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Research Summary 

Elemental analysis is a valuable tool in several disciplines including food science, soil 

science ecology, physiology, and agronomy. More Importantly element Profiling is 

becoming poular in response  for accurate measurements of the elements present in trace 

amounts. Ash, water, soil, food and plant samples are usually analysed for the estimation 

of major, minor and trace elements by several techniques such as X-ray based 

spectroscopy, atomic spectroscopy and nuclear techniques. Highly sophisticated atomic 

spectroscopy techniques like Inductively Coupled Plasma Mass Spectroscopy (ICP-MS), 

Inductively Couple Plasma Atomic Emission Spectroscopy (ICP-AES), Graphite furnace 

atomic absorption spectroscopy and Flame atomic absorption spectroscopy can provide 

highly accurate results. However, plant samples are commonly analysed by atomic 

absorption spectroscopy.  

X-ray based spectroscopy that includes Proton Induced X-rays Emission (PIXE) and X-

rays Fluorescence Spectroscopy (XRF) X-ray Fluorescence Spectroscopy (XRF) are a 

worthy, viable, reliable and non-destructive techniques intended for trace element 

profiling. Analysis of trace elements of medical samples, archaeological, geological and 

aerosols by this technique are well known due to ability to analyse low molecular weight 

samples without any pre-treatment (cause of any potential cross contamination) which 

makes it relatively useful for several biological samples as given below. we divided this 

dissertation into two main parts including:  

Part-I aims to profile variations in mineral/heavy metals composition with special focus 

on detection of heavy metals in artificially ripened fruits including Peach (Prunus persica 

L) and Mango (Magnefera indica). Ethylene exposure for artificial fruit ripening is non-

toxic and human safe method but relatively cost effective due to the requirements of 

environmentally controlled chambers and transport technologies. Unfortunately, Calcium 

carbide (CaC2), due to its low cost, though banned chemical is still very popular for 

artificial fruit ripening purpose in many developing countries, including Pakistan. CaC2 is 

usually contaminated with traces of heavy metals including arsenic and phosphines and 

their application directly or indirectly to fruits can lead to severe human health hazards. 

We therefore utilized PIXE, XRF, ICP MS and GFAAS to analyze and compare 

elemental composition of peach and mango with and without CaC2 treatment. Fruits were 

categorized into five groups on the basis of CaC2 treatments (T1- T3), control without any 
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treatment (T0), and fully ripened fruits from market (T4). Mango and Peach fruits were 

carefully analysed for the organoleptic characteristics during whole experiments and 

compared with control fruit samples. Fruits were cut into pieces and were dried to remove 

the moisture. Dried samples were grinded to fine powder. Pellets of 2 mm thickness and 

13 mm diameter were prepared using Laboratory Hydraulic Press. Pulverized Mango and 

Peach fruit samples were irradiated by 3MeV collimated protons from 5MV tandem 

accelerator and emitted X-ray spectrum was analyzed using GUPIXWIN to detect 

amount/concentration of arsenic traces with differential presence of several other 

elements. PIXE elemental profiling of the fruit samples was further validated by X-ray 

Fluorescence Spectroscopy (XRF), Graphite Furnace Atomic Absorption Spectroscopy 

(GFAAS) and Inductively Coupled Plasma Mass Spectroscopy (ICP-MS). All of these 

state of art technologies have confirmed the presence of arsenic traces in different groups 

(T1-T3) including market samples of mango and peach (T4). Elements detected in mango 

pulp were in range of (0.07-426.8 mg/kg) and correlation analysis revealed that Arsenic 

(As) has moderate negative correlation with potassium K (r
2
 = -0.5) in mango pulp. 

Elements detected in peach peel were in range of (0.2-413.8 mg/kg) and correlation 

analysis revealed that As has very strong positive correlation with copper (r
2
 = 0.942) 

moderate positive correlation with Nickel (r
2
 = 0.66) and Fe (r

2
 = 0.65) in peach peel. 

Elements detected in peach pulp were in range of (0.2-750 m/kg). It was noticed that 

peach fruit treated with CaC2 contain traces of arsenic residue only on their skin. No 

arsenic traces were recorded in pulp part of CaC2 treated Peach fruits. There are certain 

study that reports that tiny hairs on peach skin offer protective role to inner part of fruit. 

In present study we chose nectarines fruit which is closed to fruit both in structure and 

evolution. Nectarines are regarded as shaved peaches as this fruit does not contain fuss or 

tiny hairs on skin. So, we treated the nectarine fruit in a similar way as peaches were 

treated. Elemental profile of nectarine treated with CaC2 revealed that arsenic traces 

passed through skin and was recorded in inner part of nectarine fruit i.e. pulp. Range of 

estimated daily intake of arsenic in mango (0.002-0.019 mg/kg) and peach (1.4-18.6 

mg/kg) was more than the WHO recommended guidelines (0.0003 mg/kg) and higher rate 

of such fruits consumption during season can accumulate dangerous levels of arsenic in 

our bodies so, this chemical should be totally ban.  In order to find out the important 

variables and to explain the elemental relationship of under examined fruits, PCA model 
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was applied. The PCA analysis revealed that As residue in peach peel samples is 

significantly high and is closely correlated with Copper followed by iron and nickel. 

Furthermore, this study provides an easy and reliable method to do the fruit elemental 

profiling and provides a platform to develop mass awareness programs among different 

farmers, vendors, stakeholders, government agencies, scientist and mainly the consumer 

to disclose the multiple effects of artificial fruit ripening issues and the implementations 

of the existing rules for food quality in Pakistan. 

Part II, sheds light on utilization of PIXE for elemental profiling of selected fruits Apple 

(Malus domestica), Apricot (Prunus armeniaca L), Banana (Musa acuminata),          

Date (Phoenix dactylifera L) , Fig (Ficus carica), Guava (Psidium guajava), Persimmon 

(Diospyros kaki L), and Plum (Prunus domestica) from the different markets of 

Islamabad Pakistan. Mature but ready to eat fruits were purchased from market such as 

Aabpara Market, Itwar Bazar, Metro Super Market, Mandi Mor and Street Vendor. Fruit 

samples from market and control fruits were oven dried and ground to fine powder.  

Pellets of 2 mm thickness and 13 mm diameter were prepared using Laboratory Hydraulic 

Press and samples were irradiated with 3 MeV collimated protons from the 5 MV tandem 

accelerator. The X-rays emitted during irradiation from the samples were measured by 

Silicon Drift Detector (SDD) and the acquired X-ray spectrum was analysed by using the 

software GUPIXWIN. PIXE elemental profiling of the fruit samples was further validated 

by X-ray Fluorescence Spectroscopy (XRF). This state of the art technology confirmed 

the presence of essential mineral along with arsenic, cadmium, mercury and lead traces in 

different fruits from different fruit market. Results of this part showed that all fruit 

contained significant concentrations of these essential minerals. Heavy metal such as 

arsenic was detected in every fruit sample except Persimmon and fruit from Aabpara 

Market was likely to contain arsenic in almost significant amount. Mercury was detected 

in Guava, Persimmon, Date and Plum and fruit from Madi Mor contained mercury in 

significant amount.Cadmium was detected in Apricot, Apple and Fig and fruit from 

Aabpara Market contain cadmium in almost significant amount.Similarly Lead was 

detected in Plum and Persimmon and fruit from Aabpara Market showed traces. 

Present study results revealed the range of EDI (mg/kg bw day) of the Cr which as 

normal or with in the permissible limits in guava, Banana, Date, Fig, Apple and Apricot 

while in Persimmon and Plum it was 35-176.14 mg/kg bw day and 80.57-137.24 mg/kg 
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bw day respectively. HI and THQ was less than 1 for Cr for all fruit samples. 

Consequently, the intake of these foods does not pose health risks associated with the 

toxicity of Cr. Arsenic was detected in Guava, Banana, Date, Plum, Fig, Apple and 

Apricot. THQ value for arsenic was calculated less than 1 in all fruits except in guava 

where THQ of arsenic was in range of 1.8-3.2. These results showed that arsenic 

contaminated Guava fruit can pose serious health hazard to consumers. Mercury was 

detected in Persimmon Fig and Date fruits but their THQ value for mercury was 

calculated less than 1. Therefore, the ingestion of these foods does not pose health risks 

associated with the toxicity of Hg. Similarly Cadmium was detected in Fig Apricot and 

Apple fruits but their THQ value for mercury was calculated less than 1. Therefore the 

consumption of these foods do not pose health risks related to Cd toxicity. Lead was 

detected in Persimmon and Plum fruits but their THQ value for lead was calculated less 

than 1. Consequently, the intake of these foods presents no health hazards associated with 

the toxicity of Pb. 

The present study revealed that the presence of heavy metals in selected fruits from 

market is related to artificial ripening agents which are the main cause of deposition of 

these heavy metals more than their upper limits in the fruits. Furthermore, based on the 

research utcomes we suggest the food regulating authorites to take controlling measure 

against the different types of fruit ripening in Pakistan and there is an imminent need to 

develop the guidelines for the use artificially ripened agent in markets and its permissible 

exposure limits for various fruits ripening conditions for different agriculture practices. 

Further studies are required therefore to call the active involvement of politicians, 

government agencies, producer, manufacturer, scientists and consumers in addressing 

various aspects of artificial fruit ripening. The promotion of use of there state of the art 

analysis will definitely contribute to development of field. Moreover, a close 

collaboration between physicists and specialists from plant sciences is the key to success 

in this multidisciplinary research. 
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Aims and Objectives 

Interdisciplinary research is a mode of research that incorporates information, data, 

techniques, methods, concepts and theories as scientific knowledge that has advanced in a 

broad range of discipline. Food and nutrition developments have changed consumer tastes 

to healthy and nutraceutical foods. Therefore, it has become inevitable to evaluate the 

natural and artificially ripened fruits for their minerals content and health related indices. 

For the ease of the reader we divided the studies in two parts. The primary aims and 

objectives of this rsearch are given below. 

The main objectives of this study are summarized below, 

1. To investigate the variations in minerals and elemental composition with special 

focus on detection of heavy metals in calcium carbide ripened Peach (Prunus 

persica L)  and Mango (Magnefera indica)  fruits and health risk involved due to 

artificial fruits ripening agents  …………………....…………. Part I 

2. To assess of  macro and micro elements of selected fruits commonly available in 

our markets and estimate their daily reference intake, hazards index and targeted 

health Quotient  …….....................................................…….Part II 
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1.1. Introduction and Literature Review 

Trace elements play critical part in biological process and these elements help living 

organisms in their life maintaining activities. Although essential trace elements are 

required in exceptionally diminutive concentration, but their excessive amount or absence 

can be fatal for living organisms.  In spite of the fact the trace elements play imperative 

part as they act as co factor for several enzymes, stabilize biological important molecules, 

facilitate binding of molecule to receptors on membranes/cell membranes and regulate 

gene expression. In the pathogenesis of many diseases such as cancer, Parkinson's 

disease, and atherosclerosis in animals, as well as phytotoxic effects in plants, an excess 

or deficiency of these elements has been implicated.  

1.1.1. Iron (Fe)  

Iron is a vital component of numerous proteins and molecules and performs various life 

sustaining functions in plants. Fe-S clusters, photosynthetic and respiratory cytochromes, 

NADPH oxidases and ferritin are some examples of iron dependent proteins. It is 

responsible for photosynthesis, mitochondrial nitrogen assimilation, respiration, hormone 

biosynthesis, scavenging and production of reactive oxygen species, osmoprotection and 

pathogenic defence (Hänsch and Mendel, 2009). Iron is an important metal for oxidation–

reduction reactions, haemoglobin synthesis of erythrocytes, and cellular proliferation, 

whereas surplus iron accumulation results in organ dysfunction through the production of 

reactive oxygen species (Kohgo et al., 2008). Like plants, majority of enzymes and 

proteins contains iron for their activation and functioning. They include hemeproteins 

(hemoglobin, myoglobin and cytochromes), non-hemeproteins (Fe-S clusters, iron oxo-

clusters etc.), oxygenases, peroxidases, nitric oxide syntheses and guanylate cyclase etc. 

(Papanikolaou and Pantopoulos, 2005). 

1.1.2..Nickel (Ni)  

Nickel is an important element for many prokaryotic enzymes like hydrogenases, 

dehydrogenases and methyl- reductases but it scarcely acts as a cofactor in eukaryotes. It 

occurs in oxidation states I, II and III in plants (Bai et al., 2009; Bai et al., 2010). Nickel 

is important for plant growth and more probably involved in different physiological 
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processes. It is an important constituent for urease and necessary for its function 

(Gerendás et al., 1999). Nickel deficient plants are unable to metabolize urea and 

accumulate higher concentrations of urea in their leaves and exhibit leaf tip necrosis (Taiz 

and Zeiger, 2006). Nitrogen fixing microorganisms utilize nickel for nitrogen fixation and 

its deficiency causes nitrogen deficiency in plants. Surplus of Ni
2+

 in soil points to some 

diverse toxicity and physiological alterations symptoms such as necrosis and chlorosis in 

different plant species (Pandey and Sharma, 2002; Rahman et al., 2005) containing rice. 

Plants grown in Ni
2+

 enriched soil reveal damage of nutrient balance and result in 

disorder of cell membrane functions. Thus, Ni
2+

 alters the lipid composition and H
+
-

ATPase activity of the plasma membrane as reported in the shoots of rice plant (ROS et 

al., 1992). Other symptoms of Ni excess include disturbance in membrane functionality, 

ion imbalance in the cytoplasm (specifically potassium ion) and water imbalance (Pandey 

and Sharma, 2002; Gajewska et al., 2006). Nickel has potential carcinogenic effect over 

lungs and may lead to cancer of respiratory tract, pulmonary fibrosis and skin allergies in 

professionally exposed individuals (Kasprzak et al., 2003). Its exposure also produce 

embryo toxic and nephrotoxic effects (EPA, 2002), conjuctivitus, asthma and 

eocinophilic pheumonites (Athar and Vohora, 1995).  

1.1.3. Chromium (Cr)  

Several toxic effects of chromium have been reported in plants. Nutrient imbalance, 

chlorosis in young leaves, inhibition of plant growth, root injury and wilting of tops are 

some symptoms of chromium toxicity (Sharma et al., 2003; Scoccianti et al., 2006). 

Terrestrial plants show reduction in chlorophyll biosynthesis when exposed to higher 

level of Cr (Vajpayee et al., 2000). Higher concentration of chromium affects plant 

growth and developments by affecting the germination process, root growth, stems and 

leaves. Chromium exposure also causes the metabolic changes either by direct effect on 

enzyme activity and metabolites or by production of reactive oxygen species (Shanker et 

al., 2005). Chromium commonly exists in two oxidation states, Cr
6+

 and Cr
3+

. Cr
6+

 is a 

potent human carcinogen while Cr
3+

 is an essential element. Long term exposure of Cr
6+

 

can affect some body organs and tissues like liver, kidney, circulatory and nerve tissues. 

It can also cause skin irritation (Martin and Griswold, 2009). Nephrites, liver necrosis and 

gastrointestinal irritation occur due to the chromium toxicity (Athar and Vohora, 1995).  
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1.1.4. Manganese (Mn)  

Manganese is very important for the development and metabolism of plants and occurs in 

variable oxidation states such as Mn
+2

, Mn
+3

 and Mn
+4

 in nearly thirty five enzymes of a 

plant cell (Hebbern et al., 2009). Manganese can perform two functions in proteins: (1) it 

functions as catalytically active metal, or (2) it employs an activating role on enzymes. 

Examples for the catalytic role are manganese-containing superoxide dismutase 

protecting the cell from damaging effects of free radicals, the oxalate oxidase, and the 

manganese-containing water splitting system of photosystem II (Barber, 2003; Millaleo et 

al., 2010). Examples for the manganese- activated enzymes are malic enzyme, isocitrate 

dehydrogenase, PEP carboxykinase, and phenylalanine ammonia lyase. Manganese 

activation was seen in enzymes of nitrogen metabolism (glutamin synthetase, arginase), 

gibberellic acid biosynthesis, RNA polymerase activation, and fatty acid biosynthesis 

(Hänsch and Mendel, 2009; Millaleo et al., 2010).  

Excess of manganese in plants causes chlorosis in leaves, decreased growth and reduced 

dry biomass etc. (Lidon and Teixeira, 2000; Rosas et al., 2007; Najeeb et al., 2009). 

Decrease in photosynthesis, reduction in chlorophyll a and chlorophyll b contents as well 

as reduction in carotenoids have also been reported in some plants under Mn excess 

(Hauck et al., 2003). Mn toxicity can also prompt oxidative stress through ROS in plant 

cells (Demirevska-Kepova et al., 2004). Deficiency of Mn leads to the deactivation and 

disruption of the Mn dependent enzyme. Manganese is also one of the essential elements 

and found in many biological tissues. It plays indispensable role in regular functioning of 

a range of physiological procedures like lipid, amino acid, carbohydrate and protein 

metabolism (Erikson et al., 2005). Manganese is also involved in immune system 

functioning, regulation of cellular energy, connective and bone tissue growth and blood 

clotting (Erikson and Aschner, 2003). In the brain, Mn acts as a cofactor for various 

enzymes comprising the anti-oxidant enzyme superoxide dismutase (Hurley et al., 1987) 

as well as enzymes involved in neurotransmitter synthesis and metabolism (Golub et al., 

2005). Despite of its essentiality, Mn is neurotoxic when its large concentration 

accumulates in the body (Aschner et al., 2007).  
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1.1.5. Copper (Cu)  

Copper is essentially responsible for photosynthetic processes and mitochondrial 

respiration, carbon and nitrogen metabolism. It provides protection against oxidative 

stress and is required for the synthesis of cell wall. Copper exists in two oxidation states 

Cu+1 and Cu+2 under physiological conditions and can exchange between these forms 

(C+1 is unstable). It imparts copper the property to act as a reducing or oxidizing agent in 

biochemical processes. But at the same time, copper is also potentially toxic as copper 

ions can cause the formation of free radicals, thus leading to the loss of proteins, DNA 

and other biomolecules functionality. Therefore, scavenging proteins such as 

metallothioneins and copper cheperons are present to escape copper accumulation in a 

toxic form (O'Halloran and Culotta, 2000; Huffman and O'Halloran, 2001). Copper 

primarily occurs in the brain and is most prominent in the basal hippocampus, ganglia, 

cerebellum, several synaptic membranes, and in the cell bodies of cortical cerebellar and 

pyramidal granular neurons (Madsen and Gitlin, 2007). Copper is vital cofactor or/and a 

structural component of a number of important enzymes (Scheiber et al., 2013) which are 

involved in oxidation and reduction reactions (Kaim and Rall, 1996; Rubino and Franz, 

2012). The relatively high reduction potential of the  

Cu2+/Cu+ system enables many of the copper enzymes to directly oxidize their substrate. 

Enzymes in the central nervous system such as ceruloplasmin, tyrosinase, peptidylglycine 

α-amidating, zinc/copper superoxide dismutase, hephaestin, cytochrome c oxidase, 

dopamine-β-hydoxylase and mono-oxygenase dpends on Cu for their proper functioning 

(Rinaldi, 2000; Zucconi et al., 2007). Copper is involved indirectly or directly in the 

pathogenesis of many neurological diseases, comprising Alzheimer disease, 

aceruloplasminemia, amyotrophic lateral sclerosis, Menkes disease, Huntington disease, 

occipital horn syndrome, prion disease, Parkinson disease and Wilson disease (Desai and 

Kaler, 2008; Scheiber et al., 2014).   

1.1.6. Zinc (Zn)  

Zinc is an essential element and maintains the structural integrity of bio membranes. It is 

an important component of most of enzymes, proteins and transcription factors including 
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oxidoreductases, hydrolytic enzymes and zinc finger transcription factors. Most of these 

enzymes and proteins are involved in DNA replication and transcription, RNA processing 

and translation (Hänsch and Mendel, 2009). Splicing factors, RNA polymerases, DNA 

polymerases, histone deacetylases and enzymes involved in RNA editing in chloroplast 

and mitochondria are some examples of zinc dependent enzymes (Krämer and Clemens, 

2006). Furthermore, zinc is also very essential for seed development in some plants.  Zinc 

is a primary requirement for normal synthesis, development and function of immune cells 

like neutrophils, macrophages, natural killer (NK) cells, T lymphocytes and B 

lymphocytes. Zinc contains antioxidant property and protects the cells from damage 

(Prasad, 2008; Plum et al., 2010). It is also required for the proper functioning of zinc 

finger proteins which bind to the DNA sequences and control the expression and function 

of others proteins involved in signal transduction (Chasapis et al., 2012). Zinc is a stable 

element due to its filled d-subshell and lacks redox property. It plays critical role in cell 

development, growth, differentiation, connective tissue maintenance and growth, 

homeostasis, cell division, transcription, DNA synthesis and cell activation. It is also 

crucial for blood clotting, wound healing, proper thyroid function, prostaglandin 

formation, bone mineralization, foetal growth and sperm production (Chasapis et al., 

2012). It controls body fluid pH, improves the production of collagen to form hair, skin, 

nails, aids to develop memory and regulates the normal function of the prostate. 

Furthermore, it plays an important role in testosterone secretion (Bhowmik and Chiranjib, 

2010).  

1.1.7. Cobalt (Co) 
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1.1.9. Lead (Pb)  

Lead (Pb) is a toxic element and ubiquitously dispersed in the soil. It induces opposing 

effect on growth, morphology and photosynthetic processes of the plants. Increased 

amount of Pb also causes enzyme inactivation, changes in membrane permeability, water 

imbalance and disturbance of mineral nutrition (Sharma and Dubey, 2005). Lead 

inactivates the enzymes at cellular level by reacting with their sulfhyhdril (SH) groups. 

High Pb concentration is also responsible for the generation of reactive oxygen species 

(ROS) in plants (Reddy et al., 2005). Environmental Protection Agency (EPA) reports the 

lead as a likely human carcinogen. Pb can affect almost every organ and system in the 

body. Chronic Pb toxicity in adults can produce problems in some tests that evaluates the 

normal functioning of the nervous system; fragility of fingers, ankles or wrists, little rise 

in blood pressure; and anaemia. Exposure to high Pb levels can severely harm the brain 

and kidneys and eventually causes death. Miscarriages occur in pregnant women due to 
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higher levels of Pb. High level exposure in men can damage the organs responsible for 

sperm production (Martin and Griswold, 2009).  

1.1.10. Cadmium (Cd)  

The higher exposure of Cd to plants can decrease the water uptake, nutrient uptake and 

photosynthesis. When plants are grown in Cd contaminated soil, they show the symptoms 

of growth inhibition, browning of root tips, chlorosis and eventually plant death (Wojcik 

and Tukiendorf, 2004; Mohanpuria et al., 2007). Cadmium is extremely noxious metal. 

Ingestion of higher level of cadmium by humans leads to stomach irritation resulting 

vomiting and diarrhea. Kidney diseases, lung damage and fragility of bones due to 

demineralization occur due to the long term exposure of lower concentrations of 

cadmium (Martin and Griswold, 2009; Sarkar et al., 2013). Cadmium accumulation in the 

pregnant women results the alleviated birth weights and premature birth (Henson and 

Chedrese, 2004).  

1.1.11. Arsenic (As)  

Arsenic exists in inorganic and organic forms. There are two inorganic forms: arsinite, As 

(III) and arsenate, As (V) that can either synthesize monomethyl arsenic acid [MMA(V)] 

or dimethyl arsenic acid [DMA(V)] upon methylation. The metabolism of inorganic 

arsenic involves the reduction of pentavalent arsenic to trivalent arsenic, catalyzed by 

glutathione, then formation of pentavalent organic arsenic by oxidative methylation as 

shown in Fig. 1.1 (Hughes, 2002). Inorganic arsenic is far more toxic and harmful than 

organic arsenic (Shi et al., 2004; Valko et al., 2005). The longterm exposure of As 

influences the vascular system and produces hypertension and cardiovascular disease; 

acute As exposure may give rise to cardiomyopathy and hypotension. Prolonged arsenic 

exposure is responsible for the most prevailing neurological effect that is peripheral 

neuropathy (Jomova et al., 2011).  Inorganic arsenic has been reported to cause pyruvate 

dehydrogenase inactivation by interacting to the sulfyhdryl group of dihydrolipoamide 

resulting in the reduction of pyruvate to acetyl coenzyme A (CoA). As a result, citric acid 

cycle activity and generation of ATP (energy molecules) in cells are lowered (Bergquist 

et al., 2009). As (III) deactivates several other cellular enzymes via sulfyhdryl group 
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binding. It also ceases glucose uptake by cells, oxidation of fatty acids and 

gluconeogenesis. Trivalent arsenic also reduces the formation of glutathione, which 

protects cells against oxidants (Miller et al., 2002).  

Subsequently, in recent years, the development and advancement of techniques that can 

precisely map and measure trace elements has been a primary goal of scientists and 

researchers. 

1.2. Techniques to Measure Trace Elements 

1.2.1 Flame Atomic Absorption spectroscopy (AAS) and Graphite Furnace Atomic 

Absorption Spectroscopy (GFAAS) 

The working principle of FAAS and GFAAS requires the excitation, with the assistance 

of light of a particular wavelength, of atoms of an element in the vapor process. The 

disparity occurs in the light source attachment. In FAAS, air/acetylene or air/nitrous 

oxide flame is used, while in the case of GFAAS, the graphite furnace is the energy 

source. As the number of atoms of the chosen element in the light path increases, the 

amount of light energy absorbed will increase. To calculate unknown sample 

concentrations by calculating the amount of light they absorb, the relation between the 

amount of light absorbed and the concentration of analytes found in known standards can 

be used. FAAS is inexpensive, conveniently handling, more precise technique. It uses the 

small quantity of sample and takes less time (10-15 seconds/element) to analyze an 

element in sample. The main limitation of this technique is that it determines the sample 

only in solution form.  

FAAS and GFAAS have been used in elemental analysis of food and plants (Doner and 

Ege, 2004; Saracoglu et al., 2007; Tuzen and Soylak, 2007; Saracoglu et al., 2009), 

vegetables (Bakkali et al., 2009), milk (Falomir et al., 1999), sea food (Khansari et al., 

2005), mushroom (Maihara et al., 2012) and cereals (Bazzi et al., 2004), human body 

fluid (Trzcinka-Ochocka et al., 2016) agricultural soil (Boschetti et al., 2014) water 

(Townsend et al., 2001; Bakırdere et al., 2013). 
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1.2.2 Inductively Coupled Plasma - Optical Emission Spectrometry (ICP-OES) 

ICP-OES (Inductively coupled plasma - optical emission spectrometry) is an important 

technique which is used to determine the composition of elements by using plasma and 

spectrometer.  The working principle of ICP-OES is the measurement of intensity of 

lights of certain wavelength produced due to the excitation of ionized sample atoms in the 

plasma state.  

The solution (mostly in liquid state) which is to be analyzed is introduced into the device 

by a peristaltic pump, then to the spray chamber through nebulizer. The produced aerosol 

is injected into the argon plasma having temperature 6000-8000 K. This high temperature 

is enough to produce plasma state of all the elements presents in the samples. These ions 

(Plasma ionic state to samples) are accelerated in the magnetic field produced in the 

induction coils by high frequency alternating currents. Because of high thermionic energy 

electrons are excited in the higher states and produce a photon of certain energy when 

return back to ground states. Each element in the samples have their own characteristic 

wavelength (Photons). The number of characteristics waves gives us the information 

about the number of atoms or concentrations. The intensity of the waves is measured with 

the help of spectrometer. Finally, the concentration and composition of elements can be 

determined with calibration calculations. 

This technique has been used in elemental analysis of human body fluids (Kiran and Raja, 

2017), Water (Faraji et al., 2010; Rezaee et al., 2010; Frankowski et al., 2011) honey 

(Aghamirlou et al., 2015), milk powders (Gunn et al., 1977), river sediments (Kiran and 

Raja, 2017), marine geochemistry and plankton (Kiran and Raja, 2017) plants (Lomer et 

al., 2000; Hansen et al., 2013; Wheal et al., 2011) wood ashes (Górecka et al., 2006) 

algal biomass (Michalak et al., 2014) and seafood (Sakao and Uchida, 1999; Sneddon 

Vincent, 2008). 

1.2.3 Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 

ICP-MS (inductively coupled plasma-mass-spectrometry) is an important spectroscopic 

technique which is used to determine the ultra-low concentrations and compositions of 

elements in the samples. ICP-MS has advantage over the ICP-OES because of its 

extremely low detection limit and ability to detect the isotopes compositions. The 
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working principle of ICP-MS is the separation of ions produced using Argon plasma in 

quadrupole using resonance principle in mass spectrometry. 

The prepared samples to be analyzed are sent into the spray chamber with the help of 

peristaltic pump where it is nebulized. The resulted aerosol are mixed with Argon Plasma 

having high temperature and produces ions. The ions are focused and injected in the mass 

spectrometer with the help of electrostatic lenses. Mass spectrometer consist of four metal 

rods, quadrupole which separate the ions on the basis of their masses by the principle of 

resonance. Hence the final concentration of isotopes and all elements presents in the 

samples can be calculated.  

This technique has been used in elemental analysis of food and plants (Eckhoff and 

Maage, 1997; Cubadda et al., 2001; Kohlmeyer et al., 2003; Nardi et al., 2009), water 

(Ammann, 2002), human body fluids (Schütz et al., 1996; Townsend et al., 1998; 

Heitland and Köster 2006; Trzcinka-Ochocka et al., 2016), algal biomass (Kohlmeyer et 

al., 2003) and seafood (Salvo et al., 2016; Matsumoto-Tanibuchi et al., 2019). 

1.2.4 Synchrotron X-ray Fluorescence (XRF) Spectrometry 

This technique uses X-rays as source of irradiation. The target sample is excited with X-

rays and due to movement of electrons, specific fluorescence radiations, particular to one 

material only, are emitted. The fluorescence radiations are detected by detector. It is 

suitable for solid, liquidand powdered samples. 

 

Figure 1.1: Schematic diagram of Synchrotron X-ray Fluorescence (XRF) 

Spectrometry process.  

X-rays are generated from X-rays source and excited with target sample. As a result 

particular fluorescence radiations are emitted which are detected by detector. Particular 

spectrum is formed by spectrometer and can be visualized on computer screen. 
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1.2.5 Applications of XRF  

1.2.5.1 Food products  

XRF has been applied in numerous studies to characterize the elemental content of many 

foods. Toxic and essential elements were measured by XRF in seafood, which is known 

to bio-accumulate metals (Manso et al., 2007; Desideri et al., 2009). XRF has been used 

for the accurate determination of macro-elements (Na, Mg, P, Cl, K, and Ca) and trace 

elements (Fe and Zn) by XRF in commercial dehydrated bouillon and sauce base 

products (Perring and Andrey, 2018). In various finished food/feed products such as 

powdered milk (Perring and Andrey,2003), freeze-dried milk and dairy products 

(Pashkova, 2009), infant cereals (Perring and Blanc,2007), and dry pet food (Ávila et 

al.,2016; Perring et al., 2017), XRF has been successfully studied, developed and 

validated for more than a decade. XRF was shown to be adequate for the determination of 

multiple elements in Mexican candies at mg/kg levels (Martinez et al., 2010).   

1.2.5.2 Plant samples 

 Considerable efforts have been made to determine the concentrations of trace elements in 

plant leaves. Tobacco and its ash were quantitatively analyzed for K, Ca, Ti, Fe, Cu, Br, 

Sr and Ba using XRF method (Çevik et al., 2003). XRF was applied to characterize the 

elemental content of lichens and cole (Brassica oleraceae var. acephale); cole samples 

were collected from 11 stations and analyzed using 50 mCi Fe-55 and Am-241 

radioactive sources (Tıraşoğlu et al., 2005). XRF has been used for the accurate 

determination of iron and zinc in common bean, maize and cowpea seeds (Guild et al., 

2017), determination of iron, zinc, and selenium in whole wheat grains (Paltridge et al., 

2012a), determination of iron and zinc in rice and pearl millet grain (Paltridge et al., 

2012b). To describe the content of potassium, calcium, iron, copper, and zinc in potatoes, 

bananas, salad, rice, beans, and oranges, Brazilian scientists used the XRF process. 

(Krupskaya et al., 2015). 

 1.2.5.3 Soil Samples   

Soil can be measured in situ with portable XRF instrumentation, though it is more 

commonly analyzed as a bulk material either in a sample cup or as a pressed pellet. The 

analysis of street dust using XRF was used to characterize heavy metal contamination 

from atmospheric deposition (Yeung et al., 2003). XRF method was used for the 
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determination of nine elements (V, Cr, Mn, Fe, Ni, Cu, Zn, As and Pb) in the soil, grape 

and wine samples (Orescanin et al., 2003).   

1.2.5.4 Other sample types 

 Ayurvedic herbal medicine products have been associated with numerous heavy metal 

poisoning cases in recent decades and have therefore been the focus of several EDXRF 

studies (Saper et al., 2004; Saper et al., 2008; Mahawatte et al., 2006). The use of XRF in 

the assessment of air quality was demonstrated in a quantitative study of aerosol particles 

deposited on filters (Spolnik et al., 2005). The use of XRF for the determination of 

elemental content in water may not be considered practical compared with other 

analytical procedures such as ICP-MS because sensitivity is not enough for direct 

analysis (Marguí et al., 2012; Melquiades et al., 2011). The latest developments in XRF 

have improved the accuracy and made it possible to analyze alloys, metals such as gold 

jewelry using a few or no reference samples (Jalas et al., 2002). 

1.2.6 Particle Induced X-ray Emission (PIXE) 

It is an ion beam analytical technique which was first introduced in 1970 at university of 

Lund. With the use of the PIXE methodology, the concentration of a wide range of 

elements in environmental samples can be evaluated. X-rays emission is induced by the 

incident of high energy proton beam on target atom. A schematic presentation of PIXE 

setup is shown in Figure1.2 

1.2.6.1 Working Principle of PIXE 

A vacancy is created in the target atom due to high energy proton beam. In order to fill 

that vacancy electron jump from high energy shell into low energy shell and release 

energy in the form of characteristic X-rays. X-rays are formed following the excitation of 

target atoms caused by an energetic proton ion beam or alpha particle. The incident ion 

often undergoes elastic or inelastic scattering during the collision. By returning to its 

original electron conFiguration, the excited target atom attempts to recover a stable 

energy state. As a consequence of this operation, electromagnetic radiation emissions 

occur in the form of characteristic X-rays of the excited atom. A series of Collimators is 

used to target the beam of protons towards the sample and it also reduces the size of 

beam. Sample of particular thickness was pelletized by using hydraulic press. The beam 

charge is accumulated in Faraday cup which is present behind the sample holder. Specific 

X-rays produced enter into chamber through thin beryllium window and are detected by 
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Silicon Drifted Detector (SDD).Obtained spectrum is further evaluated by software i.e. 

GUPIXWIN and it extracts peak intensities and converts these to concentrations.   

1.2.6.2 Advantages of PIXE 

PIXE don‘t need any sample preparation procedure to analyse the samples i.e. acid 

digestion and this property make PIXE a non-destructive technique. It does not damage 

the sample, which is great for valuables (jewellery, paintings, paper).Samples after PIXE 

analysis can be used for other purposes. PIXE costs very low per analysis. PIXE is a 

versatile technique as it can analyse samples ranging from a large painting to a single cell. 

Hence PIXE technique can be applied to for multi elemental analysis in different field 

such as chemistry, biology, geology, agriculture archaeology etc. PIXE is very sensitive 

technique which analyse elements and sodium to uranium can be detected with a 

sensitivity of ppb~ppm. It has short measuring time with high sensitivity and good 

precision. PIXE simultaneously quantify the 10-20 elements from sodium (Na) to 

uranium (U) in no time. For many applications the irradiation time of 1-2 minutes are 

sufficient. PIXE being non-destructive technique and do not offer sample preparation, 

therefore chances of contamination resulting from sample digestion, dilution and 

preparation ranges to zero 

1.2.6.3 Limitations of PIXE 

The accumulations of shaft charges from protecting target samples are the real 

multifaceted nature in PIXE examination. Due to this the samples can be splashed with 

electrons from electron gun joined with the faraday cup. Creation of vacuum is another 

enormous issue in PIXE examination. Vacuum of 10-6 torr is required for better results. 

Numerous precautionary measures are expected to accomplish such estimation of 

vacuum. Moisturized samples also make a ton of issues in examination. To diminish this 

issue samples must be totally free from all kinds of wetness. It does not provide 

information about light elements like carbon, oxygen etc. Analysis of insulated materials 

is difficult with this technique. It is a surface analysis technique (up to 10-20 µm only). 
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Figure 1.2: Schematic diagram of Particle Induced X-ray Emission (PIXE). 

3MeV proton beam from source accelerated by 5MV Tandem Pelletron accelerator is 

bombarded at target which excite the atom in target. During de-excitation these atoms 

emits characteristic x-ray from K, L and M shells. The emitted X-rays are detected by 

detector (Silicon Drift Detector). The signal detected is amplified and transmitted to the 

readout. In order to collect the beam charge, the Faraday cup was placed, and a current 

integrator records the total collected beam charge during a run. The PIXE spectrum is 

collected and the GUPIXWIN program is used to interpret the data quantitatively. 
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1.2.7 Applications of PIXE 

During the last decade, a considerable effort has been expended in the development of 

PIXE for investigating biological and medical samples. This is due to the non-destructive 

nature of PIXE with minimum effects on the sample caused by the laser, compared to 

classical chemical and physical analysing methods; in addition, PIXE can be used with 

the ease and versatility to gain multi-elemental and quantitative information on small 

sized samples. In biological systems, trace elements play an important role and their 

different concentrations are required for the diagnosis of diseases. 

1.2.7.1 Aerosol Studies 

In the past few years, many international and national agencies have been increasingly 

concerned by the continuous decrease in the environment quality by natural, synthetic and 

industrial pollutants. Environmental quality investigations have found that the need for 

multi-elemental and highly sensitive techniques applicable to soil, water, air and 

biological samples is due to limited samples and low toxic levels. 

1.2.7.2 Geological Studies 

Elemental analysis of all types of ore, rock, coal, meteoritic and lunar samples has been 

achieved. Cohen et al., (1980) has revealed an important practical significance of PIXE in 

the mining industry i.e. measurement of uranium and thorium in thick ores samples at 

ppm levels. PIXE analysis on various monazite inclusions in biotite mica and mineral 

monazite samples from Malaysia has been accomplished to examine the presence of the 

super heavy elements (Gentry et al., 1976). 

1.2.7.3 Genetically Modified Foods 

PIXE techniques has potential to be employed to identify and analyze genetically 

modified foods. Medeiros et al. (2005) conducted a study to analyse genetically modified 

foods using PIXE technique. This study revealed that elemental composition of 

genetically modified foods and natural food was same, but GMOs have higher 

concentration of Br, Ca, Cr, Mn, K, P, S and Zn. 
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1.2.7.4 Biological Tissues 

Many pathological and clinical disorders arise in humans and animals as a result of 

excess or deficiency of trace elements. Lear et al. (1976) determined concentrations of 

cadmium in kidney and observed a link between age and disease under study. The 

presence of trace element differed with dietary habits, age and gender of the patients. 

Sarita et al. (2013, 2014a,b) applied PIXE technique to analyse different cancer tissue 

such as uterine cervix cancer, tongue cancer, and lung cancer. Hasselmann et al. (1977) 

utilized PIXE technique for analysis of the biopsy samples of rat liver. 

1.2.7.5 Forensic Sciences 

Biological samples like hairs, blood and urine are the most suitable tissues for diagnostic 

purposes. Furthermore, PIXE has been used widely for analysis of saliva samples 

(Valcovic, 1977), blood serum (Lecomte et al., 1979), hair samples (Montenegro et al., 

1980) Rehman et al. (2018) utilized PIXE technique to analyse heavy metals 

accumulation in the hair of factory workers and they reported that PIXE can be a valuable 

and beneficial for forensic research work. 

1.2.7.6 Agronomy (Soil Sciences) 

Soil is complex media and it is difficult to profile the available nutrients in soil. The 

multi-elemental character of PIXE brings benefit and ability to soil science research 

compared to other analytical techniques for elemental analysis. (Nsouli et al. 2004; Ene et 

al., 2009; Asubiojo et al., 2012; Kumar and Mehta, 2014; Doley and Kalita, 2014; Kumar 

et al., 2015). 

1.2.7.7 Agriculture 

A fundamental aspect in agriculture and in plant growing is the relationship between plant 

nutrient concentration and growth conditions: light, temperature, water supply and 

fertilisers supply. The different fertilizers are different chemical compounds and they act 

in different ways in nutrient concentration of plants. In agriculture, nutrients are also 

called elements important to critical processes. The PIXE method is used to determine the 
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basic composition of medicinal plants. (Olabanji et al., 1997; Raju et al., 2006; 

Rajeshwari et al., 2012; Raju et al., 2013; Hossen et al., 2014; Rao et al., 2017) fruits 

(Meyer et al., 1979), vegetables (Olabanji et al., 1997; Pantelica et al., 2011; Fahad et al., 

2015) and crops (Bado et al., 2016). 
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Abstract 

The natural process through which fruit becomes soft, palatable, sweet and colored due to 

various chemical and physical changes is known as fruit ripening. However, the use of 

chemical agents as artificial fruit ripening agents has become common in recent years, 

primarily for industrial purposes, without recourse to their effects on health. Improper 

postharvest fruit technologies can lead to heavy metal contaminations like lead (Pb), 

cadmium (Cd), mercury (Hg), antimony (Sb) and several metalloids like arsenic (As). 

Among the major food supply pollutants, heavy metals are identified and are primarily 

regarded as the most important source of environmental contamination. Calcium carbide 

is one of such chemicals that is used in ripening fruits because of its cheapness and 

availability but at the same time it poses lots of potential health problems to health. 

Mainly this study was objective to determine the effect of calcium carbide on nutritional 

value and quality of mango and peach. We used Particle Induced X-ray Emission (PIXE) 

for the detection of arsenic traces in commercially available CaC2 and AFRs including 

mango and peaches. Direct detection of arsenic in AFRs is shown to provide evidences 

for the transfer of arsenic and phosphorus traces from CaC2 used for ripening to the inner 

eatable parts of fruits. Mature green mangoes and peaches were treated with CaC2 in three 

different ways (T1- T3) and were compared to fully ripened mango and peaches bought 

from local markets (T4) and non-treated mangoes (T0).  Pulverized fruits (mango and 

peaches) samples were irradiated by 3MeV collimated protons from 5MV tandem 

accelerator at National Institute of Physics, Pakistan and emitted X-ray spectrum were 

analyzed using GUPIXWIN to detect significant amount of As traces with differential 

presence of several other elements and the effects of CaC2 on the organoleptic 

characteristics of mango fruit were also evaluated. The control mango fruit showed 

delayed ripening with green and yellow, non-homogenous patches even after 4-5 days of 

the treatments and if kept longer, fruit skin showed shriveling due to loss of moisture. 

Elements detected in mango pulp were in range of Al (6.03-8.5 mg/kg), P (0.14-0.43 

mg/kg), S (0.396-0.83 mg/kg), Cl(5.32-10.12 mg/kg), K (268.2-426.8 mg/kg), Ca (79.4-

125.1 mg/kg), Cr (0.07-0.25 mg/kg), Mn (2.62-6.325 mg/kg), Fe (25.2-84.4 mg/kg), Ni 

(0.22-0.96 mg/kg), Cu (0.451-3.7 mg/kg), Zn (7.55-12.62 mg/kg) and As (0-5.75 mg/kg). 

Correlation analysis revealed that As has moderate negative correlation with potassium K 
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(r
2
 = -0.5) in mango pulp. Elements detected in peach peel were in range of Al (30.3-64.1 

mg/kg), P (0.3-0.7 mg/kg), S (0.6-0.8 mg/kg), Cl(0.4-0.8 mg/kg), K (230-413.8 mg/kg), 

Ca (171-275 mg/kg), Cr (0.2-0.8 mg/kg), Mn (7.25-12.5 mg/kg), Fe (66.3-92 mg/kg), Ni 

(0.5-0.7 mg/kg), Cu (0.3-2 mg/kg), Zn (5.8-10.2 mg/kg) and As (0-6.5 mg/kg). 

Correlation analysis revealed that As has very strong positive correlation with copper (r
2
 

= 0.942) moderate positive correlation with Nickel (r
2
 = 0.66) and Fe (r

2
 = 0.65) in peach 

peel.  Elements detected in peach pulp were in range of Al (6.7-13 mg/kg), P (didn‘t 

detected), S (0.6-0.8 mg/kg), Cl (0.5-0.8 mg/kg), K (440-750 mg/kg), Ca (167-339 

mg/kg), Cr (0.2-0.7 mg/kg), Mn (3.9-8.6 mg/kg), Fe (39-71 mg/kg), Ni (0.2-0.6 mg/kg), 

Cu (0.2-0.7 mg/kg), Zn (9.3-15 mg/kg) and As (didn‘t detected). It was noticed that peach 

fruit treated with CaC2 contain traces of arsenic residue only on their skin. No arsenic 

traces were recorded in pulp part of CaC2 treated fruits. There are certain studies that 

reports that tiny hairs on peach skin offer protective role to inner part of fruit. In present 

study we chose nectarines fruit which is closed to fruit both in structure and evolution. 

Nectarines are regarded as shaved peaches as this fruit does not contain fuss or tiny hairs 

on skin. So, we treated the nectarine fruit in the similar way as peaches were treated. 

Elemental profile of nectarine treated with CaC2 revealed that arsenic traces passed 

through skin and was recorded in inner part of nectarine fruit i.e. pulp. To determine the 

most significant variables that explain the relationships between the elements present in 

the fruits analysed, the PCA model was applied to all data. The PCA analysis revealed 

that As residue in peach peel samples is significantly high and is closely correlated with 

Cupper followed by iron and nickel. PIXE elemental profiling of the fruit samples was 

further validated by X-ray Fluorescence Spectroscopy (XRF), Graphite Furnace Atomic 

Absorption Spectroscopy (GFAAS) and Inductively Coupled Plasma Mass Spectroscopy 

(ICP-MS). All these state of the art technologies confirmed the presence of arsenic traces 

in different groups (T1-T3) including market samples of mango and peach (T4). Range of 

estimated daily intake of arsenic in mango (0.002-0.019 mg/kg) and peach (1.4-18.6 

mg/kg) was more than the WHO recommended guidelines (0.0003 mg/kg).  Estimated As 

intake of artificially ripened fruits can easily added up to already available As exposure 

towards the limits shown for several cancerous diseases. There is an imminent need to 

develop the guidelines for the use of CaC2 and its permissible exposure limits for various 
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fruits ripening in different agriculture settings. Therefore, more studies call for the active 

participation of policy makers, government officials, manufacturers, retailers, scientists 

and customers in order to explore different aspects of artificial fruit ripening. 

 

Key words: PIXE, XRF, ICP-MS, PCA, CaC2, GFAAS, Arsenic, Mango, Peach, 

Nectarine 
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Introduction 

Ripening process is the mechanism by which the fruit achieves its desirable flavour, 

texture, colour, edible and other morphological characteristics. Maturation is associated 

with a shift in structure, i.e. the conversion of starch to sugar. Fruits are categorized as 

climactic and non-climactic fruits based on ripening behavior. 

2.1.2 Climacteric Fruits 

Fruits that enter the 'climacteric phase' after harvesting i.e. they continue to mature are 

known as climacteric fruits. Ethylene emits along with an increased rate of respiration 

during the ripening process. Ripe fruits are soft and fragile, and usually cannot withstand 

the rigors of transport and repetitive handling. These fruits are harvested in the form of 

green and hard and are ripened near the consumption areas. Low doses of ethylene are 

used to trigger the maturation phase under controlled temperature and humidity 

conditions. These fruits are too delicate to endure transport over long distances in a fully 

ripe state and should ideally be ripened near the consumption area. 

2.1.3 Non-Climacteric Fruits 

Fruits that do not ripen further once harvested are termed as non-climacteric fruits. They 

produce a little amount of ethylene and don‘t respond to ethylene treatment. There is no 

distinctive increased rate of respiration or carbon dioxide emissions. 

In recent decades, the mechanism of fruit ripening has been regarded as being 

successively physiological, biochemical, and molecular in nature. Fruit ripening is 

followed by a variety of biochemical events that are critical for sensory efficiency, 

including shifts in colour, sugar, acidity, texture and aroma volatility. Some senescence-

related physiological modifications occur at the late stages of ripening that lead to 

membrane degradation and cell death. In that respect, fruit ripening can therefore be 

regarded as the first step in the process of programmed cell death. The synchronized 

expression of fruit ripening-related genes drives all biochemical and physiological 

modifications that take place during fruit ripening. Enzymes that specifically participate 

in biochemical and physiological changes are encoded by these genes. They also encode 

regulatory proteins involved in the signaling pathways and transcriptional machinery that 

control gene expression and set the ripening development program in motion (Fig.2.1). 
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Figure 2.1: Schematic representation of the molecular mechanisms that regulate climatic 

fruit ripening. The process of fruit maturation is a genetically controlled process of 

development involving the activation of a high number of primary and secondary 

metabolic pathways, both of which contribute to the fruit's overall sensory and nutritional 

quality. This process includes the expression of genes linked to maturation that encode 

enzymes (proteins) involved in the various pathways of maturation. The entire process is 

dominated by hormonal and environmental signals, in which ethylene plays an important 

role. 

2.1.4 Mango (Magnifera indica L.) 

Mango is a popular fruit also known as the ―King of fruits‖. Mango does not grow 

everywhere properly. Almost 77% of the world‘s mangoes are produced from Asia, while 

America and Africa account for around 13% and9%, respectively. It is native to South-
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East Asia and consists of 62 species. (Ekuguru Gorden Kwabena, November- 2011). In 

Pakistan, which is admired all over the world, a large number of mangoes are grown. 

Mango growing is acceptable for the soil and climate of Pakistan and its neighborhood. 

Mango grows whether it is clay, sandy or loam in a well-drained and slightly acidic soil 

(pH: 5.5-7.5). Mango can l8resist occasional flooding and it is also drought tolerant. 

Mango is a commodity of international trade. Because of its various species, different 

tastes and super quality, Pakistani mangoes are sold at a high price in many developed 

countries. 

Mango fruits have poor storage technologies and qualities for long term storage such as 

modified or controlled atmosphere have not been applied successfully to this fruit. Fruits 

stored in controlled atmosphere often show unpleasant characteristics, i.e. presence of 

unacceptable flavors, poor eating quality and poor color. So, different chemicals are used 

to delay the ripening in order to solve the problem of short shelf-life of mango fruits. 

However, calcium carbide has been used very frequently for a long time to enhance the 

mango fruit ripening process. (Nagaraj et al., 1984, Pal, 1998). 

After citrus, the second largest fruit grown in Pakistan is Mango (Mangifera indica L.). 

So, it has become an intrinsic part of culture and  history of the country (Asif et al., 

2002). Pakistan is world‘s fifth largest producer (1.3 million tons per annum) of mango in 

the world followed by China, Thailand, India and Mexico (FAO, 2006). It comprises of 

almost 734.6 thousand hectares which 14% of the total area under all fruits. Out of which 

mango occupies about 103.1 thousand hectares, i.e. 67% is in Punjab, where Multan and 

Bahawalpur districts are the main growing regions; 32% is in Sindh where Mirpurkhas 

and Hyderabad are the major mango growing zones (GOP, 2004). From 1990 to 2005 

there was 54% increment in mango production from 766,000 metric tons to 1673,900 

metric tons. It shows that fruit industry have been acquiring better farm management 

practices to elevate the production of the mango (Khan et al., 2008). 

Globally, the market for fresh mango fruit is growing, thus increasing the possibility for 

the countries that grow it. Although its market value depends upon the market access and 

the quality of fruit (Anwar and Malik, 2007) yet few pre-harvest factors, like disease 
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management and insecticides are important (Mahmood and Gill, 2002, Ishaq et al., 2004, 

Iqbal et al., 2004). For prolonged shelf life, access to international markets and 

preservation of better quality, adequate packaging and post-harvest treatments are 

required from the production point of view. (Anwar and Malik, 2007). Texture, taste, 

chemical constituents and volatile components are some of the main elements that 

contribute to the production and approval of high quality fresh mangoes by the customer. 

(Mamiro et al., 2007). To buy a specific fruit or its product, the sensory attributes 

especially color of the fruit has a great influence on the consumers‘ decision (Gössinger 

et al., 2008).  

Currently, there are two critical postharvest challenges for the local mango industry i.e. 

Firstly, wooden crates are used for mango packaging; which on one side cause physical 

bruises and injuries to fruit during shipment (Anwar et al., 2006), while on the other side 

these crates cause objection in international markets because of specific disinfestation 

treatments and quarantine concerns requisite for global trade (FAO, 2002). Secondly, due 

to its availability and lower market price, calcium carbide is the commonly used chemical 

agent for mango ripening, although the use of this product in the fruit industry is being 

inhibited worldwide due to phosphorous and heavy metals hazards such as arsenic that 

make nutritious fruit toxic to customers. (Mariappan, 2004). Since no technical 

knowledge is considered necessary for its aberrant use, (Subramanian, 2004), immature 

fruits ripened with CaC2 in high concentration becomes tasteless (Medlicott, 1986, 

Padmini and Prabha, 1997). 

2.1.5 Peach (Prunus persica L.) 

Peach (Prunus persica L.) is a rich source of sugars (Glucose, Sucrose and Fructose), 

carbohydrates, proteins, vitamins (A, C, E, Riboflavin, Thiamin, Folate, Niacin, and 

Pyridoxine), fats, minerals (P, Ca, Fe, Mg, Na, K, Cu, Zn, Se) and fibres (Hui, 2006). 

Peaches have outstanding antioxidant properties containing chlorogenic acid, and this 

fruit may be beneficial to the fruit industry for consumer health enhancement. (Rossato et 

al., 2009). 
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Peaches are of high nutritional and economical value (Kurz et al., 2008, Wolfe et al., 

2008). The major components of peach fruit are carbohydrates, minerals, dietary fibres 

and organic acids, which ensure the nutritional quality of both fresh fruits and juices. 

(Versari et al., 2002). The golden yellowish pulp of fully ripened peach fruits is sweeter 

since they exhibit lower acidity. Fruits with yellow pulp, however, typically have a sweet 

taste along with an acidic taste. A peach is extraordinarily rich in potassium and vitamin 

A, besides other worthy constituents such as natural sugars and organic acids in 

significant quantities. These components surely raise the nutritional level of the peach 

fruit. 

Regarding medicinal functions, the production of reactive oxygen species (ROS) can be 

decreased in human blood plasma and shelter from multiple chronic diseases can be 

provided by the peach in diet (Tsantili et al., 2010). Peaches have purgative qualities and 

are suitable to cure constipation and duodenal ulcers. These medicinal functions may be 

due to flavonoids, anthocyanins and phenolics which serve as a prime source of possible 

antioxidants in peach fruit (Gil et al., 2002, Rupasinghe and Clegg, 2007, Cevallos-Casals 

et al., 2006). 

These phytochemical contents are affected by many factors such as agronomic practices, 

varietal differences and climatic conditions (Tavarini et al., 2008). Most of the contents 

of carbohydrates, phenolics and organic acids are accumulated in the subepidermal and 

epidermal layers and are not evenly distributed within different regions of fruits (Mattila 

et al., 2006, Manzoor et al., 2012). 

The domestic and commercial applications of fruits i.e. for the production of processed 

sauces, slice and juice (Chang et al., 2000), ends in the production of large amount agro 

wastes of peel and seeds. Several previously published reports suggest that multi-fruit 

peels, i.e. pomegranate, orange, mango, grape, etc. contain high amounts of flavonoids 

and phenolics compared to their pulp. (Gorinstein et al., 2001, Leontowicz et al., 2003, 

D‘Abrosca et al., 2007, Lata, 2007). 
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Peaches are mainly grown in Khyber Pakhtunkhwa and Baluchistan in Pakistan, but some 

early maturing and low-chill cultivars are also scattered in the Punjab region of Pothwar. 

The peach is a typical northern area fruit of Pakistan, covering an area of 4,543 hectares 

with a yield of 48,284 tons. The main growing regions are Swat valley and Peshawar in 

Khyber Pakhtunkhwa and Quetta, Kalat and few areas of Kohistan hills in Baluchistan. 

Information available on the antioxidant properties and mineral constituents of both peach 

peel and pulp indicates that it contains 10-14% sugar, 2% protein and, in addition to 

phosphorus, iron and calcium, vitamins A and B are abundant in ascorbic acid. Peach is a 

major economic fruit tree of Baluchistan with a cultivation area of 60,22 ha and a 

production potential of 30,31 tons. (Wasim, 2011). 

2.1.6 Origin of Fruit Ripening 

Naturally the sour taste of unripe fruits is due to the presence of several organic (citric, 

ascorbic, malic, tartaric, formic) acids. Thus, the fruits become sweet when a number of 

chemical changes occur in the process of ripening i.e. acids are converted into sugars 

(Kendrick, 2009). 

Long ago, people have been following different methods of fruit ripening. To activate the 

process of ripening Egyptian harvesters in ancient times were used to cut Figs, while 

Chinese farmers used heated chambers to ripe pears (Kendrick, 2009). Later on 

researchers revealed that high temperature treatment of fruits stimulates ripening 

(Bouzayen et al., 2010). 

In 1901, Dimitry Neljubow, a Russian scientist noticed that ethylene stimulates fruit 

ripening. Thirty years later, researchers perceived that plants show response to ethylene 

as well as generate it by themselves and hence ripening is triggered at high heat or in 

injured fruits. As ethylene gas can disperse easily from cell to cell, therefore rate of 

ripening in the fruits which are cut accelerates than uncut fruits (Kendrick, 2009). 

Ethylene is a hormone produced naturally within the fruit, controls ripening by triggering 

and regulating a number of biochemical activities (Jayan, 2011). It regulates fruit ripening 

by controlling the genes important for the following processes: autocatalytic ethylene 
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production, enhanced rate of respiration, improved cell-wall-degrading enzymatic 

activity, carotenoid synthesis, transformation of starch to sugar and chlorophyll 

degradation, thus, changing the color, aroma, texture and flavor of the fruit (Theologis, 

1992, Yang and Oetiker, 1994). Naturally the sour taste of unripe fruits is due to the 

presence of several organic (citric, ascorbic, malic, tartaric, formic) acids. Thus, the fruits 

become sweet when a number of chemical changes occur in the process of ripening i.e. 

acids are converted into sugars (Kendrick, 2009). 

Long ago, people have been following different methods of fruit ripening. To activate the 

process of ripening Egyptian harvesters in ancient times were used to cut Figs, while 

Chinese farmers used heated chambers to ripe pears (Kendrick, 2009). Later on 

researchers revealed that high temperature treatment of fruits stimulates ripening 

(Bouzayen et al., 2010). 

In 1901, Dimitry Neljubow, a Russian scientist noticed that ethylene stimulates fruit 

ripening. Thirty years later, researchers perceived that plants show response to ethylene 

as well as generate it by themselves and hence ripening is triggered at high heat or in 

injured fruits. As ethylene gas can disperse easily from cell to cell, therefore rate of 

ripening in the fruits which are cut accelerates than uncut fruits (Kendrick, 2009). 

Ethylene is a hormone produced naturally within the fruit, controls ripening by triggering 

and regulating a number of biochemical activities (Jayan, 2011). It regulates fruit ripening 

by controlling the genes important for the following processes: autocatalytic ethylene 

production, enhanced rate of respiration, improved cell-wall-degrading enzymatic 

activity, carotenoid synthesis, transformation of starch to sugar and chlorophyll 

degradation, thus, changing the color, aroma, texture and flavor of the fruit (Theologis, 

1992, Yang and Oetiker, 1994). 

2.1.7 Artificial Ripening of Fruits 

Calcium carbide (CaC2) is used as a source of acetylene (C2H2), which is similar to 

ethylene (C2H4), the natural ripening agent, in artificial fruit ripening. (Abeles and 

Gahagan, 1968). Calcium carbide has been used in some countries for ripening fruits 
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artificially. It produces acetylene, which serves as an artificial ripening agent like 

ethylene, until dissolved in water or when it reacts with moisture in the air. Fruits can be 

treated with calcium carbide in order to produce a faster and more homogeneous ripening 

aimed at simplifying their handling and industrialization (Nogueira, 2005). 

The process of fruit ripening can be initiated using various artificial ripening agents. 

Recently, the use of chemical agents for artificial ripening has become common because 

they provide the desired taste and color to the fruits in a shorter time span. Mostly, these 

ripening agents are required for making fruits accessible to customers in off-season and 

fruit-selling business more profitable i.e. money-making trade. The distribution process 

includes collection of fruits from growers to the collection storages. From there, fruits are 

transported to the warehouses of the country's major towns and distant regions. In 

addition, retailers buy fruit and market it to household customers. 

In addition, a large quantity of fruits is also exported overseas. Thus, it takes many days 

in collecting fruit from the orchard and reaching it to consumer‘s place considering the 

shipment route and cold storage or warehouse facility. The naturally ripened fruits may 

become inedible due to over ripening and fruit injuries may occur because of hard 

conditions of shipment during this whole distribution process. Hence, it causes an 

economic loss to the industry and to minimize it, fruit-sellers collect unripe fruits and 

ripen them artificially before selling to the costumers (Mursalat et al., 2013). 

2.1.8 Chemical Agents Used for Artificial Ripening 

Ethylene is the naturally produced ripening agent which triggers the ripening process 

(Nagel, 1989). Multiple fruit ripening agents liberate ethylene in order to fasten up the 

process of ripening e.g. calcium carbide, methanol, ethanol, ethephon and ethylene glycol 

(Chace, 1934, Nagel, 1989, Goonatilake, 2008). Out of these the calcium carbide is most 

common in South Asian countries including Bangladesh, Nepal, Pakistan and India for its 

cheap price in market regardless of its prohibition due to harmful effects (Siddiqui and 

Dhua, 2010, Rahman et al., 2008). 
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2.1.8.1 Ethylene: The fruit ripening process can be triggered by only 1 ppm 

concentration of ethylene in air (Brady, 1987). The natural ripening of mango, Apple, 

banana, avocado, pineapple, guava and papaya can be promoted by ethylene applied 

externally, thus, these fruits can be marketed in advance. 

2.1.8.2 Ethephon: Another agent used to ripen fruits artificially is ethephon (Roberts and 

Hutson, 1998). It is a better ripening agent because banana, pineapple and tomato treated 

with ethephon (1000 ppm) are ripened in less time i.e. 32, 48 and 50 hrs, respectively 

than other treated and untreated fruits. In addition, ethephon-matured fruits have more 

pleasant color than naturally matured fruits (Rahman et al.,2008) and have longer shelf 

life than fruits matured with carbide (Medlicott et al., 1987). In an aqueous solution, 

ethephon is fragmented into chloride, bi-phosphate ion and ethylene is released which 

then speeds up the ripening. 

2.1.8.3 Calcium Carbide: CaC2 is the ripening agent which is used world-wide (Hoque, 

2012). On application, it reacts with moisture present on the fruits and results in the 

release of acetylene that is similar to ethylene in fruit ripening attributes. The reaction is:  

 

Traces of arsenic and phosphorous hydride are present in calcium carbide of industrial 

grade, which on direct contact cause health hazards to humans (Ur-Rahman et al., 2008).  

Calcium carbide is used for ripening of bananas, mangoes, peaches, litchis and jackfruits 

etc. The container of fruits has a packet of powdered calcium carbide which on contact 

with moisture acts as a ripening agent and produces acetylene. For more profitable 

business, traders pluck green premature fruits and ripen them artificially to sell in the 

market before season (Fattah and Ali, 2010) 

2.1.9 Possible Health Hazards 

Recently, the possible health hazards of these chemicals have been informed by many 

reports for further research regarding this issue. Nowadays, the consumers are more 

CaC2 + 2H2O    Ca (OH)2 + C2H2 
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conscious about their health than before. Therefore, many countries around the world 

have enacted specific legislations for the usage of such chemicals. While the provisions 

of these laws and regulations vary from country to country, banning or regulating the use 

of these chemicals as ripening agents is the main purpose of making such laws. As there 

are numerous industrial and financial variables related to this issue, technologically 

developed countries also equip their farmers and suppliers with the required technical 

facilitation to grow and provide mature, non-toxic fruits that are safe for health, along 

with providing legislative guidelines, technologically developed countries, along with 

providing legislative guidelines (Islam et al., 2016). 

Human health can be affected adversely by these chemicals (Siddiqui and Dhua, 2010, 

Goonatilake, 2008, Fattah and Ali, 2010). Calcium carbide releases acetylene, which at 

the fastening of the ripening acts almost in the same way as ethylene. Prolonged hypoxia 

may occur on direct acetylene consumption since it blocks the brain's oxygen supply, 

(Fattah and Ali, 2010). The nature of calcium carbide is alkaline which disturbs the 

mucosal tissue of abdomen. Cases of stomach disorders have recently been recorded after 

eating carbide-ripened mangoes. (Siddiqui and Dhua, 2010). 

Though anaphylaxis is not caused by consuming carbide-ripened fruits, but drowsiness 

and head stroke may occur when applying these substances on the fruits. Workers are 

affected by severe health hazards when they come in contact with toxic elements like 

arsenic and phosphorus present in high grade calcium carbide. This may cause permanent 

skin damage, skin ulcer, frequent thirst, dizziness, weakness, irritation in mouth and nose, 

difficulty in swallowing, vomiting etc. (Siddiqui and Dhua, 2010). 

Another study found that rapidly ripened fruits have dangerous properties because 

calcium carbide contains traces of arsenic and phosphorus, and acetylene gas processing 

can affect the nervous system by causing prolonged hypoxia, causing mood disorders, 

headache, dizziness, sleepiness, memory loss, mental distress, seizures, and cerebral 

edema (Per et al., 2007). 
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In certain countries, calcium carbide is prohibited because it has dangerous effects and 

carcinogenic properties.(Rahman et al., 2008, Siddiqui and Dhua, 2010). When premature 

and unripe fruits are plucked, antioxidants and mineral components are affected. CaC2-

matured fruits are less tasty, softer and have a shorter shelf-life.  Furthermore, green fruits 

are shipped easily with least injuries and can be ripened at the time of trade. 

Eating carbide ripened fruits is very dangerous for health, primarily for our nervous 

system. As the supply of oxygen to the brain decrease due to acetylene produced from 

carbide, it leads to prolonged hypoxia. In acute stage, loss of balance, headache, 

dizziness, delirium, seizures and coma occurs. In chronic stage, it produces memory loss 

and mood disturbances. There may be abdominal cramps, diarrhoea and vomiting 

immediately after consumption. Report from Nepal‘s Lahan Hospital, stated that around 

30-40 patients are getting treatment on daily basis for abdominal problems caused by 

eating carbide-ripened mangoes. Some other hazardous effects include allergy, jaundice, 

skin burn, carcinogenic potential etc. (Per et al., 2007). 

Although these ripening agents are much helpful to meet the consumers‘ demand to a 

great magnitude, but it is also important to analyze all the health hazards related to them. 

Ripening agents are often toxic, and their use can cause serious health problems, such as 

skin disease, heart disease, renal and pulmonary failure. (Fattah and Ali, 2010, Siddiqui 

and Dhua, 2010, Hoque, 2012, Hakim et al., 2012). According to scientists, regular usage 

of artificially ripened fruits causes weakness, giddiness, skin ulcer and cardiac diseases 

(Chace, 1934, , Nagel, 1989; Fattah and Ali, 2010). 

Hydrides of arsenic and phosphorous may also be present in calcium carbide in trace 

quantities. Acetylene released from CaC2 also contains arsine and phosphine up to 3 and 

95 ppm respectively. As a vigorous reactive chemical, CaC2 possess carcinogenic traits. 

As compared to ethylene, acetylene gas is explosive and flammable even in low 

concentration. The early symptoms of arsenic or phosphorous toxicity in humans are 

diarrhoea, burning sensation of abdomen and chest, vomiting, weakness and thirst are the 

early symptoms of arsenic or phosphorus toxicity in humans (Siddiqui and Dhua, 2010). 
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Exposure to 1 ppm of ethylene can decrease the postharvest life by accelerating the 

initiation and boosting the senescence rate, disappearance of green color and softening. 

2.1.10 Effects of Arsenic (As) 

Arsenic exists in inorganic and organic forms. There are two inorganic forms: arsinite, As 

(III) and arsenate, As (V) that can either synthesize monomethyl arsonic acid [MMA(V)] 

or dimethyl arsenic acid [DMA(V)] upon methylation. Inorganic arsenic metabolism 

requires the reduction of pentavalent arsenic, catalysed by glutathione, to trivalent 

arsenic, then formation of pentavalent organic arsenic by oxidative methylation as shown 

in Figure 1.3 (Hughes, 2002). Inorganic arsenic is far more toxic and harmful than 

organic arsenic (Shi et al., 2004, Valko et al., 2005). Long-term exposure to As affects 

the vascular system and induces cardiovascular disease and hypertension; acute As 

exposure can lead to hypotension and cardiomyopathy.. 

Prolonged arsenic exposure is responsible for the most prevailing neurological effect that 

is peripheral neuropathy (Jomova et al., 2011). Inorganic arsenic interacts with the 

dihydrolipoamide sulfydryl group, resulting in pyruvate being reduced to acetyl 

coenzyme A (CoA), causing pyruvate dehydrogenase inactivation. As a result, production 

of ATP (energy molecules) and citric acid cycle activity in cells are lowered (Bergquist et 

al., 2009). Through sulfydryl group binding, As (III) deactivates many other cellular 

enzymes. Glucose uptake by cells, gluconeogenesis and fatty acid oxidation are also 

prevented. Trivalent arsenic also decreases glutathione formation, which protects cells 

from oxidants (Miller et al., 2002). 

2.1.11 National and International Legislation 

Different laws and acts have been released by developed and developing countries to 

restrict the use of artificial ripening agents to resolve growing health-related concerns. 

2.1.11.1 Bangladesh: Customs, the Ministry of Agriculture of Bangladesh, the Mobile 

Court, the Ministry of Science and Health are the agencies responsible for the proper 

inspection, review and regulation of the processing, maturation and marketing of fruit. To 
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preserve the quality of domestic and exotic fruits, these organizations enact the following 

acts and laws: Quarantine rules 1968, Pure food rules and act 1967 and 2005, Pesticide 

law 2007, Mobile court act 2009, and Penal code 1860. The above acts and laws forbid 

using any chemical agents e.g. ethephon, calcium carbide for fruit ripening and punish 

any person who sells, mixes and uses unauthorized ripened fruits. 

2.1.11.2 India: In India, Rule 44 AA of the Prevention of Food Adulteration Rules 1955 

forbids the use of calcium carbide for ripening of fruits. 

2.1.11.3 Malaysia: In Malaysia, food items having chemicals harmful for health are 

prohibited by section 13 of the FOOD ACT 1983. Since fruits ripened by calcium carbide 

may contain such toxic chemicals (Fattah and Ali, 2010), it cannot be used as fruit 

ripening agent. Any person arrested using it can be charged up to one hundred thousand 

ringgit or incarcerate for ten years (Act, 2006). 

2.1.11.4 Nepal: Nepal Food Regulation-2017 strongly forbids the use of calcium carbide 

as an artificial fruit ripening agent (Siddiqui and Dhua, 2010). 

2.1.11.5 Pakistan: Pakistan has similar food laws as of Bangladesh. Here, the primary 

food law is the ‗West Pakistan Pure Food Ordinance, 1960’, similar to the East Pakistan 

Pure Food Ordinance, 1959, revised as Bangladesh Pure Food Ordinance Act 2005. 

Except the cantonment areas, section 6 of this law handles food adulteration and is 

applicable with minor zonal differences in rest of Pakistan while Cantonment Pure Foods 

Act 1966 governs cantonment areas. Under these acts, the offenses are categorized as 

first, second and serious offense. The penalties are fin charged and/or incarceration (Khan 

and Hafeez, 1999). 

2.1.11.6 Sri Lanka: In Sri Lanka, under the Food Act No26,1980, no individual can 

synthesize, trade or supply any food product containing any added poisonous substance 

that causes detrimental effects on human health (The Ministry Of Health: Colombo Sri 

Lanka, 1990). 
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2.1.11.7 United Kingdom: The use of ethylene is permitted by United Kingdom's Soil 

Association to ripen kiwis and bananas (Association, 2011). In addition, ethylene is listed 

as ‗Only for ripening fruits‘ by the International Federation of Organic Agriculture 

Movements‘ (IFOAM) in IFOAM Indicative List of Substances for Organic Production 

and Processing. 

2.1.11.8 United States of America : In the 'Formal Recommendation of the National 

Organic Standard Board (NOSB) to the Organic Program (NOP), the United States 

authorizes the use of ethylene for tropical fruit ripening and greening of citrus 

(Giacomini, 2012).  

2.1.12 Critical Analysis on Fruit Quality and Nutrition Value 

To determine the health hazards of different fruit ripening agents, researchers from 

various fields are working (Prasanna et al., 2007, Bouzayen et al., 2010, Siddiqui and 

Dhua, 2010, Hakim et al., 2012, Chace, 1934, Nagel, 1989, Goonatilake, 2008). It is 

important to determine the toxic moieties present in fruit peel and pulp ripened 

chemically in order to assess the relevant health hazards. The methodology adopted in 

multiple research studies is to collect fruit samples from regional market, rinse them in 

water and then analyze the rinsed water to identify the presence of any toxic element(s) 

on fruit peel but it cannot explain their presence within fruit pulp. 

Few studies have discussed the changes in nutritional and biochemical properties of 

chemically treated fruits and confirmed the presence of toxic chemicals within fruit pulp 

(Siddiqui and Dhua, 2010, Hakim et al., 2012, Wills et al., 2007). The concentration of 

ethylene in artificially ripened banana, Apple, peach, pear, lemon, avocado, orange, lime 

and pineapple has been reported (Wills et al., 2007). Moreover, Hakim et al., (2012) 

compared naturally ripened and chemically treated bananas and pineapples to that 

collected from different markets of Bangladesh. Naturally ripened fruits were found to 

have a higher content of vitamin C and carotene, whereas chemically ripened bananas and 

pineapples had a higher sugar content than untreated samples. Moreover, they also 
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confirmed that both heavy metals arsenic and lead were present in chemically ripened 

bananas and pineapples (Hakim et al., 2012). 

The average consumption of fruits is in between 100 to 150 gm/day for an adult (Agudo, 

2005) and the allowed intake of As and Pb are 16.7-129 μg/day and 600 μg/day 

respectively (Joint et al., 1987, Edition, 2011). Thus, the possible intake of both metals 

would be within the permissible limit i.e. 2.5-3.75 and 12-50 μg/day respectively. 

Nevertheless, further studies on the effects of regular consumption of fruits having these 

toxic metals must be conducted.  

Fruits like mango (Magnifera indica L.) and peach (Prunus persica L.) are the major 

commodities for the economy of a country like Pakistan but their export is undergoing a 

decline due to lack of laws and acts regarding post-harvest issues like artificial ripening. 

Ripening of fruits by chemical agents may have lethal health hazards therefore there is a 

requirement of elemental analysis of these fruits. Hence, this study will provide a direct 

evidence of dangerous uses of these chemicals for ripening of fruits to the scientific 

society as well as to the government authorities in order to facilitate the common public 

with a definite solution of this problem. 

The key objective is to determine the consequence of calcium carbide on physio-chemical 

characteristics of mango and peach fruits with further insight into the deterioration of 

nutritional qualities due to metals (especially heavy metals). We will also compare our 

findings with other such studies in different parts of the world and discuss how they made 

rules to avoid this major human health concern through their environmental and food 

protection agencies.  

 To evaluate the effect of calcium carbide as an artificial ripening agent on mango 

and peach physio-chemical properties and nutritional values. 

 To analyse minerals composition (especially heavy metals) in mango and peach 

fruits treated with different concentrations of calcium carbide. 
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Materials and Methods 

2.2.1 Fruit Sampling and Post-Harvest Treatment 

Uniformly mature but unripe mangoes (cv sindhri) and peaches were obtained from the 

private orchards in Multan (Punjab province) and Mangora Swat (Khyber Pakhtoonwa 

province). Fully ripened, ready to eat mangoes and peaches were bought from two 

different local markets including a small fruit shop and supper store (Islamabad, 

Pakistan). During these investigations the market sample served as one of the treatments. 

Commercial grade calcium carbide (CaC2) was procured from local market in Islamabad 

and employed for ripening of unripe mango and peach fruit.  

2.2.2 Experiment 

2.2.2.1 Estimation of Level of Residue in Mango and Peach Fruit Ripened by using 

Calcium Carbide 

Artificial ripened mangoes and peaches were subjected to PIXE for elemental profiling. 

Treatment of mangoes, peaches and nectarines fruits with CaC2, control samples and 

market samples are given in Table 2.1. 

2.2.2.2 Detail of Treatments Schedule 

Group (Control): Control mango and peach fruits were kept inside the papers (used 

newspapers) for 4-6 days in a corrugated wooden container (dimension 7״ x 12״ x 26״) 

without any chemical treatment and this group is used as control for comparisons.  Group 

(Treated 1): Mango and peach fruits were treated with CaC2 similar to the method used in 

our markets by placing CaC2 in an envelope in the corner of wooden boxes containing 

fruits and kept at 27 ± 4°C for 4-6 days. While, Group (Treated 2): Mangoes and peach 

were initially immersed in 5% solution of CaC2 for 10 minutes and then stored for 4-6 

days in wooden box as described above. Group (Treated 3): CaC2 powder was directly 

applied onto fruit surface and then fruits were stored for 4-6 days in a wooden box like 

above. Group (Treated 4): Fully ripened, ready to eat mango and peach fruits of the 

selected variety were bought from local fruit markets. Group (Treated 5): Control 

nectarine fruits were kept inside the papers (used newspapers) for 4-6 days in a 

corrugated wooden container (dimension 7״ x 12״ x 26״) without any chemical treatment 

and this group is used as control for comparisons. Group (Treated 6): Nectarine fruits 

were treated with CaC2 similar to the method used in our markets by placing CaC2 in an 

envelope in the corner of wooden boxes containing fruits and kept at 25 ± 4°C for 4-6 
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days. Group (Treated 7): Fully ripened, ready to eat nectarine fruits of the selected variety 

were bought from local fruit markets as listed in Table 2.1. 

