Gulshan market and Kawran bazar while it was absent in 

wheat flour samples collected from all three markets. 
 

Lathyrus and chickpea samples from three markets had Ni at varying concentrations. 

The lentil and mungbean samples from Kawran bazar had no detectable Ni. Lathyrus 

samples from had the highest concentration of Ni (4.57 mg kg
-1

) followed by 

Hazaribagh market and Gulshan market. Chickpea from Kawran bazar and 

Hazaribagh market had almost similar concentration of Ni while chickpea from form 

Gulshan market had the lowest concentration of nickel. Mungbean from Gulshan and 

Hazaribagh markets had 1.01 and 0.69 mg Ni kg
-1

. (Table 4.6). There was no 

detectable Ni in none of the fish, eggs and meat samples from Kawran bazar. Hilsha, 

rohu and pangas fishes from Gulshan market had higher Ni concentration than those 

from Hazaribagh market while the reverse was found for mrigel and grass carp. 

Nickel was present in all the vegetable and fruit samples from all three markets.  
 

The concentration of Ni in different vegetables ranges from 0.06 mg kg
-1

 in 

cauliflower from Gulshan market to 1.18 mg kg
-1

 in yard long bean from Kawran 

bazar market (Table 4.6). The highest concentrations of Ni in potato, yard long bean, 

green banana, green papaya, spinach, carrot and radish samples were noted in samples 

from Kawran bazar. Pointed gourd, pumpkin, tomato, cabbage and Indian spinach 

samples collected from Gulshan market had the highest concentration of nickel. Aroid 

tubers, lady‘s finger, amaranth, cauliflower and coriander leaf samples from 

Hazaribagh market had the highest concentration of nickel. The Ni concentration in 

sweetmeat products from Gulshan market had the highest concentration of Ni and the 

lowest concentration was found from Hazaribagh market. The Ni concentration of 
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fruits ranges from below detection limit in mango and papaya from Kawran bazar to 

1.59 mg kg
-1

 in apple from Hazaribagh market. None of the juices, soft drinks and 

cane molasses had any detectable Ni in them. Nickel was present in green chilli, garlic 

and ginger from all markets, the range being 0.24 mg kg
-1

 in green chilli from Kawran 

bazar to 1.71 mg kg
-1

 in garlic from Kawran bazar. Nickel was not detected in cumin, 

coriander seed, betel leaf and betel nut from three markets. 

 

Nickel intake 

Total intake of Ni by the adult male of poor households of Dhaka city ranged from 

216-1065 µg d
-1

 with the mean and median value of 586 and 588µg d
-1

 (Table 4.7). 

The adult male of non-poor household had the total intake of Ni ranging from 195-

1399 µg d
-1

 with mean and median values of 671 and 645 µg d
-1

. Cereals, vegetables 

and fruits contributed about 93% of the total Ni intake by the population (Annex. 3).  

 

4.3.9 Aluminium 
 

Aluminium concentration 

Aluminium (Al) was not detected in cooked fine grain rice obtained in none of the 

markets. In case of coarse grained rice, the sample from Gulshan market had Al in 

both methods of rice cooking (Table 4.6). Beaten rice from Hazaribagh market had 

high concentration of Al while there was no detectable Al in beaten rice from Gulshan 

market and Kawran bazar. Puffed rice from all markets had very high concentration of 

Al, the range being 51.25-177.38 mg kg
-1

. Puffed rice is prepared at high temperature 

on Al container with sands. The Al from the container may have entered into the 

puffed rice during its preparation. Among the pulses, Al was found in lathyrus from 

Kawran bazar market. Among the fishes, prawn had 8.02 mg Al kg
-1

 from Gulshan 

market and it was 16.32 mg kg
-1

 from Kawran bazar and Hazaribagh market. Katla 

and mrigel from Hazaribagh market had 8.96 mg Al kg
-1

and 12.35 mg Al kg
-1

 fresh 

weight, respectively. High concentration of Al was found in dry fish from all three 

markets.  
 

Aluminium concentration in vegetables ranged from below detection limit to 64.65 

mg kg
-1

 across the three markets. Potato, brinjal, lady‘s finger, amaranth, cauliflower 

and Indian spinach from Hazaribagh market had the highest concentration of Al than 

the other markets. Green banana, green papaya, spinach, carrot, radish and coriander 

leaf from Kawran bazar had the highest concentration of Al than the samples from 

Gulshan market and Hazaribagh market.  
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Aluminium was not detected in liquid milk and powder milk from any markets. 

Aluminium was found in highest concentration in rasogolla, chamcham and jilapi 

from Hazaribagh market. Chamcham from Kawran bazar had no detectable Al.  
 

Banana, mango, jackfruit, guava, pineapple and jujube from Hazaribagh market had 

the highest concentration of Al than the same types of fruits from other markets. 

Aluminium was found in carambola from Gulshan market only.  
 

Tea and sugarcane juice from all three markets had Al concentration ranging from 

1.42-4.58 mg kg
-1

. Mango juice from Gulshan market had 1.30 mg Al kg
-1

while it was 

not found in samples from other two markets.  Cane molasses from Gulshan market 

had the highest concentration of Al which was followed by Hazaribagh market and 

Kawran bazar market. Aluminium was found in cooked rice, cooked meat and cooked 

fish from Hazaribagh market while it was not found in samples from Kawran bazar. 

Cooked rice from Gulshan market had Al but it was not found in cooked meat and 

fish samples. Aluminium was found in dried chilli, cumin and coriander seed from all 

markets. Garlic and ginger from Kawran bazar had detectable Al but not in samples 

from other markets. Aluminium concentration in betel leaf was  22.08 mg kg
-1

, 18.11 

mg kg
-1

 and 20.48 mg kg
-1

from Gulshan market, Kawran bazar and Hazaribagh 

market, respectively. No Al was found in betel nut from any markets. 

 

Aluminium intake 

The PTDI of Al for an adult of 60 kg body weight is 8.6 mg d
-1

. Total intake of Al by 

the adult male of poor households of Dhaka city was in the range of 0.37-12.44 mg d
-1

 

with mean and median value of 4.18 and 3.47 mg d
-1

 (Table 4.7 The male of non-poor 

household had the total intake of Al ranging from 3.0-34.2 mg d
-1

 with mean and 

median values of 12.7 and 12.4 mg d
-1

.  Eight percent of the male from poor 

household and 17% of the male from non-poor household had the intake of Al intake 

above PTDI, therfore are at risk from Al contamination. Cereals, vegetable and oils & 

fats contributed about 97% of the total Al intake by the population (Annex. 4).  

 

4.3.10 Lithium 
 

Lithium concentration 

Lithium (Li) was not detected in any cereals and pulses tested from three markets. 

Among the fishes, only dry fish from Gulshan market, Kawran bazar and Hazaribagh 

market had 0.642, 0.580 and 0.957 mg Li kg
-1

, respectively (Table 4.6). Brinjal from 

Gulshan market had 0.075 mg Li kg
-1

 fresh wt. Spinach and amaranth had Li at 

varying concentrations from all three markets. Cumin, coriander seed and betel leaf 

from three markets had varying amounts of lithium. 
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Lithium intake 

Total intake of Li by the male from poor households of Dhaka city was in the range of 

22.2-32.2 µg d
-1

 with mean and median value of 24.9 and 24.1 µg d
-1

 (Table 4.7). The 

adult male of non-poor household had the total intake of Li ranging from 1.8-46.5 µg 

d
-1

 with mean and median values of 20.2 and 19.8 µg d
-1

. Vegetables and fishes 

contributed about 98% of the total Al intake by the population (Annex. 4).  
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Table 4.6 Concentrations of Se, Ni, Al and Li in different foods from three markets of Dhaka city 

 

Food name 

  

Selenium 

(mg/kg fresh wt) 

Nickel 

(mg/kg fresh wt) 

Aluminium 

(mg/kg fresh wt) 

Lithium 

(mg/kg fresh wt) 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Cereals 

Fine rice (Absorption) 1.73 0.00 0.00 5.64 0.00 1.18 0.00 0.00 0.00 0.00 0.00 0.00 

Fine rice (Drained) 0.00 0.00 0.00 2.34 0.00 2.82 0.00 0.00 0.00 0.00 0.00 0.00 

Coarse rice (Absorption) 0.00 0.00 0.00 3.27 0.00 1.38 61.42 0.00 0.00 0.00 0.00 0.00 

Coarse rice (Drained) 0.97 0.00 0.00 3.71 0.00 1.59 67.73 0.00 0.00 0.00 0.00 0.00 

Beaten Rice 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 49.01 0.00 0.00 0.00 

