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DETERMINATION AND RISK ANALYSIS OF HEAVY METALS
IN DIFFERENT FRUITS COLLECTED FROM DIFFERENT
SHOPS OF DHAKA CITY

ABSTRACT

The study was conducted to determine heavy metals in different fruits collected from
different shops of Dhaka city at Sher-e-Bangla Agricultural University, Sher-e-Bangla
Nagar, Dhaka, during the season 2018-19. Five places viz. (1) Shwapno super shop of
Mirpur-10, Dhaka, (2) Agora super market, Dhanmondi, Dhaka, (3) Prince Bazar,
Mirpur-1, Dhaka, (4) Kawran Bazar fruit market, Kawran Bazar, Dhaka and (5)
Meena Bazar, Shyamoli, Dhaka were selected for sample collection. Samples were
collected on five fruits namely (i) Grape, (ii) Apple, (iii) Orange, (iv) Banana and (v)
Pomegranate. So, twenty five unit samples were considered for the present study
which was replicated thrice and remarked as T; to Tzs. The experiment was laid out in
Completely Randomized Design (CRD) with three replications. Atomic absorption
spectroscopy analysis was used to determine lead (Pb), cadmium (Cd), chromium
(Cr), nickel (Ni) and cobalt (Co) in sample fruits. It was found that the levels of heavy
metals in fruits varied very little from location to location. The mean concentrations
of Pb, Cd, Cr, Ni and Co in fruit samples were lower than acceptable limit
recommended by FAO/WHO. According to FAO/WHO, the maximum allowable
concentration for Ph, Cd, Cr, Ni and Co are 1.50, 0.20, 2.30, 0.80 and 50.00 mg kg
! respectively. Single factor pollution index (PI) indicates that all fruit samples
collected from study area were not yet contaminated. Value of PI<1 indicates that
the collected samples are not yet contaminated. In case of sum of pollution index
(SPI1), samples of Banana found at Kawran Bazar fruit market of Kawran Bazar,
Dhaka showed the highest SPI (0.9001) whereas the lowest SPI (0.028) was in
Orange found at Agora super market of Dhanmondi, Dhaka. Again, considering,
Metal pollution index (MPI), the highest MP1 (0.0119) was at Banana found in Meena
Bazar of Shyamoli, Dhaka whereas the lowest MPI (0.0025) was in Pomegranate
found at Shwapno super shop, Mirpur-10, Dhaka. Proper cultural practice may be an
effective measure to reduce heavy metal contamination in fruits. Higher amount of
heavy metal intake through fruit consumption can be reduced by regular monitoring
of fruit contamination with heavy metals with different methods of heavy metal
detections. Presence of heavy metal in fruits regarding Pb, Cd, Cr, Ni and Co is not
harmful if it is lower than acceptable limit recommended by FAO/WHO.

According to FAO/WHO it is concluded that there is no health risk for general people
in fruit consumption.
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CHAPTERII
INTRODUCTION

Plants play a key role in human life, while they are also considered to be
predominant medicinal sources for the populations in Bangladesh (Pandey and
Madhuri, 2010). Consumption of fruits is essential for a diversified and
nutritious diet. Sufficient consumption of fruit and vegetables significantly
reduce the incidence of chronic diseases, such as cancer, cardiovascular
diseases and other aging-related pathologies (Prakash et al., 2012). Fruits offer
protection against free radicals that damage lipids, proteins, and nucleic acids.
Polyphenols, carotenoids (pro-vitamin A), vitamins C and E present in fruits
have antioxidant and free radical scavenging activities and play a significant
role in the prevention of many diseases (Prakash et al., 2012).

Fruits and vegetables are highly nutritious and form as key food commodity in
the human consumption. They are highly perishable due to their low shelf life.
Recently, (Sharma et al., 2008a and Sharma et al., 2008b) have reported that
atmospheric deposition can significantly elevate the levels of heavy metals
contamination in fruits and vegetables commonly sold in the markets. These
food commodities are reported to be contaminated with toxic and health
hazardous chemicals. The uptake of heavy metals in vegetables and fruits are
influenced by some factors such as climate, atmospheric depositions,
concentrations of heavy metals in soil, nature of soil and the degree of maturity
of the plants at the time of harvest (Lake et al., 1984 and Scott et al., 1996).
Chemicals like calcium carbide/ethephon and oxytocin are reportedly being
used in fruit and vegetable farms for artificial ripening of fruits, increasing the
size of fruits and vegetables respectively. The major contaminants found in
fruit and vegetables are pesticide residues, crop contaminants such as
aflatoxins, patulin, ochratoxin etc. and heavy metals. Moreover, direct
aspiration of the fruit juices and milk can cause flame fluctuations and
accumulation of solid deposits on the burner head (Bellido-Milla et al., 2000).
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Heavy metals are non-biodegradable and could persist for a long time in the
environment. When vegetables are cultivated in polluted environments, they
could readily absorb heavy metals through the leaves or roots, leading to the
accumulation of toxic metals in plant tissues (Singh et al., 2010). The entry of
heavy metals into the food chain not only inhibits the normal physiological
functions of the human body, but it also affects the growth, nutrient uptake,
nitrogen fixation, and metabolism of plants (Singh et al., 2010 and Kumar and
Seema, 2016).

Heavy metals are not biodegradable and have the potential for accumulation in
the different body organs leading to unwanted side effects (Jarup, 2003 and
Sathawara et al., 2004). Rapid and unorganized urban and industrial
developments have contributed to the elevated level of heavy metals in the
urban environment of developing countries (Radwan and Salama, 2006, Maleki
and Zarasvand, 2008, Wong et al., 2003). Heavy metals are widely dispersed in
the environment. Heavy metal contamination of the food items is one of the
most important aspects of food quality assurance (Marshall et al., 2003). Heavy
metals are among the major contaminants of food supply and may considered
the most important problem to our environment (Zaidi et al., 2005). They enter
the food chain and occur in different concentrations in human food
(Roychowdhary et al., 2003).

The contamination of food with heavy metals is a serious problem. Heavy
metals are taken up from the digestive tract and exhibit harmful influence on
tissues. The uptake of heavy metals in human digestive tract usually does not
exceed 5 to 10 % of their concentration in food. On the other hand, some
metals exhibit toxic properties in relatively low doses and moreover their
concentration in tissues gradually increases due to accumulation process
(Beckett et al., 2007). The excessive content of these metals in food is
associated with a number of diseases such as cardiovascular, kidney, nervous
as well as bone diseases (WHO, 1992, WHO, 1995). Abnormal ingestion



causes neurological anomalies, hepatic and renal disturbances (Underwood,
1977). Dietary intake of heavy metals causes carcinogenesis, mutagenesis and
teratogenesis (IARC, 1993 and Pitot and Dragan, 1996).

A number of trace elements protect the cell from oxidative cell damage as these
minerals are the cofactor of antioxidant enzymes. Zinc, copper and manganese
are necessary for superoxide dismutases in both cytosol and mitochondria. Iron
is a component of catalase, a hemeprotein, which catalyzes the decomposition
of hydrogen peroxide (Machlin and Bendich, 1987). Small amounts of
micronutrients are required for good physical condition along with energy food
and protein. Sodium, potassium, iron, calcium and many trace elements
together with antioxidant vitamins and minerals are vital for the body. Fruits
and vegetables have noteworthy amounts of calcium, iron and potassium
(Jahan et al., 2011). On the other hand, none can guarantee us whether this
food item is safe or not as these days rarely any food item is free from food
adulteration. Food safety is essential to maintain nutrition, combat
food/waterborne diseases, maintain food quality and stop food adulterations,

being rampant in Bangladesh.

Heavy metals are a general collective term which applies to the group of metals
and metalloids with an atomic density greater than 4 g/cm3 (Sajib et al., 2014).
Publicity regarding the concentration of heavy metals in fruits and vegetables
will create apprehension and fear in the public as to the presence of heavy
metal residues in their daily food. Keeping in mind the potential toxicity and
persistent nature of heavy metals, and the frequent consumption of vegetables
and fruits, it is necessary to analyze these food items to ensure the levels of
these contaminants meet agreed international requirements (Radwan and
Salama, 2006).

Considering the above facts it is urgently needed to determine the heavy metal
concentrations in fruits. The objective of this work is to estimate the levels of
some heavy metals (lead, cadmium, chromium, nickel and cobult) that may be
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present in fruits available in local or national markets in Dhaka city. Also, the
levels of investigated metals were recommended by the international
Organization FAO and WHO). Therefore the present study was undertaken

with the following objectives:

1. To asses different heavy metals (Pb, Cd, Cr, Ni and Co) from different

fruits

2. To interpret the risk of these heavy metals of these fruits (grape, apple,

orange, banana and pomegranate)



CHAPTER II
REVIEW OF LITERATURE

Fruits are widely used for culinary purpose. Fruits are very important in human
diet because of presence of vitamins and minerals salts. They contain water,
calcium, iron, sulphur and potash (Sobukola et al., 2010). They also act as
neutralizing agents for acidic substances forming during digestion (Thompson
and Kelly 1990). Therefore fruits are very useful for the maintenance of health
as a preventive treatment of various diseases (D-mello, 2003). The presence of
heavy metals may have a negative influence on the quality of fruits causing
changes to their taste and smell. Hence a brief review of available literature
with regards to ‘determination and risk analysis of heavy metals in different

fruits collected from different shops of Dhaka city’ is presented in this Chapter.
2.1 Heavy metals and their effects
2.1.1 Lead (Pb)

Lead is a highly toxic metal whose widespread use has caused extensive
environmental contamination and health problems in many parts of the world.
Lead is a bright silvery metal, slightly bluish in a dry atmosphere. It begins to
tarnish on contact with air, thereby forming a complex mixture of compounds,
depending on the given conditions (Sharma and Dubey, 2005). The sources of
lead exposure include mainly industrial processes, food and smoking, drinking
water and domestic sources. The sources of lead were gasoline and house paint,
which has been extended to lead bullets, plumbing pipes, pewter pitchers,
storage batteries, toys and faucets (Thurmer et al., 2002). In the US, more than
100 to 200,000 tons of lead per year is being released from vehicle exhausts.
Some is taken up by plants, fixation to soil and flow into water bodies, hence
human exposure of lead in the general population is either due to food or
drinking water (Goyer, 1990). Lead is an extremely toxic heavy metal that

disturbs various plant physiological processes and unlike other metals, such as
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zinc, copper and manganese, it does not play any biological functions. A plant
with high lead concentration fastens the production of reactive oxygen species
(ROS), causing lipid membrane damage that ultimately leads to damage of
chlorophyll and photosynthetic processes and suppresses the overall growth of
the plant (Najeeb et al., 2014). Some research revealed that lead is capable of
inhibiting the growth of tea plant by reducing biomass and debases the tea
quality by changing the quality of its components (Yongsheng et al., 2011).
Even at low concentrations, lead treatment was found to cause huge instability
in ion uptake by plants, which in turn leads to significant metabolic changes in
photosynthetic capacity and ultimately in a strong inhibition of plant growth
(Mostafa et al., 2012).

Lead metal causes toxicity in living cells by following ionic mechanism and
that of oxidative stress. Many researchers have shown that oxidative stress in
living cells is caused by the imbalance between the production of free radicals
and the generation of antioxidants to detoxify the reactive intermediates or to
repair the resulting damage. Antioxidants, as e.g. glutathione, present in the cell
protect it from free radicals such as H,O, Under the influence of lead,
however, the level of the ROS increases and the level of antioxidants decreases.
Since glutathione exists both in reduced (GSH) and oxidized (GSSG) state, the
reduced form of glutathione gives its reducing equivalents (H" + ") from its
thiol groups of cystein to ROS in order to make them stable. In the presence of
the enzyme glutathione peroxidase, reduced glutathione readily binds with
another molecule of glutathione after donating the electron and forms
glutathione disulfide (GSSG). The reduced form (GSH) of glutathione accounts
for 90% of the total glutathione content and the oxidized form (GSSG)
accounts for 10% under normal conditions. Yet under the condition of
oxidative stress, the concentration of GSSG exceeds the concentration of GSH.
Another biomarker for oxidative stress is lipid peroxidation, since the free
radical collects electron from lipid molecules present inside the cell membrane,
which eventually causes lipid peroxidation (Wadhwa et al., 2012; Flora et al.,
6



2012). At very high concentrations, ROS may cause structural damage to cells,
proteins, nucleic acid, membranes and lipids, resulting in a stressed situation at
cellular level (Mathew et al., 2011).

The ionic mechanism of lead toxicity occurs mainly due to the ability of lead
metal ions to replace other bivalent cations like Ca*, Mg®*, Fe’"and
monovalent cations like Na™ which ultimately disturbs the biological
metabolism of the cell. The ionic mechanism of lead toxicity causes significant
changes in various biological processes such as cell adhesion, intra- and inter-
cellular signaling, protein folding, maturation, apoptosis, ionic transportation,
enzyme regulation, and release of neurotransmitters. Lead can substitute
calcium even in picomolar concentration affecting protein kinase C, which

regulates neural excitation and memory storage (Flora et al., 2012).

Lead has a negative influence on both children and adults. For children, Pb
reduces the physical growth and mental growth (Simeonov et al., 2010). The
intelligent quotient of children is diminished and symptoms of irritability and
fatigue could be observed. Pregnant women exposed to Pb have higher rates of
infertility, miscarriage and still births (Ediin et al., 2000). Chronic exposure to
Pb can affect physical growth and can cause anaemia, kidney damage,
headache, hearing problems, speaking problems, fatigue or irritable mood
(Simeonov et al., 2010). The toxicity of Pb is multiple biochemical effects. It
has the ability to inactivate enzymes, compete with calcium for incorporation
into bones and interfere with nerve transmission and brain development (Ediin
et al., 2000).

The WHO maximum allowed contaminant level in the water is 0.01 mg/I
(Monudu and Anyakora, 2010). The main sources of Pb in the environment
include, dust from leaded paints from older houses, leaded gasoline and tap
water from soldered pipes (Ediin et al., 2000). Indoor chemicals and indoor
smoking is also a source (Simeonov et al., 2010). Mebrahtu and Zerabruk
(2011) in their study of concentration of heavy metals in drinking water from
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urban areas of the Tigray Region, Northern Ethiopia using atomic absorption
spectroscopy method of analysis detected levels of Pb of 1.347 mg/l at
Indasilase and a minimum of below detection limit in drinking water samples
from Alamata, Korem, Hagereselam, Zelambessa, Firewoini, Axum, Adwa and
Enticho. More than 70.15 % of the water samples analyzed contained lead
concentration within the WHO (2003) maximum allowable limit of lead in
drinking water. In a similar research carried out by Kaplan et al. (2011) at
Tunceli in Turkey, Pb was only detected in drinking water from one station, out
of the sampled. The highest value of Pb detected was 0.31ug/l and this was

below the maximum permissible limit for lead in water.