Table 2.1: List of Mango, Peach and Nectarine Fruits collected from Orchids, local 

market and treated with different concentration of CaC2. 

 

Samples Ids Fruit Treatments 

 Control T0 

Control non-treated mango and peach fruit samples were kept 

inside corrugated wooden container (dimension 7״ x 12״ x 

 ״62).

Treated 1 T1 

Fruits were treated with CaC2 to mimic the commercially used 

method by placing CaC2 in an envelope in the corner of 

wooden box. 

Treated 2 T2 
Fruits were initially immersed in 5% solution of CaC2 for 10 

minutes following storage for 4-6 days in wooden box. 

Treated 3 T3 
CaC2 powder was directly applied onto fruit surface for 10 min 

followed by 4-6 days storage in a wooden box. 

Treated 4 T4 

Fully ripened, ready to eat mango and peach fruits of same 

selected variety were bought directly from local fruit shop and 

supper market. 

Treated 5 T5 
Control non-treated nectarines fruit samples were kept inside 

corrugated wooden container (dimension 7״ x 12״ x 26״). 

Treated 6 T6 

Nectarine Fruits were treated with CaC2 to mimic the 

commercially used method by placing CaC2 in an envelope in 

the corner of wooden box. 

Treated 7 T7 

Fully ripened, ready to eat mango and peach fruits of same 

selected variety were bought directly from local fruit shop and 

supper market 
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2.2.2.3 Organoleptic Parameters Evaluation  

We measured the fruit aroma, and flavor of all the treated and control fruit samples as 

described by Hedonic scale (Larmond, 1987). Critical judgment on the given Performa by 

a panel of 20 experts (30–50 years old) on randomly cut mangoes into 6-7 pieces for 

color, aroma and flavor. Similarly, the skin color of treated, control and market fruit 

(mango) samples were also compared to control untreated fruit (mango). 

2.2.3 Elemental Profiling of Mango and Peach Fruits 

2.2.3.1 Sample Preparation 

With the assistance of an uncontaminated steel knife, fully ripened fruits were peeled off 

and then samples were cut into small pieces. To extract all moisture present in the peel 

and pulp, the samples were dried in an oven at 60 °C for 48 hrs. Dried samples were 

eventually ground using pre-cleaned mortar and pestle for the processing of homogeneous 

powder. Approximately 0.6 g of powder samples were carefully weighed and pelletized 

by electronic balance using the Laboratory Hydraulic Press. The 24000psi hydraulic press 

was used to render pellets 2 mm thick and 13 mm in diameter. From each sample, two 

pellets were made. To prevent moisture and any environmental contamination, the pellets 

were put in desiccators. For some time before PIXE analysis, the pellets were also placed 

under lamp to get rid of any moisture because during analysis, vacuum issue is generated 

in the chamber. 

2.2.3.2 PIXE Analysis 

To excite the atoms in samples, a high energy proton beam was used. As a consequence, 

it emits characteristic X-rays. The emitted X-rays have specific energies that are 

characteristic of each element, so it is possible to determine the composition of the target. 

In the PIXE analysis, SNICS (Source of Negative Ion by Cesium Sputtering) was used as 

a source. 60 keV was the initial beam energy. Pellets were used in the set-up of PIXE as a 

goal. 

Six pellets were placed on the sample holder simultaneously.  The sample holder in the 

scattering chamber will easily rotate horizontally, vertically, forward and backward.  The 

target was irradiated by a 3 MeV proton beam from the 5 MV Tandem Accelerator at the 

National Center for Physics Islamabad (Figure 2.1). It was collimated to a diameter of 2 

mm by the proton beam. The beam current was in the range of 5 nA to 7 nA during 

irradiation, and a total charge of 2μC was obtained. There was a median study time of 15-
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20 minutes. High resolution SDD (FWHM 160 eV at 5.9 keV Mn Kα energy) measured 

the X-rays emitted in this process. At an angle of 45
o
 to the incident beam, the detector 

was located. The value of the 45° orientation is the highest collection of characteristic X-

rays and low background radiation. The gap was 6 cm between the detector and the 

target. To reduce the low energy history, a 100 μm Mylar absorber without a hole was 

used between the target and the detector. Inside the scattering chamber, the vacuum was 

10-6 torr. 

 

Figure 2.2: 5 MV Tandem Accelerator at National Center for Physics (NCP), Islamabad, 

Pakistan. 

2.2.3.3 Data Analysis 

NIST Standard reference material Apple leaves (SRM1515) were used to verify the 

accuracy of the experimental result. It was used for quantitative analysis of the 

GUPIXWIN sample software package. To transform spectral data to elemental 

concentration, the GUPIXWIN software package is used. The GUPIXWIN program 

analyses the component spectrum and finally converts the data into a Microsoft Excel 

format where final graphs are developed.  

Using this software program, different elements present in all samples of fruit (mango 

and peach) have been identified and their concentration calculated. By analysing the data 

using HED files and following the fit criteria, the concentration of each factor in fruits 
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(mango and peach) was obtained. The same SRM spectrum is obtained by applying the 

same procedure. The numerous spectrum peaks refer to the different elements in the 

study. The area under the peak corresponds to the particular element concentration in the 

sample. 

2.2.4 Confirmation of Arsenic residues by GFAAS, XRF and ICP-MS 

2.2.4.1 Graphite Furnace Atomic Absorption Spectroscopy (GFAAS) 

Several 50 ml measuring flasks were thoroughly washed with tap water and rinsed three 

times overnight with deionized water in a 5% nitric acid solution. Exactly 0.5 gram of 

each powdered sample was weighed and transferred to 50 ml measuring flask. A mixture 

of two acids, 7 ml of 65% HNO3 and 3 ml of HClO4 was added to the samples in flasks. 

The flasks were shifted to incubator adjusted at 80
o
C for overnight. Then the solution was 

heated on hot plate at 100 
o
C for 20 minutes. Flasks were removed; 3 ml of deionized 

water was added to the solution and let it cool. After bringing the solution room 

temperature, we filtered it through filter paper (Whatman No. 42) in 50 ml falcon tubes. 

Filtration of each sample produced almost 5 ml of filtrate. Deionized water was added to 

the filtrate in falcon tube and volume was made up to 50 ml. Then the falcon tubes were 

tightly closed and saved for analysis. All the solutions were prepared in four replicates to 

minimize the experimental and technical error. 

Arsenic (As) analysis was carried out by using graphite furnace atomic absorption 

spectroscopy (GFAAS) at Pakistan Institute of Nuclear Sciences and Technology 

(PINSTECH). The working parameters of GFAAS have been shown in Table 2.2. 

Table 2.2 Working parameters for the determination of As by GFAAS 

Wavelength (nm) 193.7 

Lamp current (mA) 380 

Slit width (nm) 0.7 

Injection volume (µl) 10 

Limit of detection (LOD in ng/g) 46.38 

Argon flow (ml/min) 250 

Atomization temperature (
o
C) 2900 

Cleaning temperature (
o
C) 3000 
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2.2.4.2 X-ray fluorescence (XRF) 

The pellets of samples were subjected to X-ray fluorescence (XRF) analysis using 

Fischerscope X-Ray Xan instrument (BW/526/00/Ro-Type: XAN). The pellets of 

samples were mounted to a circular frame (2.5 cm diameter and 1.5 cm of height). A 

special parafilm was placed at the bottom of the circular frame, and the sample was filled 

up to 50% of the height. The X-ray beam was sent from the bottom for the analysis of 

elemental contents. The standard samples were used to calibrate the XRF analysis. The 

generated spectra were converted to elemental contents in mg/kg based on the dry 

weights for detailed data analysis. 

2.2.4.3 Inductive Couple Plasma Mass Spectroscopy (ICP-MS) 

Almost 100 mg of dried mango pulp powder from the samples were used to digest by 

using 2 mL of HNO3 and heated to 180°C for 20 minutes. Cooled samples were brought 

up to 15 ml volume using distilled water. Digested mango and peach samples were 

diluted 100 times with distilled water and analyzed using Agilent 7700x ICP-MS in ―He 

mode analytes‖ with integration times ~500 ms
–1

 sec at Institute of Biomedical and 

Genetic Engineering (IBGE)Khan Research Laboratory (KRL) Islamabad Pakistan. 

2.2.5 Calculation of Estimated Daily Intakes of Trace Elements 

The approximate metal estimate taken by the human population in their daily diet is the 

daily intake of metals and was estimated as: 

 

Where, Con. is the concentration of heavy metals in the selected vegetables (mg kg
− 1

), C 

is for average consumption of fruits per day 300 g/day/person  and BW is average body 

weight (kg) (World Health Organization, 2009; EFSA, 2010).  

2.2.6 Health Index (HI)   

Health index were calculated as  

           

Where, DIM is daily intake of metal in mg and RfD is recommended daily allowance 

upper tolerance limit devised by WHO, EFSA.  

 

2.2.7 Non-Carcinogenic and Carcinogenic Risk 

The target hazard quotient (THQ) was calculated as  

DIM = Con.  ×  C /BW 
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Where Ef is metal exposure frequency in a year as365, Fd is exposure during average 

lifetime, FIR is ingestion g/person/day intake rate, Conc is the metal concentration, RfD 

is the WHO, EFSA, ABW recommended daily allowance upper tolerance limit is average 

body weight (70 kg), TA average non-carcinogen exposure period as described by 

Sultana et al. (2017). 

2.2.8 Statistical Analysis 

2.2.8.1 One-way ANOVA  

All the elemental analysis was done in three replicates and for accuracy and 

reproducibility certified reference materials were used for instrumental calibrations. A 

one-way ANOVA statistical analysis was performed with Aickin and Gensler(1996) post 

hoc Holm multiple-comparison calculation using the online statistics calculator  

(astatsa.com/OneWay_Anova_with_TukeyHSD/). 

2.2.8.2 Pearson’s Correlation Analysis 

Pearson‘s correlation analysis was performed to check if there exist any strong/weak or 

no relation between the variables by GraphPad Prism 7.03. 

2.2.8.3 Multivariate Analysis (PCA) 

We used the Principal component analysis to decrease the number of inter-correlated 

variables to a smaller collection that almost explains the overall variability. It creates new 

variables that are linear combinations of the original variables called Principal 

Components (PC's) or variables with the greatest variance explained by the first PC.  

Either the correlation or covariance matrix may be based on PCA. The study of main 

components is typically not used to identify underlying latent variables, but if it is of 

interest to interpret which variables relate more to each PC, choose a loading rotation 

approach (correlations between individual variables and the PC's) to identify clearer 

trends. The varimax (maximization of variance) loading rotation maximizes the 

variability of the new PC while minimizing the variance around the new variable. This 

implies that the PCs are not related. 
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Results 

2.3.1 Elemental Profile of CaC2 Ripened Mango and Peach 

The present study was performed to comprehensively evaluate the effects of artificial 

ripening agents on fruit ripening and fruit quality and elemental profiling of CaC2 treated 

mangoes and peaches, still common practice in Pakistan. Different treatment groups of 

mangoes and peaches were compared for the presence of arsenic including control (non-

treated) mangoes and peaches. We also used a market mimicry treatment method a 

common practice in our local markets (addition of CaC2 packets in mangoes and peaches 

containers and kept for 2-4 days (Treated -1). Different treatment groups were compared 

for their elemental analysis with control (non-treated, Control) mangoes and peaches 

fruits and fully ripened, ready to eat mangoes and peaches bought from local markets 

(Treated-4). 

2.3.2 Organoleptic Properties of CaC2 Ripened Mangoes 

In physiological properties, the peel color of the mango fruits is an important character 

for marketing as it makes the customer more attractive. Peel colour of the fruits at 

ripening stage, was significantly different from the control fruits and the CaC2 treated 

fruits. Homogenous yellow color of mangoes of the Treated 1 (T1) was observed.  

Similarly, the appearance and smoothness of fruit skin is also very important, the skin of 

treated mangoes (T1) was perfect and attractive in comparisons to control group with 

shriveled and patchy skin (Table 2.3).  

Not much shriveling due to loss of moisture was observed in case of T1 fruits and those 

purchased from market while control group (T0) was severely affected. Skin shivering 

was wide spread in fruits of T3 and T4 (Table 2.5). The aroma of the mango fruits is 

varied from species to species and within the subspecies of the mango and it is a 

distinguishing of the cultivars. In another study, it was proved that the ripening process, 

ripening state and ecological stress also affects the aroma of the fruits. Those results 

indicate that calcium carbide treatment not t only affects the ripening process but also 

affects the aroma of the fruits. Mango fruits (T2), treated with calcium carbide observed 

to be fully ripened with nice and attractive pulp aroma. Mango fruits of Treated 5 (T4) 

were very similar to those of T2. Aroma of mangoes in T1, T3 and T4 was found similar 

but T3 and T4 it was noticed less attractive and less catchy. 
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Pulp is the edible portion of the mango fruits; therefore pulp color is also significant 

marker for the fruit quality. Pulp color was expressively improved in case of calcium 

carbide treatment. Mango fruits T2 treated with calcium carbide observed to be fully 

ripened with nice and attractive pulp colour. Mango fruit of T4 were very similar to those 

of T2. Pulp colour of T0, T2 and T3 was found similar but in T2 and T3 pulp colour was 

noticed less attractive and less catchy.   

Not only the differences in fresh fruits were observed, significant difference in color of 

dried ground powder of mango pulp and peel samples among all the treatment groups was 

observed. The peel and pulp powder of control mangoes retained their distinct orange-

yellow color but toxic effects of CaC2 has turned the dried fruits samples of T0-T4 into 

dark brown or blackish-brown color (Figure 2.3). 
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Table 2.3: Organoleptic characteristics of mango fruits. Mango fruits were treated with different concentration and CaC2 and their 

organoleptic properties such as time of ripening, Skin colour, flavour, pulp color, aroma and skin shivering are given here. These properties 

of CaC2 treated fruits were compared with untreated control and ready to eat fruits from market. 

Parameter Fruits T0 T1 T2 T3 T4 

Time required 

for ripening 
Mango 5-6 days 2 days 3.5 day 4 day 

Bought fully 

ripened 

Skin colour Mango 
Greenish with 

yellowish patches 

Uniform yellow 

color 

Greenish yellow 

with dark patches 

Greenish yellow 

with dark patches 

Uniform yellow 

color 

Flavour, pulp 

color, aroma 
Mango 

Late ripened, soft 

pulp and 

attractive 

Fully ripened, 

nice pulp and 

very attractive 

Same as control 

but less attractive 

Same as control 

but less attractive 

Fully ripened, 

nice pulp and 

very attractive 

Skin Shivering Mango 
Little bit due to 

delayed ripening 
No 

Too much 

shriveled 

Shriveled 

widespread 
No 
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Figure 2.3: PIXE Analysis mak2ngo fruits with different concentrations of CaC2 

treatments in comparisons to control (non treated fruits) and mango samples from 

markets. Fresh unripe mango fruit samples were divided into five different groups and 

treated with CaC2 from T0-T4 as explained in Table-1. A) Ground mango fruit pulp 

samples demonstrating different groups of treatments. B) Ground mango fruit peel 

samples demonstrating different groups of treatments. C) Pellets after X-rays irradiations 

during PIXE analysis 
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2.3.3 Differential Elemental Profiles of Mango Fruit 

PIXE technique was used to investigate the elemental profile of CaC2 ripened mangoes by 

measuring the concentrations of the following elements: Aluminum (Al), Calcium (Ca), 

Chlorine (Cl), Chromium (Cr), Copper (Cu), Iron (Fe), Potassium (K), Magnesium (Mg), 

Manganese (Mn), Nickel (Ni), Phosphorus (P), Sulfur (S), and Zinc (Zn). We first time 

determined the concentrations of trace elements in CaC2 ripen fruits using PIXE. Material 

(SRM) provided by NIST was measured at NCP (National Centre for Physics) Islamabad, 

Pakistan initially which were almost close to the certified values (7-10% variations due to 

different experimental conditions). The pattern of concentrations of elements in mangoes 

was found in decreasing order of K > Ca > Fe > Zn >Cl > Mn > S > Cu > Ni. Mangoes 

are good source of both major and trace elements that are essential for our body indicative 

from Table 2.4. 

 



 

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations 

in Minerals/Heavy Metals 

48 

 

 

Figure 2.4: PIXE spectra of CaC2 treated groups of mangoes. X-ray emission spectra was obtained by irradiating the samples with 3 MeV 

proton beam in 5MV accelerator. In typical PIXE spectra X-axis represents the energy x-rays from particular element and Y-axis represents the 

Area counts of different metals. 
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Table 2.4: Concentrations of different elements (mean + SEM) (mg/kg) in mango fruit samples treated with different 

concentrations of CaC2 and fruits from market (n=3). 

PIXE Analysis CaC2 Treatments 

Elements T0 T1 T2 T3 T4 

Al 8.5± 1.7ns 7.18 ± 0.07ns 7.97 ± 0.05b 10.9  ±0.88abc 6.03 ± 0.66ab 

P 0.14 ± 0.01ns 0.31 ± 0.01ns 0.432 ± 0.01ns 0.27 ± 0.01ns 0.43 ± 0.01ns 

S 0.82 ± 0.19 ns 0.83 ± 0.015ns 0.646 ± 0.06ns 0.396 ± 0.08ns 0.57 ± 0.06ns 

Cl 5.32 ± 2.16b 7.3 ± 0.28a 10.12 ± 0.08ab 5.85 ± 0.212ab 6.76 ± 3.3ab 

K 268.2 ± 55.5b 393.2 ± 11.34a 298.5 ± 10.6ab 426.8 ± 16.7ab 272.6 ± 26 ab 

Ca 79.4 ± 1.92b 125.1 ± 5.7a 123.6 ± 4.57ab 121.97 ± 4.2ab 85.9 ± 5.8ab 

Cr 0.09 ± 0.02b 0.25 ± 0.008a 0.168 ± 0.01ab 0.07 ± 0.003a 0.075 ± 0.02c 

Mn 4.15 ± 1.55ns 6.325 ± 1.73ns 5.075 ± 0.9a 2.62 ± 0.318a 4.45  ± 0.07ns 

Fe 43.8 ± 1.69ns 84.4 ± 1.69ns 52.875 ± 0.9ab 28.5 ± 1.27ns 25.2 ± 1.2c 

Ni 0.54 ± 0.4ns 0.96 ± 0.09ns 0.568 ± 0.01ns 0.265 ± 0.03ns 0.22 ± 0.07ns 
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Cu 0.66 ± 0.49b 3.7 ± 0.07a 1.95 ± 0.176ab 0.451 ± 0.06ac 1.45 ± 0.83c 

Zn 7.55 ± 0.49ns 12.62 ± 2.08ns 10.45 ± 0.35a 8 ± 0.84a 10.2 ± 3.76ns 

As BDL 5.75 ± 0.424 0.95 ± 0.016b 0.670  ± 0.19bc 5.34 ± 0.24cd 

. 

           BDL = Below Detection Limit 
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2.3.3.1 Evidences of Arsenic Residues in CaC2 Treated Mangoes 

Our data showed residual arsenic ranging from 0.67 to 5.72 mg/kg in pulp of mangoes 

treated with CaC2 while absence of As in control mangoes (T0) has confirmed the source 

of contamination as described in Table 2.6. Among all treatments, maximum arsenic 

concentration was recorded in mangoes ripened by using CaC2 sachet (T1) (5.72 mg/kg) 

followed by mangoes from the local market (T4) (5.34 mg/kg) and those ripened by 

dipping in 5% CaC2 solution (T2) (0.95 mg/kg). The arsenic concentration in mango 

obtained from local market place (T4) suggested CaC2 used as ripening agent (Table 4). 

Arsenic in mangoes pulp showed weak negative correlation with calcium Ca (r
2
 = -0.3) 

and potassium K (r
2
 = -0.2).  

2.3.3.2 Confirmation of Calcium Carbide as Source of Heavy Metal Contamination 

We also examined CaC2powderbought from local market which was used to ripen fruits 

(mangoes) for this study and commercial grade CaC2 used in the market by PIXE. A huge 

amount of arsenic (153 mg/kg) (p < 0.05) was recorded in these CaC2 samples.  

2.3.3.3 Confirmations of Arsenic Residues in CaC2 Ripen Mango 

PIXE is a strong but non-destructive form of elemental analysis that scientists now 

regularly use to answer questions. Although our data clearly demonstrated with enough 

evidences that presence of As traces in treated mangoes were only due to CaC2 treatment, 

still we further confirmed the presence of As in our treatment groups of mangoes using 

GFAAS, XRF and ICP-MS as described in method (Figure 2.5). All of these state of art 

technologies have also confirmed the presence of As traces in different groups including 

market mangoes. 
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Figure 2.5.Analysis of mango fruits treated with different concentrations of CaC2 

and market fruit samples with PIXE, ICP-MS and XRF. Fresh unripe mango fruit 

samples were divided into five different groups and treated with CaC2 from T0-T4 as 

explained in Table-1. Presence of arsenic was analyzed in ground mango fruit pulp 

samples by three different independent methods, A) PIXE, B) GFAAS, C) XRF and D) 

ICP-MS. X-axis represents CaC2 treatments and Y-axis represents presence of Arsenic 

in mg/kg 

2.3.4 Estimated Daily Intakes of Toxic and Essential Elements 

On daily consumption of such artificially ripened mangoes arsenic may damage different 

body organs and metabolic functions of the consumers which may lead to various lethal 

diseases like cancer. We calculated and compared the mean estimated daily intakes 

(MEDI) of elements detected by PIXE. The provisional tolerable daily intakes (PTDI) 

recommended by Joint FAO/WHO Expert Committee on Food Additives are 1.5 mg/kg 

bw for Cr, 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 0.02 mg/day kg bw for 

Ni, 0.4 mg/day kg bw for Cu, 0.3 mg/day kg bw for Zn and 0.0003 mg/day kg bw for As. 

Our results revealed that arsenic detected in CaC2 ripened mangoes (0.002-0.019 

mg/kg/day) was much higher than the provisional tolerable daily intakes recommended 

by Joint FAO/WHO Expert Committee on Food Additive (Table 2.5) 
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Table 2.5: The mean estimated daily intake (MEDI) (mg/kg) of essential elements in 

CaC2 treated mangoes. The provisional tolerable daily intakes (PTDI) recommended 

by Joint FAO/WHO Expert Committee on Food Additives. 

Mean Estimated Daily Intakes(MEDI) Provisional 

Tolerable Daily 

Intakes  

(PTDI) 

Elements T0 T1 T2 T3 T4 

Ca 0.25 0.3 0.356 0.348 0.273 2500 

Cr 0.00062 0.0008 0.0005 0.002 0.002 1.5 

Mn 0.013 0.210 0.016 0.008 0.014 0.14 

Fe 0.146 0.281 0.176 0.095 0.084 0.7 

Ni 0.001 0.003 0.001 0.0008 0.0007 0.02 

Cu 0.0022 0.012 0.0065 0.0015 0.0048 0.4 

Zn 0.25 0.421 0.034 0.026 0.034 0.3 

As ND 0.019 0.003 0.002 0.017 0.0003 
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2.3.5. Principal Component Analysis of Mango 

2.3.5.1. Measure of Sampling Adequacy  

The sphericity test by Bartlett was initially performed on the data and verified the 

appropriateness of the principal component analysis. The sphericity of the Bartlett 

showed that the correlation matrix was at a enough level to carry out a factor analysis on 

the data of each scale reaching a significant P < 0.05 level. 

Table 2.6: Bartlett's sphericity test 

Chi-square 114.268 

Degree of freedom 91 

Significance 0.050 

 

2.3.5.2. Principle Component Analysis 

In order to categorize the minerals in term of smaller set, the data was subjected to the 

Principle Component Analysis (PCA). A total of four of the identical factor had the 

eigenvalue exceeding one, accounting 100%of variation across the sample. The presence 

and content of fourteen minerals were evaluated for mango treated with various 

concentrations of CaC2. The principal component 1 (PC1) of the study was determined to 

be primarily related to the minerals Al, S, Cl, Cr, Fe, Ni, Cu and Zn and to the principal 

component 2 (PC2) related to the minerals K and Ca. The principal component 3 (PC3) 

related to P and As while the principal component 4 (PC) related to Mn (Table 2.7). The 

first component accounts for the greatest variance (and thus has the highest value of its 

own), and the next component accounts for as much of the variance left over as it can, 

and so on. Each successive part, therefore, accounts for less and less variation. For the 

reconfirmation of Eigenvalue, we drew a Scree plot through XLSTAT. In this study, with 

major contributions were accounted 42.233 percent for the first, 26.175 percent for the 

second, 20.085 percent for the third and 11.507 for all the principal components 

respectively. Biplot showed that As, and P was significant in T1 treatment (mimicry of 

market) while K and Fe was significant in T2 and T3 treatment of CaC2.  Ca and Al was 

found significant in T0 and T4. 
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Table 2.7: Eigenvalues, and loadings of the minerals analyzed in Control and CaC2 

treated Mangoes 

 
PC1 PC2 PC3 PC4 

Eigen value 5.913 3.664 2.812 1.611 

Variability (%) 42.233 26.175 20.085 11.507 

Cumulative % 42.233 68.408 88.493 100.000 

Elements 
Loading  

PC1 PC2 PC3  

Al -0.388 0.322 0.290 -0.813 

P 0.336 -0.322 0.884 -0.045 

S 0.882 0.381 -0.242 0.135 

Cl 0.332 -0.863 -0.171 -0.341 

K 0.161 0.742 0.651 0.006 

Ca -0.024 0.869 -0.281 0.407 

Cr 0.915 -0.197 -0.011 -0.352 

Fe 0.790 0.595 0.064 -0.133 

Mn 0.058 -0.835 0.041 0.546 

Ni 0.868 0.264 -0.402 -0.124 

Cu 0.955 -0.241 0.080 -0.154 

Zn 0.763 -0.171 -0.620 -0.073 

As 0.492 -0.120 0.843 0.181 
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Figure: 2.6. Scree plot of eigenvalues and cumulative variability (%). 

Red line showed the contribution of each principal component. X-axis represents the 

principal components and Y-axis represents represent eigenvalue 
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Figure 2.7..Principal component analysis of CaC2 treated mangoes: graphs of scores and 

loadings MT0, MT1, MT2, MT3 and MT4 represent the group T0, T1, T2, T3 and T4 

2.3.6. Differential Elemental Profile of Peach Fruit 

Fifteen elements were detected in peel and pulp section of peach fruits after inducing 

artificial ripening into the fruits with CaC2. The identified elements in peel and pulp were 

Al, Si, P, S, Cl, K, Ca, Cr, Mn, Fe, Ni, Cu, Zn, As, and Se (Table 2.8). Therefore, in peel 

of control group, from high to low quantity, the order of elements was K > Ca > Fe > Al 

> Mn > Zn > Se > Cr > S > P, Ni > Cl, As > Cu > Si whereas in peel of experimental 

group, the order of element quantity was K > Ca > Fe > Al > Zn > Mn > As > Se > Si > 

Cu > S > Cl, Ni > Cr > P (Table 2.9). In pulp of control group, from high to low quantity, 

the order of elements were Ca > K > Fe > Al > Mn > Zn > S> Cu> Cr > Cl, Ni > P, As, 

Se whereas in pulp of experimental group, the order of element quantity was Ca > K > Fe 

>Al > Zn > Mn > As > Se > Si > Cu > S, Cl, Ni > Cr > P. (Table 2.9). Peach fruits are 

good source of both major and trace elements that are essential for our body indicative 

from Tables 2.8 and 2.9. 

In present study maximum aluminium concentration in peach peel was recorded T1 (64.1 

± 0.9 mg/kg) while minimum concentration was recorded in T4 (30.3 ± 3.9). Increase or 

decrease in CaC2 treated samples were statistically significant (p < 0.01) as compared to 

non-treated control group (T0) as shown in table 2.9. Maximum aluminium concentration 

in peach pulp was recorded in T2 (13.4 ±1.7mg/kg) while minimum concertation was 

recorded in T0 (8.4 ± 0.2). Increase in CaC2 treated samples were statistically significant 

(p < 0.01) as compared to non-treated control group (T0) as shown in Tables 2.8 and 2.9. 

Similarly, maximum sulphur concentration in peach peel was recorded in T1 and T2 (0.8 

± 0.03mg/kg) while minimum concertation was recorded in T3 (0.6 ± 0.1 mg/kg). Except 

T4 increase or decrease in sulphur concentration in CaC2 treated samples were 

statistically significant (p < 0.01) as compared to non-treated control group (T0) as shown 

in table 1. Maximum sulphur concentration in peach pulp was recorded in T0 and T1 (0.8 

± 0.2 mg/kg) while minimum concertation was recorded in T4 (0.6 ± 0.08 mg/kg). 

Increase or decrease in sulphur concentration was found statistically non-significant 

among all groups as shown in Tables 2.8 and 2.9. 

Traces of phosphorus was not detected in peach pulp in samples of all groups as shown in 

table 1. Maximum phosphorus concentration in peach peel was recorded in T1 and T4 
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(0.7 ± 0.02 mg/kg) while minimum concertation was recorded in T3 (0.3 ± 0.07 mg/kg). 

Except T2 increase or decrease in sulphur concentration in CaC2 treated samples were 

statistically significant (p < 0.01) as compared to non-treated control group (T0) as shown 

in Tables 2.8 and 2.9. 

Maximum chlorine concentration in peach peel was recorded in T3 (0.8 ± 0.3 mg/kg) 

while minimum concentration was recorded in T0 (0.4 ± 0.03 mg/kg). Increase or 

decrease in chlorine concentration in CaC2 treated samples were statistically significant (p 

< 0.01) as compared to non-treated control group (T0) as shown in table 1. Maximum 

chlorine concentration in peach pulp was recorded in T2 and T4 (0.8 ± 0.08 mg/kg) while 

minimum concentration was recorded in T0 (0.5 ± 0.02 mg/kg). Increase or decrease in 

chlorine concentration in CaC2 treated samples were statistically significant (p < 0.01) as 

compared to non-treated control group (T0) as shown in Tables 2.8 and 2.9. 

Maximum potassium concentration in peach peel was recorded in T2 (413 ± 10.7 mg/kg) 

while minimum concertation was recorded in T3 (230 ± 9.8 mg/kg). Except T1 increase 

or decrease in potassium concentration in CaC2 treated samples were statistically 

significant (p < 0.01) as compared to non-treated control group (T0) as shown in table 1. 

Maximum potassium concentration in peach pulp was recorded in T2 (750 ± 20 mg/kg) 

while minimum concertation was recorded in T3 (440 ± 12 mg/kg). Increase or decrease 

in potassium concentration in CaC2 treated samples were statistically significant (p < 

0.01) as compared to non-treated control group (T0) as shown in Tables 2.8 and 2.9. 

Maximum calcium concentration in peach peel was recorded in T4 (275 ± 12.5 mg/kg) 

while minimum concertation was recorded in T3 (171 ± 2.4 mg/kg). Except T1 increase 

or decrease in calcium concentration in CaC2 treated samples were statistically significant 

(p < 0.01) as compared to non-treated control group (T0) as shown in table 1. Maximum 

calcium concentration in peach pulp was recorded in T3 (339 ± 11 mg/kg) while 

minimum concertation was recorded in T0 (167 ± 14 mg/kg). Increase or decrease in 

calcium concentration in CaC2 treated samples were statistically significant (p < 0.01) as 

compared to non-treated control group (T0) as shown in table 1. Maximum chromium 

concentration in peach peel was recorded in T0 and T1 (0.8 ± 0.06 mg/kg) while 

minimum concertation was recorded in T2, T3 and T4 (0.2 ± 0.03 mg/kg). Except T1 

increase or decrease in chromium concentration in CaC2 treated samples were statistically 

significant (p < 0.01) as compared to non-treated control group (T0) as shown in table 1. 
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Maximum chromium concentration in peach pulp was recorded in T0 and T1 (0.7 ± 0.01 

mg/kg) while minimum concertation was recorded in T3 (0.2 ± 0.03 mg/kg). Except T1 

increase or decrease in chromium concentration in CaC2 treated samples were statistically 

significant (p < 0.01) as compared to non-treated control group (T0) as shown in Tables 

2.8 and 2.9. 

Maximum manganese concentration in peach peel was recorded in T1 (12.5 ± 3.4 mg/kg) 

while minimum concertation was recorded in T4 (7.8 ± 1.3 mg/kg). Except T1 increase or 

decrease in manganese concentration in CaC2 treated samples were statistically 

significant (p < 0.01) as compared to non-treated control group (T0) as shown in table 1. 

Maximum manganese concentration in peach pulp was recorded in T2 (8.6 ± 1.3 mg/kg) 

while minimum concertation was recorded in T0 (3.9 ± 0.7 mg/kg). Increase or decrease 

in manganese concentration in CaC2 treated samples were statistically significant (p < 

0.01) as compared to non-treated control group (T0) as shown in table 1.  Maximum iron 

concentration in peach peel was recorded in T4 (92 ± 11.3 mg/kg) while minimum 

concertation was recorded in T2 (66.3 ± 4.5 mg/kg). Except T1 increase or decrease in 

iron concentration in CaC2 treated samples were statistically significant (p < 0.01) as 

compared to non-treated control group (T0) as shown in table 1. Maximum iron 

concentration in peach pulp was recorded in T2 (71 ± 5.3 mg/kg) while minimum 

concertation was recorded in T0 and T1 (26 ± 2.3 mg/kg). Except T1 increase or decrease 

in iron concentration in CaC2 treated samples were statistically significant (p < 0.01) as 

compared to non-treated control group (T0) as shown in table 1. Maximum nickel 

concentration in peach peel was recorded in T2 and T3 (0.7 ± 0.2 mg/kg) while minimum 

concertation was recorded in T0 (0.5 ± 0.09 mg/kg). Increase or decrease in nickel 

concentration in CaC2 treated samples were statistically significant (p < 0.01) as 

compared to non-treated control group (T0) as shown in table 1. Maximum nickel 

concentration in peach pulp was recorded in T2 (0.6 ± 0.1 mg/kg) while minimum 

concertation was recorded in T3 (0.2 ± 0.03 mg/kg). Increase or decrease in nickel 

concentration in T2 and T4 CaC2 treated samples were statistically significant (p < 0.01) 

as compared to non-treated control group (T0) as shown in Tables 2.8 and 2.9. 

Maximum copper concentration in peach peel was recorded in T3 (2 ± 0.3 mg/kg) while 

minimum concertation was recorded in T0 (0.3 ± 0.03 mg/kg). Except T1 increase or 

decrease in copper concentration in CaC2 treated samples were statistically significant (p 
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< 0.01) as compared to non-treated control group (T0) as shown in table 1. Maximum 

copper concentration in peach pulp was recorded in T4 (0.7 ± 0.07 mg/kg) while 

minimum concertation was recorded in T0 (0.2 ± 0.03 mg/kg). Increase or decrease in 

copper concentration in T1 and T2 CaC2 treated samples were statistically non-significant 

as compared to non-treated control group (T0) while Increase or decrease in copper 

concentration in T3 and T4 CaC2 treated samples were statistically significant (p < 0.01) 

as compared to non-treated control group (T0) as shown in Tables 2.8 and 2.9. 

Maximum zinc concentration in peach peel was recorded in T3 (10.2 ± 2.5 mg/kg) while 

minimum concertation was recorded in T0 (5.8 ± 0.1 mg/kg). Increase or decrease in zinc 

concentration in CaC2 treated samples were statistically significant (p < 0.01) as 

compared to non-treated control group (T0) as shown in table 1. Maximum zinc 

concentration in peach pulp was recorded in T3 (15 ± 1.6 mg/kg) while minimum 

concertation was recorded in T0 (9.3 ± 0.6 mg/kg). Increase or decrease in zinc 

concentration in CaC2 treated samples were statistically significant (p < 0.01) as 

compared to non-treated control group (T0) as shown in table 1. Maximum selenium 

concentration in peach peel was recorded in T3 (7.5 ± 0.7 mg/kg) while minimum 

concertation was recorded in T0 (0.9 ± 0.1 mg/kg). Except T1 increase or decrease in 

selenium concentration in CaC2 treated samples were statistically significant (p < 0.01) as 

compared to non-treated control group (T0) as shown in table 1. Maximum selenium 

concentration in peach pulp was recorded in T2 (2.5 ± 0.5 mg/kg) while minimum 

concertation was recorded in T3 (1.6 ± 0.8 mg/kg). Except T1 increase or decrease in 

selenium concentration in CaC2 treated samples were statistically significant (p < 0.01) as 

compared to non-treated control group (T0) as shown in table 1. Maximum arsenic 

concentration in peach peel was recorded in T4 (6.5 ± 1.3 mg/kg) while minimum 

concertation was recorded in T1 (0.5 ± 0.02 mg/kg). Arsenic residues were not detected 

in non-treated control group (T0). In peach pulp arsenic residues were not detected in 

samples of all groups. 
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Figure 2.8 PIXE Analysis peach peel with different concentrations of CaC2 treatments in comparisons to control (non-treated 

fruits), and peach samples from markets. X-axis represents the energy of element and Y-axis represents the Area counts of different 

metals. 

 

 

 

 

 

 

Figure 2.9 PIXE Analysis peach pulp with different concentrations of CaC2 treatments in comparisons to control (non-treated 

fruits), and peach samples from markets. X-axis represents the energy of element and Y-axis represents the Area counts of different 

metals. 
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Table2.8: Concentrations of different elements (mean + SEM) (mg/kg) in Peach Pulp samples treated with different concentrations of CaC2 

and fruits from market (n=3). 

 T0 T1 T2 T3 T4 

Al 8.4 ± 0.2
b
 10 ± 0.3

a
 13 ± 1.7

ab
 6.7 ± 1.3

abc
 11.3 ± 2.9

abcd
 

Si 0.0±0.00 0.4±0.36
b
 0.0±0.00 0.0±0.00 0.0±0.00 

P ND ND ND ND ND 

S 0.8 ± 0.2
ns

 0.8 ± 0.1
ns

 0.8 ± 0.05
ns

 0.7 ± 0.03
ns

 0.6 ± 0.08
ns

 

Cl 0.5 ± 0.02
b
 0.6 ± 0.07

a
 0.8 ± 0.08

ab
 0.6 ± 0.06

ac
 0.8 ± 0.05

abd
 

K 516 ± 12
b
 544 ± 23

a
 750 ± 20

ab
 440 ± 12

abc
 530 ± 12

abcd
 

Ca 167 ± 14
b
 176 ± 13

a
 319 ± 10

ab
 339 ± 11

abc
 273 ± 10

abcd
 

Cr 0.7 ± 0.01
ns

 0.7 ± 0.1
ns

 0.3 ± 0.08
ab

 0.2 ± 0.03
ab

 0.2 ± 0.07
abc

 

Mn 3.9 ± 0.7
b
 4.1 ± 0.7

a
 8.6 ± 1.3

ab
 6.8 ± 1.3

abc
 5.8 ± 1.7

abcd
 

Fe 26 ± 2.3
ns

 26 ± 3
ns

 71 ± 5.3
ab

 41 ± 4
abc

 39 ± 4
abcd

 

Ni 0.4 ± 0.02
ns

 0.3 ± 0.04
ns

 0.6 ± 0.1
ab

 0.2 ± 0.03
c
 0.4 ± 0.07

abcd
 

Cu 0.2 ± 0.03
ns

 0.2 ± 0.4
ns

 0.3 ± 0.1
ns

 0.4 ± 0.04
ab

 0.7 ± 0.07
abcd
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Zn 9.3 ± 0.6
b
 10 ± 2.7

a
 11 ± 2.3

ab
 15 ± 1.6

abc
 10.9 ± 2.3

abcd
 

As ND ND ND ND ND 

Se 2.2 ± 0.3
ns

 2.2 ± 0.2
ns

 2.5 ± 0.5
ab

 1.6 ± 0.8
abc

 1.64 ± 0.8
abc
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Table 2.9: Concentrations of different elements (mean + SEM) (mg/kg) in Peach peel samples treated with different concentrations of CaC2 

and fruits from market (n=3). 

 T0 T1 T2 T3 T4 

Al 37.5 ± 2.2
b
 64.1 ± 0.9a 40.5 ± 1.4b 30.5 ± 1.7abc 30.3 ± 3.9abc 

Si 0.0±0.00b 1.1±0.00a 1.1±0.05a 2.8±0.25abc 1.2±0.05ad 

P 0.5 ± 0.04b 0.7 ± 0.02a 0.5 ± 0.07b 0.3 ± 0.07abc 0.7 ± 0.04acd 

S 0.7 ± 0.02b 0.8 ± 0.03a 0.8 ± 0.1a 0.6 ± 0.1abc 0.7 ± 0.04acd 

Cl 0.4 ± 0.03b 0.5 ± 0.04a 0.5 ± 0.08a 0.8 ± 0.3abc 0.6 ± 0.04abcd 

K 319.6 ± 10ns 325 ± 9.8ns 413 ± 10.7ab 230 ± 9.8abc 307 ± 10.9cd 

Ca 171 ± 2.4ns 180 ± 3.4ns 215 ± 5.9ab 245 ± 13.5abc 275 ± 12.5abd 

Cr 0.8 ± 0.06ns 0.8 ± 0.07ns 0.2 ± 0.06ab 0.2 ± 0.08ab 0.2 ± 0.03ab 

Mn 7.25 ± 0.5ns 12.5 ± 3.4ns 8.5 ± 1.3ab 8.5 ± 0.9ab 7.8 ± 1.3ab 

Fe 73 ± 2.6ns 74 ± 5.6ns 66.3 ± 4.5ab 85.3 ± 5.7abc 92 ± 11.3abcd 
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Ni 0.5 ± 0.09b 0.6 ± 0.1a 0.7 ± 0.2ab 0.7 ± 0.2ab 0.6 ± 0.1acd 

Cu 0.3 ± 0.03ns 0.3 ± 0.08ns 1.1 ± 0.1ab 2 ± 0.3abc 1 ± 0.2abd 

Zn 5.8 ± 0.1b 6.1 ± 0.7a 6.5 ± 1.3a 10.2 ± 2.5a 8 ± 2.5abcd 

As ND 0.5 ± 0.02 2.8 ± 0.3ab 6.5 ± 1.3abc 4.2 ± 0.9abcd 

Se 0.9 ± 0.1ns 1.3 ± 0.3ns 1.3 ± 0.7a 7.5 ± 0.7abc 2.55 ± 0.8abcd 
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2.3.7. Estimated Daily Intakes of Toxic and Essential Elements 

On daily consumption of such artificially ripened peaches heavy metals may damage 

different body organs and metabolic functions of the consumers which may lead to 

various lethal diseases like cancer. We calculated and compared the mean estimated daily 

intakes (MEDI) of elements detected by PIXE. The provisional tolerable daily intakes 

(PTDI) recommended by Joint FAO/WHO Expert Committee on Food Additives are 50 

mg/kg bw for Si, 3000 mg/kg bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw for Cl, 3500 

mg/kg bw for K, 2500 mg/kg bw for Ca, 1.5 mg/kg bw for Cr, , 0.14 mg/day kg bw for 

Mn, 0.7 mg/day kg bw for Fe, 0.02 mg/day kg bw for Ni, 0.4 mg/day kg bw for Cu, 20 

mg/day kg bw for Zn, 0.3 µg/day kg bw for As and 1 µg/day kg bw for Se,  

Our results revealed that Si, P, Cl, K and Ca are within in the upper tolerable limits in 

samples of all groups while S, Mn, Fe, Ni, Cu, Zn, As, and Se were found in higher 

amount than their upper permissible limit. Chromium was only found higher in Control 

samples of both peel and pulp of natural as well as artificially ripened peach fruits as 

shown in Table 2.10 
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Table 2.10: The mean estimated daily intake (MEDI) (mg/kg) for adults of essential elements in in CaC2 treated Peach fruits. The 

provisional tolerable daily intakes (PTDI) recommended by Joint FAO/WHO Expert Committee on Food Additives 

Elements 

Mean Estimated Daily Intakes(MEDI)) 
Provisional 

Tolerable Daily 

Intakes (PTDI) 

mg/kg bw 
Peel Pulp 

T0 T1 T2 T3 T4 T0 T1 T2 T3 T4  

Al 107.1 183.1 115.7 87.1 86.6 24.0 28.6 37.1 19.1 32.3  

Si 0.0 3.1 3.1 8.0 3.4 0.0 1.1 0.0 0.0 0.0 50 

P 1.4 2.0 1.4 0.9 2.0 0.0 0.0 0.0 0.0 0.0 3000 

S 2.0 2.3 2.3 1.7 2.0 2.3 2.3 2.3 2.0 1.7 0.7 

Cl 1.1 1.4 1.4 2.3 1.7 1.4 1.7 2.3 1.7 2.3 3.6 

K 913.1 928.6 1180.0 657.1 877.1 1474.3 1554.3 2142.9 1257.1 1514.3 3500 

Ca 488.6 514.3 614.3 700.0 785.7 477.1 502.9 911.4 968.6 780.0 2500 

Cr 2.3 2.3 0.6 0.6 0.6 2.0 2.0 0.9 0.6 0.6 1.5 

Mn 20.7 35.7 24.3 24.3 22.3 11.1 11.7 24.6 19.4 16.6 0.14 
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Fe 208.6 211.4 189.4 243.7 262.9 74.3 74.3 202.9 117.1 111.4 0.7 

Ni 1.4 1.7 2.0 2.0 1.7 1.1 0.9 1.7 0.6 1.1 0.02 

Cu 0.9 0.9 3.1 5.7 2.9 0.6 0.6 0.9 1.1 2.0 0.4 

Zn 16.6 17.4 18.6 29.1 22.9 26.6 28.6 31.4 42.9 31.1 0.3 

As 0.0 1.4 8.0 18.6 12.0 0.0 0.0 0.0 0.0 0.0 0.0003 

Se 2.6 3.7 3.7 21.4 7.3 6.3 6.3 7.1 4.6 4.7 1 µg/kg bw 
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2.3.8.  Non-Carcinogenic Risk of Heavy Metals 

A detrimental impact on human health is the chronic low-level ingestion of toxic metal 

elements. To determine the potential health risks of heavy metal accumulation through 

peach pulp, the THQ method was used. Peach consumption values for adults in 

Islamabad, Pakistan are 200 g/person/day. The THQ values of Cr, Mn, Fe, Cu, Zn As, 

and Se due to peach consumption for residents of the study area. There is no apparent 

danger to the population when the THQ and HI values are less than1, but if those values 

exceed one, there might be concern about possible non-carcinogenic effects. The results 

indicate that, As contributes the greatest to non-carcinogenic risk followed by Fe and Mn 

as shown in Table 2.11. 
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Table: 2.11:  Hazard Index (HI) and Target hazard quotient (THQ) values of the elements for consuming Peach fruits 

Elements 

Hazard Index (HI) 

Peel Pulp 

T0 T1 T2 T3 T4 T0 T1 T2 T3 T4 

Cr 1.533333 1.533333 0.4 0.4 0.4 3.285714 3.285714 3.285714 2.857143 2.428571 

Mn 147.8571 255 173.5714 173.5714 159.2857 1.333333 1.333333 0.6 0.4 0.4 

Fe 298 302 270.5714 348.1429 375.5714 79.28571 83.57143 175.7143 138.5714 118.5714 

Ni 10 12.14286 14.28571 14.28571 12.14286 106.1429 106.1429 289.8571 167.2857 159.1429 

Cu 2.25 2.25 7.75 14.25 7.25 7.857143 6.428571 12.14286 4.285714 7.857143 

Zn 0.83 0.87 0.93 1.455 1.145 1.5 1.5 2.25 2.75 5 

As 0 4666.667 26666.67 62000 40000 1.33 1.43 1.57 2.145 1.555 

Elements 

The Target Hazard Quotient (THQ) 

Peel Pulp 

T0 T1 T2 T3 T4 T0 T1 T2 T3 T4 

Cr 1.64103E-06 1.64E-06 4.1E-07 4.1E-07 4.1E-07 1.44E-06 1.44E-06 6.15E-07 4.1E-07 4.1E-07 

Mn 0.000159341 0.000275 0.000187 0.000187 0.000171 8.57E-05 9.01E-05 0.000189 0.000149 0.000127 
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Fe 0.000320879 0.000325 0.000291 0.000375 0.000404 0.000114 0.000114 0.000312 0.00018 0.000171 

Ni 1.0989E-05 1.32E-05 1.54E-05 1.54E-05 1.32E-05 8.79E-06 6.59E-06 1.32E-05 4.4E-06 8.79E-06 

Cu 2.30769E-06 2.31E-06 8.46E-06 1.54E-05 7.69E-06 1.54E-06 1.54E-06 2.31E-06 3.08E-06 5.38E-06 

Zn 8.92308E-07 9.38E-07 0.000001 1.57E-06 1.23E-06 1.43E-06 1.54E-06 1.69E-06 2.31E-06 1.68E-06 

As 0 0.005128 0.028718 0.066667 0.043077 0 0 0 0 0 
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2.3.9. Arsenic Residues in CaC2 Treated Peach Fruits 

Our data showed no residual arsenic in pulp of peach treated with CaC2. We also 

examined peach peel of the selected groups, fruit peel has the maximum value of arsenic 

residues (6.5 mg/kg)  

2.3.10. Validation of Role Peach Skin Hair 

It was noticed that peach fruit treated with CaC2 contain traces of arsenic residue only on 

their skin. No arsenic traces were recorded in pulp part of CaC2 treated fruits. There are 

certain study that reports that tiny hairs on peach skin offer protective role to inner part of 

fruit. In present study we chose nectarines fruit which is closed to fruit both in structure 

and evolution. Nectarines are regarded as shaved peaches as this fruit does not contain 

fuss or tiny hairs on skin. So, we treated the nectarine fruit in the similar way as peaches 

were treated. 

2.3.11. Elemental Profiling of Nectarines  

Fourteen elements were detected in peel and pulp portions of nectarine. PIXE technique 

was used for elemental profiling of nectarine .It showed elements like Al, Si, S, P. Cl, K, 

Ca, Cr, Mn, Fe, Ni, Cu, Zn As. Arsenic was detected in peel (5.6 ± 1.5 mg /kg) as well as 

pulp (7.2 ± 0.17 mg /kg) part of the CaC2 treated nectarine  fruit. Nectarine collected from 

local market also contained high amount of As residue in Peel (9.7 ± 0.433 mg /kg) and 

pulp (12.4 ± 0.336 mg /kg) part .Arsenic resides was not detected in control, untreated 

nectarine fruit.Range of estimated daily intake Arsenic in nectarine fruit (37.33-82.66 mg 

/kg). THQ was calculated for Arsenic less than one .Therefore the consumption of 

nectarine fruit do not pose health risk related to Arsenic toxicity but it can easily added up 

to already available Arsenic exposure towards the limits shown for several cancerous 

diseases (Table 2.12). 
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Table 2.12. Concentrations of different elements (in mgkg
-1

) in nectarine peel and pulp sample treated with different concentration of CaC2 

Elements 

Elemental profile of Nectarines 

T5 (control) T6 (treated with CaC2 in lab) T7 (Market picked) 

Peel Pulp Peel Pulp Peel Pulp 

Al 15.95± 0.29 12.1± 0.14 13.35± 0.28 11.6± 0.29 12.9± 078 16.7±0.087 

Si 0.6395± 0.07 0.881± 0.09 0.392± 0.045 0.861± 0.07 K20.649± 0.04 0.85± 0.07 

P ND 0.258± 0.021 0.312± 0 .014 0.473± 0.091  0.379± 0.085 0.179± 0.036 

S 0.393± 0.09 1.5±0.087 0.353± 0.043 1.0685± 0.10 ND 1.33± 0.1 

Cl 1.8± 0.21 32.9± 2.6 1.15± 0.098 26.05± 5.9 3.0± 1.2 1.99± 0.021 

K 
332.3± 

7.5722 
1224.8±4.018 280±3.90 1058.85±1.21 153± 17.51 1075±17.023 

Ca 112.85± 11.5 188.6±12.4 93.4± 13.9 223.3±13.27 76.2± 2.51 189±15.5 

Cr 0.04 + 0.00 0.069± 0.007 0.0862 + 0.005 0.0995± 0.0 0.799 + 0.04 0.07± 0.02 

Mn 3.3± 0.2 7.6± 1.7 4.10± 0.35 7.50± 1.82 1.7± 0.09 7.87± 0.87 

Fe 16.15± 3.53 42.4±2.14 23.9± 3.25 33.8± 6.08 16.9±1.34  59.5± 3.39 
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Ni 0.351 + 0.01 0.372± 0.066 0.238± 0.08 0.606± 0.019 ND 0.564± 0.64 

Cu 0.257± 0.004 0.437± 0.001 0.807± 0.009 0.311± 0.00 1.7± 0.13 0.23± 0.009 

Zn 9.95± 1.5 9.1± 1.8 7.80± 2.3 13.3± 2.67 12.3±3.12 7.7± 2.45 

As ND ND 5.6± 1.5 7.2± 0.17 9.7± 0.433 12.4± 0.336 
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2.3.12. Principal Component Analysis of Peach 

2.3.12.1. Measure of Sampling Adequacy  

The sphericity test by Bartlett was initially performed on the data and verified the 

appropriateness of the principal component analysis. The sphericity of the Bartlett 

showed that the correlation matrix was at a enough level to carry out a factor analysis on 

the data of each scale reaching a significant P < 0.05 level. 

Table 2.13: Bartlett's sphericity test for Peach Fruit 

Chi-square 114.268 

Degree of freedom 91 

Significance 0.050 

 

2.3.12.2. Principle Component Analysis 

In order to categorize the minerals in term of smaller set, the data was subjected to the 

Principle Component Analysis (PCA). A total of four of the identical factor had the 

eigenvalue exceeding one, accounting 100%of variation across the sample. The peach 

treated with different concentration of CaC2 were evaluated for the presence and content 

of fourteen minerals. During the analysis, the main component 1 (PC1) was determined to 

be primarily related to the minerals Al, P, Cr, Fe, Mn, Ni, Cu, As and the principal 

component 2 (PC2) related to Cl, Ca  and Zn.  The principal component 3 (PC3) related 

to S while the principal component 4 (PC) related to K (Table 3.10). The first component 

accounts for the greatest variance (and thus has the highest value of its own), and the next 

component accounts for as much of the variance left over as it can, and so on. Each 

successive part, therefore, accounts for less and less variation. For the reconfirmation of 

Eigenvalues we drew a Scree plot through XLSTAT. In this analysis, 100% of the total 

variance of the data was accounted for with the significant contributions of 37.095% for 

the first, 33.614% for the second, 9.87% for the third and 7.732 for the principal 

components. Biplot showed that As, and Cu were significant in peel samples of T3 and 

T4 treatment while Fe, Mn, Ni nd P were significant in peel samples of T0, T1 and T2 

treatment of CaC2 treated peach. Biplot showed that Ca, and Zn were significant in pulp 
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samples of T2, T3 and T4 treatment while S, K and Cr were significant in pulp samples of 

T0, and T1 treatment of CaC2 treated peaches.( Table:2.14) 
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Table: 2.14.  Eigenvalues, and loadings of the minerals analyzed in Control and 

CaC2 treated Peaches 

 
PC1 PC2 PC3 PC4 

Eigen value 5.193 4.706 1.382 1.081 

Variability (%) 37.095 33.614 9.874 7.723 

Cumulative % 37.095 70.709 80.582 88.306 

Elements 
Loading  

PC1 PC2 PC3  

Al 0.756 -0.572 0.144 -0.030 

P 0.794 -0.492 0.120 0.079 

S -0.245 -0.612 0.300 -0.555 

Cl 0.049 0.863 0.086 -0.017 

K -0.094 -0.521 -0.227 0.759 

Ca -0.040 0.744 0.602 0.239 

Cr -0.259 -0.820 -0.291 -0.078 

Fe 0.906 -0.017 0.198 0.248 

Mn 0.730 -0.213 0.534 -0.012 

Ni 0.893 -0.069 0.000 -0.140 

Cu 0.739 0.559 -0.299 -0.019 

Zn -0.537 0.765 0.191 0.017 

As 0.808 0.419 -0.297 -0.127 
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Figure: 2.10 Scree plot of eigenvalues and cumulative variability (%). 

Red line showed the contribution of each principal component. X-axis represents the 

principal components and Y-axis represents represent eigenvalue 

 

Figure 2.11 .Principal component analysis of CaC2 treated peaches: graphs of scores and 

loadings. PPT0, PPT1, PPT2, PPT3 and PPT4 represent the pulp of group T0, T1, T2, T3 
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and T4 while PST0, PST1, PST2, PST3 and PST4 represent the peel/skin of group T0, 

T1, T2, T3 and T4 

 

2.3.13. Confirmations of Arsenic Residues in CaC2 Ripen Peach and Nectarine 

PIXE is an effective but non-destructive technique for elemental analysis that scientists 

now regularly use to help answer questions. Although our data clearly demonstrated with 

enough evidences that presence of As traces in treated peach and nectarine were only due 

to CaC2 treatment, still we further confirmed the presence of As in our treatment groups 

of peach and nectarine using GFAAS, XRF and ICP-MS as described in method (Figure 

2.12 and Figure2.13). All of these techniques have also confirmed the presence of As 

traces in different groups including market peaches and nectarines, though due to 

different levels of sensitivities of these instruments a direct comparisons of the relative 

quantifications of Arsenic  detected in the samples was not possible, 
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Figure 2.12.Analysis of peach fruits treated with different concentrations of CaC2 

and market fruit samples with PIXE, GFAAS, ICP-MS and XRF. Fresh unripe 

peach fruit samples were divided into five different groups and treated with CaC2 from 

T0-T4 as explained in Table-1. Presence of arsenic was analyzed in ground peach fruit 

peel samples by four different independent methods, A) PIXE, B) GFAAS, C) XRF 

and D) ICP-MS. X-axis represents CaC2 treatments and Y-axis represents presence of 

Arsenic in mg/kg 
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Figure.2.13. Analysis of nectarines fruits treated with different concentrations of 

CaC2 and market fruit samples with PIXE, ICP-MS and XRF. Fresh unripe 

nectarine fruit samples were divided into three different groups and treated with CaC2 

from T5-T7 as explained in Table-1. Presence of arsenic was analyzed in ground 

nectarine fruit peel and pulp samples by four different independent methods, A) PIXE, 

B) GFAAS, C) XRF and D) ICP-MS. X-axis represents CaC2 treatments and Y-axis 

represents presence of Arsenic in mg/kg 

2.3.14. Principal Component Analysis for Combine Mango and peach Fruits 

2.3.14.1. Measure of Sampling Adequacy  

The sphericity test by Bartlett was initially performed on the data and verified the 

appropriateness of the principal component analysis. The sphericity of the Bartlett 

showed that the correlation matrix was at a enough level to carry out a factor analysis on 

the data of each scale reaching a significant P < 0.05 level. 

Table Table:2.15 : Bartlett's sphericity test 

Chi-square 114.268 

Degree of freedom 91 

Significance 0.050 

 

2.3.14.2. Principle Component Analysis 

In order to categorize the minerals in term of smaller set, the data was subjected to the 

Principle Component Analysis (PCA). A total of three of the identical factor had the 

eigenvalue exceeding one, accounting 85.85%of variation across the sample. The Mango 

and peach treated with different concentration of CaC2 were evaluated for the presence 

and content of fourteen minerals. During the analysis, the main component 1 (PC1) was 

determined to be primarily related to the minerals Al, P, S, Ca, K, Cr, Mn, Fe, Ni and Se 

while the principal component 2 (PC2) related to Cl, Cu, As and principal component 3 

(PC3) related to Zn (Table 3.10). The first component accounts for the greatest variance 

(and thus has the highest value of its own), and the next component accounts for as much 

of the variance left over as it can, and so on. Each successive part, therefore, accounts for 
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less and less variation. For the reconfirmation of Eigen values we draw a Scree plot 

through XLSTAT. In this analysis, 85.85% of the total variance of the data was accounted 

for with the significant contributions of 54.706% for the first, 18.723% for the second, 

and 12.422% for the third principal components (Table 2.16).  When Biplot was sketched 

for mango and peach fruit treated with different CaC2 only Cl showed significance in all 

mango samples. As and Cu were significant in peel samples of T1, T2, T3 and T4 while 

Zn, Mn, K, Cr, and P were significant in pulp of T0, T1, T2, T3, and T4 as well as in peel 

of T0 (Figures 2.14 and 2.15).  

Table 2.16. Eigen values, and loadings of the minerals analyzed in Control and 

CaC2 treated Mangoes and Peaches 

 
PC1 PC2 PC3 

Eigen value 7.659 2.621 1.739 

Variability (%) 54.706 18.723 12.422 

Cumulative % 54.706 73.429 85.851 

Elements 
Loading 

PC1 PC2 PC3 

Al 0.817 -0.168 -0.480 

lP 0.673 -0.053 -0.693 

S 0.883 -0.279 0.308 

Cl -0.494 0.570 0.157 

K 0.398 -0.603 -0.055 

Ca 0.814 0.020 0.499 

Cr 0.565 -0.678 0.045 

Fe 0.959 0.078 -0.116 

Mn 0.941 -0.089 -0.025 

Ni 0.950 0.091 -0.076 

Cu 0.624 0.726 -0.079 

Zn 0.685 -0.011 0.706 

As 0.575 0.730 -0.257 

Se 0.690 0.530 0.253 
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Figure: 2.14 Scree plot of eigenvalues and cumulative variability (%). 

Red line showed the contribution of each principal component. X-axis represents the 

principal components and Y-axis represents represent eigenvalue. 
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Figure 2.15..Principal component analysis of CaC2 treated mangoes and peaches: graphs 

of scores and loadings. MT0, MT1, MT2, MT3 and MT4 represent the group T0, T1, T2, 

T3 and T4. PPT0, PPT1, PPT2, PPT3 and PPT4 represent the pulp of group T0, T1, T2, 

T3 and T4 while PST0, PST1, PST2, PST3 and PST4 represent the peel/skin of group T0, 

T1, T2, T3 and T4 
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2.4. Discussion 

Fresh fruits are of great value and widely used for dietary purposes (Lim et al., 2007). 

Fruits are very rich source of vitamins and minerals. It is enriched with fibres and 

carbohydrates, and low fats contents. Fruits minerals increase the body resistance against 

different environmental stresses and chronic diseases (Liao et al., 2019).  

Mango (Mangifera indica L.) is a climacteric fruit and belongs to dicotyledonous family 

of Anacardiaceae. Mango is high perishable fruit so it is mainly eaten as fresh fruit and it 

is also processed to manufacture puree, pickles, chutneys and juice. Nutritionally mango 

has been reported to have a large variety of phytochemicals and nutrients. The fruit 

majorly comprises of peel, pulp and a large seed and pulp portion is preferably edible as it 

contains high dietry fibres, antioxidants such as vitamin C and polyphenols. It is 

commonly considered as ―king of fruits‖ in Pakistan due to its excellent flavor, color, 

nutritious quality, attractive fragrance, and more importantly its delicious taste. Almost 

250 mango varieties are cultivated in Pakistan, while the most important and commercial 

cultivars are Anwar Ratul, Dasehri, Langra, Sindhri, Chaunsa, Maldha, and Fajri. 

Peach (Prunus persica L) belongs to the rose family Rosaceae, is a climacteric fruit with 

high nutritional values. In Pakistan, peach is grown predominantly in Pakistan's Khyber 

Pakhtunkhwa (KP) and Baluchistan provinces, but some early maturing and low-chill 

cultivars are also distributed in the Punjab region of Pothwar. (Wasim, 2011). The 

marketing of peach fruits and its reduced consumption are facing a problem of poor 

quality that is deteriorated at the time of harvesting or by after harvesting processing 

(Ceccarelli et al., 2019). Peaches a reservoir of macro and micro phytonutrients include 

carbohydrates, proteins, fats, vitamins (A, C, E, riboflavin, thiamine, folate, niacin, and 

pyridoxine), and macro as well as micro minerals and fibres (Iordănescu et al., 2015; 

Yangılar, 2016). Consumption of vitamin C-rich foods allows a person to develop 

resistance to infections and improve the immune system (Boretti and Banik, 2020) and 

also helps to remove dangerous ―free radicals‖ that cause some cancers (Tsantili et al., 

2010; Mitić et al., 2013; Vinholes et al., 2016). 

The variety Peach (var. nectarina), commonly called nectarine, has a smooth skin. It is on 

occasion referred to as a "shaved peach" or "fuzz less peach", due to its lack of fuzz or 

short hairs. Several genetic studies have concluded that nectarines are developed due to a 

recessive allele, whereas the skin of a fuzzy peach is dominant.  The absence of skin fuzz 
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will make nectarine skins appear more reddish than those of peaches, leading to the Plum-

like appearance of the fruit.  The lack of skin fuzz on the skin of nectarines also suggests 

that their skin is bruised more easily than peaches (Ngo et al., 2019). 

Fruit ripening is a biochemical process which involves a number of metabolic activities 

such as enhanced ethylene production and respiration, change in carbohydrates, synthesis 

of carotenoids, degradation of chlorophyll and conversion of starch into sugars. These 

activities lead to a series of physiological changes in color, taste, flavor, aroma and 

texture to acceptable level. All these factors combine to develop a complete sensory and 

edible profile of a fruit (Lalel et al., 2003). Application of artificial ripening agent can 

speed up the ripening mechanism when required. Compared to control fruit, artificial 

ripening agents CaC2 hastened the ripening process and fruit attain fully ripened stage in 

few days but can cause contaminations of heavy metals in and outside of fruits. 

PIXE has ability to analyze low molecular weight samples without any pre-treatment 

(cause of any potential cross contamination) which makes it relatively useful for the 

analysis of harmful traces in fruits and food samples (Lucarelli et al., 2011; Ali et al., 

2015). In this review, we highlighted the accuracy of the PIXE technique for the rapid 

and precise investigation of various major and minor elements in CaC2-ripened fruits.  It 

is important to say that PIXE is a superficial study (approximate penetration range of 2.3– 

3.0 MeV protons is about 30 μm) (Ali et al., 2015). The very small variations in 

elemental composition values suggest that PIXE is a flexible, feasible and effective trace 

element analysis technique.  

To investigate the traces of arsenic and phosphorus in artificially ripened mango and 

peach due to commonly used postharvest treatment of CaC2 in Pakistani local markets, 

we treated un-ripened green but mature fruits (mango and peach) with different 

concentration of CaC2. We also used a market mimicry treatment method used in our 

local markets (addition of CaC2 packets in fruit containers and kept for 2-4 days (Treated-

1). Different treatment groups were compared for their elemental analysis with control 

(non-treated, Control) fruits (mango and peach) and fully ripened, ready to eat mango and 

peach bought from local markets (Treated 4). 

The effect of CaC2 on the organoleptic characteristics of mango fruits was evaluated 

(Table-2). As expected the control mangoes showed delayed ripening with green & 

yellow non-homogenous color even after 4-5 days and if kept longer its skin got 
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shrivelled due early picking from mango trees and without application of artificial 

ripening agent. Mangoes of Treated 1 ripened in 2-3 days with homogeneous yellow 

color as expected. Application of CaC2 in treatment Treated 2 and 3, where we treated 

green mangoes only for 10 min could not successfully helped ripening, may be 

continuous acetylene gas production is necessary to ripened fruits, so we observed almost 

similar organoleptic characteristics as control mangoes with little bit more yellow patches 

than control.  

Application of artificial ripening agent can speed up the ripening mechanism when 

applied, so fruits of Treated 1 were fully ripened in 2-3 days with homogeneous attractive 

yellow color and nice texture that no one can virtually distinguish from naturally ripened 

fruits. Whereas the dipping in CaC2 (Treated 2 and 3), resulted in non-homogenous 

greenish yellow color due to short term exposure to acetylene gas produced in the 

container, so the ripening was not properly initiated. No technical knowledge is necessary 

to use CaC2 anomalously, so usually higher or irregular quantities are used commercially 

to ripen immature fruits.  

Anjum and Ali (2004) conducted a study to investigate the effects of different calcium 

salts (calcium chloride, calcium sulphate and calcium ammonium nitrate) on organoleptic 

parameters and they concluded that these salts delayed the ripening process of mangoes 

(cv. Kala Chaunsa) and positively influenced the skin and pulp colour but badly affected 

the aroma, flavour and taste of mangoes and hence resulted in bad/poor eating quality. 

Another similar study was conducted by Mehmud et al. (2015) and they used calcium 

carbide along with calcium chloride, calcium sulphate and calcium ammonium nitrate to 

investigate organoleptic parameters of Lokhna, Himsagor, Gopalvogh and Langra 

varieties of mangoes and they concluded that CaC2 hastened the ripening process and 

improved the texture, aroma and taste of mangoes. Padmini and Prabha (1997) reported 

that mangoes fruits treated with CaC2 attained attractive yellow colour, because of high 

carotenoids content, earlier than untreated control group. Our results corroborate with 

Padmini and Prabha (1997) and Mehmud et al. (2015). 

The pattern of concentrations of elements in mango was observed in decreased order: K > 

Ca > Fe > Zn >Cl > M n > S > Cu > Ni.As can be seen from Table 2.4, which implicates 

the importance of mangoes containing both major and trace elements that are essential for 

our body. It is evident from the results presented that the mangoes tested contained 
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adequate concentration of macro elements and micro element. Akhtar et al. (2010) 

investigated the nutrient profile of 4 different varieties of mangoes (Ratol, Chaunsa, 

Langra and Dushari), while Ayivor et al. (2011) determined the elemental concentrations 

in wild mango (I. gabonesia) and they concluded in their studies that mango fruit is rich 

source of micro and macro nutrients. Elemental profile of mangoes in current study is in 

concert with Akhtar et al. (2010) and Ayivor et al. (2011). 

CaC2 is a grayish-black chemical that is widely used in steel and agriculture industry due 

to its low price and easy availability (Irniza et al., 2018). In agriculture settings, CaC2 has 

fruit ripening effect just like an ethylene (Hossain et al., 2015). Actually when CaC2 

reacts with moisture it produces acetylene contains 95 ppm phosphine (PH3) and 3 ppm 

arsine (AsH3) (Bingham et al., 2001) and other impurities which pose health hazardous 

effects of CaC2 (Ur-Rahman et al., 2008).The fruit‘s phyto-elemental composition varies 

due to different factors, which include types of cultivars, agronomic differences, and 

climatic conditions and use of different ripening agents. Practically, various ripening 

agents are in use to enhance the artificial fruits ripening without food toxicity by 

adulteration of fruit‘s nutritional values and food adulteration is emerging issue that 

directly affect the human health (Srivastava, 2015). 

Among different ripening agents, CaC2 sees an extensive use in Pakistan and other Asian 

countries at commercial scale (Siddiqui and Dhua, 2010). It develops the attractive 

smooth surface color whereas its use is also associated with human health issues (Hossain 

et al., 2015). Therefore, globally, the use of calcium carbide was banned in 2006 by Food 

Safety and Standard Act (FSSA) because its use can result in various health hazards. Yet, 

its use is violation of FSSA rules (Chandel et al., 2018).  

After induced ripening of peach fruits with CaC2, a considerable variation in mineral 

profiling in peel and pulp of control and experimental groups was detected (Table 2.8 and 

2.9). In peel 15 minerals in fruits of experimental groups were identified while in peel of 

control group 15 minerals were detected. Additionally, P, As, Si and Se were absent in 

the pulp of control group but they were identified in pulp of experimental group. The 

appearance of P and As may be due to release of PH3 and AsH3 gases when CaC2 

reacted with water as described in case of mangoes (Haturusihghe et al., 2004; Hassan et 
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al., 2019; Abbas et al., 2020). In our study we reported 15 nutrients and the results of this 

study were in accordance with the study that was done to determine the nutritional 

profiles in 19 peach cultivars in Romania, but they reported only 7 macro and 

microelement without noticing the effect of any ripening agents as this study has done at 

the present (Iordănescu et al., 2015). 

peach fruit is treated with CaC2 and PIXE based elemental analysis revealed that 

carcinogenic traces of arsenic were trapped in the surface of fruit. Absence of arsenic 

residues in peach fruit pulp indicated that tiny hairs on peach fruit skin is offering 

protection to inner edible part. To confirm the protective role of peach skin we included 

nectarines in this study. Nectarine and peach belong to same family and nectarine is 

known as shaved peaches because they lack fuzz or tiny hairs on their surface. Elemental 

analysis of nectarine fruit treated with different amount of CaC2 revealed that arsenic is 

present in nectarines pulp as well as peel. 
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Additionally, on the basis of concentration levels, after treatment with CaC2, the Ca level 

increased whereas the K level decreased in peel of both experimental and control groups. 

In comparison with this phenomenon, there was an increase in concentrations of all 

detected minerals in the pulp of experimental group as compared to pulp of control group 

(Table 1). The high concentration level of K and Ca in our study was in accordance to the 

previous report from Turkey (Yangılar et al., 2016) and the high content of 

macronutrients in peel and pulp of peach fruits is supported by another study in  Tunisia 

(Dabbou et al., 2017). Moreover, among all detected elements, there was a high level of 

K and Ca in pulp of either group, as previously reported in pulp of Apricot in study 

conducted in Northern areas of Pakistan (Per et al., 2007).  

A benchmark dose of As (0.3 to 8 μg/ kg body weight/ day) causing cancer was 

calculated by European Food Safety Authority (EFSA) recently, while its also reported 

that people on average consume between 0.13 - 0.56 μg/ kg body weight/ day of inorganic 

arsenic (Gundert-Remy et al., 2015). Daily intakes of As can cause several disease and 

illness ranging from digestion disturbance to cancer. Our results of EDIs of these toxic 

elements are lower than their PTDI values expect As. Our results showed the in mango 

EDI values for Ca, Cr, Mn, Fe, Ni, Cu, Zn, As are shown in table 2.10. Our PIXE data 

showed As consumption ~1-9.8µg/kg body weight (bw) per day.  We tried to calculate 

daily approximate amount of As intake due to consumption of ~200 mg of CaC2 treated 

peaches (mg/kg bw day) in Pakistan and our PIXE data showed As consumption ~1.4-

18.6 mg/kg body weight (bw) per day. Although THQ value for arsenic was calculated 

less than 1. Although the consumption of such fruits do not pose health risks related to As 

toxicity but As intake of artificially ripened fruits can easily added up to already available 

As exposure towards the limits shown for several cancerous diseases. 

Alarmingly, the study reported high concentration of As (3.33 ppm and 1.22 ppm in peel 

and pulp, respectively, of experimental groups). This quantity of arsenic is high as 

compared to that arsenic of quantity (3 ppm) produced from the acetylene by use of CaC2  

(Siddiqui and Dhua, 2010). Generally, in Pakistan, peach fruits are being eaten with their 

peel. This is very injurious to health because higher exposure resulted in accumulation of 

fluids in the lungs and problems in gastrointestinal tract (GIT) such as peptic ulcer 

(Bingham et al., 2001; Per et al., 2007; Ur-Rahman et al., 2008; Asif, 2012;). 
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2.5. Conclusion 

Present study was aimed to explore the elemental profile of mango and peach fruit, 

artificially ripened by CaC2. Selected fruits were sampled directly from orchids and these 

fruits were treated with different concentration of industrial grade CaC2. Elemental 

appraise showed that both mango and peach are very good source of micro and macro 

elements. Elemental analysis revealed that CaC2 fruit contain higher amount of arsenic 

and phosphorus both on fruit surface (peel) and pulp. Absence of arsenic traces in control 

group confirmed that source of heavy metal contamination is CaC2. Our elemental 

analysis of commercially available CaC2 itself, showed the presence of arsenic and 

phosphorous. Elemental concentration obtained through PIXE was further confirmed by 

XRF, GFAAS and ICP-MS. Estimation of arsenic in commercially ripened fruits can also 

be employed as a tool to differentiate fruit ripened by CaC2 or other human safe methods. 