Puffed Rice 0.00 0.00 0.00 3.96 0.00 2.40 177.38 55.91 51.25 0.00 0.00 0.00 

Whole wheat flour 0.00 0.00 0.00 0.83 0.00 0.89 0.00 0.00 0.00 0.00 0.00 0.00 

Wheat flour 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Pulses 

Lentil 0.00 0.00 0.00 0.87 0.00 0.82 0.00 0.00 0.00 0.00 0.00 0.00 

Lathyrus 0.00 0.00 0.00 1.70 4.57 2.51 0.00 56.38 0.00 0.00 0.00 0.00 

Chickpea 0.00 0.00 0.00 1.78 2.37 2.38 0.00 0.00 0.00 0.00 0.00 0.00 

Mungbean 0.00 0.00 0.00 1.01 0.00 0.69 0.00 0.00 0.00 0.00 0.00 0.00 

Fish 

Hilsha 0.22 0.29 0.25 0.29 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 

Prawn 0.37 0.20 0.22 0.00 0.00 0.00 8.02 16.32 16.32 0.00 0.00 0.00 

Rohu 0.36 0.16 0.31 0.21 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 

Katla 0.35 0.20 0.21 0.00 0.00 1.37 0.00 0.00 8.96 0.00 0.00 0.00 

Mrigel 0.26 0.19 0.16 0.16 0.00 0.56 0.00 0.00 12.35 0.00 0.00 0.00 

Grass carp 0.00 0.00 0.00 0.27 0.00 0.30 0.00 0.00 0.00 0.00 0.00 0.00 

Pangas 0.00 0.00 0.00 0.23 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 

Dry fish 1.31 0.86 0.94 0.00 0.00 0.00 57.22 49.85 57.79 0.64 0.58 0.96 

Eggs 

Duck and chicken egg 0.41 0.34 0.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Meat 

Beef 0.00 0.00 0.00 0.15 0.00 0.21 0.00 0.00 35.60 0.00 0.00 0.00 
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Food name 

  

Selenium 

(mg/kg fresh wt) 

Nickel 

(mg/kg fresh wt) 

Aluminium 

(mg/kg fresh wt) 

Lithium 

(mg/kg fresh wt) 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Beef liver 0.21 0.14 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mutton 0.10 0.12 0.09 0.12 0.00 0.24 0.00 0.00 5.69 0.00 0.00 0.00 

Farm chicken 0.14 0.00 0.00 0.47 0.49 0.43 0.00 0.00 0.00 0.00 0.00 0.00 

Vegetables 

Potato 0.38 0.00 0.00 0.48 0.87 0.76 10.35 15.00 15.00 0.00 0.00 0.00 

Brinjal 0.06 0.00 0.00 0.34 0.17 0.43 3.11 0.00 7.44 0.07 0.00 0.00 

Yard long bean 0.10 0.00 0.00 0.57 1.18 0.58 6.14 10.11 0.00 0.00 0.00 0.00 

Green banana 0.00 0.00 0.00 0.34 0.60 0.23 0.00 9.94 0.00 0.00 0.00 0.00 

Green papaya 0.25 0.00 0.00 0.16 0.45 0.17 0.00 8.25 0.00 0.00 0.00 0.00 

Pointed gourd 0.00 0.00 0.00 0.30 0.12 0.11 7.25 0.00 0.00 0.00 0.00 0.00 

Pumpkin 0.00 0.00 0.00 0.24 0.11 0.22 0.00 0.00 3.71 0.00 0.00 0.00 

Aroid 0.00 0.00 0.00 0.21 0.22 0.28 0.00 0.00 0.00 0.00 0.00 0.00 

Lay's finger 0.00 0.00 0.00 0.17 0.33 0.41 4.11 8.15 8.58 0.00 0.00 0.00 

Tomato 0.00 0.00 0.00 1.04 0.42 0.12 16.78 9.49 4.97 0.00 0.00 0.00 

Spinach 0.00 0.00 0.00 0.13 0.54 0.47 18.01 27.56 20.30 0.08 0.05 0.08 

Amaranth 0.00 0.00 0.00 0.18 0.19 0.36 17.98 16.23 64.65 0.11 0.09 0.13 

Cauliflower 0.00 0.00 0.00 0.06 0.07 0.59 3.41 2.88 6.18 0.00 0.00 0.00 

Carrot 0.00 0.00 0.00 0.81 1.14 1.03 10.19 17.23 13.53 0.00 0.00 0.00 

Radish 0.00 0.00 0.00 0.11 0.28 0.18 0.00 7.07 3.24 0.00 0.00 0.00 

Cabbage 0.00 0.13 0.00 0.62 0.14 0.15 7.29 4.10 0.00 0.00 0.00 0.00 

Indian spinach 0.00 0.00 0.00 0.30 0.19 0.10 7.19 7.15 10.29 0.00 0.00 0.00 

Coriander leaf 0.00 0.00 0.00 0.15 0.16 0.39 28.13 41.35 25.04 0.00 0.00 0.00 

Milk 

Liquid milk 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Powder milk 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sweetmeat 

Rasogolla 0.00 0.00 0.00 1.70 0.86 0.81 0.00 0.00 144.54 0.00 0.00 0.00 

Jilapi 0.00 0.00 0.00 2.91 4.45 1.94 60.41 102.36 388.46 0.00 0.00 0.00 

Chamcham 0.00 0.00 0.00 2.65 2.03 2.19 47.00 0.00 611.66 0.00 0.00 0.00 

Oils 
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Food name 

  

Selenium 

(mg/kg fresh wt) 

Nickel 

(mg/kg fresh wt) 

Aluminium 

(mg/kg fresh wt) 

Lithium 

(mg/kg fresh wt) 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Mustard oil 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Soybean oil 0.00 0.00 0.00 0.00 0.00 0.00 24.50 0.00 0.00 0.00 0.00 0.00 

Fruits 

Ripe banana 0.00 0.00 0.00 0.37 0.22 0.29 0.00 0.00 84.39 0.00 0.00 0.00 

Mango 0.00 0.00 0.00 0.38 0.00 0.17 0.00 0.00 52.00 0.00 0.00 0.00 

Jackfruit 0.00 0.00 0.00 1.12 0.62 0.13 9.02 13.47 37.26 0.00 0.00 0.00 

Guava 0.00 0.00 0.00 0.83 0.19 0.59 9.27 0.00 19.52 0.00 0.00 0.00 

Pineapple 0.00 0.00 0.00 1.29 0.22 0.83 0.00 0.00 12.41 0.00 0.00 0.00 

Apple 0.00 0.00 0.00 1.14 0.60 1.59 12.60 16.47 32.46 0.00 0.00 0.00 

Papaya 0.00 0.00 0.00 0.13 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00 

Jujube 0.00 0.00 0.00 0.31 0.25 1.94 7.05 7.31 39.90 0.00 0.00 0.00 

Carambola 0.00 0.18 0.00 0.81 0.94 0.60 7.95 0.00 0.00 0.00 0.00 0.00 

Drinks & Beverages 

Tea 0.00 0.00 0.00 0.03 0.08 0.04 1.78 4.58 3.28 0.00 0.01 0.00 

Sugarcane Juice 0.01 0.01 0.01 0.00 0.00 0.00 1.42 1.48 1.72 0.00 0.00 0.00 

Mango Juice 0.00 0.00 0.00 0.00 0.00 0.00 1.30 0.00 0.00 0.00 0.00 0.00 

7-up 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sprite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Coca cola 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sugar &molasses 

Cane sugar 0.08 0.16 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Gur (cane molasses) 0.21 0.24 0.18 0.00 0.00 0.00 109.00 61.00 98.00 0.00 0.00 0.00 

Dinning out 

Rice 0.05 0.05 0.02 0.93 0.00 0.57 19.63 0.00 109.29 0.00 0.00 0.00 

Fish 0.31 0.22 0.17 0.64 0.74 0.72 0.00 0.00 24.18 0.00 0.00 0.00 

Meat 0.17 0.15 0.24 0.00 0.00 0.00 0.00 0.00 36.30 0.00 0.00 0.00 

Spices 

Dried chilli 0.16 0.17 0.21 0.00 0.00 0.00 131.37 82.68 156.17 0.00 0.00 0.00 

Green chilli 0.01 0.01 0.02 0.44 0.84 0.24 0.00 0.00 0.00 0.00 0.00 0.00 

Onion 0.04 0.03 0.03 0.23 0.00 0.21 0.00 0.00 0.00 0.00 0.00 0.00 
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Food name 

  

Selenium 

(mg/kg fresh wt) 

Nickel 

(mg/kg fresh wt) 

Aluminium 

(mg/kg fresh wt) 

Lithium 

(mg/kg fresh wt) 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Gulshan 

market 

Kawran 

bazar 

Hazaribagh 

market 

Garlic  0.07 0.05 0.08 0.94 1.71 0.91 0.00 20.09 0.00 0.00 0.00 0.00 

Ginger 0.02 0.01 0.02 0.92 0.37 0.40 0.00 7.40 0.00 0.00 0.03 0.00 

Cumin 0.65 0.47 0.65 0.00 0.00 0.00 283.54 108.33 184.63 0.39 0.53 0.37 

Coriander seed 0.35 0.38 0.26 0.00 0.00 0.00 313.63 651.38 768.14 0.41 0.52 0.53 

Chewing 

Betel leaf 0.02 0.04 0.03 0.00 0.00 0.00 22.08 18.11 20.46 0.05 0.04 0.05 

Betel nut 0.24 0.18 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Water 

Tap water  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 4.7  Statistics of  Se, Ni, Li and Al  intake by male of poor and non-poor  households 

 

Element Minimum Maximum Median Mean S.d. 