Similar results were obtained by Wogu and Okaka (2011) in a study on heavy
metals in Warri river in Nigeria. They recorded a variation of Pb levels in water
ranging from 0.0 to 0.001 mg/l which were below the maximum WHO (2003)
permissible limits of lead in drinking water of 0.01 mg/l. A similar study by
Raji et al. (2010) recorded the following Pb levels in water in the following
stations; station T, 0.720 mg/I, station T,, 0.390 mg/I, station T3, 0.310 mg/I,
station WB(R), 0.340 mg/l and station WB (T), 0.350 mg/l. In the soils, the
maximum allowable limits of lead in UK and USA are 100 mg/kg and 200
mg/kg (Mamtaz and Chowdhury, 2006).

A study carried out by Mico et al. (2006) on heavy metal content of
agricultural soils in a Mediterranean Semiarid Segura River Valley in Spain
recorded 19.6 mg/kg of Pb in the soil and a lead level range of 8.9 mg/kg-34.5
mg/kg. The soil samples were analyzed by flame atomic absorption
spectroscopy. A study by ljeoma et al. (2011), on heavy metal content in high
traffic area soils of Pakistan, recorded a minimum lead concentration of 10.06
mg/kg and a maximum Pb concentration of 29.71 mg/kg. A study by Atiemo et
al. (2010) recorded levels of Pb in road soils ranging from 33.640 mg/kg to
117.45 mgl/kg. Similarly Jaradat and Momani (1999) recorded levels of Pb in

roadside soils at different distances from the road ranging from 3.70 mg/kg to



272.20 mg/kg.

Human activities such as mining, manufacturing and fossil fuel burning has
resulted in the accumulation of lead and its compounds in the environment,
including air, water and soil. Lead is used for the production of batteries,
cosmetics, metal products such as ammunitions, solder and pipes, etc. (Martin
and Griswold, 2009). Lead is highly toxic and hence its use in various products,
such as paints, gasoline, etc., has been considerably reduced nowadays. The
main sources of lead exposure are lead based paints, gasoline, cosmetics, toys,
household dust, contaminated soil, industrial emissions (Gerhardsson et
al., 2002). Lead poisoning was considered to be a classic disease and the signs
that were seen in children and adults were mainly pertaining to the central
nervous system and the gastrointestinal tract (Markowitz, 2000). Lead
poisoning can also occur from drinking water. The pipes that carry the water
may be made of lead and its compounds which can contaminate the water
(Brochin et al., 2008). According to the Environmental Protection Agency
(EPA), lead is considered a carcinogen. Lead has major effects on different
parts of the body. Lead distribution in the body initially depends on the blood
flow into various tissues and almost 95% of lead is deposited in the form of
insoluble phosphate in skeletal bones (Papanikolaou 2005). Toxicity of lead,
also called lead poisoning, can be either acute or chronic. Acute exposure can
cause loss of appetite, headache, hypertension, abdominal pain, renal
dysfunction, fatigue, sleeplessness, arthritis, hallucinations and vertigo. Acute
exposure mainly occurs in the place of work and in some manufacturing
industries which make use of lead. Chronic exposure of lead can result in
mental retardation, birth defects, psychosis, autism, allergies, dyslexia, weight
loss, hyperactivity, paralysis, muscular weakness, brain damage, kidney
damage and may even cause death (Martin and Griswold, 2009). Although lead
poisoning is preventable it still remains a dangerous disease which can affect
most of the organs. The plasma membrane moves into the interstitial spaces of
the brain when the blood brain barrier is exposed to elevated levels of lead
9



concentration, resulting in a condition called edema (Teoet al. 1997). It
disrupts the intracellular second messenger systems and alters the functioning
of the central nervous system, whose protection is highly important.
Environmental and domestic sources of lead ions are the main cause of the
disease but with proper precautionary measures it is possible to reduce the risk

associated with lead toxicity (Brochin et al., 2008).
2.1.2 Cadmium (Cd)

Cadmium is the seventh most toxic heavy metal as per ATSDR (Agency for
Toxic Substances and Disease Registry) ranking. It is a by-product of zinc
production which humans or animals may get exposed to at work or in the
environment. Once this metal gets absorbed by humans, it will accumulate
inside the body throughout life. This metal was first used in World War | as a
substitute for tin and in paint industries as a pigment. In today's scenario, it is
also being used in rechargeable batteries, for special alloys production and also
present in tobacco smoke. About three-fourths of cadmium is used in alkaline
batteries as an electrode component, the remaining part is used in coatings,
pigments and platings and as a plastic stabilizer. Humans may get exposed to
this metal primarily by inhalation and ingestion and can suffer from acute and
chronic intoxications. Cadmium distributed in the environment will remain in
soils and sediments for several decades. Plants gradually take up these metals
which get accumulated in them and concentrate along the food chain, reaching
ultimately the human body. In the US, more than 500,000 workers get exposed
to toxic cadmium each year as per The Agency for Toxic Substances and
Disease Registry (Bernard, 2008; Mutlu et al., 2012). Researchers have shown
that in China the total area polluted by cadmium is more than 11,000 hectares
and its annual amount of industrial waste of cadmium discharged into the
environment is assessed to be more than 680 tons. In Japan and China,
environmental cadmium exposure is comparatively higher than in any other

country (Han et al., 2009). Cadmium is predominantly found in fruits and
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vegetables due to its high rate of soil-to-plant transfer (Satarug et al., 2011).
Cadmium is a highly toxic nonessential heavy metal that is well recognized for
its adverse influence on the enzymatic systems of cells, oxidative stress and for

inducing nutritional deficiency in plants (Irfan et al., 2013).

The mechanism of cadmium toxicity is not understood clearly but its effects on
cells are known (Patrick, 2003). Cadmium concentration increases 3,000 fold
when it binds to cystein-rich protein such as metallothionein. In the liver, the
cystein-metallothionein complex causes hepatotoxicity and then it circulates to
the kidney and gets accumulated in the renal tissue causing nephrotoxicity.
Cadmium has the capability to bind with cystein, glutamate, histidine and
aspartate ligands and can lead to the deficiency of iron (Castagnetto et
al., 2002). Cadmium and zinc have the same oxidation states and hence
cadmium can replace zinc present in metallothionein, thereby inhibiting it from

acting as a free radical scavenger within the cell.

Cd is a heavy metal characterized by high mobility in biological systems. It is
emitted to the atmosphere in combustion processes, mainly in the form of
oxides and Cd uptake by plants is partly limited by presence of calcium,
phosphorus and chelating compounds in the soil (Wieczorek et al., 2004). The
exposure of Cd and especially chronic exposure can cause renal dysfunction,
calcium metabolism disorders and also increased incidence of some forms of
cancer (Selinus and Alloway, 2005). In plants, Cd induces oxidative stress in

plant cells and inactivates some enzymes (Wieczorek et al., 2004).

Cd taken up by plants from the soil accumulates first of all in the roots, and
then transported in smaller quantities to stems and seeds (Wieczorek et al.,
2004). Among the sources of Cd in the environment include; mining and
smelting of metal ores, fossil fuel combustion and also phosphate fertilizers and
Cd is also used in the production of nickel-Cd rechargeable batteries that
become deposited in sewage sludge, thus raising environmental levels of Cd
(Challa and Kumar, 2009). Farming practices such as tobacco growing also
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increases the level of Cd in the environment as tobacco is known to accumulate
in its tissues (Selinus and Alloway, 2005). The sources of Cd in the urban areas
are much less well defined than those of Pb, but metal plating and tire rubber
were considered the likely sources of Cd within Kirisia Commercial area which

houses Maralal town (Jaradat and Momani, 1999).

Cd is also found in lubricating oils as part of many additives and car tyres as a
result of the vulcanization process. In the absence of any major industry in the
sampling sites, the levels of Cd could be due to lubricating oils and/or old tires,
that are frequently used, and the rough surfaces of the roads which increase the
wearing of tires (Jaradat and Momani, 1999). At higher concentrations, it is
known to have a toxic potential. The other sources of Cd are industrial
activities; the metal is widely used in electroplating, pigments, plastics,
stabilizers and battery industries (Mehbrahtu and Zerabruk, 2011). Cd is highly
toxic and responsible for several cases of poisoning through food. Small
quantities of Cd cause adverse changes in the arteries of human kidney. It
replaces zinc biochemically and causes high blood pressures and kidney
damage (Mehbrahtu and Zerabruk, 2011). The maximum contaminant level of
Cd allowed in water by WHO is 0.003 mg/l (Monudu and Anyakora, 2010).
The recommended concentration in the soils is 3 mg/l (Adeleken and
Abegunde, 2011). A study by Wogu and Okaka (2011) on Warri river water in
the Delta region of Nigeria, recorded a Cd mean level of 0.0072 mg/l in the
water and a range of 0.0 to 0.04 mg/l of Cd the water. The maximum value of
Cd that was detected in the water was above the maximum permissible level of

Cd in drinking water.

A similar study carried out by Singh and Chandel (2006) on heavy metals of
industrial effluents at Jaipur, Rejasthan in India, Cd was undetected in all the
samples that were tested. A study by Kisamo (2003) on the environment
hazards associated with heavy metals in Lake Victoria Basin reported levels of

Cd in soils ranging from 0.16 mg/l to 0.55 mg/l. The range recorded in the
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above study was below the WHO maximum permissible limit of Cd set at 3
mg/l. A similar study by Mwegoha and Kihampa (2010) on heavy metal
contamination in agricultural soils in Dar es Salaam city recorded values below
detection limit in all the water samples analyzed. A study by Delbari and
Kulkarni (2011) recorded Cd values in agricultural soils ranging from 0.000 to
0.004 mg/l with a mean value of 0.002 mg/kg in summer season and 0,001 to
0.004 mg/kg with the mean value of 0.002 mg/kg in winter season. Similarly,
Jaradat and Momani (1999) recorded Cd levels in roadside soils ranging from
0.21 mg/kg to 0.75 mg/kg.

Cadmium is a metal of the 20" century. It is a byproduct of zinc production.
Soils and rocks, including coal and mineral fertilizers, contain some amount of
cadmium. Cadmium has many applications, e.g. in batteries, pigments, plastics
and metal coatings and is widely used in electroplating (Martin and
Griswold, 2009). Cadmium and its compounds are classified as Group 1
carcinogens for humans by the International Agency for Research on Cancer
(Henson and Chedrese, 2004). Cadmium is released into the environment
through natural activities such as volcanic eruptions, weathering, river transport
and some human activities such as mining, smelting, tobacco smoking,
incineration of municipal waste, and manufacture of fertilizers. Although
cadmium emissions have been noticeably reduced in most industrialized
countries, it is a remaining source of fear for workers and people living in the
polluted areas. Cadmium can cause both acute and chronic intoxications
(Chakraborty et al., 2013). Cadmium is highly toxic to the kidney and it
accumulates in the proximal tubular cells in higher concentrations. Cadmium
can cause bone mineralization either through bone damage or by renal
dysfunction. Studies on humans and animals have revealed that osteoporosis
(skeletal damage) is a critical effect of cadmium exposure along with
disturbances in calcium metabolism, formation of renal stones and
hypercalciuria. Inhaling higher levels of cadmium can cause severe damage to
the lungs. If cadmium is ingested in higher amounts, it can lead to stomach
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irritation and result in vomiting and diarrhea. On very long exposure time at
lower concentrations, it can become deposited in the kidney and finally lead to
kidney disease, fragile bones and lung damage (Bernard, 2008). Cadmium and
its compounds are highly water soluble compared to other metals. Their
bioavailability is very high and hence it tends to bioaccumulate. Long-term
exposure to cadmium can result in morphopathological changes in the kidneys.
Smokers are more susceptible for cadmium intoxication than non-smokers.
Tobacco is the main source of cadmium uptake in smokers as tobacco plants,
like other plants, can accumulate cadmium from the soil. Non-smokers are
exposed to cadmium via food and some other pathways. Yet cadmium uptake
through other pathways is much lower (Mudgal et al., 2010). Cadmium
interacts with essential nutrients through which it causes its toxicity effects.
Experimental analysis in animals has shown that 50% of cadmium gets
absorbed in the lungs and less in the gastrointestinal tract. Premature birth and
reduced birth weights are the issues that arise if cadmium exposure is high

during human pregnancy (Henson and Chedrese, 2004).
2.1.3 Chromium (Cr)

Chromium (Cr) with atomic number 24, molecular weight 51.1 and density
7.19 g/lcm3 is a silver color hard metal. Chromium is the 7th most abundant
element (Nriagu, 1988), and 21st most abundant metal (Sinha et al., 2005;
Economou-Eliopoulos et al., 2013) of the Earth’s crust. Chromium is one of
the 18 core hazardous air pollutants (HAPs), 33 urban air toxicants, 188 HAPs
(US EPA), and has been ranked 7" among the top 20 hazardous substances by
the Agency for Toxic Substances and Disease Registry (Oh et al., 2007). This
metal is ranked 5" among the heavy metals in the Comprehensive
Environmental Response, Compensation, and Liability Act (Ma et al., 2007).
Chromium is also categorized as no.1 carcinogen according to the International
Agency for Research on Cancer (IARC, 1987) and the National Toxicology
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Program. Therefore, this metal requires detailed understanding and in-depth

monitoring in the environment, especially soil-plant system.

Environmental contamination of Cr has gained substantial consideration
worldwide because of its high levels in the water and soil originating from
numerous natural and anthropogenic activities (Quantin et al., 2008; Ashraf et
al., 2017). Chromium eventually accumulates in crops from contaminated soils,
and imparts severe health risks in humans via food chain contamination
(Broadway et al., 2010; Ahmed et al., 2016). Soil-plant transfer of Cr is
controlled by numerous factors related to plant physiology (plant type, rate and
type of root secretions, root surface area and transpiration) and soil properties
(texture, pH, cation exchange capacity) (Banks et al., 2006; Santos and
Rodriguez, 2012). In the majority of plant species, Cr is poorly translocated
towards aerial parts and is mainly retained in the root tissues (Jaison and
Muthukumar, 2016). However, Cr-hyperaccumulators such as atlantic cord
grass (Spartina argentinensis), jelutong (Dyera costulata) and spleen amaranth
(Amaranthus dubius) can uptake and translocate high Cr levels in shoot tissues
(D-Oliveira et al., 2016).