Apart from this, the findings of this study are valuable to create awareness on the effect of 

CaC2 on fruit‘s nutritional value and human health. Therefore, it is a dire need to ban the 

use of calcium carbide as a fruit ripening agent. Furthermore, the research recommends 

the food regulating authorities to take controlling measure against the fruit ripening in 

Pakistan. Also, there is an imminent need to develop the guidelines for the use of CaC2 

and its permissible exposure limits for various fruits ripening in different agriculture 

settings. Further studies therefore call for the active involvement of politicians, 

government agencies, producers, manufacturers, scientists and consumers in addressing 

the various aspects of artificial fruit ripening. 
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Abstract 

The macro and micronutrients present in the food are essential for a healthy life. The 

exact amounts of these elements present in the food items must be measured to 

understand the nutritional balance of the diets. In addition to the macro and 

micronutrients, sometimes toxic heavy metals are also present in food. The toxic heavy 

metals in food are often linked to many ailments in the modern context. The toxic heavy 

metals get accumulated through food chains and also enter into human bodies through 

direct and indirect consumption. Cancers, kidney diseases and neurological disorders are 

frequently associated with the fruits heavy metals. The assessment of elemental contents 

in fruits is important for making the decisions on the nutrient richness, safety and to 

provide detailed nutrient profiles of the food items for the consumers The study was 

aimed to determine the certain fruits for their mineral content, Health hazard and Targeted 

health Quotient. We selected and purchased eight different fruits (Apple, Apricot, 

Banana, Date, Fig, Guava, Persimmon and Plum) from different local market of 

Islamabad Aabpara Market, Itwar Bazar, Metro Super Market, Mandi Mor and Street 

Vendor to detect the elemental compositions using Proton Induced X-ray Emission 

(PIXE) and X-ray fluorescence (XRF) methods. Fruit samples from market and control 

fruits were oven dried and ground to fine powder.  Pellets of 2 mm thickness and 13 mm 

diameter were prepared using Laboratory Hydraulic Press and samples were irradiated 

with 3 MeV collimated protons from the 5 MV tandem accelerator. The X-rays emitted 

during irradiation from the samples were measured by Silicon Drift Detector (SDD) and 

the acquired X-ray spectrum was analysed by using the software GUPIXWIN. PIXE 

elemental profiling of the fruit samples was further validated by X-ray Fluorescence 

Spectroscopy (XRF). This technique confirmed the presence of essential mineral along 

with arsenic, cadmium, mercury and lead traces in different fruits from different fruit 

market. Results of this part showed that all fruits contained significant concentrations of 

these essential minerals. Heavy metal such as arsenic was detected in every fruit sample 

except Persimmon and fruit from Aabpara Market was likely to contain arsenic in almost 

significantly amount. Mercury was detected in guava, Persimmon, Date and Plum and 

fruit from Madi Mor was likely to contain mercury in almost significantly amount. 
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Cadmium was detected in Apricot, Apple and Fig and fruit from Aabpara Market was 

likely to contain cadmium in almost significantly amount. Lead was detected in Plum and 

Persimmon and fruit from Aabpara Market was likely to contain lead in almost 

significantly amount. THQ value for arsenic was calculated less than 1 all fruits except in 

guava where THQ of arsenic was in range of 1.8-3.2 while THQ for Cd, P bang Hg was 

calculated less than 1. Results showed that arsenic contaminated Guava fruit can pose 

serious health hazard to consumers. To determine the most important variables that 

explain the relationships, the PCA model was applied to all data; between the elements 

present in under examined fruits. Arsenic residues were found significantly in control 

group of Apple and Apricot whereas guava, Banana, and Date from Itwar Bazar. Hg and 

Pb residues were found predominantly significant in Persimmon and Plum while Cd 

residues were found significantly in Fig fruit. The Selected fruits were estimated as a 

good source of essential minerals but there were contamination of few heavy metals like 

As, Hg , Pb and Cd which can be hazardous for the consumer health. 
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3.1.1. INTRODUCTION 

Mineral components assume a significant job for the nourishment of individual. Products 

of the soil are one of the critical wellsprings of mineral components. Overabundance or 

absence of mineral components in food may cause a few problems in human wellbeing 

and individuals may expose to different illnesses. Expanded utilization of foods grown 

from the ground can improve the degree of mineral guideline and diminish cardiovascular 

sicknesses and certain malignant growth chances. Minor components don't give any 

calories however they keep up the body pH, osmotic guideline and utilized as coenzyme 

which control the digestion. In this manner, appraisal of micronutrients and basic minor 

components levels of foods grown from the ground is a rising pattern in wholesome 

investigations over the world. 

3.1.2. Fruits and Human Diet 

An organic product is the adult ovary of a plant or the delicious consumable piece of 

woody plants, while vegetables are the palatable parts of a plant that can be eaten, for 

example, the leaves, stem, tubers, roots and bulbs, the sweet and meaty result of a tree or 

other plant that contains seed and can be eaten as food. Healthfully, products of the soil 

are energy-thick nourishments containing nutrients, minerals, fiber and other bioactive 

mixes (Lius et al. 2000; Van Duyn and Pivonka, 2000; Lewis, 2002; Mauseth, 2003; 

Minath et al., 2012). 

Fruits are natural staple food of humans, which consist of major proportion of essential 

nutrients, prevent all diseases and keep a person energetic throughout his life (Zahir et al., 

2009). Fruit consumption reduces the risk of various critical diseases including cardiac 

and nerve disorders, and cancer too (Block et al., 1992, Dauchet and Dallongeville, 

2008). 

Fruits have been considered as important dietary item with many health benefits, because 

they have natural antioxidant compounds, which decrease the rate of cardiovascular and 

other chronic diseases (Isabelle et al., 2010, Gil et al., 2002). Fruits possess antioxidants 

and other agents with therapeutic properties including carotenoids and polyphenols such 

as anthocyanins, phenylpropanoids, flavonoids, phenolics etc. (Gorinstein et al., 2004). 
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Fruit quality contains nutrients (for example, minerals, dietary fibres and vitamins) and 

health benefits (for example, antioxidants) which are pleasing factors in consumer 

preference (Layne and Bassi, 2008). Fruits and vegetables are wealthy sources of 

potentially bioactive compounds i.e. phytochemicals (Palafox‐ Carlos et al., 2011). 

Research revealed that the health benefits of the fruits are due to the synergistic and 

additive combinations of phytochemicals, having strong antioxidant activity including 

ascorbic acid, flavonoids, carotenoids and others (Liu, 2003). Fruits such as mango, okra 

and eggplant are good sources of soluble fiber, which lowers the glycemic index of foods 

and have beneficial effects on cardiovascular diseases, type 2 diabetes and obesity 

(Humble et al., 1992, Khaw and Barrett-Connor, 1987, Larsson et al., 2009, Meyer et al., 

2000).  

A few natural products are wealthy in carotenoids, which are thought to draw in creatures 

as dispersers through their brilliant tones (for instance, β-carotene, α carotene, and lutein 

in mangoes, lycopene in tomato; lycopene and β-carotene in red grapefruit; capsanthin, β-

carotene, lutein, and violaxanthin in red pepper). Lycopene is a methyl-spread carotenoid, 

with no provitamin An action. It is a powerful lipophilic cell reinforcement having more 

noteworthy cancer prevention agent movement than different carotenoids, and has been 

demonstrated to be defensive against prostate malignant growth and cardiovascular 

sicknesses (Fraser and Bramley, 2004). Epidemiological and mediation considers have 

connected β-carotene utilization to expanded anticipation against cardiovascular illness, 

including cerebral dead tissue, ischemic stroke, protection from LDL oxidation and 

carotid atherosclerosis (Bjelakovic et al., 2012, Fraser and Bramley, 2004, Riccioni et al., 

2010)  

Organic products are rich wellsprings of polyphenols that have procured striking 

recognizable proof as of late as being significant phytonutrients, bringing down the 

danger of ongoing illnesses, for example, cardiovascular infection, malignant growth, 

weight and metabolic disorder. Anthocyanins speak to a subset of flavonoids with high 

cancer prevention agent limit and strong wellbeing advancing impacts. As a component 

of the human eating regimen, they offer obstruction against malignancy, thwarting both 

the inception and movement phases of tuMor advancement (Tsuda et al., 2003), 
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smothering fiery inducers of tuMor commencement, limiting angiogenesis, and 

diminishing malignant growth actuated DNA harm in creature sickness models.  

Anthocyanins likewise cover against cardiovascular illness and age-related degenerative 

sicknesses connected with metabolic disorder (Hou et al., 2004, Renaud and de Lorgeril, 

1992), improve visual keenness, have calming action and repress heftiness and diabetes 

(Shin et al., 2006, Matsumoto et al., 2003, Tsuda et al., 2003). Speak connections 

between's use of flavonol-rich weight control plans and the advancement of specific 

malignant growths, cardiovascular sickness and age-related degenerative illnesses 

(Hertog et al., 1993, Knekt et al., 1996, Seeram et al., 2004) have been uncovered by the 

information from cell-based examines and taking care of preliminaries with creatures just 

as in human epidemiological examinations. Another significant gathering of plant-based 

bioactive polyphenols is the hydroxycinnamic corrosive esters, of which chlorogenic 

corrosive is the major dissolvable phenolic in solanaceous species, for example, potato, 

eggplant and tomato just as in espresso. Chlorogenic corrosive is quite possibly the most 

abundant polyphenols in the human eating routine and is the significant cell 

reinforcement in the normal created world eating regimen. It has exceptional cancer 

prevention agent movement, and its utilization can restrict weight gain and glucose 

assimilation (Thom, 2007).  

Epicatechins are the major polyphenolic mixes in green tea, and the main dynamic 

segment is believed to be epigallocatechin gallate. Human, cell and creature contemplates 

have indicated that concentrate of green tea for example epicatechins forestall malignancy 

improvement, particularly prostate disease (Cornwell et al., 2004, Dixon and Ferreira, 

2002). Comparative impacts might be obtained by utilizing Plump organic products, for 

example, blueberry, grape and cranberry or by using berry-juice items; these have 

similarly elevated levels of epicatechins and catechins, which additionally guard against 

cardiovascular illness (Dell'Agli et al., 2004).  

Dietary mediation considers uphold the view that utilization of organic product 

(particularly when supplanting calorie-thick food) helps with holding a solid weight and 

limit the danger of cardiovascular sickness (He et al., 2007, He et al., 2006, Lichtenstein 

et al., 2006) and a wide scope of tumors (Tohill et al., 2004, Marmot et al., 2007). Thus, 
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dietary improvement by improving natural product to contain more elevated levels of 

phytonutrients and strands or by expanding organic product utilization ought to positively 

affect the event and advancement of constant illness. Such improvement of organic 

product yields could be satisfied through marker-helped choice utilizing existing variety 

or hereditary alteration (Butelli et al., 2008). Advantages realistic from utilization of leafy 

foods are more prominent life expectancy, improved emotional well-being (Conner et al., 

2017), better cardiovascular wellbeing (Oyebode et al., 2014), decreased dangers of 

certain malignant growths (Boffetta et al., 2010) and weight the executives (Rolls et al., 

2004). 

preventing constipation, haemorrhoids and diarrhoea (Ness and Powles, 1997; Ridgewell, 

1998; Law and Morris, 1998; Tribble, 1999; Kozlowska et al., 2014) 

3.1.3 Apple (Malus domestica) 

 Apples are plentiful in nutrients and minerals. Devouring these natural products help 

weight reduction, improves cerebrum wellbeing, gives cell reinforcements, diminishes the 

danger of metabolic condition and forestalls a few types of malignant growths. All pieces 

of the organic product, including the skin, aside from the seeds, are appropriate for human 

utilization. The center, from stem to base, containing the seeds, is normally not eaten and 

is disposed of. Apple skins and seeds contain different phytochemicals, especially 

polyphenols which are under starter research for their potential wellbeing impacts 

(Ribeiro et al., 2014). There are in excess of 7,500 known cultivars (developed 
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assortments) of apples (Elzebroek and Wind, 2008). Various cultivars are accessible for 

mild and subtropical atmospheres. The apple is thought to have been tamed 4000–10000 

years prior in the Tian Shan mountains, and afterward to have gone along the Silk Road 

to Europe, with hybridization and introgression of wild crabapples from Siberia (M. 

baccata), the Caucasus (M. orientalis), and Europe (M. sylvestris). Just the M. sieversii 

trees becoming on the western side of the Tian Shan Mountains contributed hereditarily 

to the tamed apple, not the disengaged populace on the eastern side (Duan et al., 2017). 

3.1.4. Banana (Musa acuminata) 

Banana, belongs to the banana family Musaceae, is a climacteric fruit with high 

nutritional values and ranked among the top ten food commodities of Southeast Asia, 

Africa, and Latin America. In Pakistan Banana is cultivated in area of 349,000 ha with 

annual production 29.7 million ton and in Sindh Province of Pakistan, commercial 

cultivation of banana spreads over the districts of Hyderabad, Thatta, Khairpur, and 

Nawabshah (Irfana et al., 2015). Bananas are economical source of energy as they deliver 

good amount of potassium and carbohydrate, one medium banana provide 422 mg and 

27g potassium and carbohydrate respectively (Rahman et al., 2014). It contains vitamins 

A, B6, C and D as well as potassium (that prevents muscle spasms). Banana helps the 

body to Fight against ulcers; it is also useful in the treatment of anaemia, burns, wounds 

and arthritis. Its main benefits include mood improvement, weight loss and promotion of 

the human muscles and bones (Sampath et al., 2012).   

3.1.5. Guava (Psidium guajava) 

Guava (Psidium guajava), belongs to genus Psidium and family Myrtaceae, is fast 

growing tropical and subtropical specie and in can grow and tolerate range of 

einvronmental conditions (Rai et al., 2013). It is a super fruit rich in vitamins and 

minerals due to the bioactive compounds present in it. It has anti-allergenic, 

antimicrobial, anti-thrombotic and anti-artherogenic effects (Mitra, 2015). It also has 

antioxidants that help protect the body cells from damage. Guava fruit has low calories 

and fats but high quantities of vitamins, minerals, and antioxidants and flavonoids that are 

helpful in prevention of cancers, aging, and infections. Guava fruit is an excellent source 

of vitamin A, vitamin C, dietary Fiber, and minerals like phosphorus, calcium, iron, 

amino acid (thiamine) and proteins, (niacin, riboflavin and carotene) etc (Murmu & 

Mishra, 2018). Its consumption reduces serum cholesterol levels, triglycerides, and 
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hypertension while increasing the level of good cholesterol (HDL) (Mangaraj & 

Goswami, 2011). 

3.1.6. Date (Phoenix dactylifera L)  

Date natural product experimentally called Phoenix dactylifera L, have a place with the 

palm family Arecaceae or Palmae. Dates have high caloric substance, low protein and fat 

substance, moderate wellsprings of nutrient, sufficient measures of pyridoxine, niacin, 

pantothenic corrosive, riboflavin and nutrient K. They are likewise plentiful in minerals, 

for example, magnesium, manganese, selenium, potassium, copper, iron and calcium. The 

organic product fixes paleness, treats sexual shortcomings, night visual impairment, 

obstruction and looseness of the bowels, forestalls stomach malignancy and fortifies the 

human bones. It likewise keeps a sound sensory system attributable to the presence of 

potassium found in the cells and body liquids required for the control of the body's pulse 

and circulatory strain level. Its iron substance makes it reasonable for pregnant ladies as it 

forestalls drain after birth; it has against maturing benefits because of the presence of cell 

reinforcements that manages destructive free extremists in the body. (Zohary et al., 

2012). 

3.1.7. Persimmon (Diospyros kaki L) 

Persimmon natural product (Diospyros kaki L.), otherwise called 'Sharon natural product', 

'Caqui', 'Kaki', and 'Japanese Persimmon', is a beefy and sinewy tropical natural product 

that has a place with the Ebenaceae family. It is normally developed in warm areas of the 

world including China, Korea, Japan, Brazil, Turkey, and Italy (Itamura et al., 2005; 

Yokozawa et al., 2007). The Persimmon isn't so famous in European people group 

however its interest is expanding attributable to customer's mindfulness with respect to its 

concealed wellbeing advancing potential. Mediterranean district is likewise appropriate 

for Persimmon creation that has reached as much as 110,000 tons (Jung et al., 2005; Luo, 

2007; Bubba et al., 2009). Persimmon organic product contains bioactive mixes, for 

example, fiber, nutrient C, carotenoids just as miniature and large scale minerals with 

significant wellbeing advancing impacts. The use of Persimmon products of the soil 

bioactive segments might be a decent technique to improve the wellbeing status of the 

populace. New and dried Persimmons are significant dietary item, which have high 

substance of sugars, as glucose and fructose as a wellspring of energy (Díaz et al., 2020).  
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Persimmon leaves have helpful impacts against oxidative pressure, hypertension, diabetes 

mellitus and its difficulties, and atherosclerosis (Kotani et al., 2000; Wang et al., 2004). 

The bioactive segments present in it particularly carotenoids and tannin are useful in 

extinguishing free revolutionaries, diminishing cardiovascular danger factors (pulse and 

cholesterol), and lessening the dangers of diabetes mellitus alongside viability against 

malignant growth uprising (Park et al., 2002; Lee et al., 2006). 

 

3.1.8. Plum (Prunus domestica) 

Plums are a kind of drupe organic product that have a place with the subgenus Prunus 

(family Rosaceae). Dried plums are generally known for their diuretic impact, which is 

ordinarily credited to their dietary fiber content (Tinker et al., 1991), but on the other 

hand is likely affected by the critical measures of phenolics (e.g., chlorogenic corrosive) 

and sorbitol present in the organic product. Dried plums are a wellspring of dietary fiber, 

yet in addition a decent wellspring of potassium and nutrient K.  

  

3.1.9. Apricot (Prunus armeniaca L) 

Apricot (Prunus armeniaca L.) has a place with family Rosaceae. Organic product 

shading ranges between orange to orange red and a few cultivars are cream white to 

greenish white (Ruiz et al. 2008; Riu-Aumatell et al. 2009). Apricot began in China and 

Central Asia (Yuan et al., 2007). It is burned-through in new, dried and frozen structures 

or utilized for planning of jam, jams, and jellies (Chauhan et al., 2001). Apricots contain 

shifted measures of basic minerals, nutrient A, nutrients C, K, E, thiamin (B1), riboflavin 

(B2), niacin (B3), pyridoxine (B6), folic corrosive (B9), natural acids (Gurrieri et al. 

2001; Hasib et al., 2002; Munzuroglu et al., 2003; Ali et al.,2011). Normal scopes of 

protein and fat in Apricot natural product is 1.4-2.0% and 0.4-0.6% individually. The oil 

substance of seed goes from 40-52%, which is wealthy in unsaturated fats (Alpaslan and 

Hayta, 2006).  

Apricot natural product contain various degrees of phytochemicals such aspolyphenols 

(phenolic acids and flavonoids) and carotenoids that contribute fundamentally as they 

would prefer, shading and healthy benefit (Dragovic-Uzelac et al. 2007). The cancer 

prevention agent properties of Apricot natural product are credited to its rich 

phytochemical structure (Halliwell and Aruoma, 1991; Leccese et al. 2007). Apricot 
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supplies huge measures of fiber (solvent and insoluble) (Chang et al. 2006; Ishaq et al. 

2009). 

3.1.10. Fig (Ficus carica) 

Ficus carica L., a deciduous tree having a place with the Moraceae family, is one of the 

most punctual developed natural product trees and have in excess of 750 knowing species 

(Solomom et al., 2006; Akbasa and Ozdemirb, 2008). Products of F. carica can be eaten 

new or dried or utilized as jam. Figs are utilized as a superb wellspring of minerals, 

nutrients, sugars, and dietary fiber since it is fat and cholesterol free and contain high 

number of amino acids (Solomom et al., 2006). They can be shown to be a predominant 

wellspring of minerals and nutrients, giving per 100 g serving the accompanying: iron, 

30%; calcium, 15.8%; potassium, 14%; thiamin (B1) 7.1%; and riboflavin (B2) 6.2%. 

Figs are without sodium just as fat and cholesterol free (Lisanju et al., 2003; Solomom et 

al., 2006). F. carica has been generally utilized for its restorative advantages as metabolic, 

cardiovascular, respiratory, antispasmodic, and mitigating cure. F. carica contains 

numerous phenolic exacerbates that assume numerous physiological jobs in plants. Some 

of them are additionally great for human wellbeing, since they can go about as a cancer 

prevention agent. Fig natural products contain at any rate 17 kinds of amino acids, among 

which aspartic corrosive and glutamine are the most noteworthy ones (Lisanju et al., 

2003; Solomom et al., 2006). Dried figs likewise contain moderately high measures of 

unrefined filaments (5.8%, w/w), higher than those of any remaining regular natural 

products (Vinson et al., 2005; Solomom et al., 2006). Over 28% of the fiber is of the 

solvent sort, which has been appeared to help in the control of glucose and blood 

cholesterol and in weight reduction. Dried figs likewise contain perhaps the most elevated 

grouping of polyphenols among the normally devoured products of the soil (Vinson, 

1999; Vinson et al., 2005; Solomom et al., 2006).  

3.1.11. Classification of Elements in Plants 

Elements can primarily be categorized into two classes depending upon their essentiality 

in plants. 
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3.1.11.1. Essential elements 

As the name indicates, these elements are inevitably required by plants either in large 

concentrations or minute concentrations. Essential elements are further classified into two 

categories: 

 Macroelements: Such elements which are required by plants in higher 

concentrations for their growth and development are macroelements. They include 

carbon (C), hydrogen (H), oxygen (O), nitrogen (N), phosphorus (P), potassium 

(K), sulfur (S), calcium (Ca) and magnesium (Mg). 

 Microelements: Such elements which are required by the plants in trace 

concentrations are microelements. They include iron (Fe), nickel (Ni), zinc (Zn), 

manganese (Mn), copper (Cu), molybdenum (Mo), chloride (Cl) etc. 

Any disturbance in the optimum levels of macroelements and microelements i.e. their 

excess or deficiency affects the metabolism and physiological processes in the plants. 

3.1.11.2. Non-essential elements 

These elements are not essential for plants. Rather, their exposure or accumulation in the 

plants due to environmental pollution and soil contamination leads to detrimental effects. 

Arsenic (As), lead (Pb), cadmium (Cd), chromium (Cr) and mercury (Hg) are some 

examples of non-essential elements. 

3.1.11.3. Effects of Elements on Living Organisms 

Contamination of the food chain due to water and soil contamination has become a grave 

issue all over the world. It increases the level of the elements like lead, arsenic, cadmium 

and cobalt in crop plants that are deleterious to organisms even in minute concentrations. 

Essential elements e.g. zinc, iron, calcium, magnesium, sodium and potassium are not 

dangerous at optimum level but their enhanced level inserts troublesome threats to life. 

There are about 30 chemical elements that play an essential role in many physiological 

and biochemical mechanisms in living organisms, and documented as essential elements 
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for life. Actually, for numerous food constituents, the consumption of metal ions can be a 

two-edged sword. Majority of the known metals and metalloids are very toxic to living 

organisms. 

Recently, the association between diet and health has gained a great significance in 

scientific research for the identification of the certain plant moieties that show health 

benefits (Palafox‐ Carlos et al., 2011). Throughout the last decades, the high demand of 

food safety has awaken researchers to think about the risk related to the use of food 

adulterated by toxins, heavy metals and pesticides (D'Mello, 2003). 

The main objective of the present research to find out major, minor and trace elements 

with further insight into their potential health hazards and targeted health quotient.in 

some selected fruits samples which are commonly consumed by both rural and urban 

population of Pakistan. We will also compare our findings with other such studies in 

different parts of the world and discuss how they made rules to avoid this major human 

health concern through their environmental and food protection agencies.  

Main objectives of this study are: 

 To carry out quantitative assessment of macro and micro elements of selected 

fruits commonly available in markets and estimate their daily reference intake, 

Hazards index and Targeted Health Quotient. 

 To carry out different statistical analysis to determine the most important variables 

that explain relationship between elements and selected fruits. 
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Materials and Methods 

3.2.1. Sample Collection 

The fruits were collected from four different local markets of Islamabad Aabpara Market, 

Itwar Bazar, Mandi Mor, and metro Super Market and fruit Street Vendors. Fruits used as 

samples were Apple (Malus domestica), Apricot (Prunus armeniaca), Banana (Musa 

acuminate), Date (Phoenix dactylifera), Fig (Ficus carica), Guava (Psidium guajava), 

Persimmon (Diospyros virginiana) and Plum (Prunus domestica). Same fruits were also 

collected directly from trees of private orchids and such fruits were used as control 

sample for this study. After collection, the samples were stored in polythene bags and 

were transferred to the Stress Signalling Laboratory for further experiments. The samples 

were rinsed with tap water in order to remove any adhered dust particles and afterwards 

they were again washed with deionized distilled water (DDW). After washing, edible and 

non-edible parts of samples were separated. Non-edible parts were discarded, while 

edible parts were dried in an oven at 70–80 
o
C for 48h. The dried samples were chopped 

and grinded into fine powder, and were again stored in polythene bags at room 

temperature for further study. The details of all the collected samples is given in table 3.1. 

Table.3.1. List of selected fruits collected from different markets of Islamabad, 

Pakistan. 

Samples Ids Fruits treatment and collection details 

Group-1 Control Control non-treated fruit samples were kept inside corrugated 

wooden container (dimension 7״ x 12״ x 26״). 

Group-2 Aabpara 

Market 

Fruits collected from Aabpara Market situated in south west of 

Sector G-6, Islamabad, along Khayaban-e-Suharwardy. 

Group-3 Super Market Fruits collected from Metro Cash & Carry situated at Laila Road, 

I-11, Islamabad,. 

Group-4 Itwar Bazar Fruits collected from Itwar Bazaar located in H9 Islamabad, near 

Peshawar Morr, Islamabad 

Group-5 

Group 6 

Street Vendor 

Mandi Mor 

Fruit purchased from local Street Vendors in Islamabad Pakistan 

Fruits collected from Mandi Mor located at I.J.P. Road, I-10, 

Islamabad 
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3.2.2. Elemental Profiling of selected fruits from local markets.  

3.2.2.1. Sample Preparations 

Same as in PART I Material and Methods. 

3.2.2.2. PIXE Analysis 

Same as in PART I Material and Methods. 

3.2.2.3. Data Analysis 

Same as in PART I Material and Methods.. 

3.2.3. Confirmation of heavy metals residues by XRF  

Same as in PART I Material and Methods. 

3.2.4. Calculation of Estimated Daily Intakes of Trace Elements 

Same as in PART I Material and Methods. 

3.2.5. Health Index (HI)   

Same as in PART I Material and Methods. 

3.2.6. Non-Carcinogenic and Carcinogenic Risk 

Same as in PART I Material and Methods. 

3.2.7. Statistical Analysis 

3.2.7.1. One-way ANOVA 

Same as in PART I Material and Methods. 

3.2.7.2. Pearson’s Correlation Analysis 

Same as in PART I Material and Methods. 

3.2.7.3. Multivariate Analysis (PCA) 

Same as in PART I Material and Methods. 
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3.3 Results 

The present study is amid to study the selected fruits available in local markets for their 

mineral composition and health related indices. Fruits were collected from five different 

markets as listed in material methods. For fruits in control groups were collected from 

private orchids. The elemental composition of fruits collected from markets will be 

compared with elemental composition of related control group of respective fruit. PIXE 

and XRF are employed for the elemental profiling of these fruits.  

3.3.1 Guava (Psidium guajava) 

3.3.1.1. Differential Elemental profile of Guava Fruit 

The concentration pattern of the metals in guava is K > Ca > Fe > Si > Mn > P > S > Cl > 

Se > Cu > As > Cr > Ni > Hg. The average concentrations of metals in guava are, 

1037.64 (K), 393.3 (Ca), 190.3 (Fe), 0.45 (Cu), 26.5 (Mn) 0.83 (As) 2.58 (Se) and 0.2 

(Cd) µg/g edible portion.  

In present study maximum silicon concentration in guava was recorded in sample 

collected from vendor (39.5 ±1.15 mg/kg) while minimum concertation was recorded in 

sample collected from Itwar Bazar (10.18 ± 0.75). Maximum phosphorus concentration in 

guava was recorded in sample collected from Itwar Bazar (15.59 ± 0.162mg/kg) while 

minimum concertation was recorded in sample collected from Mandi Mor (4.2 ± 

0.469mg/kg). Maximum sulphur concentration in guava was recorded in sample collected 

from Aabpara Market (35.7 ± 1.55mg/kg) while minimum concertation was recorded in 

sample collected from vendor (0.769 ± 0.074 mg/kg). Maximum chlorine concentration in 

guava was recorded in sample collected from Aabpara Market (33.3 ± 0.188mg/kg) while 

minimum concertation was recorded in sample collected from vendor (0.557 ± 0.145 

mg/kg). Maximum potassium concentration in guava was recorded in sample collected 

from Itwar Bazar (656.44 ± 19.2mg/kg) while minimum concertation was recorded in 

sample collected from vendor (235.5 ± 12.1 mg/kg). Maximum calcium concentration in 

guava was recorded in sample collected from Itwar Bazar (125.99 ± 26.9mg/kg) while 

minimum concertation was recorded in sample collected from Super Market (60.5 ± 

8.34± 2.2 mg/kg). Maximum manganese concentration in guava was recorded in sample 

collected from Super Market (12.5 ±1.4 mg/kg) while minimum concertation was 

recorded in sample collected from Mandi Mor (2 ± 0.19 mg/kg) Maximum iron 
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concentration in guava was recorded in sample collected from Itwar Bazar (376.8 ±16.6 

mg/kg) while minimum concertation was recorded in sample collected from vendor 

(110.6 ± 9.7 mg/kg) Maximum arsenic concentration in guava was recorded in sample 

collected from Aabpara Market (3.2 ±0.321 mg/kg) while minimum concertation was 

recorded in sample collected from Super Market (0.05 ± 00 mg/kg). Arsenic was not 

detected from sample in group, Itwar Bazar, vendor and Mandi Mor. Maximum mercury 

concentration in guava was recorded in sample collected from Mandi Mor market (0.0038 

± 00 mg/kg) while minimum concertation was recorded in sample collected from vendor 

(0.000766 ± 00 mg/kg). Mercury was not detected from sample in control and Itwar 

Bazar.(Table3.2)
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Table 3.2: Elemental profile of guava fruit collected from different local fruit markets using particle induced X-ray emission (PIXE) 

spectroscopy. 

Elements Control 
Abpara 

market 
Super Market Itwar Bazar Street Vendor Mandi Mor 

Si 30.7 ± 1.52 61.62 ± 1.61 37.9 ± 1.55 10.18 ± 0.753 39.5 ± 1.15 35.3 ± 1.12 

P 8.9 ± 2.77 7.83 ± 0.14  11.5 ± 0.108 15.59 ± 0.162 6.2 ± 0186 4.2 ± 0.469 

S 2.2 ± 0.114 35.7 ± 1.55 3.1 ± 0.255 4.83 ± 0.753 0.769 ± 0.074 2 ± 0.43 

Cl 2.7 ± 0.301 33.3 ± 0.188 3.1 ± 0.89 6.77 ± 0.57 0.557 ± 0.145 1.8 ± 0.075 

K 289.2 ± 0.216 453.2 ± 13.78 271.4 ± 10.47 656.44 ± 19.2 235.5 ± 12.1 236.1 ± 27.4 

Ca 90.8 ± 13.7 74 ± 16.1  60.5 ± 8.34 125.99 ± 26.9 71.1 ± 6.22 68.8 ± 17.8 

Cr 3.03E-03 2.60E-02 4.05E-03 2.86E-02 4.18E-03 1.98E-03 

Mn 5.5 ± 1.6 3.82 ± 4.7  12.5 ± 1.45 9.78 ± 10.17 3.2 ± 1.19 2 ± 0.19 

Fe 330 ± 6.41 187.8 ± 14.5 225.2 ± 13.47 376.8 ± 16.6. 110.6 ± 9.7 119.8 ± 10.5 

Ni ND ND ND ND ND 1.00E-02 

Cu 5.73E-02 1.3 ± 0.12 ND 1.3 ± 0.15 6.38E-02 ND 

As ND 3.2 ±0.321 1.8 ± 0.27 ND ND ND 

Se ND 2.3 ± 0.214 1.7 ± 0.037 10.4 ± 0.84  1.1 ±  0.025 0 
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Hg ND 3.58E-03 7.66E-04 ND 2.32E-03 3.80E-03 
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3.3.1.2. Estimated Daily Intakes of Toxic and Essential Elements 

On daily consumption of guava heavy metals may damage different body organs and 

metabolic functions of the consumers which may lead to various lethal diseases like 

cancer. We calculated and compared the mean estimated daily intakes (MEDI) of 

elements detected by PIXE. The provisional tolerable daily intakes (PTDI) recommended 

by Joint FAO/WHO Expert Committee on Food Additives are 50 mg/kg bw for Si, 3000 

mg/kg bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw for Cl, 3500 mg/kg bw for K, 2500 

mg/kg bw for Ca, 1.5 mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw 

for Fe, 0.02 mg/day kg bw for Ni, 0.4 mg/day kg bw for Cu, 20 mg/day kg bw for Zn, 0.3 

µg/day kg bw for As, 1 µg/day kg bw for Se, 25 µg/day kg bw for Cd, 3 µg/day kg bw for 

Pb, 1.5 µg/day kg bw for Hg 

Our results revealed that in control group SI, S, Cl, Mn, Fe, while in samples collect from 

supermarket Si, S, Cl, K, Ca, Mn, Mn, Fe, Cu, As, Se detected were much higher than the 

provisional tolerable daily intakes recommended by Joint FAO/WHO Expert Committee 

on Food Additive. Similarly Samples from Itwar Bazar and vendor contain Si, Cl, S, Mn, 

Fe and Se higher than their recommended daily allowed amount.  Arsenic detected in 

Super Market and Aabpara Market samples was recorded higher than the upper tolerable 

limit. Both HI and THQ value for arsenic is greater than 1. This means consumption of 

such arsenic contaminated food can pose arsenic toxicity (Table 3.3). 
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Table 3.3.The mean estimated daily intake (MEDI) (mg/kg) of essential elements in guava fruits. The provisional tolerable daily intakes 

(PTDI) recommended by Joint FAO/WHO Expert Committee on Food Additives. 

Mean Estimated Daily Intakes(MEDI) 
Provisional 

Tolerable Daily 

Intakes 

(PTDI) 
Elements Control 

Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Street Vendor Mandi Mor 

Si 87.7 103.4 108.3 29.1 112.9 100.9 50 

P 25.4 223.7 32.9 44.5 17.7 12.0 3000 

S 6.3 102.0 8.9 13.8 2.2 5.7 0.7 

Cl 7.7 95.1 8.9 19.3 1.6 5.1 3.6 

K 826.3 12963.4 775.4 1875.5 672.9 674.6 3,500 

Ca 259.4 4980.0 172.9 931.4 203.1 196.6 2500 

Sc 0.0 1.0 0.1 0.5 0.0 0.0 - 

Cr 0.0 0.1 0.0 0.1 0.0 0.0 1.5 
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Mn 15.7 109.1 35.7 279.4 9.1 5.7 0.14 

Fe 942.9 536.6 643.4 1076.6 30.3 28.0 0.8 

Cu 0.2 3.7 0.0 3.7 0.2 0.0 0.4 

As 0.0 9.1 5.1 0.0 0.0 0.0 0.0003 

Se 0.0 6.6 4.9 29.7 3.1 0.0 1 µg/kg.bw  
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3.3.1.3. Non-Carcinogenic Risk of Heavy Metals 

Chronic low-level intake of toxic metal elements has a negative effect on human health. 

HQ method was used to assess the potential health risks of heavy metal accumulation 

through guava pulp. Guava consumption values for adults in Islamabad, Pakistan are and 

250 g/person/day. The THQ values of Cr, Mn, Fe, Cu, As, and Se due to guava 

consumption for residents of the study area. When THQ and HI values are less than 1, 

there is no obvious risk to the population, but if these values exceed one, there may be 

concern for potential non-carcinogenic effects. The results indicate that, As contributes 

the greatest to non-carcinogenic risk followed by Fe and Mn (Table 3.4).  

Table.3.4. Hazard Index (HI) and Target hazard quotient (THQ) values of the elements 

for consuming guava fruits 

Hazard Index (HI) 

Elements  Control 
Abpara 

market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 0.0 0.0 0.0 0.1 0.0 0.0 

Mn 120.9 839.6 274.7 2149.5 70.3 44.0 

Fe 1346.9 766.5 919.2 1538.0 43.3 40.0 

Cu 4.1 92.9 0.0 92.9 4.6 0.0 

As 0.0 30476.2 17142.9 0.0 0.0 0.0 

The Target Hazard Quotient (THQ) 

Elements  Control 
Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 3.03E-03 2.60E-02 4.05E-03 2.86E-02 4.18E-03 1.98E-03 

Mn 5.5 38.2 12.5 97.8 3.2 2 

Fe 330 187.8 225.2 376.8 10.6 9.8 

Cu 5.73E-02 1.3 0 1.3 6.38E-02 0 

As 0 3.2 1.8 0 0 0 
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3.3.2. Banana (Musa acuminata) 

3.3.2.1. Differential Elemental profile of Banana Fruit 

The concentration pattern of the metals in Banana is K > Ca > Fe >Cl< Zn >Al< Mn > 

Si<S > Cu > Ni > P. The average concentrations of metals in Banana are, 1074 (K), 182 

(Ca), 59.2 (Fe), 0.65 (Cu), 9.74 (Mn) 7.02 (As) mg/kg edible portion. In present study 

maximum Aluminium concentration in Banana was recorded in sample collected from 

Street Vendor (16.7±0.087 mg/kg) while minimum concertation was recorded in sample 

collected from Mandi Mor (5.95±0.41 mg/kg). In present study maximum silicon 

concentration in Banana was recorded in sample collected from Itwar Bazar (0.983± 0.05 

mg/kg) while minimum concertation was recorded in sample collected from mandi (0.5± 

0.038 mg/kg). Silicon concentration was found non-significant in all group. Maximum 

phosphorus concentration in Banana was recorded in sample collected from Super Market 

(0.55± 0.028 mg/kg) while minimum concertation was recorded in sample collected from 

Street Vendor (0.179± 0.036 mg/kg). Phosphorus was absent in control and Aabpara 

Market samples. Maximum sulphur concentration in Banana was recorded in control 

sample (1.5±0.087 mg/kg) while minimum concertation was recorded in sample collected 

from vendor (0.68± 0.3 mg/kg). Maximum chlorine concentration in Banana was 

recorded in control sample (32.9± 2.6 mg/kg) while minimum concertation was recorded 

in sample collected from Mandi Mor (1.75± 0.056 mg/kg). Maximum potassium 

concentration in Banana was recorded in control sample (1224.8±4.018 mg/kg) while 

minimum concertation was recorded in sample collected from Itwar Bazar (894.3±13.87 

mg/kg). Maximum calcium concentration in Banana was recorded in sample collected 

from Super Market (246.4±14.8 mg/kg) while minimum concertation was recorded in 

sample collected from Itwar Bazar (95.5± 5.94 mg/kg). Maximum chromium 

concentration in Banana was recorded in sample collected from Super Market (0.235± 

0.002 mg/kg) while minimum concertation was recorded in control sample (0.069± 0.007 

mg/kg). Maximum manganese concentration in Banana was recorded in sample collected 

from Itwar Bazar (16.3± 1.76 mg/kg) while minimum concertation was recorded in 

sample collected from Mandi Mor (5.3± 1.3 mg/kg). Maximum iron concentration in 

Banana was recorded in sample collected from Itwar Bazar (78.1± 7.572 mg/kg) while 
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minimum concertation was recorded in sample collected from Aabpara Market (33.8± 

6.08 mg/kg). Maximum nickel concentration in Banana was recorded in sample collected 

from Itwar Bazar (0.963± 0.05 mg/kg) while minimum concertation was recorded in 

sample collected from Mandi Mor (0.36 + 0.04 mg/kg). Nickel concentration was found 

non-significant in all group. Maximum cupper concentration in Banana was recorded in 

sample collected from Itwar Bazar (1.1± 0.007 mg/kg) while minimum concertation was 

recorded in sample collected from Street Vendor (0.23± 0.009 mg/kg). Maximum zinc 

concentration in Banana was recorded in sample collected from Aabpara Market (13.3± 

2.67 mg/kg) while minimum concertation was recorded in sample collected from Street 

Vendor (7.7± 2.45 mg/kg). Zinc concentration was found non-significant in all group.   

Maximum arsenic concentration in Banana was recorded in sample collected from Street 

Vendor (12.4± 0.336 mg/kg) while minimum concertation was recorded in sample 

collected from Itwar Bazar (6.8± 1.29 mg/kg). Arsenic was not detected from sample in 

control samples (Table 3.5). 
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Table 3.5: Elemental profile of Banana fruit collect from different local fruit markets using particle induced X-ray emission (PIXE) 

spectroscopy 

Elements Control 
Aabpara 

Market 
Super Market Itwar Bazar Street Vendor Mandi Mor 

Al 12.1± 0.14ns 11.6± 0.29ns 10.05±0.32b 11.5±0.029ac 16.7±0.087c 5.95±0.41abcd 

Si 0.881± 0.09ns 0.861± 0.07ns 0.560± 0.034ns 0.983± 0.05ns 0.85± 0.07ns 0.5± 0.038ns 

P 0.258± 0.021b 0.473± 0.091a 0.55± 0.028a 0.258± 0.07c 0.179± 0.036abc 0.25± 0.00 

S 1.5±0.087 1.0685± 0.10 1.25± 0.029 1.25± 0.00 1.33± 0.1 0.68± 0.3 

Cl 32.9± 2.6b 26.05± 5.9a 25.52± 3.8a 25.8± 4.7a 1.99± 0.021abcd 1.75± 0.056abcd 

K 1224.8±4.018b 1058.85±1.21a 1038.8±9.88a 894.3±13.87abc 1075±17.023abcd 1152± 10.79abce 

Ca 188.6±12.4ns 223.3±13.27ns 246.4±14.8ns 146.9± 174ns 189±15.5bcd 95.5± 5.94e 

Cr 0.069± 0.007b 0.0995± 0.0a 0.235± 0.002ab 0.301± 0.00abc 0.07± 0.02bc 0.287±0.026abc 

Mn 7.6± 1.7ns 7.50± 1.82ns 13.85± 2.5ab 16.3± 1.76ab 7.87± 0.87ab 5.3± 1.3ab 

Fe 42.4±2.14b 33.8± 6.08a 75.85± 7.49ab 78.1± 7.572ab 59.5± 3.39ab 65.6± 3.317ab 

Ni 0.372± 0.066ns 0.606± 0.019ns 0.898± 00ns 0.963± 0.05ns 0.564± 0.64ns 0.36 + 0.041ns 

Cu 0.437± 0.001ns 0.311± 0.00ns 0.880± 0.004ab 1.1± 0.007abc 0.23± 0.009abc 0.952± 0.12abc 

Zn 9.1± 1.8ns 13.3± 2.67ns 11.6± 2.8ns 10.7± 3.4ns 7.7± 2.45ns 19.1± 3.8ns 
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As ND 7.2± 0.17ns 7.1± 1.42ns 6.8± 1.29c 12.4± 0.336bcd 8.6±0.24bcde 
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3.3.2.2. Estimated Daily Intakes of Toxic and Essential Elements 

On daily consumption of such artificially ripened Bananas arsenic may damage different 

body organs and metabolic functions of the consumers which may lead to various lethal 

diseases like cancer. We calculated and compared the mean estimated daily intakes 

(MEDI) of elements detected by PIXE. The provisional tolerable daily intakes (PTDI) 

recommended by Joint FAO/WHO Expert Committee on Food Additives are 50 mg/kg 

bw for Si, 3000 mg/kg bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw for Cl, 3500 mg/kg 

bw for K, 2500 mg/kg bw for Ca, 1.5 mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 

mg/day kg bw for Fe, 0.02 mg/day kg bw for Ni, 0.4 mg/day kg bw for Cu, 20 mg/day kg 

bw for Zn, 0.3 µg/day kg bw for As, 1 µg/day kg bw for Se, 25 µg/day kg bw for Cd, 3 

µg/day kg bw for Pb, 1.5 µg/day kg bw for Hg 

Our results revealed that in all group including control group Cl, Mn, Fe, Ni, Cu and Zn 

detected were much higher than the provisional tolerable daily intakes recommended by 

Joint FAO/WHO Expert Committee on Food Additive. Arsenic detected in all groups 

samples except control was much higher than the provisional tolerable daily intakes 

recommended by Joint FAO/WHO Expert Committee on Food Additive. THQ value for 

heavy metals are less than one so consuming such type of fruits will not cause any heavy 

metal toxicity (Table 3.6) 
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Table 3.6.The mean estimated daily intake (MEDI) (mg/kg) of essential elements in Banana fruits. The provisional tolerable daily intakes 

(PTDI) recommended by Joint FAO/WHO Expert Committee on Food Additives. 

Mean Estimated Daily Intakes(MEDI) Provisional 

Tolerable Daily 

Intakes 

(PTDI) 
Elements Control 

Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Street Vendor Mandi Mor 

Al 34.57 33.14 28.71 32.86 47.71 17.00 - 

Si 2.52 2.46 1.60 2.81 2.43 1.43 50 

P 0.74 1.35 1.57 0.74 0.51 0.71 3000 

S 4.29 3.05 3.57 3.57 3.80 1.94 0.7 

Cl 94.00 74.43 72.91 73.71 5.69 5.00 3.6 

K 3499.43 3025.29 2968.00 2555.14 3071.43 3291.43 3500 

Ca 538.86 638.00 704.00 419.71 540.00 272.86 2500 
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Cr 0.20 0.28 0.67 0.86 0.20 0.82 1.5 

Mn 21.71 21.43 39.57 46.57 22.49 15.14 0.14 

Fe 121.14 96.57 216.71 223.14 170.00 187.43 0.7 

Ni 1.06 1.73 2.57 2.75 1.61 1.03 0.14 

Cu 1.25 0.89 2.51 3.14 0.66 2.72 0.4 

Zn 26.00 38.00 33.14 30.57 22.00 54.57 20 

As 0.00 20.57 20.29 19.43 35.43 24.57 0.0003 
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3.3.2.3 Non-Carcinogenic Risk of Heavy Metals 

Chronic low-level intake of toxic metal elements has a negative effect on human health. 

HQ method was used to assess the potential health risks of heavy metal accumulation 

through Banana pulp. Banana consumption values for adults in Islamabad, Pakistan are 

and 150 g/person/day. The THQ values of Cr, Mn, Fe, Cu, As, and Se due to Banana 

consumption for residents of the study area. When THQ and HI values are less than 1, 

there is no obvious risk to the population, but if these values exceed one, there may be 

concern for potential non-carcinogenic effects. The results indicate that, As contributes 

the greatest to non-carcinogenic risk followed by Fe and Mn.( Table 3.7) 

Table.3.7. Hazard Index (HI) and Target hazard quotient (THQ) values of the elements 

for consuming Banana fruits 

Hazard Index (HI) 

Elements  Control 
Abpara 

market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 0.13 0.19 0.45 0.57 0.13 0.55 

Mn 167.03 164.84 304.40 358.24 172.97 116.48 

Fe 173.06 137.96 309.59 318.78 242.86 267.76 

Ni 53.14 86.57 128.29 137.57 80.57 51.43 

Cu 31.21 22.21 62.86 78.57 16.43 68.00 

Zn 86.67 126.67 110.48 101.90 73.33 181.90 

As 0.00 68571.43 67619.05 64761.90 118095.24 81904.76 

The Target Hazard Quotient (THQ) 

Elements  Control 
Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 1.0615E-07 1.53E-07 3.6154E-07 4.63E-07 1.07E-07 4.41E-07 

Mn 1.3491E-04 1.33E-04 2.4586E-04 2.89E-04 1.39E-04 9.40E-05 

Fe 1.3978E-04 1.114E- 2.5005E-04 2.57E-04 1.96E-04 2.16E-04 
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04 

Ni 4.2923E-05 6.99E-05 1.0362E-04 1.11E-04 6.50E-05 4.15E-05 

Cu 2.5212E-05 1.79E-05 5.0769E-05 6.34E-05 1.3E-05 5.49E-05 

Zn 7.0000E-05 1.02E-04 8.9231E-05 8.23E-05 5.92E-05 1.46E-04 

As 0.0000E+00 5.53E-02 5.4615E-02 5.23E-02 9.53E-02 6.61E-02 
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3.3.3. Persimmon (Diospyros kaki) 

3.3.3.1. Differential Elemental profile of Persimmon Fruit 

The concentration pattern of the metals in Persimmon is K > Ca > Al> 

Fe > Cl > P > S > Cr > Si > Mn > Ni > Cu > Zn > Hg > Pb. The average concentrations 

of metals in Persimmon are, 2713.96 (K), 1861 (Ca), 159.24 (Fe), 6.03 (Cu), 10.44 (Mn) 

1.2 (Hg) and 0.719 (Pb) µg/g edible portion.  

In present study maximum aluminium concentration in Persimmon was recorded in 

sample collected from Aabpara Market (590.75 ± 10.74 mg/kg) while minimum 

concertation was recorded in sample collected from Super Market (51.2 ± 0.7 mg/kg). 

Except fruits from Itwar Bazar increase or decrease in aluminium concentration in other 

market samples were statistically non-significant as compared to non-treated control 

group as shown in table 1.   Maximum silicon concentration in Persimmon was recorded 

in sample collected from Street Vendor (92.2 ± 13.3 mg/kg) while minimum concertation 

was recorded in sample collected from Mandi Mor (2.9 ± 0.4 mg/kg). Except fruits from 

Itwar Bazar and Mandi Mor increase or decrease in silicon concentration in other market 

samples were statistically non-significant as compared to non-treated control group as 

shown in table 1.  Maximum phosphorus concentration in Persimmon was recorded in 

sample collected from Aabpara Market (96.6 ± 3.1 mg/kg) while minimum concertation 

was recorded in sample collected from Super Market (0.134 ± 0.018 mg/kg). Maximum 

sulphur concentration in Persimmon was recorded in sample collected from Aabpara 

Market (83.45 ± 2.04 mg/kg) while minimum concertation was recorded in sample 

collected from Super Market (10.05 ± 1.34 mg/kg). Maximum chlorine concentration in 

Persimmon was recorded in sample collected from aabpara (215.25 ± 3.71 mg/kg) while 

minimum concertation was recorded in control sample (49.4 ± 2.12 mg/kg). Except fruits 

from aabpara and Super Market increase or decrease in phosphorus, sulphur and chlorine 

concentration in other market samples were statistically significant (p < 0.01) as 

compared to non-treated control group as shown in table 1. Maximum potassium 

concentration in Persimmon was recorded in sample collected from Itwar Bazar (5574.35 

± 36.5 mg/kg) while minimum concertation was recorded in sample collected from Mandi 

Mor (1245.55 ± 11.1 mg/kg). Maximum calcium concentration in Persimmon was 

recorded in sample collected from Itwar Bazar (4041.55 ± 44.2 mg/kg) while minimum 
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concertation was recorded in sample collected from Mandi Mor (936.45 ± 60.1 mg/kg). 

Except fruits from aabpara and Super Market increase or decrease in calcium 

concentration in other market samples were statistically significant (p < 0.01) as 

compared to non-treated control group as shown in table 1.  Maximum chromium 

concentration in Persimmon was recorded in control sample (61.65 ± 7.8 mg/kg) while 

minimum concertation was recorded in sample collected from Mandi Mor (12.25 ± 4.7 

mg/kg). Except fruits from Aabpara Market increase or decrease in chromium 

concentration in other market samples were statistically significant (p < 0.01) as 

compared to non-treated control group as shown in table 1. Maximum manganese 

concentration in Persimmon was recorded in sample collected from Itwar Bazar (27.5 ± 

0.14 mg/kg) while minimum concertation was recorded in sample collected from Mandi 

Mor (2.3 ± 0.244 mg/kg). Increase or decrease in manganese concentration in all market 

samples were statistically significant (p < 0.01) as compared to non-treated control group 

as shown in table 1.  Maximum iron concentration in Persimmon was recorded in sample 

collected from Itwar Bazar (332.35 ± 2.08 mg/kg) while minimum concertation was 

recorded in sample collected from Mandi Mor (42.85 ± 6.7 mg/kg). Except fruits 

collected from Street Vendor increase or decrease in iron concentration in other market 

samples were statistically non-significant as compared to non-treated control group as 

shown in table 1.  Maximum nickel concentration in Persimmon was recorded in sample 

collected from Itwar Bazar (13.35 ± 1.2 mg/kg) while minimum concertation was 

recorded in sample collected from Mandi Mor (2.1 ± 0.14 mg/kg). Maximum cupper 

concentration in Persimmon was recorded in control sample (10.8 ± 0.0mg/kg) while 

minimum concertation was recorded in sample collected from Aabpara Market (1.01± 

0.41 mg/kg). Except fruits from aabpara and Super Market increase or decrease in nickel 

and copper concentration in other market samples were statistically significant (p < 0.01) 

as compared to non-treated control group as shown in table 1.  Maximum zinc 

concentration in Persimmon was recorded in sample collected from Itwar Bazar (8 ± 1.41 

mg/kg) while minimum concertation was recorded in sample collected from Street 

Vendor and Aabpara Market (2.35 ± 0.9 mg/kg). Except fruits collected from Mandi Mor 

increase or decrease in phosphorus concentration in other market samples were 

statistically non-significant as compared to non-treated control group as shown in table 1. 

Both arsenic and cadmium was not detected from sample in any group. Maximum 
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mercury concentration in Persimmon was recorded in control sample (2.8 ± 0.18 mg/kg) 

while minimum concertation was recorded in sample collected from Itwar Bazar (1.0 ± 

0.14 mg/kg). Mercury concentration was found non-significant in all group. Mercury was 

not detected from sample collect from Mandi Mor. Maximum lead concentration in 

Persimmon was recorded in sample collected from Street Vendor (1.2 ± 0.16 mg/kg) 

while minimum concertation was recorded in control sample (0.468 ± 0.06 mg/kg). Lead 

was not detected from sample collect from Mandi Mor and Aabpara Market. (Table 3.8) 
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Table 3.8: Elemental profile of Persimmon fruit collect from different local fruit markets using particle induced X-ray emission (PIXE) 

spectroscopy. 

Elements Control Aabpara Market Super Market Itwar Bazar Street Vendor Mandi Mor 

Al 64.35 ± 2.1ns 72.4 ± 3.9ns 51.2 ± 7ns 590.75 ± 10.7abc 167.3 ± 14cd 152.5 ± 26.02cd 

Si 6.6 ± 0.42ns 8.1 ±2.4ns 4.5 ± 0.98ns 71.1± 2.3abc 2.9 ± 0.4cd 94.2 ± 13.3abcde 

Pk 2.6 ± 0.424ns 1.95 ± 0.77ns 0.134 ± 0.018ns 96.6 ± 3.1abc 85.45 ± 12.09abc 62.4 ± 6.22abcd 

S 16.25 ± 0.353ns 22.45 ± 1.9ns 10.05 ± 1.34ns 83.45 ± 20.4abc 44.5 ± 8.6acd 68.2 ± 12.6abc 

Cl 49.4 ± 2.12ns 64.7 ± 5.5ns 49.55 ± 6.15ns 215.25 ± 12.3abc 104.9 ± 12.3abcd 114.5 ± 11.3abcd 

K 3405.6 ± 41.8b 5574.35 ± 36.5a 2425.85 ± 22.1b 
2238.65 ± 

31.06ab 
1245.55 ± 11.1ab 

1393.75 ± 

19.9abc 

Ca 2592.1 ± 35.35ns 4041.55 ± 44.2ns 1696.45 ± 23.6b 439.7 ± 6.08abc 936.45 ± 17.4ab 
1465.6 ± 

10.67abd 

Cr 61.65 ± 7.8ns 57.15 ± 2.7ns 51.15 ± 3.46a 27.6 ± 1.272abc 12.25 ± 4.7abcd 13.8 ± 0.282abcd 

Mn 15.6 ± 6.08b 27.5 ± 0.14a 9.5 ± 1.55ab 4.35 ± 1.62ab 2.3715 ± 0.7abc 3.35 ± 033abc 

Fe 236.7 ± 6.5ns 332.35 ± 20.8ns 146.2 ± 8.6b 122.5 ± 14.022b 42.85 ± 6.71ab 74.85 ± 8.44b 

Ni 13.25 ± 1.2ns 13.35 ± 1.2ns 12.2 ± 3.67ns 4.1 ± 0.14abc 2.1 ± 0.14abc 2.9 ± 1.55abc 
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Cu 10.8 ± 0.0ns 8.35 ± 0.212ns 10.15 ± 0.49ns 1.01 ± 0.41abc 1.028 ± 0.108abc 4.8 ± 1.13abc 

Zn 7 ± 0.707ns 8 ± 1.414ns 6.5 ± 0.49ns 2.65 ± 0.77b 2.35 ± 0.33b 2.35 ± 0.919ab 

As ND ND ND ND ND ND 

Cd ND ND ND ND ND ND 

Hg 2.8 ± 0.18ns 1 ± 0.14ns 1.05 ± 0.14ns 1.1 ±0.155ns ND 1.3 ± 0.18ns 

Pb 0.4685 ± 0.066b 1.4 ± 0.19a 1.25 ± 0.17ns ND ND 1.2 ± 0.016ns 
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3.3.3.2. Estimated Daily Intakes of Toxic and Essential Elements 

We calculated and compared the mean estimated daily intakes (MEDI) of elements 

detected by PIXE. The provisional tolerable daily intakes (PTDI) recommended by Joint 

FAO/WHO Expert Committee on Food Additives are 50 mg/kg bw for Si, 3000 mg/kg 

bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw for Cl, 3500 mg/kg bw for K, 2500 mg/kg 

bw for Ca, 1.5 mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 

0.02 mg/day kg bw for Ni, 0.4 mg/day kg bw for Cu, 20 mg/day kg bw for Zn, 0.3 µg/day 

kg bw for As, 1 µg/day kg bw for Se, 25 µg/day kg bw for Cd, 3 µg/day kg bw for Pb, 1.5 

µg/day kg bw for Hg 

Our results revealed that in control group SI, S, Cl, Mn, Fe, while in samples collect from 

supermarket Si, S, Cl, K, Ca, Mn, Mn, Fe, Cu, As, Se detected were much higher than the 

provisional tolerable daily intakes recommended by Joint FAO/WHO Expert Committee 

on Food Additive. Similarly Samples from Itwar Bazar and vendor contain Si, Cl, S, Mn, 

Fe and Se higher than their recommended daily allowed amount.  Arsenic detected in 

Super Market and Aabpara Market samples was recorded higher than the upper tolerable 

limit. THQ value of heavy metals in Persimmon were calculated less than one so 

consuming such Persimmon will not pose any heavy metal toxicity (Table 3.9) 
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Table 3.9.The mean estimated daily intake (MEDI) (mg/kg) of essential elements in Persimmon fruits. The provisional tolerable daily 

intakes (PTDI) recommended by Joint FAO/WHO Expert Committee on Food Additives. 

Mean Estimated Daily Intakes(MEDI) 
Provisional 

Tolerable Daily 

Intakes 

(PTDI) 
Elements Control 

Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Street Vendor Mandi Mor 

Al 183.8571 1687.857 146.2857 206.8571 435.7143 478 - 

Si 18.85714 203.1429 12.85714 23.14286 269.1429 8.285714 50 

P 7.428571 276 0.382857 5.571429 178.2857 244.1429 3000 

S 46.42857 238.4286 28.71429 64.14286 194.8571 127.1429 0.7 

Cl 141.1429 615 141.5714 184.8571 327.1429 299.7143 3.6 

K 9730.286 6396.143 6931 15926.71 3982.143 3558.714 3,500 

Ca 7406 1256.286 4847 11547.29 4187.429 2675.571 2500 
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Cr 176.1429 78.85714 146.1429 163.2857 39.42857 35 1.5 

Mn 44.57143 12.42857 27.14286 78.57143 9.571429 6.775714 0.14 

Fe 676.2857 350 417.7143 949.5714 213.8571 122.4286 0.8 

Ni 37.85714 11.71429 34.85714 38.14286 8.285714 6 0.14 

Cu 30.85714 2.885714 29 23.85714 13.71429 2.937143 0.4 

Zn 20 7.571429 18.57143 22.85714 6.714286 6.714286 20 

As 0 0 0 0 0 0 0.0003 

Cd 0 0 0 0 0 0 2.5  µg/kg.bw 

Hg 8 3.142857 3 2.857143 3.714286 0 1.5 µg/kg.bw 

Pb 1.338571 0 3.571429 4 3.428571 0 3 µg/kg.bw 
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3.3.3.3. Non-Carcinogenic Risk of Heavy Metals 

Chronic low-level intake of toxic metal elements has a negative effect on human health. 

HQ method was used to assess the potential health risks of heavy metal accumulation 

through Persimmon pulp. Persimmon consumption values for adults in Islamabad, 

Pakistan are and 150 g/person/day. The THQ values of Cr, Mn, Fe, Cu, As, and Se due to 

Persimmon consumption for residents of the study area. When THQ and HI values are 

less than 1, there is no obvious risk to the population, but if these values exceed one, there 

may be concern for potential non-carcinogenic effects. (Table: 3.10) 

Table: 3.10 Hazard Index (HI) and Target hazard quotient (THQ) values of the elements 

for consuming Persimmon fruits 

Hazard Index (HI) 

Elements  Control 
Abpara 

market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 117.4286 52.57143 97.42857 108.8571 26.28571 23.33333 

Mn 342.8571 95.6044 208.7912 604.3956 73.62637 52.12088 

Fe 966.1224 500 596.7347 1356.531 305.5102 174.898 

Ni 1892.857 585.7143 1742.857 1907.143 414.2857 300 

Cu 771.4286 72.14286 725 596.4286 342.8571 73.42857 

Zn 66.66667 25.2381 61.90476 76.19048 22.38095 22.38095 

As 0 0 0 0 0 0 

Cd 0 0 0 0 0 0 

Pb 44.61905 0 119.0476 133.3333 114.2857 0 

The Target Hazard Quotient (THQ) 

Elements  Control 
Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 9.48462E-05 4.25E-05 7.87E-05 8.79E-05 2.12E-05 1.88E-05 

Mn 0.000276923 7.72E-05 0.000169 0.000488 5.95E-05 4.21E-05 
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Fe 0.00078033 0.000404 0.000482 0.001096 0.000247 0.000141 

Ni 0.001528846 0.000473 0.001408 0.00154 0.000335 0.000242 

Cu 0.000623077 5.83E-05 0.000586 0.000482 0.000277 5.93E-05 

Zn 5.38462E-05 2.04E-05 0.00005 6.15E-05 1.81E-05 1.81E-05 

As 0 0 0 0 0 0 

Cd 0 0 0 0 0 0 

Pb 3.60385E-05 0 9.62E-05 0.000108 9.23E-05 0 
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3.3.4. Date (Phoenix dactylifera) 

3.3.4.1. Differential Elemental profile of Date Fruit 

The concentration pattern of the metals in Date fruit is K >Ca > Fe > Si > Fe >P > S > 

Mn> Se > As > Cu > > Ni >Ni > Hg.  The average concentrations of metals in Date fruit 

are, 1393 (K), 546.3 (Ca), 5.8 (Fe), 0.57 (Cu), 6.7 (Mn) 3.7 (As) 4.5 (Se) and 0.004 (Hg) 

µg/g edible portion.  

In present study maximum silicon concentration in Date fruit was recorded in sample 

collected from Street Vendor (455.7 ± 14. mg/kg) while minimum concertation was 

recorded in control sample (39.2 ± 3.1mg/kg).  Silicon was not detected in samples 

collect from Mandi Mor. Maximum phosphorus concentration in Date fruit was recorded 

in sample collected from Street Vendor (67.6±8.3 mg/kg) while minimum concertation 

was recorded in control sample (3±0.22 mg/kg). Phosphorus was not detected in samples 

collect from Mandi Mor. Maximum sulphur concentration in Date fruit was recorded in 

sample collected from Street Vendor (41 ± 4.99 mg/kg) while minimum concertation was 

recorded in control sample (0.997 ± 0.13 mg/kg).  Sulphur was not detected in samples 

collect from Mandi Mor. Maximum chlorine concentration in Date fruit was recorded in 

sample collected from Street Vendor (89.4 ±8. mg/kg) while minimum concertation was 

recorded in control sample (12.4 ±3.1 mg/kg). Chlorine was not detected in samples 

collect from Mandi Mor.  

Maximum potassium concentration in Date fruit was recorded in sample collected from 

Street Vendor (3407.1 ± 15.1 mg/kg) while minimum concertation was recorded in 

control sample (331.7 ±9.44 mg/kg). Maximum calcium concentration in Date fruit was 

recorded in sample collected from Street Vendor (1344.9 ±20.2 mg/kg) while minimum 

concertation was recorded in sample collected from Mandi Mor (5.2 ±0.121 mg/kg). 

Maximum chromium concentration in Date fruit was recorded in sample collected from 

Itwar Bazar (0.0345 mg/kg) while minimum concertation was recorded in control sample 

(0.000367 mg/kg). Maximum manganese concentration in Date fruit was recorded in 

sample collected from Street Vendor (21 ±2.33 mg/kg) while minimum concertation was 

recorded in control sample (0.651 mg/kg). Chlorine was not detected in samples collected 

from Aabpara Market and Mandi Mor.  

Maximum iron concentration in Date fruit was recorded in sample collected from Super 

Market (14.3 ± 1.4 mg/kg) while minimum concertation was recorded in control sample 
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(2 ±0.16 mg/kg). Maximum arsenic concentration in Date fruit was recorded in sample 

collected from Itwar Bazar (13.2 ± 0.59 mg/kg) while minimum concertation was 

recorded in sample collected from Aabpara Market (.2 ±1.406 mg/kg). Arsenic was not 

detected from sample in control group, Super Market, vendor and Mandi Mor. Maximum 

selenium concentration in Date fruit was recorded in sample collected from Street Vendor 

(25.8 ± 3.42 mg/kg) while minimum concertation was recorded in sample collected from 

Mandi Mor (1.5 ± 0.262 mg/kg). Mercury was not detected from sample in control group, 

Itwar Bazar, Super Market, and Aabpara Market. Maximum mercury concentration in 

Date fruit was recorded only in sample collected from aabpara (0.025 mg/kg) while 

mercury was not detected from sample in control group, Itwar Bazar, Super Market, 

Street Vendor and Mandi Mor. (Table 3.11) 
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Table 3.11: Elemental profile of Date fruit collect from different local fruit markets using particle induced X-ray emission (PIXE) 

spectroscopy 

Elements Control 
Aabpara 

Market 
Super Market Itwar Bazar Street Vendor Mandi Mor 

Si 39.2  ± 3.1 122.6  ± 12.4 136.4  ± 10.29 156.2  ± 16.7 455.7  ± 14.9 ND 

P 3 ± 0.22 33.4  ± 2.61 30.1  ± 3.11 55.9  ± 5.05 67.6  ±8.3 ND 

S 0.997  ± 0.13 14.2 ± 1.05 15.2 ±2.97 26.6 ±0.88 41 ± 4.99 ND 

Cl 12.4 ±3.1 32.2 ±2.6 23.9 ±2.38 64.7 ±11.08 89.4 ±8.9 ND 

K 331.7 ±9.44 1490.2 ±121 1051.3 ± 84 2070.6 ±66 3407.1 ± 15.1 337.6 ± 10.3 

Ca 102 ±14.3 702.3 ±14.53 426.8 ±13 696.8 ±16.15 1344.9 ±20.2 5.2 ±0.121 

Cr 3.67E-04 7.95E-03 4.94E-03 3.45E-02 1.26E-02 2.15E-03 

Mn 6.52E-01 ND 8.9 ±0.134 9.7 ± 0.154 21 ±2.33 ND 

Fe 2 ±0.16 3 ± 0.207 14.3 ± 1.4 5.4  ± 2.755 3.9 ±1.3 6.3 ±1.66 

Ni ND 5.53E-02 ND 1.21E-01 3.24E-02 ND 

Cu 4.37E-02 ND 2.20E-01 1.73E-01 3 ND 

As ND 7.2 ±1.406 ND 13.2 ± 0.59 ND ND 

Se ND ND ND ND 25.8 ± 3.42 1.5 ± 0.262 



 

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations 

in Minerals/Heavy Metals 

136 

 

Hg ND 2.50E-02 ND ND ND ND 
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3.3.4.2. Estimated Daily Intakes of Toxic and Essential Elements 

We calculated and compared the mean estimated daily intakes (MEDI) of elements 

detected by PIXE. The provisional tolerable daily intakes (PTDI) recommended by Joint 

FAO/WHO Expert Committee on Food Additives are 50 mg/kg bw for Si, 3000 mg/kg 

bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw for Cl, 3500 mg/kg bw for K, 2500 mg/kg 

bw for Ca, 1.5 mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 

0.02 mg/day kg bw for Ni, 0.4 mg/day kg bw for Cu, 20 mg/day kg bw for Zn, 0.3 µg/day 

kg bw for As, 1 µg/day kg bw for Se, 25 µg/day kg bw for Cd, 3 µg/day kg bw for Pb, 1.5 

µg/day kg bw for Hg 

Our results revealed that in all group including control group Cl, Mn, Fe, Ni, Cu and Zn 

detected were much higher than the provisional tolerable daily intakes recommended by 

Joint FAO/WHO Expert Committee on Food Additive. Arsenic detected in all groups 

samples except control was much higher than the provisional tolerable daily intakes 

recommended by Joint FAO/WHO Expert Committee on Food Additive. THQ value of 

heavy metals in Dates were calculated less than one so consuming such Dates n will not 

pose any heavy metal toxicity (Table 3.12) 
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Table 3.12.The mean estimated daily intake (MEDI) (mg/kg) of essential elements in Date fruits. The provisional tolerable daily intakes 

(PTDI) recommended by Joint FAO/WHO Expert Committee on Food Additives. 

Mean Estimated Daily Intakes(MEDI) 
Provisional 

Tolerable Daily 

Intakes 

(PTDI) 
Elements Control 

Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Street Vendor Mandi Mor 

Si 112.0 446.3 389.7 350.3 0.0 1302.0 50 

P 8.6 159.7 86.0 95.4 0.0 193.1 3000 

S 2.8 76.0 43.4 40.6 0.0 117.1 0.7 

Cl 35.4 184.9 68.3 92.0 0.0 255.4 3.6 

K 947.7 5916.0 3003.7 4257.7 964.6 9734.6 3500 

Ca 291.4 1990.9 1219.4 2006.6 14.9 3842.6 2500 

Cr 0.0 0.1 0.0 0.0 0.0 0.0 1.5 

Mn 1.9 27.7 25.4 0.0 0.0 60.0 0.14 
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Fe 5.7 15.4 40.9 8.6 18.0 11.1 0.7 

Ni 0.0 0.3 0.0 0.2 0.0 0.1 0.14 

Cu 0.1 0.5 0.6 0.0 0.0 8.6 0.4 

As 0.0 37.7 0.0 20.6 0.0 0.0 0.0003 

Se 0.0 0.0 0.0 0.0 4.3 73.7 1 µg/kg.bw 

Hg 0.0 0.0 0.0 0.1 0.0 0.0 1.5 µg/kg.bw 
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3.3.4.3. Non-Carcinogenic Risk of Heavy Metals 

Chronic low-level intake of toxic metal elements has a negative effect on human health. 

HQ method was used to assess the potential health risks of heavy metal accumulation 

through Date pulp. Date consumption values for adults in Islamabad, Pakistan are and 50 

g/person/day. The THQ values of Cr, Mn, Fe, Cu, As, and Se due to Date fruit 

consumption for residents of the study area. When THQ and HI values are less than 1, 

there is no obvious risk to the population, but if these values exceed one, there may be 

concern for potential non-carcinogenic effects. (Table 3.13) 

Table 3.13: Hazard Index (HI) and Target hazard quotient (THQ) values of the elements 

for consuming Date fruits 

Hazard Index (HI) 

Elements  Control 
Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 0.00 0.07 0.01 0.02 0.00 0.02 

Mn 14.33 213.19 195.60 0.00 0.00 461.54 

Fe 8.16 22.04 58.37 12.24 25.71 15.92 

Ni 0.00 17.29 0.00 7.90 0.00 4.63 

Cu 3.12 12.36 15.71 0.00 0.00 214.29 

As 0.00 125714.29 0.00 68571.43 0.00 0.00 

The Target Hazard Quotient (THQ) 

Elements  Control 
Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 2.17E-09 2.04E-07 2.92E-08 4.70E-08 1.27E-08 7.46E-08 

Mn 3.34E-07 4.97E-06 4.56E-06 0.00E+00 0.00E+00 1.08E-05 

Fe 2.20E-06 5.93E-06 1.57E-05 0.00E+00 0.00E+00 2.55E-04 

Ni 0.00E+00 4.65E-06 0.00E+00 2.13E-06 0.00E+00 1.25E-06 

Cu 8.40E-07 3.33E-06 4.23E-06 0.00E+00 0.00E+00 5.77E-05 

As 0.00E+00 3.38E-02 0.00E+00 1.85E-02 0.00E+00 0.00E+00 
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3.3.5. Plum (Prunus domestica) 

3.3.5.1. Differential Elemental profile of Plum Fruit 

The concentration pattern of the metals in Plum fruit is K> Fe > Ca > Cl > Cr > Al > Cu 

> Mn> Ni > Zn >Si > S>Ni.  The average concentrations of metals in Plum fruit are, 

1498.18 (K), 856.53 (Ca), 956.83 (Fe), 21.92 (Cu), 21.19 (Mn) 0.18 (As) 11.16 (Ni), 

55.93(Cr), 6.46 (Zn) and 0.97 (Hg) µg/g edible portion.  

In present study maximum aluminium concentration in Plum fruit was recorded in sample 

collected from Street Vendor and Itwar Bazar (63.65± 18 mg/kg) while minimum 

concertation was recorded in sample collected from Super Market (31.85± 3.1 mg/kg). 

Aluminium concentration was found non-significant in all group. Maximum silicon 

concentration in Plum fruit was recorded in sample collected from Itwar Bazar (10.5± 

1.59 mg/kg) while minimum concertation was recorded in samples collect from Mandi 

Mor (1.8± 0.21 mg/kg). Silicon concentration was found non-significant in all group. 

Maximum phosphorus concentration in Plum fruit was recorded in sample collected from 

Mandi Mor (3.75± 0.23 mg/kg) while minimum concertation was recorded in sample 

collected from Itwar Bazar (0.4075± 0.129 mg/kg). Phosphorus was not detected in 

samples collect from Super Market. Except fruits collected from Mandi Mor increase or 

decrease in phosphorus concentration in other market samples were statistically 

significant (p < 0.01) as compared to non-treated control group as shown in table 1. 

Maximum sulphur concentration in Plum fruit was recorded in sample collected from 

Mandi Mor (31.25±1.4 mg/kg) while minimum concertation was recorded in sample 

collected from Itwar Bazar (1.15± 0.33 mg/kg). Except fruits from aabpara and Super 

Market increase or decrease in phosphorus concentration in other market samples were 

statistically significant (p < 0.01) as compared to non-treated control group as shown in 

table 1. Increase or decrease in sulphur concentration in fruits collected from Itwar Bazar 

and Street Vendors was statistically significant (p < 0.01) as compared to non-treated 

control group as shown in table 1.  Maximum chlorine concentration in Plum fruit was 

recorded in sample collected from Aabpara Market (183.95± 19.7 mg/kg) while minimum 

concertation was recorded in both control sample and samples collected from Mandi Mor 

(3.4± 0.266 mg/kg). Except fruits from Aabpara Market increase or decrease in chlorine 

concentration in other market samples were statistically non-significant as compared to 
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non-treated control group as shown in table 13.14. Maximum potassium concentration in 

Plum fruit was recorded in sample collected from Aabpara Market (2330.15± 59.3 mg/kg) 

while minimum concertation was recorded in sample collected from Itwar Bazar (746.75± 

21.1 mg/kg). Potassium concentration was found non-significant in all group. Maximum 

calcium concentration in Plum fruit was recorded in sample collected from Street Vendor 

(1385.8± 13.8 mg/kg) while minimum concertation was recorded in control sample (313± 

12 mg/kg). Increase or decrease in calcium concentration in samples collected from Itwar 

Bazar and Street Vendor were found statistically significant (p < 0.01) as compared to 

non-treated control group as shown in table 1. Maximum chromium concentration in 

Plum fruit was recorded in sample collected from Super Market (72.05± 8.1 mg/kg) while 

minimum concertation was recorded in sample collected from Super Market (42.3± 5.43 

mg/kg). Chromium concentration was found non-significant in all group. Maximum 

manganese concentration in Plum fruit was recorded in sample collected from Street 

Vendor (52.25± 3.01 mg/kg) while minimum concertation was recorded in control sample 

(6.1± 0.89 mg/kg). Manganese concentration was found non-significant in all group. 

Maximum iron concentration in Plum fruit was recorded in sample collected from Street 

Vender (2608.05± 25.2 mg/kg) while minimum concertation was recorded in control 

sample (110.65± 5.58 mg/kg). Increase or decrease in iron concentration in samples 

collected from Itwar Bazar and Street Vendor were found statistically significant (p < 

0.01) as compared to non-treated control group as shown in table 1. Maximum nickel 

concentration in Plum fruit was recorded in sample collected from Street Vender (17.3± 

2.26 mg/kg) while minimum concertation was recorded in sample collected from Aabpara 

Market (5.95± 1.256 mg/kg). Nickel concentration was found non-significant in all group. 

Maximum cupper concentration in Plum fruit was recorded in sample collected from 

Itwar Bazar (51.1± 8.32 mg/kg) while minimum concertation was recorded in sample 

collected from Aabpara Market (5.05± 2.65 mg/kg). Increase or decrease in cupper 

concentration in samples collected from Itwar Bazar and Street Vendor were found 

statistically significant (p < 0.01) as compared to non-treated control group as shown in 

table 1.  Maximum zinc concentration in Plum fruit was recorded in sample collected 

from Street Vender (12.05± 2.42 mg/kg) while minimum concertation was recorded in 

sample collected from Aabpara Market (2.3± 0.495 mg/kg). Zinc concentration was found 

non-significant in all group. Maximum arsenic concentration in Plum fruit was recorded 
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in sample collected from Mandi Mor (0.85 mg/kg) while minimum concertation was 

recorded in sample collected from Aabpara Market (0.26 mg/kg). Arsenic was not 

detected from sample in control group, Super Market, vendor and Mandi Mor. Mercury 

was not detected from sample in control group, Itwar Bazar, Super Market,and Aabpara 

Market. Maximum mercury concentration in Plum fruit was recorded only in sample 

collected from Mandi Mor (3.825 mg/kg) while minimum concertation was recorded in 

sample collected from Street Vender (1.9 mg/kg).while mercury was not detected from 

sample in control group, Itwar Bazar, Super Market, and Mandi Mor.( Table 3.14) 
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Table 3.14: Elemental profile of Plum fruit collect from different local fruit markets using particle induced X-ray emission (PIXE) spectroscopy. 