A: Poor households 

Se (µg d
-1

) 2.4 23.6 9.0 9.8 4.9 

Ni (µg d
-1

) 216.2 1064.8 588.2 586.1 137.9 

Al (mg d
-1

) 0.37 12.44 3.47 4.18 2.71 

Li (µg d
-1

) 22.17 32.17 24.05 24.97 2.63 

B: Non-poor households 

Se (µg d
-1

) 13.9 90.9 30.6 32.5 11.1 

Ni (µg d
-1

) 195.4 1398.7 645.2 671.0 207.6 

Al (mg d
-1

) 3.0 34.2 12.4 12.7 4.6 

Li (µg d
-1

) 1.8 46.5 19.8 20.2 4.0 

 

 

 

 

 

  

 

 

 

 

 

 

Fig. 4.3  Distribution of poor and non-poor population according to intake of selenium 
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4.4 Heavy metals concentration and intake 

 

4.4.1 Cadmium 

Cadmium concentration 

Cadmium (Cd) concentration in different food items collected from Gulshan, Kawran bazar and 

Hazaribagh markets varied widely (Table 4.8). The Cd concentrations in both fine and coarse 

grain rice cooked by absorption method had higher Cd concentrations than the rice cooked by 

drained method.  Coarse rice from Hazaribagh market had the highest concentration of Cd than 

the Gulshan and Kawran bazar market. The Cd concentration in beaten rice was the highest from 

Gulshan market followed by Hazaribagh market and Kawran bazar. Beaten rice obtained from 

Hazaribagh market had almost the same concentration of Cd in coarse rice. The Cd concentration 

of beaten rice from Gulshan and Kawran bazar were higher than the fine or coarse rice of the 

same market. The puffed rice obtained from Kawran bazar had the highest Cd concentration than 

the puffed rice samples obtained from Gulshan market and Hazaribagh market. Al-Rmalli (2012) 

reported that in puffed rice, which is commonly consumed by Bangladeshis, contained much 

higher levels of Cd (mean 67.9 μg kg
-1

) compared to uncooked rice (Cd, 37.2 μg kg
-1

). This may 

be related to the illegal practice of using urea for whitening puffed rice in Bangladesh. Cadmium 

was not detected in whole wheat flour from Kawran bazar. The concentration of Cd in whole 

wheat flour from Gulshan market was 0.052 mg kg
-1

 while it was 0.043 mg kg
-1

 from Hazaribagh 

market. Cadmium was not detected in all pulses tested. Cadmium was found in hilsha, prawn, 

katla, pangas and dry fish samples obtained from all three markets. Cadmium was not detected in 

grass carp samples obtained from three markets. Cadmium concentration was found in rohu fish 

only from Hazaribagh market. The hilsha fish obtained from Hazaribagh market had the highest 

Cd concentration which was almost double than the fish samples from Gulshan and Kawran 

bazar. The prawn samples from Kawran bazar had much higher concentration of Cd than the 

prawn from Gulshan and Hazaribagh market. The Cd concentrations of dry fish samples from 

Gulshan market and Hazaribagh market were almost same. Al-Rammali et al. (2012b) 

determiend the concentrations of Cd in diffrent fishes of Bangladesh and reported 0.7 to 0.8 μg 

Cd kg
-1

 for small fish and big fish, but it was high for Hilsha fish eggs (47 μg Cd kg
-1

).  

Cadmium was not detected in eggs from any market (Table 4.8).  

 

Among the meat samples, only beef liver had the detected levels of Cd in all three markets 

(Table 4.8). There was no detectable Cd in farm chicken in none of the samples obtained from 

three markets. Samples from Hazaribagh market had the detectable Cd in beef, beef liver and 

mutton samples while samples from Kawran bazar had detectable Cd in beef liver and mutton 

samples.  
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All the vegetables but yard long bean, green banana and green papaya had variable amounts of 

Cd collected from three markets (Table 4.8). In general, the vegetable samples collected from 

Hazaribagh market had higher concentration of Cd than the samples from Gulshan market and 

Kawran bazar. The leafy vegetables like spinach, amaranth, Indian spinach and coriander leaf 

had higher concentration of Cd than those of other fruity, root and tuber vegetables.  
 

There was no detectable Cd in milk, milk products and oils. Among the fruits, jackfruit and 

carambola had Cd but their concentrations were low. Sugarcane juices from all three markets had 

only 0.001 mg Cd L
-1

. In case of dinning out items, small amounts of Cd were found in rice and 

meat samples collected from all three markets. All the spices collected from all three markets had 

variable concentrations of Cd. Generally, the spices from Gulshan market had the lowest 

concentration of Cd while the samples from Kawran bazar had the highest concentration of Cd. 

Dry chilli, cumin and coriander seeds had higher amount of Cd than the other spices.  The betel 

leaf had almost similar amount of Cd in samples from all markets. Al-Rmalli et al. (2012) 

determined the levels of Cd in different food items from Sylhet districts. They reported Cd levels 

in rice grains (0.037 ± 0.030 0 mg kg
-1

), puffed rice (0.067 ± 0.102 mg kg
-1

), leafy vegetables 

(0.031 ± 0.029 mg kg
-1

) and nonleafy vegetables (0.007 ± 8 mg kg
-1

).  Naser et al. (2009) studied 

the levels of Cd in spinach (Spinacia oleracea), tomato (Lycopersicon esculentum) and 

cauliflower (Brassica oleracea) grown in industrially polluted (Konabari, Gazipur; Keranigonj, 

Dhaka), and non-polluted (BARI, Gazipur) areas. The order of the elements in spinach, tomato, 

and cauliflower and their concentration ranges in μg g
-1

 of dry weight were Cd (0.559-1.40), 

(0.630-1.303), (0.506-0.782), respectively. Cadmium concentrations were found in the order of 

spinach>tomato>cauliflower, especially in the industrially polluted areas. Meharg et al. (2013) 

reported that the Cd levels in 260 rice samples from 12 districts of Bangladesh ranged from 

<0.0005-1.31 mg kg
-1

 with the mean value of 0.099 mg kg
-1

. 

 

Cadmium intake 

The PTDI of Cd for an adult of 60 kg body weight is 50 µg d
-1

. Total intake of Cd by the adult 

male of poor households of Dhaka city was in the range of 17.5-204 µg d
-1

 with the same mean 

and median value of 106 µg d
-1

 (Table 4.9). Only 6% of the adults of poor household had the Cd 

intake below PTDI, the rest 94% were at risk for Cd poisoning.  The adult male of non-poor 

household had the total intake of Cd ranging from 5.6-113.4 µg d
-1

 with mean and median values 

of 40.5 and 39.2 µg d
-1

.  Only 22% of the adult of non-poor household had the intake of Cd 

intake below PTDI, the rest 78% are at risk from Cd poisoning. Cereals, vegetables and fishes 

are the sources of Cd to the population which contributed about 99% of the total Cd intake by the 

population (Annex. 4).  
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4.4.2 Arsenic 
 

Arsenic concentration 

Among the cereals, rice and rice products had variable amounts of arsenic (As) from all the three 

markets of Dhaka city (Table 4.8). The fine grain rice had higher concentration of As compared 

to coarse grain rice. The cooking of rice by drained method decreased the As concentration in the 

cooked rice. The As concentrations in rice collected from Gulshan market were higher than those 

collected from Kawran bazar and Hazaribagh market. There was no detectable As in water 

samples used for cooking from three markets. Thus, the variation in rice grain As concentration 

is due to soil conditions and concentration of As in irrigation water. The As concentrations in 

beaten rice from three markets were in a very narrow range (0.141-0.149 mg kg
-1

). The puffed 

rice from three markets had higher concentration of As (0.220-0.269 mg kg
-1

) than the As 

concentration in rice from three markets. Very low concentration of As was found in whole 

wheat flour and wheat flour from Gulshan market only. Among the pulses, As was found in 

chickpea (0.042 mg kg
-1

) and mung bean (0.066 mg kg
-1

) from Gulshan market only.  
 