Chromium does not have any known biological role in physiological and
biochemical metabolism of plants (Reale et al., 2016). Of what is generally
conceived, excessive Cr level in plant tissues can provoke numerous
physiological, morphological, and biochemical toxic effects (Uddin et al.,
2015; Kamran et al., 2016). Metal toxicity is generally attributed to a very
complex system of metal interactions with genetic processes, signal and
metabolic pathways and cellular macromolecules (Santos and Rodriguez, 2012;
Eleftheriou et al., 2015; Kumari et al., 2016). Chromium toxicity is well-
reported to reduce plant growth, cause ultrastructural modifications of the cell
membrane and chloroplast, persuade chlorosis in leaves, damage root cells,
reduce pigment content, disturb water relations and mineral nutrition, and alter
enzymatic activities (Ali et al., 2015; Farooq et al., 2016; Reale et al., 2016).
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High levels of Cr in plants also induce changes in the physiology and
morphology of plants due to enhanced generation of reactive oxygen species
(ROS) (Islam et al., 2014; Eleftheriou et al., 2015; Gill et al., 2015). ROS,
when generated at high levels, may provoke cell death because of oxidative
processes such as mutilation of DNA and RNA, inhibition of enzyme, lipid
peroxidation, and protein oxidation (Shahid et al., 2015). Numerous studies
report that Cr toxicity suppresses the functioning and regulation of various
proteins (Dotaniya et al., 2014) and causes chromosomal aberrations in plant
tissues (Kranner and Colville, 2011). In order to cope with high levels of ROS
produced under biotic and abiotic stresses, plants have developed numerous
complex adaptive strategies, including chelation by organic molecules followed
by sequestration within vacuoles (Shahid et al., 2014; Prado et al., 2016).
Plants also possess a secondary mechanism of producing antioxidant enzymes
to scavenge the enhanced levels of Cr-mediated ROS (Yadav et al., 2010;
Pourrut et al., 2011). Therefore, it is critically important to understand the
biogeochemistry of Cr in soil-plant environment, and the impacts that high

levels of Cr will endure on the ecosystem.

Chromium is a heavy metal is one of the less common elements and does not
occur naturally in elemental form, but only in compounds. Chromium is mined
as a primary ore product in the form of the mineral chromite, FeCr,0,4. Major
sources of Cr contamination include releases from electroplating processes and
the disposal of Cr containing wastes (Smith et al., 1995). Chromium(V1) is the
form of Cr commonly found at contaminated sites. Chromium can also occur in
the +I11 oxidation state, depending on pH and redox conditions. Major Cr(VI)
species include chromate (CrO,*) and dichromate (Cr,0,°") which precipitate
readily in the presence of metal cations (especially Ba?*, Pb?*, and Ag").
Chromate and dichromate also adsorb on soil surfaces, especially iron and
aluminum oxides. Chromium(lll) is the dominant form of Cr at low pH (<4).
Cr®* forms solution complexes with NHs, OH", CI', F', CN", SO,* and soluble
organic ligands. Chromium (V1) is the more toxic form of chromium and is
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also more mobile. Chromium(111) mobility is decreased by adsorption to clays
and oxide minerals below pH 5 and low solubility above pH 5 due to the
formation of Cr(OH)s(s) (Chrostowski et al., 1991). Chromium mobility
depends on sorption characteristics of the soil, including clay content, iron
oxide content, and the amount of organic matter present. Chromium can be
transported by surface runoff to surface waters in its soluble or precipitated
form. Soluble and un-adsorbed chromium complexes can leach from soil into
groundwater. The leach ability of Cr(V1) increases as soil pH increases. Most
of Cr released into natural waters is particle associated, however, and is
ultimately deposited into the sediment (Smith et al., 1995). Chromium is

associated with allergic dermatitis in humans (Scragg, 2006).

Naturally Cr occurs as chromite (FeCr,0,) in serpentine or ultramafic rocks or
as a constituent of vauquelinite (CuPb,CrO,” PO,OH), tarapacaite (K,CrOy,),
bentorite (Cag(CrAl),(SO4)3) and crocoite (PbCrO4) (Avudainayagam et al.,
2003; Babula et al., 2008). Chromium may persist in original minerals, co-
precipitated with manganese (Mn), aluminum (Al), and/or iron (Fe) oxides and
hydroxides, which are generally adsorbed on soil particles, and complexed with
soil organic compounds (Hsu et al., 2015). The concentration of Cr in the
parent rocks vary greatly: sedimentary and igneous rocks contain low Cr levels
(5-120 ppm), while ultramafic (1600-3400 ppm) and mafic (170-200 ppm)
rocks have higher Cr concentration and the average concentration of Cr in

limestone ranges from 5-16 mg kg™ (Kabata-Pendias, 2010).

Natural level of Cr in the Earth’s crust varies in the range of 0.1-0.3 mg kg™.
However, different studies reported different natural, average and background
levels of Cr in soil. Majority of the soils contain Cr levels in the range of 15-
100 pg g and it increases with clay contents. Chromium concentration in the
fresh water ranges from 0.1 to 117 pg L™, while sea water contains Cr
concentration of 0.2-50 mg L™ (Nriagu, 1988).
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The acceptable level in soil for the protection of environmental and human
health has been estimated at 64 mg kg™ (CCME, 2015). The threshold limits
for Cr(Il) concentration in sea water, fresh water, and irrigation water are 50,
8, and 5 mg L™, while for Cr(V1) these values are 1, 1, and 8 mg L™,
respectively (Zayed and Terry, 2003). Most of the monitoring agencies of
different countries have recommended 50 mg L™ Cr (VI) as the maximum
allowable limit in the drinking water (Lilli et al., 2015). The maximum
contaminant level of 100 mg L™ in drinking water has been set by USEPA and
ATSDR.

Among heavy metals, Cr is reported to be least mobile element in the plant
roots (Shukla et al., 2007). Concentration of Cr in roots is sometimes 100-times
higher than the shoots (Shanker et al., 2005). In Pisum sativum plants,
compartmentation of Cr in the different plant parts was in the following order:
roots > stem > leaves > seed (Tiwari et al., 2009). Caldelas et al. (2012) found
the highest Cr concentration in the cell walls of roots and in the cytoplasm and
intercellular spaces of the rhizome of Iris pseudacorus. Liu et al. (2009)
reported that cell wall fraction contained major portion of Cr (83.2%) in roots,

while vacuole and cytoplasm fraction accumulated 57.5% of leaf Cr.

Cr (I11) uptake in plants is a passive mechanism and does not require any
energy by the plants (Shanker et al., 2005). On the other hand, Cr (V1) uptake
by plants is an active process (generally via phosphate or sulfate transporter)
because of structural resemblance of Cr (V1) with phosphate and sulfate (D-
Oliveira et al., 2014; D-Oliveira et al., 2016). Presence of sulfate in growth
medium inhibits Cr (VI) uptake by plants (D-Oliveira et al., 2014). The
interaction of Cr (VI) with sulfate is reinforced by the fact that Cr (VI)
exposure to plants induces almost the same effects as sulfur starvation, which is
attributed to competition for uptake as well as in subsequent assimilation

pathways (Pereira et al., 2008).
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2.1.4 Nickel (Ni)

Nickel is a transition element with atomic number 28 and atomic weight 58.609.
In low pH regions, the metal exists in the form of the nickelous ion, Ni(Il). In
neutral to slightly alkaline solutions, it precipitates as nickelous hydroxide,
Ni(OH),, which is a stable compound. This precipitate readily dissolves in acid
solutions forming Ni(lll) and in very alkaline conditions; it forms nickelite ion,
HNIiO,, that is soluble in water. In very oxidizing and alkaline conditions,
nickel exists in form of the stable nickelo-nickelic oxide, Ni;O,, that is soluble
in acid solutions. Other nickel oxides such as nickelic oxide, Ni,Os, and nickel
peroxide, NiO,, are unstable in alkaline solutions and decompose by giving off

oxygen (Pourbaix, 1974).

Nickel is 22" most abundant element on earth crust (twice as Cu) and an
important trace metal (Hussain et al., 2013). It comprises approximately
0.008% of earth crust (Hedfi et al., 2007). Approximately 10% of Ni in earth
crust is being locked up in molten Fe-Ni ore (Ahmad et al., 2011). Ni has
several oxidation states ranging from —1 to 4 however, Ni (II) is the most
common state found in biological systems (Denkhaus and Salnikow, 2002). It
readily forms Ni-containing alloys found in increasing variety of uses in
modern world. Numerous Ni compounds such as Ni acetate, Ni carbonate, Ni
hydroxide and Ni oxide are widely used in industries for manufacturing a

variety of products.

Ni is released into the air by power plants and trash incinerators and settles to
the ground after undergoing precipitation reactions. It usually takes a long time
for nickel to be removed from air. Nickel can also end up in surface water
when it is a part of wastewater streams. The larger part of all Ni compounds
that are released to the environment will adsorb to sediment or soil particles

and become immobile as a result (Anoduadi et al., 2009).

Nickel is an essential microelement for normal plant growth and development

and part of several biological functions (Brown, 2007). It is an integral part of
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several enzymes such as glyoxalase-1 and urease required for nitrogen
metabolism in higher plants (Mustafiz et al., 2014). Ni being a vital element
contributes significant role in nitrogen assimilation as well as helps plants
against numerous biotic and abiotic stresses (Sreekanth et al., 2013). Therefore,
Ni deficiency in plants may lead to affect negatively and symptoms such as
retarded plant growth, senescence, reduced N metabolism and reduced Fe
uptake can be seen in Ni-deficient plants (Brown, 2007; Chen-Huang and Liu,
2009). Although Ni is an essential element, it may cause toxicity at higher
concentrations and could lead to several deleterious alterations in plants
(Rahman et al., 2005).

Excessive Ni results in Ni toxicity and symptoms like leaf chlorosis may
appear with addition to growth inhibition, reduced photosynthesis and
respiration, and mineral nutrition disorders, sugar transport and water relations
(Seregin and Kozhevnikova, 2006). Ni toxicity also plays a prominent role in
inhibition of plant root growth, but it is difficult to show a comprehensive
mechanism because Ni toxicity affects several metal ions and metabolic

pathways (Baccouch et al., 2001).

Environment Agency (2009e) documented that nickel from anthropogenic
sources is more readily taken up by plants than that from natural occurring
sources, and that plant species also differ in their tolerance and ability to take
up nickel from soils. Nickel toxicity levels vary widely between 25 to 50 ppm
(Mishra and Kar, 1974). However, Gregson and Hope (1994) reported that the
phytotoxic concentrations of nickel occurred at leaf contents of 10 to 100 ppm
depending on the plant species, while, Kabata- Pendias and Pendias (2001)
reported phytotoxic range of 40 to 246 ppm DW plant tissue, depending on the

plant species and cultivars.

Dermal absorption of nickel through human skin is quite very limited, and its
uptake from soil is rather fewer. Moody et al. (2009) studied an in vitro dermal
absorption of radioactive nickel chloride through human breast skin for a
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period of 24 h with and without a spiked reference soil; the obtained results
revealed a mean dermal absorption of 1% with soil and 23% without soil
presence. Further studies showed that most nickel applied as a soluble salt is
bound within the skin and does not reach systematic circulation (Hostynek et
al., 2001; Turkhall et al., 2008), hence, nickel allergy in the form of contact
dermatitis is a very common and well- known reaction in animals and humans,
and is related to nickel induced hypersensitivity and skin disorders (USEPA,
1986).

Food intake is the major route of nickel exposure for the general population,
while inhalation from air, drinking water, oral and dermal routes could serve as
secondary sources of nickel exposure. Nickel naturally occur in foodstuffs at a
general range of 0.1 to 0.5 ppm, but few number of foods usually obtain nickel
during the manufacturing process or through food processing methods that may
arise from leaching from stainless steel, the milling of flour or through the

catalytic hydrogenation of fats and oils (Clarkson,1988; Solomons et al.,1982).

Heavy metal pollution is one of the most dramatic threats to the environment
and living organisms (Wo-Niak and Basiak, 2003). Among all the
environmental pollutants, nickel (Ni) is one of the ubiquitous trace metals
emitted in the environment through both natural and anthropogenic activities
(Salt et al., 2000). Release of Ni into the environment is of great concern
including its deposition in agricultural soils (Salt et al., 2000; Jamil et al.,
2014).

In recent years, Ni pollution has been reported from across the world, including
Asia, North America and Europe (Papadopoulos et al., 2007). According to an
estimation, Ni concentrations can reach up to 26 g/kg and 0.2 mg/L in polluted
soils and surface water respectively, which is 20-30 times higher than
unpolluted areas (Cempel and Nikel, 2006). Therefore, soil and water
contamination with Ni has become a serious problem worldwide seeking wise
solutions to be addressed (Thakali et al., 2006).
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Seregin and Kozhevnikova (2006) reported that Ni stress has detrimental
effects on ultrastructure of leaves and thickness of mesophyll cells, size of
vascular bundles, vessel diameter and width of leaf epidermal cells of wheat.
Molas (1998) showed that excessive Ni decreased volume of intercellular
spaces, palisade and mesophyll sponge in Brassica oleracea plants. In addition
to the disruption of general metabolic processes, Ni toxicity is also known to

reduce the plasticity of cell walls (Shi and Cai, 2009).

Elevated levels of Ni in the soil altered various physiological process in plants
and toxicity symptoms including chlorosis and necrosis were observed in
numerous plant species especially in rice (Oryza sativa L.) (Pandey and
Sharma, 2002). Membrane functionality disruption and ion balance in
cytoplasm are the major consequences of Ni toxicity in plants (Saad et al.,
2016).

Flyvholm et al., (1984) reported increase of nickel intake of up to 900 pg/
person/ day or more on large consumption of rich food sources of nickel that
include dark chocolate and soya products, dried beans and peas, as well as oat
meal. The toxic effects of nickel result from its ability to replace other metal
ions in enzymes, proteins or bind to cellular compounds (Cempel and Nikel,
2006), and among animals, micro-organisms and plants, nickel is reported by
Nielsen (1980) to interact with at least 13 essential elements namely calcium,
chromium, cobalt, copper, iodine, iron, magnesium, manganese, molybdenum,

phosphorus, potassium, sodium and zinc.