Elements Control Aabpara Market Super Market Itwar Bazar Street Vendor Mandi Mor 

Al 48.3 1.5 ± 18.2ns 54.15± 10.5ns 31.85± 3.1ns 63.65± 18ns 63.65± 19.3ns 49.1± 19.3ns 

Si 3.6n± 1.13ns 2.3± 0.84ns 2.4± 0.424ns 10.5± 1.59ns 8.8n± 0.67s 1.8± 0.21ns 

P 3.25±0.27b 0.7± 0.07a ND 0.4075± 0.129a 0.75± 0.193a 3.75± 0.23d 

S 31.25±1.4 ns 24.8± 2.56ns 7.5± 1.69ns 1.15± 0.33a 1.2± 0.14a 30.9± 2.68cde 

Cl 27.4± 2.5b 172.4± 17.7a 183.95± 19.7ns 4.85± 0.577b 3.4± 0.266b 25.4± 4.18b 

K 1577.35± 13.17ns 2330.15± 59.3ns 1763.45± 22ns 746.75± 21.1b 751.15± 10b 1820.2± 66.6ns 

Ca 313± 12ns 742.6± 17ns 914.3± 17.2ns 1379.4± 14.4a 1385.8± 13.8ad 404.05± 23.8e 

Cr 42.3± 5.43ns 55.95± 1.64ns 72.05± 8.1ns 59.95± 6.98ns 62.3± 12.3ns 43.05± 5.78ns 

Mn 6.1± 0.89ns 10.75± 1.37ns 7.1± 1.45ns 44.7± 2.97ns 52.25± 3.01ns 6.25± 0.188ns 

Fe 110.65± 5.58ns 188.35± 8.32ns 182.45± 4.7ns 2520.7± 17.65abc 
2608.05± 

25.2abcd 
130.8± 7.57e 

Ni 9± 1.87ns 5.95± 1.256ns 7.6± 0.192ns 17.25± 1.38ns 17.3± 2.26ns 9.85± 1.07ns 

Cu 8.85± 2.61ns 5.05± 2.65ns 7.55± 1.406ns 51.1± 8.32abc 50.7± 10.23abcd 8.25± 4.34e 
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Zn 3.95± 1.4ns 2.3± 0.495ns 3.7± 0.35ns 11.25± 0.353ns 12.05± 2.42ns 5.5± 1.9ns 

As ND 0.2595 ND ND ND 0.85 

Cd ND ND ND ND  D ND 

Hg ND ND ND ND 1.941 3.85 

Pb ND 0.7 ND ND 63.65 ND 
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3.3.5.2. Estimated Daily Intakes of Toxic and Essential Elements 

We calculated and compared the mean estimated daily intakes (MEDI) of elements 

detected by PIXE. The provisional tolerable daily intakes (PTDI) recommended by Joint 

FAO/WHO Expert Committee on Food Additives are 50 mg/kg bw for Si, 3000 mg/kg 

bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw for Cl, 3500 mg/kg bw for K, 2500 mg/kg 

bw for Ca, 1.5 mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 

0.02 mg/day kg bw for Ni, 0.4 mg/day kg bw for Cu, 20 mg/day kg bw for Zn, 0.3 µg/day 

kg bw for As, 1 µg/day kg bw for Se, 25 µg/day kg bw for Cd, 3 µg/day kg bw for Pb, 1.5 

µg/day kg bw for Hg 

Our results revealed that in all group including control group Cl, Mn, Fe, Ni, Cu and Zn 

detected were much higher than the provisional tolerable daily intakes recommended by 

Joint FAO/WHO Expert Committee on Food Additive. Arsenic detected in all groups 

samples except control was much higher than the provisional tolerable daily intakes 

recommended by Joint FAO/WHO Expert Committee on Food Additive. THQ value of 

heavy metals in Plum were calculated less than one so consuming such Plum will not 

pose any heavy metal toxicity (Table 3.15) 
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Table 3.15 The mean estimated daily intake (MEDI) (mg/kg) of essential elements in Plum fruits. The provisional tolerable daily intakes 

(PTDI) recommended by Joint FAO/WHO Expert Committee on Food Additives. 

Mean Estimated Daily Intakes(MEDI) 
Provisional 

Tolerable Daily 

Intakes 

(PTDI) 
Elements Control 

Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Street Vendor Mandi Mor 

Al 138.00 181.86 91.00 154.71 140.29 181.86 - 

Si 10.29 30.00 6.86 6.57 5.14 25.14 50 

P 9.29 1.16 0.00 2.00 10.71 2.14 3000 

S 89.30 3.29 21.43 70.86 88.29 3.43 0.7 

Cl 78.29 13.86 525.57 492.57 72.57 9.71 3.6 

K 4506.71 2133.57 5038.43 6657.57 5200.57 2146.14 3500 

Ca 894.29 3941.14 2612.29 2121.71 1154.43 3959.43 2500 

Cr 120.86 171.29 205.86 159.86 123.00 178.00 1.5 



 

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations 

in Minerals/Heavy Metals 

148 

 

Mn 17.43 127.71 20.29 30.71 17.86 149.29 0.14 

Fe 316.14 7202.00 521.29 538.14 373.71 7451.57 0.7 

Ni 25.71 49.29 21.71 17.00 28.14 49.43 0.14 

Cu 25.29 146.00 21.57 14.43 23.57 144.86 0.4 

Zn 11.29 32.14 10.57 6.57 15.71 34.43 20 

As 0.00 0.00 0.00 0.74 2.43 0.00 0.3 µg/kg.bw 

Hg 0.00 0.00 0.00 0.00 11.00 5.55 1.5 µg/kg.bw 

Pb 0.00 0.00 0.00 2.00 0.00 0.00 3 µg/kg.bw 
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3.3.5.3. Non-Carcinogenic Risk of Heavy Metals 

Chronic low-level intake of toxic metal elements has a negative effect on human health. 

HQ method was used to assess the potential health risks of heavy metal accumulation 

through Plum pulp. Plum consumption values for adults in Islamabad, Pakistan are and 

150 g/person/ day. The THQ values of Cr, Mn, Fe, Cu, As, and Se due to Plum fruit 

consumption for residents of the study. When THQ and HI values are less than 1, there is 

no obvious risk to the population, but if these values exceed one, there may be concern 

for potential non-carcinogenic effects. (Table 3.16) 

Table 3.16: Hazard Index (HI) and Target hazard quotient (THQ) values of the elements 

for consuming Plum fruits 

Hazard Index (HI) 

Elements  Control 
Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 80.57 114.19 137.24 106.57 82.00 118.67 

Mn 134.07 982.42 156.04 236.26 137.36 1148.35 

Fe 451.63 10288.57 744.69 768.78 533.88 10645.10 

Ni 1285.71 2464.29 1085.71 850.00 1407.14 2471.43 

Cu 632.14 3650.00 539.29 360.71 589.29 3621.43 

Zn 37.62 107.14 35.24 21.90 52.38 114.76 

As 0.00 0.00 0.00 2471.43 8095.24 0.00 

Pb 0.00 0.00 0.00 66.67 0.00 0.00 

The Target Hazard Quotient (THQ) 

Elements  Control 
Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 6.50E-05 9.22E-05 0.00011 8.607E-05 6.62E-05 9.584E-05 

Mn 0.0001 0.00079 0.00012 0.0002 0.00011 0.0009 

Fe 0.00036 0.00831 0.0006 0.0006 0.00043 0.00859 

Ni 0.00103 0.00199 0.0008 0.0006 0.00113 0.0019 

Cu 0.00051 0.00294 0.00043 0.0003 0.00047 0.002925 
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Zn 3.03E-05 8.653E-05 2.846E-05 1.769E-05 4.23E-05 9.26E-05 

As 0 0 0 0.001 0.0065 0 

Pb 0 0 0 5.38E-05 0 0 

 

3.3.6. Fig (Ficus carica) 

3.3.6.1. Differential Elemental profile of Fig Fruit 

The concentration pattern of the metals in Fig fruit is K > Ca > Fe > Al > Mn > Cl > Zn > 

Si> Cd > S >P > As>Cu>Se>Ni>Hg.  The average concentrations of metals in Fig fruit 

are, 1100.90 (K), 465.93 (Ca), 57.13 (Fe), 3.6 (Cu), 22.53 (Mn) 4.05 (As) 0.79 (Ni), 

0.05(Cr), 19.43 (Zn) and 0.30 (Hg) µg/g edible portion.  

In present study maximum aluminium concentration in Fig fruit was recorded in sample 

collected from Mandi Mor (82.50 ± 4.88 mg/kg) while minimum concertation was 

recorded in control sample (34.65 ± 2.9 mg/kg). Aluminium was not detected in samples 

collect from Street Vendor. Aluminium concentration was found non-significant in all 

group. Maximum silicon concentration in Fig fruit was recorded in control sample (1.50 ± 

0.42 mg/kg) while minimum concertation was recorded in samples collect from Itwar 

Bazar (1.0 ± 0.3 mg/kg). Silicon was not detected in samples collect from Super Market 

and Mandi Mor. Silicon was not detected in samples collect from Street Vendor. 

Maximum phosphorus concentration in Fig fruit was recorded in sample collected from 

Mandi Mor (23.05 ± 3.1 mg/kg) while minimum concertation was recorded in sample 

collected from Itwar Bazar (0.9 ± 0.06 mg/kg). Phosphorus was not detected in control 

samples.  Maximum sulphur concentration in Fig fruit was recorded in sample collected 

from Street Vendor (7.45 ± 1.2 mg/kg) while minimum concertation was recorded in 

sample collected from Aabpara Market (2.15 ± 0.6 mg/kg). Sulphur was not detected in 

samples collect from Super Market. Maximum chlorine concentration in Fig fruit was 

recorded in sample collected from Super Market (21.35 ± 1.63 mg/kg) while minimum 

concertation was recorded in both control sample and samples collected from Aabpara 

Market (0.94 ± 0.1 mg/kg). Chlorine concentration was found non-significant in all 

group. Maximum potassium concentration in Fig fruit was recorded in sample collected 

from Super Market (1900 ± 27 mg/kg) while minimum concertation was recorded in 

control sample (302.50 ± 3.68 mg/kg). Maximum calcium concentration in Fig fruit was 

recorded in sample collected from Itwar Bazar (612.3 ± 17.9 mg/kg) while minimum 
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concertation was recorded in sample collected from Aabpara Market (305 ± 19 mg/kg). 

Calcium concentration was found non-significant in all group. Maximum chromium 

concentration in Fig fruit was recorded in sample collected from Itwar Bazar (0.1  ± 00 

mg/kg) while minimum concertation was recorded in sample collected from Aabpara 

Market (0.01 ± 00 mg/kg). Chromium concentration was found non-significant in all 

group. Maximum manganese concentration in Fig fruit was recorded in control sample 

(126.7  ± 3.8 mg/kg) while minimum concertation was recorded in sample collected from 

Itwar Bazar (9.4 ± 0.6 mg/kg). Maximum iron concentration in Fig fruit was recorded in 

sample collected from Mandi Mor (275.6 ± 28 mg/kg) while minimum concertation was 

recorded in sample collected from Street Vendor (17.35 ± 2.4 mg/kg). Maximum copper 

concentration in Fig fruit was recorded in sample collected from Mandi Mor (14.85±2.3 

mg/kg) while minimum concertation was recorded in sample collected from Aabpara 

Market (0.01±00 mg/kg). Maximum zinc concentration in Fig fruit was recorded in 

sample collected from Street Vender (41.4 mg/kg) while minimum concertation was 

recorded in control sample (11.45 mg/kg). Zinc was not detected in samples collected 

from Aabpara Market. Maximum arsenic concentration in Fig fruit was recorded in 

sample collected from Mandi Mor (41.40 ± 3.6 mg/kg) while minimum concertation was 

recorded in sample collected from Street Vendor (11.45 ± 2.7 mg/kg). Arsenic was not 

detected from sample in control group, Super Market and Aabpara Market. Maximum 

cadmium concentration in Fig fruit was recorded in sample collected from Super Market 

and Itwar Bazar (1.8 ±0.223 mg/kg) while minimum concertation was recorded in sample 

collected from Aabpara Market (1.1 ±0.22mg/kg). Cadmium was not detected from 

sample in control group, Mandi Mor and Street Vendor. Maximum mercury concentration 

in Fig fruit was recorded in sample collected from Super Market (0.99±0.18 mg/kg) while 

minimum concertation was recorded in sample collected from Street Vendor (0.8 ±0.15 

mg/kg). Mercury was not detected from sample in control group, Itwar Bazar, Mandi Mor 

and Aabpara Market. (Table3.17). 
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Table 3.17: Elemental profile of Fig fruit collect from different local fruit markets using particle induced X-ray emission (PIXE) spectroscopy. 

Elements Control Aabpara Market Super Market Itwar Bazar Street Vendor Mandi Mor 

Al 34.65 ± 2.9ns 58.95 ± 14.2 ns 50.35 ± 13.8ns 38.2 ± 0.8ns ND 82.50 ±  4.88ns 

Si 1.50  ± 0.42ns 1.35  ± 0.11ns ND 1.0  ± 0.3ns 1.40 ± 0.1ns ND 

P ND 4.90  ± 0.1ns 1.52  ± 0.4ns 0.9  ±  0.06ns 20.25 ± 2.4bcd 23.05 ±  3.1bcd 

S 3.05  ± 0.07ns 2.15 ±  0.6ns ND 3.7  ± 0.1ns 7.45  ± 1.2ns 4.90  ± 0.3abd 

Cl 9.85 ±  0.35ns 0.94  ± 0.1ns 21.35  ± 1.63ns 16.8  ± 1.1ns 6.25  ± 2.8ns 6.85  ± 1.3ns 

K 302.50  ± 3.68ns 1119  ±  18ns 1900  ± 27ns 1087.5  ± 28.9abc 380.65  ± 14.2d 
1815.65  ±  23.9 

abcde 

Ca 376.90  ± 16ns 305  ± 19ns 406.50  ± 15.7ns 612.3  ± 17.9ns 596.60  ± 5.45ns 498.30  ± 17.3ns 

Cr 0.08  ± 0.01ns 0.01  ± 00ns 0.02  ± 00ns 0.1  ± 00ns 0.08  ±  00ns 0.03  ± 00ns 

Mn 44.35  ± 0.78ns 14.00  ± 2 ns 15.15  ± 1.5ns 9.4  ± 0.6ns 13  ± 1.8ns 126.7  ± 3.8abcde 

Fe 96.45 ± 19.45b 20.5  ± 3a 33.75 ± 4.7b 76.8 ± 2.2ac 17.35 ± 2.4ac 275.6 ± 28bde 

Ni 0.30 ± 0.07ns 0.04 ± 00ns 0.49 ± 00ns 0.2 ± 00ns 3.29 ± 0.5abcd 0.38 ± 0.01e 

Cu 0.64 ± 0.07ns 0.01 ± 00ns ND 0.4 ± 0.02ns 5.74 ± 1.2ns 14.85 ± 2.3abd 
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Zn 11.45 ± 2.7ns ND 24.35 ± 4.1ns 14.1 ± 2.8ns 41.40 ± 3.6ns 25.35 ± 3.8ns 

As ND ND ND 0.5 9.25 ±1.5 14.55 ±0.7 

Cd ND 1.1 ±0.22 1.8 ±0.223 1.8 ±0.2 ND ND 

Hg ND ND 0.99 ±0.15 ND 0.8 ±0.183 ND 
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3.3.6.2. Estimated Daily Intakes of Toxic and Essential Elements 

We calculated and compared the mean estimated daily intakes (MEDI) of elements 

detected by PIXE. The provisional tolerable daily intakes (PTDI) recommended by Joint 

FAO/WHO Expert Committee on Food Additives are 50 mg/kg bw for Si, 3000 mg/kg 

bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw for Cl, 3500 mg/kg bw for K, 2500 mg/kg 

bw for Ca, 1.5 mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 

0.02 mg/day kg bw for Ni, 0.4 mg/day kg bw for Cu, 20 mg/day kg bw for Zn, 0.3 µg/day 

kg bw for As, 1 µg/day kg bw for Se, 25 µg/day kg bw for Cd, 3 µg/day kg bw for Pb, 1.5 

µg/day kg bw for Hg 

Our results revealed that in all group including control group Cl, Mn, Fe, Ni, Cu and Zn 

detected were much higher than the provisional tolerable daily intakes recommended by 

Joint FAO/WHO Expert Committee on Food Additive. Arsenic detected in all groups 

samples except control was much higher than the provisional tolerable daily intakes 

recommended by Joint FAO/WHO Expert Committee on Food Additive. THQ value of 

heavy metals in Fig were calculated less than one so consuming such Fig will not pose 

any heavy metal toxicity (Table 3.18) 
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Table 3.18 The mean estimated daily intake (MEDI) (mg/kg) of essential elements in Fig fruits. The provisional tolerable daily intakes 

(PTDI) recommended by Joint FAO/WHO Expert Committee on Food Additives. 

Mean Estimated Daily Intakes(MEDI) 
Provisional 

Tolerable Daily 

Intakes 

(PTDI) 
Elements Control 

Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Street Vendor Mandi Mor 

Al 99 168.4286 143.8571 109.1429 0 235.7143 - 

Si 4.285714 3.857143 0 2.724286 4 0 50 

P 0 14 4.342857 2.431429 57.85714 65.85714 3000 

S 8.714286 6.142857 0 10.42857 21.28571 14 0.7 

Cl 28.14286 2.685714 61 47.85714 17.85714 19.57143 3.6 

K 864.2857 3197.143 5428.857 3107.143 1087.571 5187.571 3500 

Ca 1076.857 168.4286 1161.429 1749.286 1704.571 1423.714 2500 

Cr 0.221857 0.020004 0.053757 0.248286 0.233714 0.085143 1.5 
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Mn 126.7143 40 43.28571 26.85714 37.14286 112.2857 0.14 

Fe 275.5714 58.57143 96.42857 219.4286 49.57143 279.7143 0.7 

Ni 0.867143 0.1152 1.385 0.678571 9.39 1.09 0.14 

Cu 1.83 0.041571 0 1.012857 16.40714 42.42857 0.4 

Zn 32.71429 0 69.57143 40.14286 118.2857 72.42857 20 

As 0.00 0 0 1.428571 26.42857 41.57143 0.3 µg/kg.bw 

Cd 0.00 3.142857 5.142857 5.142857 0 0 2.5 µg/kg.bw 

Hg 0.00 0.000723 2.837143 0 2.290943 0.001486 3 µg/kg.bw 
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3.3.6.3. Non-Carcinogenic Risk of Heavy Metals 

Chronic low-level intake of toxic metal elements has a negative effect on human health. 

HQ method was used to assess the potential health risks of heavy metal accumulation 

through Fig pulp. Fig consumption values for adults in Islamabad, Pakistan are and 20 

g/person/day. The THQ values of Cr, Mn, Fe, Cu, As, and Se due to Fig fruit 

consumption for residents of the study area. When THQ and HI values are less than 1, 

there is no obvious risk to the population, but if these values exceed one, there may be 

concern for potential non-carcinogenic effects. (Table 3.19) 

Table 3.19: Hazard Index (HI) and Target hazard quotient (THQ) values of the elements 

for consuming Fig fruits 

Hazard Index (HI) 

Elements  Control 
Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 0.147905 0.013336 0.035838 0.165524 0.15581 0.056762 

Mn 974.7253 307.6923 332.967 206.5934 285.7143 863.7363 

Fe 393.6735 83.67347 137.7551 313.4694 70.81633 399.5918 

Ni 43.35714 5.760714 69.28571 33.92857 469.8571 54.57143 

Cu 45.75 1.039286 0 25.32143 410.1786 1060.714 

Zn 109.0476 0 231.9048 133.8095 394.2857 241.4286 

As 0.00 0 0.00 4761.905 88095.24 138571.4 

The Target Hazard Quotient (THQ) 

Elements  Control 
Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 1.59E-08 1.44E-09 3.859E-09 1.78E-08 1.68E-08 6.11E-09 

Mn 0.000104 3.31E-06 3.58E-05 2.22E-05 3.08E-05 0.000924 

Fe 4.23E-05 9.01E-08 0.001478 3.37E-05 7.63E-06 4.3E-05 

Ni 4.66E-06 6.2E-07 7.46E-06 3.65E-06 5.06E-05 5.88E-06 

Cu 4.92E-06 1.12E-07 0 2.72E-06 4.42E-05 0.000114 

Zn 1.17E-05 0 0.0845 1.44E-05 4.25E-05 0.000259 
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As 0 0 0 0.00051 0.094872 0.014923 

 

3.3.7. Apple (Malus domestica) 

3.7.1. Differential Elemental profile of Apple Fruit 

The concentration pattern of the metals in Apple fruit is K >Ca > Fe > Al > Mn > Cl > Zn 

> Se > S > Cd >Si > P > Cu > As > Ni >Se > Cr.  The average concentrations of metals in 

Apple fruit are, 686.9 (K), 545 (Ca), 66.7 (Fe), 0.6 (Cu), 14.5 (Mn) 0.4 (As) 0.2 (Ni), 0.1 

(Cr), 13.2 (Zn) and 3.30 (Cd) µg/g edible portion.  

In present study maximum aluminium concentration in Apple fruit was recorded in 

control sample (41.2 ± 41.2 mg/kg) while minimum concertation was recorded in sample 

collected from Aabpara Market (31.6 ± 0.7 mg/kg). Aluminium concentration in control 

samples was found statistically significant (p < 0.01) as compared to its concentration in 

Apple fruit sample purchased from Aabpara Market. Maximum silicon concentration in 

Apple fruit was recorded in control sample (1.2 ± 0.1 mg/kg) while minimum 

concertation was recorded in samples collect from Street Vendor (0.6 ± 0.08 mg/kg). 

Silicon concentration was found non-significant in all group. Maximum phosphorus 

concentration in Apple fruit was recorded in sample collected from Itwar Bazar (2.2 ± 0.2 

mg/kg) while minimum concertation was recorded in sample collected from Mandi Mor 

(0.4 ± 0.1 mg/kg). Phosphorus was not detected in control samples and Aabpara Market. 

Maximum sulphur concentration in Apple fruit was recorded in sample collected from 

Street Vendor and Mandi Mor (7.4 ± 0.25 mg/kg) while minimum concertation was 

recorded in sample collected from Super Market (2.9 ± 0.3 mg/kg). Except fruits 

collected from Itwar Bazar increase or decrease in phosphorus concentration in other 

market samples were statistically non-significant (p < 0.01) as compared to non-treated 

control group as shown in table 1. Maximum chlorine concentration in Apple fruit was 

recorded in control sample (26.1 ±1.3 mg/kg) while minimum concertation was recorded 

in samples collected from Itwar Bazar (7.5 ± 2.2 mg/kg). Maximum potassium 

concentration in Apple fruit was recorded in sample collected from Street Vendor (975.5 

± 14.2 mg/kg) while minimum concertation was recorded in control sample (348.7 ± 16.2 

mg/kg). Potassium concentration was found non-significant in all group. Maximum 

calcium concentration in Apple fruit was recorded in sample collected from Aabpara 

Market (688.9 ± 8.08 mg/kg) while minimum concertation was recorded in control 
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sample (349.8 ± 12.6 mg/kg). Except fruits from Aabpara Market increase or decrease in 

phosphorus concentration in other market samples were statistically significant (p < 0.01) 

as compared to non-treated control group as shown in table 1. Chromium concentration 

was detected same in all samples (0.1 ± 0.01 mg/kg). Chromium concentration was found 

non-significant in all group. Maximum manganese concentration in Apple fruit was 

recorded in sample collected from Itwar Bazar (16.4 ± 2.9 mg/kg) while minimum 

concertation was recorded in sample collected from Super Market (13.1 ± 5.7 mg/kg). 

Manganese concentration was found non-significant in all group. Maximum iron 

concentration in Apple fruit was recorded in sample collected from Itwar Bazar (112 ± 

8.9 mg/kg) while minimum concertation was recorded in control sample (38.8 ± 13.7 

mg/kg). A statistically significant (p = 0.01) relationship was found for iron concentration 

in control group as compared to other groups. Maximum nickel concentration in Apple 

fruit was recorded in sample collected from Aabpara Market (0.3 ± 0.04 mg/kg) while 

minimum concertation was recorded in sample collected from Street Vendor (0.1 ± 0.02 

mg/kg). Except fruits collected from Street Vendor increase or decrease in nickel 

concentration in other market samples were statistically significant (p = 0.01) as 

compared to non-treated control group as shown in table 1. Maximum cupper 

concentration in Apple fruit was recorded in sample collected from Itwar Bazar (1.0 ± 

0.18 mg/kg) while minimum concertation was recorded in sample collected from Mandi 

Mor (0.3 ± 0.1 mg/kg). Except fruits collected from Mandi Mor increase or decrease in 

cupper concentration in other market samples were statistically non-significant as 

compared to non-treated control group as shown in table 1. Maximum zinc concentration 

in Apple fruit was recorded in sample collected from Itwar Bazar (30.1 ± 3.2 mg/kg) 

while minimum concertation was recorded in sample collect from Street Vendor (7.2 ± 

1.8 mg/kg). Zinc was not detected in control sample. Maximum selenium concentration in 

Apple fruit was recorded in control sample (38.8 ± 8.3 mg/kg) while minimum 

concertation was recorded in sample collected from Itwar Bazar (2.2 ± 0.13 mg/kg). 

Maximum arsenic concentration in Apple fruit was recorded in sample collected from 

Street Vendor (1.8 ± 0.4 mg/kg) while minimum concertation was recorded in sample 

collected from Mandi Mor (0.5 ± 0.04 mg/kg). Arsenic was not detected from sample in 

control group, Itwar Bazar and Aabpara Market. Maximum cadmium concentration in 

Apple fruit was recorded in sample collected from Super Market and Mandi Mor (10.8 ± 
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1.5mg/kg) while minimum concertation was recorded in sample collected from Aabpara 

Market (9.1 ± 1.2 mg/kg). Cadmium was not detected from sample in control group, 

Super Market, Itwar Bazar and Street Vendor.  (Table3.20). 
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Table 3.20: Elemental profile of Apple fruit collect from different local fruit markets using particle induced X-ray emission (PIXE) 

spectroscopy 

Elements Control Aabpara Market Super Market Itwar Bazar Street Vendor Mandi Mor 

Al 41.2 ± 1.1b 31.6 ± 0.7a 33.9 ± 1.1ns 37.7 ± 6.2ns 36.8 ± 6.4ns 35.2 ±5.2ns 

Si 1.2 ± 0.1ns 0.8 ± 0.01ns 0.8 ± 0.01ns 0.8 ± 0.01ns 0.6 ± 0.08ns 0.9 ± 0.04ns 

P ND ND 1.2 ± 0.17ns 2.2 ± 0.2ns 0.7 ± 0.01cd 0.4 ± 0.1cd 

S 3.3 ± 0.4ns 3.0 ± 0.22ns 2.9 ± 0.3ns 4.1 ± 0.4ns 4.7 ± 0.25ns 4.7 ± 0.4ns 

Cl 26.1 ± 1.3ns 12.0 ± 0.8ns 11.2 ± 2.1ns 7.5 ± 2.2ns 11.1 ± 1.05ns 16.0 ± 2.5ns 

K 348.7 ± 16.2ns 675.4 ± 48.6ns 763.1 ± 53.3ns 764.2 ± 55ns 594.4 ± 31.9ns 975.5 ± 14.2ns 

Ca 349.8 ± 12.6ns 688.9 ± 8.08ns 403.7 ± 33.67a 437.5 ± 60.1a 444.7 ± 23.1a 545.0 ± 24.1a 

Cr 0.1 ± 0.01ns 0.1 ± 0.01ns 0.1 ± 0.01ns 0.1 ± 0.01ns 0.1 ± 0.01ns 0.1 ± 0.01ns 

Mn 14.6 ± 1.6ns 15.8 ± 2.12ns 13.1 ±  5.7ns 16.4 ± 2.9ns 13.8 ± 1.1ns 13.4 ± 5ns 

Fe 38.8 ± 13.7b 53.9 ±9.6a 90.2 ± 8.18a 112.0 ± 8.94a 40.0 ± 1.1a 65.3 ± 8.38a 

Ni ND 0.3 ± 0.04 0.2 ± 0.01ns 0.3 ± 0.01ns 0.1 ± 0.02ns 0.2 ± 0.01ns 

Cu 0.7 ± 0.1ns 0.5 ± 0.2ns 0.8 ± 0.2ns 1.0 ± 0.18b 0.4 ± 0.04d 0.3 ± 0.1acd 

Zn ND 12.2 ± 1.73ns 17.6 ± 2.4ns 30.1 ± 3.2ns 7.2 ± 1.8cd 12.2 ± 3.7d 
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As 38.8 ± 2.17ns   ND ND 2.2a ± 15.8 ± 1.7ad  6.4e 

Cd ND 9.1 ± 0.8 ns ND ND ND 10.8 ± 1.1ns 
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3.3.7.2. Estimated Daily Intakes of Toxic and Essential Elements 

We calculated and compared the mean estimated daily intakes (MEDI) of elements 

detected by PIXE. The provisional tolerable daily intakes (PTDI) recommended by Joint 

FAO/WHO Expert Committee on Food Additives are 50 mg/kg bw for Si, 3000 mg/kg 

bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw for Cl, 3500 mg/kg bw for K, 2500 mg/kg 

bw for Ca, 1.5 mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 

0.02 mg/day kg bw for Ni, 0.4 mg/day kg bw for Cu, 20 mg/day kg bw for Zn, 0.3 µg/day 

kg bw for As, 1 µg/day kg bw for Se, 25 µg/day kg bw for Cd, 3 µg/day kg bw for Pb, 1.5 

µg/day kg bw for Hg 

Our results revealed that in all group including control group Cl, Mn, Fe, Ni, Cu and Zn 

detected were much higher than the provisional tolerable daily intakes recommended by 

Joint FAO/WHO Expert Committee on Food Additive. Arsenic detected in all groups 

samples except control was much higher than the provisional tolerable daily intakes 

recommended by Joint FAO/WHO Expert Committee on Food Additive. THQ value of 

heavy metals in Apple were calculated less than one so consuming such Apple will not 

pose any heavy metal toxicity (Table 3.21) 
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Table 3.21 The mean estimated daily intake (MEDI) (mg/kg) of essential elements in Apple fruits. The provisional tolerable daily intakes 

(PTDI) recommended by Joint FAO/WHO Expert Committee on Food Additives. 

Mean Estimated Daily Intakes(MEDI) 
Provisional 

Tolerable Daily 

Intakes 

(PTDI) 
Elements Control 

Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Street Vendor Mandi Mor 

Al 117.6 90.3 96.9 107.7 105.1 100.4 - 

Si 3.3 2.1 2.1 2.3 1.6 2.6 50 

P 0.0 0.0 3.4 6.1 2.0 1.3 3000 

S 9.4 8.4 8.1 11.6 13.3 13.4 0.7 

Cl 74.4 34.1 31.9 21.3 31.6 35.3 3.6 

K 996.1 1929.7 2180.3 2183.4 1698.1 2787.1 3500 

Ca 3856.6 1968.1 1153.3 1249.9 1270.4 1557.1 2500 

Cr 0.2 0.2 0.2 0.3 0.2 0.2 1.5 
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Mn 115.9 442.1 37.3 46.9 39.4 38.1 0.14 

Fe 1253.7 154.0 257.6 319.9 114.3 186.4 0.7 

Ni 0.0 0.8 0.7 1.0 0.3 0.5 0.14 

Cu 2.0 1.4 2.3 2.9 1.1 0.7 0.4 

Zn 0.0 34.9 50.1 85.9 20.5 34.7 20 

Se 110.9 0.0 0.0 6.1 45.0 18.3 1 µg/kg.bw 

As 0.0 0.0 0.9 0.0 5.0 1.4 0.3 µg/kg.bw 

Cd 0.0 26.0 0.0 0.0 0.0 30.9 2.5 µg/kg.bw 
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3.3.7.3. Non-Carcinogenic Risk of Heavy Metals 

Chronic low-level intake of toxic metal elements has a negative effect on human health. 

HQ method was used to assess the potential health risks of heavy metal accumulation 

through Apple pulp. Apple consumption values for adults in Islamabad, Pakistan are and 

20 g/person/day. The THQ values of Cr, Mn, Fe, Cu, As, and Se due to Apple fruit 

consumption for residents of the study area. When THQ and HI values are less than 1, 

there is no obvious risk to the population, but if these values exceed one, there may be 

concern for potential non-carcinogenic effects.. (Table 3.22) 

Table 3.22: Hazard Index (HI) and Target hazard quotient (THQ) values of the elements 

for consuming Apple fruits 

Hazard Index (HI) 

Elements Control 
Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 0.1 0.1 0.2 0.2 0.1 0.1 

Mn 891.2 3401.1 286.8 360.4 303.3 293.4 

Fe 1791.0 220.0 368.0 456.9 163.3 266.3 

Ni 0.0 38.9 32.7 48.5 17.0 25.8 

Cu 49.5 36.1 57.4 72.8 27.9 18.5 

Zn 0.0 116.2 167.1 286.2 68.5 115.7 

As 0.0 0.0 3023.8 0.0 16666.7 4761.9 

Cd 0.0 26000.0 0.0 0.0 0.0 30857.1 

The Target Hazard Quotient (THQ) 

Elements Control 
Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 1.95E-07 1.496E-07 2.18E-07 2.29E-07 1.65E-07 1.79E-07 

Mn 0.00119 0.0045 0.000386 0.000485 0.000408 0.000395 

Fe 0.0024 0.00029 0.000495 0.000615 0.00022 0.000359 

Ni 0 5.230E-05 4.4E-05 6.53E-05 2.29E-05 3.47E-05 

Cu 6.66E-05 4.86E-05 7.73E-05 9.8E-05 3.75E-05 2.49E-05 
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Zn 0 0.00015 0.000225 0.000385 9.22E-05 0.000156 

As 0 0 0.004071 0 0.022436 0.00641 

Cd 0 0.035 0 0 0 0.041538 
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3.3.8. Apricot (Prunus armeniaca) 

3.3.8.1. Differential Elemental profile of Apricot Fruit.  

The concentration pattern of the metals in Apricot fruit is K > Ca > Fe > Al > 

Mn>Cl>Zn>Se > S > Cd >Si > P > Cu > As > Ni >Se > Cr.  The average concentrations 

of metals in Apricot fruit are, 686.9 (K), 545 (Ca), 66.7 (Fe), 0.6 (Cu), 14.5 (Mn) 0.4 (As) 

0.2 (Ni), 0.1 (Cr), 13.2 (Zn) and 3.30 (Cd) µg/g edible portion.  

In present study maximum aluminium concentration in Apricot fruit was recorded in 

sample collected from Itwar Bazar (41.7 ± 0.56 mg/kg) while minimum concertation was 

recorded in sample collected from Aabpara Market (32.1 ± 1.4 mg/kg). Maximum silicon 

concentration in Apricot fruit was recorded in sample from Super Market (1.2 ± 42 

mg/kg) while minimum concertation was recorded in samples collect from Itwar Bazar 

(0.355 ± 0.5 mg/kg). Silicon was not detected in samples collected from Aabpara Market. 

Maximum phosphorus concentration in Apricot fruit was recorded in sample collected 

from Super Market (2.2 ± 0.29mg/kg) while minimum concertation was recorded in 

sample collected from Mandi Mor (0.85 ± 0.07 mg/kg). Phosphorus was not detected in 

samples collected from Street Vendor and Aabpara Market. Maximum sulphur 

concentration in Apricot fruit was recorded in sample collected from Street Vendor (6.05 

± 0.4 mg/kg) while minimum concertation was recorded in sample collected from itwar 

market (2.95 ± 0.63 mg/kg). Maximum chlorine concentration in Apricot fruit was 

recorded in control sample (26.05 ± 1.34 mg/kg) while minimum concertation was 

recorded in samples collected from Itwar Bazar (2.95 ± 0.91mg/kg). Maximum potassium 

concentration in Apricot fruit was recorded in sample collected from Super Market 

(1146.75 mg/kg) while minimum concertation was recorded in sample collected from 

Aabpara Market (358.8 mg/kg). Maximum calcium concentration in Apricot fruit was 

recorded in sample collected from Super Market (621.35 mg/kg) while minimum 

concertation was recorded in sample collected from Aabpara Market (141.45 mg/kg). 

Maximum chromium concentration in Apricot fruit was recorded in sample collected 

from Itwar Bazar (0.087 mg/kg) while minimum concertation was recorded in sample 

collected from Street Vendor (0.0467 mg/kg). Chromium concentration was found non-

significant in all group. Maximum manganese concentration in Apricot fruit was recorded 

in control sample (40.55 mg/kg) while minimum concertation was recorded in sample 

collected from Aabpara Market (6.85 mg/kg). Maximum iron concentration in Apricot 
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fruit was recorded in sample collected from Mandi Mor (76.8 mg/kg) while minimum 

concertation was recorded in sample collected from Aabpara Market (32.65 mg/kg). 

Maximum nickel concentration in Apricot fruit was recorded in sample collected from 

Super Market (0.296 mg/kg) while minimum concertation was recorded in sample 

collected from Street Vendor (0.12 mg/kg). Maximum cupper concentration in Apricot 

fruit was recorded in sample collected from Super Market (1.137 mg/kg) while minimum 

concertation was recorded in sample collected from Street Vendor (0.242 mg/kg). 

Maximum zinc concentration in Apricot fruit was recorded in sample collected from 

Super Market (33.7 mg/kg) while minimum concertation was recorded in sample collect 

from Street Vendor (11.8 mg/kg). Zinc was not detected in control sample and Aabpara 

Market. Maximum selenium concentration in Apricot fruit was recorded in control 

sample (38.8 mg/kg) while minimum concertation was recorded in sample collected from 

Mandi Mor (0.8 mg/kg). Selenium was not detected in sample collected from Aabpara 

Market. Maximum arsenic concentration in Apricot fruit was recorded in sample 

collected from Itwar Bazar (1.75 mg/kg) while minimum concertation was recorded in 

sample collected from Aabpara Market (0.31 mg/kg). Arsenic was not detected from 

sample in control group, Street Vendor and Super Market. Maximum cadmium 

concentration in Apricot fruit was recorded in sample collected from Super Market and 

Mandi Mor (10.8 mg/kg) while minimum concertation was recorded in sample collected 

from Aabpara Market (9.1 mg/kg). Cadmium was not detected from sample in control 

group, Super Market, Itwar Bazar and Street Vendor. (Table 3.23). 
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Table 3.23: Elemental profile of Apricot fruit collect from different local fruit markets using particle induced X-ray emission (PIXE) 

spectroscopy 

Elements Control Aabpara Market Super Market Itwar Bazar Street Vendor Mandi Mor 

Al 41.15 ± 1.06 b 32.1  ± 1.41a 34  ± 0.98ab 41.7  ± 0.56bc 31.9  ± 0.56acd 38.2  ± 0.84abcde 

Si 1.15  ± 0.07 ND 1.201  ± 0.42 0.355  ± 0.5ac 0.846  ± 0.35ns 0.9535  ± 0.34ns 

P ND ND 2.2  ± 0.28 1.85  ± 0.63 ND 0.851 0.041 

S 3.3  ± 0.42b 1.45  ± 0.07a 4.25  ± 0.07ab 3.35  ± 0.63bc 6.05  ± 0.49acd 3.65  ± 0.07be 

Cl 26.05  ± 1.34b 8  ± 2.4a 12.6v 0.90a 2.95  ± 0.91ac 13.6  ± 3.9ad 16.75  ± 1.06abd 

K 348.65  ± 62.4ns 358.8  ± 38.4ns 1146.75ab 371.8  ± 9.2c 812.55  ± 4.6abcd 
1087.5  ± 

10.8abde 

Ca 1349.8  ± 18.8b 141.45 ± 32.4a 621.35  ± 34.1ab 273.35 ± 28.7ac 607.55 0.77abd 612.25  ± 12.6abd 

Cr 
0.07615 .06ns 

0.07995  ± 

0.007ns 

0.08645  ± 

0.001ns 
0.0871  ± 0.004ns 0.0467  ± 0.002ns 0.0869  ± 0.005ns 

Mn 40.55 ± 1.6b 6.85  ± 3a 19.2  ± 2.9ab 12.25  ± 1.06ab 15.75  ± 1.62ab 9.4  ± 0.56ns 

Fe 438.8  ± 13.7b 32.65  ± 0.49a 161.6  ± 19.23ab 44.75  ± 5.58ac 38.5 ± 0.98ac 76.8  ± 2.24abcde 

Ni ND 0.2745  ± 0.04 0.296 v 0.11ns 0.152  ± 0.02ns 0.12  ± 0.001ns 0.2375 v 0.003ns 
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Cu 0.6935  ± 0.12ns 0.6295 v 0.004ns 1.137  ± 0.23ab 0.6105 ± 0.007c 
0.2425  ± 

0.007abcd 

0.3545  ± 

0.003abc 

Zn ND ND 33.7  ± 1.9 14.039  ± 1.94c 11.8  ± 3.25c 14.05  ± 1.06c 

Se 38.8  ± 8.2 ND 1.55  ± 0.2 11.05  ± 1.39 11.7  ± 1.55 0.85  ± 1.2 

As ND 0.3175  ± 0.004 ND 1.75  ± 0.24 ND 0.5  ± 0.07 

Cd ND 9.1  ± 1.2 ND ND ND 10.8  ±15.27 
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3.3.8.2. Estimated Daily Intakes of Toxic and Essential Elements 

We calculated and compared the mean estimated daily intakes (MEDI) of elements 

detected by PIXE. The provisional tolerable daily intakes (PTDI) recommended by Joint 

FAO/WHO Expert Committee on Food Additives are 50 mg/kg bw for Si, 3000 mg/kg 

bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw for Cl, 3500 mg/kg bw for K, 2500 mg/kg 

bw for Ca, 1.5 mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 

0.02 mg/day kg bw for Ni, 0.4 mg/day kg bw for Cu, 20 mg/day kg bw for Zn, 0.3 µg/day 

kg bw for As, 1 µg/day kg bw for Se, 25 µg/day kg bw for Cd, 3 µg/day kg bw for Pb, 1.5 

µg/day kg bw for Hg 

Our results revealed that in all group including control group Cl, Mn, Fe, Ni, Cu and Zn 

detected were much higher than the provisional tolerable daily intakes recommended by 

Joint FAO/WHO Expert Committee on Food Additive. Arsenic detected in all groups 

samples except control was much higher than the provisional tolerable daily intakes 

recommended by Joint FAO/WHO Expert Committee on Food Additive. THQ value of 

heavy metals in Apricot were calculated less than one so consuming such Apricot will not 

pose any heavy metal toxicity (Table 3.24) 
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Table 3.24 The mean estimated daily intake (MEDI) (mg/kg) of essential elements in Apricot fruits. The provisional tolerable daily intakes 

(PTDI) recommended by Joint FAO/WHO Expert Committee on Food Additives. 

Mean Estimated Daily Intakes(MEDI) 
Provisional 

Tolerable Daily 

Intakes 

(PTDI) 
Elements Control 

Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Street Vendor Mandi Mor 

Al 117.6 90.3 96.9 107.7 105.1 100.4 - 

Si 3.3 2.1 2.1 2.3 1.6 2.6 50 

P 0.0 0.0 3.4 6.1 2.0 1.3 3000 

S 9.4 8.4 8.1 11.6 13.3 13.4 0.7 

Cl 74.4 34.1 31.9 21.3 31.6 35.3 3.6 

K 996.1 1929.7 2180.3 2183.4 1698.1 2787.1 3500 

Ca 3856.6 1968.1 1153.3 1249.9 1270.4 1557.1 2500 

Cr 0.2 0.2 0.2 0.3 0.2 0.2 1.5 
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Mn 115.9 442.1 37.3 46.9 39.4 38.1 0.14 

Fe 1253.7 154.0 257.6 319.9 114.3 186.4 0.7 

Ni 0.0 0.8 0.7 1.0 0.3 0.5 0.14 

Cu 2.0 1.4 2.3 2.9 1.1 0.7 0.4 

Zn 0.0 34.9 50.1 85.9 20.5 34.7 20 

Se 110.9 0.0 0.0 6.1 45.0 18.3 1 µg/kg.bw 

As 0.0 0.0 0.9 0.0 5.0 1.4 0.3 µg/kg.bw 

Cd 0.0 26.0 0.0 0.0 0.0 30.9 2.5 µg/kg.bw 
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3.3.8.3. Non-Carcinogenic Risk of Heavy Metals 

Chronic low-level intake of toxic metal elements has a negative effect on human health. 

HQ method was used to assess the potential health risks of heavy metal accumulation 

through Apricot pulp. Apricot consumption values for adults in Islamabad, Pakistan are 

and 20 g/person/day. The THQ values of Cr, Mn, Fe, Cu, As, and Se due to Apricot fruit 

consumption for residents of the study. When THQ and HI values are less than 1, there is 

no obvious risk to the population, but if these values exceed one, there may be concern 

for potential non-carcinogenic effects.( Table: 3.25) 

Table: 3.25 Hazard Index (HI) and Target hazard quotient (THQ) values of the elements 

for consuming Apricot fruits 

Hazard Index (HI) 

Elements Control 
Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 0.1 0.1 0.2 0.2 0.1 0.1 

Mn 891.2 3401.1 286.8 360.4 303.3 293.4 

Fe 1791.0 220.0 368.0 456.9 163.3 266.3 

Ni 0.0 38.9 32.7 48.5 17.0 25.8 

Cu 49.5 36.1 57.4 72.8 27.9 18.5 

Zn 0.0 116.2 167.1 286.2 68.5 115.7 

As 0.0 0.0 3023.8 0.0 16666.7 4761.9 

Cd 0.0 26000.0 0.0 0.0 0.0 30857.1 

The Target Hazard Quotient (THQ) 

Elements Control 
Aabpara 

Market 

Super 

Market 

Itwar 

Bazar 
Vendor 

Mandi 

Mor 

Cr 1.95E-07 1.496E-07 2.18E-07 2.29E-07 1.65E-07 1.79E-07 

Mn 0.00119 0.0045 0.000386 0.000485 0.000408 0.000395 

Fe 0.0024 0.00029 0.000495 0.000615 0.00022 0.000359 

Ni 0 5.230E-05 4.4E-05 6.53E-05 2.29E-05 3.47E-05 

Cu 6.66E-05 4.86E-05 7.73E-05 9.8E-05 3.75E-05 2.49E-05 
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Zn 0 0.00015 0.000225 0.000385 9.22E-05 0.000156 

As 0 0 0.004071 0 0.022436 0.00641 

Cd 0 0.035 0 0 0 0.041538 
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3.3.9. Confirmations of Heavy Metals Residues in Selected fruits  

Elemental profiles of selected fruits revealed that fruits from different local markets 

contain residues of heavy metals such as arsenic, cadmium, mercury and lead. Although 

PIXE is a powerful yet non-destructive elemental analysis technique now used routinely 

by scientists to help answer questions still we further confirmed the presence of heavy 

metals in selected fruits, XRF as described in method. All of these state of art 

technologies have also confirmed the presence of heavy metals traces in different groups 

though due to different levels of sensitivities of these instruments a direct comparisons of 

the relative quantifications of heavy metals detected in the samples was not possible as 

shown in Table (3.26) 
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Table 3.26: Comparative concentration of heavy metals in selected fruits from local markets using PIXE and XRF. 

 

Fruits Treatments As Cd Hg Pb 

 PIXE XRF PIXE XRF PIXE XRF PIXE XRF 

Guava 

Control ND ND ND ND ND ND ND ND 

T1 3.2 2.4 ± 0.57 ND ND 0.0035 ± 0.0 0.003 ± 0.0 ND ND 

T2 1.8 0.9 ± 0.19 ND ND 0.007 ± 0.0 0.0054 ± 0.0 ND ND 

Apple 

Control 38.8 
17.31 ± 

0.543 
ND ND ND ND ND ND 

T1 ND ND 9.1 7.2 ± 1.4 ND ND ND ND 

T4 15.8 6.17 ± 1.77 ND ND ND ND ND ND 

Plum 

Control ND ND ND ND ND ND ND ND 

T1 0.2595 0.53 ± 0.09 ND ND ND ND 0.7 2.99 ± 0.44 

T2 ND ND ND ND ND ND ND ND 

Apricot Control ND ND ND ND ND ND ND ND 
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T1 0.3175 
1.86 ± 

0.202 
9.1 4.5 ± 0.8 ND ND ND ND 

T5 0.5 
1.35 ± 

0.179 
10.8 

6.99 ± 

0.566 
ND ND ND ND 

Persimm

on 

Control ND ND ND ND 1 ± 0.1 1.03 ± 0.24 
0.4685 ± 

0.066 
1.12 ± 0.196 

T1 ND ND ND ND 1.05 ± 0.1 1.41 ± 0.208 1.4 ± 0.19 3.7 ± 0.282 

 ND ND ND ND 2.8 ± 0.184 2.1 ± 0.22 1.25 ± 0.17 1.35 ± 0.179 

Date 

Control ND ND ND ND ND ND ND ND 

T1 7.2 
4.23 ± 

0.122 
ND ND 0.025 0.48 ± 0.136 ND ND 

T3 13.2 9.17 ± 0.88 ND ND ND ND ND ND 

Fig 

Control ND ND ND ND ND ND ND ND 

T1 1.1 7.04 ± 0.69 ND ND ND ND ND ND 

T2 1.8 5.7 ± 1.58 0.99 
1.52 ± 0. 

184 
ND ND ND ND 
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Banana 

Control  0 ND ND ND ND ND ND 

T1 7.2± 0.17 
2.33 ± 

0.241 
ND ND ND ND ND ND 

T2 7.1± 1.42 
2.35 ± 

0.252 
ND ND ND ND ND ND 
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3.3.10. Principal Component Analysis 

3.3.10.1. Measure of Sampling Adequacy  

Bartlett‘s test of sphericity was initially performed on the data and confirmed the 

appropriateness of conducting the Principle Component Analysis (PCA). The Bartlett‘s 

sphericity showed that the correlation matrix was at appropriate level to perform factor 

analysis on data of each scale reaching the significant level of P<0.05 as shown in table 

3.27. 

Table3.27: Bartlett’s sphericity test 

Chi-square 267.455 

Degree of freedom 231 

Significance 0.050 

 

3.3.10.2. Principle Component Analysis 

In order to categorize the minerals in term of smaller set, the data was subjected to the 

Principle Component Analysis (PCA). Figure 3.1 shows the scree plot between 

eigenvalues and cumulative variances (%). A total of eight of the identical factor had the 

eigenvalue exceeding one, accounting 87.670%of variation across the sample. The eight 

fruits collected from different markets were evaluated for the presence and content of 

fourteen minerals. During the analysis, the main component 1 (PC1) was determined to 

be primarily related to the minerals S, K, Ca, Cr, Ni, Hg and Pb while the principal 

component 2 (PC2) related to the minerals Si, P, As. The principal component 3 (PC3) 

related to the minerals Fe and Cu, principal component 4 (PC4) related to the minerals Co 

and Se and principle component 5 (PC5) related to the minerals Al, Mn, Zn, Cd (Table 5). 

The first component account for the most variance (and hence have the highest 

eigenvalue), and the next component account for as much of the left-over variance as it 

can, and so on. Hence, each successive component account for less and less variance. For 

the reconfirmation of Eigen values we draw a Scree plot through XLSTAT. In this 

analysis, 85.85% of the total variance of the data was accounted for with the significant 

contributions of 22.08% for the first, 15.601% for the second,14.249% for the third, 

10.233% for the fourth and 8.59 for the fifth principal components (Table 3.28, Figure 

3.2). Biplot was sketched for Apple, Banana, Fig, Date, guava, Plum, Persimmon and 

Apricot collected from different markets. Mn, Si, P, Al, S, Ca, Cl and K were significant 
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sample of guava, Date, Persimmon and Banana collected from Aabpara Market and Fig, 

Date, Persimmon collected from Itwar Bazar. Fe, Pb, Hg, Cu, Cr, and Ni were significant 

in control samples of Persimmon as well as in all groups of Plum except Plum collected 

from Aabpara Market. As and Se were significant in control samples of Apple and 

Apricot and in Date, guava, and Banana collected from supermarket. (Figures 3.1 and 

3.2) 
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Table 3.28.  Eigen values, and loadings of the minerals analysed in Control and fruits collected from different markets 

 
PC1 PC2 PC3 PC4 PC5 

Eigen value 4.858 3.432 3.135 2.251 1.773 

Variability (%) 22.084 15.601 14.249 10.233 8.059 

Cumulative % 22.084 37.685 51.934 62.167 70.226 

Elements 
Loading 

PC1 PC2 PC3 PC4 PC5 

Al 0.374 0.361 0.000 0.202 0.704 

Si 0.205 0.450 -0.426 -0.143 -0.184 

P 0.371 0.568 -0.510 -0.075 0.014 

S 0.656 0.510 -0.342 0.060 0.096 

Cl 0.625 0.284 -0.205 0.146 -0.045 

K 0.743 0.329 -0.181 0.054 -0.268 

Ca 0.652 0.387 0.282 0.289 0.106 

Cr 0.767 -0.297 0.398 0.020 -0.217 

Mn 0.125 0.364 0.212 0.241 0.720 

Fe 0.171 -0.381 0.521 -0.036 0.298 

Co -0.345 0.310 0.407 0.656 -0.249 

Ni 0.729 -0.302 0.545 -0.068 -0.168 
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Cu 0.502 -0.255 0.593 -0.058 0.180 

Zn -0.078 -0.228 0.152 -0.113 0.328 

Se -0.398 0.317 0.291 0.697 -0.210 

As -0.134 0.615 0.381 -0.645 -0.042 

Cd -0.223 -0.200 -0.072 -0.122 0.203 

Hg 0.534 -0.119 0.353 -0.147 -0.147 

Pb 0.588 -0.021 0.107 0.095 -0.343 
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Figure: 3.1 Scree plot of eigenvalues and cumulative variability (%). 

Green Line shows the threshold value of 1. Red line showed the contribution of each 

principal component. X-axis represents the principal components and Y-axis represents 

represent eigenvalue. 

 

Figure: 3.2 Principal component analysis of selected market fruits: graphs of scores and 

loadings.  



 

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations 

in Minerals/Heavy Metals 

186 

 

3.4. Discussion 

Trace elements became epicentre for the study from years and their role is remarkable in 

biosciences like medical science, geological science, ecological science and archaeology. 

They have plenty of elements, in which some elements have necessary functions on 

physiological health. Although there are some dangerous and cancer causing for 

physiological health while some can destroy the nucleotide sequence of DNA molecule. 

For overall animal growth and development Fe, Mn, Zn and Cu are thought to be 

necessary in low amount as minerals with a major role of biochemical processes in 

overall animal body. Their role is necessary in different enzymes and hormone systems as 

catalyst. Those are very useful to increase growth, enlargement of bones and for enzymes 

structure and function. Our study have focused on the presence of fourteen trace elements 

(Al, Si, P, S, Cl, K, Ca, Cr, Mn, Fe, Ni, Cu, Zn and Se) and four toxic elements (Pb, As, 

Cd and Hg) in commonly edible fruits in the locality of Islamabad, Pakistan.  

There are many methods available to detect elemental contents in biological samples. 

However, PIXE and XRF is more convenient, quick and low cost method standing out 

from the rest. Depending on the number of elements present, unique spectral peaks are 

produced, and the areas of the spectral peaks are proportional to the elemental contents at 

that point of measurement. So that, this is an ideal method to quickly detect the elements, 

since there is no complex processing of samples required for PIXE and XRF. However, 

PIXE and XRF is providing a qualitative assessment often used to check the presence of 

an element and rather than the specific quantity. The XRF analysis is a routine method in 

India to check the elemental contents of fruits (Sarma and Goswami, 2016; Sharma and 

Chauhan, 2016; Vishwakarma and Dubey, 2011). 

Potassium (K) is the fundamental cation in protoplasm and its functions in acid-base 

balance like buffer and it may enhance the osmotic pressure, conduction of nerve 

impulse, muscles sliding especially for heart muscles and for Na
+
/K

+
 ATPase function in 

cell membrane. It also has an important role in gluconeogenesis. Its deficiency may cause 

disease or some kind of secondary disorders like structural and functional anomalies such 

as defective neuromuscular dysfunction of all kind of muscles and some kind of muscular 

weakness, paralysis, mental confusion (Hays and Swenson, 1985; Malhotra, 1998; 

Murray et al., 2000). In present study maximum potassium (5574.35 mg/kg) was 

recorded in Persimmon fruit collected from aabpara market followed by potassium in 
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guava, Date, Plum, and Fig respectively. Correlation analysis revealed that potassium in 

present study has strong positive correlation with Ca (r
2
 = 0.7). In various studies K 

concentration has been reported in different fruits such as Plum in Chile (1540 mg/kg), 

Apple in Italy (1560 mg/kg), Apple in Brazil (1223.7 mg/kg) and Apricot in Greece 

(2105 mg/kg) (Cristina et al., 2014; Sachini et al., 2020). Our results are strongly 

correlated with these findings. The level of K varies among the permissible upper limit 

that‘s why our results suggest that the mineral components in fruits belong to nutritional 

quality and man health. 

Calcium is the important part of bones and teeth. Nerve and muscles also function well 

due to the presence of calcium. Calcium regulates the conversion of prothrombin to 

thrombin in process of blood coagulation, the phenomenon is also seen in milk clotting. 

Calcium also serves as cofactor for enzymes and activates many enzymes. It performs an 

active role in enzyme activation, such as adenosine triphosphatase (ATPase), succinic 

dehydrogenase, lipase etc. It is important for the permeability of membrane which play 

role in muscle contraction. The normal transmission of nerve impulses and 

neuromuscular excitability is also performed by the Ca. But there are some cardiac and 

respiratory defects, caused by the higher concentration of Ca in blood and this may cause 

heart to stop work.  Normally calcium ions increase the strength and time of heart 

muscles contraction. The higher level of Ca and phosphorus also effect the kidney 

function. Kidney excretes their excess amount from blood via urine. They are also largely 

expelled out from the body via faeces in unabsorbed form (Hays and Swenson, 1985). In 

present study maximum calcium (4041.55 mg/kg) was recorded in Persimmon fruit 

collected from aabpara market followed by calcium in Banana, guava, Apricot and Date 

respectively. Correlation analysis revealed that calcium in present study has strong 

positive correlation with K (r
2
 = 0.7). In various studies K concentration has been 

reported in different fruits such as Plum in Chile (120 mg/kg), Apple in Italy (110 

mg/kg), Apple in Brazil (352 mg/kg)  and Apricot in Greece (170 mg/kg) (Cristina et al., 

2014; Sachini et al., 2020). Our results strongly correlate with these findings. The level of 

calcium varies among the permissible upper limits, that‘s why our results suggest that the 

mineral composition in fruits belongs to nutritional quality and for man health.  

Chromium is an essential constituent of all animals and human (Frieden, 1984). It is 

found in RNA synthesis and nucleoprotein extracted from beef liver (Uppala et al, 2005). 
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Chromium is vital element for rats. It is required for normal growth in rats and its 

deficiency leads to retarded life span, corneal lesion and interference with insulin action 

and cause a diabetic condtion which may lead to removal of glucose from blood at higher 

rate that one half of the animals on a chromium containing diet (Wennberg, 1980; Juturu 

and Komorowski, 2003). Accidental uptake of chromic acid or chromates cause toxicity 

to kidney, liver, nervous system and blood which is the major cause of death (Langard, 

1980. In present study maximum chromium (72.05 mg/kg) was recorded in Plum in 

sample collected from supermarket followed by chromium in Persimmon, Banana, Apple 

and Fig respectively. Correlation analysis revealed that chromium in present study has 

strong positive correlation with Cu (r
2
 = 0.649). In various studies Cr concentration has 

been reported in different fruits such as Plum in South Korea (0.032), Peach in South 

Korea (0.032) and Apricot in Pakistan (3.975 mg/kg) (Zahir et al., 2009; Cristina et al., 

2014; Khan et al., 2017; Sachini et al., 2020). While comparing with other studies the 

level of Cr in the recent study was higher than noticed in Pakistan (Zahir et al., 2009), 

Poland (Grembecka and Szefer 2013) and South Korea (Khan et al., 2017). Chromium 

level in present study is bit higher but the Cr in THQ is lower than 1, that‘s why these 

fruits eating may not cause Cr toxicity and other health risks. 

Manganese (Mn) is another mineral, required in least amount and act as cofactor in 

different enzymes. It regulates the activity of these enzymes like hydrolase, 

decarboxylase and transferase enzymes (Murray et al., 2000). Mn deficiency may cause 

some defects like skeletal defects and deformities (Gordon, 1977). Symptoms like ataxia 

and abnormal formation of otoliths in the inner ear are also caused by deficiency of Cr. 

The higher concentration of Mn also has bad effects on human health. It may cause 

adverse effect on central nervous system (CNS) function and human behavior (Tan et al., 

2006). In present study maximum manganese (438 mg/kg) was recorded in Apricot 

control group sample followed by manganese in Fig, guava, Plum and Persimmon 

respectively. Correlation analysis revealed that manganese in present study has strong 

positive correlation with Al (r
2
 = 0.64). In various studies Mn concentration has been 

reported in different fruits such as Plum in Chile (0.95 mg/kg), Apple in Italy (0.95 

mg/kg), Persimmon in Egypt (0.35 mg/kg), Apricot in south Korea (1.66mg/kg), Apricot 

in Greece (0.55 mg/kg) and Apricot in Pakistan (1.55 mg/kg) (Zahir et al., 2009; Cristina 

et al., 2014; Rashwan et al., 2017; Sachini et al., 2020). While comparing with other 
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studies the level of Mn in our recent study was recorded higher in Pakistan (Zahir et al., 

2009), Poland (Grembecka and Szefer 2013), Italy, Chile and Greece (Chritina et al., 

2014), Egypt (Rashwan et al., 2017) and South Korea (Khan et al., 2017). The level of 

Mn in recent studies are higher and THQ Mn is less than 1. Results shows that minerals 

components of fruits are related not only to their nutritional quality and benefits to human 

health. 

Zn is widely found in plant and animal cells and in all living cells. It is also act as co-

factor in most of enzymes (Hays and Swenson, 1985; Arinola, 2008). The major role of 

zinc appears to be in cell duplication and gene expression and in the metabolism of amino 

acid and nucleic acid. Zinc status is also associated with the bioavailability of vitamin A, 

E and metabolism (Szabo et al., 1999). Zinc deficiency also results in different diseases 

such as hypogonadism, growth failure, defect in wound healing, loss of taste and smell 

acuity, acrodermatitis enteropathica and parenteral nutrition (Murray et al., 2000). In 

present study maximum zinc (33.7 mg/kg) was recorded in Apricot in sample collected 

from supermarket by zinc in Apple, Fig, Banana and Date respectively. In various studies 

Zn concentration has been reported in different fruits such as Plum in Chile (0.8 mg/kg), 

Apricot in Greece (0.4 mg/kg), Apricot in South Korea (1.69 mg/kg), Plum in South 

Korea (0.985), Persimmon in Egypt (0.88 mg/kg), Apricot in Pakistan (1.543 mg/kg) 

(Zahir et al., 2009; Cristina et al., 2014; Rashwan et al., 2017 Sachini et al., 2020). While 

comparing with recent and past studies, the level of Zn in our study is greater than other 

studies from Pakistan (Zahir et al., 2009), Egypt (Rashwan et al., 2017), Poland 

(Grembecka and Szefer 2013), Italy, Chile, Greece (Chritina et al., 2014) and South 

Korea (Khan et al., 2017). Zn THQ is less than one therefore the consumption of Zn 

containing food don‘t pose health risks related to Zn toxicity. 

Nickel is also another important mineral element in living organisms (Nielsen, 1976). It 

has been considered that nickel may play an important role in conservation of cell 

membrane, prolactin control, nucleic acid metabolism or as a cofactor in enzymes. 

Dietary intake seems to provide enough amount of Ni (Hurley, 1976). In present study 

maximum nickel (17.25 mg/kg) was recorded in Plum in sample collected from itwar 

bazar followed by Persimmon, Fig, Banana, and Apricot respectively. 

Correlation analysis revealed that nickel in present study has strong positive correlation 

with Cr (r
2
 = 0.93). In various studies Ni concentration has been reported in different 
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fruits such as , guava in Pakistan (14.37 mg/kg), Plum in South Korea (0.6 mg/kg) 

Apricot in South Korea (0.9 mg/kg), Apricot from Pakistan (11.19 mg/kg) (Rehman et 

al., 2014; Khan et al., 2017, Zahir et al., 2009). By equating with literature Ni 

concentrations seems to be higher as compare to previously reported from Pakistan (Zahir 

et al., 2009; Rehman et al., 2014) and South Korea (Khan et al., 2017). Ni THQ is less 

than one therefore the consumption of Ni containing food don‘t pose health risks related 

to Ni toxicity. 

Iron (Fe) is an essential mineral for all living organisms especially for human beings. It is 

helpful for the transport of oxygen in blood in the form of haemoglobin. It is also helpful 

in the process of energy production in cell during cellular respiration. It also acts as a 

cofactor for most of the enzymes that involved in biological oxidation in cytochromes 

systems c, cl, al etc (Malhotra, 1998). It is the constituent of most of blood proteins like 

haemoglobin (Hb), myoglobin and cytochromes (Chandra, 1990). Iron also play role in 

the formation of myelinated sheath on spinal cord and white matter of cerebellar folds in 

brain and is a cofactor for many enzymes that play role in neurotransmitter synthesis 

(Larkin and Rao, 1990). In present study maximum iron (2608.05 mg/kg) was recorded in 

Plum in sample collected from street vender followed by nickel guava, Persimmon, Fig, 

and Banana respectively. Correlation analysis revealed that iron in present study has 

strong positive correlation with Zn (r
2
 = 0.666). In various studies Fe concentration has 

been reported in different fruits such as Apple in China (0.6 mg/kg), Plum in Czech 

Republic (19.6 mg/kg) Apricot in China (0.6 mg/kg), Apple in Czech Republic (20.8 

mg/kg), Banana in China (0.4 mg/kg) and Persimmon in Egypt (2.9 mg/kg) (Rashwan et 

al., 2017; Liang et al., 2018; Král et al., 2020). It has been seen in our present study that 

the level of Fe is high as compared to previously published in Egypt (Rashwan et al., 

2020), Czech Republic (Kral et al., 2020) and China (Liang et al., 2018). THQ is less 

than one therefore the consumption of Fe containing food don‘t pose health risks related 

to Ni toxicity.  

Copper (Cu) is an essential mineral and play role in iron absorption for most of the 

enzymes such as tyrosinase and cytochrome oxidase (Chandra, 1990). Neurological and 

haematological systems based on the Cu as it is very important micro-nutrient for these 

systems (Tan et al., 2006). Growth, bone and myelin sheaths formation is associated with 

its presence. It also helps in the binding of Fe in haemoglobin, absorption of Fe in 
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intestinal tract and transfer of Fe from tissue to plasma (Malhotra, 1998; Murray et al., 

2000). In present study maximum copper (50.7 mg/kg) was recorded in Plum in sample 

collected from itwar bazar followed by copper Fig, Persimmon, guava and Banana 

respectively. Correlation analysis revealed that copper in present study has strong positive 

correlation with Cr (r
2
 = 0.649). In various studies Cu concentration has been reported in 

different fruits such as Plum in Chile (2.8 mg/kg), Plum in Czech Republic (1.11 mg/kg) 

Apple in Italy (1.7 mg/kg), Apple in Czech Republic (0.93 mg/kg), Apricot in Greece (6.5 

mg/kg), Plum in South Korea (0.556), Peach in South Korea (0.214) and Apricot in 

Pakistan (1.4 mg/kg) (Zahir et al., 2009; Cristina et al., 2014; Khan et al., 2017; Sachini 

et al., 2020; Král et al., 2020). It has been seen in our present study that the level of Cu 

concentration is high as compared to previously published  from Pakistan (Zahir et al., 

2009), Italy, Chile and Greece (Chritina et al., 2014), Czech Republic (Kral et al., 2020) 

and Poland (Grembecka and Szefer, 2013). THQ is less than one therefore the 

consumption of Cu containing food don‘t pose health risks related to Cu toxicity. 

Based on historic land use and location, there are diverse sources of heavy metals and 

arsenic contamination (Alloway, 2013; Harrison et al., 1981). Usage of banned pesticides 

and many fertilizers has resulted in the elevation of rise in arsenic, cadmium and lead in 

the agricultural lands. Automotive emissions lead based paints and local industries are the 

major sources in the urban areas (Clarke et al., 2015; Thornton, 2009). Beside these 

sources contaminated water running through these areas also elevate the contamination 

level of soil. Entrance of heavy metals and arsenic in human body could occur through 

inhalation of contaminated food and dust particles. Areas where there is no water 

contamination, the other sources like ingestion of contaminated vegetables followed by 

rice and fruits and its products (Chain EPoCitF, 2009; Xue, Zartarian, Wang, Liu, & 

Georgopoulos, 2010). Malformation of lungs, hypertension, liver diseases, diverse cancer 

and developments defects after in pregnant women and children are the result of long 

term heavy metals exposure that include arsenic, lead and cadmium (Alissa & Ferns, 

2011; Cave et al., 2010; Ghatak et al., 2011; Heck et al., 2009; Huang et al., 2013; Hyder 

et al., 2013; Ohta, Ichikawa, & Seki, 2002; Satarug, Garrett, Sens, & Sens, 2011; Sherief 

et al., 2015). Lead, the universal environmental and industrial contaminant has been 

detected in every area of biological and environmental systems (Ait et al., 2009). Peculiar 

morphological and biochemical aspects such as low sperm quality, altered sperm 
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morphology and low androgen levels are due to the lead toxicity (Hsu et al., 1997; 

Alexander et al., 1996). 

Recently, long-term low-level cadmium exposure of the general population and its effect 

has become concerned (Asagba, 2009). It was due to its readily presence in body tissues 

where it effects or stop the antioxidants enzymes (Gupta et al., 1991; Bagchi et al., 1996; 

Asagba and Eriyamremu, 2007; Chater et al., 2009). The inhibition results in the 

oxidative stress and damage the membrane and loss of membrane bound enzymes such as 

ATPase (FigueiredoPereira et al., 1998; Asagba et al., 2004; Asagba and Obi, 2005; 

Galazyn-Sidorczuk et al., 2009). During acute and chronic cadmium exposures, liver and 

kidneys are the major organs to be damaged (Sarker et al., 1995; Asagba and Obi, 2000).  

In present study maximum cadmium (10.8 mg/kg) was recorded in Apple in sample 

collected from super market and mandi Mor followed by cadmium in Apricot and Fig 

respectively. Correlation analysis revealed that cadmium do not have any positive or 

negative correlation with any other metals of current study. In various studies Cd 

concentration has been reported in different fruits such as Plum in Chile (0.005 mg/kg), 

Apple in Italy (0.005 mg/kg), Apricot in Greece (0.002 mg/kg), Plum in South Korea 

(0.002), Peach in South Korea (0.003) and Apricot in Pakistan (0.246 mg/kg) (Zahir et 

al., 2009; Cristina et al., 2014; Khan et al., 2017; Sachini et al., 2020). It has been seen in 

our present study that the level of Pb and Cd concentration is high as compared to 

previously published  from Pakistan (Zahir et al., 2009), Italy, Chile and Greece (Chritina 

et al., 2014), Czech Republic (Kral et al., 2020) and Poland (Grembecka and Szefer, 

2013). THQ is less than one therefore the consumption of Cd containing food don‘t pose 

health risks related to Cd toxicity. 

During the recent study lead was only spotted in Plum (63.65) and Fig fruit (1.4). Many 

studies reports the lead concentration in different fruits such as Plum in Chile (0.3mg/kg), 

Apple in Italy (0.5 mg/kg) and Apricot in Greece, South Korea and Pakistan (0.85 mg/kg, 

0.0077 mg/kg, 1.597 mg/kg) respectively (Zahir et al., 2009; Chritina et al., 2014; 

Sachinni et al., 2020). It has been seen in our present study that the level of Pb and Cd 

concentration is high as compared to previously published  from Pakistan (Zahir et al., 

2009), Italy, Chile and Greece (Chritina et al., 2014), South Korea (Khan et al., 2017) 

and Poland (Grembecka and Szefer, 2013). THQ is less than one therefore the 
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consumption of Pb and Cd containing food don‘t pose health risks related to Pb and Cd 

toxicity. 

In present study maximum arsenic (38.8 mg/kg) was recorded in Apple control group 

sample followed by arsenic Date, Fig, guava and Plum respectively. THQ value for 

arsenic was calculated less than 1 all fruits except in guava where THQ of arsenic was in 

range of 1.8-3.2. These results showed that arsenic contaminated guava fruit can pose 

serious health hazard to consumers. 

4.1. Toxic Elements Estimated Dietary Intake (EDI) 

Present study illustrates the EDI range (mg/kg bw day) of chromium which as normal or 

with in the permissible limits in guava, Banana, Date, Fig Apple and Apricot while in 

Persimmon and Plum it was 35-176.14 mg/kg bw day and 80.57-137.24 mg/kg bw day 

respectively. HI and THQ is less than one therefore the consumption of Cr containing 

food don‘t pose health risks related to Cr toxicity. 

Arsenic was detected in guava, Banana, Date, Plum, Fig, Apple and Apricot. Our study 

results showed the range of EDI (mg/kg bw day) of the As (5.1-9.1 mg/kg bw day), 

(19.43-35-43 mg/kg bw day), (20.6-37.7 mg/kg bw day), (0.74-2.43 mg/kg bw day), (1.4-

41.57 mg/kg bw day), (0.9-5 mg/kg bw day) and (0.9-5 mg/kg bw day) in guava, Banana, 

Date, Plum, Fig, Apple and Apricot respectively. THQ value for arsenic was calculated 

less than 1 all fruits except in guava where THQ of arsenic was in range of 1.8-3.2. These 

results showed that arsenic contaminated guava fruit can pose serious health hazard to 

consumers. 

Mercury was detected in Persimmon Fig and Date fruits but their THQ value for mercury 

was calculated less than one that explains no health risks of Hg toxicity due to its 

consumption. Similarly, Cadmium was detected in Fig Apricot and Apple fruits but their 

THQ value for mercury was calculated less than one that explains no health risks of Cd 

toxicity due to its consumption. Lead was detected in Persimmon and Plum fruits but 

their THQ value for mercury was calculated less than one that explains no health risks of 

Pb toxicity due to its consumption. 

Research in these areas includes not only modern analytical methods with sensitivity, 

precision and high accuracy to obtain reliable results on the content of HMs in soil and 

food, but also complex statistical methods that provide the big picture in what they are 

concerned, given the variety and diversity of data (da Silva et al., 2005). By identifying 
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hypothetical new variables (principal components-PC) that account for as much as 

possible of the variance (or correlation) in a multidimensional data set, the PCA estimates 

the correlation structure of variables. This approach allows us to classify groups of 

variables based on the loadings and groups of samples (fruits) based on the scores (i.e. 

heavy metals concentrations). It is based on the covariance or correlation matrix eigen 

analysis (Yu, 2005; Kara, 2009). 

The PCA analysis was used as input for the analysis of essential as well non-essential 

minerals content of fruit sample from different local markets. The multi variate data 

processing for mineral content allowing for a large group of diverse data explained in 

22.08 percent as the first principal component. The four major groups are shown in 

Figure 3.1 and 3.2. 

The first group in the top left and the second group focused on the bottom left. The third 

group in the top right and the fourth group is in bottom right. In the top left group are 

concentration of minerals Mn, Si, P, Al, S, Ca, Cl and K. In the bottom left group are 

concentration of minerals Fe, Cu , Hg , Pb, Ni and Cr.In the top right group are 

concentration of minerals As and Se. In the right group are concentration of minerals Cd 

and Zn. The PCA statistical analysis resulted in a very strong correlation in the fruit 

samples using the input value of micro elements Mn, Si, P, Al, S, Ca, Cl and K. The first 

group had a significant impact on the classification sample in the form of element Mn, 

followed by the lesser extension of element Cl. 
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5. Conclusion 

This legacy of industrial society's heavy metal emissions puts pressure all over the world 

on human health. A permanent challenge for researchers is not to find a solution to this 

situation, which includes not only discovering new and advanced analytical methods for 

identifying the quality and quantity of pollutants, but also apply complex statistical 

methods that enable an overall assessment of the interaction of these contaminants in the 

food chain and the health risks associated with their human consumption. Current study 

was designed to investigate selected fruits from local markets for their mineral 

composition using analytical techniques mainaly PIXE and XRF. The results revealed 

that the selected fruits are good source of essential minerals that can be beneficial for 

human health.These methods have confirmed the presence of essential mineral along with 

arsenic, cadmium, mercury and lead traces in different fruits from different fruit market. 

Similarly, results of this part also showed that all fruits contained significant 

concentrations of these essential minerals. Heavy metal such as arsenic was detected in 

every fruit sample except Persimmon and fruit from Aabpara Market was likely to 

contain arsenic in almost significantly amount. Mercury was detected in guava, 

Persimmon, Date and Plum and fruit from Mandi Mor was likely to contain mercury in 

almost significantly amount. Cadmium was detected in Apricot, Apple and Fig and fruit 

from Aabpara Market was likely to contain cadmium in almost significantly amount. 