All the fish samples collected from three markets had variable amounts of As (Table 4.8). The 

highest concentration of As was found in hilsha fish and the lowest concentration of As was 

found in grass carp. In general, the highest As concentration was observed in fish samples 

collected from Kawran bazar followed by Hazaribagh and Gulshan market. In case of dry fish, 

the highest concentration of As was noticed in samples from Gulshan market and lowest in 

Kawran bazar. The As concentration in egg samples collected from three markets fall in a narrow 

range (0.029-0.034 mg kg
-1

). Arsenic was found in beef, beef liver and mutton collected from all 

markets. The beef samples from Hazaribagh market had the highest As content while the beef 

liver from Gulshan market had highest As content. 
 

The vegetables like potato, brinjal, green banana, pumpkin, aroid, lady‘s finger, tomato had no 

detectable As. Spinach, amaranth, radish, Indian spinach and coriander leaf collected from all 

three markets had different amounts of As in them (Table 4.8). The As concentrations in 

different vegetables ranged from 0.003 mg kg
-1

 to 0.023 mg kg
-1

. Islam et al. (2005) determined 

the concentration of heavy metals in 24 different types of vegetables grown in Chapai 

Nawabganj of Bangladesh. The lowest concentration of As (0.31 mg kg
-1 

dry wt) was recorded in 

bottle gourd and the highest concentration of As (0.81 mg kg
-1

dry w) was observed in cabbage. 

Liquid milk had As concentration of 0.013, 0.007 and 0.013 mg L
-1

 in sample collected from 

Gulshan market, Kawran bazar and Hazaribagh market, respectively. Arsenic was not detected in 

powder milk, sweetmeats and oils.  
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Arsenic was not found in banana, mango, jackfruit, guava and pine apple. Apple from Gulshan 

market and Hazaribagh market, papaya from Kawran bazar and Hazaribagh market, and jujube 

from Kawran bazar market had detectable amount of As only. 
 

Tea samples from Gulshan and Hazaribagh markets had 0.002 mg As L
-1

 while sugarcane juices 

from three markets had only 0.001 mg As L
-1

. In case of dinning out items, As was found in rice 

and cooked fish samples from all three markets. In Kawran bazar, no As was detected in cooked 

meat samples while it was found in samples from Gulshan market and Hazaribagh market. 

Arsenic was found in cumin and coriander seed samples from all markets. The samples from 

Kawran bazar had the highest concentration of As than Gulshan market and Hazaribagh market. 

None of the garlic samples collected from three markets had any detectable As. The samples of 

dry chilli and onion from Gulshan market and Hazaribagh market, ginger from Kawran bazar 

and Hazaribagh had detectable As. Arsenic was found in betel leaf samples from all three 

markets (0.020-0.024 mg kg
-1

 fresh weight). 

 

Arsenic intake 

The non-poor group of people had much higher intake of As due to consumption rice and 

vegetables having elevated concentration of arsenic than the poor ones. Total intake of As by the 

adult of poor households was in the range of 11.8-91.8 µg d
-1

 with mean and median value of 

39.8 and 38.9 µg d
-1

 (Table 4.9). The adult male of non-poor household had the total intake of As 

ranging from 30.2-246.1 µg d
-1

 with mean and median values of 91.8 and 89.1 µg d
-1

 (Table 4.9). 

The high intake of As by the non-poor was high concentration of rice grown in Rajshahi and 

Jessore where irrigation water is elevated with As as well as the soils are also high in total As 

(Alam et al., 2003; Islam et al , 2005, Williams et al., 2006). Cereals and fishes contributed about 

98% of the total intake of As by both poor and non-poor households. Arsenic is class 1 

carcinogen and hence the WHO (2010b) has withdrawn the previous PTWI of 15 µg As. Thus, 

any amount of As in the food is not safe for consumption. Hence all the sampling populations are 

at risk from As ingestion. 

4.4.3 Lead   

Lead concentration 

Cereals had variable concentrations of lead (Pb) (Table 4.8). The highest concentration of this 

element (0.832 mg kg
-1

) was found in fine grained cooked rice that cooked under absorption 

method for the samples collected from Gulshan market which was followed by Hazaribagh 

market and Kawran bazar. On the other hand, the highest concentration of Pb (0.962 mg kg
-1

) 

was found when coarse rice was cooked by absorption method obtained from Kawran bazar 

which was followed by Gulshan and Hazaribagh markets. The Pb concentration in both fine and 
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coarse grained rice decreased when they were cooked by draining method.  The beaten rice 

obtained from Kawran bazar had the highest concentration of Pb (0.630 mg kg
-1

) followed by 

Hazaribagh  followed by Gulshan market. The puffed rice from Kawran bazar had the highest Pb 

concentration (3.395 mg kg
-1

) which was followed by puffed rice from Gulshan and Hazaribagh 

markets. The whole wheat flour had higher Pb concentration compared to wheat flour indicating 

that a portion of the Pb was removed during the process of wheat flour preparation. The Pb 

concentrations in lentil, lathyrus, chickpea and mungbean were the highest from the samples 

collected from Hazaribagh followed by Gulshan market and Kawran bazar. 
 

Like cereals, various fish samples had variable concentrations of Pb. All the fishes except prawn 

had the highest concentration of Pb in samples collected from Hazaribagh market followed by 

Kawran bazar and Gulshan market (Table 4.8). Egg samples had the highest Pb concentration for 

Kawran bazar followed by Gulshan market and Hazaribagh. All the meat samples except beef 

liver had the highest Pb concentration in Hazaribagh market followed by Kawran bazar and 

Gulshan market. All the vegetables except coriander leaf had the highest Pb concentration 

collected from Hazaribagh market. Generally the Pb concentration in vegetable samples was 

lower for Gulshan market. Liquid milk and powder milk had very high concentrations of Pb for 

all markets. Rasogolla and chamcham collected from the Hazaribagh market and jilapi collection 

from the Kawran bazar had the highest concentration of Pb. Lead was found in low concentration 

in both soybean and mustard oils from all three markets. 
 

Lead was found in all fruits (Table 4.8). Jackfruit, pineapple and jujube from Hazaribagh market 

had the highest concentration of Pb compared to the other two markets. Mango, guava, papaya 

and carambola from Kawran bazar had the highest Pb concentration while banana and apple 

from Gulshan market had the highest Pb concentration. Tea from Gulshan market was free from  

Pb contamination while tea from Kawran bazar and Hazaribagh market had detectable Pb 

content. Lead was found in smaller amounts in all the soft drinks and juices from all markets. 

Cane sugar and gur (cane molasses) had high contents of Pb from all markets (0.079-0.202 mg 

kg
-1

). Lead was found in all dinning out items tested. Fish curry and meat curry from Hazaribagh 

market had the highest Pb concentration and cooked rice from Kawran bazar market had the 

highest Pb content.  
 

The Pb concentration varied with different spices (Table 4.8). Dried chilli, onion, garlic and 

coriander seed from Hazaribagh market had the highest concentration of Pb while for green 

chilli, ginger and cumin it was the highest for Kawran bazar. Most of the spices from Gulshan 

market had the lowest concentration of Pb. The Pb concentrations of betel leaves from all the 

markets were low and very close to each other. Fairly high concentration of Pb (0.044-0.193 mg 

kg
-1

) was found in the betel nut samples from three markets of Dhaka city. 
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Lead intake 

The Pb intake by the adult male of poor households ranged from 89.2-489.2 µg d
-1

 with mean 

and median values of 254.2 and 253.8 µg d
-1

, respectively (Table 4.9). The adult male of non-

poor households had the total Pb intake ranging from 104.8-700.5 µg d
-1

 with a mean of 283.7 

µg d
-1

 and median of 260.4 µg d
-1

. Cereals contributed about 87% of the total intake of Pb for the 

both poor and non-poor households (Annex. 5). Next to cereals, the pulses, fishes, fishes and 

sugar and molasses had contribution to the Pb intake by them. Recently the WHO (2010c) has 

withdrawn the previous PTWI on the ground that lead is a potential carcinogen. Thus, any 

amount of Pb in the food is not safe for consumption. Hence, all the sampling populations are at 

risk from Pb ingestion. 

   

4.4.4 Mercury 
 

Mercury concentration 

Very low concentrations of mercury (Hg) (0.071-0.085 mg kg
-1

) were found in the fine grain rice 

cooked by absorption method (Table 4.8). The Hg concentration decreased after cooking by 

draining excess gruel from Gulshan market. No mercury was detected after cooking by draining 

excess gruel in fine grain rice from Kawran bazar and Hazaribagh market.  Puffed rice from 

Gulshan and Kawran bazar had Hg concentration of 0.123 and 0.066 mg kg
-1

, respectively. There 

was no detectable Hg in puffed rice collected from Hazaribagh market. Among the pulses, only 

lathyrus had low concentration of Hg (0.002-0.115 mg kg
-1

) collected from all three markets.  