Several studies have been conducted addressing the toxic effects of heavy
metals on biological membranes and integrity (Shahzad et al., 2017, 2018).
These toxic effects are closely related to the overproduction of reactive oxygen
species (ROS) that has damaging effects on cell membranes, proteins, lipids
and DNA through lipid peroxidation (Anjum et al., 2016a; b), leading to the
development of impairments and genetic instability in plant species (Bal and
Kasprzak, 2002).
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Therefore, prolong exposure to oxides and sulphides of nickel is associated
with possible risk to lung and nasal tumours, while systematic effects whose
initial symptoms are mild nausea, headache, dyspnoea, and chest pain could be
ascribed to nickel carbonyl; these symptoms may disappear or consequently
results in severe pulmonary insufficiency. Also, arising from exposure to nickel
containing mists and dusts are asthma, pneumoconiosis and irritation of nasal
membranes (Kabata- Pendias and Pendias, 1992; EI- Hinnawi and Hashmi,
1988).

Nickel is often mobile, can translocate to seeds, and leaves which enhances its
potential to enter food chain. Accumulation of higher concentrations of Ni in
plants has severe implications in human and animals (Cullaj et al., 2004).
Hyperaccumulator plants can store high concentration of hazardous metals
which may affect the human and animal health through entering in food chain.
The consequence of phytoremediation is accumulating sizeable volume of
contaminated and hazardous biomass; this menacing biomass should be
properly disposed-off to avoid health and environmental risks. This hazardous
biomass is composed of organic matter, ash, cellulose, lignin and hemicellulose
and have high moisture and volatile component, having caloric value (Mohanty
and Patra, 2011) depending upon the plant species. Entry of this biomass to
food chain can cause serious health disorders in human and animals (Cempel
and Nikel, 2006). Therefore, plant species selected for phytoremediation should
be non-edible, disease resistant and can only be used for renewable energy

source.
2.1.5 Cobalt (Co)

In the periodic table of elements, cobalt is classified as a transition metal (Koch
et al., 2007). It has both chalcophile, siderophile and lithophile properties. Its
chalcophility manifests itself mainly in the fact that it can occur in the form of
sulfides in the lowest parts of the Earth’s mantle (Lock et al., 2006), while
cobalt siderophility is related to its low affinity to oxygen and sulfur, which
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makes this metal soluble in liquid nitrogen and able to occur in the Earth’s
core. Cobalt also occurs in the silicate layer of the Earth’s crust, which
indicates litophile properties. It is assumed that the natural cobalt content in the

Earth’s crust does not exceed 12 mg-kg™ (Sheppard et al., 2007).

The contamination of soil with cobalt have the effect on other trace elements in
soil, e.g. they may be increased the content of lead, chromium, nickel and zinc
in soil (Kosiorek and Wyszkowski, 2019c). Cobalt is released during the
weathering process in the oxidation state of +2 and is then strongly bound by
the mineral and organic-mineral complex in a readily- and slowly-
exchangeable form (Swarnalatha et al., 2013). Due to ion exchange and
chemical processes, cobalt is adsorbed by clay minerals, which results in the

formation of complex compounds on their surface (Li et al., 2009).

A naturally high soil cobalt level is closely linked to manganese and iron
presence as well as organic soils. This is due to the high susceptibility of the
oxides of these metals to binding and adsorbing the cations of divalent and
trivalent cobalt, as well as easy sorption by organic matter (DavilaRangel and
Solache-Rios, 2006). It is assumed that loamy and alluvial soils have naturally
high cobalt contents of up to 12 mg kg™, and podsolic and silty soils have the
lowest, with a mean cobalt content of only 5.5 mg kg*. Compared to the
average cobalt content in the world’s soils, this value is not much higher than
the lowest cobalt content in sandy and silty soils, where it is 8 mg kg™
However, soils formed from bedrock with a high cobalt content can contain up

to 500 mg kg™ of this element (Tappero et al., 2007).

Cobalt mobility in soils is low (Edwards et al., 2012). It is assumed that over
95% of cobalt after prior introduction into the soil does not move and it
remains in the soil down to a depth of around 5 cm. Increasing the acidity and
anaerobic soil conditions causes the cobalt mobility to increase (Narendrula et
al., 2012). The main cause of this tendency is the inhibition of valence bonds
with Fe and Mn. However, since divalent cobalt and manganese ions do not
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have strong complex formation abilities, the outer hydration shell is not
destroyed during their binding (Lalah et al., 2009).

Application of different substances (e.g. manure, zeolite, calcium oxide) to soil
reduced the content of cobalt and other trace elements in soil (Kosiorek and
Wyszkowski, 2019c). These materials (especially manure) have a positive
effect on the available forms of phosphorus, potassium and magnesium, total

nitrogen and other properties of soil (Kosiorek and Wyszkowski, 2019Db).

Cobalt is the trace element which have a strong effect on growth and
development of plants. The negative effect of soil contamination with cobalt on
plants depends on many other factors e.g. soil reaction, content of organic
matter, clay and other macronutrients and micronutrients in soil. The result of
cobalt presence in the soil is its accumulation in plants, also including in their
fruits (Soylak et al., 2012).

Cobalt availability to plants largely depends on the soil conditions (Agbenin,
2009). This was confirmed in a study by Edwards et al. (2012) where the
application of drainage in pasture soil accelerated the weathering of minerals
and increased cobalt absorption by grasses. The accumulation rate for aquatic
plants mainly depends on such factors as temperature, salinity and water

oxygen concentration (Chatterjee and Dube, 2005).

Cobalt presence in plants also allows the proper course of metabolic and
growth processes to be maintained (Collins and Kinsela, 2011; Soylak et al.,
2012). According to Trejo-Tapia et al. (2001) cobalt content in plants has a
positive effect on the production of betalains and secondary metabolites and
cobalt is also responsible for leaf pigmentation in leguminous plants (Rancelis
et al., 2012). It also plays a significant role during ethylene synthesis inhibition

in sunflower, which was confirmed by Benlloch-Gonzélez et al. (2010).

Cobalt toxicity is closely related with the acidity of the soil. In alkaline soil the

toxic effect of cobalt contamination on plant development is smaller than in
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acid soil. For higher plants, no effect of cobalt on their growth and
development has been shown (Rognerud et al., 2013). However, to meet the
nutritional requirements, cobalt content in their tissues should not be lower than
0.08 mg/kg. Among papilionaceous plants, clovers have the greatest
accumulative abilities and among cereals, wheats have the highest. In
vegetables, cabbage and lettuce are characterized by the highest cobalt contents
(Nirmal-Kumar et al., 2007).

An excessive soil cobalt content, apart from reducing plant growth and
development, can affect the absorption of other elements by plants. In a study
by Wyszkowski et al. (2009) soil contamination with cobalt caused a decrease
content of potassium, phosphorus, sodium, magnesium and especially calcium
in the aboveground parts of oats. In another experiment by Wyszkowski and
Wyszkowska (2007) low cobalt doses (10-20 mg Co-kg-1 soil) had a small
effect on macronutrient content in spring barley. Its very high doses (320 mg
Co-kg™ soil) caused increased contents of all macronutrients, especially
calcium, sodium and nitrogen, in the aboveground parts of this plant. In
experiment by Kosiorek and Wyszkowski (2019a) the contamination of soil
with cobalt increased the concentration of nitrogen, phosphorus, sodium,
calcium in all organs of oat (grain, straw and roots). Chatterjee and Chatterjee
(2003) point out a high increase in phosphorus content and Gopal et al. (2003)
a decrease in phosphorus and protein and non-protein nitrogen in plants under

the influence of cobalt.

Increased cobalt absorption by aquatic animals is also affected by the amount
of mobile forms of this element accumulated in the bottom sediments of lakes,
rivers and seas (Mohiuddin et al., 2012; Jayasiri et al., 2014). A particular risk
to these animals is posed by sediments near highly populated places or places
impacted by different industry branches and on the edge of water bodies
(Swarnalatha et al., 2013; Chanpiwat and Sthiannopkao, 2014). A change in
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physicochemical water conditions is an additional factor causing increased

cobalt release to waters (Ochieng et al., 2008; Zamani-Hargalani et al., 2014).

Cobalt in the human body, as in animals, performs an important role in the
formation of vitamin B12 (Dobrowolski and Otto, 2012). According to ATSDR
(2004) 0.1 pmol of cobalt in the form of vitamin B12 supplies a necessary
amount of cobalt to the human body. The highest cobalt intake which does not
cause negative effects is 1800 pumol. Vitamin Bj, deficiency is supplemented,
apart from its supply in plant and animal products to the human body, also by
the application of drugs (Ulusoy et al., 2012). Its deficiency in the human body
leads to the appearance of anemia, resulting from a low amount of produced
vitamin B12. Another manifestation of a cobalt deficiency in the human body
is disturbed functioning of the alimentary, nervous and osseous Systems
(Jonnalagadda et al., 2008; Soylak et al.,, 2012). The disease symptoms
resulting from exceeding the permissible dose include, among others, allergic
reactions, lung and heart diseases (Basu et al., 2010; Devi et al., 2014).
Intensification of the above symptoms is most often encountered in industrial
plants, where exposure to the harmful effect of this element is much higher
than in other places with a human presence (Benderli-Cihan et al., 2011,
Pietrodangelo et al., 2014).

Basu et al. (2010) and Ryuko et al. (2012) report that the most frequent
symptoms of cobalt excess are skin inflammations and asthma. Frequent use of
tools which contain cobalt admixtures, as well as the presence in industrial
plants, significantly affects the induction of allergic reactions, mainly on the
skin of the hands. The occupations particularly exposed to such risks are

carpenters and metal workers (Thyssen et al., 2011).

The harmful effect of cobalt can also be the result of absorbing its too high
dose with food and drinking water (Obiri, 2007; Upadhyaya et al., 2014). This
is particularly important for pregnant women who, depending on the type of
consumed food, can accumulate substantial amounts of cobalt in their bodies,
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which also affects the developing fetus. This was confirmed by Chan-Hon-
Tong et al. (2013) who found that a group of tested pregnant women eating
mainly fish had a higher blood cobalt content than the women consuming
sweets, fruit, milk products and soups. A study by Foster et al. (2012) did not
find, however, differences in the blood cobalt content of pregnant women
depending on consumed food. Due to genotoxic properties, it is important that

the cobalt limit is not exceeded (Chan-Hon-Tong et al., 2013).
2.2 Heavy metal status in different fruits

Verma et al. (2016) focuses on the toxicity level of heavy metals among the
common man in urban areas and the level of heavy metal contamination in
fruits and fruit juices. Heavy metals normally occur in nature and are essential
to life but can become toxic through accumulation in organisms. Heavy metals
also cause adverse effect in human metabolic system, skin diseases, heart
problems, etc. Arsenic, cadmium, chromium, copper, nickel, lead and mercury
are the most common heavy metals. Sources of heavy metals include mining,
industrial production, smelters, petrochemical plants, pesticide production,
chemical industry, untreated sewage sludge and diffuse sources such as metal
piping, traffic and combustion by-products etc. Fruits and vegetables are highly
nutritious form as key food commaodity in the human consumption. These food
commaodities are reported to be contaminated with toxic and health hazardous
chemicals. Trace levels of heavy metals such as Fe, Pb, Cu and Cd were
determined in 5 different varieties of fruits sample such as apple, banana,
pomegranate, grapes and orange purchased from local market of Lucknow. The
study shows that, the urban consumers are at greater risk of purchasing fresh
fruits with high levels of heavy metals beyond the legally permissible limits. Fe
(450.21 ig/g) and Pb (224.4 ig/g) concentration was found higher than other

metal.

Ezigbo and Obiageli (2015) found the concentrations of some heavy metals
such as lead (Pb), Cadmium (Cd), Cobalt (Co) and Selenium (Se) present in
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common fruit spices available at local markets in Nigeria were determined
using Atomir Absorption Sprectrophotometry (AAS). The study showed
differences in metal concentrations according to the locations. The
concentration of lead (Pb) ranged from trace to 12-30 mg kg™ on dry weigh
basis where as that of cadmium (Cd) was ranged from 1.20 mg kg™ to 3.00 mg
kg™.The concentration level of cobalt was from zero to 0.60 mg kg™. While
variable levels of selenium were detected from zero to 12.05 mg kg™. Some of
these concentrations are above the standard limit approved by WHO and FAO.
No risk from daily intake of the most of fruit spices under study for hazardous
Pb, Cd, Co and Se if the human take about 20g of spices per day. But there are

dangerous from thyme and ginger for lead.

Elbagermi et al. (2014) showed that the average concentrations detected ranged
from 0.02 to 1.824, 0.75 to 6.21, 0.042 to 11.4, 0.141 to 1.168, 0.19 to 5.143,
and 0.01 to 0.362 mg/kg for Pb, Cu, Zn, Co, Ni, and Cd, respectively. The
content of lead (Pb), copper (Cu), zinc (Zn), cobalt (Co), nickel (Ni), and
cadmium (Cd) in some selected fruits and vegetables from the Misurata City
Market, Libya, were measured using atomic absorption spectrophotometry. The
highest mean levels of Pb, Cu, Zn, Co, Ni and Cd were detected in mango,
melon, spinach, banana, mango, and mango fruits, respectively. The levels of
these metals found in our study are compared with those reported for similar
fruits and vegetables from some other parts of the world. The daily human
intakes of Pb, Cu, Zn, Co, Ni, and Cd ascribed to a diet of fruits and vegetables

in this region have also been estimated.

Sajib et al. (2014) were determined heavy metals namely arsenic, cadmium,
lead, mercury and chromium content of ten tropical fruits to assess their
concentration as these days rarely any food item is spared from the malicious
practice of food adulteration. Fruits and vegetables are specially valued in
human diet as these contain micronutrients, fiber, potassium, vitamin C, which

work as antioxidants within the body as well as bio-functional components.
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Minerals and heavy metals content of ten tropical fruits namely Sapodilla
(Manilkara zapota), Stone-apple (Aegle marmelos), Indian- gooseberry
(Phyllanthus emblica), Guava (Psidium guajava), Bilimbi (Averrhoa bilimbi),
Elephant-apple (Dillenia indica), Tamarind fruit (Tamarindus indica), Mango
(Mangifera indica), Litchi (Litchi chinensis), Strawberry (Fragaria ananassa)
were determined according to standard methods to address their concentration.
Results of this study suggest that the selected tropical fruits are rich source of
minerals. Tamarind fruit is an ample source of iron, sodium, potassium,
calcium and magnesium. Highest amount of manganese found in Mango, 06.16
+ 1.19 mg. Highest amounts of copper, zinc and sodium found in Guava, 19.30
+ 2.12 mg, 2.07 £ 0.15 mg and 62.78 + 1.24 mg, respectively. Highest amount
of iron, potassium, calcium and magnesium found in Tamarind fruit, 2.80 +
1.43 mg, 621.00 + 3.26 mg, 75.00 £ 241 mg and 90.00 = 1.80 mg,
respectively. The consequences of this study indicate that these tropical fruits
could be potentially used in alleviating micronutrients deficiency especially for
the rural populace as a potent source of minerals and the daily intake of heavy
metals through fresh fruits may not constitute a health hazard for consumers
because the concentrations were below than the recommended daily intake of
these metals but consumers should be aware of taking fresh fruit as these

amounts can be harmful if the fruits are taken in large quantities.