Lead was detected in Plum and Persimmon and fruit from Aabpara Market was likely to 

contain lead in almost significantly amount. THQ value for arsenic was calculated less 

than 1 all fruits except in guava where THQ of arsenic was in range of 1.8-3.2 while THQ 

for Cd, P bang Hg was calculated less than 1. The Selected fruits were estimated as a 

good source of essential minerals but there were contamination of few heavy metals like 

As, Hg, Pb and Cd which can be hazardous for the consumer health. The present study 

also reveals that the presence of heavy metals in various types of fruits available in the 

market is because of use of artificial ripening agents which are the main cause of 

deposition of these heavy metals more than their upper limits in the fruits. Furthermore, 

the research recommends the food regulating authorities to take controlling measure 

against the different types of fruit ripening in Pakistan which is being practiced. Also, 

there is an imminent need to develop the guidelines for the use artificially ripened agent 

in market and its permissible exposure limits for various fruits ripening in different 
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agriculture settings. Further studies therefore call for the active involvement of 

politicians, government agencies, producers, manufacturers, scientists and consumers in 

addressing the various aspects of artificial fruit ripening. 
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https://www.google.com/url?q=http://www.inderscience.com/link.php?id%3D93890&source=gmail-html&ust=1623997443959000&usg=AFQjCNEi4SOyCgbADN_Ncm0c_V3UUtm09g
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https://www.google.com/url?q=https://d-nb.info/1100159304/34&source=gmail-html&ust=1623997443959000&usg=AFQjCNF4eBz_sqlFjka447K49BlUeFEJYw
https://www.google.com/url?q=https://moam.info/journal-of-animal-science_5cdbdcb7097c47747d8b458e.html&source=gmail-html&ust=1623997443959000&usg=AFQjCNGjYbjDQJgmk_cEyBrxI0zxX692ow
https://www.google.com/url?q=http://www.bfs.de/recht/dosis/teil2_6.pdf&source=gmail-html&ust=1623997443959000&usg=AFQjCNG6vdga3zmIdsXE5mChnawDe0Vgjg
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Toppari, J, Larsen, J C et al. "Male reproductive health and environmental xenoestrogens",
'JSTOR', 1996

< 1% match (Internet from 14-Jan-2019)
https://www.scribd.com/document/334949707/s91671-01-pdf

< 1% match (Internet from 01-Jan-2020)
https://www.scribd.com/document/383283528/toxnet-6

< 1% match (publications)
Amit Pal, Jayagandan Jayamani, Rajendra Prasad. "An urgent need to reassess the safe
levels of copper in the drinking water: Lessons from studies on healthy animals harboring no

genetic deficits", NeuroToxicology, 2014

< 1% match (publications)
Paweł M. Pukacki. "Effect of drought stress on chlorophyll a fluorescence and electrical
admittance of shoots in Norway spruce seedlings", Trees, 09/2005

< 1% match (student papers from 16-Jun-2021)
Submitted to Teachers' Colleges of Jamaica on 2021-06-16

< 1% match ()
Krupskaya, Tatyana K., Loseva, Ludmila, Anufrik, Slavomir. "Possibilities of the method of an
X-ray fluorescence analysis when evaluating essential element concentrations in food raw

materials of plant origin", University of Tartu Press, 2015

< 1% match (Internet from 24-Jun-2017)
https://semspub.epa.gov/work/01/459397.pdf

< 1% match (Internet from 20-Jul-2017)
https://semspub.epa.gov/work/05/930928.pdf

< 1% match ()
"EFSA CONTAM Panel (EFSA Panel on Contaminants in the Food Chain), 2015. Scientific
Opinion on the risks to public health related to the presence of nickel in food and drinking

water", 'Wiley', 2015

< 1% match ()
"EFSA CEF Panel (EFSA Panel on Food Contact Materials, Enzymes, Flavourings and
Processing Aids), 2015. Scientific Opinion on Flavouring Group Evaluation 25, Revision 3

(FGE.25Rev3): Aliphatic hydrocarbons from chemical group 31", 'Wiley', 2015
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https://www.google.com/url?q=http://www.turnitin.com/paperInfo.asp?r%3D6.84622131103758%26svr%3D36%26lang%3Den_us%26oid%3Doid:1:2069319117%26perc%3D0&source=gmail-html&ust=1623997443960000&usg=AFQjCNEzFSJVfLonIXZtu2UuOz2V8liTgQ
https://www.google.com/url?q=https://ojs.utlib.ee/index.php/PoA/article/view/poa.2015.24.1.08&source=gmail-html&ust=1623997443960000&usg=AFQjCNFh03L4gXJlogWNiBLjEG9mGIrrvw
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Monika Koul, Lebin Thomas, Kapudeep Karmakar. "Functional aspects of solanaceae trichomes in
heavy metal detoxification", Nordic Journal of Botany, 2021

< 1% match (Internet from 29-May-2016)
http://m.cdc.gov/niosh/ocas/pdfs/arch/srstbdv2.pdf

< 1% match (Internet from 26-Feb-2014)
http://www.serdp.com/content/download/6884/89492/file/ER-1165-FR.pdf

< 1% match (publications)
"NTP-CERHR Expert Panel Update on the Reproductive and Developmental Toxicity of Di(2-
ethylhexyl) phthalate", Reproductive Toxicology, 200610

< 1% match (publications)
Ivan Bychkov, Natalia Kudryakova, Aleksandra Andreeva, Elena Pojidaeva, Victor
Kusnetsov. "Melatonin modifies the expression of the genes for nuclear- and plastid-

encoded chloroplast proteins in detached Arabidopsis leaves exposed to photooxidative stress", Plant
Physiology and Biochemistry, 2019

< 1% match (student papers from 08-Feb-2018)
Submitted to Kwame Nkrumah University of Science and Technology on 2018-02-08

< 1% match (student papers from 13-Aug-2020)
Submitted to Motilal Nehru National Institute of Technology on 2020-08-13

< 1% match (publications)
Xing Chen, Min Liu, Jianhua Ma, Xinran Liu, Dexin Liu, Yanfang Chen, Yimeng Li, Abdul
Qadeer. "Health risk assessment of soil heavy metals in housing units built on brownfields in

a city in China", Journal of Soils and Sediments, 2017

< 1% match (publications)
Yadav, S.K.. "Heavy metals toxicity in plants: An overview on the role of glutathione and
phytochelatins in heavy metal stress tolerance of plants", South African Journal of Botany,

201004

< 1% match (Internet from 14-Mar-2021)
https://caice.ucsd.edu/ecal/

< 1% match (publications)
"Manganese", Handbook of Plant Nutrition Second Edition, 2015.
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Andrea Lee Hinwood, Pierre Horwitz, Steve Appleyard, Caroline Barton, Magda Wajrak.
"Acid sulphate soil disturbance and metals in groundwater: Implications for human exposure

through home grown produce", Environmental Pollution, 2006
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< 1% match (publications)
Iosif Gergen, Monica Harmanescu. "Application of principal component analysis in the
pollution assessment with heavy metals of vegetable food chain in the old mining areas",

Chemistry Central Journal, 2012

< 1% match (publications)
Kamunda, Caspah, Manny Mathuthu, and Morgan Madhuku. "Health Risk Assessment of
Heavy Metals in Soils from Witwatersrand Gold Mining Basin, South Africa", International

Journal of Environmental Research and Public Health, 2016.

< 1% match (student papers from 20-Apr-2021)
Submitted to University of Surrey on 2021-04-20

< 1% match (Internet from 22-Dec-2018)
http://export.arxiv.org/pdf/1703.04532

< 1% match (Internet from 19-Nov-2003)
http://www.deq.state.ut.us/EQSHW/CDS/RiskAssessmentPages/APPENDIX_B.pdf

< 1% match (publications)
"Sulfur in Magmas and Melts:", Walter de Gruyter GmbH, 2011

< 1% match (publications)
Hatem Mohamed, Parvez Haris, Eid Brima. "Estimated Dietary Intakes of Toxic Elements
from Four Staple Foods in Najran City, Saudi Arabia", International Journal of Environmental

Research and Public Health, 2017

< 1% match (student papers from 10-Jul-2019)
Submitted to National University of Singapore on 2019-07-10

< 1% match (publications)
Dissanayake, M.A.K.L.. "Electrical conductivity of the Na"2SO"4@?Li"2CO"3 system", Solid
State Ionics, 198703

< 1% match (publications)
H. M. Zakir, Q. F. Quadir, M. Z. I. Mollah. "Human Health Risk Assessment of Heavy Metals
Through the Consumption of Common Foodstuffs Collected from Two Divisional Cities of

Bangladesh", Exposure and Health, 2020

< 1% match (publications)
Hind A. Beydoun, Nicholas Sicignano, May A. Beydoun, Silvina Bocca, Laurel Stadtmauer,
Sergio Oehninger. "Pubertal development of the first cohort of young adults conceived by in

vitro fertilization in the United States", Fertility and Sterility, 2011
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https://www.google.com/url?q=http://dx.doi.org/10.1016/0167-2738(87)90080-4&source=gmail-html&ust=1623997443960000&usg=AFQjCNEOJX2JzLy-uqr1AkAe3Jz-vmfUKA
https://www.google.com/url?q=https://doi.org/10.1007/s12403-020-00380-7&source=gmail-html&ust=1623997443960000&usg=AFQjCNHQl7RlL_aGveimU7VUdzFdDRhamw
https://www.google.com/url?q=https://linkinghub.elsevier.com/retrieve/pii/S0015028210006953&source=gmail-html&ust=1623997443960000&usg=AFQjCNGmeXSuXBYopcpEDg71dHZBPkvPzA
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Muhammad Usman Khan, Riffat Naseem Malik, Said Muhammad, Faizan Ullah, Abdul Qadir. "Health
Risk Assessment of Consumption of Heavy Metals in Market Food Crops from Sialkot and Gujranwala
Districts, Pakistan", Human and Ecological Risk Assessment: An International Journal, 2014

< 1% match (publications)
Mustafa Tüzen, Ibrahim Turkekul, Erdoğan Hasdemir, Durali Mendil, Hayati Sari. "Atomic
Absorption Spectrometric Determination of Trace Metal Contents of Mushroom Samples

from Tokat, Turkey", Analytical Letters, 2003

< 1% match (publications)
Peppelenbos, Herman, Jennifer Deell, and Robert Prange. "Postharvest Physiology of Fresh
Fruits and Vegetables", Handbook of Postharvest Technology Cereals Fruits Vegetables Tea

and Spices, 2003.

< 1% match (publications)
Sivaperumal, P.. "Heavy metal concentrations in fish, shellfish and fish products from internal
markets of India vis-a-vis international standards", Food Chemistry, 2007

< 1% match (publications)
Ursula Gundert-Remy, Georg Damm, Heidi Foth, Alexius Freyberger et al. "High exposure to
inorganic arsenic by food: the need for risk reduction", Archives of Toxicology, 2015

< 1% match (publications)
Zeeshan Ahmad, Shujaul Mulk Khan, Sue Page. "Politics of the natural vegetation to
balance the hazardous elements in the Marble Polluted Ecosystem through

phytoremediation and physiological responses", Journal of Hazardous Materials, 2021

< 1% match (Internet from 03-Oct-2020)
https://core.ac.uk/download/pdf/84850699.pdf

< 1% match (publications)
G. FYSTRO, A. K. BAKKEN. "Soil reaction, yields and herbage element content as affected
by lime applied on established leys in a multi-site field trial", The Journal of Agricultural

Science, 2005

< 1% match (publications)
Johar Zeb, Shad Ali, Muhammad Haneef, Azhar Muhammad Naeem, Jehan Akbar.
"Standardization of proton induced X-ray emission for analysis of trace elements in thick

samples", Canadian Journal of Physics, 2019

< 1% match (publications)
Kehar Singh. "Price transmission among different Atlantic salmon products in the U.S. import
market", Aquaculture Economics & Management, 2016

< 1% match (Internet from 30-May-2019)
http://herbalisten.blogspot.com/2013/03/peach-prunus-persica-l.html

< 1% match (Internet from 24-Feb-2021)
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paper text:
Research Summary Elemental analysis is a valuable tool in several disciplines including food science, soil
science ecology, physiology, and agronomy. More Importantly element Profiling is becoming poular in
response for accurate measurements of the elements present in trace amounts. Ash, water, soil, food and
plant samples are usually analysed

for the estimation of major, minor and trace elements

by several techniques such as X-ray based spectroscopy, atomic spectroscopy and nuclear techniques.
Highly sophisticated atomic spectroscopy techniques like Inductively Coupled

Plasma Mass Spectroscopy (ICP-MS), Inductively Couple Plasma
Atomic Emission Spectroscopy (ICP-AES), Graphite furnace atomic
absorption spectroscopy

and Flame atomic absorption spectroscopy can provide highly accurate results. However, plant samples are
commonly analysed by atomic absorption spectroscopy. X-ray based spectroscopy that includes
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Proton Induced X-rays Emission (PIXE) and X- rays Fluorescence
Spectroscopy (XRF) X-ray Fluorescence Spectroscopy (XRF) are

a worthy, viable, reliable and non-destructive techniques intended for trace element profiling. Analysis of
trace elements of medical samples, archaeological, geological and aerosols by this technique are well
known due to ability to analyse low molecular weight samples without any pre-treatment (cause of any
potential cross contamination) which makes it relatively useful for several biological samples as given below.
we divided this dissertation into two main parts including: Part-I aims to profile variations in mineral/heavy
metals composition with special focus on detection of heavy metals in artificially ripened fruits including
Peach (Prunus persica L) and Mango (Magnefera indica). Ethylene exposure for artificial fruit ripening is
non- toxic and human safe method but relatively cost effective due to the requirements of environmentally
controlled chambers and transport technologies. Unfortunately, Calcium carbide (CaC2), due to its low cost,
though banned chemical is still very popular for artificial fruit ripening purpose in many developing countries,
including Pakistan. CaC2 is usually contaminated with traces of heavy metals including arsenic and
phosphines and their application directly or indirectly to fruits can lead to severe human health hazards. We
therefore utilized PIXE, XRF, ICP MS and GFAAS to analyze and compare elemental composition of peach
and mango with and without CaC2 treatment. Fruits were categorized into five groups on the basis of CaC2
treatments (T1- T3), control without any treatment (T0), and fully ripened fruits from market (T4). Mango and
Peach fruits were carefully analysed for the organoleptic characteristics during whole experiments and
compared with control fruit samples. Fruits were cut into pieces and were dried to remove the moisture.
Dried samples were grinded to

fine powder. Pellets of 2 mm thickness and 13 mm diameter were

prepared using Laboratory Hydraulic Press. Pulverized Mango and Peach fruit

samples were irradiated by 3MeV collimated protons from 5MV tandem
accelerator

and

emitted X-ray spectrum was analyzed using GUPIXWIN to detect
amount/concentration of arsenic traces with differential presence of
several other elements

. PIXE elemental profiling of the fruit samples was further validated by

X-ray Fluorescence Spectroscopy (XRF), Graphite Furnace Atomic
Absorption Spectroscopy (GFAAS) and Inductively Coupled Plasma
Mass Spectroscopy (ICP
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-MS). All of these state of art technologies have confirmed the presence of arsenic traces in different groups
(T1-T3) including market samples of mango and peach (T4). Elements detected in mango pulp were in
range of (0.07-426.8 mg/kg) and correlation analysis revealed that Arsenic (As) has moderate negative
correlation with potassium K (r2 = -0.5) in mango pulp. Elements detected in peach peel were in range of
(0.2-413.8 mg/kg) and correlation analysis revealed that As has very strong positive correlation with copper
(r2 = 0.942) moderate positive correlation with Nickel (r2 = 0.66) and Fe (r2 = 0.65) in peach peel. Elements
detected in peach pulp were in range of (0.2-750 m/kg). It was noticed that peach fruit treated with CaC2
contain traces of arsenic residue only on their skin. No arsenic traces were recorded in pulp part of CaC2
treated Peach fruits. There are certain study that reports that tiny hairs on peach skin offer protective role to
inner part of fruit. In present study we chose nectarines fruit which is closed to fruit both in structure and
evolution. Nectarines are regarded as shaved peaches as this fruit does not contain fuss or tiny hairs on
skin. So, we treated the nectarine fruit in a similar way as peaches were treated. Elemental profile of
nectarine treated with CaC2 revealed that arsenic traces passed through skin and was recorded in inner part
of nectarine fruit i.e. pulp. Range of estimated daily intake of arsenic in mango (0.002-0.019 mg/kg) and
peach (1.4-18.

6 mg/kg) was more than the WHO recommended guidelines

(0.0003 mg/kg) and higher rate of such fruits consumption during season can accumulate dangerous levels
of arsenic in our bodies so, this chemical should be totally ban. In order to find out the important variables
and to explain the elemental relationship of under examined fruits, PCA model was applied. The PCA
analysis revealed that As residue in peach peel samples is significantly high and is closely correlated with
Copper followed by iron and nickel. Furthermore, this study provides an easy and reliable method to do the
fruit elemental profiling and provides a platform to develop mass awareness programs among different
farmers, vendors, stakeholders, government agencies, scientist and mainly the consumer to disclose the
multiple effects

of artificial fruit ripening issues and the

implementations of the existing rules for food quality in Pakistan. Part II, sheds light on utilization of PIXE for
elemental profiling of selected fruits

Apple (Malus domestica), Apricot (Prunus armeniaca L), Banana
(Musa acuminata

),

Date (Phoenix dactylifera L) , Fig (Ficus carica

), Guava (Psidium guajava),

Persimmon (Diospyros kaki L), and Plum (Prunus domestica
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) from the different markets of Islamabad Pakistan. Mature but ready to eat fruits were purchased from
market such as Aabpara Market, Itwar Bazar, Metro Super Market, Mandi Mor and Street Vendor. Fruit
samples from market and control fruits were oven dried and ground to fine powder. Pellets of 2 mm
thickness and 13 mm diameter were prepared using Laboratory Hydraulic Press and

samples were irradiated with 3 MeV collimated protons from the 5 MV

tandem accelerator

. The

X-rays emitted during irradiation from the samples were measured by
Silicon Drift Detector

(SDD) and the acquired X-ray spectrum was analysed by using the software GUPIXWIN. PIXE elemental
profiling of the fruit samples was further validated by X-ray Fluorescence Spectroscopy (XRF). This state of
the art technology confirmed the presence of essential mineral along with arsenic, cadmium, mercury and
lead traces in different fruits from different fruit market. Results of this part showed that all fruit contained
significant concentrations of these essential minerals. Heavy metal such as arsenic was detected in every
fruit sample except Persimmon and fruit from Aabpara Market was likely to contain arsenic in almost
significant amount. Mercury was detected in Guava, Persimmon, Date and Plum and fruit from Madi Mor
contained mercury in significant amount.Cadmium was detected in Apricot, Apple and Fig and fruit from
Aabpara Market contain cadmium in almost significant amount.Similarly Lead was detected in Plum and
Persimmon and fruit from Aabpara Market showed traces. Present

study results revealed the range of EDI (mg/kg bw day) of the Cr which

as

normal or with in the permissible limits in guava, Banana, Date, Fig, Apple and Apricot while in Persimmon
and Plum it was 35-176.

14 mg/kg bw day and

80.57-137.24

mg/kg bw day respectively. HI and THQ was less than

1 for Cr for all fruit samples. Consequently, the intake of these foods does not pose health risks associated
with the toxicity of Cr. Arsenic was detected in Guava, Banana, Date, Plum, Fig, Apple and Apricot. THQ
value for arsenic was calculated less than 1 in all fruits except in guava where THQ of arsenic was in range
of 1.8-3.2. These results showed that arsenic contaminated Guava fruit can pose serious health hazard to
consumers. Mercury was detected in Persimmon Fig and Date fruits but their THQ value for mercury was
calculated less than 1.
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Therefore, the ingestion of these foods does not pose health risks
associated with the

toxicity of Hg. Similarly Cadmium was detected in Fig Apricot and Apple fruits but their THQ value for
mercury was calculated less than 1.

Therefore the consumption of these foods do not pose health risks

related to Cd toxicity. Lead was detected in Persimmon and Plum fruits but their THQ value for lead was
calculated less than 1. Consequently, the intake of these foods presents no health hazards associated with
the toxicity of Pb. The present

study revealed that the presence of heavy metals in selected fruits from

market is related to artificial ripening agents which are the main cause of deposition of these heavy metals
more than their upper limits in the fruits. Furthermore, based on the research utcomes we suggest the food
regulating authorites to take controlling measure against the different types of fruit ripening in Pakistan and
there is an imminent need to develop the guidelines for the use artificially ripened agent in markets and its
permissible exposure limits for various fruits ripening conditions for different agriculture practices. Further
studies are required therefore to call the active involvement of politicians, government agencies, producer,
manufacturer, scientists and consumers in addressing various aspects of artificial fruit ripening. The
promotion of use of there state of the art analysis will definitely contribute to development of field. Moreover,
a

close collaboration between physicists and specialists from plant
sciences is the key to success in this multidisciplinary research

. Aims and Objectives Interdisciplinary research is a mode of research that incorporates information, data,
techniques, methods, concepts and theories as scientific knowledge that has advanced in a broad range of
discipline. Food and nutrition developments have changed consumer tastes to healthy and nutraceutical
foods. Therefore, it has become inevitable to evaluate the natural and artificially ripened fruits for their
minerals content and health related indices. For the ease of the reader we divided the studies in two parts.
The primary aims and objectives of this rsearch are given below. The

main objectives of this study are summarized below, 1. To investigate
the

variations in minerals and elemental composition with special focus on detection of heavy metals in calcium
carbide ripened Peach (Prunus persica L) and Mango (Magnefera indica) fruits and health risk involved due
to artificial fruits ripening agents …………………....…………. Part I 2. To assess of macro and micro
elements of selected fruits commonly available in our markets and estimate their daily reference intake,
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hazards index and targeted health Quotient …….....................................................…….Part II Publications ?
Muhammad Irfan, Safdar Abbas, Beenish Jehan Azhar, Shakeel Ahmad, Hafsa Muhammad, Ishaq Ahmed,
Javed Hussain, Samina N Shakeel (2020). Variations in Mineral/heavy metals profiling and preventive role of
trichomes in Peach Fruits treated with CaC2. Comb. Chem. High. Throughput Screen. doi: 10.2174/
1386207323666200808175723. ? ? Safdar Abbas, Beenish Jehan Azhar, Muhammad Irfan, Shakeel
Ahmad, Ishaq Ahmed, Javed Hussain, Samina N Shakeel (2010). Analysis of Organoleptic Parameters and
Heavy Metals in Artificially Ripened Mango Fruits in Pakistan. Journal of Animal and Plant Sciences. 31(3):
2021. Muhammad Irfan, Safdar Abbas, Beenish J Azhar, Shakeel Ahmed, Ishaq Ahmed, Javed Hussain,
Samina N Shakeel (2020). Heavy Metals in Artificially Ripened Banana Fruits in Pakistan: An Exigency of
Alternative Technology (Submitted in International Journal of Agriculture & Biology). 1.1. Introduction and
Literature Review Trace elements play critical part in biological process and these elements help living
organisms in their life maintaining activities. Although essential trace elements are required in exceptionally
diminutive concentration, but their excessive amount or absence can be fatal for living organisms. In spite of
the fact the trace elements play imperative part as they act as co factor for several enzymes, stabilize
biological important molecules, facilitate binding of molecule to receptors on membranes/cell membranes
and regulate gene expression.

In the pathogenesis of many diseases such as cancer, Parkinson's
disease, and atherosclerosis in animals, as well as phytotoxic effects
in plants

,

an excess or deficiency of these elements has been implicated

. 1.1.1. Iron (Fe) Iron is a vital component of numerous proteins and molecules and performs various life
sustaining functions in plants. Fe-S clusters, photosynthetic and respiratory cytochromes, NADPH oxidases
and ferritin are some examples of iron dependent proteins. It is responsible for

photosynthesis, mitochondrial nitrogen assimilation, respiration,

hormone biosynthesis, scavenging and production of reactive oxygen
species, osmoprotection and

pathogenic defence (Hänsch and Mendel, 2009). Iron is an important metal for oxidation– reduction
reactions, haemoglobin synthesis of erythrocytes,

and cellular proliferation, whereas surplus iron accumulation results in

organ dysfunction through the production of reactive oxygen species
(Kohgo et al., 2008

). Like plants, majority of enzymes and proteins contains iron for their activation and functioning. They
include hemeproteins (hemoglobin, myoglobin and cytochromes), non-hemeproteins (Fe-S clusters, iron
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220

45

oxo- clusters etc.), oxygenases, peroxidases, nitric oxide syntheses and guanylate cyclase etc.
(Papanikolaou and Pantopoulos, 2005). 1.1.2..

Nickel (Ni) Nickel is an important element for

many

prokaryotic enzymes like hydrogenases, dehydrogenases and methyl-
reductases but it scarcely acts as a cofactor in eukaryotes. It occurs in
oxidation states I, II and III in

plants (Bai et al., 2009; Bai et al., 2010). Nickel is important for plant growth and more probably involved in
different physiological Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study
Variations in Minerals/Heavy Metals 1 processes. It is an important constituent for urease and necessary for
its function (Gerendás et al., 1999). Nickel deficient plants are unable to metabolize urea and accumulate
higher concentrations of urea in their leaves and exhibit leaf tip necrosis (Taiz and Zeiger, 2006). Nitrogen
fixing microorganisms utilize nickel for nitrogen fixation and its deficiency causes nitrogen deficiency in
plants. Surplus of Ni2+ in soil points to some diverse toxicity and physiological alterations

symptoms such as necrosis and chlorosis in different plant species
(Pandey and Sharma, 2002; Rahman et al., 2005

) containing rice.

Plants grown in Ni2+ enriched soil reveal damage of nutrient balance and
result in disorder of cell membrane functions. Thus, Ni2+ alters the lipid
composition and H+- ATPase activity of the plasma membrane as reported in
the shoots of rice plant (ROS et al., 1992). Other symptoms of

Ni excess include disturbance in

membrane functionality, ion imbalance in the cytoplasm

(specifically potassium ion) and water imbalance (

Pandey and Sharma, 2002; Gajewska et al., 2006

). Nickel has potential carcinogenic effect over lungs and may lead to cancer of respiratory tract, pulmonary
fibrosis and skin allergies in professionally exposed individuals (Kasprzak et al., 2003). Its exposure also
produce embryo toxic and nephrotoxic effects (EPA, 2002), conjuctivitus, asthma and eocinophilic
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pheumonites (Athar and Vohora, 1995). 1.1.3. Chromium (Cr) Several toxic effects of chromium have been
reported in plants.

Nutrient imbalance, chlorosis in young leaves, inhibition of plant growth,

root injury and wilting of tops

are some symptoms of chromium toxicity (

Sharma et al., 2003; Scoccianti et al., 2006). Terrestrial plants show

reduction in chlorophyll biosynthesis

when exposed to higher level of Cr (Vajpayee et al., 2000). Higher concentration of chromium affects plant
growth and developments by affecting the germination process, root growth, stems and leaves. Chromium
exposure also causes the metabolic changes

either by direct effect on enzyme activity and metabolites or by

production of reactive oxygen species (Shanker et al

., 2005). Chromium commonly

exists in two oxidation states, Cr6+ and

Cr3+. Cr6+ is a potent human carcinogen while Cr3+ is an essential element. Long term exposure of Cr6+
can affect some body organs and tissues like

liver, kidney, circulatory and nerve tissues. It can also cause skin
irritation

(Martin and Griswold, 2009). Nephrites, liver necrosis and gastrointestinal irritation occur due to the
chromium toxicity (Athar and Vohora, 1995). Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 2 1.1.4. Manganese (Mn) Manganese is very important
for the development and metabolism of plants and occurs in

variable oxidation states such as Mn+2, Mn+3 and Mn+4 in

nearly thirty five enzymes of a plant cell (Hebbern et al., 2009).
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Manganese can perform two functions in proteins: (1) it functions as
catalytically active metal, or (2) it employs an activating role on
enzymes. Examples for the catalytic role are manganese-containing
superoxide dismutase protecting the cell from damaging effects of free
radicals, the oxalate oxidase, and the manganese-containing water splitting
system of photosystem II (Barber, 2003; Millaleo et al

., 2010). Examples for the manganese-

activated enzymes are malic enzyme, isocitrate dehydrogenase, PEP

carboxykinase, and phenylalanine ammonia lyase. Manganese activation
was seen in enzymes of nitrogen metabolism (glutamin synthetase, arginase),
gibberellic acid biosynthesis, RNA polymerase activation, and fatty acid
biosynthesis

(Hänsch and Mendel, 2009; Millaleo et al., 2010). Excess of manganese in plants causes chlorosis in
leaves, decreased growth and reduced dry biomass etc. (Lidon and Teixeira, 2000; Rosas

et al., 2007; Najeeb et al., 2009). Decrease in

photosynthesis, reduction in

chlorophyll a and chlorophyll b contents as well as reduction in

carotenoids

have also been reported in some plants

under Mn excess (Hauck et al., 2003

). Mn toxicity can also prompt oxidative stress through ROS in

plant cells (Demirevska-Kepova et al., 2004

). Deficiency of Mn leads to the deactivation and disruption of the Mn dependent enzyme. Manganese is
also one of the essential elements and found in many biological tissues. It plays indispensable role in regular
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functioning of a range of physiological procedures like lipid, amino acid,

carbohydrate and protein

metabolism (Erikson et al., 2005). Manganese is also

involved in

immune system functioning, regulation of cellular energy, connective

and bone tissue growth and blood clotting (Erikson and Aschner,
2003). In the brain, Mn acts as a cofactor for various enzymes comprising the
anti-oxidant enzyme superoxide dismutase (Hurley et al., 1987) as well as
enzymes involved in neurotransmitter synthesis and metabolism (Golub et
al., 2005). Despite of its essentiality, Mn

is neurotoxic when its large concentration accumulates in the body (Aschner et al., 2007). Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 3
1.1.5. Copper (Cu) Copper is essentially responsible for photosynthetic processes

and mitochondrial respiration, carbon and nitrogen metabolism. It

provides protection against oxidative stress and

is required for the synthesis of cell wall.

Copper exists in two oxidation states Cu+1 and Cu+2 under

physiological conditions and can exchange between these forms (C+1 is
unstable). It imparts copper the property to act as a reducing or oxidizing agent
in biochemical processes. But at the same time, copper is also potentially toxic as

copper

ions can cause the formation of free radicals,

thus leading to the loss of proteins, DNA and other biomolecules
functionality. Therefore

, scavenging proteins such as metallothioneins and copper cheperons are present to escape copper
accumulation in a toxic form (
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O'Halloran and Culotta, 2000; Huffman and O'Halloran, 2001

). Copper primarily occurs in the brain and is most prominent in the basal hippocampus,

ganglia, cerebellum, several synaptic membranes, and in the cell
bodies of cortical cerebellar and pyramidal granular neurons (Madsen
and Gitlin, 2007

). Copper is vital cofactor or/and

a structural component of a number of important enzymes (Scheiber
et al., 2013) which are involved in oxidation and reduction reactions (Kaim
and Rall, 1996; Rubino and Franz, 2012). The relatively high reduction
potential of the Cu2+/Cu+ system enables many of the copper enzymes to
directly oxidize their

substrate. Enzymes in the central nervous system such as ceruloplasmin, tyrosinase, peptidylglycine α-
amidating, zinc/copper

superoxide dismutase, hephaestin, cytochrome c oxidase, dopamine-β-

hydoxylase and

mono-oxygenase dpends on Cu for their proper functioning (Rinaldi, 2000; Zucconi et al., 2007). Copper is
involved indirectly or directly

in the pathogenesis of many neurological diseases

, comprising Alzheimer disease, aceruloplasminemia,

amyotrophic lateral sclerosis, Menkes disease, Huntington disease,

occipital horn syndrome, prion disease, Parkinson disease and

Wilson

disease (Desai and Kaler, 2008; Scheiber et al

., 2014). 1.1.6. Zinc (Zn) Zinc is an essential element and maintains the structural integrity of bio
membranes. It
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is an important component of most of enzymes, proteins and
transcription factors including Elemental Profiling of Selected Natural and

Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 4

oxidoreductases, hydrolytic enzymes and zinc finger transcription factors

. Most of these enzymes and proteins are involved in DNA replication and transcription, RNA processing and
translation (Hänsch and Mendel, 2009). Splicing factors, RNA polymerases, DNA

polymerases, histone deacetylases and enzymes involved in RNA
editing in chloroplast and

mitochondria are some examples of zinc dependent enzymes (Krämer and Clemens, 2006). Furthermore,
zinc is also very essential for seed development in some plants. Zinc is a primary requirement for normal
synthesis, development and function

of immune cells like neutrophils, macrophages, natural killer (NK) cells,
T lymphocytes and

B lymphocytes. Zinc contains antioxidant property and protects the cells from damage (Prasad, 2008; Plum
et al., 2010). It is also required for the proper functioning of zinc finger proteins which bind to the DNA
sequences and control the expression and function of others proteins involved in signal transduction
(Chasapis et al., 2012). Zinc is a stable element due to its filled d-subshell and lacks redox property. It plays
critical role in cell development, growth, differentiation, connective tissue maintenance and growth,
homeostasis, cell division, transcription, DNA synthesis and cell activation. It is also crucial for blood clotting,
wound healing, proper thyroid function, prostaglandin formation, bone mineralization, foetal growth and
sperm production (Chasapis et al., 2012). It controls

body fluid pH, improves the production of collagen to form hair, skin,
nails, aids to develop memory and

regulates the

normal function of the prostate. Furthermore, it plays an important role in
testosterone secretion (Bhowmik and Chiranjib, 2010

). 1.1.7. Cobalt (Co)

Cobalt is an essential trace element that is cumulated predominantly
in liver, kidneys, pancreas, heart, skeletal muscle, and bones. In the
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bloodstream Co(II) exists in complex with albumin. 5- 12% of total circulating
cobalt in the bloodstream may be present in ionized free form. Possibly,
ionized cobalt may exert toxic properties. It is supposed that this mechanism
takes place in sportsmen treated with erythropoietin

(Simonsen et al., 2012). The

majority of cobalt in the organism is present in the structure of vitamin

B12 (Zhang and Gladyshev, 2009).

Cobalt is an essential metal for B12, which is involved in various
methyl transfer reactions. Complex system of dietary vitamin intake
includes transport proteins like haptocorrin, Castle intrinsic factor and
transcobalamine

(Quadros Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 5 et al., 2005). The

average cobalt content in human body is around 15 mg. Its abundance
in the human body by mass is 0.021 µg/g (Lindh, 2013). Liver, kidney,
spleen are rich in cobalt. The toxic dose for humans is 500 mg. Optimal daily
intake of cobalt is above 0.3 mg, the resorption is 20%. Cobalt is excreted
with urine (0.2 mg), faeces (0.1 mg), sweat (0.004 mg); the half-time is 30–40
years

. 1.1.8. Selenium (Se)

Selenium has structural and enzymatic roles. It is predominantly
incorporated into selenoproteins which are vital for normal health and
reproduction. It is necessary for immunocompetence; antioxidant function;
testosterone metabolism; sperm structure hence motility; and thyroid
hormone metabolism. Overt selenium deficiency may cause a
cardiomyopathy (Keshan disease) or an osteoarthropathy (Kashin-Bek
disease), as well as skeletal muscle myopathy. Sub-clinical deficiency
predisposes to cardiovascular disease, mood disorders and cancer, as well
as impacting on immune and antioxidant function. Selenium toxicity is
similar to arsenic poisoning and causes abdominal pain, nausea and
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vomiting, irritability, parasthesia, and hyper-reflexia; it may lead to shock,
ARDS (Acute Respiratory Distress Syndrome) and death

. 1.1.9. Lead (Pb) Lead (Pb) is a toxic element and ubiquitously dispersed in the soil. It induces opposing

effect on growth, morphology and photosynthetic processes of the

plants. Increased amount of Pb also causes enzyme inactivation, changes in
membrane permeability

, water imbalance and disturbance of

mineral nutrition (Sharma and Dubey, 2005). Lead inactivates the
enzymes at cellular level by reacting with their sulfhyhdril (SH) groups.
High Pb concentration is also

responsible

for the generation of reactive oxygen species (ROS) in

plants (Reddy et al., 2005). Environmental Protection Agency (EPA) reports the lead as a likely

human carcinogen. Pb can affect almost every organ and system in the
body

. Chronic Pb toxicity in adults can produce problems in some tests that evaluates the normal functioning of
the nervous system; fragility of fingers, ankles or wrists, little rise in

blood pressure; and anaemia. Exposure to high Pb levels can
severely harm the brain and kidneys and eventually causes death.

Miscarriages occur in pregnant women due to Elemental Profiling of Selected Natural

and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 6 higher

levels of Pb. High level exposure

in men can damage the organs responsible for sperm production
(Martin and Griswold, 2009
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). 1.1.10. Cadmium (Cd) The higher exposure of Cd to plants can decrease the water uptake, nutrient
uptake and photosynthesis. When plants are grown in Cd contaminated soil, they show the symptoms of

growth inhibition, browning of root tips, chlorosis and eventually plant

death (Wojcik and Tukiendorf, 2004; Mohanpuria et al., 2007). Cadmium

is

extremely noxious metal. Ingestion of higher level of cadmium by humans leads to stomach irritation
resulting vomiting and diarrhea. Kidney diseases, lung damage and fragility of bones due to demineralization
occur due to the long term exposure of lower concentrations of cadmium (Martin and Griswold, 2009; Sarkar
et al., 2013). Cadmium accumulation in the pregnant women results the alleviated birth weights and
premature birth (Henson and Chedrese, 2004). 1.1.11. Arsenic (As) Arsenic exists in inorganic and organic
forms. There are two inorganic forms: arsinite,

As (III) and arsenate, As (V) that can either

synthesize monomethyl arsenic acid [MMA(V)] or dimethyl arsenic

acid [DMA(V)] upon methylation. The metabolism of inorganic arsenic
involves the reduction of pentavalent arsenic to trivalent arsenic,

catalyzed by glutathione

, then formation of pentavalent organic arsenic by oxidative methylation as shown in Fig. 1.1 (

Hughes, 2002). Inorganic arsenic is far more toxic and harmful than
organic arsenic (Shi et al., 2004; Valko et al., 2005). The longterm

exposure of As influences the

vascular system and produces hypertension and cardiovascular
disease; acute As exposure may

give rise to cardiomyopathy and hypotension. Prolonged arsenic exposure is responsible for the most
prevailing neurological effect that is peripheral neuropathy (Jomova et al., 2011). Inorganic arsenic has been
reported to cause

pyruvate dehydrogenase inactivation by interacting to the sulfyhdryl group

of dihydrolipoamide resulting in the reduction of pyruvate to acetyl
coenzyme A (CoA). As a result, citric acid cycle activity and generation of ATP
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(energy molecules) in cells are lowered (Bergquist et al., 2009). As (III) deactivates several

other cellular enzymes via sulfyhdryl group Elemental Profiling of Selected

Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy

Metals 7 binding. It also ceases glucose uptake

by cells, oxidation of fatty acids and gluconeogenesis. Trivalent arsenic also reduces the formation of

glutathione, which protects cells against oxidants (Miller et al., 2002).

Subsequently, in recent years, the

development and advancement

of techniques that can precisely map and measure trace elements has
been a primary goal of scientists

and researchers. 1.2. Techniques to Measure Trace Elements 1.2.1

Flame Atomic Absorption spectroscopy (AAS) and Graphite Furnace
Atomic Absorption Spectroscopy (GFAAS) The working principle of FAAS

and

GFAAS requires the excitation, with the assistance of light of a particular wavelength, of atoms of an
element in the vapor process. The disparity occurs in the light source attachment. In FAAS,

air/acetylene or air/nitrous oxide flame is used, while in the case of

GFAAS, the graphite furnace is the energy source.

As the number of atoms of the chosen element in the light path
increases, the

amount of light energy absorbed will increase. To calculate

unknown sample concentrations by calculating the amount of light they

absorb, the

relation between the
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amount of light absorbed and the concentration of analytes found in
known standards can be used

. FAAS is inexpensive, conveniently handling, more precise technique. It uses the small quantity of sample
and takes less time (10-15 seconds/element) to analyze an element in sample.

The main limitation of this technique is that it determines the sample

only in solution form. FAAS and GFAAS have been used in elemental analysis of food and plants (Doner
and Ege, 2004; Saracoglu et al., 2007; Tuzen and Soylak, 2007;

Saracoglu et al., 2009), vegetables (Bakkali et al., 2009), milk (Falomir et al

., 1999), sea food (Khansari

et al., 2005), mushroom (Maihara et al., 2012) and cereals (Bazzi et al

., 2004), human body fluid (Trzcinka-Ochocka et al., 2016) agricultural soil (Boschetti et al., 2014) water
(Townsend et al., 2001; Bakırdere et al., 2013). Elemental Profiling of Selected Natural and Artificially
Ripened Fruits to Study Variations in Minerals/Heavy Metals 8

1.2.2 Inductively Coupled Plasma - Optical Emission Spectrometry

(

ICP-OES) ICP-OES (Inductively coupled plasma - optical emission
spectrometry) is an important technique which is used to determine the
composition of elements

by using plasma and spectrometer. The working principle of ICP-OES is the measurement of intensity of
lights of certain wavelength produced due to the excitation of ionized sample atoms in the plasma state. The
solution (mostly in liquid state) which is to be analyzed is introduced into the device by a peristaltic pump,
then to the spray chamber through nebulizer. The produced aerosol is injected into the argon plasma having
temperature 6000-8000 K. This high temperature is enough to produce plasma state of all the elements
presents in the samples. These ions (Plasma ionic state to samples) are accelerated in the magnetic field
produced in the induction coils by high frequency alternating currents. Because of high thermionic energy
electrons are excited in the higher states and produce a photon of certain energy when return back to
ground states. Each element in the samples have their own characteristic wavelength (Photons). The
number of characteristics waves gives us the information about the number of atoms or concentrations. The
intensity of the waves is measured with the help of spectrometer. Finally, the concentration and composition
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of elements can be determined with calibration calculations. This technique has been used in elemental
analysis of human body fluids (Kiran and Raja, 2017), Water (Faraji

et al., 2010; Rezaee et al., 2010; Frankowski et al., 2011) honey (Aghamirlou

et al., 2015), milk powders (Gunn et al

., 1977), river sediments (Kiran and Raja, 2017), marine geochemistry and plankton (Kiran and Raja, 2017)
plants (Lomer

et al., 2000; Hansen et al., 2013; Wheal et al., 2011) wood ashes (Górecka et
al

., 2006) algal biomass (Michalak et al., 2014) and seafood (Sakao and Uchida, 1999; Sneddon Vincent,
2008). 1.2.3

Inductively Coupled Plasma Mass Spectrometry (ICP-MS) ICP-MS
(inductively coupled plasma-mass-spectrometry) is

an important spectroscopic technique which is

used to determine the ultra-low concentrations and compositions of
elements in the samples

. ICP-MS has advantage over the ICP-OES because of its extremely low detection limit and ability to detect
the isotopes compositions. The Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 9 working principle of ICP-MS is the separation of ions produced
using Argon plasma in quadrupole using resonance principle in mass spectrometry. The prepared samples
to be analyzed are sent into the spray chamber with the help of peristaltic pump where it is nebulized. The
resulted aerosol are mixed with Argon Plasma having high temperature and produces ions. The ions are
focused and injected in the mass spectrometer with the help of electrostatic lenses. Mass spectrometer
consist of four metal rods, quadrupole which separate the ions on the basis of their masses by the principle
of resonance. Hence the final concentration of isotopes and all elements presents in the samples can be
calculated. This technique has been used in elemental analysis of food and plants (Eckhoff and Maage,
1997; Cubadda

et al., 2001; Kohlmeyer et al., 2003; Nardi et al., 2009), water (Ammann,

2002

), human body fluids (Schütz
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et al., 1996; Townsend et al., 1998; Heitland and Köster 2006; Trzcinka-

Ochocka et al

., 2016), algal biomass (Kohlmeyer

et al., 2003) and seafood (Salvo et al., 2016; Matsumoto-Tanibuchi et al

., 2019). 1.2.4 Synchrotron X-ray Fluorescence (XRF) Spectrometry This technique uses X-rays as source
of irradiation. The target sample is excited with X- rays and due to movement of electrons, specific
fluorescence radiations, particular to one material only, are emitted. The fluorescence radiations are
detected by detector. It is suitable for solid, liquidand powdered samples. Figure 1.1: Schematic diagram of
Synchrotron X-ray Fluorescence (XRF) Spectrometry process. X-rays are generated from X-rays source and
excited with target sample. As a result particular fluorescence radiations are emitted which are detected by
detector. Particular spectrum is formed by spectrometer and can be visualized on computer screen.
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 10 1.2.5 Applications of XRF 1.2.5.1 Food products XRF has been applied in numerous studies to
characterize the elemental content of many foods. Toxic and essential elements were measured by XRF in
seafood, which is known to bio-accumulate metals (Manso et al., 2007; Desideri et al., 2009). XRF has been
used for the accurate determination of

macro-elements (Na, Mg, P, Cl, K, and Ca) and trace elements (Fe and
Zn) by

XRF in commercial

dehydrated bouillon and sauce base products (Perring and Andrey,

2018). In various finished food

/feed products such as powdered milk (Perring and Andrey,2003), freeze-dried milk and dairy products (

Pashkova, 2009), infant cereals (Perring and Blanc,2007), and dry pet
food (Ávila et al.,2016; Perring et al., 2017), XRF has been successfully
studied, developed and validated

for more than a decade. XRF was shown to be adequate for the determination of multiple elements in
Mexican candies at mg/kg levels (Martinez et al., 2010). 1.2.5.2 Plant samples Considerable efforts

have been made to determine the concentrations of trace elements in
plant leaves. Tobacco and
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its ash were quantitatively analyzed for

K, Ca, Ti, Fe, Cu, Br, Sr and

Ba using XRF method (Çevik et al., 2003). XRF was applied to characterize the elemental content of lichens
and cole (Brassica oleraceae var. acephale);

cole samples were collected from 11 stations and analyzed using 50 mCi
Fe-55 and Am-241 radioactive sources

(Tıraşoğlu et al., 2005). XRF has been used

for the accurate determination of iron and zinc in common bean, maize

and

cowpea seeds (Guild et al., 2017),

determination of iron, zinc, and selenium in whole wheat

grains (Paltridge et al., 2012a),

determination of iron and zinc in

rice and pearl millet grain (Paltridge et al., 2012b). To describe

the content of potassium, calcium, iron, copper, and zinc in potatoes,
bananas, salad, rice, beans, and oranges

, Brazilian scientists used the XRF process. (Krupskaya et al., 2015). 1.2.5.3 Soil Samples Soil can be
measured in situ with portable XRF instrumentation, though it is more commonly analyzed as a bulk material
either in a sample cup or as a pressed pellet. The analysis of street dust using XRF was used to
characterize heavy metal contamination from atmospheric deposition (Yeung et al., 2003). XRF method was
used for the Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 11 determination

of nine elements (V, Cr, Mn, Fe, Ni, Cu, Zn, As and Pb) in the soil,
grape and wine samples
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(Orescanin et al., 2003). 1.2.5.4 Other sample types Ayurvedic herbal medicine products have been
associated with numerous heavy metal poisoning cases in recent decades and have therefore

been the focus of several EDXRF studies (Saper et al., 2004; Saper et al.,
2008; Mahawatte et al., 2006

). The use of XRF in the assessment of air quality was demonstrated in a quantitative study of aerosol
particles deposited on filters (Spolnik et al., 2005). The use of XRF for the determination of elemental
content in water may not be considered practical compared with other analytical procedures such as ICP-
MS because sensitivity is not enough for direct analysis (Marguí et al., 2012; Melquiades et al., 2011). The
latest developments in XRF have improved the accuracy and made it possible to analyze alloys, metals
such as gold jewelry using a few or no reference samples (Jalas et al., 2002). 1.2.6

Particle Induced X-ray Emission (PIXE) It is an ion beam analytical
technique which

was first introduced in 1970 at university of Lund. With the use of the PIXE methodology, the concentration
of a wide range of elements in environmental samples can be evaluated. X-rays emission is induced by the
incident of high energy proton beam on target atom. A schematic presentation of PIXE setup is shown in
Figure1.2 1.2.6.1 Working Principle of PIXE A vacancy is created in the target atom due to high energy
proton beam. In order to fill that vacancy electron jump from high energy shell into low energy shell and
release energy

in the form of characteristic X-rays. X-rays are

formed

following the excitation of target atoms caused by an energetic proton

ion beam

or alpha particle. The incident ion often undergoes elastic or inelastic scattering during the collision. By
returning to its original electron conFiguration, the excited target atom attempts to recover a stable energy
state. As a consequence of this operation, electromagnetic radiation emissions occur in the form of
characteristic X-rays of the excited atom. A series of Collimators is used to target the beam of protons
towards the sample and it also reduces the size of beam. Sample of particular thickness was pelletized by
using hydraulic press.

The beam charge is accumulated in Faraday cup which is present behind
the sample holder

. Specific
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X-rays produced enter into chamber through thin beryllium window and
are detected by Elemental Profiling of Selected Natural and Artificially Ripened

Fruits to Study Variations in Minerals/Heavy Metals 12 Silicon Drifted Detector (SDD

).Obtained spectrum is further evaluated by software i.e. GUPIXWIN and it extracts peak intensities and
converts these to concentrations. 1.2.6.2 Advantages of PIXE PIXE don‟t need any sample preparation
procedure to analyse the samples i.e. acid digestion and this property make PIXE a non-destructive
technique. It does not damage the sample, which is great for valuables (jewellery, paintings, paper).Samples
after PIXE analysis can be used for other purposes. PIXE costs very low per analysis. PIXE is a versatile
technique as it can analyse samples ranging from a large painting to a single cell. Hence PIXE technique
can

be applied to for multi elemental analysis in

different field such as chemistry, biology, geology, agriculture archaeology etc. PIXE is very sensitive
technique which analyse elements and sodium to uranium can be detected with a sensitivity of ppb~ppm. It
has short measuring time with high sensitivity and good precision. PIXE simultaneously quantify the 10-20
elements from sodium (Na) to uranium (U) in no time. For many applications the irradiation time of 1-2
minutes are sufficient. PIXE being non-destructive technique and do not offer sample preparation, therefore
chances of contamination resulting from sample digestion, dilution and preparation ranges to zero 1.2.6.3
Limitations of PIXE The accumulations of shaft charges from protecting target samples are the real
multifaceted nature in PIXE examination. Due to this the samples can be splashed with electrons from
electron gun joined with the faraday cup. Creation of vacuum is another enormous issue in PIXE
examination. Vacuum of 10-6 torr is required for better results. Numerous precautionary measures are
expected to accomplish such estimation of vacuum. Moisturized samples also make a ton of issues in
examination. To diminish this issue samples must be totally free from all kinds of wetness. It does not
provide information about light elements like carbon, oxygen etc. Analysis of insulated materials is difficult
with this technique. It is a surface analysis technique (up to 10-20 µm only). Elemental Profiling of Selected
Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 13 Figure 1.2: Schematic
diagram of Particle

Induced X-ray Emission (PIXE). 3MeV proton beam from

source accelerated by 5MV Tandem Pelletron accelerator is bombarded at target which excite the atom in
target. During de-excitation these atoms emits characteristic x-ray from K, L and M shells.

The emitted X-rays are detected by detector (Silicon Drift Detector). The

signal detected is amplified and transmitted to the readout. In order to collect the beam charge, the Faraday
cup was placed,
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and a current integrator records the total collected beam charge
during a run. The

PIXE spectrum is collected and the GUPIXWIN program is used to interpret the data quantitatively.
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 14 1.2.7 Applications of PIXE During the last decade, a considerable effort has been expended in the
development of PIXE for investigating biological and medical samples. This is due to the non-destructive
nature of PIXE with minimum effects on the sample caused by the laser, compared to classical chemical and
physical analysing methods; in addition, PIXE can be used with the ease and versatility to gain multi-
elemental and quantitative information on small sized samples. In biological systems, trace elements play an
important role and their different concentrations are required for the diagnosis of diseases. 1.2.7.1 Aerosol
Studies In the past few years, many international and national agencies have been increasingly concerned
by the continuous decrease in the environment quality by natural, synthetic and industrial pollutants.
Environmental quality investigations have found that the need for multi-elemental and highly sensitive
techniques applicable to soil, water, air and biological samples is due to limited samples and low toxic levels.
1.2.7.2 Geological Studies Elemental analysis of all types of ore, rock, coal, meteoritic and lunar samples
has been achieved. Cohen et al., (1980) has revealed an important practical significance of PIXE in the
mining industry i.e. measurement of uranium and thorium in thick ores samples at ppm levels. PIXE analysis
on various monazite inclusions in biotite mica and mineral monazite samples from Malaysia has been
accomplished to examine the presence of the super heavy elements (Gentry et al., 1976). 1.2.7.3
Genetically Modified Foods PIXE techniques has potential to be employed to identify and analyze
genetically modified foods. Medeiros et al. (2005) conducted a study to analyse genetically modified foods
using PIXE technique. This study revealed that elemental composition of genetically modified foods and
natural food was same, but GMOs have higher concentration of Br, Ca, Cr, Mn, K, P, S and Zn. Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 15
1.2.7.4 Biological Tissues Many pathological and clinical disorders arise in humans and animals as a result
of excess or deficiency of trace elements. Lear et al. (1976) determined concentrations of cadmium in kidney
and observed a link between age and disease under study. The presence of trace element differed with
dietary habits, age and gender of the patients. Sarita et al. (2013, 2014a,b) applied PIXE technique to
analyse different cancer tissue such as uterine cervix cancer, tongue cancer, and lung cancer. Hasselmann
et al. (1977) utilized PIXE technique for analysis of the biopsy samples of rat liver. 1.2.7.5 Forensic Sciences
Biological samples like hairs, blood and urine are the most suitable tissues for diagnostic purposes.
Furthermore, PIXE has been used widely for analysis of saliva samples (Valcovic, 1977), blood serum
(Lecomte et al., 1979), hair samples (Montenegro et al., 1980) Rehman et al. (2018) utilized PIXE technique
to analyse heavy metals accumulation in the hair of factory workers and they reported that PIXE can be a
valuable and beneficial for forensic research work. 1.2.7.6 Agronomy (Soil Sciences) Soil is complex media
and it is difficult to profile the available nutrients in soil. The multi-elemental character of PIXE brings benefit
and ability to soil science research compared to other analytical techniques for elemental analysis. (Nsouli et
al. 2004; Ene

et al., 2009; Asubiojo et al., 2012; Kumar and Mehta, 2014; Doley and Kalita,

2014; Kumar et al., 2015

). 1.2.7.7 Agriculture A fundamental aspect in agriculture and in plant growing is the relationship between
plant nutrient concentration and growth conditions: light, temperature, water supply and fertilisers supply.
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The different fertilizers are different chemical compounds and they act in different ways in nutrient
concentration of plants. In agriculture, nutrients are also called elements important to critical processes. The
PIXE method is used to determine the Elemental Profiling of Selected Natural and Artificially Ripened Fruits
to Study Variations in Minerals/Heavy Metals 16 basic composition of medicinal plants. (Olabanji et al.,
1997; Raju et al., 2006; Rajeshwari

et al., 2012; Raju et al., 2013; Hossen et al., 2014; Rao et al., 2017) fruits

(Meyer et al., 1979), vegetables (Olabanji et al., 1997; Pantelica et al., 2011;

Fahad et al., 2015) and crops (Bado et al

., 2016). Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 17 Part 1 Part 1 Elemental Profiling of Mango and Peach Fruits treated with CaC2 to
Study Variations in Minerals/Heavy Metals Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 1 Abstract Abstract The natural process through which
fruit becomes soft, palatable, sweet and colored due to various chemical and physical changes is known as
fruit ripening. However, the use of chemical agents as

artificial fruit ripening agents has become common in recent years

, primarily for industrial purposes, without recourse to their effects on health. Improper postharvest fruit
technologies can lead to heavy metal contaminations like

lead (Pb), cadmium (Cd), mercury (Hg), antimony (Sb) and

several metalloids like arsenic (As). Among the major food supply pollutants, heavy metals are identified and
are primarily regarded as the most important source of environmental contamination. Calcium carbide is one
of such chemicals that is used in ripening fruits because of its cheapness and availability but at the same
time it poses lots of potential health problems to health. Mainly

this study was objective to determine the effect of calcium carbide on

nutritional value and quality of mango and peach.

We used Particle Induced X-ray Emission (PIXE) for the detection of
arsenic traces in commercially

available CaC2 and AFRs including mango and peaches. Direct detection of arsenic in AFRs is shown to
provide evidences for the transfer of arsenic and phosphorus traces from CaC2 used for ripening to the
inner eatable parts of fruits.
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Mature green mangoes and peaches were treated with CaC2 in three
different ways (T1- T3) and were compared to fully ripened mango and

peaches bought from local markets (T4) and non-treated mangoes (T0).
Pulverized fruits (mango and peaches) samples were irradiated by 3MeV
collimated protons from 5MV tandem accelerator at National Institute of
Physics, Pakistan and emitted X-ray spectrum were analyzed using
GUPIXWIN to detect significant amount of As traces with differential
presence of several other elements

and the effects of CaC2 on the organoleptic characteristics of mango fruit were also evaluated. The control
mango fruit showed delayed ripening with green and yellow, non-homogenous patches even after 4-5 days
of the treatments and if kept longer, fruit skin showed shriveling due to loss of moisture. Elements detected
in mango pulp were in range of Al (6.03-8.5

mg/kg), P (0.14-0.43 mg/kg), S (0.396-0.83 mg/kg

), Cl(5.32-10.12 mg/kg), K (268.2-426.8 mg/kg), Ca (79.4- 125.1

mg/kg), Cr (0.07-0.25 mg/kg

), Mn (2.62-6.325 mg/kg), Fe (25.2-84.4

mg/kg), Ni (0.22-0.96 mg/kg), Cu (0.451-3.7 mg/kg), Zn

(7.55-12.62

mg/kg) and As (0-5.75 mg/kg

). Correlation analysis revealed that As has moderate negative correlation with potassium K Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 18
Abstract (r2 = -0.5) in mango pulp. Elements detected in peach peel were in range of Al (30.3-64.1

mg/kg), P (0.3-0.7 mg/kg), S (0.6-0.8 mg/kg), Cl(0.4-0.8 mg/kg

), K (230-413.8 mg/kg), Ca (171-275

mg/kg), Cr (0.2-0.8 mg/kg), Mn
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(7.25-12.5 mg/kg), Fe (66.3-92

mg/kg), Ni (0.5-0.7 mg/kg), Cu (0.3-2 mg/kg), Zn (5.8-10.2 mg/kg) and As

(0-6.5 mg/kg

). Correlation analysis revealed that As has very strong positive correlation with copper (r2 = 0.942)
moderate positive correlation with Nickel (r2 = 0.66) and Fe (r2 = 0.65) in peach peel. Elements detected in
peach pulp were in range of Al (6.7-13 mg/kg), P (didn‟t detected), S (0.6-0.8

mg/kg), Cl (0.5-0.8 mg/kg), K (440-750 mg/kg), Ca (167-339 mg/kg

), Cr (0.2-

0.7 mg/kg), Mn (3.9-8.6 mg/kg

), Fe (39-71

mg/kg), Ni (0.2-0.6 mg/kg), Cu (0.2-0.7 mg/kg), Zn (9.3-15 mg/kg) and As

(didn‟t detected). It was noticed that peach fruit treated with CaC2 contain traces of arsenic residue only on
their skin. No arsenic traces were recorded in pulp part of CaC2 treated fruits. There are certain studies that
reports that tiny hairs on peach skin offer protective role to inner part of fruit. In present study we chose
nectarines fruit which is closed to fruit both in structure and evolution. Nectarines are regarded as shaved
peaches as this fruit does not contain fuss or tiny hairs on skin. So, we treated the nectarine fruit in the
similar way as peaches were treated. Elemental profile of nectarine treated with CaC2 revealed that arsenic
traces passed through skin and was recorded in inner part of nectarine fruit i.e. pulp.

To determine the most significant variables that explain the
relationships between the

elements present in the fruits analysed,

the PCA model was applied to all data. The PCA analysis revealed that

As residue in peach peel samples is significantly high and is closely correlated with Cupper followed by iron
and nickel. PIXE elemental profiling of the fruit samples was further validated by

X-ray Fluorescence Spectroscopy (XRF), Graphite Furnace Atomic
Absorption Spectroscopy (GFAAS) and Inductively Coupled Plasma
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Mass Spectroscopy (ICP

-MS). All these state of the art technologies confirmed the presence of arsenic traces in different groups (T1-
T3) including market samples of mango and peach (T4). Range of estimated daily intake of arsenic in
mango (0.002-0.019 mg/kg) and peach (1.4-18.

6 mg/kg) was more than the WHO recommended guidelines

(0.0003 mg/kg). Estimated As intake of artificially ripened fruits

can easily added up to already available As exposure towards the
limits shown for several cancerous diseases

. There is an imminent need to develop the guidelines for the use of CaC2 and its permissible exposure
limits for various Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 19 Abstract fruits ripening in different agriculture settings. Therefore, more studies
call for the active participation of policy makers, government officials, manufacturers, retailers, scientists and
customers in order to explore different aspects of artificial fruit ripening. Key words: PIXE, XRF, ICP-MS,
PCA, CaC2, GFAAS, Arsenic, Mango, Peach, Nectarine Elemental Profiling of Selected Natural and
Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 20

Introduction Introduction Ripening process is the mechanism by which the fruit

achieves its desirable flavour, texture, colour, edible and other morphological

characteristics. Maturation is HASH(0x7fcfb9921870). 2.1.2 HASH(0x7fcfb9921fa8)

emits along with an increased rate of respiration during the ripening process.

HASH(0x7fcfb9922e28) in the form of green and hard and are ripened near the

consumption areas. Low doses of ethylene are used to trigger the maturation phase

under controlled temperature and humidity conditions. These fruits are too delicate to

endure transport over long distances in a fully ripe state and should ideally be ripened

near the consumption area. 2.1.3 Non-Climacteric Fruits Fruits that do not ripen further

once harvested are termed as non-climacteric fruits. They produce a little amount

HASH(0x7fcfb9923380) emissions. In recent decades, the mechanism of fruit ripening

has been regarded HASH(0x7fcfb99236e0) that are critical for sensory efficiency,

including shifts in colour, sugar, acidity, texture and aroma volatility. Some senescence-

related physiological modifications occur HASH(0x7fcfb9923a40)HASH(

0x7fcfb9923980). The synchronized HASH(0x7fcfb950c440) drives

HASH(0x7fcfb950c398). HASH(0x7fcfb950c7d0) are encoded by these genes.

HASH(0x7fcfb950c968)). Elemental Profiling of Selected Natural and Artificially Ripened

Fruits to Study Variations in Minerals/Heavy Metals 21 Introduction Figure 2.1:

Schematic representation of the molecular HASH(0x7fcfb950fd08) maturation is a
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genetically controlled process of development HASH(0x7fcfb950ff90) expression of

genes linked to maturation HASH(0x7fcfb9510398) of maturation. The entire process is

dominated by HASH(0x7fcfb950ce30). 2.1.4 Mango (Magnifera indica L.) Mango is a

popular fruit also known as the “King of fruits”. Mango does not grow everywhere

properly. Almost 77% of the world‟s mangoes are produced from Asia, while

HASH(0x7fcfb95107d0)). In Pakistan, which is admired all over the world, a large

number of mangoes are grown. Mango growing is acceptable for the soil and climate of

Pakistan and its neighborhood. Mango grows whether it is clay, sandy or loam in a

HASH(0x7fcfb9511608).5). Mango can l8resist occasional flooding and it is also drought

tolerant. Mango is a commodity of HASH(0x7fcfb9511a58) and super quality, Pakistani

HASH(0x7fcfb9510758). HASH(0x7fcfb9511dd0). presence of unacceptable flavors,

poor eating quality and poor color. So, HASH(0x7fcfb9512460) in order

HASH(0x7fcfb9511fc8). However, calcium carbide has been used very frequently for a

long time to enhance the mango fruit ripening process. (Nagaraj et al., 1984, Pal, 1998).

After citrus, the second largest fruit grown in Pakistan is Mango (Mangifera indica L.).

So, it HASH(0x7fcfb9512250)). Pakistan is world‟s fifth largest producer (1.3 million tons

per annum) of mango in the world followed by China, Thailand, India and Mexico (FAO,

2006). It comprises of almost 734.6 thousand hectares which 14% of the total area

under all fruits. Out of which mango occupies about 103.1 thousand hectares, i.e. 67% is

in Punjab, where Multan and Bahawalpur districts are the main growing regions; 32% is

in Sindh where Mirpurkhas and Hyderabad are the major mango growing zones (GOP,

2004). From 1990 to 2005 there was 54% increment in mango production from 766,000

metric tons to 1673,900 metric tons. It shows that fruit industry have been acquiring

better farm management practices to elevate the production of the mango (Khan et al.,

2008). Globally, the market for HASH(0x7fcfb950af18) that grow it. Although its market

value depends upon the market access and the quality of fruit (Anwar and Malik, 2007)

yet few pre-harvest factors, like disease Elemental Profiling of Selected Natural and

Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 23 Introduction
management and insecticides are important (HASH(0x7fcfb9515608)). For prolonged

shelf life, access to international markets and preservation of better quality, adequate

packaging and post-harvest treatments are required from the production point of view.

(Anwar and Malik, 2007). Texture, taste, chemical constituents and volatile components

are some of the main elements that contribute to the production and approval of high

quality fresh mangoes by the customer. (Mamiro et al., 2007). To buy a specific fruit or its

product, the sensory attributes especially color of the fruit has a great influence on the

consumers‟ decision (Gössinger et al., 2008). Currently, there are two critical

postharvest challenges for the local mango industry i.e. Firstly, wooden crates are used

for mango packaging; which on one side cause physical bruises and injuries to fruit

during shipment (Anwar et al., 2006), while on the other side these crates cause
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objection in international markets because of specific disinfestation treatments and

quarantine concerns requisite for global trade (FAO, 2002). Secondly, due to its

availability and lower market price, calcium carbide is the commonly used chemical

agent for mango ripening, although the HASH(0x7fcfb950b620) heavy metals hazards

such as arsenic that make nutritious fruit toxic to customers. (HASH(0x7fcfb95159e0)),

immature fruits ripened with CaC2 in high concentration becomes tasteless (Medlicott,

1986, Padmini and Prabha, 1997). 2.1.5 HASH(0x7fcfb9515c68) sugars (Glucose,

Sucrose and Fructose), carbohydrates, proteins, vitamins (A, C, E, Riboflavin, Thiamin,

Folate, Niacin, and Pyridoxine), fats, minerals (HASH(0x7fcfb95160b8) fibres (Hui,

2006). Peaches have outstanding HASH(0x7fcfb9516db8) enhancement. (Rossato et

al., 2009). Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study

Variations in Minerals/Heavy Metals 24 Introduction Peaches are of high nutritional

and economical value (Kurz HASH(0x7fcfb9517268) peach fruit are carbohydrates,

minerals, dietary fibres and organic acids, which ensure the HASH(0x7fcfb9517670)).

The golden yellowish pulp of fully ripened peach fruits is sweeter since they exhibit lower

acidity. Fruits with yellow pulp, however, typically have a sweet taste along with an acidic

HASH(0x7fcfb9517160), besides other worthy constituents such as natural sugars and

organic acids in significant quantities. These components surely raise

HASH(0x7fcfb951a350), HASH(0x7fcfb951a668) shelter from multiple chronic diseases

can be provided by the peach in diet (Tsantili et al., 2010). Peaches have purgative

qualities and are suitable to cure constipation and duodenal ulcers. These medicinal

functions may be due to flavonoids, anthocyanins and phenolics which

HASH(0x7fcfb951aa70) (Gil et al., 2002, Rupasinghe and Clegg, 2007, Cevallos-Casals

et al., 2006). These phytochemical contents are HASH(0x7fcfb951ae18) (Tavarini et al.,

2008). Most of the contents of carbohydrates, phenolics and organic acids are

accumulated in the subepidermal and epidermal layers and are not evenly distributed

within different regions HASH(0x7fcfb951b1c0) domestic and commercial applications of

fruits i.e. for the production of processed sauces, slice and juice (Chang et al., 2000),

ends in the production of large amount agro wastes of peel and seeds. Several

previously published reports suggest that multi-fruit peels, i.e. pomegranate, orange,

mango, grape, etc. contain high amounts of flavonoids and phenolics compared to their

pulp. (Gorinstein HASH(0x7fcfb951e188), Lata, 2007). Elemental Profiling of Selected

Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 25

Introduction Peaches HASH(0x7fcfb9515380) cultivars are also scattered in the

Punjab region of Pothwar. The peach is a typical northern area fruit of Pakistan, covering

an area of 4,543 hectares with a yield of 48,284 tons. The main growing regions are

Swat valley and Peshawar in Khyber Pakhtunkhwa and Quetta, Kalat and few areas of

Kohistan hills in Baluchistan. Information available on the antioxidant properties and

mineral constituents of both peach peel and pulp indicates that it contains 10-14% sugar,
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2% protein and, in addition to phosphorus, iron and calcium, vitamins A and B are

abundant in ascorbic acid. Peach is a major economic fruit tree of Baluchistan with a

cultivation area of 60,22 ha and a production potential of 30,31 tons. (Wasim, 2011).

2.1.6 Origin of Fruit Ripening Naturally the sour taste of unripe fruits is due to the

presence of several organic (citric, ascorbic, malic, tartaric, formic) acids. Thus, the fruits

become sweet when a number of chemical changes occur in the process of ripening i.e.

acids are converted into sugars (Kendrick, 2009). Long ago, people have been following

different methods of fruit ripening. To activate the process of ripening Egyptian

harvesters in ancient times were used to cut Figs, while Chinese farmers used heated

chambers to ripe pears (Kendrick, 2009). Later on researchers revealed that high

temperature treatment of fruits stimulates ripening (Bouzayen et al., 2010). In 1901,

Dimitry Neljubow, a Russian scientist noticed that ethylene stimulates fruit ripening.

Thirty years later, researchers perceived that plants show response to ethylene as well

as generate it by themselves and hence ripening is triggered at high heat or in injured

fruits. As ethylene gas can disperse easily from cell to cell, therefore rate of ripening

HASH(0x7fcfb951e740) fruits (Kendrick, 2009). Ethylene is a hormone produced

naturally within the fruit, controls ripening by triggering and regulating a number of

biochemical activities (Jayan, 2011). It regulates fruit ripening by controlling the genes

important for the following processes: autocatalytic ethylene Elemental Profiling of

Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy

Metals 26 Introduction production, enhanced rate of respiration, improved cell-wall-

degrading enzymatic activity, carotenoid synthesis, transformation of starch to sugar and

chlorophyll degradation, thus, changing the color, aroma, texture and flavor of the fruit

(Theologis, 1992, Yang and Oetiker, 1994). Naturally the sour taste of unripe fruits is due

to the presence of several organic (citric, ascorbic, malic, tartaric, formic) acids. Thus,

the fruits become sweet when a number of chemical changes occur in the process of

ripening i.e. acids are converted into sugars (Kendrick, 2009). Long ago, people have

been following different methods of fruit ripening. To activate the process of ripening

Egyptian harvesters in ancient times were used to cut Figs, while Chinese farmers used

heated chambers to ripe pears (Kendrick, 2009). Later on researchers revealed that high

temperature treatment of fruits stimulates ripening (Bouzayen et al., 2010). In 1901,

Dimitry Neljubow, a Russian scientist noticed that ethylene stimulates fruit ripening.

Thirty years later, researchers perceived that plants show response to ethylene as well

as generate it by themselves and hence ripening is triggered at high heat or in injured

fruits. As ethylene gas can disperse easily from cell to cell, therefore rate of ripening in

the fruits which are cut accelerates than uncut fruits (Kendrick, 2009). Ethylene is a

hormone produced naturally within the fruit, controls ripening by triggering and regulating

a number of biochemical activities (Jayan, 2011). It regulates fruit ripening by controlling

the genes important for the following processes: autocatalytic ethylene production,
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enhanced rate of respiration, improved cell-wall-degrading enzymatic activity, carotenoid

synthesis, transformation of starch to sugar and chlorophyll degradation, thus, changing

the color, aroma, texture and flavor of the fruit (Theologis, 1992, Yang and Oetiker,

1994). 2.1.7 HASH(0x7fcfb951e9e0)HASH(0x7fcfb951ebd8), in artificial fruit ripening.

(Abeles and Gahagan, 1968). HASH(0x7fcfb951e998) produces acetylene, which serves

as an artificial ripening agent like ethylene, until dissolved in water or when it reacts with

moisture in the air. Fruits can be treated with calcium carbide in order to produce a faster

and more homogeneous ripening aimed at simplifying their handling and industrialization

(Nogueira, 2005). The process of fruit ripening can be initiated using various artificial

ripening agents. Recently, the use of chemical agents for artificial ripening has become

common because they provide the desired taste and color to the fruits in a shorter time

span. Mostly, these ripening agents are required for making fruits accessible to

customers in off-season and fruit-selling business more profitable i.e. money-making

trade. The distribution process includes collection of fruits from growers to the collection

storages. From there, HASH(0x7fcfb951fcb0) distant regions. In addition, retailers buy

fruit and market it to household customers. In addition, a large quantity of fruits is also

exported overseas. Thus, it takes many days in collecting HASH(0x7fcfb951e3f8) cold

storage or warehouse facility. The naturally ripened fruits may become inedible due to

over ripening and fruit injuries may occur because of hard conditions of shipment during

this whole distribution process. Hence, it causes HASH(0x7fcfb9523668) collect unripe

fruits and ripen them artificially before selling to the costumers (Mursalat et al., 2013).

2.1.8 HASH(0x7fcfb9523a28) ripening process (Nagel, 1989). Multiple fruit ripening

agents liberate ethylene in order to fasten up the process of ripening e.g. calcium

carbide, methanol, ethanol, ethephon and ethylene glycol (Chace, 1934, Nagel, 1989,

Goonatilake, 2008). Out of these the calcium carbide is most common in South Asian

countries including Bangladesh, Nepal, Pakistan and India for its cheap price in market

regardless of its prohibition due to harmful effects (Siddiqui and Dhua, 2010, Rahman et

al., 2008). Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study

Variations in Minerals/Heavy Metals 28 Introduction 2.1.8.1 Ethylene: The fruit

ripening process can be triggered by only 1 ppm concentration of ethylene in air (Brady,

1987). The natural ripening of mango, Apple, banana, avocado, pineapple, guava and

papaya can be promoted by ethylene applied externally, thus, these fruits can be

marketed in advance. 2.1.8.2 Ethephon: Another agent used to ripen fruits artificially is

ethephon (Roberts and Hutson, 1998). It is a better ripening agent because banana,

pineapple and tomato treated with ethephon (1000 ppm) are ripened in less time i.e. 32,

48 and 50 hrs, respectively than other treated and untreated fruits. In addition, ethephon-

matured fruits have more pleasant color HASH(0x7fcfb9523dd0)). In an aqueous

solution, HASH(0x7fcfb9524130) ethylene is released which then speeds up the

ripening. 2.1.8.3 Calcium Carbide: CaC2 is the ripening agent which is used world-wide
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(Hoque, 2012). On application, it reacts with moisture present on the fruits and results in

the release of acetylene that is similar to ethylene in fruit ripening attributes.

HASH(0x7fcfb9524e18) Traces of arsenic and phosphorous hydride are present in

calcium carbide of industrial grade, which on direct contact cause health hazards to

humans (Ur-Rahman et al., 2008). Calcium carbide is used for ripening of bananas,

mangoes, peaches, litchis and jackfruits etc. The container of fruits has a packet of

powdered calcium carbide which on contact with moisture acts as a ripening agent and

produces acetylene. For more profitable business, traders pluck green premature fruits

and ripen them artificially to sell in the market before season (Fattah and Ali, 2010) 2.1.9

Possible Health Hazards Recently, the possible health hazards of these chemicals have

been informed by many reports for further research regarding this issue. Nowadays, the

consumers are more Elemental Profiling of Selected Natural and Artificially Ripened

Fruits to Study Variations in Minerals/Heavy Metals 29 Introduction conscious about

their health than before. Therefore, many countries around the world have enacted

specific legislations for the usage of such chemicals. While the provisions of these laws

and regulations vary from country to country, banning or regulating the use of these

chemicals as ripening agents is the main purpose of making such laws. As there are

numerous industrial and financial variables related to this issue, technologically

developed countries also equip their farmers and suppliers with the required technical

facilitation to grow and provide mature, non-toxic HASH(0x7fcfb9524e60),

HASH(0x7fcfb9524f80) legislative guidelines (Islam et al., 2016). Human health can be

affected adversely by these chemicals (HASH(0x7fcfb9525388)). Calcium carbide

releases acetylene, which at the fastening of the ripening acts almost in the same way

as ethylene. Prolonged hypoxia may occur on direct acetylene consumption since it

blocks the brain's oxygen supply, (Fattah and Ali, 2010). The nature of calcium carbide is

alkaline which disturbs the mucosal tissue of abdomen. Cases of stomach disorders

have recently been recorded after eating carbide-ripened mangoes. (Siddiqui and Dhua,

2010). Though anaphylaxis is not caused by consuming carbide-ripened fruits, but

drowsiness and head stroke may occur when applying these substances on the fruits.

Workers are affected by severe health hazards when they come in contact with toxic

elements HASH(0x7fcfb9525508) permanent skin damage, skin ulcer, frequent thirst,

dizziness, weakness, irritation in mouth and nose, difficulty in swallowing, vomiting etc.