No Hg was detectable in hilsha and pangas from Gulshan market and prawn from Hazaribagh 

market. All other fishes from three markets had low concentrations of Hg (0.010-0.162 mg kg
-1

) 

(Table 4.8). Eggs from Gulshan market and Hazaribagh market had 0.019 mg Hg kg
-1

 and 0.014 

mg Hg kg
-1

, respectively. Beef liver from Gulshan market and Hazaribagh market had 0.012 mg 

Hg kg
-1

 and 0.007 mg Hg kg
-1

, respectively. Farm chicken from all three markets had Hg levels 

ranging from 0.015-0.025 mg Hg kg
-1

.  
 

Among the vegetables, only potato and brinjal had detectable amount (0.003-0.017 mg kg
-1

) of 

mercury (Table 4.8). Trace amount of Hg was found in sugarcane juice, mango juice and 7-up 

(0.001-0.003 mg L
-1

). Cooked fishes from Gulshan market and Kawran bazar had only 0.023 mg 

Hg kg
-1

 and 0.014mg Hg kg
-1

, respectively.  

 

Mercury intake 

The JECFA assigned reference health standards for inorganic mercury and methyl mercury 

PTWI of 4.0 µg kg
-1

 bw and PTWI of 1.6 µg kg
-1

 bw (WHO, 2010). A male of 60 kg body 
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weight can safely intake 48 µg Hg d
-1

. The intake of Hg by the adult male of the poor household 

ranged from 0.45-3.28 µg d
-1

 with mean and median value of 1.43 and 1.38 µg d
-1

 (Table 4.9). 

The adult male of non-poor household had the total intake of Hg ranging from 1.0-8.4 µg d
-1

 

with mean and median values of 3.1 and 2.7 µg d
-1

 (Table 4.9). The contribution of Hg intake 

was the highest for vegetables (37.6%), followed by fishes (27.2%), meat (19.8%) and cereals 

(14.1%) (Annex. 5). Mercury intake by the non-poor was in the range of 1.0-8.4 µg d
-1

 with the 

mean and median value of 3.1 and 2.7 µg d
-1

. Therefore, all the males from poor and non-poor 

households of Dhaka city are safe from Hg contamination through food intake. 

 

4.4.6 Antimony 
 

Antimony concentration 

Antimony (Sb) was only found in fine grain rice cooked by absorption method from Gulshan 

market and Kawran bazar (Table 4.8). Cooking by draining the excess gruel removed all the 

antimony from rice. Wheat flour from Gulshan market had 0.038 mg Sb kg
-1

 while it was absent 

from other markets. Mungbean from Gulshan market and Kawran bazar had 0.044 mg Sb kg
-1

 

and 0.055 mg Sb kg
-1

, respectively. Prawn from Kawran bazar market had only detectable 

antimony (0.009 mg kg
-1

).  Sugarcane juices, 7-up and coca cola had traceable amount of Sb 

(0.002-0.004 mg L
-1

).  

 

Antimony intake 

The intake of Sb by the adult male of the poor household ranged from 0-0.2 µg d
-1

. The adult 

male of non-poor household had the total intake of Sb ranging from 0-0.8 µg d
-1

. The PTWI for 

Sb is 2.3 mg kg
-1

 body weight. Therefore, both poor and non-poor males of he Dhaka city are 

safe from Sb contamination. Meat and pulses contributed mainly for Sb for both poor and non-

poor households (Annex. 5).   

 

4.4.6 Chromium 

Chromium concentration 

The chromium concentration in the food and beverages was below detection level of 10 µg L
-1

. 
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Table 4.8  Concentrations of Cd, As, Pb, Hg and Sb in different foods from three markets of Dhaka city 

 

Food name Cadmium 

(mg/kg fresh wt) 

Arsenic 

(mg/kg fresh wt) 

Lead 

(mg/kg fresh wt) 

Mercury 

(mg/kg fresh wt) 

Antimony 

(mg/kg fresh wt) 

Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** 

Cereals 

Fine rice (Absorption) 0.222 0.151 0.166 0.327 0.185 0.225 0.832 0.587 0.749 0.085 0.074 0.071 0.073 0.059 0.000 

Fine rice (Drained) 0.114 0.185 0.165 0.300 0.243 0.156 0.623 0.543 0.662 0.059 0.000 0.000 0.000 0.000 0.000 

Coarse rice (Absorption) 0.093 0.126 0.374 0.268 0.098 0.219 0.650 0.000 0.962 0.000 0.000 0.000 0.000 0.000 0.000 

Coarse rice (Drained) 0.147 0.099 0.393 0.163 0.241 0.101 0.448 0.000 0.401 0.067 0.000 0.000 0.000 0.000 0.000 

Beaten Rice 0.468 0.346 0.382 0.141 0.147 0.149 0.342 0.630 0.479 0.000 0.000 0.000 0.000 0.000 0.000 

Puffed Rice 0.150 0.181 0.094 0.269 0.265 0.220 0.985 3.395 0.836 0.123 0.066 0.000 0.000 0.000 0.000 

Whole wheat flour 0.052 0.000 0.043 0.008 0.000 0.000 0.844 0.177 0.286 0.000 0.000 0.000 0.000 0.000 0.000 

Wheat flour 0.000 0.000 0.050 0.042 0.000 0.000 0.713 0.098 0.731 0.000 0.000 0.000 0.000 0.000 0.000 

Pulses 

Lentil 0.000 0.000 0.000 0.000 0.000 0.000 0.298 0.035 0.514 0.000 0.000 0.000 0.000 0.000 0.000 

Lathyrus 0.000 0.000 0.000 0.000 0.000 0.000 0.630 0.100 0.950 0.115 0.002 0.012 0.000 0.000 0.000 

Chickpea 0.000 0.000 0.000 0.042 0.000 0.000 0.297 0.881 0.874 0.000 0.000 0.000 0.000 0.000 0.000 

Mungbean 0.000 0.000 0.000 0.066 0.000 0.000 0.645 0.300 0.506 0.054 0.000 0.000 0.044 0.055 0.000 

Fish 

Hilsha 0.022 0.025 0.052 2.204 2.445 1.117 0.019 0.053 0.124 0.000 0.013 0.011 0.000 0.000 0.000 

Prawn 0.130 0.417 0.019 0.197 0.315 0.325 0.012 0.041 0.037 0.017 0.010 0.000 0.000 0.000 0.000 

Rohu 0.000 0.000 0.009 0.084 0.121 0.082 0.000 0.009 0.074 0.017 0.044 0.018 0.000 0.000 0.000 

Katla 0.004 0.005 0.008 0.192 0.248 0.129 0.000 0.000 0.020 0.015 0.162 0.025 0.000 0.000 0.000 

Mrigel 0.000 0.000 0.009 0.029 0.073 0.013 0.000 0.022 0.057 0.041 0.021 0.023 0.000 0.000 0.000 

Grass carp 0.000 0.000 0.000 0.021 0.025 0.017 0.008 0.008 0.115 0.028 0.026 0.014 0.000 0.000 0.000 

Pangas 0.004 0.010 0.011 0.037 0.034 0.035 0.010 0.023 0.089 0.000 0.010 0.009 0.000 0.000 0.000 

Dry fish 0.215 0.131 0.208 2.090 1.831 2.069 0.045 0.020 0.600 0.079 0.064 0.070 0.000 0.000 0.000 

Eggs 

Duck and chicken egg 0.000 0.000 0.000 0.034 0.029 0.031 0.150 0.000 0.196 0.019 0.000 0.014 0.000 0.000 0.000 

Meat 

Beef 0.000 0.000 0.006 0.026 0.016 0.050 0.000 0.004 0.080 0.000 0.000 0.000 0.000 0.000 0.000 

Beef liver 0.038 0.036 0.064 0.061 0.016 0.027 0.013 0.058 0.024 0.012 0.006 0.007 0.000 0.000 0.000 

Mutton 0.000 0.062 0.046 0.005 0.005 0.005 0.000 0.030 0.063 0.000 0.005 0.000 0.000 0.000 0.000 

Farm chicken 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.052 0.025 0.018 0.015 0.006 0.000 0.000 

Vegetables 

Potato 0.011 0.023 0.029 0.000 0.000 0.000 0.000 0.005 0.056 0.017 0.013 0.012 0.000 0.000 0.000 
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Food name Cadmium 

(mg/kg fresh wt) 

Arsenic 

(mg/kg fresh wt) 

Lead 

(mg/kg fresh wt) 

Mercury 

(mg/kg fresh wt) 

Antimony 

(mg/kg fresh wt) 

Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** 

Brinjal 0.036 0.010 0.025 0.000 0.000 0.000 0.000 0.001 0.029 0.004 0.003 0.000 0.000 0.000 0.000 

Yard long bean 0.000 0.000 0.000 0.000 0.006 0.000 0.000 0.008 0.062 0.000 0.000 0.000 0.000 0.000 0.000 

Green banana 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.069 0.000 0.000 0.000 0.000 0.000 0.000 

Green papaya 0.000 0.000 0.000 0.000 0.004 BDL 0.000 0.000 0.028 0.000 0.000 0.000 0.000 0.000 0.000 

Pointed gourd 0.003 0.001 0.003 0.000 0.003 0.003 0.000 0.000 0.007 0.000 0.000 0.000 0.000 0.000 0.000 

Pumpkin 0.000 0.000 0.003 0.000 0.000 0.000 0.003 0.004 0.029 0.000 0.000 0.000 0.000 0.000 0.000 

Aroid BDL 0.011 0.015 0.000 0.000 0.000 0.000 0.000 0.015 0.000 0.000 0.000 0.000 0.000 0.000 

Lady's finger 0.023 0.027 0.030 0.000 0.000 0.000 0.002 0.006 0.048 0.000 0.000 0.000 0.000 0.000 0.000 

Tomato 0.009 0.009 0.011 0.000 0.000 0.000 0.007 0.006 0.027 0.000 0.000 0.000 0.000 0.000 0.000 

Spinach 0.043 0.013 0.074 0.005 0.005 0.005 0.017 0.037 0.201 0.000 0.000 0.000 0.000 0.000 0.000 

Amaranth 0.044 0.035 0.092 0.005 0.007 0.016 0.030 0.054 0.162 0.000 0.000 0.000 0.000 0.000 0.000 

Cauliflower 0.004 0.012 0.005 0.000 0.004 0.000 0.000 0.000 0.056 0.000 0.000 0.000 0.000 0.000 0.000 

Carrot 0.010 0.011 0.009 0.007 0.000 0.000 0.000 0.000 0.142 0.000 0.000 0.000 0.000 0.000 0.000 

Radish 0.011 0.008 0.014 0.004 0.003 0.003 0.000 0.002 0.037 0.000 0.000 0.000 0.000 0.000 0.000 

Cabbage 0.008 0.004 0.004 0.000 0.004 0.002 0.012 0.000 0.029 0.000 0.000 0.000 0.000 0.000 0.000 

Indian spinach 0.083 0.010 0.071 0.003 0.009 0.011 0.022 0.023 0.029 0.000 0.000 0.000 0.000 0.000 0.000 

Coriander leaf 0.078 0.128 0.077 0.016 0.008 0.023 0.149 0.104 0.137 0.000 0.000 0.000 0.000 0.000 0.000 

Milk 

Liquid milk 0.000 0.000 0.000 0.013 0.007 0.013 0.000 0.026 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Powder milk 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Sweetmeat 

Rasogolla 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Jilapi 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Chamcham 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Oils 

Mustard oil 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.294 0.007 0.000 0.000 0.000 0.000 0.000 0.000 

Soybean oil 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Fruits 

Ripe banana 0.000 0.000 0.000 0.000 0.000 0.000 0.093 0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Mango 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Jackfruit 0.008 0.010 0.009 0.000 0.000 0.000 0.000 0.000 0.018 0.000 0.000 0.000 0.000 0.000 0.000 

Guava 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.033 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Pineapple 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Apple 0.000 0.000 0.000 0.035 0.000 0.016 0.056 0.017 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Papaya 0.000 0.000 0.000 0.000 0.090 0.127 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Jujube 0.000 0.000 0.000 0.000 0.049 0.000 0.000 0.015 0.043 0.000 0.000 0.000 0.000 0.000 0.000 
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Food name Cadmium 

(mg/kg fresh wt) 

Arsenic 

(mg/kg fresh wt) 

Lead 

(mg/kg fresh wt) 

Mercury 

(mg/kg fresh wt) 

Antimony 

(mg/kg fresh wt) 

Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** Gulsh* Kaw** Haz*** 

Carambola 0.056 0.046 0.057 0.000 0.000 0.000 0.001 0.017 0.008 0.000 0.000 0.000 0.000 0.000 0.000 

Drinks & Beverages 

Tea 0.000 0.000 0.000 0.002 0.000 0.002 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.000 0.000 

Sugarcane Juice 0.001 0.001 0.001 0.001 0.001 0.001 0.021 0.010 0.011 0.004 0.003 0.003 0.004 0.003 0.002 

Mango Juice 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.000 0.007 0.003 0.002 0.002 0.000 0.000 0.000 

7-up 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.002 0.004 0.002 0.001 0.001 0.000 0.002 0.001 

Sprite 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.001 0.007 0.000 0.000 0.000 0.000 0.000 0.000 

Coca cola 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.000 0.006 0.000 0.000 0.000 0.000 0.001 0.000 

Sugar & molasses 

Cane sugar 0.000 0.000 0.000 0.000 0.000 0.000 0.112 0.079 0.202 0.000 0.000 0.000 0.000 0.000 0.000 

Gur (cane molasses) 0.000 0.000 0.000 0.000 0.000 0.052 0.109 0.166 0.187 0.000 0.000 0.000 0.000 0.000 0.000 

Dinning out 

Rice 0.015 0.016 0.016 0.030 0.021 0.035 0.001 0.032 0.014 0.000 0.000 0.000 0.000 0.000 0.000 

Fish 0.000 0.000 0.000 0.424 0.014 0.018 0.000 0.056 0.155 0.023 0.014 0.000 0.000 0.000 0.000 

Meat 0.018 0.007 0.015 0.075 0.000 0.035 0.025 0.099 2.308 0.000 0.000 0.000 0.000 0.000 0.000 

Spices 

Dried chilli 0.079 0.110 0.076 0.064 000 0.052 0.226 0.469 2.411 0.000 0.000 0.000 0.000 0.000 0.000 

Green chilli 0.010 0.023 0.014 BDL 0.009 BDL 0.004 0.048 0.034 0.000 0.000 0.000 0.000 0.000 0.000 

Onion 0.015 0.019 0.019 0.025 0.000 0.021 0.008 0.019 0.030 0.000 0.000 0.000 0.000 0.000 0.000 

Garlic  0.011 0.027 0.023 0.000 0.000 0.000 0.017 0.000 0.047 0.000 0.000 0.000 0.000 0.000 0.000 

Ginger 0.014 0.024 0.016 0.000 0.009 0.008 0.027 0.054 0.015 0.000 0.000 0.000 0.000 0.000 0.000 

Cumin 0.059 0.076 0.067 0.094 0.201 0.095 0.333 0.508 0.234 0.000 0.000 0.000 0.000 0.000 0.000 

Coriander seed 0.085 0.101 0.088 0.158 0.180 0.158 0.596 0.794 6.495 0.000 0.000 0.000 0.000 0.000 0.000 

Chewing 

Betel leaf 0.009 0.008 0.008 0.023 0.020 0.024 0.140 0.117 0.116 0.007 0.000 0.000 0.000 0.000 0.000 

Betel nut 0.000 0.000 0.000 0.000 0.000 0.000 0.175 0.193 0.044 0.000 0.000 0.000 0.000 0.000 0.000 

Water 

Tap water 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Gulsh*: Gulshan market 

Kaw**: Kawran bazar 

Haz***: Hazaribagh market 
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Table 4.9  Statistics of Cd, As, Pb, Hg and Sb intake by male of poor and non-poor  

                  households  
 

 

Element Minimum Maximum Median Mean S.d. 