All heavy-metals levels were below permissible limits except ‘lead” (Pb) on
vegetables which was 1.8-3.5 times higher. The highest hazard index (42%)
found in waste water irrigated cabbage (Lente et al., 2013). Leafy vegetables
like Amaranthus have more scavenging capacity for Cd and Pb, while Spinacia
Oleracea has more scavenging capacity for chromium (Kumar et al., 2013).
Vegetable production of Solanum melongena was negatively affected by the
presence of heavy metals in Kolkatta, India. The concentration of Cd, Cr, Pb,
Ni and Hg were found to be higher than the WHO, FAO permissible limit in

Solanum melongena (Nandi et al., 2012).
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Four sites in Ranchi city, Bihar were analyzed for metal contamination. The
concentration ranges (ppm) were 13.733-20.667 for Pb in peas, 0.3333-4.333
for Ni, 1.167- 2.933 for Ni and 0.100-0.800 for Cd in cucumber, 0.267- 0.867
for Cd in coriander (Ghosh et al., 2011). According to market basket survey of
some Egyptian fruits and vegetables, the average concentrations (mg kg™) for
Pb, Cd, Cu and Zn were found to be 0.01-0.87, 0.01-0.15, 0.83-18.3 and 1.36-
20.9, respectively (Radwan and Salama, 2006).

Sobukola et al. (2010) conducted a study on heavy metals levels in sixteen
different fruits and leafy vegetables from selected markets from Lagos, Nigeria
were determined heavy metals using atomic absorption spectrometry. The
results showed that in banana, orange and watermelon the levels of Lead,
Cadmium, Copper, Zinc, Cobalt, Nickel , cadmium and copper were observed
to be the lowest for the samples while the levels of nickel and lead were the
highest. Pb in fruits were observed in, banana, apple and watermelon (0.30
mg/kg); orange (0.15mg/kg) and banana (0.02 mg/kg). Cadmium is all sample
analyzed level varying between 0.003 and 0.09 mg/kg; watermelon (0.02 and
0.0004 mg/kg); orange (0.04 and 0.0009 mg/kg) and .banana (0.02 and 0.001
mg/kg). Copper is concentrations of Cu in all the tested samples varied
between 0.002 and 0.07 mg/kg; with orange, watermelon 0.002 - 0.006 and
banana or zinc level watermelon, orange and banana, respectively. However,
0.011 and 0.014 mg/kg.

Mahdavian and Somashekar (2009) conducted a study with samples of fruits
(grape, pomegranate, orange, banana, lemon, pear, apple, sapota, mango and
guava), and vegetables (brinjal, cucumber, tomato, capsicum, cauliflower,
bean, radish, carrot, bottle gourd, chilly, root beet, onions, potatoes, lady’s
finger, cabbage, garlic) were procured fromthe Bangalore citymarkets during
the period from May through November 2007 with the objective of
determining their heavy metals composition viz., lead, zinc, cadmium, copper,

cobalt, chromium, iron, manganese and nickel. The samples were digested and
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analysed for heavy metals using flame atomic absorption spectrophotometer.
The results showed that urban consumers are at greater risk of getting exposed
to heavy metals through fresh vegetables and fruits because of higher levels of
heavy metals beyond the legally permissible limits as defined by FAO/WHO.
The results indicated the order of abundance of heavy metals in fresh
vegetables samples as Fe > Mn > Pb > Co > Cu > Zn > Ni > Cr > Cd, and in
fruits as Fe > Cr > Mn > Pb > Ni > Co > Zn > Cu > Cd.
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CHAPTER 111
MATERIALS AND METHODS

This chapter includes the details of the materials and methods of this research
work. The experimental materials, site, experimental design, collection of fruits
samples etc. are described under their headings below. This study was
undertaken during the season 2018-19 for the determination and risk analysis

of heavy metals in different fruits collected from different shops of Dhaka city.
3.1 Experimental site

Primarily the raw sample were washed and cut in the Agricultural Chemistry
Department Laboratory of Sher-e-Bangla Agricultural University. Then initial
samples were dried in oven in the Laboratory. The samples were grinded and
digested in the Laboratory of Soil Science, BARI (Bangladesh Agricultural

Research Institute), Gazipur, Bangladesh.
3.2 Sampling site and location

Samples were collected from four super shops located in Dhaka city. They

were:
Sl. No. Name of super shop Outlets Location
1 Shwapno Mirpur 10
2 Agora Dhanmondi
3 Prince Bazar Mirpur 1
4 Kawran Bazar fruit market Kawran Bazar
5 Meena Bazar Shyamoli

3.3 Collection of fruits sample

Samples were collected randomly from 05 (five) outlets of Dhaka city. They
were arranged in shelves in wet condition under light. Twenty five samples
were collected from respected outlets and each sample was replicated thrice,

thus the total 25 x 3 = 75 samples from all outlets in different amount as below:
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Three samples of each fruits from each market were collected and the amount

of fruits collected for each sample is given below:

Kinds of fruits Amount
Grapes 1000 g
Apple 1000 g
Orange 1000 g
Banana 1000 g

Pomegranate 1000 g

The amount of fruits samples was more or less same. The fruits samples were
put into the individual polythene bag with definite marking and tagging and
kept in fridge at temperature of around 0°C as the sample collection was not
possible at a time. After collecting all the samples from all the outlets, rotten
parts and other extraneous materials were removed. Then they were washed in
cool water and then kept in air tight polythene bag by tagging in fridge again
until preparing for drying. Sources and places of collection of fruit samples are

presented in Table 1.

Table 3.1: Sources and places of collection of fruit samples

Area of collection Sample ID Source

Shwapno super shop T, (Grape)
T2 (Apple)
T3 (Orange
T, (Banana)

Ts (Pomegranate)

Mirpur 10, Mirpur,
Dhaka

Agora super market Te (Grape)
T7 (Apple)
Tg (Orange Dhanmondi, Dhaka
T, (Banana)

T1o (Pomegranate)
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Prince Bazar T1; (Grape)
T12 (Apple)
Ty3 (Orange Mirpur 1, Mirpur, Dhaka
T4 (Banana)

T15 (Pomegranate)

Kawran Bazar fruit T16 (Grape)
market T17 (Apple) Kawran Bazarfruit

T1g (Orange market, Kawran Bazar,
T1o (Banana) Dhaka

T,o (Pomegranate)

Meena Bazar T,; (Grape)
T,, (Apple)
Ty (Orange Shyamoli, Dhaka
T,4 (Banana)

T,5 (Pomegranate)

3.4 Experimental design

Subsamples were taken at random. Collected Samples were prepared for

experiment in this way:
3.4.1 Sample chopping

Samples stored in freeze firstly kept in normal temperature for sometimes.
Then they were kept in chopping board and chopped by a sharp knife. The
chopped sample pieces were near about 0.5 inch. This operation was done in
the Laboratory of Agricultural Chemistry Department of Sher-e-Bangla
Agricultural University, Dhaka, Bangladesh.

3.4.2 Sun drying

The chopped sample pieces were kept under sun light for 7 days. It was done
for partial drying. When the samples lost their wet condition they were packed

by aluminum foil.
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3.4.3 Oven drying

The sun dried samples were kept in racks of the Drying Oven. Then the Oven
was set at 45°C for 24 hours and 30°C for next 24 hours. As all of the samples
could not be to dry at a time so the sun dried samples were kept in air tight poly
bags. Over drying operation of sundried samples were done in the Laboratory
of Agricultural Chemistry Department of Sher-e-Bangla Agricultural

University, Dhaka, Bangladesh.
3.4.4 Sample grinding

All the samples were powdered manually in a grinder individually. The grinded

samples were kept in air tight poly bags.
3.5 Fruits analysis
3.5.1 Sample digestion

The fruits sample weighing 0.5 g was transferred into a dry clean digestion
vessel. 10 mL Nitric Acid (HNOj3) was added to the vessel and allowed it for
30 minutes to heat at 95-105°C. Then the sample allowed standing it for
overnight with covering the vessel to vapor recovery device. The following
day, the digestion vessel was placed on a heating block and was heated at a
temperature slowly raised to 115-120°C until the digestion became clear. After
cooling, 2 mL of Hydrogen Per oxide (H,O,) was added and kept for few
minutes. Again the vessel was heated at 120-125°C. Heating was stopped when
the liquid sample was clear after which the volume was reduced to 5 mL. The
digest was cooled, diluted to 50 mL with de-ionized water and filtered through
Whatman No. 42 filter paper into plastic bottle (Hoque, 2003). Sample
digestion procedure was completed in the Laboratory of Agricultural
Chemistry Department of Sher-e-Bangla Agricultural University, Dhaka,
Bangladesh.
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3.5.2 Analysis

Collected digested samples were brought to the Laboratory of Soil Science,
BARI (Bangladesh Agricultural Research Institute), Gazipur, Bangladesh.
Concentration of heavy metals in the acidic solution was estimated using
Atomic absorption spectrophotometer, (Chemito Technologies Pvt. Ltd., India,
Model No - AA - 203, Slit width 0.5 nm). Estimations were carried out using
the hollow cathode lamps depending upon the element to be tested. The results

were expressed as pg g~ (on a dry weight basis).
3.5.3 Standards

Standard solutions of the heavy metals namely lead (Pb), cadmium (Cd),
chromium (Cr), nickel (Ni) and cobalt (Co) was provided by Merck
(Darmstadt, Germany). The standards were prepared from the individual 1000
mg/L standards (Merck) supplied in 0.1 N HNOs.

3.6 Method validation

The digestion method and atomic absorption spectroscopy analysis (AAS;
model- AA-7000) were validated by recovery method. One gram of randomly
selected sample was spiked with three different concentrations of heavy metals
one at a time (1.0, 1.5, 2.0 ppm) each run in with the AAS 44 machine. This
was followed by the digestion of the spiked samples and determination of metal
concentration using AAS. Blank or unspiked samples were digested through
the same process and analyzed by same AAS. The amount that was recovered
after digestion of the spiked samples was used to calculate % recovery (Al-
weher, 2008). A mean recovery of the matrix was evaluated at 95% confidence

level (Borosova et al. 2002).
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3.7 Quality assurance

Appropriate quality assurance procedures and precautions were taken to ensure
the reliability of the results. Samples were carefully handled to avoid cross
contamination. Glassware was properly cleaned, and reagents used were of
analytical grades. De-ionized water was used throughout the study. Reagent

blank determinations were used to apply corrections to the instrument readings.

3.8 Statistical analysis

The experiment was laid out in Completely Randomized Design (CRD). Mean
concentrations of heavy metals in fruits were analyzed using ANOVA
technique by MSTAT-C software. One way analysis of variance (ANOVA)
was used to determine significant difference (p<0.05) between groups. The
Duncan's Multiple Range Test (DMRT) with Least Significant Difference
value was determined with appropriate levels of significance and the means

were tabulated (Gomez and Gomez, 1984).

3.9 Data analysis

Content of heavy metals in fruits samples was estimated. Apart from content,
following parameters were assessed to estimate risk associated with uptake of

metals:

3.9.1 Heavy metal limits

Standard limits of heavy metal is presented in Table 3.1 with reference of
FAO/WHO, 2011.

Table 3.1 Heavy metal limits (allowable limit) in different sources showing

references
Heavy metal limit for human consumption (mg/kg)
Source Lead | Cadmium | Chromium| Nickel | Cobalt References
(Pb) (Cd) (Cr) (Ni) (Co)
Fruits 15 | 020 230 | 0.80 | 50.00 FA%‘ﬁHO’
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3.9.2 Single factor pollution index (PI)

The pollution index (P1) is the ratio of metal concentration in a biotic or abiotic
medium to that of the regulatory Standard of International bodies such as
World Health Organization (WHO), United States Environmental Protection
Agency (USEPA) Food and Agriculture Organization (FAO) (Jamali et al.,
2007).

Mathematically, PI is expressed as:

Pl = Ciuit/CraomHo-standard

Where PI is the individual pollution index of study metal,
Cruit IS the concentration of the metal in plant.
Crao/wHo-standard 1S the value of the regulatory limit of the heavy metal by FAO/WHO

3.9.3 Sum of pollution index (SPI)

Sum of Pollution index (SPI) described by Qingjie et al. (2008) was used for

the present application.
SPI = PIPb+ PICd+ PICr+ PINi+ PICo

Where, PI = Single factor pollution index of heavy metals

3.9.4 Metal pollution index (MPI)

To examine the overall heavy metal concentrations in fruits, the metal pollution
index (MPI) was computed by Usero et al., 1997. This index was obtained by

calculating the geometrical mean of concentrations of all the metals.

MPI (mg kg™) = (Cy X C, X Cg X ........... x Cp)t"

Where, C,, = Concentration of metal n in the sample
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CHAPTER IV
RESULTS AND DISCUSSION
The findings of the study are presented here under the following headings.
4.1. Heavy metals in fruit samples collected from Shwapno super shop

Table 4.1 shows different fruit samples collected from Shwapno super shop of
Mirpur-10, Dhaka containing different detected heavy metal. Total fifteen
samples of different fruits (three samples of each of five fruits viz. Grape,
Apple, Orange, Banana and Pomegranate) were analyzed to find out the heavy

metal contamination (Pb, Cd, Cr, Ni and Co).

Non-significant variation was found in terms of different heavy metal
concentration of Pb, Cd, Cr, Ni and Co in different fruit samples collected from

Shwapno super shop, Mirpur-10, Dhaka (Table 4.1 and Appendix 1).