(Siddiqui and Dhua, 2010). Another study found that rapidly ripened fruits have

dangerous properties because calcium carbide HASH(0x7fcfb9525ad8) distress,

seizures, and cerebral edema (Per et al., 2007). Elemental Profiling of Selected Natural

and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 30

Introduction In certain countries, calcium carbide is prohibited because it has

dangerous effects and carcinogenic properties.(HASH(0x7fcfb95201f0) unripe fruits are

plucked, antioxidants and mineral components are affected. CaC2- matured fruits are
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less tasty, softer and have a shorter shelf-life. Furthermore, green fruits are shipped

easily with least injuries and can be ripened at the time of trade. Eating carbide ripened

fruits is very dangerous for health, primarily for our nervous system. As the supply of

oxygen to the brain decrease due to acetylene produced from carbide, it leads to

prolonged hypoxia. In acute stage, loss of balance, headache, dizziness, delirium,

seizures and coma occurs. In chronic stage, it produces memory loss and mood

disturbances. There may be abdominal cramps, diarrhoea and vomiting immediately

after consumption. Report from Nepal‟s Lahan Hospital, stated that around 30-40

patients are getting treatment on daily basis for abdominal problems caused by eating

carbide-ripened mangoes. Some other hazardous effects include allergy, jaundice, skin

burn, carcinogenic potential etc. (Per et al., 2007). Although these ripening agents are

much helpful to meet the consumers‟ demand to a great magnitude, but it is also

important to analyze all the health hazards related to them. HASH(0x7fcfb95202e0) Ali,

2010, HASH(0x7fcfb9528ea8)). According to scientists, regular usage of artificially

ripened fruits causes weakness, giddiness, skin ulcer and cardiac diseases (Chace,

1934, , Nagel, 1989; Fattah and Ali, 2010). Hydrides of arsenic and phosphorous may

also be present in calcium carbide in trace quantities. Acetylene released from CaC2

also contains arsine and phosphine up to 3 and 95 ppm respectively. As a vigorous

reactive chemical, CaC2 possess carcinogenic traits. As compared to ethylene,

acetylene gas is explosive and flammable even in low concentration. The early

symptoms of arsenic or phosphorous toxicity in humans are diarrhoea, burning

sensation of abdomen and chest, vomiting, weakness and thirst are the early symptoms

of arsenic or phosphorus toxicity in humans (Siddiqui and Dhua, 2010). Elemental

Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in

Minerals/Heavy Metals 31 Introduction Exposure to 1 ppm of ethylene can decrease

the postharvest life by accelerating the initiation and boosting the senescence rate,

disappearance of green color and softening. 2.1.10 Effects of Arsenic (As) Arsenic exists

in inorganic and organic forms. There are two inorganic forms: arsinite,

HASH(0x7fcfb9529238) synthesize HASH(0x7fcfb95294d8))] upon methylation.

Inorganic arsenic metabolism requires the HASH(0x7fcfb95295e0) pentavalent organic

arsenic by oxidative methylation as shown in Figure 1.3 (HASH(0x7fcfb952a418)

vascular system and induces cardiovascular disease and hypertension; acute As

exposure can lead to hypotension and cardiomyopathy.. Prolonged arsenic exposure is

responsible for the most prevailing neurological effect that is peripheral neuropathy

(Jomova et al., 2011). Inorganic arsenic interacts with the dihydrolipoamide sulfydryl

group, resulting in pyruvate being reduced to acetyl coenzyme A (CoA), causing

pyruvate dehydrogenase inactivation. As a result, production of ATP (energy molecules)

and citric acid cycle activity in cells are lowered (Bergquist et al., 2009). Through

sulfydryl group binding, As (III) deactivates many other cellular enzymes. Glucose

https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443966000&usg=AFQjCNGQpO-oI7KtUyWiLSR8Q_-9DTB9wA


6/17/2021 https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824…

https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824718&th=1… 60/166

uptake by cells, gluconeogenesis and fatty acid oxidation are also prevented. Trivalent

arsenic also decreases glutathione formation, which protects cells from oxidants (Miller

et al., 2002). 2.1.11 National and International Legislation Different laws and acts have

been released by developed and developing countries to restrict the use of artificial

ripening agents to resolve growing health-related concerns. 2.1.11.1 Bangladesh:

Customs, the Ministry of Agriculture of Bangladesh, the Mobile Court, the Ministry of

Science and Health are the HASH(0x7fcfb952a5e0). To Elemental Profiling of Selected

Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 32

Introduction preserve the quality of domestic and exotic fruits, these organizations

enact the following acts and laws: Quarantine rules 1968, HASH(0x7fcfb952abc8) 1860.

The above acts and laws forbid using any chemical agents e.g. ethephon, calcium

carbide for fruit ripening and punish any person who sells, mixes and uses unauthorized

ripened fruits. 2.1.11.2 India: In India, HASH(0x7fcfb952afd0). 2.1.11.3 Malaysia: In

Malaysia, food items having chemicals harmful for health are prohibited by section 13 of

the FOOD ACT 1983. Since fruits ripened by calcium carbide may contain such toxic

chemicals (Fattah and Ali, 2010), it cannot be used as fruit ripening agent. Any person

arrested using it can be charged up to one hundred thousand ringgit or incarcerate for

ten years (Act, 2006). 2.1.11.4 Nepal: Nepal Food Regulation-2017 strongly forbids

HASH(0x7fcfb952dbc0) (Siddiqui and Dhua, 2010). 2.1.11.5 Pakistan: Pakistan has

similar food laws as of Bangladesh. Here, the primary food law HASH(0x7fcfb9529400)’,

HASH(0x7fcfb952dd70). Except the cantonment areas, HASH(0x7fcfb952e2f8) with

minor zonal differences in rest of Pakistan while Cantonment Pure Foods Act 1966

governs cantonment areas. Under these acts, the offenses are categorized as first,

second and serious offense. The penalties are fin charged and/or incarceration (Khan

and Hafeez, 1999). 2.1.11.6 Sri Lanka: HASH(0x7fcfb952e688) individual can

synthesize, trade or supply any food product containing any added poisonous substance

that causes detrimental effects on human health (The Ministry Of Health: Colombo Sri

Lanka, 1990). Elemental Profiling of Selected Natural and Artificially Ripened Fruits to

Study Variations in Minerals/Heavy Metals 33 Introduction 2.1.11.7 United Kingdom:

The use of ethylene is permitted by United Kingdom's Soil Association to ripen kiwis and

bananas (Association, 2011). In addition, ethylene is listed as „Only for ripening fruits‟

HASH(0x7fcfb952ea48)) HASH(0x7fcfb952e850). 2.1.11.8 United States of America :

HASH(0x7fcfb952e820) authorizes the HASH(0x7fcfb952f7c0) citrus (Giacomini, 2012).

2.1.12 Critical Analysis on Fruit Quality and Nutrition Value To determine

HASH(0x7fcfb952fb80), researchers from various fields are working (Prasanna et al.,

2007, Bouzayen HASH(0x7fcfb952fce8), HASH(0x7fcfb952fee0)). It is important to

determine the toxic moieties present in fruit peel and pulp ripened chemically in order to

assess the relevant health hazards. The methodology adopted in multiple research

studies is to collect fruit samples from regional market, rinse them in water and then
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analyze the HASH(0x7fcfb952dbd8) peel but it cannot explain their presence within fruit

pulp. Few studies have discussed the changes in nutritional and biochemical properties

of chemically treated fruits and confirmed the presence of toxic chemicals within fruit

pulp (HASH(0x7fcfb95303f0) artificially ripened banana, Apple, peach, pear, lemon,

avocado, orange, lime and pineapple has been reported (Wills et al., 2007). Moreover,

Hakim et al., (2012) compared naturally ripened and chemically treated bananas and

pineapples to that collected from different markets of Bangladesh. Naturally ripened

fruits were found to have a higher content of vitamin C and carotene, whereas

chemically ripened bananas and pineapples had a higher sugar content than untreated

samples. Moreover, they also Elemental Profiling of Selected Natural and Artificially

Ripened Fruits to Study Variations in Minerals/Heavy Metals 34 Introduction

confirmed that both heavy metals arsenic and lead were present in chemically ripened bananas and
pineapples (

Hakim et al., 2012). The average consumption of fruits

is in between 100 to 150 gm/day for an adult (Agudo, 2005) and the allowed intake of As and Pb are 16.7-
129 μg/day and 600 μg/day respectively (Joint et al., 1987, Edition, 2011). Thus, the possible intake of both
metals would be within the permissible limit i.e. 2.5-3.75 and 12-50 μg/day respectively. Nevertheless,
further studies on the effects of regular consumption of fruits having these toxic metals must be conducted.
Fruits like mango (Magnifera indica L.) and peach (Prunus persica L.) are the major commodities for the
economy of a country like Pakistan but their export is undergoing a decline due to lack of laws and acts
regarding post-harvest issues like artificial ripening. Ripening of fruits by chemical agents may have lethal
health hazards therefore there is a requirement of elemental analysis of these fruits. Hence, this study will
provide a direct evidence of dangerous uses of these chemicals for ripening of fruits to the scientific society
as well as to the government authorities in order to facilitate the common public with a definite solution of
this problem. The key objective is to determine the consequence of calcium carbide on physio-chemical
characteristics of mango and peach fruits with further insight into the deterioration of nutritional qualities due
to metals (especially heavy metals). We will also compare our findings with other such studies in different
parts of the world and discuss how they made rules to avoid this major human health concern through their
environmental and food protection agencies. ?

To evaluate the effect of calcium carbide as an artificial ripening agent
on mango and peach physio-chemical properties and

nutritional values. ? To analyse minerals composition (especially heavy metals) in mango and peach fruits
treated with different concentrations of calcium carbide. Elemental Profiling of Selected Natural and
Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 35 Materials and Methods 2.2.1 Fruit
Sampling and Post-Harvest Treatment Uniformly mature but unripe mangoes (cv sindhri) and peaches were
obtained from the private orchards in Multan (Punjab province) and Mangora Swat (Khyber Pakhtoonwa
province). Fully ripened, ready to eat mangoes and peaches were bought from two different local markets

https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443966000&usg=AFQjCNGQpO-oI7KtUyWiLSR8Q_-9DTB9wA
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443966000&usg=AFQjCNGQpO-oI7KtUyWiLSR8Q_-9DTB9wA
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443966000&usg=AFQjCNGQpO-oI7KtUyWiLSR8Q_-9DTB9wA


6/17/2021 https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824…

https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824718&th=1… 62/166

115

247

including a small fruit shop and supper store (Islamabad, Pakistan). During these investigations the market
sample served as one of the treatments.

Commercial grade calcium carbide (CaC2) was procured from local
market in

Islamabad and employed for ripening of unripe mango and peach fruit. 2.2.2 Experiment 2.2.2.1 Estimation
of Level of Residue in Mango and Peach Fruit Ripened by using Calcium Carbide Artificial ripened mangoes
and peaches were subjected to PIXE for elemental profiling. Treatment of mangoes, peaches and nectarines
fruits with CaC2, control samples and market samples are given in Table 2.1. 2.2.2.2 Detail of Treatments
Schedule Group (Control): Control mango and peach fruits were kept inside the papers (used newspapers)
for 4-6 days in a corrugated wooden container (dimension 7״ x 12״ x 26״) without any chemical treatment
and this group is used as control for comparisons. Group (Treated 1): Mango and peach fruits were treated
with CaC2 similar to the method used in our markets by placing CaC2 in an envelope in the corner of
wooden boxes containing fruits and kept at 27 ± 4°C for 4-6 days. While, Group (Treated 2): Mangoes and
peach were initially immersed in 5% solution of CaC2 for 10 minutes and then stored for 4-6 days in wooden
box as described above. Group (Treated 3): CaC2 powder was directly applied onto fruit surface and then
fruits were stored for 4-6 days in a wooden box like above. Group (Treated 4): Fully ripened, ready to eat
mango and peach fruits of the selected variety were bought from local fruit markets. Group (Treated 5):
Control nectarine fruits were kept inside the papers (used newspapers) for 4-6 days in a corrugated wooden
container (dimension 7״ x 12״ x 26״) without any chemical treatment and this group is used as control for
comparisons. Group (Treated 6): Nectarine fruits were treated with CaC2 similar to the method used in our
markets by placing CaC2 in an envelope in the corner of wooden boxes containing fruits and kept at 25 ±
4°C for 4-6 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 36 days. Group (Treated 7): Fully ripened, ready to eat nectarine fruits of the
selected variety were bought from local fruit markets

as listed in Table 2.1. Table 2.1: List of

Mango, Peach and Nectarine Fruits collected from Orchids, local market and treated with different
concentration of CaC2. Samples Ids Fruit Treatments Control T0 Control non-treated mango and peach fruit
samples were kept inside corrugated wooden container (dimension 7״ x 12״ x .(62״ Treated 1 T1 Fruits were
treated with CaC2 to mimic the commercially used method by placing CaC2 in an envelope in the corner of
wooden box. Treated 2 T2 Fruits were initially immersed in 5% solution of CaC2 for 10 minutes following
storage for 4-6 days in wooden box. Treated 3 T3 CaC2 powder was directly applied onto fruit surface for 10
min followed by 4-6 days storage in a wooden box. Treated 4 T4 Fully ripened, ready to eat mango and
peach fruits of same selected variety were bought directly from local fruit shop and supper market. Treated 5
T5 Control non-treated nectarines fruit samples were kept inside corrugated wooden container (dimension
Treated 6 T6 Nectarine Fruits were treated with CaC2 to mimic the commercially used .(״x 26 ״x 12 ״7
method by placing CaC2 in an envelope in the corner of wooden box. Treated 7 T7 Fully ripened, ready to
eat mango and peach fruits of same selected variety were bought directly from local fruit shop and supper
market Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 37 2.2.2.3 Organoleptic Parameters Evaluation We measured the fruit aroma, and
flavor of all the treated and control fruit samples as described by Hedonic scale (Larmond, 1987). Critical
judgment on the given Performa by a panel of 20 experts (30–50 years old) on randomly cut mangoes into
6-7 pieces for color, aroma and flavor. Similarly, the skin color of treated, control and market fruit (mango)

https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443966000&usg=AFQjCNGQpO-oI7KtUyWiLSR8Q_-9DTB9wA
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443966000&usg=AFQjCNGQpO-oI7KtUyWiLSR8Q_-9DTB9wA


6/17/2021 https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824…

https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824718&th=1… 63/166

69

4

4

4

257

4

samples were also compared to control untreated fruit (mango). 2.2.3 Elemental Profiling of Mango and
Peach Fruits 2.2.3.1 Sample Preparation With the assistance of an uncontaminated steel knife, fully ripened
fruits were peeled off and then samples were cut into small pieces. To extract all moisture present in the peel
and pulp, the samples

were dried in an oven at 60 °C for 48 hrs. Dried samples were eventually

ground

using pre-cleaned mortar and pestle for the processing of homogeneous powder. Approximately 0.6 g of
powder samples were carefully weighed and pelletized by electronic balance using the Laboratory Hydraulic
Press. The 24000psi hydraulic press was used to render pellets 2 mm thick and 13 mm in diameter.

From each sample, two pellets were made. To prevent moisture and any
environmental contamination, the pellets were put in desiccators. For
some time before PIXE analysis

, the pellets were also placed under lamp

to get rid of any moisture because during analysis, vacuum issue is
generated in the chamber

. 2.2.3.2 PIXE Analysis To excite the atoms in samples, a high energy proton beam was used. As a
consequence, it emits

characteristic X-rays. The emitted X-rays have specific energies that are
characteristic of each element

, so

it is possible to determine the composition of the target. In the

PIXE analysis,

SNICS (Source of Negative Ion by Cesium Sputtering) was used as a
source

. 60 keV was the initial beam energy. Pellets were used in the set-up of PIXE as a goal.
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Six pellets were placed on the sample holder simultaneously. The sample
holder

in the scattering chamber will easily rotate

horizontally, vertically, forward and backward. The target was irradiated
by a 3 MeV proton beam from the 5 MV Tandem Accelerator at the

National Center for Physics Islamabad

(Figure 2.1). It

was collimated to a diameter of 2 mm by the proton beam. The beam

current was in the range of 5 nA to 7 nA during irradiation, and a total
charge of 2μC was

obtained. There was a median study time of 15- Elemental Profiling of Selected Natural and Artificially
Ripened Fruits to Study Variations in Minerals/Heavy Metals 38 20 minutes.

High resolution SDD (FWHM 160 eV at 5.9 keV Mn Kα energy) measured

the

X-rays emitted in this process.

At an angle of 45o to the incident beam, the

detector was located. The value of the 45° orientation is the highest collection of characteristic X- rays and
low background radiation. The gap was 6 cm between the detector and the target. To reduce the low energy
history, a 100 μm Mylar absorber without a hole was used between the target and the detector.

Inside the scattering chamber, the vacuum was 10-6 torr

. Figure 2.2:

5 MV Tandem Accelerator at National Center for Physics (NCP),

Islamabad

, Pakistan. 2.2.3.3 Data Analysis NIST Standard reference material Apple leaves (SRM1515)
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were used to verify the accuracy of the experimental

result. It

was used for quantitative analysis of the GUPIXWIN sample software
package. To transform spectral data to

elemental concentration, the GUPIXWIN software package is used. The GUPIXWIN program analyses the
component spectrum and finally converts the data into a Microsoft Excel format where final graphs are
developed. Using this software program, different elements present in all samples of fruit (mango and
peach) have been identified and their concentration calculated. By analysing the data using HED files and
following the fit criteria, the concentration of each factor in fruits Elemental Profiling of Selected Natural and
Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 39 (mango and peach) was obtained.
The same SRM spectrum is obtained by applying the same procedure. The numerous spectrum peaks refer
to the different elements in the study. The area under the peak corresponds to the particular element
concentration in the sample. 2.2.4 Confirmation of Arsenic residues by GFAAS, XRF and ICP-MS 2.2.4.1
Graphite Furnace Atomic Absorption Spectroscopy (GFAAS) Several 50 ml measuring flasks were
thoroughly

washed with tap water and rinsed three times overnight with deionized
water

in a 5% nitric acid solution. Exactly 0.5 gram of each powdered sample was weighed and transferred to 50
ml measuring flask. A mixture of two acids, 7

ml of 65% HNO3 and 3 ml of HClO4 was added to

the samples in flasks. The flasks were shifted to incubator adjusted at 80oC for overnight. Then the solution
was heated on hot plate at 100 oC for 20 minutes. Flasks were removed; 3

ml of deionized water was added to the solution and

let it cool. After bringing the solution room temperature, we filtered it through filter paper (Whatman No. 42)
in 50 ml falcon tubes. Filtration of each sample produced almost 5

ml of filtrate. Deionized water was added to the filtrate in

falcon tube and volume was made up to 50 ml. Then the falcon tubes were tightly closed and saved for
analysis. All the solutions were prepared in four replicates to minimize the experimental and technical error.
Arsenic (As) analysis was carried out by using
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graphite furnace atomic absorption spectroscopy (GFAAS) at Pakistan

Institute of Nuclear Sciences and

Technology (PINSTECH). The working parameters of GFAAS have been shown in Table 2.2. Table 2.2
Working parameters

for the determination of As by GFAAS Wavelength (nm) 193.7

Lamp current (mA) 380 Slit width (nm) 0.7

Injection volume (µl) 10 Limit of detection (LOD in ng/g) 46.38 Argon flow (ml/min) 250 Atomization
temperature (oC) 2900 Cleaning temperature (oC) 3000 Elemental Profiling of Selected Natural and
Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 40 2.2.4.2

X-ray fluorescence (XRF) The pellets of samples were subjected to

X-ray fluorescence (XRF) analysis using Fischerscope X-Ray

Xan instrument (BW/526/00/Ro-Type: XAN). The pellets of samples were mounted to a circular frame (

2.5 cm diameter and 1.5 cm of height). A special parafilm was

placed at the bottom of the circular frame, and the sample was filled

up to 50% of the height. The X-ray beam was sent from the bottom for the analysis of elemental contents.
The standard samples were used to calibrate the XRF analysis. The generated spectra were converted to
elemental contents in mg/kg based on the dry weights for detailed data analysis. 2.2.4.3 Inductive Couple
Plasma Mass Spectroscopy (ICP-MS) Almost 100 mg of dried mango pulp powder from the samples were
used to digest by using 2 mL of HNO3 and heated to 180°C for 20 minutes. Cooled samples were brought
up to 15 ml volume using distilled water. Digested mango and peach samples were diluted 100 times with
distilled water and analyzed using Agilent 7700x ICP-MS in “He mode analytes” with integration times ~500
ms–1 sec

at Institute of Biomedical and Genetic Engineering (IBGE)Khan
Research Laboratory (KRL) Islamabad

Pakistan. 2.2.5 Calculation of Estimated Daily Intakes of Trace Elements The approximate metal estimate
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taken by the human population in their daily diet

is the daily intake of metals

and was estimated as: DIM = Con. × C /

BW Where, Con. is the concentration of heavy metals in the selected

vegetables (mg kg

− 1), C is for average consumption of fruits per day 300 g/day/person and

BW is average body weight (kg

) (World Health Organization, 2009; EFSA, 2010). 2.2.6 Health Index (HI) Health index were calculated as
Where, DIM is daily intake of metal in mg and RfD is recommended daily allowance upper tolerance limit
devised by WHO, EFSA. 2.2.7

Non-Carcinogenic and Carcinogenic Risk The target hazard quotient
(THQ

) was calculated as Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations
in Minerals/Heavy Metals 41 Where Ef is metal exposure frequency in a year as365, Fd is exposure during
average lifetime, FIR is ingestion g/person/day intake rate, Conc is the metal concentration, RfD is the
WHO, EFSA, ABW recommended daily allowance upper tolerance limit is average body weight (70 kg), TA
average non-carcinogen exposure period as described by Sultana et al. (2017). 2.2.8 Statistical Analysis
2.2.8.1 One-way ANOVA All the elemental analysis was done in three replicates and for accuracy and
reproducibility certified reference materials were used for instrumental calibrations. A one-way ANOVA
statistical analysis was performed with Aickin and Gensler(1996)

post hoc Holm multiple-comparison calculation using the online
statistics calculator (astatsa.com/OneWay_Anova_with_TukeyHSD

/). 2.2.8.

2 Pearson’s Correlation Analysis Pearson‟s correlation analysis was
performed to
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check if there exist any strong/weak or no relation between the variables by GraphPad Prism 7.03. 2.2.8.3
Multivariate Analysis (PCA) We used the

Principal component analysis to decrease the number of inter-
correlated variables to a smaller collection that almost explains the
overall variability. It creates new variables that are linear combinations of the
original variables called Principal Components (PC's) or variables with the

greatest variance explained by the first PC.

Either the correlation or covariance matrix

may be based on PCA. The study of main components is typically not

used to identify underlying latent variables, but if it is of interest to

interpret which variables relate more to each PC, choose a loading rotation

approach (

correlations between individual variables and the PC's) to identify
clearer trends. The varimax (maximization of variance) loading rotation
maximizes the variability of the new PC while minimizing the variance around the
new variable. This implies that the PCs are not related

. Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 42 Results 2.3.1 Elemental Profile of CaC2 Ripened Mango and Peach

The present study was performed to comprehensively evaluate the effects

of artificial ripening agents on fruit ripening and

fruit quality and elemental profiling of CaC2 treated mangoes and peaches, still common practice in
Pakistan. Different treatment groups of mangoes and peaches were compared for the presence of arsenic
including control (non- treated) mangoes and peaches. We also used a market mimicry treatment method a
common practice in our local markets (addition of CaC2 packets in mangoes and peaches containers and
kept for 2-4 days (Treated -1). Different treatment groups were compared for their elemental analysis with
control (non-treated, Control) mangoes and peaches fruits and fully ripened, ready to eat mangoes and
peaches bought from local markets (Treated-4). 2.3.2 Organoleptic Properties of CaC2 Ripened Mangoes In
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physiological properties, the peel color of the mango fruits is an

important character for marketing as it makes the customer more
attractive. Peel colour of the fruits at ripening stage, was significantly different
from the control fruits and the CaC2 treated

fruits. Homogenous yellow color of mangoes of the Treated 1 (T1) was observed. Similarly, the appearance
and smoothness of fruit skin is also very important, the skin of treated mangoes (T1) was perfect and
attractive in comparisons to control group with shriveled and patchy skin (Table 2.3). Not much shriveling
due to loss of moisture was observed in case of T1 fruits and those purchased from market while control
group (T0) was severely affected. Skin shivering was wide spread in fruits of T3 and T4 (Table 2.5).

The aroma of the mango fruits is varied

from species to species and

within the subspecies of the mango and it is a distinguishing of the
cultivars. In another study, it was proved that the ripening process,

ripening state and ecological stress also affects the aroma of the fruits

. Those results indicate that calcium carbide treatment not t

only affects the ripening process but also affects the aroma of the fruits

. Mango fruits (T2), treated with calcium carbide observed to be fully ripened with nice and attractive pulp
aroma. Mango fruits of Treated 5 (T4) were very similar to those of T2. Aroma of mangoes in T1, T3 and T4
was found similar but T3 and T4 it was noticed less attractive and less catchy. Elemental Profiling of
Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 43 Pulp is the
edible portion of the mango fruits; therefore pulp color is also significant marker for the

fruit quality. Pulp color was expressively improved in case of calcium
carbide treatment

. Mango fruits T2 treated with calcium carbide observed to be fully ripened with nice and attractive pulp
colour. Mango fruit of T4 were very similar to those of T2. Pulp colour of T0, T2 and T3 was found similar but
in T2 and T3 pulp colour was noticed less attractive and less catchy. Not only the differences in fresh fruits
were observed, significant difference in color of dried ground powder of mango pulp and peel samples
among all the treatment groups was observed. The peel and pulp powder of control mangoes retained their
distinct orange- yellow color but toxic effects of CaC2 has turned the dried fruits samples of T0-T4 into dark
brown or blackish-brown color (Figure 2.3). Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 44 Table 2.3: Organoleptic characteristics of mango
fruits. Mango fruits were treated with different concentration and CaC2 and their organoleptic properties
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such as time of ripening, Skin colour, flavour, pulp color, aroma and skin shivering are given here. These
properties of CaC2 treated fruits were compared with untreated control and ready to eat fruits from market.
Parameter Fruits T0 T1 T2 T3 T4 Time required for ripening Mango 5-6 days 2 days 3.5 day 4 day Bought
fully ripened Skin colour Mango Greenish with yellowish patches Uniform yellow color Greenish yellow with
dark patches Greenish yellow with dark patches Uniform yellow color Flavour, pulp color, aroma Mango Late
ripened, soft pulp and attractive Fully ripened, nice pulp and very

attractive Same as control but less attractive Same as control but less
attractive

Fully ripened, nice pulp and very attractive Skin Shivering Mango Little bit due to delayed ripening No Too
much shriveled Shriveled widespread No Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 45 Figure 2.3: PIXE Analysis mak2ngo fruits with
different concentrations of CaC2 treatments in comparisons to control (non treated fruits) and mango
samples from markets. Fresh unripe mango fruit samples were divided into five different groups and treated
with CaC2 from T0-T4 as explained in Table-1. A) Ground mango fruit pulp samples demonstrating different
groups of treatments. B) Ground mango fruit peel samples demonstrating different groups of treatments. C)
Pellets after X-rays irradiations during PIXE analysis Elemental Profiling of Selected Natural and Artificially
Ripened Fruits to Study Variations in Minerals/Heavy Metals 46 2.3.3 Differential Elemental Profiles of
Mango Fruit PIXE

technique was used to investigate the elemental profile of

CaC2 ripened mangoes by measuring the

concentrations of the following elements: Aluminum (Al), Calcium (Ca

),

Chlorine (Cl), Chromium (Cr), Copper (Cu), Iron (Fe), Potassium (K),

Magnesium (Mg), Manganese (Mn), Nickel (Ni), Phosphorus (P), Sulfur (S

), and Zinc (Zn). We first time determined the concentrations of trace elements in CaC2 ripen fruits using
PIXE.

Material (SRM) provided by NIST was measured at NCP (National
Centre for Physics) Islamabad, Pakistan

initially which were almost close to the certified values (7-10% variations due to different experimental
conditions). The pattern of concentrations of elements in mangoes was found in decreasing order of K > Ca
> Fe > Zn >Cl > Mn > S > Cu > Ni. Mangoes are good source of both major and trace elements that are
essential for our body indicative from Table 2.4. Elemental Profiling of Selected Natural and Artificially
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Ripened Fruits to Study Variations in Minerals/Heavy Metals 47 Figure 2.4: PIXE spectra of CaC2 treated
groups of mangoes. X-ray emission spectra was obtained by irradiating the samples with 3 MeV proton
beam in 5MV accelerator. In typical PIXE spectra X-axis represents the energy x-rays from particular
element and Y-axis represents the Area counts of different metals. Elemental Profiling of Selected Natural
and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 48 Table 2.4: Concentrations of
different elements (mean + SEM) (mg/kg) in mango fruit samples treated with different concentrations of
CaC2 and fruits from market (n=3). PIXE Analysis CaC2 Treatments Elements T0 T1 T2 T3 T4 Al 8.5± 1.7ns
7.18 ± 0.07ns 7.97 ± 0.05b 10.9 ±0.88abc 6.03 ± 0.66ab P 0.14 ±

0.01ns 0.31 ± 0.01ns 0.432 ± 0.01ns 0.27 ± 0.01ns 0.43 ± 0

.01ns S 0.82 ± 0.19 ns 0.83 ± 0.015ns 0.646 ± 0.06ns 0.396 ± 0.08ns 0.57 ± 0.06ns Cl 5.32 ± 2.16b 7.3 ±
0.28a 10.12 ± 0.08ab 5.85 ± 0.212ab 6.76 ± 3.3ab K 268.2 ± 55.5b 393.2 ± 11.34a 298.5 ± 10.6ab 426.8 ±
16.7ab 272.6 ± 26 ab Ca 79.4 ± 1.92b 125.1 ± 5.7a 123.6 ± 4.57ab 121.97 ± 4.2ab 85.9 ± 5.8ab Cr 0.09 ±
0.02b 0.25 ± 0.008a 0.168 ± 0.01ab 0.07 ± 0.003a 0.075 ± 0.02c Mn 4.15 ± 1.55ns 6.325 ± 1.73ns 5.075 ±
0.9a 2.62 ± 0.318a 4.45 ± 0.07ns Fe 43.8 ± 1.69ns 84.4 ± 1.69ns 52.875 ± 0.9ab 28.5 ± 1.27ns 25.2 ± 1.2c
Ni 0.54 ± 0.4ns 0.96 ± 0.09ns 0.568 ± 0.01ns 0.265 ± 0.03ns 0.22 ± 0.07ns Elemental Profiling of Selected
Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 49 Cu 0.66 ± 0.49b 3.7 ±
0.07a 1.95 ± 0.176ab 0.451 ± 0.06ac 1.45 ± 0.83c Zn 7.55 ± 0.49ns 12.62 ± 2.08ns 10.45 ± 0.35a 8 ± 0.84a
10.2 ± 3.76ns As BDL 5.75 ± 0.424 0.95 ± 0.016b 0.670 ± 0.19bc 5.34 ± 0.24cd . BDL = Below Detection
Limit Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 50 2.3.3.1 Evidences of Arsenic Residues in CaC2 Treated Mangoes Our data
showed residual arsenic

ranging from 0.67 to 5.72 mg/kg in pulp of

mangoes treated with CaC2 while absence of As in control mangoes (T0) has confirmed the source of
contamination as described in Table 2.6. Among all treatments, maximum arsenic concentration was
recorded in mangoes ripened by using CaC2 sachet (T1) (5.72 mg/kg) followed by mangoes from the local
market (T4) (5.34 mg/kg) and those ripened by dipping in 5% CaC2 solution (T2) (0.95 mg/kg). The arsenic
concentration in mango obtained from local market place (T4) suggested CaC2 used as ripening agent
(Table 4). Arsenic in mangoes pulp showed weak negative correlation with

calcium Ca (r2 = -0.3) and potassium K (r2 = -0

.2). 2.3.3.2 Confirmation of Calcium Carbide as Source of Heavy Metal Contamination We also examined
CaC2powderbought from local market which was used to ripen fruits (mangoes) for this study and
commercial grade CaC2 used in the market by PIXE. A huge amount of arsenic (153 mg/kg) (p < 0.05) was
recorded in these CaC2 samples. 2.3.3.3 Confirmations of Arsenic Residues in CaC2 Ripen Mango

PIXE is a strong but non-destructive form of elemental analysis that

scientists now
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regularly use to answer questions. Although our data clearly demonstrated with enough evidences that
presence of As traces in treated mangoes were only due to CaC2 treatment, still we further confirmed the
presence of As in our treatment groups of mangoes using GFAAS, XRF and ICP-MS as described in method
(Figure 2.5). All of these state of art technologies have also confirmed the presence of As traces in different
groups including market mangoes. Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 51 Figure 2.5.Analysis of mango fruits treated with different
concentrations of CaC2 and market fruit samples with PIXE, ICP-MS and XRF. Fresh unripe mango fruit
samples were divided into five different groups and treated with CaC2 from T0-T4 as explained in Table-1.
Presence of arsenic was analyzed in ground mango fruit pulp samples by three different independent
methods, A) PIXE, B) GFAAS, C) XRF and D) ICP-MS. X-axis represents CaC2 treatments and Y-axis
represents presence of Arsenic in mg/kg 2.

3.4 Estimated Daily Intakes of Toxic and Essential Elements On daily

consumption of such artificially ripened mangoes arsenic may damage different body organs and metabolic
functions of the consumers which may lead to various lethal diseases like cancer. We calculated and
compared the mean estimated daily intakes (MEDI) of elements detected by PIXE. The provisional tolerable

daily intakes (PTDI) recommended by Joint FAO/WHO Expert
Committee on Food Additives

are 1.5

mg/kg bw for Cr, 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 0.02

mg/day kg bw for Ni, 0.4 mg/day kg bw for

Cu, 0.3

mg/day kg bw for Zn and 0.0003 mg/day kg bw

for As. Our results revealed that arsenic detected in CaC2 ripened mangoes (0.002-0.019

mg/kg/day) was much higher than the

provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on
Food Additive
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(Table 2.5) Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 52 Table 2.5: The mean

estimated daily intake (MEDI) (mg/kg) of

essential elements in CaC2 treated mangoes.

The provisional tolerable daily intakes (PTDI) recommended by Joint
FAO/WHO Expert Committee on Food Additives

. Mean Estimated Daily Intakes(MEDI) Provisional Elements T0 T1 T2 T3 T4 Tolerable Daily Intakes (PTDI)
Ca 0.25 0.3 0.356 0.348 0.273 2500 Cr 0.00062 0.0008 0.0005 0.002 0.002 1.5 Mn 0.013 0.210 0.016 0.008
0.014 0.14 Fe 0.146 0.281 0.176 0.095 0.084 0.7

Ni 0.001 0.003 0.001 0.0008 0.0007 0.02 Cu 0.0022 0.012 0.0065 0.0015

0.0048 0.4 Zn 0.25 0.421 0.034 0.026 0.034 0.3 As ND 0.019 0.003 0.002

0.017 0

.0003 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 53 2.3.5. Principal Component Analysis of Mango 2.3.5.

1. Measure of Sampling Adequacy The

sphericity test by Bartlett

was initially performed on the data and verified the appropriateness of
the principal component analysis

. The sphericity of the Bartlett

showed that the correlation matrix was at a enough level to carry out a

factor analysis on the data of each scale reaching a significant P < 0

.05 level. Table 2.6: Bartlett's sphericity test Chi-square 114.268 Degree of freedom 91 Significance 0.050
2.3.5.2. Principle

Component Analysis In order to categorize the minerals in term of smaller

set, the
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data was subjected to the Principle Component Analysis (PCA). A total of four of the identical factor had the
eigenvalue exceeding one, accounting 100%of variation across the sample. The presence and content of
fourteen minerals were evaluated for mango treated with various concentrations of CaC2. The principal
component 1 (PC1) of the study

was determined to be primarily related to the minerals Al

, S, Cl, Cr, Fe, Ni, Cu and Zn and to the

principal component 2 (PC2) related to the minerals K and Ca. The
principal component 3 (PC3) related to

P and As while the principal component 4 (PC) related to Mn (Table 2.7). The first component accounts for
the greatest variance (and thus has the highest value of its own), and

the next component accounts for as much of the variance left over as it
can, and so on. Each successive part, therefore, accounts for less and
less variation. For the

reconfirmation of Eigenvalue, we drew a Scree plot through XLSTAT. In this study, with major contributions
were accounted 42.233 percent for the first, 26.175 percent for the second, 20.085 percent for the third and
11.507 for all the principal components respectively. Biplot showed that As, and P was significant in T1
treatment (mimicry of market) while K and Fe was significant in T2 and T3 treatment of CaC2. Ca and Al
was found significant in T0 and T4. Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 54 Table 2.7:

Eigenvalues, and loadings of the minerals analyzed in

Control and CaC2 treated Mangoes PC1 PC2 PC3 PC4 Eigen value 5.913 3.664 2.812 1.611 Variability (%)
42.233 26.175 20.085 11.507 Cumulative % 42.233 68.408 88.493 100.000 Elements

Loading PC1 PC2 PC3 Al -0.388 0.322 0.290 -0

.813 P 0.336 -0.322 0.884 -0.045 S 0.882 0.381 -0.242 0.135 Cl 0.332 -0.863 -0.171 -0.341 K 0.161 0.742
0.651 0.006 Ca -0.024 0.869 -0.281 0.407 Cr 0.915 -0.197 -0.011 -0.352

Fe 0.790 0.595 0.064 -0.133 Mn 0.058 -0.835 0.041 0.546 Ni 0.868 0.264

-0.402 -0.124 Cu 0.955 -0.241 0.080 -0.154 Zn 0.763 -0.171 -0.620 -0
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.073 As 0.492 -0.120 0.843 0.181 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 55

Scree plot 7 100 6 2 1 Cumulative variability (%) 80 5 Eigenvalue 4 60 3
40 20 0 0 F1 F2 F3 F4

Figure: 2.6. Scree plot of eigenvalues and cumulative variability (%). Red line showed the contribution of
each principal component.

X-axis represents the principal components and Y-axis represents

represent eigenvalue Biplot (axes F1 and F2: 68.41 %) 5 4 Ca K 3 Fe F2 (26.17 %) 2 MT0 Al MT3 Ni S 1 Se
0 MT4 MT2 -1 As Zn Cr -2 P Cu -3 -4 MT1 Mn Cl -5 -4 -3 -2 -1 0 1 2 3 4 5 F1 (42.23 %)

Active variables Active observations Elemental Profiling of Selected

Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy

Metals 56 Figure 2.7..Principal component analysis

of CaC2 treated mangoes: graphs of scores and loadings MT0, MT1, MT2, MT3 and MT4 represent the
group T0, T1, T2, T3 and T4 2.3.6. Differential Elemental Profile of Peach Fruit Fifteen elements were
detected in peel and pulp section of peach fruits after inducing artificial ripening into the fruits with CaC2.
The identified elements in peel and pulp were

Al, Si, P, S, Cl, K, Ca, Cr, Mn, Fe, Ni, Cu, Zn, As, and Se

(Table 2.8). Therefore, in peel of control group, from high to low quantity, the order of elements was K > Ca >
Fe > Al > Mn > Zn > Se > Cr > S > P, Ni > Cl, As > Cu > Si whereas in peel of experimental group, the order
of element quantity was K > Ca > Fe > Al > Zn > Mn > As > Se > Si > Cu > S > Cl, Ni > Cr > P (Table 2.9). In
pulp of control group, from high to low quantity, the order of elements were Ca > K > Fe > Al > Mn > Zn > S>
Cu> Cr > Cl, Ni > P, As, Se whereas in pulp of experimental group, the order of element quantity was Ca > K
> Fe >Al > Zn > Mn > As > Se > Si > Cu > S, Cl, Ni > Cr > P. (Table 2.9). Peach fruits are good source of
both major and trace elements that are essential for our body indicative from Tables 2.8 and 2.9. In present
study maximum aluminium concentration in peach peel was recorded T1 (64.

1 ± 0.9 mg/kg) while minimum concentration was recorded in

T4 (30.3 ± 3.9). Increase or decrease in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in
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table 2.9. Maximum aluminium concentration in peach pulp was recorded in T2 (13.4 ±1.7mg/kg) while
minimum concertation was recorded in T0 (8.4 ± 0.2). Increase in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

Tables 2.8 and 2.9. Similarly, maximum sulphur concentration in peach peel was recorded in T1 and T2 (0.8
± 0.03mg/kg) while minimum concertation was recorded in T3 (0.6 ± 0.1 mg/kg). Except T4 increase or
decrease in sulphur concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum sulphur concentration in peach pulp was recorded in T0 and T1 (0.8 ± 0.2 mg/kg) while
minimum concertation was recorded in T4 (0.6 ± 0.08 mg/kg). Increase or decrease in sulphur concentration
was found statistically non-significant among all groups as shown in Tables 2.8 and 2.9. Traces of
phosphorus was not detected in peach pulp in samples of all groups as shown in table 1. Maximum
phosphorus concentration in peach peel was recorded in T1 and T4 Elemental Profiling of Selected Natural
and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 57 (0.7 ± 0.02 mg/kg) while
minimum concertation was recorded in T3 (0.3 ± 0.07 mg/kg). Except T2 increase or decrease in sulphur
concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

Tables 2.8 and 2.9. Maximum chlorine concentration in peach peel was

recorded in T3 (0.8 ± 0.3 mg/kg

) while minimum concentration was

recorded in T0 (0.4 ± 0.03 mg/kg

). Increase or decrease in chlorine concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum chlorine concentration in peach pulp was recorded in T2 and T4 (0.8 ± 0.08 mg/kg) while
minimum concentration was recorded in T0 (0.5 ± 0.02 mg/kg). Increase or decrease in chlorine
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concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

Tables 2.8 and 2.9. Maximum potassium concentration in peach peel was recorded in T2 (413 ± 10.7 mg/kg)
while minimum concertation was recorded in T3 (230 ± 9.8 mg/kg). Except T1 increase or decrease in
potassium concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum potassium concentration in peach pulp was recorded in T2 (750 ± 20 mg/kg) while
minimum concertation was recorded in T3 (440 ± 12 mg/kg). Increase or decrease in potassium
concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

Tables 2.8 and 2.9. Maximum calcium concentration in peach peel was recorded in T4 (275 ± 12.5 mg/kg)
while minimum concertation was recorded in T3 (171 ± 2.4 mg/kg). Except T1 increase or decrease in
calcium concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum calcium concentration in peach pulp was recorded in T3 (339 ± 11 mg/kg) while minimum
concertation was recorded in T0 (167 ± 14 mg/kg). Increase or decrease in calcium concentration in CaC2
treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum chromium concentration in peach peel was recorded in T0 and T1 (0.8 ± 0.06 mg/kg)
while minimum concertation was recorded in T2, T3 and T4 (0.2 ± 0.03 mg/kg). Except T1 increase or
decrease in chromium concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in
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table 1. Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 58 Maximum chromium concentration in peach pulp was recorded in T0 and T1 (0.7
± 0.01 mg/kg) while minimum concertation was recorded in T3 (0.2 ± 0.03 mg/kg). Except T1 increase or
decrease in chromium concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

Tables 2.8 and 2.9. Maximum manganese concentration in peach peel was recorded in T1 (12.5 ± 3.4
mg/kg) while minimum concertation was recorded in T4 (7.8 ± 1.3 mg/kg). Except T1 increase or decrease
in manganese concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum manganese concentration in peach pulp was recorded in T2 (8.6 ± 1.3 mg/kg) while
minimum concertation was recorded in T0 (3.9 ± 0.7 mg/kg). Increase or decrease in manganese
concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum iron concentration in peach peel was recorded in T4 (92 ± 11.3 mg/kg) while minimum
concertation was recorded in T2 (66.3 ± 4.5 mg/kg). Except T1 increase or decrease in iron concentration in
CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum iron concentration in peach pulp was recorded in T2 (71 ± 5.3 mg/kg) while minimum
concertation was recorded in T0 and T1 (26 ± 2.3 mg/kg). Except T1 increase or decrease in iron
concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum nickel concentration in peach peel was recorded in T2 and T3 (0.7 ± 0.2 mg/kg) while
minimum concertation was recorded in T0 (0.5 ± 0.09 mg/kg). Increase or decrease in nickel concentration
in CaC2 treated samples were
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statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum nickel concentration in peach pulp was

recorded in T2 (0.6 ± 0.1 mg/kg

) while minimum concertation was

recorded in T3 (0.2 ± 0.03 mg/kg

). Increase or decrease in nickel concentration in T2 and T4 CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

Tables 2.8 and 2.9. Maximum copper concentration in peach peel was recorded in T3 (2 ± 0.3 mg/kg) while
minimum concertation was recorded in T0 (0.3 ± 0.03 mg/kg). Except T1 increase or decrease in copper
concentration in CaC2 treated samples were

statistically significant (p Elemental Profiling of Selected Natural and Artificially

Ripened Fruits to Study Variations in Minerals/Heavy Metals 59 <0.01) as
compared to non-treated control group (T0) as shown in

table 1. Maximum copper concentration in peach pulp was

recorded in T4 (0.7 ± 0.07 mg/kg

) while minimum concertation was

recorded in T0 (0.2 ± 0.03 mg/kg

). Increase or decrease in copper concentration in T1 and T2 CaC2 treated samples were statistically non-
significant as compared to non-treated control group (T0) while Increase or decrease in copper
concentration in T3 and T4 CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in
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Tables 2.8 and 2.9. Maximum zinc concentration in peach peel was recorded in T3 (10.2 ± 2.5 mg/kg) while
minimum concertation was recorded in T0 (5.8 ±

0.1 mg/kg). Increase or decrease in zinc concentration in

CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum zinc concentration in peach pulp was recorded in T3 (15 ± 1.6 mg/kg) while minimum
concertation was recorded in T0 (9.3 ± 0.6 mg/kg). Increase or decrease in zinc concentration in CaC2
treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum selenium concentration in peach peel was recorded in T3 (7.5 ± 0.7 mg/kg) while
minimum concertation was recorded in T0 (0.9 ± 0.1 mg/kg). Except T1 increase or decrease in selenium
concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum selenium concentration in peach pulp was recorded in T2 (2.5 ± 0.5 mg/kg) while
minimum concertation was recorded in T3 (1.6 ± 0.8 mg/kg). Except T1 increase or decrease in selenium
concentration in CaC2 treated samples were

statistically significant (p < 0.01) as compared to non-treated control
group (T0) as shown in

table 1. Maximum arsenic concentration in peach peel was recorded in T4 (6.5 ± 1.3 mg/kg) while minimum
concertation was recorded in T1 (0.5 ± 0.02 mg/kg). Arsenic residues were not detected in non-treated
control group (T0). In peach pulp arsenic residues were not detected in samples of all groups. Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 60
Figure 2.8 PIXE Analysis peach peel with different concentrations of CaC2 treatments in comparisons to
control (non-treated fruits), and peach samples from markets.

X-axis represents the energy of element and Y-axis represents the

https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443968000&usg=AFQjCNG9gEwPBHOLe2WY8-6aDKu5-0keYg
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443968000&usg=AFQjCNG9gEwPBHOLe2WY8-6aDKu5-0keYg
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443968000&usg=AFQjCNG9gEwPBHOLe2WY8-6aDKu5-0keYg
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443968000&usg=AFQjCNG9gEwPBHOLe2WY8-6aDKu5-0keYg
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443968000&usg=AFQjCNG9gEwPBHOLe2WY8-6aDKu5-0keYg
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443968000&usg=AFQjCNG9gEwPBHOLe2WY8-6aDKu5-0keYg
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443968000&usg=AFQjCNG9gEwPBHOLe2WY8-6aDKu5-0keYg


6/17/2021 https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824…

https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824718&th=1… 81/166

158

6

140

205

Area counts of different metals. Figure 2.9 PIXE Analysis peach pulp with different concentrations of CaC2
treatments in comparisons to control (non-treated fruits), and peach samples from markets.

X-axis represents the energy of element and Y-axis represents the

Area counts of different metals. Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 61 Table2.8: Concentrations of different elements (mean + SEM)
(mg/kg) in Peach Pulp samples treated with different concentrations of CaC2 and fruits from market (n=3).
T0 T1 T2 T3 T4

Al Si P S Cl K Ca Cr Mn Fe Ni Cu

8.4 ± 0.2b 0.0±0.00 ND 0.8 ± 0.2ns 0.5 ± 0.02b 516 ± 12b 167 ± 14b 0.7 ± 0.01ns 3.9 ± 0.7b 26 ± 2.3ns 0.4
± 0.02ns 0.2 ± 0.03ns 10 ± 0.3a 0.4±0.36b ND 0.8 ± 0.1ns 0.6 ± 0.07a 544 ± 23a 176 ± 13a 0.7 ± 0.1ns 4.1
± 0.7a 26 ± 3ns 0.3 ± 0.04ns 0.2 ± 0.4ns 13 ± 1.7ab 0.0±0.00 ND 0.8 ± 0.05ns 0.8 ± 0.08ab 750 ± 20ab 319
± 10ab 0.3 ± 0.08ab 8.6 ± 1.3ab 71 ± 5.3ab 0.6 ± 0.1ab 0.3 ± 0.1ns 6.7 ± 1.3abc 0.0±0.00 ND 0.7 ± 0.03ns
0.6 ± 0.06ac 440 ± 12abc 339 ± 11abc 0.2 ± 0.03ab 6.8 ± 1.3abc 41 ± 4abc 0.2 ± 0.03c 0.4 ± 0.04ab 11.3 ±
2.9abcd 0.0±0.00 ND 0.6 ± 0.08ns 0.8 ± 0.05abd 530 ± 12abcd 273 ± 10abcd 0.2 ± 0.07abc 5.8 ± 1.7abcd
39 ± 4abcd 0.4 ± 0.07abcd 0.7 ± 0.07abcd Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 62 Zn 9.3 ± 0.6b As ND Se 2.2 ± 0.3ns 10 ± 2.7a ND 2.2
± 0.2ns 11 ± 2.3ab ND 2.5 ± 0.5ab 15 ± 1.6abc ND 1.6 ± 0.8abc 10.9 ± 2.3abcd ND 1.64 ± 0.8abc Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 63
Table 2.9: Concentrations of different elements (mean + SEM) (mg/kg) in Peach peel samples treated with
different concentrations of CaC2 and fruits from market (n=3). T0 T1 T2 T3 T4 Al 37.5 ± 2.2b 64.1 ± 0.9a
40.5 ± 1.4b 30.5 ± 1.7abc 30.3 ± 3.9abc Si 0.0±0.00b 1.1±0.00a 1.1±0.05a 2.8±0.25abc 1.2±0.05ad P 0.

5 ± 0.04b 0.7 ± 0.02a 0.5 ± 0.07b 0.3 ± 0.07abc 0.7 ± 0.04acd S 0.7 ± 0.02b

0.8 ± 0.03a 0.8 ± 0.1a 0.6 ± 0.1abc 0.7 ± 0.04acd Cl 0.4 ± 0.03b 0.5 ± 0.04a
0.5 ± 0.08a 0.8 ± 0.3abc 0.6 ± 0

.04abcd K 319.6 ± 10ns 325 ± 9.8ns 413 ± 10.7ab 230 ± 9.8abc 307 ± 10.9cd Ca 171 ± 2.4ns 180 ± 3.4ns
215 ± 5.9ab 245 ± 13.5abc 275 ± 12.5abd Cr 0.8 ± 0.06ns 0.8 ± 0.07ns 0.2 ± 0.06ab 0.2 ± 0.08ab 0.2 ±
0.03ab Mn 7.25 ± 0.5ns 12.5 ± 3.4ns 8.5 ± 1.3ab 8.5 ± 0.9ab 7.8 ± 1.3ab Fe 73 ± 2.6ns 74 ± 5.6ns 66.3 ±
4.5ab 85.3 ± 5.7abc 92 ± 11.3abcd Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 64 Ni 0.5 ± 0.09b 0.6 ± 0.

1a 0.7 ± 0.2ab 0.7 ± 0.2ab 0.6 ± 0.1acd Cu 0.3 ± 0.03ns 0.3 ± 0.08ns 1.1 ±

0.1ab 2 ± 0

.3abc 1 ± 0.2abd Zn 5.8 ± 0.1b 6.1 ± 0.7a 6.5 ± 1.3a 10.2 ± 2.5a 8 ± 2.5abcd As ND 0.5 ± 0.02 2.8 ± 0.3ab
6.5 ± 1.3abc 4.2 ± 0.9abcd Se 0.9 ± 0.1ns 1.3 ± 0.3ns 1.3 ± 0.7a 7.5 ± 0.7abc 2.55 ± 0.8abcd Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 65
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2.3.7. Estimated Daily Intakes of Toxic and Essential Elements On daily consumption of such artificially
ripened peaches heavy metals may damage different body organs and metabolic functions of the
consumers which may lead to various lethal diseases like cancer. We calculated and compared the mean
estimated daily intakes (MEDI) of elements detected by PIXE. The provisional tolerable

daily intakes (PTDI) recommended by Joint FAO/WHO Expert
Committee on Food Additives

are 50

mg/kg bw for Si, 3000 mg/kg bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw

for

Cl, 3500

mg/kg bw for K, 2500 mg/kg bw for

Ca, 1.5

mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 0.02

mg/day kg bw for Ni, 0.4 mg/day kg bw for

Cu, 20 mg/day

kg bw for Zn, 0.3 µg/day kg bw for

As and 1 µg/day kg bw for Se, Our results revealed that Si, P, Cl, K and Ca are within in the upper tolerable
limits in samples of all groups while S,

Mn, Fe, Ni, Cu, Zn, As, and Se were found in higher amount than

their upper permissible limit. Chromium was only found higher in Control samples of both peel and pulp of
natural as well as artificially ripened peach fruits as shown in Table 2.10 Elemental Profiling of Selected
Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 66 Table 2.10: The mean

estimated daily intake (MEDI) (mg/kg) for adults of

essential elements in in CaC2 treated Peach fruits.
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The provisional tolerable daily intakes (PTDI) recommended by Joint
FAO/WHO Expert Committee on Food Additives

Elements Mean

Estimated Daily Intakes(MEDI)) Provisional Tolerable Daily Intakes

(PTDI) Peel Pulp mg/kg bw

T0 T1 T2 T3 T4 T0 T1 T2 T3 T4

Al 107.1 183.1 115.7 87.1 86.6 24.0 28.6 37.1 19.1 32.3 Si 0.0 3.1 3.1 8.0 3.4 0.0 1.1 0.0 0.0 0.0 50 P 1.4
2.0 1.4 0.9 2.0 0.0 0.0 0.0 0.0 0.0 3000 S 2.0 2.3 2.3 1.7 2.0 2.3 2.3 2.3 2.0 1.7 0.7 Cl 1.1 1.4 1.4 2.3 1.7 1.4
1.7 2.3 1.7 2.3 3.6 K 913.1 928.6 1180.0 657.1 877.1 1474.3 1554.3 2142.9 1257.1 1514.3 3500 Ca 488.6
514.3 614.3 700.0 785.7 477.1 502.9 911.4 968.6 780.0 2500 Cr 2.3 2.3 0.6 0.6 0.6 2.0 2.0 0.9 0.6 0.6 1.5
Mn 20.7 35.7 24.3 24.3 22.3 11.1 11.7 24.6 19.4 16.6 0.14 Elemental Profiling of Selected Natural and
Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 67 Fe 208.6 211.4 189.4 243.7 262.9
74.3 74.3 202.9 117.1 111.4 0.7 Ni 1.4 1.7 2.0 2.0 1.7 1.1 0.9 1.7 0.6 1.1 0.02 Cu 0.9 0.9 3.1 5.7 2.9 0.6 0.6
0.9 1.1 2.0 0.4 Zn 16.6 17.4 18.6 29.1 22.9 26.6 28.6 31.4 42.9 31.1 0.3 As 0.0 1.4 8.0 18.6 12.0 0.0 0.0 0.0
0.0 0.0 0.0003 Se 2.6 3.7 3.7 21.4 7.3 6.3 6.3 7.1 4.6 4.7 1 µg/kg bw Elemental Profiling of Selected Natural
and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 68 2.3.8. Non-Carcinogenic Risk
of Heavy Metals A detrimental impact on human health is the chronic low-level ingestion of toxic metal
elements. To determine

the potential health risks of heavy metal accumulation through

peach pulp, the THQ method was used. Peach consumption values for adults in Islamabad, Pakistan are
200 g/person/day. The THQ values of Cr, Mn, Fe,

Cu, Zn As, and Se due to peach consumption for residents of the study
area

. There is no apparent danger to the population when the THQ and HI values are less than1,

but if those values exceed one, there might be concern about possible non-
carcinogenic effects. The results indicate that, As contributes the

greatest to non-carcinogenic risk followed by Fe and Mn as shown in Table 2.11. Elemental Profiling of
Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 69 Table: 2.11:
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Hazard Index (HI) and Target hazard quotient (THQ) values

of the elements for consuming Peach fruits Hazard Index (HI) Elements Peel Pulp

T0 T1 T2 T3 T4 T0 T1 T2 T3 T4 Cr 1

.533333 1.533333 0.4 0.4 0.4 3.285714 3.285714 3.285714 2.857143 2.428571 Mn 147.8571 255 173.5714
173.5714 159.2857 1.333333 1.333333 0.6 0.4 0.4 Fe 298 302 270.5714 348.1429 375.5714 79.28571
83.57143 175.7143 138.5714 118.5714 Ni 10 12.14286 14.28571 14.28571 12.14286 106.1429 106.1429
289.8571 167.2857 159.1429 Cu 2.25 2.25 7.75 14.25 7.25 7.857143 6.428571 12.14286 4.285714
7.857143 Zn 0.83 0.87 0.93 1.455 1.145 1.5 1.5 2.25 2.75 5 As 0 4666.667 26666.67 62000 40000 1.33
1.43 1.57 2.145 1.555 The Target Hazard Quotient (THQ) Elements Peel Pulp

T0 T1 T2 T3 T4 T0 T1 T2 T3 T4 Cr 1

.64103E-06 1.64E-06

4.1E-07 4.1E-07 4.1E-07 1.44E-06 1.44E-06 6.15E-07 4.1E-07 4.1E-07

Mn 0.000159341 0.000275 0.000187 0.000187 0.000171 8.57E-05 9.01E-05 0.000189 0.000149 0.000127
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 70 Fe 0.000320879 0.000325 0.000291 0.000375 0.000404 0.000114 0.000114 0.000312 0.00018
0.000171 Ni 1.0989E-05

1.32E-05 1.54E-05 1.54E-05 1.32E-05 8.79E-06 6.59E-06 1.32E-05

4.4E-06 8.79E-06 Cu 2.30769E-06 2.

31E-06 8.46E-06 1.54E-05 7.69E-06 1.54E-06 1.54E-06 2.31E-06 3.08E-06
5.38E-06

Zn 8.92308E-07 9.38E-07 0.000001 1.

57E-06 1.23E-06 1.43E-06 1.54E-06 1.69E-06 2.31E-06 1.68E-06

As 0 0.005128 0.028718 0.066667 0.043077 0 0 0 0 0 Elemental Profiling of Selected Natural and Artificially
Ripened Fruits to Study Variations in Minerals/Heavy Metals 71 2.3.9. Arsenic Residues in CaC2 Treated
Peach Fruits Our data showed no residual arsenic in pulp of peach treated with CaC2. We also examined
peach peel of the selected groups, fruit peel has the maximum value of arsenic residues (6.5 mg/kg) 2.3.10.
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Validation of Role Peach Skin Hair It was noticed that peach fruit treated with CaC2 contain traces of arsenic
residue only on their skin. No arsenic traces were recorded in pulp part of CaC2 treated fruits. There are
certain study that reports that tiny hairs on peach skin offer protective role to inner part of fruit. In present
study we chose nectarines fruit which is closed to fruit both in structure and evolution. Nectarines are
regarded as shaved peaches as this fruit does not contain fuss or tiny hairs on skin. So, we treated the
nectarine fruit in the similar way as peaches were treated. 2.3.11. Elemental Profiling of Nectarines Fourteen
elements were detected in peel and pulp portions of nectarine. PIXE technique was used for elemental
profiling of nectarine .It showed

elements like Al, Si, S, P. Cl, K, Ca, Cr, Mn, Fe, Ni, Cu, Zn As

. Arsenic was detected in peel (5.6 ± 1.5 mg /kg) as well as pulp (7.2 ± 0.17 mg /kg) part of the CaC2 treated
nectarine fruit. Nectarine collected from local market also contained high amount of As residue in Peel (9.7 ±
0.433 mg /kg) and pulp (12.4 ± 0.336 mg /kg) part .Arsenic resides was not detected in control, untreated
nectarine fruit.Range of estimated daily intake Arsenic in nectarine fruit (37.33-82.66 mg /kg). THQ was
calculated for Arsenic less than one .

Therefore the consumption of nectarine fruit do not pose health

risk related to Arsenic toxicity but it

can easily added up to already available Arsenic exposure towards the
limits shown for several cancerous diseases

(Table 2.12). in Minerals/Heavy Metals 72 Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations Table 2.12. Concentrations of different elements (in mgkg-1) in nectarine peel and
pulp sample treated with different concentration of CaC2 Elemental profile of Nectarines Elements T5
(control) T6 (treated with CaC2 in lab) T7 (Market picked) Peel Pulp Peel Pulp Peel Pulp

Al Si P S Cl K Ca Cr Mn Fe

15.95± 0.29 0.6395± 0.07 ND 0.393± 0.09 1.8± 0.21 332.3± 7.5722 112.85± 11.5 0.04 + 0.00 3.3± 0.2
16.15± 3.53 12.1± 0.14 0.881± 0.09 0.258± 0.021 1.5±0.087 32.9± 2.6 1224.8±4.018 188.6±12.4 0.069±
0.007 7.6± 1.7 42.4±2.14 13.35± 0.28 0.392± 0.045 0.312± 0 .014 0.353± 0.043 1.15± 0.098 280±3.90
93.4± 13.9 0.0862 + 0.005 4.10± 0.35 23.9± 3.25 11.6± 0.29 0.861± 0.07 0.473± 0.091 1.0685± 0.10 26.05±
5.9 1058.85±1.21 223.3±13.27 0.0995± 0.0 7.50± 1.82 33.8± 6.08 12.9± 078 K20.649± 0.04 0.379± 0.085
ND 3.0± 1.2 153± 17.51 76.2± 2.51 0.799 + 0.04 1.7± 0.09 16.9±1.34 16.7±0.087 0.85± 0.07 0.179± 0.036
1.33± 0.1 1.99± 0.021 1075±17.023 189±15.5 0.07± 0.02 7.87± 0.87 59.5± 3.39 Elemental Profiling of
Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 73 Ni 0.351 +
0.01 0.372± 0.066 0.238± 0.08 0.606± 0.019 ND 0.564± 0.64 Cu 0.257± 0.004 0.437± 0.001 0.807± 0.009
0.311± 0.00 1.7± 0.13 0.23± 0.009 Zn 9.95± 1.5 9.1± 1.8 7.80± 2.3 13.3± 2.67 12.3±3.12 7.7± 2.45 As ND
ND 5.6± 1.5 7.2± 0.17 9.7± 0.433 12.4± 0.336 Elemental Profiling of Selected Natural and Artificially
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Ripened Fruits to Study Variations in Minerals/Heavy Metals 74 2.3.12. Principal Component Analysis of
Peach 2.3.12.

1. Measure of Sampling Adequacy The

sphericity test by Bartlett

was initially performed on the data and verified the appropriateness of
the principal component analysis

. The sphericity of the Bartlett

showed that the correlation matrix was at a enough level to carry out a

factor analysis on the data of each scale reaching a significant P < 0

.05 level. Table 2.13: Bartlett's sphericity test for Peach Fruit Chi-square 114.268 Degree of freedom 91
Significance 0.050 2.3.12.2. Principle

Component Analysis In order to categorize the minerals in term of smaller

set, the

data was subjected to the Principle Component Analysis (PCA). A total of four of the identical factor had the
eigenvalue exceeding one, accounting 100%of variation across the sample. The peach treated with different
concentration of CaC2

were evaluated for the presence and content of fourteen minerals

.

During the analysis, the main component 1 (PC1) was determined to
be primarily related to the minerals Al

, P, Cr, Fe, Mn, Ni, Cu, As and

the principal component 2 (PC2) related to Cl, Ca and Zn. The principal
component 3 (PC3) related to

S while the principal component 4 (PC) related to K (Table 3.10). The first component accounts for the
greatest variance (and thus has the highest value of its own), and
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the next component accounts for as much of the variance left over as it
can, and so on. Each successive part, therefore, accounts for less and
less variation. For the

reconfirmation of Eigenvalues we drew a Scree plot through XLSTAT. In this analysis, 100%

of the total variance of the data was accounted for with the significant
contributions of 37.095% for the first, 33.614% for the second

, 9.87% for the third and 7.732 for the principal components. Biplot showed that As, and Cu were significant
in peel samples of T3 and T4 treatment while Fe, Mn, Ni nd P were significant in peel samples of T0, T1 and
T2 treatment of CaC2 treated peach. Biplot showed that Ca, and Zn were significant in pulp Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 75
samples of T2, T3 and T4 treatment while S, K and Cr were significant in pulp samples of T0, and T1
treatment of CaC2 treated peaches.( Table:2.14) Elemental Profiling of Selected Natural and Artificially
Ripened Fruits to Study Variations in Minerals/Heavy Metals 76 Table: 2.14.

Eigenvalues, and loadings of the minerals analyzed in

Control and CaC2 treated Peaches PC1 PC2 PC3 PC4 Eigen value 5.193 4.706 1.382 1.081 Variability (%)
37.095 33.614 9.874 7.723 Cumulative % 37.095 70.709 80.582 88.306 Elements

Loading PC1 PC2 PC3 Al 0.756 -0.572 0.144 -0

.030 P 0.794 -0.492 0.120 0.079 S -0.245 -0.612 0.300 -0.555 Cl 0.049 0.863 0.086 -0.017 K -0.094 -0.521
-0.227 0.759 Ca -0.040 0.744 0.602 0.239 Cr -0.259 -0.820 -0.291 -0.078

Fe 0.906 -0.017 0.198 0.248 Mn 0.730 -0.213 0.534 -0.012 Ni 0.893 -0.069

0.000 -0.140 Cu 0.739 0.559 -0.299 -0.019 Zn -0.537 0.765 0.191 0

.017 As 0.808 0.419 -0.297 -0.127 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 77 Scree plot 6 100 5 Eigenvalue 4

1 Cumulative variability (%) 80 60 3 2 40 20 0 0 F1 F2 F3 F4 F5 F6 F7
F8 F9 Figure: 2.10 Scree plot of eigenvalues

and cumulative variability (%). Red line showed the contribution of each principal component.

X-axis represents the principal components and Y-axis represents
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represent eigenvalue Biplot (axes F1 and F2: 70.71 %) 4 3 2 PPT3 F2 (33.61 %) 1 0 -1 PPT1 -2 PPT0 -3 -4
-4 Zn Ca Se PST3 PPT4 Cl Cu As PPT2 S K Cr -2 PST4 Ni Fe Mn PST2 APl PST0 PST1 0 2 4 6 F1 (37.09
%)

Active variables Active observations Figure 2.11 .Principal component
analysis

of CaC2 treated peaches: graphs of scores and loadings. PPT0, PPT1, PPT2, PPT3 and PPT4 represent
the pulp of group T0, T1, T2, T3 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 78 and T4 while PST0, PST1, PST2, PST3 and PST4 represent
the peel/skin of group T0, T1, T2, T3 and T4 2.3.13. Confirmations of Arsenic Residues in CaC2 Ripen
Peach and Nectarine PIXE is an effective but non-destructive technique for elemental analysis that scientists
now regularly use to help answer questions. Although our data clearly demonstrated with enough evidences
that presence of As traces in treated peach and nectarine were only due to CaC2 treatment, still we further
confirmed the presence of As in our treatment groups of peach and nectarine using GFAAS, XRF and ICP-
MS as described in method (Figure 2.12 and Figure2.13). All of these techniques have also confirmed the
presence of As traces in different groups including market peaches and nectarines, though due to different
levels of sensitivities of these instruments a direct comparisons of the relative quantifications of Arsenic
detected in the samples was not possible, Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 79 Figure 2.12.

Analysis of peach fruits treated with

different concentrations of CaC2 and market fruit samples with PIXE, GFAAS, ICP-MS and XRF. Fresh
unripe peach fruit samples were divided into five different groups and treated with CaC2 from T0-T4 as
explained in Table-1. Presence of arsenic was analyzed in ground peach fruit peel samples

by four different independent methods, A) PIXE, B) GFAAS, C) XRF and D

) ICP-MS. X-axis represents CaC2 treatments and Y-axis represents presence of Arsenic in mg/kg
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 80 Figure.2.13. Analysis of nectarines fruits treated with different concentrations of CaC2 and market
fruit samples with PIXE, ICP-MS and XRF. Fresh unripe nectarine fruit samples were divided into three
different groups and treated with CaC2 from T5-T7 as explained in Table-1. Presence of arsenic was
analyzed in ground nectarine fruit peel and pulp samples

by four different independent methods, A) PIXE, B) GFAAS, C) XRF and D

) ICP-MS. X-axis represents CaC2 treatments and Y-axis represents presence of Arsenic in mg/kg 2.3.14.
Principal Component Analysis for Combine Mango and peach Fruits 2.3.14.
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1. Measure of Sampling Adequacy The

sphericity test by Bartlett

was initially performed on the data and verified the appropriateness of
the principal component analysis

. The sphericity of the Bartlett

showed that the correlation matrix was at a enough level to carry out a

factor analysis on the data of each scale reaching a significant P < 0

.05 level. Table Table:2.15 : Bartlett's sphericity test Chi-square 114.268 Degree of freedom 91 Significance
0.050 2.3.14.2. Principle

Component Analysis In order to categorize the minerals in term of smaller

set, the

data was subjected to the Principle Component Analysis (PCA). A total of three of the identical factor had
the eigenvalue exceeding one, accounting 85.85%of variation across the sample. The Mango and peach
treated with different concentration of CaC2

were evaluated for the presence and content of fourteen minerals

.

During the analysis, the main component 1 (PC1) was determined to
be primarily related to the minerals Al

,

P, S, Ca, K, Cr, Mn, Fe, Ni and

Se while

the principal component 2 (PC2) related to Cl, Cu, As and principal
component 3 (PC3) related to Zn (Table
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3.10). The first component accounts for the greatest variance (and thus has the highest value of its own),
and

the next component accounts for as much of the variance left over as it
can, and so on. Each successive part, therefore, accounts for Elemental

Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in

Minerals/Heavy Metals 81 less and less variation. For the

reconfirmation of Eigen values we draw a Scree plot through XLSTAT. In this analysis, 85.85%

of the total variance of the data was accounted for with the significant
contributions of 54.706% for the first, 18.723% for the second, and
12.422% for the third principal components (Table

2.16). When Biplot was sketched for mango and peach fruit treated with different CaC2 only Cl showed
significance in all mango samples. As and Cu were significant in peel samples of T1, T2, T3 and T4 while
Zn, Mn, K, Cr, and P were significant in pulp of T0, T1, T2, T3, and T4 as well as in peel of T0 (Figures 2.14
and 2.15). Table 2.16. Eigen values, and loadings of the minerals analyzed in Control and CaC2 treated
Mangoes and Peaches PC1 PC2 PC3 Eigen value 7.659 2.621 1.739 Variability (%) 54.706 18.723 12.422
Cumulative % 54.706 73.429 85.851 Elements Loading

PC1 PC2 PC3 Al 0.817 -0.168 -0.480 lP 0.673 -0.053 -0

.693 S 0.883 -0.279 0.308

Cl -0.494 0.570 0.157 K 0.398 -0.603 -0.055 Ca

0.814 0.020 0.499 Cr 0.565 -0.678 0.045 Fe 0.959 0.078 -0.116 Mn 0.941 -0.089 -0.025

Ni 0.950 0.091 -0.076 Cu 0.624 0.726 -0.079 Zn 0.685 -0.011 0.706 As 0.575

0.730 -0.257 Se 0.690 0.530 0

.253 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 82 Figure: 2.14 Scree plot of eigenvalues and cumulative variability (%). Red line
showed the contribution of each principal component.