A: Poor households 

Cd  (µg d
-1

) 17.53 204.38 106.03 106.09 34.86 

As  (µg d
-1

) 11.80 91.83 38.96 39.78 13.17 

Pb  (µg d
-1

) 39.2 215.2 111.6 111.8 27.7 

Hg  (µg d
-1

) 0.45 3.28 1.38 1.43 0.58 

Antimony  (µg d
-1

)      

B: Non-poor households 

Cd  (µg d
-1

) 5.6 113.4 39.2 40.5 16.0 

As  (µg d
-1

) 30.2 246.1 89.1 91.8 36.0 

Pb  (µg d
-1

) 49.2 329.2 122.4 133.3 43.3 

Hg  (µg d
-1

) 1.0 8.4 2.7 3.1 1.4 

Cd  (µg d
-1

) 0.0 0.8 0.1 0.2 0.2 

 

4.5 Composition of water from Barishal, Rajshahi and Sylhet 

Water samples were collected from Barishal, Rajshai and Sylhet city to determine the 

levels of minerals, trace elements and heavy metals. Water sample from Rajshahi had 

the highest concentration of calcium and magnesium followed by water samples from 

Barsihal and Sylhet (Table 4.10). Sodium and potassium concentration was the 

highest in water sample from Barishal followed by the water samples from Rajshahi 

and Sylhet. The highest concentration of manganese was found in water sample from 

Rajshahi followed by water samples from Sylhet and Barishal. Arsenic was detected 

in water sample from Rajshahi and Sylhet city. Lithium concentration was found in 

water samples from all three cities ranging from 3.38-3.74 mg L
-1

. Copper, cobalt and 

iron were found in water sample from Sylhet city only but not from water samples 

from Barishal and Rajshahi city. Selenium, chromium, nickel, molybdenum, 

cadmium, antimony, mercury, lead, aluminium and zinc were not detected in any 

water samples from Barishal, Rajshahi and Sylhet city.  
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Table 4.10.  Elemental composition of water from Barishal, Rajshahi and Sylhet city 

 

Elements Barishal Rajshahi Sylhet 

Calcium (mg L
-1

) 6.0 95.0 3.05 

Magnesium (mg L
-1

) 2.06 23.5 1.2 

Sodium (mg L
-1

) 24.65 14.5 2.45 

Potassium (mg L
-1

) 3.26 2.83 1.7 

Iron (mg L
-1

) <0.5 <0.5 2.65 

Manganese (µg L
-1

) 7.03 381.69 258.33 

Copper (µg L
-1

) <10.0 <10.0 30.25 

Zinc (mg L
-1

) <0.5 <0.5 <0.5 

Molybdenum (µg L
-1

) <0.5 <0.5 <0.5 

Cobalt (µg L
-1

) <0.5 <0.5 3.37 

Selenium ((µg L
-1

) <10.0 <10.0 <10.0 

Nickel (µg L
-1

) <10.0 <10.0 <10.0 

Aluminium (mg L
-1

) <0.5 <0.5 <0.5 

Lithium (µg L
-1

) 3.74 3.38 3.70 

Cadmium (µg L
-1

) <0.5 <0.5 <0.5 

Arsenic (µg L
-1

) <0.5 2.49 0.50 

Lead (µg L
-1

) <0.5 <0.5 <0.5 

Mercury (µg L
-1

) <0.5 <0.5 <0.5 

Antimony (µg L
-1

) <0.5 0.56 <0.5 

Chromium (µg L
-1

) <10.0 <10.0 <10.0 
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4.6  Implications for nutrition and health  

A vast number of factors intricately affect the relationships between minerals within 

the body. These should be taken in consideration when building the evidence for 

consumption of unsafe foods with evidence from heavy metal, mineral and trace 

element contamination.  From a nutritional and health standpoint, although dietary 

deficiency of minerals is at the more serious end of the spectrum, at the opposite end, 

dietary excesses, contamination and aberrations contribute to the burden of morbidity. 

To this end, determining the nutritional interrelationships is much more important 

than knowing the mineral levels alone.  

   

Calcium and phosphorus  

Calcium and phosphorus have a reciprocal relationship in the body with an ideal Ca/P 

ratio or balance of 2.6 to 1. The autonomic nervous system (ANS) controls the Ca/P 

relationships.  The requirements of calcium and phosphorus are therefore considered 

together as their function and requirements are closely linked. In terms of calclium 

and phosphorus sources, milk is an outstanding source. However, given the low 

consumption of milk and milk products in Bangladesh (38 g capita
-1

day
-1

) fish, 

cereals and leafy vegetables are important sources in the diet. In general, deficiency of 

phosphorus is unlikely to occur if diets are adequate in calcium. Recommendations 

for phosphorus are modified in tune with calcium recommendations (ICMR, 2010).  

   

Sodium and Potassium  

Sodium and potassium are essential dietary minerals and normal body functioning 

depends on the right regulation of sodium and potassium both inside and outside of 

cells. A large portion of energy in the body is dedicated to maintaining 

sodium/potassium concentration gradients, underscoring the importance of the 

balance between sodium and potassium sustaining life. The body needs of sodium are 

not great wherein intakes of 1.1 to 3.3 g of sodium or 2.8 to 8.3 g of NaCl per day are 

considered to be safe and adequate for health adults (Food and Nutrition Board of 

National Academy of Sciences, 1980; ICMR 2010).  Most sodium is found in the 

form of NaCl, fish, meat and milk. In modern, urbanized diets, major sources are 

processed foods and salt that is added at the table. Water can also be a source of Na in 

various regions where sodium content of the soil and water supply might be high.  
 

The modern diet is becoming excessive in NaCl and deficient in fruits and vegetables 

which are rich in K and HCO3 yielding organates like citrate. Dietary potassium 

modulates both the pressor and hypercalciuric effects of the modern dietary excess of 

NaCl. Major sources of potassium are plant foods, notably cereals, pulses, fruits and 
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vegetables and nuts and oilseeds to some extent. Enough potassium should be there in 

the diet to balance sodium intake. A dietary intake of around 140mmol/day at the 

upper end and 50mmol at the lower end is suggested. The ideal Na to K ratio in the 

diet is: 1:1 (in mmol).  

  

Inter relationships of minerals with heavy metals  

Heavy metals such as Cd and Pb can affect the Na/K relationship due to their effect 

upon renal function. Cd particularly, will produce a aldosterone effect. The minerals 

of nutritional importance such as Ca, P, Cu, Fe, Mn, Mg and other will impact the 

Na/K ratio as well (Watts, 2008).  
 

Heavy metals notably Cd can interfere with the absorption and/or utilization of Fe, Zn 

and other trace element metals in people eating highly heavy metal-contaminated 

foods, especially if these individuals are already deficient in other mineralnutrients 

(i.e., Ca). Additionally, major imbalances in dietary trace element intakes can also 

lead to undesirable interactions between trace elements that reduce their 

bioavailability (Welch, 1997). Mercury can also enter the food chain, mainly aquatic 

life and pose as a source of contamination. Both organic and inorganic forms are 

known to be toxic.  
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5. CONCLUSIONS 

 

Food chain contamination by heavy metals has become a critical issue in recent years 

because of their potential accumulation in biosystems through contaminated water, 

soil and irrigation water. The main objectives of this project were to determine the 

levels of minerals, trace elements and heavy metals in major foods and beverages 

consumed by the poor and non-poor households of Dhaka city and assess the dietary 

exposure to heavy metal and trace metal contaminations and potential health 

implications as well as recommendations for action. Total diet study methodology 

was used to assess the contamination and calculate the dietary risk exposure.  The 

following conclusions may be drawn from the research results.  

 

i. The concentration of minerals, trace elements and heavy metals varied widely 

among the three markets (Gulshan, Kawran bazar and Hazaribagh). The 

reason of this variation can be attributed to the location variation where they 

have been grown and marketed. Rice cooked by draining method had lower 

concentration for the most elements compared to rice by absorption method. 

 

ii. Puffed rice had elevated concentrations of Na, K, Fe, Mn and Al than the 

normal rice. 

 

iii. Poor household males are noted to have more mineral (Ca, Mg and K) and 

trace element (Fe, Cu, Zn, Co and Se) deficiency compared to non-poor 

household males.  

 

iv. The intake of Mn and Mo is noted to be higher than the Recommended Daily 

Intake (RDI) for both poor and non-poor households.  

 

v. About 94% males from poor households and 78% males from non-poor 

households have Cd intake above PTMI, and thus they are exposed to Cd 

contamination. 

 

vi. Antimony, mercury and lithium intake through foods by males from both poor 

and non-poor households are below PMTI. 

 

vii. Both poor and non-poor households have high intake of As and Pb from 

different foods. FAO (2010b, c) have withdrawn the PTWA of As and Pb. 

Therefore, all the males of poor and non-poor households are at risk from As 

and Pb contaminations.  
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6. POLICY IMPLICATIONS AND RECOMMENDATIONS 

 

The following policy options and recommendations can be drawn from this study. 
 

i. This is a preliminary study to determine the extent of contamination of trace 

elements and heavy metals in different foods and beverages in three markets 

of Dhaka city. High variation in the concentration of minerals, trace elements 

and heavy metals was noted in food stuffs among the three markets due to the 

variation in point sources of collection and marketing. An in-depth study is 

further needed to identify the hot spots of heavy metals contaminated areas 

near to and away from Dhaka city.  
 

ii. Given that arsenic gets entry into the human body mainly through rice 

irrigated with arsenic contaminated STW water, cultivation of rice with 

arsenic free water (DTW or surface water) there is need to promote strategies  

to reduce arsenic levels in the food chain.   
 

iii. There is need to screen out and develop rice varieties for lower uptake of 

arsenic and cadmium by grains in order to decrease the risks of arsenic and 

cadmium intake by the population  
 

iv. The entry of heavy metals into food chains mainly comes from the industrial 

effluents, phosphatic fertilizers (especially Cd) and burning of fossil fuels 

(especially Pb). Strong monitoring is needed to ensure the treatment of 

industrial effluents before its disposal and use of phosphatic fertilizers with 

very less amount of Cd and use the Pb free fossil fuels. 