Consideration of Pb (Lead) concentration, it is ranged from 0.04 to 0.10 mg kg’
! among the fruit samples. Results indicated that the highest Pb concentration
(0.10 mg kg™) was found in T, (Banana) whereas samples from T, (Grape)
showed lowest Pb concentration (0.04 mg kg™). Fruit sample Ts (Pomegranate)
also showed Pb concentration compared to other fruit samples collected from
Shwapno super shop of Mirpur-10, Dhaka. Maximum allowable concentration
of Pb in sampled fruits under consideration of health risk given by FAO/WHO
is 1.50 mg kg™ (Table 4.1) which is higher than Pb content in collected fruit
samples. So, according to FAO/WHO (2011), Pb content in collected fruit
samples from Shwapno super shop of Mirpur-10, Dhaka might not be risk for
health in terms of over Pb content.

Consideration of Cd (Cadmium) concentration, it is ranged from 0.001 to 0.003
mg kg’ among the fruit samples. Results indicated that the highest Cd
concentration (0.003 mg kg™) was found in T, (Grape) whereas samples from

T, (Apple), T3 (Orange) and T, (Banana) showed lowest Cd concentration
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(0.001 mg kg™). Maximum allowable concentration of Cd in sampled fruits
under consideration of health risk given by FAO/WHO is 0.20 mg kg™ (Table
4.1) which is higher than Cd content in collected fruit samples. So, according to
FAO/WHO (2011), Cd content in collected fruit samples from Shwapno super
shop of Mirpur-10, Dhaka may not be risk for health in terms of over Cd

content.

Consideration of Cr (Chromium) concentration, it is ranged from 0.001 to
0.002 mg kg™ among the fruit samples. Results indicated that the highest Cr
concentration (0.002 mg kg™) was found in T, (Grape) and T, (Apple) whereas
samples from T3 (Orange), T, (Banana) and Ts (Pomegranate) showed lowest
Cr concentration (0.001 mg kg™). Maximum allowable concentration of Cr in
sampled fruits under consideration of health risk given by FAO/WHO is 2.30
mg kg™ (Table 4.1) which is higher than Cr content in collected fruit samples.
So, according to FAO/WHO (2011), Cr content in collected fruit samples from
Shwapno super shop of Mirpur-10, Dhaka might not be risk for health in terms

of over Cr content.

In terms of Ni (Nickel) concentration, it is ranged from 0.001 to 0.003 mg kg™
among the fruit samples. Results indicated that the highest Ni concentration
(0.003 mg kg™*) was found in T, (Banana) whereas samples from T, (Grape), T,
(Apple) and Ts (Pomegranate) showed lowest Ni concentration (0.001 mg kg’
). Maximum allowable concentration of Ni in sampled fruits under
consideration of health risk given by FAO/WHO is 0.80 mg kg™ (Table 4.1)
which is higher than Ni content in collected fruit samples. So, according to
FAO/WHO (2011), Ni content in collected fruit samples from Shwapno super
shop of Mirpur-10, Dhaka might not be risk for health in terms of over Ni

content.
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Table 4.1. Heavy metal concentration in collected fruit samples from Shwapno
super shop of Mirpur 10 in Dhaka city

Heavy metal concentration in fruit samples (mg/kg)
collected from Shwapno super market, Mirpur 10, Dhaka

Treatment Lead (Pb) Cadmium  Chromium Nicl.<el Cobalt
(Cd) (Cn) (Ni) (Co)
T, (Grape) 0.04 0.003 0.002 0.001 0.002
T, (Apple) 0.05 0.001 0.002 0.001 0.002
T; (Orange) 0.06 0.001 0.001 0.002 0.001
T, (Banana) 0.10 0.001 0.001 0.003 0.001
Ts (Pomegranate) 0.09 0.001 0.001 0.001 0.001
LSDog o5 NS NS NS NS NS
CV(%) 3.64 2.88 2.17 2.52 1.36
MAC
(FAO/WHO, 1.50 0.20 2.30 0.80 50.00
2011)

*MAC = Maximum allowable concentration

Consideration of Co (Cobalt) concentration, it is ranged from 0.001 to 0.002
mg kg’ among the fruit samples. Results indicated that the highest Co
concentration (0.002 mg kg™) was found in T, (Grape) and T, (Apple) whereas
samples from T3 (Orange), T, (Banana) and Ts (Pomegranate) showed lowest
Co concentration (0.001 mg kg™). Maximum allowable concentration of Co in
sampled fruits under consideration of health risk given by FAO/WHO is 50.00
mg kg™ (Table 4.1) which is higher than Co content in collected fruit samples.
So, according to FAO/WHO (2011), Co content in collected fruit samples from
Shwapno super shop of Mirpur-10, Dhaka might not be risk for health in terms

of over Co content.
4.2 Heavy metals in fruit samples collected from Agora super market

Table 4.2 shows different fruit samples collected from Agora super market of
Dhanmondi, Dhaka containing different detected heavy metal. Total fifteen
samples of different fruits (three samples of each of five fruits viz. Grape,
Apple, Orange, Banana and Pomegranate) were analyzed to find out the heavy
metal contamination (Pb, Cd, Cr, Ni and Co).

42



Significant variation was found in terms of Pb concentration in different fruit
samples but non-significant variation was observed in terms of Cd, Cr, Ni and
Co concentration in different fruit samples collected from Agora super market
of Dhanmondi, Dhaka (Table 4.2 and Appendix I1).

Regarding Pb (Lead) concentration, it is ranged from 0.02 to 0.21 mg kg™
among the fruit samples. Results indicated that the highest Pb concentration
(0.21 mg kg™) was found in T4 (Banana) which was significantly different from
other samples. Again, the sample from Tg (Orange) showed lowest Pb
concentration (0.02 mg kg™) which was significantly same with T (Grape) and
T, (Apple). Maximum allowable concentration of Pb in sampled fruits under
consideration of health risk given by FAO/WHO is 1.50 mg kg™ (Table 4.2)
which is higher than Pb content in collected fruit samples. So, according to
FAO/WHO (2011), Pb content in collected fruit samples from Agora super
market of Dhanmondi, Dhaka might not be risk for health in terms of over Pb

content.

Consideration of Cd (Cadmium) concentration, it is ranged from 0.001 to 0.004
mg kg’ among the fruit samples. Results indicated that the highest Cd
concentration (0.004 mg kg?) was found in T; (Apple) and T, (Banana)
whereas samples from T, (Pomegranate) showed lowest Cd concentration
(0.001 mg kg™). Maximum allowable concentration of Cd in sampled fruits
under consideration of health risk given by FAO/WHO is 0.20 mg kg™ (Table
3.1) which is higher than Cd content in collected fruit samples. So, according to
FAO/WHO (2011), Cd content in collected fruit samples from Agora super
market of Dhanmondi, Dhaka may not be risk for health in terms of over Cd

content.

In case of Cr (Chromium) concentration, it is ranged from 0.002 to 0.006 mg

kg
concentration (0.006 mg kg™) was found in T, (Banana) whereas samples from

1 among the fruit samples. Results indicated that the highest Cr

T1o (Pomegranate) showed lowest Cr concentration (0.002 mg kg™). Maximum
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allowable concentration of Cr in sampled fruits under consideration of health
risk given by FAO/WHO is 2.30 mg kg™ (Table 3.1) which is higher than Cr
content in collected fruit samples. So, according to FAO/WHO (2011), Cr
content in collected fruit samples from Agora super market of Dhanmondi,

Dhaka might not be risk for health in terms of over Cr content.

In terms of Ni (Nickel) concentration, it is ranged from 0.001 to 0.004 mg kg™
among the fruit samples. Results indicated that the highest Ni concentration
(0.004 mg kg™) was found in Ty (Banana) whereas samples from T, (Apple)
showed lowest Ni concentration (0.001 mg kg™'). Maximum allowable
concentration of Ni in sampled fruits under consideration of health risk given
by FAO/WHO is 0.80 mg kg™ (Table 3.1) which is higher than Ni content in
collected fruit samples. So, according to FAO/WHO (2011), Ni content in
collected fruit samples from Agora super market of Dhanmondi, Dhaka might

not be risk for health in terms of over Ni content.

Table 4.2. Heavy metal concentration in collected fruit samples from Agora
super market of Dhanmondi in Dhaka city

Heavy metal concentration in fruit samples (mg/kg) collected
from Agora super market, Dhanmondi, Dhaka

Treatment

Cadmium Chromium .. . Cobalt
Lead (Pb) (Cd) (Cr) Nickel (Ni) (Co)
Te (Grape) 0.06 ¢ 0.002 0.003 0.002 0.003
T, (Apple) 0.03c 0.004 0.003 0.001 0.002
Tg (Orange) 0.02c 0.002 0.002 0.003 0.002
To (Banana) 0.21a 0.004 0.006 0.004 0.001
T1o 0.11b 0.001 0.002 0.002 0.002
(Pomegranate)
LSDg 5 0.083 NS NS NS NS
CV(%) 2.88 2.64 2.07 1.73 1.92
MAC
(FAO/WHO, 1.50 0.20 2.30 0.80 50.00
2011)

*MAC = Maximum allowable concentration
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Consideration of Co (Cobalt) concentration, it is ranged from 0.001 to 0.003
mg kg’ among the fruit samples. Results indicated that the highest Co
concentration (0.003 mg kg™) was found in T (Grape) whereas samples from
To (Banana) showed lowest Co concentration (0.001 mg kg™). Maximum
allowable concentration of Co in sampled fruits under consideration of health
risk given by FAO/WHO is 50.00 mg kg™ (Table 4.2) which is higher than Co
content in collected fruit samples. So, according to FAO/WHO (2011), Co
content in collected fruit samples from Agora super market of Dhanmondi,

Dhaka might not be risk for health in terms of over Co content.
4.3 Heavy metals in fruit samples collected from Agora super market

Table 4.3 shows different fruit samples collected from Prince Bazar of Mirpur-
1, Dhaka containing different detected heavy metal. Total fifteen samples of
different fruits (three samples of each of five fruits viz. Grape, Apple, Orange,
Banana and Pomegranate) were analyzed to find out the heavy metal
contamination (Pb, Cd, Cr, Ni and Co).

Significant variation was found in terms of Pb concentration in different fruit
samples but non-significant variation was observed in terms of Cd, Cr, Ni and
Co concentration in different fruit samples collected from Prince Bazar of
Mirpur-1, Dhaka (Table 4.3 and Appendix I11).

Regarding Pb (Lead) concentration, it is ranged from 0.03 to 0.18 mg kg™
among the fruit samples. Results indicated that the highest Pb concentration
(0.18 mg kg™) was found in T4 (Banana) which was statistically similar with
T, (Apple) and Ty;5 (Pomegranate). Again, the sample from T,; (Grape)
showed lowest Pb concentration (0.03 mg kg™) which was significantly same
with T3 (Orange). Maximum allowable concentration of Pb in sampled fruits
under consideration of health risk given by FAO/WHO is 1.50 mg kg™ (Table
4.3) which is higher than Pb content in collected fruit samples. So, according to
FAO/WHO (2011), Pb content in collected fruit samples from Prince Bazar of

Mirpur-1, Dhaka might not be risk for health in terms of over Pb content.
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Consideration of Cd (Cadmium) concentration, it is ranged from 0.002 to 0.011
mg kg’ among the fruit samples. Results indicated that the highest Cd
concentration (0.011 mg kg™®) was found in Ty, (Banana) whereas samples
from T.5 (Pomegranate) showed lowest Cd concentration (0.002 mg kg™).
Maximum allowable concentration of Cd in sampled fruits under consideration
of health risk given by FAO/WHO is 0.20 mg kg™ (Table 4.3) which is higher
than Cd content in collected fruit samples. So, according to FAO/WHO (2011),
Cd content in collected fruit samples from Prince Bazar of Mirpur-1, Dhaka

may not be risk for health in terms of over Cd content.

Table 4.3. Heavy metal concentration in collected fruit samples from Prince
Bazar of Mirpur-1 in Dhaka city

Heavy metal concentration in fruit samples (mg/kg) collected
from Prince Bazar, Mirpur 1, Dhaka

Treatment - -
Cadmium Chromium .. . Cobalt
Lead (Pb) (Cd) (Cr) Nickel (Ni) (Co)
T1; (Grape) 0.03¢ 0.003 0.001 0.002 0.003
T2 (Apple) 0.12 ab 0.006 0.004 0.004 0.004
T13 (Orange) 0.04c 0.005 0.002 0.001 0.003
T14 (Banana) 0.18 a 0.011 0.003 0.007 0.003
Tis 0.14 ab 0.002 0.005 0.002 0.002
(Pomegranate)
LSDy o5 0.076 NS NS NS NS
CV(%) 3.09 2.56 1.76 1.87 1.44
MAC
(FAO/WHO, 1.50 0.20 2.30 0.80 50.00
2011)

*MAC = Maximum allowable concentration

In case of Cr (Chromium) concentration, it is ranged from 0.001 to 0.005 mg
kg™

concentration (0.005 mg kg™') was found in Tis (Pomegranate) whereas

among the fruit samples. Results indicated that the highest Cr

samples from Ty, (Grape) showed lowest Cr concentration (0.001 mg kg™).
Maximum allowable concentration of Cr in sampled fruits under consideration
of health risk given by FAO/WHO is 2.30 mg kg™ (Table 4.3) which is higher

than Cr content in collected fruit samples. So, according to FAO/WHO (2011),
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Cr content in collected fruit samples from Prince Bazar of Mirpur-1, Dhaka

might not be risk for health in terms of over Cr content.

In terms of Ni (Nickel) concentration, it is ranged from 0.001 to 0.007 mg kg™
among the fruit samples. Results indicated that the highest Ni concentration
(0.007 mg kg™) was found in Ty (Banana) whereas samples from T3 (Orange)
showed lowest Ni concentration (0.001 mg kg™'). Maximum allowable
concentration of Ni in sampled fruits under consideration of health risk given
by FAO/WHO is 0.80 mg kg™ (Table 4.3) which is higher than Ni content in
collected fruit samples. So, according to FAO/WHO (2011), Ni content in
collected fruit samples from Prince Bazar of Mirpur-1, Dhaka might not be risk

for health in terms of over Ni content.

Consideration of Co (Cobalt) concentration, it is ranged from 0.002 to 0.004
mg kg’ among the fruit samples. Results indicated that the highest Co
concentration (0.004 mg kg™) was found in Ty, (Apple) whereas samples from
T15 (Pomegranate) showed lowest Co concentration (0.002 mg kg™). Maximum
allowable concentration of Co in sampled fruits under consideration of health
risk given by FAO/WHO is 50.00 mg kg™ (Table 4.3) which is higher than Co
content in collected fruit samples. So, according to FAO/WHO (2011), Co
content in collected fruit samples from Prince Bazar of Mirpur-1, Dhaka might

not be risk for health in terms of over Co content.