X-axis represents the principal components and Y-axis represents

represent eigenvalue. Biplot (axes F1 and F2: 73.43 %) 5 4 As PST3 Cl Cu 3 Se 2 MT1 F2 (18.72 %) PST4
1 MT2 MT3 PST1 PST2 Ca Fe 0 MT4 Ni -1 MT0 PPT3 PPT2P Zn PPT1 Al Mn -2 S -3 PPT0 PPT4 -4 K
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PST0 Cr -5 -5 -4 -3 -2 -1 0 1 2 3 4 5 F1 (54.71 %)

Active variables Active observations Elemental Profiling of Selected

Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy

Metals 83 Figure 2.15..Principal component analysis

of CaC2 treated mangoes and peaches: graphs of scores and loadings. MT0, MT1, MT2, MT3 and MT4
represent the group T0, T1, T2, T3 and T4. PPT0, PPT1, PPT2, PPT3 and PPT4 represent the pulp of group
T0, T1, T2, T3 and T4 while PST0, PST1, PST2, PST3 and PST4 represent the peel/skin of group T0, T1,
T2, T3 and T4 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 84 2.4. Discussion Fresh fruits are of great value and widely used for dietary
purposes (Lim et al., 2007). Fruits are very

rich source of vitamins and minerals. It is

enriched with fibres and carbohydrates, and low fats contents. Fruits minerals increase the body resistance
against different environmental stresses and chronic diseases (Liao et al., 2019). Mango (Mangifera indica
L.) is a climacteric fruit and belongs to dicotyledonous family of Anacardiaceae. Mango is high perishable
fruit so it is mainly eaten as fresh fruit and it is also processed to manufacture puree, pickles, chutneys and
juice. Nutritionally mango has been reported to have a large variety of phytochemicals and nutrients. The
fruit majorly comprises of peel, pulp and a large seed and pulp portion is preferably edible as it contains high
dietry fibres, antioxidants such as vitamin C and polyphenols. It is commonly considered as “king of fruits” in
Pakistan due to its excellent flavor, color, nutritious quality, attractive fragrance, and more importantly its
delicious taste. Almost 250 mango varieties are cultivated in Pakistan, while the most important and
commercial cultivars are Anwar Ratul, Dasehri, Langra, Sindhri, Chaunsa, Maldha, and Fajri. Peach (Prunus
persica L) belongs to the rose family Rosaceae, is a climacteric fruit with high nutritional values. In Pakistan,
peach is grown predominantly in Pakistan's Khyber Pakhtunkhwa (KP) and Baluchistan provinces, but some
early maturing and low-chill cultivars are also distributed in the Punjab region of Pothwar. (Wasim, 2011).
The marketing of peach fruits and its reduced consumption are facing a problem of poor quality that is
deteriorated at the time of harvesting or by after harvesting processing (Ceccarelli et al., 2019). Peaches a
reservoir of macro and micro phytonutrients include carbohydrates, proteins, fats, vitamins (A, C, E,
riboflavin, thiamine, folate, niacin, and pyridoxine), and macro as well as micro minerals and fibres
(Iordănescu et al., 2015; Yangılar, 2016). Consumption of vitamin C-rich foods allows a person to develop
resistance to infections and improve the immune system (Boretti and Banik, 2020) and also helps to remove
dangerous “free radicals” that cause some cancers (Tsantili

et al., 2010; Mitić et al., 2013; Vinholes et al

., 2016). The variety Peach (

var. nectarina), commonly called nectarine, has a smooth skin. It is on
occasion referred to as a "shaved peach" or "fuzz less peach", due to
its lack of fuzz or short hairs
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Several genetic studies have concluded that nectarines are developed

due to a recessive allele, whereas the skin of a fuzzy peach is dominant

. The absence

of skin fuzz Elemental Profiling of Selected Natural and Artificially Ripened

Fruits to Study Variations in Minerals/Heavy Metals 85 will make nectarine
skins appear more reddish than those of peaches, leading to the Plum- like
appearance of the fruit. The lack of skin fuzz on the skin of nectarines also
suggests that their skin is bruised more easily than peaches

(Ngo

et al., 2019). Fruit ripening is a biochemical process which involves

a number of metabolic activities such as enhanced ethylene production and respiration, change in
carbohydrates, synthesis of carotenoids, degradation of chlorophyll and conversion of starch into sugars.
These activities lead to a series of physiological changes in color, taste, flavor, aroma and texture to
acceptable level. All these factors combine to develop a complete sensory and edible profile of a fruit (Lalel
et al., 2003). Application of artificial ripening agent can speed up the ripening mechanism when required.
Compared to control fruit, artificial ripening agents CaC2 hastened the ripening process and fruit attain fully
ripened stage in few days but can cause contaminations of heavy metals in and outside of fruits. PIXE has
ability to analyze low molecular weight samples without any pre-treatment (cause of any potential cross
contamination) which makes it relatively useful for the analysis of harmful traces in fruits and food samples
(Lucarelli et al., 2011; Ali et al., 2015). In this review, we highlighted the accuracy of the PIXE technique for
the rapid and precise investigation of various

major and minor elements in CaC2-ripened fruits. It is important to say

that PIXE is a superficial study (approximate penetration range of 2.3– 3.0
MeV protons is about 30 μm

) (Ali et al., 2015). The very small variations in elemental composition values suggest that PIXE is a flexible,
feasible and effective trace element analysis technique. To investigate the traces of arsenic and phosphorus
in artificially ripened mango and peach due to commonly used postharvest treatment of CaC2 in Pakistani
local markets, we treated un-ripened green but mature fruits (mango and peach) with different concentration
of CaC2. We also used a market mimicry treatment method used in our local markets (addition of CaC2
packets in fruit containers and kept for 2-4 days (Treated- 1). Different treatment groups were compared for
their elemental analysis with control (non-treated, Control) fruits (mango and peach) and fully ripened, ready
to eat mango and peach bought from local markets (Treated 4). The effect of CaC2 on the organoleptic
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characteristics of mango fruits was evaluated (Table-2). As expected the control mangoes showed delayed
ripening with green & yellow non-homogenous color even after 4-5 days and if kept longer its skin got
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 86 shrivelled due early picking from mango trees and without application of artificial ripening agent.
Mangoes of Treated 1 ripened in 2-3 days with homogeneous yellow color as expected. Application of CaC2
in treatment Treated 2 and 3, where we treated green mangoes only for 10 min could not successfully
helped ripening, may be continuous acetylene gas production is necessary to ripened fruits, so we observed
almost similar organoleptic characteristics as control mangoes with little bit more yellow patches than
control. Application of artificial ripening agent can speed up the ripening mechanism when applied, so fruits
of Treated 1 were fully ripened in 2-3 days with homogeneous attractive yellow color and nice texture that no
one can virtually distinguish from naturally ripened fruits. Whereas the dipping in CaC2 (Treated 2 and 3),
resulted in non-homogenous greenish yellow color due to short term exposure to acetylene gas produced in
the container, so the ripening was not properly initiated. No technical knowledge is necessary to use CaC2
anomalously, so usually higher or irregular quantities are used commercially to ripen immature fruits. Anjum
and Ali (2004) conducted a study to investigate the effects of different

calcium salts (calcium chloride, calcium sulphate and calcium
ammonium nitrate

) on organoleptic parameters and they concluded that these salts delayed the ripening process of mangoes
(cv. Kala Chaunsa) and positively influenced the skin and pulp colour but badly affected the aroma, flavour
and taste of mangoes and hence resulted in bad/poor eating quality. Another similar study was conducted by
Mehmud et al. (2015) and they used calcium carbide along with

calcium chloride, calcium sulphate and calcium ammonium nitrate to

investigate organoleptic parameters of Lokhna, Himsagor, Gopalvogh and Langra varieties of mangoes and
they concluded that CaC2 hastened the ripening process and improved the texture, aroma and taste of
mangoes. Padmini and Prabha (1997) reported that mangoes fruits treated with CaC2 attained attractive
yellow colour, because of high carotenoids content, earlier than untreated control group. Our results
corroborate with Padmini and Prabha (1997) and Mehmud et al. (2015). The pattern of concentrations of
elements in mango was observed in decreased order: K > Ca > Fe > Zn >Cl > M n > S > Cu > Ni.As can be
seen from Table 2.4, which implicates the importance of mangoes containing both major and trace elements
that are essential for our body. It is evident from the results presented that the mangoes tested contained
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 87 adequate concentration of macro elements and micro element. Akhtar et al. (2010) investigated
the nutrient profile of 4 different varieties of mangoes (Ratol, Chaunsa, Langra and Dushari), while Ayivor et
al. (2011) determined the elemental concentrations in wild mango (I. gabonesia) and they concluded in their
studies that mango fruit is rich source of micro and macro nutrients. Elemental profile of mangoes in current
study is in concert with Akhtar et al. (2010) and Ayivor et al. (2011). CaC2 is a grayish-black chemical that is
widely used in steel and agriculture industry

due to its low price and easy availability (Irniza et al
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., 2018). In agriculture settings, CaC2 has fruit ripening effect just like an ethylene (Hossain et al., 2015).
Actually when CaC2 reacts with moisture it produces acetylene contains 95 ppm phosphine (PH3) and 3
ppm arsine (AsH3) (Bingham et al., 2001) and other impurities which pose health hazardous effects of CaC2
(Ur-Rahman et al., 2008).The fruit‟s phyto-elemental composition varies due to different factors, which
include types of cultivars, agronomic differences, and climatic conditions and use of different ripening
agents. Practically, various ripening agents are in use to enhance the artificial fruits ripening without food
toxicity by adulteration of fruit‟s nutritional values and food adulteration is emerging issue that directly affect
the human health (Srivastava, 2015). Among different ripening agents, CaC2 sees an extensive use in
Pakistan and other Asian countries at commercial scale (Siddiqui and Dhua, 2010). It develops the attractive
smooth surface color whereas its use is also associated with human health issues (Hossain et al., 2015).
Therefore, globally, the use of calcium carbide was banned in 2006 by Food Safety and Standard Act
(FSSA) because its use can result in various health hazards. Yet, its use is violation of FSSA rules (Chandel
et al., 2018). After induced ripening of peach fruits with CaC2, a considerable variation in mineral profiling in
peel and pulp of control and experimental groups was detected (Table 2.8 and 2.9). In peel 15 minerals in
fruits of experimental groups were identified while in peel of control group 15 minerals were detected.
Additionally, P, As, Si and Se were absent in the pulp of control group but they were identified in pulp of
experimental group. The appearance of P and As may be due to release of PH3 and AsH3 gases when
CaC2 reacted with water as described in case of mangoes (Haturusihghe

et al., 2004; Hassan et Elemental Profiling of Selected Natural and Artificially

Ripened Fruits to Study Variations in Minerals/Heavy Metals 88 al., 2019; Abbas

et al., 2020). In our study

we reported 15 nutrients and the

results of this study were in accordance with the

study that was done to determine the nutritional profiles in 19 peach cultivars in Romania, but they reported
only 7 macro and microelement without noticing the effect of any ripening agents as this study has done at
the present (Iordănescu et al., 2015). In order to defend

against abiotic stress factors such as water loss, high UV and visible
radiation densities, or

extreme temperatures, plant surfaces play a key role,

but they are also crucial as a defense barrier against biotic threats,
such as the attack of pathogens or herbivores (Jeffree, 2006;
Stavrianakou et al., 2010; Karabourniotis et al., 2020). The

https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443970000&usg=AFQjCNGGW71aT3zXEy9NzQY3T4K8p_p8Ug
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443970000&usg=AFQjCNGGW71aT3zXEy9NzQY3T4K8p_p8Ug
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443970000&usg=AFQjCNGGW71aT3zXEy9NzQY3T4K8p_p8Ug
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443970000&usg=AFQjCNGGW71aT3zXEy9NzQY3T4K8p_p8Ug


6/17/2021 https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824…

https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824718&th=1… 95/166

91

44

44

44

44

126

surface of the peach fruit is covered by a dense layer of trichomes and
a cuticle underneath that protects it against an array of potential biotic
and abiotic stress factors. The two materials offer a dual protection against
the entry and chiefly the loss of water by the fruit

(Fernández et al., 2011).

Dense trichome layers may prevent water losses, either directly by
influencing the thickness of the boundary layer and hence the
respective resistance to water vapour diffusion

(Holmes and Keiller, 2002; Pshenichnikova

et al., 2019). There is also evidence that trichomes of a number of
plants, including A. thaliana, take part in the detoxification of heavy
metals (Broadhurst et al., 2004; Domínguez-Solís et al

.,

2004). There are, however, reports that in certain hyperaccumulators,
heavy metals are consistently concentrated at the base of trichomes

(

Psaras et al., 2000; Zhao et al., 2000

).

In fact, the structure and chemical constituents of trichomes may
change due to the particular light regime, herbivore damage,
wounding, water stress, salinity and the presence of heavy metals. Hence,
trichomes represent dynamic protective structures that may greatly affect
the outcome of many plant–environment interactions

. In current study peach fruit is treated with CaC2 and PIXE based elemental analysis revealed that
carcinogenic traces of arsenic were trapped in the surface of fruit. Absence of arsenic residues in peach fruit
pulp indicated that tiny hairs on peach fruit skin is offering protection to inner edible part. To confirm the
protective role of peach skin we included nectarines in this study. Nectarine and peach belong to same
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family and nectarine is known as shaved peaches because they lack fuzz or tiny hairs on their surface.
Elemental analysis of nectarine fruit treated with different amount of CaC2 revealed that arsenic is present in
nectarines pulp as well as peel. Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 89 Additionally, on the basis of concentration levels, after
treatment with CaC2, the Ca level increased whereas the K level decreased in peel of both experimental
and control groups. In comparison with this phenomenon, there was an increase in concentrations of all
detected minerals in the pulp of experimental group

as compared to pulp of control group (Table 1

). The high concentration level of K and Ca in our study was in accordance to the previous report from
Turkey (Yangılar et al., 2016) and the high content of macronutrients in peel and pulp of peach fruits is
supported by another study in Tunisia (Dabbou et al., 2017). Moreover, among all detected elements, there
was a high level of K and Ca in pulp of either group, as previously reported in pulp of Apricot in study
conducted in Northern areas of Pakistan (Per et al., 2007).

A benchmark dose of As (0.3 to 8 μg/ kg body weight/ day) causing

cancer was

calculated by

European Food Safety Authority (EFSA) recently, while its

also reported that people on average consume between 0.13 -

0.56 μg/ kg body weight/ day of inorganic arsenic

(Gundert-Remy et al., 2015). Daily intakes of As can cause several disease and illness ranging from
digestion disturbance to cancer. Our results of EDIs of these toxic elements are lower than their PTDI values
expect As. Our results showed the in mango EDI values for

Ca, Cr, Mn, Fe, Ni, Cu, Zn, As are shown in

table 2.10. Our PIXE data showed As consumption ~1-9.8µg/kg body weight (bw) per day. We tried to
calculate daily approximate amount of As intake due to consumption of ~200 mg of CaC2 treated peaches (

mg/kg bw day) in Pakistan and

our PIXE data showed As consumption ~1.4- 18.6 mg/
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kg body weight (bw) per day. Although THQ value for

arsenic was calculated less than 1. Although the consumption of such fruits do not pose health risks related
to As toxicity but As intake of artificially ripened fruits

can easily added up to already available As exposure towards the
limits shown for several cancerous diseases. Alarmingly, the study

reported high concentration of As (3.33 ppm and 1.22 ppm in peel and pulp, respectively, of experimental
groups). This quantity of arsenic is high as compared to that arsenic of quantity (3 ppm) produced from the
acetylene by use of CaC2 (Siddiqui and Dhua, 2010). Generally, in Pakistan, peach fruits are being eaten
with their peel. This is very injurious to health because higher exposure resulted in accumulation of fluids in
the lungs and problems in gastrointestinal tract (GIT) such as peptic ulcer (Bingham

et al., 2001; Per et al., 2007; Ur-Rahman et al., 2008

; Asif, 2012;). Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 90 2.5. Conclusion

Present study was aimed to explore the elemental profile of

mango and peach fruit, artificially ripened by CaC2. Selected fruits were sampled directly from orchids and
these fruits were treated with different concentration of industrial grade CaC2. Elemental appraise showed
that both mango and peach are very good source of micro and macro elements. Elemental analysis
revealed that CaC2 fruit contain higher amount of arsenic and phosphorus both on fruit surface (peel) and
pulp. Absence of arsenic traces in control group confirmed that source of heavy metal contamination is
CaC2. Our elemental analysis of commercially available CaC2 itself, showed the presence of arsenic and
phosphorous. Elemental concentration obtained through PIXE was further confirmed by XRF, GFAAS and
ICP-MS. Estimation of arsenic in commercially ripened fruits can also be employed as a tool to differentiate
fruit ripened by CaC2 or other human safe methods. Apart from this, the findings of this study are valuable to
create awareness on the effect of CaC2 on fruit‟s nutritional value and human health. Therefore, it is a dire
need to ban

the use of calcium carbide as a fruit ripening agent

. Furthermore, the research recommends the food regulating authorities to take controlling measure against
the fruit ripening in Pakistan. Also, there is an imminent need to develop the guidelines for the use of CaC2
and its permissible exposure limits for various fruits ripening in different agriculture settings. Further studies
therefore call for the active involvement of politicians, government agencies, producers, manufacturers,
scientists and consumers in addressing the various aspects of artificial fruit ripening. Elemental Profiling of
Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 91 MATERIALS
AND METHODS Part 2 Elemental Profiling of Selected Fruits from Local Markets to study Variations in
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Mineral/Heavy Metals Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study
Variations in Minerals/Heavy Metals 75 MATERIALS AND METHODS Abstract The macro and
micronutrients present in the food are essential for a healthy life. The exact amounts of these elements
present in the food items must be measured to understand the nutritional balance of the diets. In addition to
the macro and micronutrients, sometimes toxic heavy metals are also present in food. The toxic heavy
metals in food are often linked to many ailments in the modern context. The toxic heavy metals get
accumulated through food chains and also enter into human bodies through direct and indirect consumption.
Cancers, kidney diseases and neurological disorders are frequently associated with the fruits heavy metals.
The assessment of elemental contents in fruits is important for making the decisions on the nutrient
richness, safety and to provide detailed nutrient profiles of the food items

for the consumers The study was aimed to determine the

certain fruits for their mineral content, Health hazard and Targeted health Quotient. We selected and
purchased eight different fruits (Apple, Apricot, Banana, Date, Fig, Guava, Persimmon and Plum) from
different local market of Islamabad Aabpara Market, Itwar Bazar, Metro Super Market, Mandi Mor and Street
Vendor to detect the elemental compositions using

Proton Induced X-ray Emission (PIXE) and X-ray fluorescence (XRF

) methods. Fruit samples from market and control fruits were oven dried and ground to fine powder. Pellets
of 2 mm thickness and 13 mm diameter were prepared using Laboratory Hydraulic Press and

samples were irradiated with 3 MeV collimated protons from the 5 MV

tandem accelerator

. The

X-rays emitted during irradiation from the samples were measured by
Silicon Drift Detector

(SDD) and the acquired X-ray spectrum was analysed by using the software GUPIXWIN. PIXE elemental
profiling of the fruit samples was further validated by

X-ray Fluorescence Spectroscopy (XRF). This technique confirmed the
presence of

essential mineral along with arsenic, cadmium, mercury and lead traces in different fruits from different fruit
market. Results of this part showed that all fruits contained significant concentrations of these essential
minerals. Heavy metal such as arsenic was detected in every fruit sample except Persimmon and fruit from
Aabpara Market was likely to contain arsenic in almost significantly amount. Mercury was detected in guava,
Persimmon, Date and Plum and fruit from Madi Mor was likely to contain mercury in almost significantly
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amount. Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 92 MATERIALS AND METHODS Cadmium was detected in Apricot, Apple and Fig
and fruit from Aabpara Market was likely to contain cadmium in almost significantly amount. Lead was
detected in Plum and Persimmon and fruit from Aabpara Market was likely to contain lead in almost
significantly amount. THQ value for arsenic was calculated less than 1 all fruits except in guava where THQ
of arsenic was in range of 1.8-3.2 while THQ for Cd, P bang Hg was calculated less than 1. Results showed
that arsenic contaminated Guava fruit can pose serious health hazard to consumers.

To determine the most important variables that explain the
relationships, the

PCA model was applied to all data; between the

elements present in under examined fruits. Arsenic residues were found significantly in control group of
Apple and Apricot whereas guava, Banana, and Date from Itwar Bazar. Hg and Pb residues were found
predominantly significant in Persimmon and Plum while Cd residues were found significantly in Fig fruit. The
Selected fruits were estimated as a good source of essential minerals but there were contamination of few

heavy metals like As, Hg , Pb and Cd which

can be hazardous for the consumer health. Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 93 3.1.1. INTRODUCTION Mineral components assume
a significant job for the nourishment of individual. Products of the soil are one of the critical wellsprings of
mineral components. Overabundance or absence of mineral components in food may cause a few problems
in human wellbeing and individuals may expose to different illnesses. Expanded utilization of foods grown
from the ground can improve the degree of mineral guideline and diminish cardiovascular sicknesses and
certain malignant growth chances. Minor

components don't give any calories however they keep up the body pH,
osmotic guideline and utilized as coenzyme which control the

digestion. In this manner, appraisal of micronutrients and basic minor components levels of foods grown
from the ground is a rising pattern in wholesome investigations over the world. 3.1.2. Fruits and Human Diet
An organic product

is the adult ovary of a plant or the delicious consumable piece of woody
plants, while vegetables are the palatable parts of a plant that can be
eaten, for example, the leaves, stem, tubers, roots and bulbs, the sweet and
meaty result of a tree or other plant that contains seed and can be eaten as
food
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. Healthfully, products of the soil are energy-thick nourishments containing nutrients, minerals, fiber and
other bioactive mixes (Lius et al. 2000; Van Duyn and Pivonka, 2000; Lewis, 2002; Mauseth, 2003; Minath et
al., 2012).

Fruits are natural staple food of humans, which consist of major proportion of

essential nutrients

,

prevent all diseases and keep a person energetic throughout his

life (Zahir et al., 2009).

Fruit consumption reduces the risk of various critical diseases including
cardiac and nerve disorders

, and cancer too (Block et al., 1992, Dauchet and Dallongeville, 2008). Fruits have been considered as
important dietary item with many health benefits, because they have natural antioxidant compounds, which
decrease the rate

of cardiovascular and other chronic diseases

(Isabelle

et al., 2010, Gil et al., 2002

). Fruits possess antioxidants and other agents with therapeutic properties including

carotenoids and polyphenols such as anthocyanins, phenylpropanoids,

flavonoids, phenolics

etc. (Gorinstein et al., 2004). Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study
Variations in Minerals/Heavy Metals 94 Fruit quality contains nutrients (for example, minerals, dietary fibres
and vitamins) and health benefits (for example, antioxidants) which are pleasing factors in consumer
preference (Layne and Bassi, 2008).

Fruits and vegetables are wealthy sources of potentially bioactive
compounds i.e. phytochemicals
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(Palafox‐ Carlos et al., 2011). Research revealed that the health benefits of the fruits are due to the
synergistic and additive combinations of phytochemicals, having strong antioxidant activity including
ascorbic acid, flavonoids, carotenoids and others (Liu, 2003).

Fruits such as mango, okra and eggplant are good sources of soluble
fiber, which

lowers the

glycemic index of foods and have beneficial effects on cardiovascular

diseases, type 2 diabetes and obesity

(Humble et al., 1992, Khaw and Barrett-Connor, 1987, Larsson et al., 2009, Meyer et al., 2000). A few
natural products are wealthy

in carotenoids, which are thought to draw in creatures as dispersers
through their brilliant tones (for

instance,

β-carotene, α carotene, and lutein in mangoes, lycopene

in tomato;

lycopene and β-carotene in red grapefruit; capsanthin, β- carotene, lutein,

and violaxanthin in red pepper). Lycopene is a methyl-spread carotenoid,

with no provitamin An action. It is a powerful lipophilic

cell reinforcement having more noteworthy cancer prevention agent movement than different carotenoids,
and has been demonstrated to be defensive against prostate malignant growth and cardiovascular
sicknesses (Fraser and Bramley, 2004). Epidemiological and mediation considers have connected β-
carotene utilization to expanded anticipation against cardiovascular illness, including cerebral dead tissue,
ischemic stroke, protection from LDL oxidation and carotid atherosclerosis (Bjelakovic et al., 2012, Fraser
and Bramley, 2004, Riccioni et al., 2010) Organic products are rich wellsprings of polyphenols that have
procured striking recognizable proof as of late as being significant phytonutrients, bringing down the danger
of ongoing illnesses, for example, cardiovascular infection, malignant growth, weight and metabolic disorder.
Anthocyanins speak to a subset of flavonoids with high cancer prevention agent limit and strong wellbeing
advancing impacts. As a component of the human eating regimen, they offer obstruction against malignancy,
thwarting both the inception and movement phases of tuMor advancement (Tsuda et al., 2003), Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 95
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smothering fiery inducers of tuMor commencement, limiting angiogenesis, and diminishing malignant growth
actuated DNA harm in creature sickness models. Anthocyanins likewise cover

against cardiovascular illness and age-related degenerative sicknesses

connected with metabolic

disorder (Hou et al., 2004, Renaud and de Lorgeril, 1992), improve visual keenness, have calming action
and repress heftiness and diabetes (Shin

et al., 2006, Matsumoto et al., 2003, Tsuda et al

., 2003). Speak connections between's use of flavonol-rich weight control plans and the advancement of
specific malignant growths, cardiovascular sickness and age-related degenerative illnesses (Hertog

et al., 1993, Knekt et al., 1996, Seeram et al., 2004) have been uncovered

by the

information from cell-based examines and taking care of preliminaries with creatures just as in human
epidemiological examinations. Another significant gathering

of plant-based bioactive polyphenols is the hydroxycinnamic corrosive

esters, of which chlorogenic corrosive is the major dissolvable phenolic
in solanaceous species, for example, potato, eggplant and tomato just as in
espresso. Chlorogenic corrosive is quite possibly the most abundant polyphenols
in the human eating routine and is the significant cell reinforcement in the normal

created world eating regimen. It has

exceptional cancer prevention agent movement, and its utilization can restrict weight gain and glucose
assimilation (Thom, 2007).

Epicatechins are the major polyphenolic mixes in green tea, and the

main dynamic segment is believed

to be epigallocatechin gallate. Human, cell and creature contemplates

have indicated that

concentrate of green tea for example epicatechins forestall malignancy improvement, particularly prostate
disease (Cornwell et al., 2004, Dixon and Ferreira, 2002). Comparative impacts might be obtained by
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utilizing Plump organic products, for example, blueberry, grape and cranberry or by using

berry-juice items; these have similarly elevated levels of epicatechins and
catechins, which additionally guard against cardiovascular

illness (Dell'Agli et al., 2004). Dietary mediation considers uphold the view that utilization of organic product
(particularly when supplanting calorie-thick food) helps with holding a solid weight and limit the danger of
cardiovascular sickness (He

et al., 2007, He et al., 2006, Lichtenstein et al., 2006) and a wide scope of

tumors (Tohill

et al., 2004, Marmot et al., 2007). Thus, Elemental Profiling of Selected

Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy

Metals 96 dietary improvement

by improving natural product to contain more elevated levels of phytonutrients and strands or by expanding
organic product utilization ought to positively affect the event and advancement of constant illness. Such
improvement of organic product yields could be satisfied through marker-helped choice utilizing existing
variety or hereditary alteration (Butelli et al., 2008). Advantages realistic from utilization of leafy foods are
more prominent life expectancy, improved emotional well-being (Conner et al., 2017), better cardiovascular
wellbeing (Oyebode et al., 2014), decreased dangers of certain malignant growths (Boffetta et al., 2010) and
weight the executives (Rolls et al., 2004).

In a study conducted in the USA, lower risk of obesity was observed
among healthy middle aged women who consume fruits and
vegetables. Specifically, fruits contain sufficient potassium, which are
needed to reduce the effect of bone loss and occurrence of kidney stones.
Fruits assist in proper functioning of the brain as it stimulates the memory
recall and supplies the human body with fibre needed for a healthy digestive
system. Fruits are also rich in dietary nutrients such as potassium,
antioxidants and folic acid; consumption of fruits guarantees optimum
health, gives instant energy to the body and provides vitamins and minerals
that are beneficial to body functioning. In addition, vegetables are important
as they help improve overall health, protect the vital organs of the body,
assist in weight control, and promote healthy skin and hair. They also give
abundant antioxidants that help keep diseases away from the body and aid
in digestion by preventing constipation, haemorrhoids and diarrhoea
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(Ness and Powles, 1997; Ridgewell, 1998; Law and Morris, 1998; Tribble, 1999; Kozlowska et al., 2014)
3.1.3 Apple (Malus domestica) Apples are plentiful in nutrients and minerals. Devouring these natural
products help weight reduction, improves cerebrum wellbeing, gives cell reinforcements, diminishes the
danger of metabolic condition and forestalls a few types of malignant growths. All pieces of the organic
product,

including the skin, aside from the seeds, are appropriate for human
utilization. The center, from stem to base, containing the seeds, is normally

not eaten and is

disposed of.

Apple skins and seeds contain different phytochemicals, especially

polyphenols which are under starter research for their potential

wellbeing impacts (Ribeiro et al., 2014). There are in excess of

7,500 known cultivars (developed Elemental Profiling of Selected Natural and

Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 97

assortments) of apples

(Elzebroek and Wind, 2008). Various cultivars are accessible for mild and subtropical atmospheres.

The apple is thought to have been tamed 4000–10000 years prior in the
Tian Shan mountains, and afterward to have gone along the Silk Road to
Europe, with hybridization and introgression of wild crabapples from Siberia
(M. baccata), the Caucasus (M. orientalis), and Europe (M. sylvestris). Just the
M. sieversii trees becoming on the western side of the Tian Shan Mountains
contributed hereditarily to the tamed apple, not the disengaged populace on the
eastern side

(Duan et al., 2017). 3.1.4. Banana (Musa acuminata) Banana, belongs to the banana family Musaceae, is a
climacteric fruit with high nutritional values and ranked

among the top ten food commodities of Southeast Asia, Africa, and Latin
America

. In Pakistan Banana is cultivated in area of 349,000 ha with annual production 29.7 million ton and
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in Sindh Province of Pakistan, commercial cultivation of banana
spreads over the districts of Hyderabad, Thatta, Khairpur, and
Nawabshah

(Irfana et al., 2015). Bananas are economical source of energy as they deliver good amount of potassium
and carbohydrate, one medium banana provide 422 mg and 27g potassium and carbohydrate respectively
(Rahman et al., 2014).

It contains vitamins A, B6, C and D as well as potassium (that prevents
muscle spasms). Banana helps the body to Fight against ulcers; it is
also useful in the treatment of anaemia, burns, wounds and arthritis

.

Its main benefits include mood improvement, weight loss and
promotion of the human muscles and bones

(Sampath et al., 2012). 3.1.5. Guava (Psidium guajava) Guava (Psidium guajava), belongs to genus Psidium
and family Myrtaceae, is fast growing tropical and subtropical specie and in can grow and tolerate range of
einvronmental conditions (Rai et al., 2013).

It is a super fruit rich in vitamins and minerals due to the bioactive
compounds present in it. It has anti-allergenic, antimicrobial, anti-
thrombotic and anti-artherogenic effects (Mitra, 2015). It also has antioxidants
that help protect the body cells from damage

. Guava fruit has low calories and fats but high quantities of vitamins, minerals, and antioxidants and
flavonoids that are helpful in prevention of cancers, aging, and infections.

Guava fruit is an excellent source of vitamin A, vitamin C, dietary Fiber,
and

minerals like phosphorus, calcium, iron, amino acid (thiamine) and proteins, (

niacin, riboflavin and carotene) etc (Murmu & Mishra

, 2018). Its consumption reduces
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serum cholesterol levels, triglycerides, and Elemental Profiling of

Selected Natural and Artificially Ripened Fruits to Study Variations in

Minerals/Heavy Metals 98 hypertension while increasing the level of good
cholesterol (HDL) (Mangaraj & Goswami, 2011

). 3.1.6. Date (Phoenix dactylifera L) Date natural product experimentally called Phoenix dactylifera L, have
a place with the palm family Arecaceae or Palmae.

Dates have high caloric substance, low protein and fat substance,

moderate wellsprings of

nutrient, sufficient measures of

pyridoxine, niacin, pantothenic corrosive, riboflavin and nutrient K. They
are likewise plentiful in minerals, for example, magnesium, manganese,
selenium, potassium, copper, iron and calcium. The

organic product fixes paleness, treats sexual shortcomings, night visual impairment, obstruction and
looseness of the bowels, forestalls stomach malignancy and fortifies the human bones. It likewise keeps a
sound sensory system attributable

to the presence of potassium found in the cells and body liquids required

for the control of the body's pulse and circulatory strain level. Its iron
substance makes it reasonable for pregnant ladies as it forestalls drain after birth;
it has against maturing benefits because of the presence of cell reinforcements that
manages destructive free extremists in the body

. (Zohary et al., 2012). 3.1.7. Persimmon (Diospyros kaki L) Persimmon natural product (Diospyros kaki L.),
otherwise called 'Sharon natural product', 'Caqui', 'Kaki', and 'Japanese Persimmon', is a beefy and sinewy
tropical natural product that has a place with the

Ebenaceae family. It is normally developed in warm areas of the world including
China, Korea, Japan, Brazil, Turkey, and Italy (Itamura et al., 2005;
Yokozawa et al., 2007). The Persimmon

isn't so famous in European people group however its interest is expanding attributable to customer's
mindfulness with respect to its concealed wellbeing advancing potential. Mediterranean district is likewise
appropriate
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for Persimmon creation that has reached as much as 110,000 tons (Jung
et al., 2005; Luo, 2007; Bubba et al., 2009

). Persimmon organic product contains bioactive mixes, for example, fiber, nutrient C, carotenoids just as
miniature and large scale minerals with significant wellbeing advancing impacts. The use of Persimmon
products of the soil bioactive segments might be a decent technique to improve the wellbeing status of the
populace. New and dried Persimmons are significant dietary item,

which have high substance of sugars, as glucose and fructose as a
wellspring of energy

(Díaz et al., 2020). Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations
in Minerals/Heavy Metals 99

Persimmon leaves have helpful impacts against oxidative pressure,

hypertension, diabetes mellitus and its difficulties, and atherosclerosis
(Kotani et al., 2000; Wang et al., 2004). The bioactive segments present in it
particularly carotenoids and tannin are useful in extinguishing free revolutionaries,

diminishing cardiovascular danger factors (pulse and cholesterol), and lessening

the dangers of diabetes mellitus alongside viability against malignant growth

uprising (Park et al., 2002; Lee et al., 2006

). 3.1.8. Plum (Prunus domestica) Plums are a kind of drupe organic product that have a place with the
subgenus Prunus (family Rosaceae). Dried plums are generally known for their diuretic impact, which is
ordinarily credited to their dietary fiber content (Tinker et al., 1991), but on the other hand is likely affected by
the critical measures of phenolics (e.g., chlorogenic corrosive) and sorbitol present in the organic product.
Dried plums are a wellspring of dietary fiber, yet in addition a decent wellspring of potassium and nutrient K.
3.1.9.

Apricot (Prunus armeniaca L) Apricot (Prunus armeniaca L

.) has a place with family Rosaceae. Organic product shading

ranges between orange to orange red and a few cultivars are cream
white to greenish white (Ruiz et al. 2008; Riu-Aumatell et al. 2009).
Apricot began in China and Central Asia (Yuan et al., 2007

). It is burned-through in new,
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dried and frozen structures or utilized for planning of jam, jams, and

jellies (Chauhan et al., 2001). Apricots contain shifted measures of basic minerals, nutrient A, nutrients

C, K, E, thiamin (B1), riboflavin (B2), niacin (B3), pyridoxine (B6), folic
corrosive (B9

), natural acids (Gurrieri

et al. 2001; Hasib et al., 2002; Munzuroglu et al., 2003; Ali et al

.,2011). Normal scopes

of protein and fat in Apricot natural product is 1.4-2.0% and 0.4-0.6%

individually. The oil substance of seed goes from 40-52%, which is wealthy

in unsaturated fats (Alpaslan and Hayta, 2006). Apricot natural product contain
various degrees of phytochemicals such aspolyphenols (phenolic acids and
flavonoids) and carotenoids that contribute

fundamentally as they would prefer, shading and healthy benefit (Dragovic-Uzelac et al. 2007). The cancer
prevention agent

properties of Apricot natural product are credited to its rich
phytochemical

structure (Halliwell and Aruoma, 1991; Leccese et al. 2007). Apricot Elemental Profiling of Selected Natural
and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 100 supplies huge measures of
fiber (solvent and insoluble) (Chang et al. 2006; Ishaq et al. 2009). 3.1.10. Fig (Ficus carica)

Ficus carica L., a deciduous tree having a place with the Moraceae
family, is one of

the most punctual developed natural product trees and have in excess of 750 knowing species (Solomom et
al., 2006; Akbasa and Ozdemirb, 2008). Products of

F. carica can be eaten new or dried or utilized as jam. Figs are utilized as
a superb wellspring of minerals, nutrients, sugars, and dietary fiber since it
is fat and cholesterol free and contain high number of amino acids
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(Solomom et al., 2006).

They can be shown to be a predominant wellspring of minerals and
nutrients, giving per 100 g serving the accompanying: iron, 30%; calcium,
15.8%; potassium, 14%; thiamin (B1) 7.1%; and riboflavin (B2) 6.2%. Figs are
without sodium just as fat and cholesterol free (Lisanju et al., 2003; Solomom et al

., 2006). F.

carica has been generally utilized for its restorative advantages as
metabolic, cardiovascular, respiratory, antispasmodic, and mitigating

cure

.

F. carica contains numerous phenolic exacerbates that assume numerous

physiological jobs in plants. Some of them are additionally great for

human wellbeing, since they

can go about as a cancer prevention agent. Fig natural products contain at any rate 17 kinds of

amino acids, among which aspartic corrosive and glutamine are the
most noteworthy ones

(Lisanju et al., 2003; Solomom et al., 2006).

Dried figs likewise contain moderately high measures of unrefined filaments

(5.8%, w/w), higher than those of any remaining regular natural
products

(Vinson et al., 2005; Solomom et al., 2006). Over

28% of the fiber is of the solvent sort, which has been appeared to help in
the control of glucose and blood cholesterol and in weight reduction.

Dried figs likewise contain perhaps the most elevated grouping of polyphenols
among the
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normally devoured products of the soil (Vinson, 1999; Vinson et al., 2005; Solomom et al., 2006). 3.1.11.
Classification of Elements in Plants Elements can primarily be categorized into two classes depending upon
their essentiality in plants. Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study
Variations in Minerals/Heavy Metals 101 3.1.11.1. Essential elements As the name indicates, these elements
are inevitably required by plants either in large concentrations or minute concentrations. Essential elements
are further classified into two categories: ‣ Macroelements: Such elements

which are required by plants in higher concentrations for their growth

and development are macroelements. They

include carbon (C), hydrogen (H), oxygen (O), nitrogen (N),
phosphorus (P), potassium (K), sulfur (S), calcium (Ca) and

magnesium (Mg

). ‣ Microelements: Such elements which are required by the plants in trace concentrations are
microelements. They include

iron (Fe), nickel (Ni), zinc (Zn), manganese (Mn), copper (Cu),

molybdenum (Mo

), chloride (Cl) etc. Any disturbance in the optimum levels of macroelements and microelements i.e. their
excess or deficiency affects the metabolism and physiological processes in the plants. 3.1.11.2. Non-
essential elements These elements are not essential for plants. Rather, their exposure or accumulation in
the plants due to environmental pollution and soil contamination leads to detrimental effects.

Arsenic (As), lead (Pb), cadmium (Cd), chromium (Cr) and mercury
(Hg

) are some examples of non-essential elements. 3.1.11.3. Effects of Elements on Living Organisms
Contamination of the food chain due to water and soil contamination has become a grave issue all over the
world. It increases the level of the elements like lead, arsenic, cadmium and cobalt in crop plants that are
deleterious to organisms even in minute concentrations. Essential elements e.g. zinc, iron, calcium,
magnesium, sodium and potassium are not dangerous at optimum level but their enhanced level inserts
troublesome threats to life. There are about 30

chemical elements that play an essential role in many physiological and
biochemical mechanisms in living organisms, and documented as
essential elements Elemental Profiling of Selected Natural and Artificially Ripened

Fruits to Study Variations in Minerals/Heavy Metals 102 for life. Actually, for numerous

food constituents, the consumption of metal ions can be a two-edged sword.
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Majority of the known metals and metalloids are very toxic to living
organisms

. Recently, the association between diet and health has gained a great significance in scientific research for
the identification of the certain plant moieties that show health benefits (Palafox‐ Carlos et al., 2011).

Throughout the last decades, the high demand of food safety has awaken

researchers to think about the risk related to the use of food adulterated

by toxins, heavy metals

and pesticides (D'Mello, 2003). The main objective of the present research to find out major, minor and trace
elements with further insight into their potential health hazards and targeted health

quotient.in

some selected fruits samples which are commonly consumed by both rural and urban population of
Pakistan. We will also compare our findings with other such studies in different parts of the world and
discuss how they made rules to avoid this major human health concern through their environmental and
food protection agencies. Main objectives of this study are: ? To carry out quantitative assessment of macro
and micro elements of selected fruits commonly available in markets and estimate their daily reference
intake, Hazards index and Targeted Health Quotient. ? To carry out different statistical analysis

to determine the most important variables that explain relationship

between elements and selected fruits. Elemental Profiling of Selected Natural

and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 103 Materials

and

Methods Materials and Methods 3.2.1. Sample Collection The fruits were collected from four different local
markets of Islamabad Aabpara Market, Itwar Bazar, Mandi Mor, and metro Super Market and fruit Street
Vendors. Fruits used as samples were

Apple (Malus domestica), Apricot (Prunus armeniaca), Banana (Musa

acuminate), Date (Phoenix dactylifera),

Fig (Ficus carica), Guava (Psidium guajava

), Persimmon (Diospyros virginiana) and Plum (Prunus domestica). Same fruits were also collected directly
from trees of private orchids and such fruits were used as control sample for this study. After collection, the
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69

235

235
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194

78

samples were stored in polythene bags and were transferred to the
Stress Signalling Laboratory

for further experiments. The

samples were rinsed with tap water in order to remove any adhered
dust particles

and afterwards they were again

washed with deionized distilled water (DDW

). After washing,

edible and non-edible parts of samples were

separated.

Non-edible parts were discarded, while edible parts were dried in an oven at
70–80 oC for 48h. The dried samples were chopped and grinded into fine
powder, and were again stored in polythene bags at room temperature for

further

study. The details of all the collected samples is given in

table 3.1. Table.3.1. List of selected

fruits collected from different markets of Islamabad, Pakistan. Samples Ids Fruits treatment and collection
details Group-1 Control Control non-treated fruit samples were kept inside corrugated wooden container
(dimension 7״ x 12״ x 26״). Group-2 Aabpara Market Fruits collected from Aabpara Market situated in

south west of Sector G-6, Islamabad, along Khayaban-e-Suharwardy

. Group-3 Super Market Fruits collected from Metro Cash & Carry situated at Laila Road, I-11, Islamabad,.
Group-4 Itwar Bazar Fruits collected from Itwar Bazaar located in H9 Islamabad, near Peshawar Morr,
Islamabad Group-5 Group 6 Street Vendor Mandi Mor Fruit purchased from local Street Vendors in
Islamabad Pakistan Fruits collected from Mandi Mor located at I.J.P. Road, I-10, Islamabad Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 104
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Materials and Methods 3.2.2. Elemental Profiling of selected fruits from local markets. 3.2.2.1. Sample
Preparations Same as in PART I Material and Methods. 3.2.2.2. PIXE Analysis Same as in PART I Material
and Methods. 3.2.2.3. Data Analysis Same as in PART I Material and Methods.. 3.2.3. Confirmation of heavy
metals residues by XRF Same as in PART I Material and Methods. 3.2.4. Calculation of Estimated Daily
Intakes of Trace Elements Same as in PART I Material and Methods. 3.2.5. Health Index (HI) Same as in
PART I Material and Methods. 3.2.6. Non-Carcinogenic and Carcinogenic Risk Same as in PART I Material
and Methods. 3.2.7. Statistical Analysis 3.2.7.1. One-way ANOVA Same as in PART I Material and Methods.
3.2.7.2. Pearson’s Correlation Analysis Same as in PART I Material and Methods. 3.2.7.3. Multivariate
Analysis (PCA) Same as in PART I Material and Methods. Elemental Profiling of Selected Natural and
Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 105 3.3 Results The present study is
amid to study the selected fruits available in local markets for their mineral composition and health related
indices. Fruits were collected from five different markets as listed in material methods. For fruits in control
groups were collected from private orchids. The elemental composition of fruits collected from markets will
be compared with elemental composition of related control group of respective fruit. PIXE and XRF are
employed for the elemental profiling of these fruits. 3.3.1 Guava (Psidium guajava) 3.3.1.1. Differential
Elemental profile of Guava Fruit The concentration pattern of the metals in guava is K > Ca > Fe > Si > Mn >
P > S > Cl > Se > Cu > As > Cr > Ni > Hg. The average concentrations of metals in guava are, 1037.64 (K),
393.3 (Ca), 190.3 (Fe), 0.45 (Cu), 26.5 (Mn) 0.83 (As) 2.58 (Se) and 0.2 (Cd) µg/g edible portion. In present
study maximum silicon concentration in guava was recorded in sample collected from vendor (39.5 ±1.15
mg/kg) while minimum concertation was recorded in sample collected from Itwar Bazar (10.18 ± 0.75).
Maximum phosphorus concentration in guava was recorded in sample collected from Itwar Bazar (15.59 ±
0.162mg/kg) while minimum concertation was recorded in sample collected from Mandi Mor (4.2 ±
0.469mg/kg). Maximum sulphur concentration in guava was recorded in sample collected from Aabpara
Market (35.7 ± 1.55mg/kg) while minimum concertation was recorded in sample collected from vendor
(0.769 ± 0.074 mg/kg). Maximum chlorine concentration in guava was recorded in sample collected from
Aabpara Market (33.3 ± 0.188mg/kg) while minimum concertation was recorded in sample collected from
vendor (0.557 ± 0.145 mg/kg). Maximum potassium concentration in guava was recorded in sample
collected from Itwar Bazar (656.44 ± 19.2mg/kg) while minimum concertation was recorded in sample
collected from vendor (235.5 ± 12.1 mg/kg). Maximum calcium concentration in guava was recorded in
sample collected from Itwar Bazar (125.99 ± 26.9mg/kg) while minimum concertation was recorded in
sample collected from Super Market (60.5 ± 8.34± 2.2 mg/kg). Maximum manganese concentration in guava
was recorded in sample collected from Super Market (12.5 ±1.4 mg/kg) while minimum concertation was
recorded in sample collected from Mandi Mor (2 ± 0.19 mg/kg) Maximum iron Elemental Profiling of
Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 106
concentration in guava was recorded in sample collected from Itwar Bazar (376.8 ±16.6 mg/kg) while
minimum concertation was recorded in sample collected from vendor (110.6 ± 9.7 mg/kg) Maximum arsenic
concentration in guava was recorded in sample collected from Aabpara Market (3.2 ±0.321 mg/kg) while
minimum concertation was recorded in sample collected from Super Market (0.05 ± 00 mg/kg). Arsenic was
not detected from sample in group, Itwar Bazar, vendor and Mandi Mor. Maximum mercury concentration in
guava was recorded in sample collected from Mandi Mor market (0.0038 ± 00 mg/kg) while minimum
concertation was recorded in sample collected from vendor (0.000766 ± 00 mg/kg). Mercury was not
detected from sample in control and Itwar Bazar.(Table3.2) Elemental Profiling of Selected Natural and
Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 107 Table 3.2: Elemental profile of
guava fruit collected from different local fruit markets using particle induced X-ray emission (PIXE)
spectroscopy. Elements Control Abpara market Super Market Itwar Bazar Street Vendor Mandi Mor Si 30.7
± 1.52 61.62 ± 1.61 37.9 ± 1.55 10.18 ± 0.753 39.5 ± 1.15 35.3 ± 1.12 P 8.9 ± 2.77 7.83 ± 0.14 11.5 ± 0.108
15.59 ± 0.162 6.2 ± 0186 4.2 ± 0.469 S 2.2 ± 0.114 35.7 ± 1.55 3.1 ± 0.255 4.83 ± 0.753 0.769 ± 0.074 2 ±
0.43 Cl 2.7 ± 0.301 33.3 ± 0.188 3.1 ± 0.89 6.77 ± 0.57 0.557 ± 0.145 1.8 ± 0.075 K 289.2 ± 0.216 453.2 ±
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238

67

84

75

49

93

13.78 271.4 ± 10.47 656.44 ± 19.2 235.5 ± 12.1 236.1 ± 27.4 Ca 90.8 ± 13.7 74 ± 16.1 60.5 ± 8.34 125.99 ±
26.9 71.1 ± 6.22 68.8 ± 17.8 Cr 3.03E-03 2.60E-02 4.05E-

03 2.86E-02 4.18E-03 1.98E-03 Mn 5.5

± 1.6 3.82 ± 4.7 12.5 ± 1.45 9.78 ± 10.17 3.2 ± 1.19 2 ± 0.19 Fe 330 ± 6.41 187.8 ± 14.5 225.2 ± 13.47
376.8 ± 16.6. 110.6 ± 9.7 119.8 ± 10.5 Ni ND ND ND ND ND 1.00E-02 Cu 5.73E-02 1.3 ± 0.12 ND 1.3 ±
0.15 6.38E-02 ND As ND 3.2 ±0.321 1.8 ± 0.27

ND ND ND Se ND 2.3 ± 0.214 1.7 ± 0.037 10.4 ± 0.84 1.1 ± 0.025 0

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 108 Hg ND 3.58E-03 7.66E-04 ND 2.32E-03 3.80E-03 Elemental Profiling of Selected Natural and
Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 109 3.3.1.2. Estimated Daily Intakes
of Toxic and Essential Elements On daily consumption of guava heavy metals may damage different body
organs and metabolic functions of the consumers which may lead to various lethal diseases like cancer. We
calculated and compared the mean estimated daily intakes (MEDI) of elements detected by PIXE.

The provisional tolerable daily intakes (PTDI) recommended by Joint
FAO/WHO Expert Committee on Food Additives

are 50

mg/kg bw for Si, 3000 mg/kg bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw

for

Cl, 3500

mg/kg bw for K, 2500 mg/kg bw for

Ca, 1.5

mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 0.02

mg/day kg bw for Ni, 0.4 mg/day kg bw for

Cu, 20 mg/day

kg bw for Zn, 0.3 µg/day kg bw for
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124

54

43

112

67

As, 1 µg/day kg bw for Se, 25

µg/day kg bw for Cd, 3 µg/day kg bw

for Pb,

1.5 µg/day kg bw

for Hg Our results revealed that in control group SI, S, Cl, Mn, Fe, while in samples collect from supermarket

Si, S, Cl, K, Ca, Mn, Mn, Fe, Cu, As

, Se detected were much higher than the provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on Food
Additive

. Similarly Samples from Itwar Bazar and vendor contain Si, Cl, S, Mn, Fe and Se higher than their
recommended daily allowed amount. Arsenic detected in Super Market and Aabpara Market samples was
recorded higher than the upper tolerable limit. Both HI and THQ value for arsenic is greater than 1. This
means consumption of such arsenic contaminated food can pose arsenic toxicity (Table 3.3). Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 110
Table 3.3.The mean

estimated daily intake (MEDI) (mg/kg) of

essential elements in guava fruits.

The provisional tolerable daily intakes (PTDI) recommended by Joint
FAO/WHO Expert Committee on Food Additives

. Mean Estimated Daily Intakes(MEDI) Tolerable Daily Provisional Elements Control Aabpara Market Super
Market Itwar Bazar Street Vendor Mandi Mor Intakes (PTDI) Si 87.7 103.4 108.3 29.1 112.9 100.9 50 P 25.4
223.7 32.9 44.5 17.7 12.0 3000 S 6.3 102.0 8.9 13.8 2.2 5.7 0.7 Cl 7.7 95.1 8.9 19.3 1.6 5.1 3.6 K 826.3
12963.4 775.4 1875.5 672.9 674.6 3,500 Ca 259.4 4980.0 172.9 931.4 203.1 196.6 2500 Sc 0.0 1.0 0.1 0.5
0.0 0.0 - Cr 0.0 0.1 0.0 0.1 0.0 0.0 1.5 Elemental Profiling of Selected Natural and Artificially Ripened Fruits
to Study Variations in Minerals/Heavy Metals 111 Mn 15.7 109.1 35.7 279.4 9.1 5.7 0.14 Fe 942.9 536.6
643.4 1076.6 30.3 28.0 0.8 Cu 0.2 3.7 0.0 3.7 0.2 0.0 0.4 As 0.0 9.1 5.1 0.0 0.0 0.0 0.0003 Se 0.0 6.6 4.9
29.7 3.1 0.0 1 µg/
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Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 112 3.3.1.3.

Non-Carcinogenic Risk of Heavy Metals

Chronic low-level intake of toxic metal elements has a negative effect
on human health

. HQ

method was used to assess the potential health risks of heavy metal
accumulation through guava pulp. Guava consumption values for adults in

Islamabad, Pakistan are and 250 g/person/day. The THQ values of

Cr, Mn, Fe, Cu, As, and

Se

due to guava consumption for residents of the study area

. When THQ

and HI values are less than 1, there is no obvious risk to the
population, but if these values exceed one, there may be concern for
potential non-carcinogenic effects. The results indicate that, As contributes the

greatest to non-carcinogenic risk followed by Fe and Mn (Table 3.4). Table.3.4.

Hazard Index (HI) and Target hazard quotient (THQ) values

of the elements for consuming guava fruits Hazard Index (HI) Elements Control Abpara Super Itwar market
Market Bazar Vendor Mandi Mor Cr 0.0 0.0 0.0 0.1 0.0 0.0 Mn 120.9 839.6 274.7 2149.5 70.3 44.0 Fe
1346.9 766.5 919.2 1538.0 43.3 40.0 Cu 4.1 92.9 0.0 92.9 4.6 0.0 As 0.0 30476.2 17142.9 0.0 0.0 0.0 The
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Target Hazard Quotient (THQ) Elements Control Aabpara Super Itwar Market Market Bazar Vendor Mandi
Mor Cr 3.03E-03 2.60E-02 4.05E-

03 2.86E-02 4.18E-03 1.98E-03 Mn 5.5

38.2 12.5 97.8 3.2 2 Fe 330 187.8 225.2 376.8 10.6 9.8 Cu 5.73E-02 1.3 0 1.3 6.38E-02 0 As 0 3.2 1.8 0 0 0
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 113 3.3.2. Banana (Musa acuminata) 3.3.2.1. Differential Elemental profile of Banana Fruit The
concentration pattern of the metals in Banana is K > Ca > Fe >Cl< Zn >Al< Mn > Si<S > Cu > Ni > P. The
average concentrations of metals in Banana are, 1074 (K), 182 (Ca), 59.2 (Fe), 0.65 (Cu), 9.74 (Mn) 7.02
(As) mg/kg edible portion. In present study maximum Aluminium concentration in Banana was recorded in
sample collected from Street Vendor (16.7±0.087 mg/kg) while minimum concertation was recorded in
sample collected from Mandi Mor (5.95±0.41 mg/kg). In present study maximum silicon concentration in
Banana was recorded in sample collected from Itwar Bazar (0.983± 0.05 mg/kg) while minimum concertation
was recorded in sample collected from mandi (0.5± 0.038 mg/kg). Silicon concentration was found non-
significant in all group. Maximum phosphorus concentration in Banana was recorded in sample collected
from Super Market (0.55± 0.028 mg/kg) while minimum concertation was recorded in sample collected from
Street Vendor (0.179± 0.036 mg/kg). Phosphorus was absent in control and Aabpara Market samples.
Maximum sulphur concentration in Banana was recorded in control sample (1.5±0.087 mg/kg) while
minimum concertation was recorded in sample collected from vendor (0.68± 0.3 mg/kg). Maximum chlorine
concentration in Banana was recorded in control sample (32.9± 2.6 mg/kg) while minimum concertation was
recorded in sample collected from Mandi Mor (1.75± 0.056 mg/kg). Maximum potassium concentration in
Banana was recorded in control sample (1224.8±4.018 mg/kg) while minimum concertation was recorded in
sample collected from Itwar Bazar (894.3±13.87 mg/kg). Maximum calcium concentration in Banana was
recorded in sample collected from Super Market (246.4±14.8 mg/kg) while minimum concertation was
recorded in sample collected from Itwar Bazar (95.5± 5.94 mg/kg). Maximum chromium concentration in
Banana was recorded in sample collected from Super Market (0.235± 0.002 mg/kg) while minimum
concertation was recorded in control sample (0.069± 0.007 mg/kg). Maximum manganese concentration in
Banana was recorded in sample collected from Itwar Bazar (16.3± 1.76 mg/kg) while minimum concertation
was recorded in sample collected from Mandi Mor (5.3± 1.3 mg/kg). Maximum iron concentration in Banana
was recorded in sample collected from Itwar Bazar (78.1± 7.572 mg/kg) while in Minerals/Heavy Metals 114
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations minimum
concertation was recorded in sample collected from Aabpara Market (33.8± 6.08 mg/kg). Maximum nickel
concentration in Banana was recorded in sample collected from Itwar Bazar (0.963± 0.05 mg/kg) while
minimum concertation was recorded in sample collected from Mandi Mor (0.36 + 0.04 mg/kg). Nickel
concentration was found non-significant in all group. Maximum cupper concentration in Banana was
recorded in sample collected from Itwar Bazar (1.1± 0.007 mg/kg) while minimum concertation was recorded
in sample collected from Street Vendor (0.23± 0.009 mg/kg). Maximum zinc concentration in Banana was
recorded in sample collected from Aabpara Market (13.3± 2.67 mg/kg) while minimum concertation was
recorded in sample collected from Street Vendor (7.7± 2.45 mg/kg). Zinc concentration was found non-
significant in all group. Maximum arsenic concentration in Banana was recorded in sample collected from
Street Vendor (12.4± 0.336 mg/kg) while minimum concertation was recorded in sample collected from Itwar
Bazar (6.8± 1.29 mg/kg). Arsenic was not detected from sample in control samples (Table 3.5). in
Minerals/Heavy Metals 115 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study
Variations Table 3.5: Elemental profile of Banana fruit collect from different local fruit markets using particle
induced X-ray emission (PIXE) spectroscopy Elements Control Aabpara Market Super Market Itwar Bazar
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67

84

75

49

Street Vendor Mandi Mor Al 12.1± 0.14ns 11.6± 0.29ns 10.05±0.32b 11.5±0.029ac 16.7±0.087c
5.95±0.41abcd Si 0.881± 0.

09ns 0.861± 0.07ns 0.560± 0.034ns 0.983± 0.05ns 0.85± 0.07ns 0

.5± 0.038ns P 0.258± 0.021b 0.473± 0.091a 0.55± 0.028a 0.258± 0.07c 0.179± 0.036abc 0.25± 0.00 S
1.5±0.087 1.0685± 0.10 1.25± 0.029 1.25± 0.00 1.33± 0.1 0.68± 0.3 Cl 32.9± 2.6b 26.05± 5.9a 25.52± 3.8a
25.8± 4.7a 1.99± 0.021abcd 1.75± 0.056abcd K 1224.8±4.018b 1058.85±1.21a 1038.8±9.88a
894.3±13.87abc 1075±17.023abcd 1152± 10.79abce Ca 188.6±12.4ns 223.3±13.27ns 246.4±14.8ns 146.9±
174ns 189±15.5bcd 95.5± 5.94e Cr 0.069± 0.007b 0.0995± 0.0a 0.235± 0.002ab 0.301± 0.00abc 0.07±
0.02bc 0.287±0.026abc Mn 7.6± 1.7ns 7.50± 1.82ns 13.85± 2.5ab 16.3± 1.76ab 7.87± 0.87ab 5.3± 1.3ab Fe
42.4±2.14b 33.8± 6.08a 75.85± 7.49ab 78.1± 7.572ab 59.5± 3.39ab 65.6± 3.317ab Ni 0.372± 0.066ns
0.606± 0.019ns 0.898± 00ns 0.963± 0.05ns 0.564± 0.64ns 0.36 + 0.041ns Cu 0.437± 0.001ns 0.311±
0.00ns 0.880± 0.004ab 1.1± 0.007abc 0.23± 0.009abc 0.952± 0.12abc Zn 9.1± 1.8ns 13.3± 2.67ns 11.6±
2.8ns 10.7± 3.4ns 7.7± 2.45ns 19.1± 3.8ns Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 116 As ND 7.2± 0.17ns 7.1± 1.42ns 6.8± 1.29c 12.4±
0.336bcd 8.6±0.24bcde Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study
Variations in Minerals/Heavy Metals 117 3.3.2.2. Estimated Daily Intakes of Toxic and Essential Elements
On daily consumption of such artificially ripened Bananas arsenic may damage different body organs and
metabolic functions of the consumers which may lead to various lethal diseases like cancer. We calculated
and compared the mean estimated daily intakes (MEDI) of elements detected by PIXE.

The provisional tolerable daily intakes (PTDI) recommended by Joint
FAO/WHO Expert Committee on Food Additives

are 50

mg/kg bw for Si, 3000 mg/kg bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw

for

Cl, 3500

mg/kg bw for K, 2500 mg/kg bw for

Ca, 1.5

mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 0.02

mg/day kg bw for Ni, 0.4 mg/day kg bw for

Cu, 20 mg/day

https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443972000&usg=AFQjCNEEPwR2MR62Tx1kwdGtlh0MHF4p7w
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443972000&usg=AFQjCNEEPwR2MR62Tx1kwdGtlh0MHF4p7w
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443972000&usg=AFQjCNEEPwR2MR62Tx1kwdGtlh0MHF4p7w
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443972000&usg=AFQjCNEEPwR2MR62Tx1kwdGtlh0MHF4p7w
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443972000&usg=AFQjCNEEPwR2MR62Tx1kwdGtlh0MHF4p7w


6/17/2021 https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824…

https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824718&th=… 119/166

93

103

124

54

43

43

112

67

kg bw for Zn, 0.3 µg/day kg bw for

As, 1 µg/day kg bw for Se, 25

µg/day kg bw for Cd, 3 µg/day kg bw

for Pb,

1.5 µg/day kg bw

for Hg Our results revealed that in all group including control group Cl,

Mn, Fe, Ni, Cu and Zn detected were much higher than the

provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on
Food Additive

. Arsenic detected in all groups samples except control was much higher than the provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on
Food Additive

. THQ value for heavy metals are less than one so consuming such type of fruits will not cause any heavy
metal toxicity (Table 3.6) 118 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study
Variations in Minerals/Heavy Metals Table 3.6.The mean

estimated daily intake (MEDI) (mg/kg) of

essential elements in Banana fruits.

The provisional tolerable daily intakes (PTDI) recommended by Joint
FAO/WHO Expert Committee on Food Additives

. Mean Estimated Daily Intakes(MEDI) Tolerable Daily Provisional Elements Control Aabpara Market Super
Market Itwar Bazar Street Vendor Mandi Mor Intakes (PTDI) Al 34.57 33.14 28.71 32.86 47.71 17.00 - Si
2.52 2.46 1.60 2.81 2.43 1.43 50 P 0.74 1.35 1.57 0.74 0.51 0.71 3000 S 4.29 3.05 3.57 3.57 3.80 1.94 0.7
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1

1

104

1

42

95

Cl 94.00 74.43 72.91 73.71 5.69 5.00 3.6 K 3499.43 3025.29 2968.00 2555.14 3071.43 3291.43 3500 Ca
538.86 638.00 704.00 419.71 540.00 272.86 2500 Elemental Profiling of Selected Natural and Artificially
Ripened Fruits to Study Variations in Minerals/Heavy Metals 119 Cr 0.20 0.28 0.67 0.86 0.20 0.82 1.5 Mn
21.71 21.43 39.57 46.57 22.49 15.14 0.14 Fe 121.14 96.57 216.71 223.14 170.00 187.43 0.7 Ni 1.06 1.73
2.57 2.75 1.61 1.03 0.14 Cu 1.25 0.89 2.51 3.14 0.66 2.72 0.4 Zn 26.00 38.00 33.14 30.57 22.00 54.57 20
As 0.00 20.57 20.29 19.43 35.43 24.57 0.0003 Elemental Profiling of Selected Natural and Artificially
Ripened Fruits to Study Variations in Minerals/Heavy Metals 120 3.

3.2.3 Non-Carcinogenic Risk of Heavy Metals

Chronic low-level intake of toxic metal elements has a negative effect on
human health

. HQ

method was used to assess the potential health risks of heavy metal
accumulation through Banana pulp. Banana consumption values for adults

in

Islamabad, Pakistan are and 150 g/person/day. The THQ values of

Cr, Mn, Fe, Cu, As, and

Se

due to Banana consumption for residents of the study area

. When THQ

and HI values are less than 1, there is no obvious risk to the
population, but if these values exceed one, there may be concern for
potential non-carcinogenic effects. The results indicate that, As contributes the

greatest to non-carcinogenic risk followed by Fe and Mn.( Table 3.7) Table.3.7.

Hazard Index (HI) and Target hazard quotient (THQ) values
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102

2

of the elements for consuming Banana fruits Hazard Index (HI) Elements Control Abpara market Super
Market Itwar Bazar Vendor Mandi Mor Cr 0.13 0.19 0.45 0.57 0.13 0.55 Mn 167.03 164.84 304.40 358.24
172.97 116.48 Fe 173.06 137.96 309.59 318.78 242.86 267.76 Ni 53.14 86.57 128.29 137.57 80.57 51.43
Cu 31.21 22.21 62.86 78.57 16.43 68.00 Zn 86.67 126.67 110.48 101.90 73.33 181.90 As 0.00 68571.43
67619.05 64761.90 118095.24 81904.76 The Target Hazard Quotient (THQ) Elements Control Aabpara
Super Itwar Market Market Bazar Vendor Mandi Mor Cr 1.0615E-07 1.53E-07 3.6154E-07 4.63E-07 1.07E-
07 4.41E-07 Mn 1.3491E-04 1.

33E-04 2.4586E-04 2.89E-04 1.39E-04 9.40E-05

Fe 1.3978E-04 1.114E- 2.5005E-04 2.

57E-04 1.96E-04 2.16E-04

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 121 Ni 4.2923E-05 Cu 2.5212E-05 Zn 7.0000E-05 As 0.0000E+00 04 6.99E-05 1.79E-05 1.02E-04
5.53E-02 1.0362E-04 5.0769E-05 8.9231E-05 5.4615E-02 1.11E-04 6.34E-05 8.23E-05 5.23E-02 6.50E-05
1.3E-05 5.92E-05 9.53E-02 4.15E-05 5.49E-05 1.46E-04 6.61E-02 Elemental Profiling of Selected Natural
and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 122 3.3.3. Persimmon
(Diospyros kaki) 3.3.3.1. Differential Elemental profile of Persimmon Fruit The concentration pattern of the
metals in Persimmon is K > Ca > Al> Fe > Cl > P > S > Cr > Si > Mn > Ni > Cu > Zn > Hg > Pb. The average
concentrations of metals in Persimmon are, 2713.96 (K), 1861 (Ca), 159.24 (Fe), 6.03 (Cu), 10.44 (Mn) 1.2
(Hg) and 0.719 (Pb) µg/g edible portion. In present study maximum aluminium concentration in Persimmon
was recorded in sample collected from Aabpara Market (590.75 ± 10.74 mg/kg) while minimum concertation
was recorded in sample collected from Super Market (51.2 ± 0.7 mg/kg). Except fruits from Itwar Bazar
increase or decrease in aluminium concentration in other market samples were statistically non-significant
as compared to non-treated control group as shown in table 1. Maximum silicon concentration in Persimmon
was recorded in sample collected from Street Vendor (92.2 ± 13.3 mg/kg) while minimum concertation was
recorded in sample collected from Mandi Mor (2.9 ± 0.4 mg/kg). Except fruits from Itwar Bazar and Mandi
Mor increase or decrease in silicon concentration in other market samples were statistically non-significant
as compared to non-treated control group as shown in table 1. Maximum phosphorus concentration in
Persimmon was recorded in sample collected from Aabpara Market (96.6 ± 3.1 mg/kg) while minimum
concertation was recorded in sample collected from Super Market (0.134 ± 0.018 mg/kg). Maximum sulphur
concentration in Persimmon was recorded in sample collected from Aabpara Market (83.45 ± 2.04 mg/kg)
while minimum concertation was recorded in sample collected from Super Market (10.05 ± 1.34 mg/kg).
Maximum chlorine concentration in Persimmon was recorded in sample collected from aabpara (215.25 ±
3.71 mg/kg) while minimum concertation was recorded in control sample (49.4 ± 2.12 mg/kg). Except fruits
from aabpara and Super Market increase or decrease in phosphorus, sulphur and chlorine concentration in
other market samples were

statistically significant (p < 0.01) as compared to non-treated control
group as shown in
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table 1. Maximum potassium concentration in Persimmon was recorded in sample collected from Itwar
Bazar (5574.35 ± 36.5 mg/kg) while minimum concertation was recorded in sample collected from Mandi
Mor (1245.55 ± 11.1 mg/kg). Maximum calcium concentration in Persimmon was recorded in sample
collected from Itwar Bazar (4041.55 ± 44.2 mg/kg) while minimum Elemental Profiling of Selected Natural
and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 123 concertation was recorded
in sample collected from Mandi Mor (936.45 ± 60.1 mg/kg). Except fruits from aabpara and Super Market
increase or decrease in calcium concentration in other market samples were

statistically significant (p < 0.01) as compared to non-treated control
group as shown in

table 1. Maximum chromium concentration in Persimmon was recorded in control sample (61.65 ± 7.8
mg/kg) while minimum concertation was recorded in sample collected from Mandi Mor (12.25 ± 4.7 mg/kg).
Except fruits from Aabpara Market increase or decrease in chromium concentration in other market samples
were

statistically significant (p < 0.01) as compared to non-treated control
group as shown in

table 1. Maximum manganese concentration in Persimmon was recorded in sample collected from Itwar
Bazar (27.5 ± 0.14 mg/kg) while minimum concertation was recorded in sample collected from Mandi Mor
(2.3 ± 0.244 mg/kg). Increase or decrease in manganese concentration in all market samples were

statistically significant (p < 0.01) as compared to non-treated control
group as shown in

table 1. Maximum iron concentration in Persimmon was recorded in sample collected from Itwar Bazar
(332.35 ± 2.08 mg/kg) while minimum concertation was recorded in sample collected from Mandi Mor (42.85
± 6.7 mg/kg). Except fruits collected from Street Vendor increase or decrease in iron concentration in other
market samples were statistically non-significant as compared to non-treated control group as shown in
table 1. Maximum nickel concentration in Persimmon was recorded in sample collected from Itwar Bazar
(13.35 ± 1.2 mg/kg) while minimum concertation was recorded in sample collected from Mandi Mor (2.1 ±
0.14 mg/kg). Maximum cupper concentration in Persimmon was recorded in control sample (10.8 ±
0.0mg/kg) while minimum concertation was recorded in sample collected from Aabpara Market (1.01± 0.41
mg/kg). Except fruits from aabpara and Super Market increase or decrease in nickel and copper
concentration in other market samples were

statistically significant (p < 0.01) as compared to non-treated control
group as shown in

table 1. Maximum zinc concentration in Persimmon was recorded in sample collected from Itwar Bazar (8 ±
1.41 mg/kg) while minimum concertation was recorded in sample collected from Street Vendor and Aabpara
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Market (2.35 ± 0.9 mg/kg). Except fruits collected from Mandi Mor increase or decrease in phosphorus
concentration in other market samples were statistically non-significant as compared to non-treated control
group as shown in table 1. Both arsenic and cadmium was not detected from sample in any group.
Maximum Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 124 mercury concentration in Persimmon was recorded in control sample (2.8 ± 0.18
mg/kg) while minimum concertation was recorded in sample collected from Itwar Bazar (1.0 ± 0.14 mg/kg).
Mercury concentration was found non-significant in all group. Mercury was not detected from sample collect
from Mandi Mor. Maximum lead concentration in Persimmon was recorded in sample collected from Street
Vendor (1.2 ± 0.16 mg/kg) while minimum concertation was recorded in control sample (0.468 ± 0.06
mg/kg). Lead was not detected from sample collect from Mandi Mor and Aabpara Market. (Table 3.8)
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 125 Table 3.8: Elemental profile of Persimmon fruit collect from different local fruit markets using
particle induced X-ray emission (PIXE) spectroscopy. Elements Control Aabpara Market Super Market Itwar
Bazar Street Vendor Mandi Mor Al 64.35 ± 2.1ns 72.4 ± 3.9ns 51.2 ± 7ns 590.75 ± 10.7abc 167.3 ± 14cd
152.5 ± 26.02cd Si 6.6 ± 0.42ns 8.1 ±2.4ns 4.5 ± 0.98ns 71.1± 2.3abc 2.9 ± 0.4cd 94.2 ± 13.3abcde Pk 2.6
± 0.424ns 1.95 ± 0.77ns 0.134 ± 0.018ns 96.6 ± 3.1abc 85.45 ± 12.09abc 62.4 ± 6.22abcd S Cl K Ca Cr Mn
Fe Ni 16.25 ± 0.353ns 49.4 ± 2.12ns 3405.6 ± 41.8b 2592.1 ± 35.35ns 61.65 ± 7.8ns 15.6 ± 6.08b 236.7 ±
6.5ns 13.25 ± 1.2ns 22.45 ± 1.9ns 64.7 ± 5.5ns 5574.35 ± 36.5a 4041.55 ± 44.2ns 57.15 ± 2.7ns 27.5 ±
0.14a 332.35 ± 20.8ns 13.35 ± 1.2ns 10.05 ± 1.34ns 49.55 ± 6.15ns 2425.85 ± 22.1b 1696.45 ± 23.6b 51.15
± 3.46a 9.5 ± 1.55ab 146.2 ± 8.6b 12.2 ± 3.67ns 83.45 ± 20.4abc 215.25 ± 12.3abc 2238.65 ± 31.06ab
439.7 ± 6.08abc 27.6 ± 1.272abc 4.35 ± 1.62ab 122.5 ± 14.022b 4.1 ± 0.14abc 44.5 ± 8.6acd 104.9 ±
12.3abcd 1245.55 ± 11.1ab 936.45 ± 17.4ab 12.25 ± 4.7abcd 2.3715 ± 0.7abc 42.85 ± 6.71ab 2.1 ± 0.14abc
68.2 ± 12.6abc 114.5 ± 11.3abcd 1393.75 ± 19.9abc 1465.6 ± 10.67abd 13.8 ± 0.282abcd 3.35 ± 033abc
74.85 ± 8.44b 2.9 ± 1.55abc Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study
Variations in Minerals/Heavy Metals 126 Cu 10.8 ± 0.0ns Zn 7 ± 0.707ns As ND Cd ND Hg 2.8 ± 0.18ns Pb
0.4685 ± 0.066b 8.35 ± 0.212ns 8 ± 1.414ns ND ND 1 ± 0.14ns 1.4 ± 0.19a 10.15 ± 0.49ns 6.5 ± 0.49ns ND
ND 1.05 ± 0.14ns 1.25 ± 0.17ns 1.01 ± 0.41abc 2.65 ± 0.77b ND ND 1.1 ±0.155ns ND 1.028 ± 0.108abc
2.35 ± 0.33b

ND ND ND ND 4.8 ± 1.13abc 2.35 ± 0.919ab ND ND

1.3 ± 0.18ns 1.2 ± 0.016ns Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study
Variations in Minerals/Heavy Metals 127 3.3.3.2. Estimated Daily Intakes of Toxic and Essential Elements
We calculated and compared the mean estimated daily intakes (MEDI) of elements detected by PIXE. The
provisional tolerable

daily intakes (PTDI) recommended by Joint FAO/WHO Expert
Committee on Food Additives

are 50

mg/kg bw for Si, 3000 mg/kg bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw

for
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Cl, 3500

mg/kg bw for K, 2500 mg/kg bw for

Ca, 1.5

mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 0.02

mg/day kg bw for Ni, 0.4 mg/day kg bw for

Cu, 20 mg/day

kg bw for Zn, 0.3 µg/day kg bw for

As, 1 µg/day kg bw for Se, 25

µg/day kg bw for Cd, 3 µg/day kg bw

for Pb,

1.5 µg/day kg bw

for Hg Our results revealed that in control group SI, S, Cl, Mn, Fe, while in samples collect from supermarket

Si, S, Cl, K, Ca, Mn, Mn, Fe, Cu, As

, Se detected were much higher than the provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on
Food Additive

. Similarly Samples from Itwar Bazar and vendor contain Si, Cl, S, Mn, Fe and Se higher than their
recommended daily allowed amount. Arsenic detected in Super Market and Aabpara Market samples was
recorded higher than the upper tolerable limit. THQ value of heavy metals in Persimmon were calculated
less than one so consuming such Persimmon will not pose any heavy metal toxicity (Table 3.9) Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 128
Table 3.9.The mean

estimated daily intake (MEDI) (mg/kg) of
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1

1

essential elements in Persimmon fruits. The provisional tolerable

daily intakes (PTDI) recommended by Joint FAO/WHO Expert
Committee on Food Additives

. Mean Estimated Daily Intakes(MEDI) Tolerable Daily Provisional Elements Control Aabpara Market Super
Market Itwar Bazar Street Vendor Mandi Mor Intakes (PTDI) Al 183.8571 1687.857 146.2857 206.8571
435.7143 478 - Si 18.85714 203.1429 12.85714 23.14286 269.1429 8.285714 50 P 7.428571 276 0.382857
5.571429 178.2857 244.1429 3000 S 46.42857 238.4286 28.71429 64.14286 194.8571 127.1429 0.7 Cl
141.1429 615 141.5714 184.8571 327.1429 299.7143 3.6 K 9730.286 6396.143 6931 15926.71 3982.143
3558.714 3,500 Ca 7406 1256.286 4847 11547.29 4187.429 2675.571 2500 Elemental Profiling of Selected
Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 129 Cr 176.1429
78.85714 146.1429 163.2857 39.42857 35 1.5 Mn 44.57143 12.42857 27.14286 78.57143 9.571429
6.775714 0.14 Fe 676.2857 350 417.7143 949.5714 213.8571 122.4286 0.8 Ni 37.85714 11.71429
34.85714 38.14286 8.285714 6 0.14 Cu 30.85714 2.885714 29 23.85714 13.71429 2.937143 0.4 Zn 20
7.571429 18.57143 22.85714 6.714286 6.714286 20 As 0 0 0 0 0 0 0.0003 Cd 0 0 0 0 0 0 2.5 µg/

kg.bw

Hg 8 3.142857 3 2.857143 3.714286 0 1.5 µg/

kg.bw

Pb 1.338571 0 3.571429 4 3.428571 0 3 µg/

kg.bw

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 130 3.3.

3.3. Non-Carcinogenic Risk of Heavy Metals

Chronic low-level intake of toxic metal elements has a negative effect
on human health

. HQ

method was used to assess the potential health risks of heavy metal
accumulation through Persimmon pulp. Persimmon consumption values for

https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443973000&usg=AFQjCNE2lcs-AO_Gt95whosA5aqUe48IPg
https://www.google.com/url?q=http://kg.bw&source=gmail-html&ust=1623997443973000&usg=AFQjCNFFMARMSlY5JvfTzB7wa0UKkodrPw
https://www.google.com/url?q=http://kg.bw&source=gmail-html&ust=1623997443973000&usg=AFQjCNFFMARMSlY5JvfTzB7wa0UKkodrPw
https://www.google.com/url?q=http://kg.bw&source=gmail-html&ust=1623997443973000&usg=AFQjCNFFMARMSlY5JvfTzB7wa0UKkodrPw
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443973000&usg=AFQjCNE2lcs-AO_Gt95whosA5aqUe48IPg
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443973000&usg=AFQjCNE2lcs-AO_Gt95whosA5aqUe48IPg
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443973000&usg=AFQjCNE2lcs-AO_Gt95whosA5aqUe48IPg


6/17/2021 https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824…

https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824718&th=… 126/166

104

1

52

95

101

adults in

Islamabad, Pakistan are and 150 g/person/day. The THQ values of

Cr, Mn, Fe, Cu, As, and

Se

due to Persimmon consumption for residents of the study area

. When

THQ and HI values are less than 1, there is no obvious risk to the
population, but if these values exceed one, there may be concern for
potential non-carcinogenic effects

. (Table: 3.10) Table: 3.10

Hazard Index (HI) and Target hazard quotient (THQ) values

of the elements for consuming Persimmon fruits Hazard Index (HI) Elements Control Abpara market Super
Market Itwar Bazar Vendor Mandi Mor Cr 117.4286 52.57143 97.42857 108.8571 26.28571 23.33333 Mn
342.8571 95.6044 208.7912 604.3956 73.62637 52.12088 Fe 966.1224 500 596.7347 1356.531 305.5102
174.898 Ni 1892.857 585.7143 1742.857 1907.143 414.2857 300 Cu 771.4286 72.14286 725 596.4286
342.8571 73.42857 Zn 66.66667 25.2381 61.90476 76.19048 22.38095 22.38095 As 0 0 0 0 0 0 Cd 0 0 0 0
0 0 Pb 44.61905 0 119.0476 133.3333 114.2857 0 The Target Hazard Quotient (THQ) Elements Control
Aabpara Super Itwar Market Market Bazar Vendor Mandi Mor Cr 9.48462E-05 4.25E-05 7.