 

v. Contribution of cereals, especially rice to the intake of heavy metals (As, Pb 

and Cd) by both poor and non-poor households is the maximum. Decreased 

consumption of rice and increased consumption of vegetables might reduce 

the dietary risk exposure from heavy metals. 

 

vi. People suffer from selenium deficiency because habitual diets are mainly 

represented by plant based foods. Livestock and fish based foods are rich in 

selenium and there is need to increase consumption of livestock and fish foods 

that will help to decrease the selenium deficiency in the population.  

 

vii. There is need to build baseline data on the content and extent of contamination 

of heavy metals, minerals and trace elements following up from this 

investigation.   
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ANNEXURES 

 

Annex 1. Contribution (%) by each food group to total population dietary exposure to calcium, magnesium, sodium and potassium estimated for  

                the poor and non-poor household of Dhaka city 

 

Food group Calcium Magnesium Sodium Potassium 

Poor HH Non-poor HH Poor HH Non-poor HH Poor HH Non-poor HH Poor HH Non-poor HH 

Food grain 27.3 27.3 40.6 26.2 34.2 32.9 57.9 37.0 

Pulses 5.2 5.2 8.4 5.5 1.9 1.8 8.6 11.76 

Fish 21.8 21.7 3.9 2.5 6.4 6.2 3.9 6.8 

Eggs 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.02 

Meat 4.8 4.7 1.9 1.2 2.9 2.8 1.3 2.73 

Vegetables 14.0 14.9 20.3 13.6 17.9 16.5 15.2 29.9 

Milk & dairy 10.6 10.6 5.4 3.5 15.2 14.6 7.4 6.43 

Sweetmeat 2.3 2.3 0.2 0.1 0.3 0.3 0.1 0.05 

Oil & fats 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.01 

Fruits 1.9 1.7 6.9 4.5 0.6 0.6 4.4 4.48 

Drinks 0.1 0.1 0.1 0.1 0.4 0.3 0.1 0.08 

Sugar & molasses 1.5 1.5 0.1 0.1 0.8 0.8 0.2 0.02 

Dinning out 0.1 0.1 0.1 0.1 0.6 0.5 0.1 0.022 

Water 10.2 9.6 12.0 42.7 18.7 22.6 0.7 0.7 

Total 100.0 100 100 100 100 100 100 100 

 

 

 



122 

 

Annex 2. Contribution (%) by each food group to total population dietary exposure to iron, manganese, copper and zinc estimated for the poor 

                 and non-poor household of Dhaka city 

 

Food group Iron Manganese Copper Zinc 

Poor HH Non-poor HH Poor HH Non-poor HH Poor HH Non-poor HH Poor HH Non-poor HH 

Food grain 51.93 58.96 74.38 74.31 74.95 68.26 60.05 59.40 

Pulses 12.22 7.64 9.80 9.82 8.52 11.02 9.94 9.83 

Fish 5.92 5.69 3.62 3.63 1.71 5.24 6.98 6.91 

Eggs 0.05 0.09 0.01 0.01 0.01 0.02 0.07 0.07 

Meat 3.44 3.94 0.21 0.21 1.00 0.75 6.51 6.44 

Vegetables 20.87 14.23 7.93 7.95 9.97 8.32 8.67 9.66 

Milk & dairy 0.85 1.82 0.51 0.51 0.21 0.35 4.09 4.05 

Sweetmeat 0.58 1.59 0.10 0.10 0.77 1.51 0.76 0.75 

Oil & fats 0.50 0.84 0.02 0.02 0.10 0.16 0.14 0.14 

Fruits 2.86 3.63 3.15 3.16 1.98 2.19 1.26 1.25 

Drinks 0.06 0.04 0.12 0.12 0.02 0.04 0.04 0.04 

Sugar & molasses 0.38 1.28 0.11 0.12 0.61 2.03 1.33 1.32 

Dinning out 0.34 0.23 0.05 0.05 0.15 0.12 0.15 0.15 

Water 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 100 100 100 100 100 100 100 100 
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Annex 3. Contribution (%) by each food group to total population dietary exposure to molybdenum, cobalt, selenium and nickel estimated for  

                the poor and non-poor household of Dhaka city 

 

Food group Molybdenum Cobalt Selenium Nickel 

Poor HH Non-poor HH Poor HH Non-poor HH Poor HH Non-poor HH Poor HH Non-poor HH 

Food grain 47.57 60.14 0.00 88.67 0.00 0.00 76.93 76.97 

Pulses 48.63 36.15 3.68 1.38 0.00 0.00 1.77 1.76 

Fish 0.14 0.75 5.20 2.74 36.90 31.54 1.45 1.45 

Eggs 0.01 0.02 0.01 0.00 0.30 0.35 0.00 0.00 

Meat 0.14 0.32 21.57 0.32 6.50 7.08 2.31 2.30 

Vegetables 2.63 1.22 43.62 3.71 49.70 53.85 13.64 13.60 

Milk & dairy 0.72 1.10 0.00 0.00 0.00 0.00 0.00 0.00 

Sweetmeat 0.00 0.01 1.82 2.00 0.00 0.00 1.00 1.00 

Oil & fats 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.01 

Fruits 0.10 0.24 19.11 1.06 0.20 0.19 2.74 2.73 

Drinks 0.00 0.00 0.27 0.00 0.00 0.05 0.03 0.03 

Sugar & molasses 0.00 0.01 0.00 0.00 5.90 6.42 0.00 0.00 

Dinning out 0.06 0.03 4.73 0.10 0.50 0.52 0.14 0.14 

Water 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 100 100 100 100 100 100 100 100 
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Annex 4. Contribution (%) by each food group to total population dietary exposure to aluminium, lithium, cadmium and arsenic estimated for 

                the poor and non-poor household of Dhaka city 

 

Food group Aliminium Lithium Cadmium Arsenic 

Poor HH Non-poor HH Poor HH Non-poor HH Poor HH Non-poor HH Poor HH Non-poor HH 

Food grain 76.42 76.3 0.00 0.00 87.06 86.14 61.50 61.66 

Pulses 0.04 0.0 0.00 0.00 0.00 0.00 0.00 0.04 

Fish 1.41 1.40 10.00 14.80 5.62 6.62 36.40 36.26 

Eggs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 

Meat 0.00 0.00 0.00 0.0 0.16 0.16 0.70 0.66 

Vegetables 16.38 16.40 89.48 84.2 7.01 6.93 0.30 0.34 

Milk & dairy 0.00 0.0 0.00 0.0 0.00 0.00 0.60 0.58 

Sweetmeat 0.34 0.30 0.00 0.0 0.00 0.00 0.00 0.00 

Oil & fats 3.72 3.70 0.00 0.0 0.00 0.00 0.00 0.00 

Fruits 1.29 1.30 0.00 0.0 0.08 0.08 0.40 0.35 

Drinks 0.04 0.00 0.32 0.1 0.00 0.00 0.00 0.00 

Sugar & molasses 0.26 0.30 0.00 0.0 0.00 0.00 0.00 0.00 

Dinning out 0.14 0.10 0.03 0.9 0.07 0.07 0.10 0.10 

Water 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 100 100 100 100 100 100 100.00 100 
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Annex 5. Contribution (%) by each food group to total population dietary exposure to lead, mercury and antimony estimated for  

                the poor and non-poor household of Dhaka city 

 

Food group Lead Mercury Antimony 

Poor HH Non-poor HH Poor HH Non-poor HH Poor HH Non-poor HH 

Food grain 87.04 86.92 13.86 13.69 2.30 8.00 

Pulses 3.67 3.64 0.84 0.83 14.30 20.00 

Fish 2.12 2.29 26.71 29.68 13.00 20.67 

Eggs 0.01 0.01 0.09 0.09 0.00 0.00 

Meat 0.00 0.00 21.23 19.26 38.20 40.67 

Vegetables 2.22 2.23 36.94 36.06 0.00 0.00 

Milk & dairy 0.48 0.47 0.00 0.00 0.00 0.00 

Sweetmeat 0.27 0.27 0.00 0.00 0.00 0.00 

Oil & fats 0.18 0.18 0.00 0.00 0.00 0.00 

Fruits 1.52 1.50 0.00 0.00 0.00 0.00 

Drinks 0.03 0.03 0.30 0.29 32.20 10.67 

Sugar & molasses 2.37 2.34 0.00 0.00 0.00 0.00 

Dinning out 0.09 0.08 0.10 0.10 0.00 0.00 

Water 0.00 0.00 0.00 0.00 0.00 0.00 

Total 100 100 100 100 100.0 100 

 