4.4 Heavy metals in fruit samples collected from Kawran Bazar fruit

market

Table 4.4 shows different fruit samples collected from Kawran Bazar fruit
market of Kawran Bazar, Dhaka containing different detected heavy metal.
Total fifteen samples of different fruits (three samples of each of five fruits viz.
Grape, Apple, Orange, Banana and Pomegranate) were analyzed to find out the

heavy metal contamination (Pb, Cd, Cr, Ni and Co).
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Significant variation was found in terms of Pb concentration in different fruit
samples but non-significant variation was observed in terms of Cd, Cr, Ni and
Co concentration in different fruit samples collected from Kawran Bazar fruit
market of Kawran Bazar, Dhaka (Table 4.4 and Appendix 1V).

Regarding Pb (Lead) concentration, it is ranged from 0.03 to 1.31 mg kg™
among the fruit samples. Results indicated that the highest Pb concentration
(1.31 mg kg™) was found in Ty (Banana) which was significantly different
from other samples. Again, the sample from T.g (Orange) showed lowest Pb
concentration (0.03 mg kg™) which was significantly same with T (Grape)
and Ty7 (Apple). Maximum allowable concentration of Pb in sampled fruits
under consideration of health risk given by FAO/WHO is 1.50 mg kg™ (Table
4.4) which is higher than Pb content in collected fruit samples. So, according to
FAO/WHO (2011), Pb content in collected fruit samples from Kawran Bazar
fruit market of Kawran Bazar, Dhaka might not be risk for health in terms of

over Pb content.

Consideration of Cd (Cadmium) concentration, it is ranged from 0.001 to 0.004
mg kg’ among the fruit samples. Results indicated that the highest Cd
concentration (0.004 mg kg™) was found in T.; (Apple) and Ty (Orange)
whereas samples from T, (Banana) showed lowest Cd concentration (0.001
mg kg™). Maximum allowable concentration of Cd in sampled fruits under
consideration of health risk given by FAO/WHO is 0.20 mg kg™ (Table 4.4)
which is higher than Cd content in collected fruit samples. So, according to
FAO/WHO (2011), Cd content in collected fruit samples from Kawran Bazar
fruit market of Kawran Bazar, Dhaka may not be risk for health in terms of

over Cd content.

In case of Cr (Chromium) concentration, it is ranged from 0.002 to 0.004 mg

kg
concentration (0.004 mg kg™®) was found in Tis (Banana) whereas samples

1 among the fruit samples. Results indicated that the highest Cr

from T3 (Orange) and T,y (Pomegranate) showed lowest Cr concentration
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(0.002 mg kg™). Maximum allowable concentration of Cr in sampled fruits
under consideration of health risk given by FAO/WHO is 2.30 mg kg™ (Table
4.4) which is higher than Cr content in collected fruit samples. So, according to
FAO/WHO (2011), Cr content in collected fruit samples from Kawran Bazar
fruit market of Kawran Bazar, Dhaka might not be risk for health in terms of

over Cr content.

In terms of Ni (Nickel) concentration, it is ranged from 0.002 to 0.016 mg kg™
among the fruit samples. Results indicated that the highest Ni concentration
(0.016 mg kg™) was found in Ty (Banana) followed by Ti; (Apple) whereas
samples from T.5 (Orange) showed lowest Ni concentration (0.002 mg kg™).
Maximum allowable concentration of Ni in sampled fruits under consideration
of health risk given by FAO/WHO is 0.80 mg kg™ (Table 4.4) which is higher
than Ni content in collected fruit samples. So, according to FAO/WHO (2011),
Ni content in collected fruit samples from Kawran Bazar fruit market of

Kawran Bazar, Dhaka might not be risk for health in terms of over Ni content.

Consideration of Co (Cobalt) concentration, it is ranged from 0.001 to 0.003
mg kg’ among the fruit samples. Results indicated that the highest Co
concentration (0.003 mg kg™) was found in Ty; (Apple) whereas samples from
T, (Pomegranate) showed lowest Co concentration (0.001 mg kg™). Maximum
allowable concentration of Co in sampled fruits under consideration of health
risk given by FAO/WHO is 50.00 mg kg™ (Table 4.4) which is higher than Co
content in collected fruit samples. So, according to FAO/WHO (2011), Co
content in collected fruit samples from Kawran Bazar fruit market of Kawran

Bazar, Dhaka might not be risk for health in terms of over Co content.
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Table 4.4. Heavy metal concentration in collected fruit samples from Kawran

Bazar fruit market of Kawran Bazar in Dhaka city

Heavy metal concentration in fruit samples (mg/kg) collected
from Kawran Bazar fruit market, Kawran Bazar, Dhaka

Treatment - -
Cadmium Chromium .. . Cobalt
Lead (Pb) (Cd) (Cr) Nickel (Ni) (Co)
T16 (Grape) 0.07c 0.002 0.003 0.003 0.002
T17 (Apple) 0.11c 0.004 0.003 0.011 0.003
Tig (Orange) 0.03¢ 0.004 0.002 0.002 0.002
T19 (Banana) 1.31a 0.001 0.004 0.016 0.002
Tao 0.42b 0.003 0.002 0.004 0.001
(Pomegranate)
LSDy o5 0.106 NS NS NS NS
CV(%) 3.36 1.52 2.17 1.33 1.24
MAC
(FAO/WHO, 1.50 0.20 2.30 0.80 50.00
2011)

*MAC = Maximum allowable concentration

4.5 Heavy metals in fruit samples collected from Meena Bazar of Shyamoli

Table 4.5 shows different fruit samples collected from Meena Bazar of
Shyamoli, Dhaka containing different detected heavy metal. Total fifteen
samples of different fruits (three samples of each of five fruits viz. Grape,
Apple, Orange, Banana and Pomegranate) were analyzed to find out the heavy
metal contamination (Pb, Cd, Cr, Ni and Co).

Significant variation was found in terms of Pb concentration in different fruit
samples but non-significant variation was observed in terms of Cd, Cr, Ni and
Co concentration in different fruit samples collected from Meena Bazar of
Shyamoli, Dhaka (Table 4.5 and Appendix V).

Regarding Pb (Lead) concentration, it is ranged from 0.04 to 1.24 mg kg™
among the fruit samples. Results indicated that the highest Pb concentration

(1.24 mg kg™*) was found in T, (Banana) which was statistically different from
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other treatments. Again, the sample from T,; (Orange) showed lowest Pb
concentration (0.04 mg kg™) which was significantly same with T», (Apple)
and T,5 (Pomegranate). Maximum allowable concentration of Pb in sampled
fruits under consideration of health risk given by FAO/WHO is 1.50 mg kg™
(Table 4.5) which is higher than Pb content in collected fruit samples. So,
according to FAO/WHO (2011), Pb content in collected fruit samples from
Meena Bazar of Shyamoli, Dhaka might not be risk for health in terms of over

Pb content.

Consideration of Cd (Cadmium) concentration, it is ranged from 0.002 to 0.008
mg kg’ among the fruit samples. Results indicated that the highest Cd
concentration (0.008 mg kg™®) was found in T,, (Banana) whereas samples
from T,s (Pomegranate) showed lowest Cd concentration (0.002 mg kg™).
Maximum allowable concentration of Cd in sampled fruits under consideration
of health risk given by FAO/WHO is 0.20 mg kg™ (Table 4.5) which is higher
than Cd content in collected fruit samples. So, according to FAO/WHO (2011),
Cd content in collected fruit samples from Meena Bazar of Shyamoli, Dhaka

may not be risk for health in terms of over Cd content.

In case of Cr (Chromium) concentration, it is ranged from 0.001 to 0.004 mg

kg
concentration (0.004 mg kg™) was found in T (Grape) whereas samples from

1 among the fruit samples. Results indicated that the highest Cr

T, (Apple) showed lowest Cr concentration (0.001 mg kg™). Maximum
allowable concentration of Cr in sampled fruits under consideration of health
risk given by FAO/WHO is 2.30 mg kg™ (Table 4.5) which is higher than Cr
content in collected fruit samples. So, according to FAO/WHO (2011), Cr
content in collected fruit samples from Meena Bazar of Shyamoli, Dhaka might

not be risk for health in terms of over Cr content.

In terms of Ni (Nickel) concentration, it is ranged from 0.001 to 0.004 mg kg™
among the fruit samples. Results indicated that the highest Ni concentration
(0.004 mg kg?) was found in T, (Banana) whereas samples from Tos
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(Pomegranate) showed lowest Ni concentration (0.001 mg kg™). Maximum
allowable concentration of Ni in sampled fruits under consideration of health
risk given by FAO/WHO is 0.80 mg kg™ (Table 4.5) which is higher than Ni
content in collected fruit samples. So, according to FAO/WHO (2011), Ni
content in collected fruit samples from Meena Bazar of Shyamoli, Dhaka might

not be risk for health in terms of over Ni content.

Consideration of Co (Cobalt) concentration, it is ranged from 0.001 to 0.003
mg kg’ among the fruit samples. Results indicated that the highest Co
concentration (0.003 mg kg™) was found in T, (Apple), T,; (Orange) and T4
(Banana) whereas samples from T,; (Grape) and T,5 (Pomegranate) showed
lowest Co concentration (0.001 mg kg™). Maximum allowable concentration of
Co in sampled fruits under consideration of health risk given by FAO/WHO is
50.00 mg kg™ (Table 4.5) which is higher than Co content in collected fruit
samples. So, according to FAO/WHO (2011), Co content in collected fruit
samples from Meena Bazar of Shyamoli, Dhaka might not be risk for health in

terms of over Co content.

Table 4.5. Heavy metal concentration in collected fruit samples from Meena
Bazar of Shyamoli in Dhaka city

Heavy metal concentration in fruit samples (mg/kg) collected
from Meena Bazar, Shyamoli, Dhaka

Treatment

Cadmium Chromium .. . Cobalt
Lead (Pb) (Cd) (Cr) Nickel (Ni) (Co)
T,; (Grape) 0.16 b 0.006 0.004 0.002 0.001
T2, (Apple) 0.07c 0.003 0.001 0.003 0.003
T,3 (Orange) 0.04c 0.004 0.003 0.002 0.003
T4 (Banana) 1.24 a 0.008 0.002 0.004 0.003
Tos 0.06 c 0.002 0.003 0.001 0.001
(Pomegranate)
LSDy g5 0.084 NS NS NS NS
CV(%) 2.97 2.14 1.52 2.03 1.36
MAC
(FAO/WHO, 1.50 0.20 2.30 0.80 50.00
2011)

*MAC = Maximum allowable concentration



Heavy metal pollution has spread broadly over the globe, perturbing the
environment and posing serious health hazards to humans. The root causes of
this problem are generally held to be the rapid pace of urbanization, land use
changes, and industrialization, especially in developing countries with
extremely high populations, such as India, China and Bangladwsh (UN-
HABITAT, 2004). Several hazardous heavy metals and metalloids (e.g., Pb,
Cd, Cr, As, Co, Ni and Hg) are classified as non-essential to metabolic and
other biological functions. Those metals are deleterious in various respects
(Gall et al., 2015), and they have therefore been included in the top 20 list of
dangerous substances by the United States Environmental Protection Agency
and the Agency for Toxic Substances and Disease Registry (ATSDR)
(ATSDR, 2007; Xiong et al., 2016a, 2016b; Khalid et al., 2017; Rai, 2018).

Food safety is major issue of concern due to increasing concentrations of heavy
metals and other industrial environmental contaminants (Arisseto-Bragotto,
2017). Heavy metals (e.g., Pb, Cd, Co, Cr and Ni) in food crops were reported
to impose human health hazards (Rodriguez, 2014, Blanco, 2017).

The ingestion of fruits and vegetables contaminated with heavy metals causes
serious human health issues, such as gastrointestinal cancer, fragile
immunological mechanisms, mental growth retardation, and malnutrition (Hu
et al., 2013; Gress et al., 2015; Dickin et al., 2016; El-Kady and Abdel-
Wahhab, 2018).

Several works have been done on heavy metal contents (eg. Pb, Cd, Cr, Ni and
Co) in fruits which showed different concentrations which are below the
permissible limit according to FAO/WHO in most of the cases. Mahdavian and
Somashekar (2009) determined lead, zinc, cadmium, copper, cobalt, chromium,
iron, manganese and nickel in different fruits viz. grape, pomegranate, orange,
banana, lemon, pear, apple, sapota, mango and guava and found safe ranges of

heavy metal contamination regarding FAO/WHO (2011). Similar result was
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also found by Verma et al. (2016), Ezigho and Obiageli (2015), Sajib et al.
(2014, Ghosh et al. (2011) and Sobukola et al. (2010).

Human health hazards are closely linked to the intake of metal-contaminated
food crops. Heavy metals can accumulate in human bones or fatty tissues
through dietary intake, thereby leading to the depletion of essential nutrients
and weakened immunological defenses. Certain heavy metals (e.g., Al, Cd,
Mn, Pb, Cr, Co, As and Ni) are further suspected to cause intrauterine growth
retardation (Khan et al., 2010; Rai, 2018). Lead contamination adversely
affects mental growth, causing neurological and cardiovascular diseases in
humans, especially children (Zhou, 2016; Al-Saleh et al., 2017). Certain heavy
metals, especially Pb and Cd, have carcinogenic effects (Trichopoulos, 1997)
and can also lead to bone fractures and malformation, cardiovascular
complications, kidney dysfunction, hypertension, and other serious diseases of
the liver, lung, nervous system, and immune system (Zhou, 2016; El-Kady and
Abdel-Wahhab, 2018). Chromium compounds, such as calcium chromate, zinc
chromates, strontium chromate and lead chromates, are highly toxic and
carcinogenic in nature. Common features due to Cr phytotoxicity are reduction
in root growth, leaf chlorosis, inhibition of seed germination and depressed
biomass. Chromium toxicity causes chlorosis and necrosis in plants (Ghani,
2011). Basu et al. (2010) and Ryuko et al. (2012) report that the most frequent

symptoms of cobalt excess are skin inflammations and asthma.

The exposure of consumers and the related health risks are usually expressed in
terms of the provisional tolerable daily intake (PTDI) (FAO/WHO, 1999). The
FAO/WHO have set a limit for the heavy metal intake based on body weight
for an average adult, namely, 60 kg body weight. The average diets per person
per day of fruits are 98 and 78 g, respectively. According to FAO/WHO
(2011), the highest permissible limit of heavy metal like Pb, Cd, Cr, Ni and Co
is 1.50, 0.20, 2.30, 0.80 and 50.00 mg kg™, respectively and if intake of heavy
metal through fruit consumption is safe for human body.
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4.6 Single factor pollution index (PI)

Pollution index (PI) is an important factor for the determination of pollution in
the collected fruit samples from different places of Dhaka city. Value of PI<1
indicates that the collected samples are not yet contaminated, whereas PI>1
indicates pollution. Similarly, PI=1 indicates a critical state which makes the

involved samples useful for environmental monitoring (Chukwuma, 1994).
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Figure 4.1 Single factor pollution index (P1) in fruit samples collected Shwapno

super shop, Mirpur-10, Dhaka

In terms of collected fruit samples from Shwapno super shop, Mirpur-10,
Dhaka, are not yet contaminated (PI<1) in terms of Pb, Cd, Cr, Ni and Co
contamination (Figure 4.1). So, selected fruit collection in this shop is safe for

the environment as well as health.
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In terms of collected fruit samples from Agora super market of Dhanmondi,
Dhaka, are not yet contaminated (PI<1) in terms of Pb, Cd, Cr, Ni and Co
contamination (Figure 4.2). So, selected fruit collection in this shop is safe for

the environment as well as health.

. 016 -

@

-

s 0.14 -

£

Q 0.12 -

a

c 0.1

o

&n 0.08

S W Lead (Pb)

v 0.06

_g- B Cadmium (Cd)
E 0.04 Chromium (Cr)
E 002 . m Nickel (Ni)

c

= 0 . : -—- : i M Cobalt (Co)

2\ 2\ N o\
'er 5‘6 o"? ’b& (\’5@
< ?‘Q & O >
&S A Qo@
N\
<

Fruitsamples

Figure 4.2 Single factor pollution index (PI) in fruit samples collected from

Agora super market of Dhanmondi, Dhaka

In terms of collected fruit samples from Prince Bazar of Mirpur-1, Dhaka, are
not yet contaminated (PI<1) in terms of Pb, Cd, Cr, Ni and Co contamination
(Figure 4.3). So, selected fruit collection in this shop is safe for the

environment as well as health.

In terms of collected fruit samples from Kawran Bazar fruit market of Kawran
Bazar, Dhaka, are not yet contaminated (PI<1) in terms of Pb, Cd, Cr, Ni and
Co contamination (Figure 4.4). So, selected fruit collection in this shop is safe

for the environment as well as health.
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Figure 4.3 Single factor pollution index (PI) in fruit samples collected from
Prince Bazar of Mirpur-1, Dhaka

_“L i
g
5 0.9 -
£
E 0.8
s 0.7
=
= 0.6 -
o
2 os
= W Lead (Pb)
S 04 )
2 | Cadmium (Cd)
g 03 - )
E m Chromium (Cr)
v
-‘é‘ 0.2 m Nickel (Ni)
= 01 = Cobalt (Co)

0 -

) ) 2 > N
S s & o G
‘\-“’\ «":\\ 9}9 0383 &
A 5 <0 \Q.o@
o8
Fruit samples

Figure 4.4 Single factor pollution index (PI) in fruit samples collected from

from Kawran Bazar fruit market of Kawran Bazar, Dhaka

57




In terms of collected fruit samples from Meena Bazar of Shyamoli, Dhaka, are
not yet contaminated (PI<1) in terms of Pb, Cd, Cr, Ni and Co contamination
(Figure 4.5). So, selected fruit collection in this shop is safe for the

environment as well as health.
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Figure 4.5 Single factor pollution index (PI) in fruit samples collected from

Meena Bazar of Shyamoli, Dhaka

4.7 Sum of pollution index (SPI)

Sum of pollution index (SPI) showed little variation in different collected fruit
amples from different places of Dhaka city (Figure 4.6). Results showed that
the highest SPI (0.9001) was in Banana found in Kawran Bazar fruit market of

Kawran Bazar, Dhaka area (T19) followed by Meena Bazar of Shyamoli, Dhaka
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(0.8726) in Banana (T,4) whereas the lowest SPI (0.028) was in Orange found
in Agora super market of Dhanmondi, Dhaka (Tg) followed by Prince Bazar of
Mirpur-1, Dhaka (0.038) in Grape (T11).

1 4
0.9
0.8
0.7
=
2 06
x
@
=]
£
=
2 05 -
=
2 M Grape
-
E 04 - W Apple
3 ® Orange
M Banana
0.3
m Pomegranate
0.2
N J
X N > »
';(\OQ %&g. && ,g:&?' z‘*‘\o
¢ ‘6‘ \5\ -\6\ N
X o S & o
© & ° 2 AV
Q@Q & (‘e?) %lb'\, &
ﬂf\ Q\\{\ “l{bo \x\?fe’o
NG
Study area

Figure 4.6 Sum of pollution index (SPI) in selected fruit samples in the study
area
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4.8 Metal pollution index (MPI)

Figure 4.7 showed that the highest MPI (0.0119) was in Banana found in
Meena Bazar of Shyamoli, Dhaka whereas the lowest MPI (0.0025) was in

Pomegranate found in Shwapno super shop, Mirpur-10, Dhaka.
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CHAPTER V

SUMMARY AND CONCLUSION

The study was carried out at the Agricultural Chemistry Department
Laboratory of Sher-e-Bangla Agricultural University, Sher-e-Bangla Nagar,
Dhaka, during the season 2018-19 for the determination and risk analysis of
heavy metals in different fruits collected from different shops of Dhaka city.
Five (5) places viz. (1) Shwapno super shop of Mirpur-10, Dhaka, (2) Agora
super market, Dhanmondi, Dhaka, (3) Prince Bazar, Mirpur-1, Dhaka, (4)
Kawran Bazar fruit market, Kawran Bazar, Dhaka and (5) Meena Bazar,
Shyamoli, Dhaka were selected for sample collection. Samples were collected
on five fruits namely (i) Grape, (ii) Apple, (iii) Orange, (iv) Banana and (v)
Pomegranate. So, twenty five unit samples were considered for the present
study which was replicated thrice and remarked as T, to T,s. The experiment
was laid out in Completely Randomized Design (CRD). Samples were
analyzed to determine lead (Pb), cadmium (Cd), chromium (Cr), nickel (Ni)
and cobalt (Co) using atomic absorption spectroscopy analysis. Single factor
pollution index (PI), sum of pollution index (SPI) and metal pollution index

(MPI) were also determined from collected data.

Considering different fruit samples collected from Shwapno super shop of
Mirpur-10, Dhaka, the highest Pb and Ni (0.10 and 0.003 mg kg™,
respectively) was found in T, (Banana) sample but the highest Cd
concentration (0.003 mg kg™) was found in T, (Grape). Again, the highest Cr
and Co concentration (0.002 and 0.002 mg kg™, respectively) were found in T,
(Grape) and T, (Apple) samples. Similarly, T, (Grape) sample showed lowest
Pb concentration (0.04 mg kg™') whereas the showed lowest Cd and Cr
concentration (0.001 mg kg™, respectively) was found from T, (Apple), Ts
(Orange) and T, (Banana) samples. Again, T3 (Orange), T4 (Banana) and Ts

(Pomegranate) samples showed lowest Co concentration (0.001 mg kg™)

61



whereas T, (Grape), T, (Apple) and Ts (Pomegranate) showed lowest Ni
concentration (0.001 mg kg™).

In terms of different fruit samples collected from Agora super market,
Dhanmondi, Dhaka, the highest Pb, Cr and Ni concentration, (0.21, 0.006 and
0.004 mg kg™, respectively) were found in T (Banana) sample whereas the
highest Cd concentration (0.004 mg kg™) was found in T, (Apple) and T,
(Banana) samples and highest Co concentration (0.003 mg kg™) was found in
Te (Grape) sample. Similarly, Tg (Orange), T; (Apple) and T, (Banana)
samples respectively showed lowest Pb, Ni and Co concentration (0.02, 0.001
and 0.001 mg kg™, respectively) whereas Ty, (Pomegranate) sample showed
lowest Cd and Cr concentration (0.001 and 0.002 mg kg™, respectively).

Regarding different fruit samples collected from Prince Bazar, Mirpur-1,
Dhaka, The highest Pb, Cd and Ni concentration (0.18, 0.011 and 0.007 mg kg’
! respectively) were found in Ty, (Banana) sample whereas the highest Cr and
Co concentration (0.005 and 0.004 mg kg™, respectively) was found in Tys
(Pomegranate) and T, (Apple) samples, respectively. Similarly, the Ty,
(Grape) sample showed lowest Pb and Cr concentration (0.03 and 0.001 mg kg
! respectively) whereas T;5s (Pomegranate) sample showed lowest Cd and Co
concentration (0.002 mg kg™, respectively) but T;5 (Orange) sample showed

lowest Ni concentration (0.001 mg kg™).

Regarding different fruit samples collected from Kawran Bazar fruit market,
Kawran Bazar, Dhaka the highest Pb, Cr and Ni concentration (1.31, 0.004 and
0.016 mg kg*) was found in Tiy (Banana) sample whereas the highest Cd
concentration (0.004 mg kg™) was found in T.; (Apple) and Ty (Orange)
samples but the highest Co concentration (0.003 mg kg™) was found in Ty
(Pomegranate) sample. Similarly, T,g (Orange) sample showed lowest Pb and
Ni concentration (0.03 and 0.002 mg kg™, respectively) whereas T (Grape),
Tig (Orange) and T,y (Banana) sample s showed lowest Co concentration
(0.001 mg kg'). Again, Ty (Banana) sample and showed lowest Cd
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concentration (0.001 mg kg™) and T;5 (Orange) and T,, (Pomegranate) samples

showed lowest Cr concentration (0.002 mg kg™)

In terms of different fruit samples collected from Meena Bazar, Shyamoli,
Dhaka the highest Pb, Cd and Ni concentration (1.24, 0.008 and 0.004 mg kg™,
respectively) was found in T,4; (Banana) sample whereas the highest Cr
concentration (0.004 mg kg™*) was found in T,; (Grape) sample and highest Co
concentration (0.003 mg kg™) was found in T,; (Grape) and T,5 (Pomegranate)
samples. Similarly, T,; (Orange) sample showed lowest Pb concentration (0.04
mg kg™') but T,s (Pomegranate) sample showed lowest Cd and Ni concentration
(0.002 and 0.001 mg kg™, respectively). Again, T, (Apple) sample showed
lowest Cr concentration (0.001 mg kg™) but T», (Apple), T3 (Orange) and T,

(Banana) samples showed lowest Co concentration (0.001 mg kg™).

Regarding Pollution index (P1), all collected samples from selected areas of
Dhaka city was in PI<1 which indicates that the collected samples are not yet
contaminated in respect of heavy metal content. In case of Sum of pollution
index (SPI), the highest SPI (0.9001) was in Banana found in Kawran Bazar
fruit market of Kawran Bazar, Dhaka whereas the lowest SPI (0.028) was in
Orange found in Agora super market of Dhanmondi, Dhaka. Again,
considering, Metal pollution index (MPI), the highest MPI (0.0119) was in
Banana found in Meena Bazar of Shyamoli, Dhaka whereas the lowest MPI

(0.0025) was in Pomegranate found in Shwapno super shop, Mirpur-10, Dhaka.

From the above results, it can be concluded that heavy metals contamination in
the study areas in terms of Pb, Cd, Cr, Ni and Co were in little variation and the
heavy metals in collected fruit samples were below safe limit approved by
FAO/WHO.
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Recommendation

From the above result, therefore, reported that heavy metals in fruit samples of
the study area was below safe limit approved by FAO/WHO. So, further study

can be conducted in other areas of Bangladesh to justify the present study.
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APPENDICES

Appendix |. Mean square of heavy metal concentration in collected fruit
samples from Shwapno super shop of Mirpur 10 in Dhaka city

Degrees Mean square
Sources of
variation of Lead | Cadmium | Chromium| Nickel | Cobalt
freedom | (pp) (Cd) (Cr) (Ni) | (Co)
Replication 2 0.012 0.001 0.001 0.001 | 0.001
Factor A 4 0.021* 0.011 0.004 0.003 | 0.002
Error 8 NS NS NS NS NS

Appendix 1. Mean square of heavy metal concentration in collected fruit
samples from Agora super market of Dhanmondi in Dhaka city

Degrees Mean square
Sources of f
variation 0 Lead | Cadmium [Chromium Nickel Cobalt
freedom | (pp) (Cd) (Ccr) (Ni) (Co)
Replication 2 0.001 0.001 0.001 0.001 0.001
Factor A 4 0.014** |  0.006 0.005 0.004 0.003
Error 8 0.003 NS NS NS NS
Appendix Ill. Mean square of heavy metal concentration in collected fruit
samples from Prince Bazar of Mirpur-1 in Dhaka city
Sources of Deg:cees Mean square
variation 0 Lead | Cadmium |[Chromium Nickel Cobalt
freedom | (pp) (Cd) (Cr) (Ni) (Co)
Replication 2 0.002 0.0011 0.001 0.001 0.001
Factor A 4 0.008** |  0.007 0.004 0.006 0.002
Error 8 0.002 NS NS NS NS

NS = Non-significant * = Significant at 5% level
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** = Significant at 1% level




Appendix 1V. Mean square of heavy metal concentration in collected fruit
samples from Kawran Bazar fruit market of Kawran Bazar in Dhaka city

Degrees Mean square
Sources of
variation of Lead | Cadmium |Chromium  Nickel Cobalt
freedom | (pp) (Cd) (Cr) (Ni) (Co)
Replication 2 0.002 0.003 0.001 0.001 0.001
Factor A 4 0.018** | 0.008 0.004 0.012 0.003
Error 8 0.003 NS NS NS NS

NS = Non-significant * = Significant at 5% level ** = Significant at 1% level

Appendix V. Mean square of heavy metal concentration in collected fruit
samples from Meena Bazar of Shyamoli in Dhaka city

Degrees Mean square
Sources of
variation of Lead | Cadmium |Chromium  Nickel Cobalt
freedom | (pp) (Cd) (Cr) (Ni) (Co)
Replication 2 0.003 0.002 0.001 0.001 0.001
Factor A 4 0.012** | 0.008 0.004 0.003 0.002
Error 8 0.001 NS NS NS NS

NS = Non-significant * = Significant at 5% level ** = Significant at 1% level
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Plate 1. Photographs showing sample collection and cutting
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