87E-05 8.79E-05 2.12E-05 1.88E-05

Mn 0.000276923 7.72E-05 0.000169 0.000488 5.95E-05 4.21E-05 Elemental Profiling of Selected Natural
and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 131 Fe 0.00078033 Ni
0.001528846 Cu 0.000623077 Zn 5.38462E-05 As 0 Cd 0 Pb 3.60385E-05 0.000404 0.000473 5.83E-05
2.04E-05 0 0 0 0.000482 0.001408 0.000586 0.00005 0 0 9.62E-05 0.001096 0.00154 0.000482 6.15E-05 0
0 0.000108 0.000247 0.000335 0.000277 1.81E-05 0 0 9.23E-05 0.000141 0.000242 5.93E-05 1.81E-05 0 0
0 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 132 3.3.4. Date (Phoenix dactylifera) 3.3.4.1. Differential Elemental profile of Date
Fruit The concentration pattern of the metals in Date fruit is K >Ca > Fe > Si > Fe >P > S > Mn> Se > As >
Cu > > Ni >Ni > Hg. The average concentrations of metals in Date fruit are, 1393 (K), 546.3 (Ca), 5.8 (Fe),
0.57 (Cu), 6.7 (Mn) 3.7 (As) 4.5 (Se) and 0.004 (Hg) µg/g edible portion. In present study maximum silicon
concentration in Date fruit was recorded in sample collected from Street Vendor (455.7 ± 14. mg/kg) while
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minimum concertation was recorded in control sample (39.2 ± 3.1mg/kg). Silicon was not detected in
samples collect from Mandi Mor. Maximum phosphorus concentration in Date fruit was recorded in sample
collected from Street Vendor (67.6±8.3 mg/kg) while minimum concertation was recorded in control sample
(3±0.22 mg/kg). Phosphorus was not detected in samples collect from Mandi Mor. Maximum sulphur
concentration in Date fruit was recorded in sample collected from Street Vendor (41 ± 4.99 mg/kg) while
minimum concertation was recorded in control sample (0.997 ± 0.13 mg/kg). Sulphur was not detected in
samples collect from Mandi Mor. Maximum chlorine concentration in Date fruit was recorded in sample
collected from Street Vendor (89.4 ±8. mg/kg) while minimum concertation was recorded in control sample
(12.4 ±3.1 mg/kg). Chlorine was not detected in samples collect from Mandi Mor. Maximum potassium
concentration in Date fruit was recorded in sample collected from Street Vendor (3407.1 ± 15.1 mg/kg) while
minimum concertation was recorded in control sample (331.7 ±9.44 mg/kg). Maximum calcium concentration
in Date fruit was recorded in sample collected from Street Vendor (1344.9 ±20.2 mg/kg) while minimum
concertation was recorded in sample collected from Mandi Mor (5.2 ±0.121 mg/kg). Maximum chromium
concentration in Date fruit was recorded in sample collected from Itwar Bazar (0.0345 mg/kg) while minimum
concertation was recorded in control sample (0.000367 mg/kg). Maximum manganese concentration in Date
fruit was recorded in sample collected from Street Vendor (21 ±2.33 mg/kg) while minimum concertation was
recorded in control sample (0.651 mg/kg). Chlorine was not detected in samples collected from Aabpara
Market and Mandi Mor. Maximum iron concentration in Date fruit was recorded in sample collected from
Super Market (14.3 ± 1.4 mg/kg) while minimum concertation was recorded in control sample Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 133
(2 ±0.16 mg/kg). Maximum arsenic concentration in Date fruit was recorded in sample collected from Itwar
Bazar (13.2 ± 0.59 mg/kg) while minimum concertation was recorded in sample collected from Aabpara
Market (.2 ±1.406 mg/kg). Arsenic was not detected from sample in control group, Super Market, vendor and
Mandi Mor. Maximum selenium concentration in Date fruit was recorded in sample collected from Street
Vendor (25.8 ± 3.42 mg/kg) while minimum concertation was recorded in sample collected from Mandi Mor
(1.5 ± 0.262 mg/kg). Mercury was not detected from sample in control group, Itwar Bazar, Super Market, and
Aabpara Market. Maximum mercury concentration in Date fruit was recorded only in sample collected from
aabpara (0.025 mg/kg) while mercury was not detected from sample in control group, Itwar Bazar, Super
Market, Street Vendor and Mandi Mor. (Table 3.11) Elemental Profiling of Selected Natural and Artificially
Ripened Fruits to Study Variations in Minerals/Heavy Metals 134 Table 3.11: Elemental profile of Date fruit
collect from different local fruit markets using particle induced X-ray emission (PIXE) spectroscopy Elements
Control Aabpara Market Super Market Itwar Bazar Street Vendor Mandi Mor Si 39.2 ± 3.1 122.6 ± 12.4
136.4 ± 10.29 156.2 ± 16.7 455.7 ± 14.9 ND P 3 ± 0.22 33.4 ± 2.61 30.1 ± 3.11 55.9 ± 5.05 67.6 ±8.3 ND S
0.997 ± 0.13 14.2 ± 1.05 15.2 ±2.97 26.6 ±0.88 41 ± 4.99 ND Cl 12.4 ±3.1 32.2 ±2.6 23.9 ±2.38 64.7 ±11.08
89.4 ±8.9 ND K 331.7 ±9.44 1490.2 ±121 1051.3 ± 84 2070.6 ±66 3407.1 ± 15.1 337.6 ± 10.3 Ca 102 ±14.3
702.3 ±14.53 426.8 ±13 696.8 ±16.15 1344.9 ±20.2 5.2 ±0.121 Cr 3.67E-04 7.95E-03 4.94E-03 3.45E-02
1.26E-02 2.15E-03 Mn 6.52E-01 ND 8.9 ±0.134 9.7 ± 0.154 21 ±2.33 ND Fe 2 ±0.16 3 ± 0.207 14.3 ± 1.4
5.4 ± 2.755 3.9 ±1.3 6.3 ±1.66 Ni ND 5.53E-02 ND 1.21E-01 3.24E-02 ND Cu 4.37E-02 ND 2.20E-01 1.73E-
01 3 ND As ND 7.2 ±1.406 ND 13.2 ± 0.59

ND ND Se ND ND ND ND 25.8 ± 3.42 1.5 ± 0

.262 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 135 Hg ND 2.50E-02 ND ND ND ND Elemental Profiling of Selected Natural and
Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 136 3.3.4.2. Estimated Daily Intakes
of Toxic and Essential Elements We calculated and compared the mean estimated daily intakes (MEDI) of
elements detected by PIXE.
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The provisional tolerable daily intakes (PTDI) recommended by Joint
FAO/WHO Expert Committee on Food Additives

are 50

mg/kg bw for Si, 3000 mg/kg bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw

for

Cl, 3500

mg/kg bw for K, 2500 mg/kg bw for

Ca, 1.5

mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 0.02

mg/day kg bw for Ni, 0.4 mg/day kg bw for

Cu, 20 mg/day

kg bw for Zn, 0.3 µg/day kg bw for

As, 1 µg/day kg bw for Se, 25

µg/day kg bw for Cd, 3 µg/day kg bw

for Pb,

1.5 µg/day kg bw

for Hg Our results revealed that in all group including control group Cl,

Mn, Fe, Ni, Cu and Zn detected were much higher than the

provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on
Food Additive
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1

. Arsenic detected in all groups samples except control was much higher than the provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on
Food Additive

. THQ value of heavy metals in Dates were calculated less than one so consuming such Dates n will not
pose any heavy metal toxicity (Table 3.12) Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 137 Table 3.12.The mean

estimated daily intake (MEDI) (mg/kg) of

essential elements in Date fruits.

The provisional tolerable daily intakes (PTDI) recommended by Joint
FAO/WHO Expert Committee on Food Additives

. Mean Estimated Daily Intakes(MEDI) Tolerable Daily Provisional Elements Control Aabpara Market Super
Market Itwar Bazar Street Vendor Mandi Mor Intakes (PTDI) Si 112.0 446.3 389.7 350.3 0.0 1302.0 50 P 8.6
159.7 86.0 95.4 0.0 193.1 3000 S 2.8 76.0 43.4 40.6 0.0 117.1 0.7 Cl 35.4 184.9 68.3 92.0 0.0 255.4 3.6 K
947.7 5916.0 3003.7 4257.7 964.6 9734.6 3500 Ca 291.4 1990.9 1219.4 2006.6 14.9 3842.6 2500 Cr 0.0
0.1 0.0 0.0 0.0 0.0 1.5 Mn 1.9 27.7 25.4 0.0 0.0 60.0 0.14 Elemental Profiling of Selected Natural and
Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 138 Fe 5.7 15.4 40.9 8.6 18.0 11.1
0.7 Ni 0.0 0.3 0.0 0.2 0.0 0.1 0.14 Cu 0.1 0.5 0.6 0.0 0.0 8.6 0.4 As 0.0 37.7 0.0 20.6 0.0 0.0 0.0003 Se 0.0
0.0 0.0 0.0 4.3 73.7 1

µg/kg.bw Hg 0.0 0.0 0.0 0.1 0.0 0.0

1.5 µg/

kg.bw

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 139 3.

3.4.3. Non-Carcinogenic Risk of Heavy Metals

Chronic low-level intake of toxic metal elements has a negative effect
on human health
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. HQ

method was used to assess the potential health risks of heavy metal
accumulation through Date pulp. Date consumption values for adults in

Islamabad, Pakistan are and 50 g/person/day. The THQ values of

Cr, Mn, Fe, Cu, As, and

Se due to Date fruit consumption for residents of the study area. When

THQ and HI values are less than 1, there is no obvious risk to the
population, but if these values exceed one, there may be concern for
potential non-carcinogenic effects

. (Table 3.13) Table 3.13:

Hazard Index (HI) and Target hazard quotient (THQ) values

of the elements for consuming Date fruits Hazard Index (HI) Elements Control Aabpara Super Itwar Market
Market Bazar Vendor Mandi Mor Cr 0.00 0.07 0.01 0.02 0.00 0.02 Mn 14.33 213.19 195.60 0.00 0.00 461.54
Fe 8.16 22.04 58.37 12.24 25.71 15.92 Ni 0.00 17.29 0.00 7.90 0.00 4.63 Cu 3.12 12.36 15.71 0.00 0.00
214.29 As 0.00 125714.29 0.00 68571.43 0.00 0.00 The Target Hazard Quotient (THQ) Elements Control
Aabpara Super Itwar Market Market Bazar Vendor Mandi Mor Cr 2.17E-09 2.04E-07 2.92E-08 4.70E-08
1.27E-08 7.46E-08 Mn 3.34E-07 4.97E-06 4.56E-

06 0.00E+00 0.00E+00 1.08E-05 Fe 2.20E-06 5.93E-06

1.57E-

05 0.00E+00 0.00E+00 2.55E-04 Ni 0.00E+00 4.65E-06 0.00E+00 2.13E-06

0.00E+00 1

.25E-06 Cu 8.40E-07 3.33E-06 4.23E-06

0.00E+00 0.00E+00 5.77E-05 As 0.00E+00 3.38E-02 0.00E+00 1.85E-02

0.00E+00 0.00E+00
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Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 140 3.3.5. Plum (Prunus domestica) 3.3.5.1. Differential Elemental profile of Plum Fruit The
concentration pattern of the metals in Plum fruit is K> Fe > Ca > Cl > Cr > Al > Cu > Mn> Ni > Zn >Si >
S>Ni. The average concentrations of metals in Plum fruit are, 1498.18 (K), 856.53 (Ca), 956.83 (Fe), 21.92
(Cu), 21.19 (Mn) 0.18 (As) 11.16 (Ni), 55.93(Cr), 6.46 (Zn) and 0.97 (Hg) µg/g edible portion. In present
study maximum aluminium concentration in Plum fruit was recorded in sample collected from Street Vendor
and Itwar Bazar (63.65± 18 mg/kg) while minimum concertation was recorded in sample collected from
Super Market (31.85± 3.1 mg/kg). Aluminium concentration was found non-significant in all group. Maximum
silicon concentration in Plum fruit was recorded in sample collected from Itwar Bazar (10.5± 1.59 mg/kg)
while minimum concertation was recorded in samples collect from Mandi Mor (1.8± 0.21 mg/kg). Silicon
concentration was found non-significant in all group. Maximum phosphorus concentration in Plum fruit was
recorded in sample collected from Mandi Mor (3.75± 0.23 mg/kg) while minimum concertation was recorded
in sample collected from Itwar Bazar (0.4075± 0.129 mg/kg). Phosphorus was not detected in samples
collect from Super Market. Except fruits collected from Mandi Mor increase or decrease in phosphorus
concentration in other market samples were

statistically significant (p < 0.01) as compared to non-treated control
group as shown in

table 1. Maximum sulphur concentration in Plum fruit was recorded in sample collected from Mandi Mor
(31.25±1.4 mg/kg) while minimum concertation was recorded in sample collected from Itwar Bazar (1.15±
0.33 mg/kg). Except fruits from aabpara and Super Market increase or decrease in phosphorus
concentration in other market samples were

statistically significant (p < 0.01) as compared to non-treated control
group as shown in

table 1. Increase or decrease in sulphur concentration in fruits collected from Itwar Bazar and Street
Vendors was

statistically significant (p < 0.01) as compared to non-treated control
group as shown in

table 1. Maximum chlorine concentration in Plum fruit was recorded in sample collected from Aabpara
Market (183.95± 19.7 mg/kg) while minimum concertation was recorded in both control sample and samples
collected from Mandi Mor (3.4± 0.266 mg/kg). Except fruits from Aabpara Market increase or decrease in
chlorine concentration in other market samples were statistically non-significant as compared to Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 141
non-treated control group as shown in table 13.14. Maximum potassium concentration in Plum fruit was
recorded in sample collected from Aabpara Market (2330.15± 59.3 mg/kg) while minimum concertation was
recorded in sample collected from Itwar Bazar (746.75± 21.1 mg/kg). Potassium concentration was found
non-significant in all group. Maximum calcium concentration in Plum fruit was recorded in sample collected
from Street Vendor (1385.8± 13.8 mg/kg) while minimum concertation was recorded in control sample (313±

https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443973000&usg=AFQjCNE2lcs-AO_Gt95whosA5aqUe48IPg
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443973000&usg=AFQjCNE2lcs-AO_Gt95whosA5aqUe48IPg
https://www.google.com/url?q=http://www.turnitin.com/&source=gmail-html&ust=1623997443973000&usg=AFQjCNE2lcs-AO_Gt95whosA5aqUe48IPg


6/17/2021 https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824…

https://mail-attachment.googleusercontent.com/attachment/u/0/?ui=2&ik=2d76105885&attid=0.1&permmsgid=msg-f:1702790690951824718&th=… 132/166

2

2

2

12 mg/kg). Increase or decrease in calcium concentration in samples collected from Itwar Bazar and Street
Vendor were found

statistically significant (p < 0.01) as compared to non-treated control
group as shown in

table 1. Maximum chromium concentration in Plum fruit was recorded in sample collected from Super
Market (72.05± 8.1 mg/kg) while minimum concertation was recorded in sample collected from Super Market
(42.3± 5.43 mg/kg). Chromium concentration was found non-significant in all group. Maximum manganese
concentration in Plum fruit was recorded in sample collected from Street Vendor (52.25± 3.01 mg/kg) while
minimum concertation was recorded in control sample (6.1± 0.89 mg/kg). Manganese concentration was
found non-significant in all group. Maximum iron concentration in Plum fruit was recorded in sample
collected from Street Vender (2608.05± 25.2 mg/kg) while minimum concertation was recorded in control
sample (110.65± 5.58 mg/kg). Increase or decrease in iron concentration in samples collected from Itwar
Bazar and Street Vendor were found

statistically significant (p < 0.01) as compared to non-treated control
group as shown in

table 1. Maximum nickel concentration in Plum fruit was recorded in sample collected from Street Vender
(17.3± 2.26 mg/kg) while minimum concertation was recorded in sample collected from Aabpara Market
(5.95± 1.256 mg/kg). Nickel concentration was found non-significant in all group. Maximum cupper
concentration in Plum fruit was recorded in sample collected from Itwar Bazar (51.1± 8.32 mg/kg) while
minimum concertation was recorded in sample collected from Aabpara Market (5.05± 2.65 mg/kg). Increase
or decrease in cupper concentration in samples collected from Itwar Bazar and Street Vendor were found

statistically significant (p < 0.01) as compared to non-treated control
group as shown in

table 1. Maximum zinc concentration in Plum fruit was recorded in sample collected from Street Vender
(12.05± 2.42 mg/kg) while minimum concertation was recorded in sample collected from Aabpara Market
(2.3± 0.495 mg/kg). Zinc concentration was found non-significant in all group. Maximum arsenic
concentration in Plum fruit was recorded Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 142 in sample collected from Mandi Mor (0.85 mg/kg)
while minimum concertation was recorded in sample collected from Aabpara Market (0.26 mg/kg). Arsenic
was not detected from sample in control group, Super Market, vendor and Mandi Mor. Mercury was not
detected from sample in control group, Itwar Bazar, Super Market,and Aabpara Market. Maximum mercury
concentration in Plum fruit was recorded only in sample collected from Mandi Mor (3.825 mg/kg) while
minimum concertation was recorded in sample collected from Street Vender (1.9 mg/kg).while mercury was
not detected from sample in control group, Itwar Bazar, Super Market, and Mandi Mor.( Table 3.14)
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 143 Table 3.14: Elemental profile of Plum fruit collect from different local fruit markets using particle
induced X-ray emission (PIXE) spectroscopy. Elements Control Aabpara Market Super Market Itwar Bazar
Street Vendor Mandi Mor Al 48.3 1.5 ± 18.2ns 54.15± 10.5ns 31.85± 3.1ns 63.65± 18ns 63.65± 19.3ns
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90

84

75

49

93

49.1± 19.3ns Si 3.6n± 1.13ns 2.3± 0.84ns 2.4± 0.424ns 10.5± 1.59ns 8.8n± 0.67s 1.8± 0.21ns P 3.25±0.27b
0.7± 0.07a ND 0.4075± 0.129a 0.75± 0.193a 3.75± 0.23d S 31.25±1.4 ns 24.8± 2.56ns 7.5± 1.69ns 1.15±
0.33a 1.2± 0.14a 30.9± 2.68cde Cl 27.4± 2.5b 172.4± 17.7a 183.95± 19.7ns 4.85± 0.577b 3.4± 0.266b
25.4± 4.18b K 1577.35± 13.17ns 2330.15± 59.3ns 1763.45± 22ns 746.75± 21.1b 751.15± 10b 1820.2±
66.6ns Ca 313± 12ns 742.6± 17ns 914.3± 17.2ns 1379.4± 14.4a 1385.8± 13.8ad 404.05± 23.8e Cr 42.3±
5.43ns 55.95± 1.64ns 72.05± 8.1ns 59.95± 6.98ns 62.3± 12.3ns 43.05± 5.78ns Mn Fe Ni 6.1± 0.89ns
110.65± 5.58ns 9± 1.87ns 10.75± 1.37ns 188.35± 8.32ns 5.95± 1.256ns 7.1± 1.45ns 182.45± 4.7ns 7.6±
0.192ns 44.7± 2.97ns 2520.7± 17.65abc 17.25± 1.38ns 52.25± 3.01ns 2608.05± 25.2abcd 17.3± 2.26ns
6.25± 0.188ns 130.8± 7.57e 9.85± 1.07ns Cu 8.85± 2.61ns 5.05± 2.65ns 7.55± 1.406ns 51.1± 8.32abc
50.7± 10.23abcd 8.25± 4.34e Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study
Variations in Minerals/Heavy Metals 144 Zn 3.95± 1.4ns 2.3± 0.495ns 3.7± 0.35ns 11.25± 0.353ns 12.05±
2.42ns 5.5± 1.9ns As

ND 0.2595 ND ND ND 0.85 Cd ND ND ND ND D ND Hg ND ND ND ND
1.941 3.85 Pb ND 0.7 ND ND 63.65 ND

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 145 3.3.5.2. Estimated Daily Intakes of Toxic and Essential Elements We calculated and compared
the mean estimated daily intakes (MEDI) of elements detected by PIXE. The provisional tolerable

daily intakes (PTDI) recommended by Joint FAO/WHO Expert
Committee on Food Additives

are 50

mg/kg bw for Si, 3000 mg/kg bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw

for

Cl, 3500

mg/kg bw for K, 2500 mg/kg bw for

Ca, 1.5

mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 0.02

mg/day kg bw for Ni, 0.4 mg/day kg bw for

Cu, 20 mg/day

kg bw for Zn, 0.3 µg/day kg bw for
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90

As, 1 µg/day kg bw for Se, 25

µg/day kg bw for Cd, 3 µg/day kg bw

for Pb,

1.5 µg/day kg bw

for Hg Our results revealed that in all group including control group Cl,

Mn, Fe, Ni, Cu and Zn detected were much higher than the

provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on
Food Additive

. Arsenic detected in all groups samples except control was much higher than the provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on Food
Additive

. THQ value of heavy metals in Plum were calculated less than one so consuming such Plum will not pose
any heavy metal toxicity (Table 3.15) Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 146 Table 3.15 The mean

estimated daily intake (MEDI) (mg/kg) of

essential elements in Plum fruits. The provisional tolerable

daily intakes (PTDI) recommended by Joint FAO/WHO Expert
Committee on Food Additives

. Mean Estimated Daily Intakes(MEDI) Tolerable Daily Provisional Elements Control Aabpara Market Super
Market Itwar Bazar Street Vendor Mandi Mor Intakes (PTDI) Al 138.00 181.86 91.00 154.71 140.29 181.86 -
Si 10.29 30.00 6.86 6.57 5.14 25.14 50 P 9.29 1.16 0.00 2.00 10.71 2.14 3000 S 89.30 3.29 21.43 70.86
88.29 3.43 0.7 Cl 78.29 13.86 525.57 492.57 72.57 9.71 3.6 K 4506.71 2133.57 5038.43 6657.57 5200.57
2146.14 3500 Ca 894.29 3941.14 2612.29 2121.71 1154.43 3959.43 2500 Cr 120.86 171.29 205.86 159.86
123.00 178.00 1.5 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations
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in Minerals/Heavy Metals 147 Mn 17.43 127.71 20.29 30.71 17.86 149.29 0.14 Fe 316.14 7202.00 521.29
538.14 373.71 7451.57 0.7 Ni 25.71 49.29 21.71 17.00 28.14 49.43 0.14 Cu 25.29 146.00 21.57 14.43
23.57 144.86 0.4 Zn 11.29 32.14 10.57 6.57 15.71 34.43 20 As 0.00 0.00 0.00 0.74 2.43 0.00 0.3 µg/

kg.bw

Hg 0.00 0.00 0.00 0.00 11.00 5.55 1.5 µg/

kg.bw

Pb 0.00 0.00 0.00 2.00 0.00 0.00 3 µg/

kg.bw

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 148 3.3.5.3.

Non-Carcinogenic Risk of Heavy Metals

Chronic low-level intake of toxic metal elements has a negative effect
on human health

. HQ

method was used to assess the potential health risks of heavy metal
accumulation through Plum pulp. Plum consumption values for adults in

Islamabad, Pakistan are and 150 g/person/ day. The THQ values of

Cr, Mn, Fe, Cu, As, and

Se due to Plum fruit consumption for residents of the study. When

THQ and HI values are less than 1, there is no obvious risk to the
population, but if these values exceed one, there may be concern for
potential non-carcinogenic effects
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. (Table 3.16) Table 3.16:

Hazard Index (HI) and Target hazard quotient (THQ) values

of the elements for consuming Plum fruits Hazard Index (HI) Elements Control Aabpara Market Super
Market Itwar Bazar Vendor Mandi Mor Cr 80.57 114.19 137.24 106.57 82.00 118.67 Mn 134.07 982.42
156.04 236.26 137.36 1148.35 Fe 451.63 10288.57 744.69 768.78 533.88 10645.10 Ni 1285.71 2464.29
1085.71 850.00 1407.14 2471.43 Cu 632.14 3650.00 539.29 360.71 589.29 3621.43 Zn 37.62 107.14 35.24
21.90 52.38 114.76 As 0.00 0.00 0.00 2471.43 8095.24 0.00 Pb 0.00 0.00 0.00 66.67 0.00 0.00 The Target
Hazard Quotient (THQ) Elements Control Aabpara Super Itwar Market Market Bazar Vendor Mandi Mor Cr
6.50E-05 9.22E-05 0.00011 8.607E-05 6.62E-05 9.584E-05 Mn 0.0001 0.00079 0.00012 0.0002 0.00011
0.0009 Fe 0.00036 0.00831 0.0006 0.0006 0.00043 0.00859

Ni 0.00103 0.00199 0.0008 0.0006 0.00113 0.0019 Cu 0.00051 0.00294

0.00043 0.0003 0.00047 0.002925 Elemental Profiling of Selected Natural and

Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 149 Zn

3.03E-05 8.653E-05 2.846E-05 1.769E-05 4.23E-05 9.26E-05 As 0 0 0 0.001 0.0065 0 Pb 0 0 0 5.38E-05 0
0 3.3.6. Fig (Ficus carica) 3.3.6.1. Differential Elemental profile of Fig Fruit The concentration pattern of the
metals in Fig fruit is K > Ca > Fe > Al > Mn > Cl > Zn > Si> Cd > S >P > As>Cu>Se>Ni>Hg. The average
concentrations of metals in Fig fruit are, 1100.90 (K), 465.93 (Ca), 57.13 (Fe), 3.6 (Cu), 22.53 (Mn) 4.05 (As)
0.79 (Ni), 0.05(Cr), 19.43 (Zn) and 0.30 (Hg) µg/g edible portion. In present study maximum aluminium
concentration in Fig fruit was recorded in sample collected from Mandi Mor (82.50 ± 4.88 mg/kg) while
minimum concertation was recorded in control sample (34.65 ± 2.9 mg/kg). Aluminium was not detected in
samples collect from Street Vendor. Aluminium concentration was found non-significant in all group.
Maximum silicon concentration in Fig fruit was recorded in control sample (1.50 ± 0.42 mg/kg) while
minimum concertation was recorded in samples collect from Itwar Bazar (1.0 ± 0.3 mg/kg). Silicon was not
detected in samples collect from Super Market and Mandi Mor. Silicon was not detected in samples collect
from Street Vendor. Maximum phosphorus concentration in Fig fruit was recorded in sample collected from
Mandi Mor (23.05 ± 3.1 mg/kg) while minimum concertation was recorded in sample collected from Itwar
Bazar (0.9 ± 0.06 mg/kg). Phosphorus was not detected in control samples. Maximum sulphur concentration
in Fig fruit was recorded in sample collected from Street Vendor (7.45 ± 1.2 mg/kg) while minimum
concertation was recorded in sample collected from Aabpara Market (2.15 ± 0.6 mg/kg). Sulphur was not
detected in samples collect from Super Market. Maximum chlorine concentration in Fig fruit was recorded in
sample collected from Super Market (21.35 ± 1.63 mg/kg) while minimum concertation was recorded in both
control sample and samples collected from Aabpara Market (0.94 ± 0.1 mg/kg). Chlorine concentration was
found non-significant in all group. Maximum potassium concentration in Fig fruit was recorded in sample
collected from Super Market (1900 ± 27 mg/kg) while minimum concertation was recorded in control sample
(302.50 ± 3.68 mg/kg). Maximum calcium concentration in Fig fruit was recorded in sample collected from
Itwar Bazar (612.3 ± 17.9 mg/kg) while minimum Elemental Profiling of Selected Natural and Artificially
Ripened Fruits to Study Variations in Minerals/Heavy Metals 150 concertation was recorded in sample
collected from Aabpara Market (305 ± 19 mg/kg). Calcium concentration was found non-significant in all
group. Maximum chromium concentration in Fig fruit was recorded in sample collected from Itwar Bazar (0.1
± 00 mg/kg) while minimum concertation was recorded in sample collected from Aabpara Market (0.01 ± 00
mg/kg). Chromium concentration was found non-significant in all group. Maximum manganese concentration
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in Fig fruit was recorded in control sample (126.7 ± 3.8 mg/kg) while minimum concertation was recorded in
sample collected from Itwar Bazar (9.4 ± 0.6 mg/kg). Maximum iron concentration in Fig fruit was recorded
in sample collected from Mandi Mor (275.6 ± 28 mg/kg) while minimum concertation was recorded in sample
collected from Street Vendor (17.35 ± 2.4 mg/kg). Maximum copper concentration in Fig fruit was recorded
in sample collected from Mandi Mor (14.85±2.3 mg/kg) while minimum concertation was recorded in sample
collected from Aabpara Market (0.01±00 mg/kg). Maximum zinc concentration in Fig fruit was recorded in
sample collected from Street Vender (41.4 mg/kg) while minimum concertation was recorded in control
sample (11.45 mg/kg). Zinc was not detected in samples collected from Aabpara Market. Maximum arsenic
concentration in Fig fruit was recorded in sample collected from Mandi Mor (41.40 ± 3.6 mg/kg) while
minimum concertation was recorded in sample collected from Street Vendor (11.45 ± 2.7 mg/kg). Arsenic
was not detected from sample in control group, Super Market and Aabpara Market. Maximum cadmium
concentration in Fig fruit was recorded in sample collected from Super Market and Itwar Bazar (1.8 ±0.223
mg/kg) while minimum concertation was recorded in sample collected from Aabpara Market (1.1
±0.22mg/kg). Cadmium was not detected from sample in control group, Mandi Mor and Street Vendor.
Maximum mercury concentration in Fig fruit was recorded in sample collected from Super Market (0.99±0.18
mg/kg) while minimum concertation was recorded in sample collected from Street Vendor (0.8 ±0.15 mg/kg).
Mercury was not detected from sample in control group, Itwar Bazar, Mandi Mor and Aabpara Market.
(Table3.17). Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 151 Table 3.17: Elemental profile of Fig fruit collect from different local fruit markets
using particle induced X-ray emission (PIXE) spectroscopy. Elements Control Aabpara Market Super Market
Itwar Bazar Street Vendor Mandi Mor Al 34.65 ± 2.9ns 58.95 ± 14.2 ns 50.35 ± 13.8ns 38.2 ± 0.8ns ND
82.50 ± 4.88ns Si 1.50 ± 0.42ns 1.35 ± 0.11ns ND 1.0 ± 0.3ns 1.40 ± 0.1ns ND P S Cl K Ca ND 3.05 ±
0.07ns 9.85 ± 0.35ns 302.50 ± 3.68ns 376.90 ± 16ns 4.90 ± 0.1ns 2.15 ± 0.6ns 0.94 ± 0.1ns 1119 ± 18ns
305 ± 19ns 1.52 ± 0.4ns ND 21.35 ± 1.63ns 1900 ± 27ns 406.50 ± 15.7ns 0.9 ± 0.06ns 3.7 ± 0.1ns 16.8 ±
1.1ns 1087.5 ± 28.9abc 612.3 ± 17.9ns 20.25 ± 2.4bcd 7.45 ± 1.2ns 6.25 ± 2.8ns 380.65 ± 14.2d 596.60 ±
5.45ns 23.05 ± 3.1bcd 4.90 ± 0.3abd 6.85 ± 1.3ns 1815.65 ± 23.9 abcde 498.30 ± 17.3ns Cr 0.08 ± 0.01ns
0.01 ±

00ns 0.02 ± 00ns 0.1 ± 00ns 0.08 ± 00ns 0.03 ± 00ns Mn 44.35 ± 0

.78ns 14.00 ± 2 ns 15.15 ± 1.5ns 9.4 ± 0.6ns 13 ± 1.8ns 126.7 ± 3.8abcde Fe 96.45 ± 19.45b 20.5 ± 3a
33.75 ± 4.7b 76.8 ± 2.2ac 17.35 ± 2.4ac 275.6 ± 28bde Ni 0.30 ± 0.07ns 0.04 ± 00ns 0.49 ± 00ns 0.2 ± 00ns
3.29 ± 0.5abcd 0.38 ± 0.01e Cu 0.64 ± 0.07ns 0.01 ± 00ns ND 0.4 ± 0.02ns 5.74 ± 1.2ns 14.85 ± 2.3abd
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 152 Zn 11.45 ± 2.7ns ND 24.35 ± 4.1ns 14.1 ± 2.8ns 41.40 ± 3.6ns 25.35 ± 3.8ns As ND ND ND 0.5
9.25 ±1.5 14.55 ±0.7 Cd ND 1.1 ±0.22 1.8 ±0.223 1.8 ±0.2

ND ND Hg ND ND 0.99 ±0.15 ND 0.8 ±0.183 ND

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 153 3.3.6.2. Estimated Daily Intakes of Toxic and Essential Elements We calculated and compared
the mean estimated daily intakes (MEDI) of elements detected by PIXE.

The provisional tolerable daily intakes (PTDI) recommended by Joint
FAO/WHO Expert Committee on Food Additives
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43

are 50

mg/kg bw for Si, 3000 mg/kg bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw

for

Cl, 3500

mg/kg bw for K, 2500 mg/kg bw for

Ca, 1.5

mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 0.02

mg/day kg bw for Ni, 0.4 mg/day kg bw for

Cu, 20 mg/day

kg bw for Zn, 0.3 µg/day kg bw for

As, 1 µg/day kg bw for Se, 25

µg/day kg bw for Cd, 3 µg/day kg bw

for Pb,

1.5 µg/day kg bw

for Hg Our results revealed that in all group including control group Cl,

Mn, Fe, Ni, Cu and Zn detected were much higher than the

provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on
Food Additive

. Arsenic detected in all groups samples except control was much higher than the provisional tolerable
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daily intakes recommended by Joint FAO/WHO Expert Committee on
Food Additive

. THQ value of heavy metals in Fig were calculated less than one so consuming such Fig will not pose any
heavy metal toxicity (Table 3.18) Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 154 Table 3.18 The mean

estimated daily intake (MEDI) (mg/kg) of

essential elements in Fig fruits.

The provisional tolerable daily intakes (PTDI) recommended by Joint
FAO/WHO Expert Committee on Food Additives

. Mean Estimated Daily Intakes(MEDI) Tolerable Daily Provisional Elements Control Aabpara Market Super
Market Itwar Bazar Street Vendor Mandi Mor Intakes (PTDI) Al 99 168.4286 143.8571 109.1429 0 235.7143
- Si 4.285714 3.857143 0 2.724286 4 0 50 P 0 14 4.342857 2.431429 57.85714 65.85714 3000 S 8.714286
6.142857 0 10.42857 21.28571 14 0.7 Cl 28.14286 2.685714 61 47.85714 17.85714 19.57143 3.6 K
864.2857 3197.143 5428.857 3107.143 1087.571 5187.571 3500 Ca 1076.857 168.4286 1161.429
1749.286 1704.571 1423.714 2500 Cr 0.221857 0.020004 0.053757 0.248286 0.233714 0.085143 1.5
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 155 Mn 126.7143 40 43.28571 26.85714 37.14286 112.2857 0.14 Fe 275.5714 58.57143 96.42857
219.4286 49.57143 279.7143 0.7 Ni 0.867143 0.1152 1.385 0.678571 9.39 1.09 0.14 Cu 1.83 0.041571 0
1.012857 16.40714 42.42857 0.4 Zn 32.71429 0 69.57143 40.14286 118.2857 72.42857 20 As 0.00 0 0
1.428571 26.42857 41.57143 0.3 µg/

kg.bw

Cd 0.00 3.142857 5.142857 5.142857 0 0 2.5 µg/

kg.bw

Hg 0.00 0.000723 2.837143 0 2.290943 0.001486 3 µg/

kg.bw

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 156 3.3.6.3.

Non-Carcinogenic Risk of Heavy Metals
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Chronic low-level intake of toxic metal elements has a negative effect
on human health

. HQ

method was used to assess the potential health risks of heavy metal
accumulation through Fig pulp. Fig consumption values for adults in

Islamabad, Pakistan are and 20 g/person/day. The THQ values of

Cr, Mn, Fe, Cu, As, and

Se due to Fig fruit consumption for residents of the study area. When

THQ and HI values are less than 1, there is no obvious risk to the
population, but if these values exceed one, there may be concern for
potential non-carcinogenic effects

. (Table 3.19) Table 3.19:

Hazard Index (HI) and Target hazard quotient (THQ) values

of the elements for consuming Fig fruits Hazard Index (HI) Elements Control Aabpara Market Super Market
Itwar Bazar Vendor Mandi Mor Cr 0.147905 0.013336 0.035838 0.165524 0.15581 0.056762 Mn 974.7253
307.6923 332.967 206.5934 285.7143 863.7363 Fe 393.6735 83.67347 137.7551 313.4694 70.81633
399.5918 Ni 43.35714 5.760714 69.28571 33.92857 469.8571 54.57143 Cu 45.75 1.039286 0 25.32143
410.1786 1060.714 Zn 109.0476 0 231.9048 133.8095 394.2857 241.4286 As 0.00 0 0.00 4761.905
88095.24 138571.4 The Target Hazard Quotient (THQ) Elements Control Aabpara Super Itwar Market
Market Bazar Vendor Mandi Mor Cr 1.59E-08 1.44E-09 3.859E-09 1.78E-08 1.68E-08 6.11E-09 Mn
0.000104 3.31E-06 3.58E-05 2.22E-05 3.08E-05 0.000924 Fe 4.23E-05 9.01E-08 0.001478 3.37E-05
7.63E-06 4.3E-05 Ni 4.66E-06 6.2E-07 7.46E-06 3.65E-06 5.06E-05 5.88E-06 Cu 4.92E-06 1.12E-07 0
2.72E-06 4.42E-05 0.000114 Zn 1.17E-05 0 0.0845 1.44E-05 4.25E-05 0.000259 Elemental Profiling of
Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 157 As 0 0 0
0.00051 0.094872 0.014923 3.3.7. Apple (Malus domestica) 3.7.1. Differential Elemental profile of Apple
Fruit The concentration pattern of the metals in Apple fruit is K >Ca > Fe > Al > Mn > Cl > Zn > Se > S > Cd
>Si > P > Cu > As > Ni >Se > Cr. The average concentrations of metals in Apple fruit are, 686.9 (K), 545
(Ca), 66.7 (Fe), 0.6 (Cu), 14.5 (Mn) 0.4 (As) 0.2 (Ni), 0.1 (Cr), 13.2 (Zn) and 3.30 (Cd) µg/g edible portion. In
present study maximum aluminium concentration in Apple fruit was recorded in control sample (41.2 ± 41.2
mg/kg) while minimum concertation was recorded in sample collected from Aabpara Market (31.6 ± 0.7
mg/kg). Aluminium concentration in control samples was found statistically significant (p < 0.01) as
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compared to its concentration in Apple fruit sample purchased from Aabpara Market. Maximum silicon
concentration in Apple fruit was recorded in control sample (1.2 ± 0.1 mg/kg) while minimum concertation
was recorded in samples collect from Street Vendor (0.6 ± 0.08 mg/kg). Silicon concentration was found
non-significant in all group. Maximum phosphorus concentration in Apple fruit was recorded in sample
collected from Itwar Bazar (2.2 ± 0.2 mg/kg) while minimum concertation was recorded in sample collected
from Mandi Mor (0.4 ± 0.1 mg/kg). Phosphorus was not detected in control samples and Aabpara Market.
Maximum sulphur concentration in Apple fruit was recorded in sample collected from Street Vendor and
Mandi Mor (7.4 ± 0.25 mg/kg) while minimum concertation was recorded in sample collected from Super
Market (2.9 ± 0.3 mg/kg). Except fruits collected from Itwar Bazar increase or decrease in phosphorus
concentration in other market samples were statistically non-

significant (p < 0.01) as compared to non-treated control group as shown

in

table 1. Maximum chlorine concentration in Apple fruit was recorded in control sample (26.1 ±1.3 mg/kg)
while minimum concertation was recorded in samples collected from Itwar Bazar (7.5 ± 2.2 mg/kg).
Maximum potassium concentration in Apple fruit was recorded in sample collected from Street Vendor
(975.5 ± 14.2 mg/kg) while minimum concertation was recorded in control sample (348.7 ± 16.2 mg/kg).
Potassium concentration was found non-significant in all group. Maximum calcium concentration in Apple
fruit was recorded in sample collected from Aabpara Market (688.9 ± 8.08 mg/kg) while minimum
concertation was recorded in control Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 158 sample (349.8 ± 12.6 mg/kg). Except fruits from Aabpara
Market increase or decrease in phosphorus concentration in other market samples were

statistically significant (p < 0.01) as compared to non-treated control
group as shown in

table 1. Chromium concentration was detected same in all samples (0.1 ± 0.01 mg/kg). Chromium
concentration was found non-significant in all group. Maximum manganese concentration in Apple fruit was
recorded in sample collected from Itwar Bazar (16.4 ± 2.9 mg/kg) while minimum concertation was recorded
in sample collected from Super Market (13.1 ± 5.7 mg/kg). Manganese concentration was found non-
significant in all group. Maximum iron concentration in Apple fruit was recorded in sample collected from
Itwar Bazar (112 ± 8.9 mg/kg) while minimum concertation was recorded in control sample (38.8 ± 13.7
mg/kg).

A statistically significant (p = 0.01) relationship was found for iron

concentration in

control group as compared to other groups. Maximum nickel concentration in Apple fruit was recorded in
sample collected from Aabpara Market (0.3 ± 0.04 mg/kg) while minimum concertation was recorded in
sample collected from Street Vendor (0.1 ± 0.02 mg/kg). Except fruits collected from Street Vendor increase
or decrease in nickel concentration in other market samples were
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statistically significant (p = 0.01) as compared to non-treated control
group as shown in

table 1. Maximum cupper concentration in Apple fruit was recorded in sample collected from Itwar Bazar
(1.0 ± 0.18 mg/kg) while minimum concertation was recorded in sample collected from Mandi Mor (0.3 ± 0.1
mg/kg). Except fruits collected from Mandi Mor increase or decrease in cupper concentration in other market
samples were statistically non-significant as compared to non-treated control group as shown in table 1.
Maximum zinc concentration in Apple fruit was recorded in sample collected from Itwar Bazar (30.1 ± 3.2
mg/kg) while minimum concertation was recorded in sample collect from Street Vendor (7.2 ± 1.8 mg/kg).
Zinc was not detected in control sample. Maximum selenium concentration in Apple fruit was recorded in
control sample (38.8 ± 8.3 mg/kg) while minimum concertation was recorded in sample collected from Itwar
Bazar (2.2 ± 0.13 mg/kg). Maximum arsenic concentration in Apple fruit was recorded in sample collected
from Street Vendor (1.8 ± 0.4 mg/kg) while minimum concertation was recorded in sample collected from
Mandi Mor (0.5 ± 0.04 mg/kg). Arsenic was not detected from sample in control group, Itwar Bazar and
Aabpara Market. Maximum cadmium concentration in Apple fruit was recorded in sample collected from
Super Market and Mandi Mor (10.8 ± Elemental Profiling of Selected Natural and Artificially Ripened Fruits
to Study Variations in Minerals/Heavy Metals 159 1.5mg/kg) while minimum concertation was recorded in
sample collected from Aabpara Market (9.1 ± 1.2 mg/kg). Cadmium was not detected from sample in control
group, Super Market, Itwar Bazar and Street Vendor. (Table3.20). Elemental Profiling of Selected Natural
and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 160 Table 3.20: Elemental profile
of Apple fruit collect from different local fruit markets using particle induced X-ray emission (PIXE)
spectroscopy Elements Control Aabpara Market Super Market Itwar Bazar Street Vendor Mandi Mor Al 41.2
± 1.1b 31.6 ± 0.7a 33.9 ± 1.1ns 37.7 ± 6.2ns 36.8 ± 6.4ns 35.2 ±5.2ns Si 1.2 ± 0.1ns 0.8 ±

0.01ns 0.8 ± 0.01ns 0.8 ± 0.01ns 0.6 ± 0.08ns 0

.9 ± 0.04ns P ND ND 1.2 ± 0.17ns 2.2 ± 0.2ns 0.7 ± 0.01cd 0.4 ± 0.1cd S 3.3 ± 0.4ns 3.0 ± 0.22ns 2.9 ±
0.3ns 4.1 ± 0.4ns 4.7 ± 0.25ns 4.7 ± 0.4ns Cl 26.1 ± 1.3ns 12.0 ± 0.8ns 11.2 ± 2.1ns 7.5 ± 2.2ns 11.1 ±
1.05ns 16.0 ± 2.5ns K 348.7 ± 16.2ns 675.4 ± 48.6ns 763.1 ± 53.3ns 764.2 ± 55ns 594.4 ± 31.9ns 975.5 ±
14.2ns Ca 349.8 ± 12.6ns 688.9 ± 8.08ns 403.7 ± 33.67a 437.5 ± 60.1a 444.7 ± 23.1a 545.0 ± 24.1a Cr 0.1
±

0.01ns 0.1 ± 0.01ns 0.1 ± 0.01ns 0.1 ± 0.01ns 0.1 ± 0

.01ns 0.1 ± 0.01ns Mn 14.6 ± 1.6ns 15.8 ± 2.12ns 13.1 ± 5.7ns 16.4 ± 2.9ns 13.8 ± 1.1ns 13.4 ± 5ns Fe 38.8
± 13.7b 53.9 ±9.6a 90.2 ± 8.18a 112.0 ± 8.94a 40.0 ± 1.1a 65.3 ± 8.38a Ni ND 0.3 ± 0.04 0.2 ± 0.01ns 0.3 ±
0.01ns 0.1 ± 0.02ns 0.2 ± 0.01ns Cu 0.7 ± 0.1ns 0.5 ± 0.2ns 0.8 ± 0.2ns 1.0 ± 0.18b 0.4 ± 0.04d 0.3 ±
0.1acd Zn ND 12.2 ± 1.73ns 17.6 ± 2.4ns 30.1 ± 3.2ns 7.2 ± 1.8cd 12.2 ± 3.7d Elemental Profiling of
Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 161 As 38.8 ±
2.17ns ND ND 2.2a ± 15.8 ± 1.7ad 6.4e Cd ND 9.1 ± 0.8 ns ND ND ND 10.8 ± 1.1ns Elemental Profiling of
Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 162 3.3.7.2.
Estimated Daily Intakes of Toxic and Essential Elements We calculated and compared the mean estimated
daily intakes (MEDI) of elements detected by PIXE. The provisional tolerable
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daily intakes (PTDI) recommended by Joint FAO/WHO Expert
Committee on Food Additives

are 50

mg/kg bw for Si, 3000 mg/kg bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw

for

Cl, 3500

mg/kg bw for K, 2500 mg/kg bw for

Ca, 1.5

mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 0.02

mg/day kg bw for Ni, 0.4 mg/day kg bw for

Cu, 20 mg/day

kg bw for Zn, 0.3 µg/day kg bw for

As, 1 µg/day kg bw for Se, 25

µg/day kg bw for Cd, 3 µg/day kg bw

for Pb,

1.5 µg/day kg bw

for Hg Our results revealed that in all group including control group Cl,

Mn, Fe, Ni, Cu and Zn detected were much higher than the

provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on
Food Additive
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. Arsenic detected in all groups samples except control was much higher than the provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on
Food Additive

. THQ value of heavy metals in Apple were calculated less than one so consuming such Apple will not pose
any heavy metal toxicity (Table 3.21) Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 163 Table 3.21 The mean

estimated daily intake (MEDI) (mg/kg) of

essential elements in Apple fruits. The provisional tolerable

daily intakes (PTDI) recommended by Joint FAO/WHO Expert
Committee on Food Additives

. Mean Estimated Daily Intakes(MEDI) Tolerable Daily Provisional Elements Control Aabpara Market Super
Market Itwar Bazar Street Vendor Mandi Mor Intakes (PTDI) Al 117.6 90.3 96.9 107.7 105.1 100.4 - Si 3.3
2.1 2.1 2.3 1.6 2.6 50 P 0.0 0.0 3.4 6.1 2.0 1.3 3000 S 9.4 8.4 8.1 11.6 13.3 13.4 0.7 Cl 74.4 34.1 31.9 21.3
31.6 35.3 3.6 K 996.1 1929.7 2180.3 2183.4 1698.1 2787.1 3500 Ca 3856.6 1968.1 1153.3 1249.9 1270.4
1557.1 2500 Cr 0.2 0.2 0.2 0.3 0.2 0.2 1.5 Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 164 Mn 115.9 442.1 37.3 46.9 39.4 38.1 0.14 Fe 1253.7
154.0 257.6 319.9 114.3 186.4 0.7 Ni 0.0 0.8 0.7 1.0 0.3 0.5 0.14 Cu 2.0 1.4 2.3 2.9 1.1 0.7 0.4 Zn 0.0 34.9
50.1 85.9 20.5 34.7 20 Se 110.9 0.0 0.0 6.1 45.0 18.3 1

µg/kg.bw As 0.0 0.0 0.9 0.0 5.0 1.4 0

.3

µg/kg.bw Cd 0.0 26.0 0.0 0.0 0.0

30.9 2.5 µg/

kg.bw

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 165 3.

3.7.3. Non-Carcinogenic Risk of Heavy Metals
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Chronic low-level intake of toxic metal elements has a negative effect
on human health

. HQ

method was used to assess the potential health risks of heavy metal
accumulation through Apple pulp. Apple consumption values for adults in

Islamabad, Pakistan are and 20 g/person/day. The THQ values of

Cr, Mn, Fe, Cu, As, and

Se due to Apple fruit consumption for residents of the study area. When

THQ and HI values are less than 1, there is no obvious risk to the
population, but if these values exceed one, there may be concern for
potential non-carcinogenic effects

.. (Table 3.22) Table 3.22:

Hazard Index (HI) and Target hazard quotient (THQ) values

of the elements for consuming Apple fruits Hazard Index (HI) Elements Control Aabpara Market Super
Market Itwar Bazar Vendor Mandi Mor Cr 0.1 0.1 0.2 0.2 0.1 0.1 Mn 891.2 3401.1 286.8 360.4 303.3 293.4
Fe 1791.0 220.0 368.0 456.9 163.3 266.3 Ni 0.0 38.9 32.7 48.5 17.0 25.8 Cu 49.5 36.1 57.4 72.8 27.9 18.5
Zn 0.0 116.2 167.1 286.2 68.5 115.7 As 0.0 0.0 3023.8 0.0 16666.7 4761.9 Cd 0.0 26000.0 0.0 0.0 0.0
30857.1 The Target Hazard Quotient (THQ) Elements Control Aabpara Super Itwar Market Market Bazar
Vendor Mandi Mor Cr 1.95E-07 1.496E-07 2.18E-07 2.29E-07 1.65E-07 1.79E-07 Mn 0.00119 0.0045
0.000386 0.000485 0.000408 0.000395 Fe 0.0024 0.00029 0.000495 0.000615 0.00022 0.000359 Ni 0
5.230E-05 4.4E-05 6.53E-05 2.

29E-05 3.47E-05 Cu 6.66E-05 4.86E-05 7.73E-05 9.8E-05 3.75E-05

2.49E-05 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 166 Zn 0 0.00015 0.000225 0.000385 9.22E-05 0.000156 As 0 0 0.004071 0
0.022436 0.00641 Cd 0 0.035 0 0 0 0.041538 Elemental Profiling of Selected Natural and Artificially
Ripened Fruits to Study Variations in Minerals/Heavy Metals 167 3.3.8. Apricot (Prunus armeniaca) 3.3.8.1.
Differential Elemental profile of Apricot Fruit. The concentration pattern of the metals in Apricot fruit is K > Ca
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> Fe > Al > Mn>Cl>Zn>Se > S > Cd >Si > P > Cu > As > Ni >Se > Cr. The average concentrations of metals
in Apricot fruit are, 686.9 (K), 545 (Ca), 66.7 (Fe), 0.6 (Cu), 14.5 (Mn) 0.4 (As) 0.2 (Ni), 0.1 (Cr), 13.2 (Zn)
and 3.30 (Cd) µg/g edible portion. In present study maximum aluminium concentration in Apricot fruit was
recorded in sample collected from Itwar Bazar (41.7 ± 0.56 mg/kg) while minimum concertation was
recorded in sample collected from Aabpara Market (32.1 ± 1.4 mg/kg). Maximum silicon concentration in
Apricot fruit was recorded in sample from Super Market (1.2 ± 42 mg/kg) while minimum concertation was
recorded in samples collect from Itwar Bazar (0.355 ± 0.5 mg/kg). Silicon was not detected in samples
collected from Aabpara Market. Maximum phosphorus concentration in Apricot fruit was recorded in sample
collected from Super Market (2.2 ± 0.29mg/kg) while minimum concertation was recorded in sample
collected from Mandi Mor (0.85 ± 0.07 mg/kg). Phosphorus was not detected in samples collected from
Street Vendor and Aabpara Market. Maximum sulphur concentration in Apricot fruit was recorded in sample
collected from Street Vendor (6.05 ± 0.4 mg/kg) while minimum concertation was recorded in sample
collected from itwar market (2.95 ± 0.63 mg/kg). Maximum chlorine concentration in Apricot fruit was
recorded in control sample (26.05 ± 1.34 mg/kg) while minimum concertation was recorded in samples
collected from Itwar Bazar (2.95 ± 0.91mg/kg). Maximum potassium concentration in Apricot fruit was
recorded in sample collected from Super Market (1146.75 mg/kg) while minimum concertation was recorded
in sample collected from Aabpara Market (358.8 mg/kg). Maximum calcium concentration in Apricot fruit was
recorded in sample collected from Super Market (621.35 mg/kg) while minimum concertation was recorded
in sample collected from Aabpara Market (141.45 mg/kg). Maximum chromium concentration in Apricot fruit
was recorded in sample collected from Itwar Bazar (0.087 mg/kg) while minimum concertation was recorded
in sample collected from Street Vendor (0.0467 mg/kg). Chromium concentration was found non- significant
in all group. Maximum manganese concentration in Apricot fruit was recorded in control sample (40.55
mg/kg) while minimum concertation was recorded in sample collected from Aabpara Market (6.85 mg/kg).
Maximum iron concentration in Apricot Elemental Profiling of Selected Natural and Artificially Ripened Fruits
to Study Variations in Minerals/Heavy Metals 168 fruit was recorded in sample collected from Mandi Mor
(76.8 mg/kg) while minimum concertation was recorded in sample collected from Aabpara Market (32.65
mg/kg). Maximum nickel concentration in Apricot fruit was recorded in sample collected from Super Market
(0.296 mg/kg) while minimum concertation was recorded in sample collected from Street Vendor (0.12
mg/kg). Maximum cupper concentration in Apricot fruit was recorded in sample collected from Super Market
(1.137 mg/kg) while minimum concertation was recorded in sample collected from Street Vendor (0.242
mg/kg). Maximum zinc concentration in Apricot fruit was recorded in sample collected from Super Market
(33.7 mg/kg) while minimum concertation was recorded in sample collect from Street Vendor (11.8 mg/kg).
Zinc was not detected in control sample and Aabpara Market. Maximum selenium concentration in Apricot
fruit was recorded in control sample (38.8 mg/kg) while minimum concertation was recorded in sample
collected from Mandi Mor (0.8 mg/kg). Selenium was not detected in sample collected from Aabpara Market.
Maximum arsenic concentration in Apricot fruit was recorded in sample collected from Itwar Bazar (1.75
mg/kg) while minimum concertation was recorded in sample collected from Aabpara Market (0.31 mg/kg).
Arsenic was not detected from sample in control group, Street Vendor and Super Market. Maximum
cadmium concentration in Apricot fruit was recorded in sample collected from Super Market and Mandi Mor
(10.8 mg/kg) while minimum concertation was recorded in sample collected from Aabpara Market (9.1
mg/kg). Cadmium was not detected from sample in control group, Super Market, Itwar Bazar and Street
Vendor. (Table 3.23). Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study
Variations in Minerals/Heavy Metals 169 Table 3.23: Elemental profile of Apricot fruit collect from different
local fruit markets using particle induced X-ray emission (PIXE) spectroscopy Elements Control Aabpara
Market Super Market Itwar Bazar Street Vendor Mandi Mor Al 41.15 ± 1.06 b 32.1 ± 1.41a 34 ± 0.98ab 41.7
± 0.56bc 31.9 ± 0.56acd 38.2 ± 0.84abcde Si 1.15 ± 0.07 ND 1.201 ± 0.42 0.355 ± 0.5ac 0.846 ± 0.35ns
0.9535 ± 0.34ns P S Cl K Ca Cr Mn ND 3.3 ± 0.42b 26.05 ± 1.34b 348.65 ± 62.4ns 1349.8 ± 18.8b 0.07615
.06ns 40.55 ± 1.6b ND 1.45 ± 0.07a 8 ± 2.4a 358.8 ± 38.4ns 141.45 ± 32.4a 0.07995 ± 0.007ns 6.85 ± 3a
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2.2 ± 0.28 4.25 ± 0.07ab 12.6v 0.90a 1146.75ab 621.35 ± 34.1ab 0.08645 ± 0.001ns 19.2 ± 2.9ab 1.85 ±
0.63 3.35 ± 0.63bc 2.95 ± 0.91ac 371.8 ± 9.2c 273.35 ± 28.7ac 0.0871 ± 0.004ns 12.25 ± 1.06ab ND 6.05 ±
0.49acd 13.6 ± 3.9ad 812.55 ± 4.6abcd 607.55 0.77abd 0.0467 ± 0.002ns 15.75 ± 1.62ab 0.851 0.041 3.65
± 0.07be 16.75 ± 1.06abd 1087.5 ± 10.8abde 612.25 ± 12.6abd 0.0869 ± 0.005ns 9.4 ± 0.56ns Fe 438.8 ±
13.7b 32.65 ± 0.49a 161.6 ± 19.23ab 44.75 ± 5.58ac 38.5 ± 0.98ac 76.8 ± 2.24abcde Ni ND 0.2745 ± 0.04
0.296 v 0.11ns 0.152 ± 0.02ns 0.12 ± 0.001ns 0.2375 v 0.003ns Elemental Profiling of Selected Natural and
Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 170 Cu 0.6935 ± 0.12ns Zn ND Se
38.8 ± 8.2 As ND Cd ND 0.6295 v 0.004ns ND ND 0.3175 ± 0.004 9.1 ± 1.2 1.137 ± 0.23ab 33.7 ± 1.9 1.55
± 0.2 ND ND 0.6105 ± 0.007c 14.039 ± 1.94c 11.05 ± 1.39 1.75 ± 0.24 ND 0.2425 ± 0.007abcd 11.8 ± 3.25c
11.7 ± 1.55 ND ND 0.3545 ± 0.003abc 14.05 ± 1.06c 0.85 ± 1.2 0.5 ± 0.07 10.8 ±15.27 Elemental Profiling of
Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 171 3.3.8.2.
Estimated Daily Intakes of Toxic and Essential Elements We calculated and compared the mean estimated
daily intakes (MEDI) of elements detected by PIXE.

The provisional tolerable daily intakes (PTDI) recommended by Joint
FAO/WHO Expert Committee on Food Additives

are 50

mg/kg bw for Si, 3000 mg/kg bw for P, 0.7 mg/kg bw for S, 3.6 mg/kg bw

for

Cl, 3500

mg/kg bw for K, 2500 mg/kg bw for

Ca, 1.5

mg/kg bw for Cr, , 0.14 mg/day kg bw for Mn, 0.7 mg/day kg bw for Fe, 0.02

mg/day kg bw for Ni, 0.4 mg/day kg bw for

Cu, 20 mg/day

kg bw for Zn, 0.3 µg/day kg bw for

As, 1 µg/day kg bw for Se, 25

µg/day kg bw for Cd, 3 µg/day kg bw

for Pb,
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124

54

43

43

112

67

75

1.5 µg/day kg bw

for Hg Our results revealed that in all group including control group Cl,

Mn, Fe, Ni, Cu and Zn detected were much higher than the

provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on
Food Additive

. Arsenic detected in all groups samples except control was much higher than the provisional tolerable

daily intakes recommended by Joint FAO/WHO Expert Committee on
Food Additive

. THQ value of heavy metals in Apricot were calculated less than one so consuming such Apricot will not
pose any heavy metal toxicity (Table 3.24) Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 172 Table 3.24 The mean

estimated daily intake (MEDI) (mg/kg) of

essential elements in Apricot fruits.

The provisional tolerable daily intakes (PTDI) recommended by Joint
FAO/WHO Expert Committee on Food Additives

. Mean Estimated Daily Intakes(MEDI) Tolerable Daily Provisional Elements Control Aabpara Market Super
Market Itwar Bazar Street Vendor Mandi Mor Intakes (PTDI) Al 117.6 90.3 96.9 107.7 105.1 100.4 - Si 3.3
2.1 2.1 2.3 1.6 2.6 50 P 0.0 0.0 3.4 6.1 2.0 1.3 3000 S 9.4 8.4 8.1 11.6 13.3 13.4 0.7 Cl 74.4 34.1 31.9 21.3
31.6 35.3 3.6 K 996.1 1929.7 2180.3 2183.4 1698.1 2787.1 3500 Ca 3856.6 1968.1 1153.3 1249.9 1270.4
1557.1 2500 Cr 0.2 0.2 0.2 0.3 0.2 0.2 1.5 Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 173 Mn 115.9 442.1 37.3 46.9 39.4 38.1 0.14 Fe 1253.7
154.0 257.6 319.9 114.3 186.4 0.7 Ni 0.0 0.8 0.7 1.0 0.3 0.5 0.14 Cu 2.0 1.4 2.3 2.9 1.1 0.7 0.4 Zn 0.0 34.9
50.1 85.9 20.5 34.7 20 Se 110.9 0.0 0.0 6.1 45.0 18.3 1

µg/kg.bw As 0.0 0.0 0.9 0.0 5.0 1.4 0

.3
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75

104

1

1

104

52

95

µg/kg.bw Cd 0.0 26.0 0.0 0.0 0.0

30.9 2.5 µg/

kg.bw

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 174 3.3.8.3.

Non-Carcinogenic Risk of Heavy Metals

Chronic low-level intake of toxic metal elements has a negative effect
on human health

. HQ

method was used to assess the potential health risks of heavy metal
accumulation through Apricot pulp. Apricot consumption values for adults in

Islamabad, Pakistan are and 20 g/person/day. The THQ values of

Cr, Mn, Fe, Cu, As, and

Se due to Apricot fruit consumption for residents of the study. When

THQ and HI values are less than 1, there is no obvious risk to the
population, but if these values exceed one, there may be concern for
potential non-carcinogenic effects

.( Table: 3.25) Table: 3.25

Hazard Index (HI) and Target hazard quotient (THQ) values

of the elements for consuming Apricot fruits Hazard Index (HI) Elements Control Aabpara Market Super
Market Itwar Bazar Vendor Mandi Mor Cr 0.1 0.1 0.2 0.2 0.1 0.1 Mn 891.2 3401.1 286.8 360.4 303.3 293.4
Fe 1791.0 220.0 368.0 456.9 163.3 266.3 Ni 0.0 38.9 32.7 48.5 17.0 25.8 Cu 49.5 36.1 57.4 72.8 27.9 18.5
Zn 0.0 116.2 167.1 286.2 68.5 115.7 As 0.0 0.0 3023.8 0.0 16666.7 4761.9 Cd 0.0 26000.0 0.0 0.0 0.0
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98

296

77

223

223

289

30857.1 The Target Hazard Quotient (THQ) Elements Control Aabpara Super Itwar Market Market Bazar
Vendor Mandi Mor Cr 1.95E-07 1.496E-07 2.18E-07 2.29E-07 1.65E-07 1.79E-07 Mn 0.00119 0.0045
0.000386 0.000485 0.000408 0.000395 Fe 0.0024 0.00029 0.000495 0.000615 0.00022 0.000359 Ni 0
5.230E-05 4.4E-05 6.53E-05 2.

29E-05 3.47E-05 Cu 6.66E-05 4.86E-05 7.73E-05 9.8E-05 3.75E-05

2.49E-05 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 175 Zn 0 0.00015 0.000225 0.000385 9.22E-05 0.000156 As 0 0 0.004071 0
0.022436 0.00641 Cd 0 0.035 0 0 0 0.041538 Elemental Profiling of Selected Natural and Artificially
Ripened Fruits to Study Variations in Minerals/Heavy Metals 176 3.3.9. Confirmations of Heavy Metals
Residues in Selected fruits Elemental profiles of selected fruits revealed that fruits from different local
markets contain residues of

heavy metals such as arsenic, cadmium, mercury and lead

. Although

PIXE is a powerful yet non-destructive elemental analysis technique
now used routinely by

scientists to help answer questions still we further

confirmed the presence of heavy metals in

selected fruits, XRF as described in method. All of these state of art technologies have also

confirmed the presence of heavy metals traces in

different groups though due to different levels of sensitivities of these instruments a direct comparisons of
the relative quantifications of heavy metals detected in the samples was not possible as shown in Table
(3.26) Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 177 Table 3.26: Comparative concentration of heavy metals in selected fruits from
local markets using PIXE and XRF. Fruits Treatments As Cd Hg Pb

PIXE XRF PIXE XRF PIXE XRF PIXE XRF

Guava Control T1 T2 ND 3.2 1.8 ND 2.4 ± 0.
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110

144

149

282

147

110

191

110

57 0.9 ± 0.19 ND ND ND ND ND ND ND ND 0.0035 ± 0.0 0.003 ± 0.0 0.007

± 0.0 0.0054 ± 0.0 ND ND ND ND ND ND

Apple Control T1 T4 38.8 ND 15.8 17.31 ± 0.543 ND 6.17 ± 1.77

ND 9.1 ND ND 7.2 ± 1.4 ND ND ND ND ND ND ND ND ND ND ND ND ND

Plum Control T1 T2 ND 0.2595

ND ND 0.53 ± 0.09 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
0.7 ND ND 2.99 ± 0.44 ND Apricot Control ND ND ND ND ND ND ND ND

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 178 T1 T5 0.3175 0.5 1.86 ± 0.202 1.35 ± 0.179 9.1 10.8 4.5 ± 0.8 6.99 ± 0.566

ND ND ND ND ND ND ND ND Persimm on Control T1

ND ND ND ND ND ND ND ND ND ND ND ND 1 ± 0.1 1.05 ± 0.1 2.8 ± 0.184

1.03 ± 0.24 1.41 ± 0.208 2.1 ± 0.22 0.4685 ± 0.066 1.4 ± 0.19 1.25 ± 0.17 1.12

± 0.196 3.7 ± 0.282 1.35 ± 0

.179 Date Control T1 T3 ND 7.2 13.2 ND 4.23 ± 0.122 9.17 ± 0.88

ND ND ND ND ND ND ND 0.025 ND ND 0.48 ± 0.136 ND ND ND ND ND
ND ND

Fig Control T1 T2 ND 1.1 1.8 ND 7.04 ± 0.69 5.7 ± 1.58

ND ND 0.99 ND ND 1.52 ± 0. 184 ND ND ND ND ND ND ND ND ND ND
ND ND

Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 179 Control 0

ND ND ND ND ND ND Banana T1 T2 7.2± 0.17 7

.1± 1.42 2.33 ± 0.241 2.35 ± 0.252
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145

202

70

143

68

68

122

ND ND ND ND ND ND ND ND ND ND ND ND Elemental Profiling of

Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 180 3.3.10.
Principal Component Analysis 3.3.10.

1. Measure of Sampling Adequacy Bartlett‟s test of sphericity

was

initially performed on the data and confirmed the appropriateness of
conducting the Principle Component Analysis (PCA). The Bartlett‟s
sphericity showed that the correlation matrix was at appropriate level to
perform factor analysis on data of each scale reaching the significant level of P

<0.05 as shown in table 3.27. Table3.27: Bartlett’s sphericity test Chi-square 267.455 Degree of freedom
231 Significance 0.050 3.3.10.2. Principle

Component Analysis In order to categorize the minerals in term of smaller

set, the

data was subjected to the Principle Component Analysis (PCA). Figure 3.1 shows the scree plot between
eigenvalues and cumulative variances (%). A total of eight of the identical factor had the eigenvalue
exceeding one, accounting 87.670%of variation across the sample. The eight fruits collected from different
markets

were evaluated for the presence and content of fourteen minerals

.

During the analysis, the main component 1 (PC1) was determined to
be primarily related to the minerals

S, K, Ca, Cr, Ni, Hg and Pb

while the principal component 2 (PC2) related to the

minerals Si, P, As. The
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316

82

240

105

146

150

principal component 3 (PC3) related to

the minerals Fe and Cu, principal component 4 (PC4) related to the minerals Co and Se and principle
component 5 (PC5) related to the minerals Al, Mn, Zn, Cd (Table 5).

The first component account for the most variance (and hence have
the highest eigenvalue), and the next component account for as much
of the left-over variance as it can, and so on. Hence, each successive
component account for less and less variance

.

For the reconfirmation of Eigen values

we draw a Scree plot through XLSTAT. In this analysis, 85.85%

of the total variance of the data was accounted for with the significant
contributions of 22.08% for the first, 15.601% for the second

,14.249% for the third, 10.233% for the fourth and 8.59 for the fifth principal components (Table 3.28, Figure
3.2). Biplot was sketched for Apple, Banana, Fig, Date, guava, Plum, Persimmon and Apricot collected from
different markets. Mn, Si, P, Al, S, Ca, Cl and K were significant Elemental Profiling of Selected Natural and
Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 181 sample of guava, Date,
Persimmon and Banana collected from Aabpara Market and Fig, Date, Persimmon collected from Itwar
Bazar. Fe, Pb, Hg, Cu, Cr, and Ni were significant in control samples of Persimmon as well as in all groups
of Plum except Plum collected from Aabpara Market. As and Se were significant in control samples of Apple
and Apricot and in Date, guava, and Banana collected from supermarket. (Figures 3.1 and 3.2) Elemental
Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 182
Table 3.28. Eigen values, and loadings of the minerals analysed in Control and fruits collected from different
markets PC1 PC2 PC3 PC4 PC5 Eigen value 4.858 3.432 3.135 2.251 1.773 Variability (%) 22.084 15.601
14.249 10.233 8.059 Cumulative % 22.084 37.685 51.934 62.167 70.226 Elements

Loading PC1 PC2 PC3 PC4 PC5 Al 0.374 0.361 0.000 0.202 0.704 Si 0.205

0.450 -0.426 -0.143 -0

.184 P 0.371 0.568 -0.510 -0.075 0.014 S 0.656 0.510 -0.342 0.060 0.096 Cl 0.625 0.284 -0.205 0.146
-0.045 K 0.743 0.329 -0.181 0.054 -0.268 Ca 0.652 0.387 0.282 0.289 0.106

Cr 0.767 -0.297 0.398 0.020 -0.217 Mn 0.125 0.364 0.212 0.241 0.720 Fe
0.171 -0.381 0.521 -0.036 0.298 Co -0.345 0.310 0.407 0.656 -0.249 Ni 0.729
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38

20

33

319

-0.302 0.545 -0.068 -0

.168 Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 183 Cu 0.502 -0.255 0.593 -0.058 0.180 Zn -0.078 -0.228 0.152 -0.113 0.328 Se
-0.398 0.317 0.291 0.697 -0.210 As -0.134 0.615 0.381 -0.645 -0.042 Cd -0.223 -0.200 -0.072 -0.122 0.203
Hg 0.534 -0.119 0.353 -0.147 -0.147 Pb 0.588 -0.021 0.107 0.095 -0.343 Elemental Profiling of Selected
Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 184 Figure: 3.1 Scree
plot of eigenvalues and cumulative variability (%). Green Line shows the threshold value of 1. Red line
showed the contribution of each principal component.

X-axis represents the principal components and Y-axis represents

represent eigenvalue. Figure: 3.2 Principal component analysis of selected market fruits: graphs of scores
and loadings. Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in
Minerals/Heavy Metals 185 3.4. Discussion Trace elements became epicentre for the study from years and
their role is remarkable in biosciences like medical science, geological science, ecological science and
archaeology. They have plenty of elements, in which some elements have necessary functions on
physiological health. Although there are some dangerous and cancer causing for physiological health while
some can destroy the nucleotide sequence of DNA molecule. For overall animal growth and development
Fe, Mn, Zn and Cu are thought to be necessary in low amount as minerals with a major role of biochemical
processes in overall animal body. Their role is necessary in different enzymes and hormone systems as
catalyst. Those are very useful to increase growth, enlargement of bones and for enzymes structure and
function. Our study have focused on the presence of fourteen trace

elements (Al, Si, P, S, Cl, K, Ca, Cr, Mn, Fe, Ni, Cu, Zn and Se) and four

toxic elements (Pb, As, Cd and

Hg) in commonly edible fruits in the locality of Islamabad, Pakistan. There are many methods available to
detect elemental contents in biological samples. However, PIXE and XRF is more convenient, quick and low
cost method standing out from the rest. Depending on the number of elements present, unique spectral
peaks are produced, and the areas of the spectral peaks are proportional to the elemental contents at that
point of measurement. So that, this is an ideal method to quickly detect the elements, since there is no
complex processing of samples required for PIXE and XRF. However, PIXE and XRF is providing a
qualitative assessment often used to check the presence of an element and rather than the specific quantity.
The XRF analysis is a routine method in India to check the elemental contents of fruits (Sarma and
Goswami, 2016; Sharma and Chauhan, 2016; Vishwakarma and Dubey, 2011).

Potassium (K) is the fundamental cation in protoplasm and its functions in
acid-base balance

like buffer and it may enhance the

osmotic pressure, conduction of nerve impulse
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, muscles sliding especially for heart muscles and for Na+/K+ ATPase function in cell membrane. It also has
an important role in gluconeogenesis. Its deficiency may cause disease or some kind of secondary disorders
like structural and functional anomalies such as defective neuromuscular dysfunction of all kind of muscles
and some kind of

muscular weakness, paralysis, mental confusion (Hays and Swenson,
1985; Malhotra, 1998; Murray et al., 2000

). In present study maximum potassium (5574.35 mg/kg) was recorded in Persimmon fruit collected from
aabpara market followed by potassium in Elemental Profiling of Selected Natural and Artificially Ripened
Fruits to Study Variations in Minerals/Heavy Metals 186 guava, Date, Plum, and Fig respectively. Correlation
analysis revealed that potassium in present study has strong positive correlation with Ca (r2 = 0.7). In
various studies K concentration has been reported in different fruits such as Plum in Chile (1540 mg/kg),
Apple in Italy (1560 mg/kg), Apple in Brazil (1223.7 mg/kg) and Apricot in Greece (2105 mg/kg) (Cristina et
al., 2014; Sachini et al., 2020). Our results are strongly correlated with these findings. The level of K varies
among the permissible upper limit that‟s why our results suggest that the mineral components in fruits
belong to nutritional quality and man health. Calcium is the important part of bones and teeth. Nerve and
muscles also function well due to the

presence of calcium. Calcium regulates the conversion of prothrombin to
thrombin in

process of blood coagulation, the phenomenon is also seen in milk clotting. Calcium also serves as cofactor
for enzymes and activates many enzymes. It performs an active role in enzyme activation,

such as adenosine triphosphatase (ATPase), succinic dehydrogenase,
lipase etc. It is important for the permeability

of membrane which play role

in muscle contraction. The normal transmission of nerve impulses and
neuromuscular excitability

is also performed by the Ca. But there are some cardiac and respiratory defects, caused by the higher
concentration of Ca in blood and this

may cause heart to stop work. Normally calcium ions increase the
strength and time of heart muscles contraction
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. The higher level of Ca and phosphorus also effect the kidney function. Kidney excretes their excess
amount from blood via urine. They are also largely expelled out from the body via faeces in unabsorbed form
(Hays and Swenson, 1985). In present study maximum calcium (4041.55 mg/kg) was recorded in
Persimmon fruit collected from aabpara market followed by calcium in Banana, guava, Apricot and Date
respectively. Correlation analysis revealed that calcium in present study has strong positive correlation with
K (r2 = 0.7). In various studies K concentration has been reported in different fruits such as Plum in Chile
(120 mg/kg), Apple in Italy (110 mg/kg), Apple in Brazil (352 mg/kg) and Apricot in Greece (170 mg/kg)
(Cristina et al., 2014; Sachini et al., 2020). Our results strongly correlate with these findings. The level of
calcium varies among the permissible upper limits, that‟s why our results suggest that the mineral
composition in fruits belongs to nutritional quality and for man health.

Chromium is an essential constituent of all animals and human (Frieden,
1984). It is found in

RNA synthesis and nucleoprotein extracted from beef liver (Uppala et al, 2005). Elemental Profiling of
Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 187 Chromium
is vital element for rats. It is required for normal growth in

rats and its deficiency leads to retarded life span, corneal lesion and
interference with insulin action and cause a diabetic

condtion which may lead to

removal of glucose from blood at higher rate that one half of the

animals on a chromium containing diet (Wennberg, 1980; Juturu and
Komorowski, 2003). Accidental uptake of

chromic acid or chromates cause toxicity to kidney, liver, nervous
system and blood which is the major cause of death (Langard, 1980

. In present study maximum chromium (72.05 mg/kg) was recorded in Plum in sample collected from
supermarket followed by chromium in Persimmon, Banana, Apple and Fig respectively. Correlation analysis
revealed that chromium in present study has strong positive correlation with Cu (r2 = 0.649). In various
studies Cr concentration has been reported in different fruits such as Plum in South Korea (0.032), Peach in
South Korea (0.032) and Apricot in Pakistan (3.975 mg/kg) (Zahir

et al., 2009; Cristina et al., 2014; Khan et al., 2017; Sachini et al

., 2020). While comparing with other studies the level of Cr in the recent study was higher than noticed in
Pakistan (Zahir et al., 2009), Poland (Grembecka and Szefer 2013) and South Korea (Khan et al., 2017).
Chromium level in present study is bit higher but the Cr in THQ is lower than 1, that‟s why these fruits eating
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may not cause Cr toxicity and other health risks. Manganese (Mn) is another mineral, required in least
amount and act as cofactor in different enzymes. It regulates the activity of these enzymes like

hydrolase, decarboxylase and transferase enzymes (Murray et al.,
2000

). Mn deficiency may cause some defects like skeletal defects and deformities (Gordon, 1977). Symptoms
like

ataxia and abnormal formation of otoliths in the inner

ear are also caused by deficiency of Cr. The higher concentration of Mn also has bad effects on human
health. It may cause

adverse effect on central nervous system (CNS) function and human

behavior (Tan et al., 2006

). In present study maximum manganese (438 mg/kg) was recorded in Apricot control group sample
followed by manganese in Fig, guava, Plum and Persimmon respectively. Correlation analysis revealed that
manganese in present study has strong positive correlation with Al (r2 = 0.64). In various studies Mn
concentration has been reported in different fruits such as Plum in Chile (0.95

mg/kg), Apple in Italy (0.95 mg/kg), Persimmon in

Egypt (0.35 mg/kg), Apricot in south Korea (1.66mg/kg), Apricot in Greece (0.55 mg/kg) and Apricot in
Pakistan (1.55 mg/kg) (Zahir

et al., 2009; Cristina et al., 2014; Rashwan et al., 2017; Sachini et al

., 2020). While comparing with other Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 188 studies the level of Mn in our recent study was recorded
higher in Pakistan (Zahir et al., 2009), Poland (Grembecka and Szefer 2013), Italy, Chile and Greece
(Chritina

et al., 2014), Egypt (Rashwan et al., 2017) and South Korea (Khan et al

., 2017). The level of Mn in recent studies are higher and THQ Mn is less than 1. Results shows that
minerals components of fruits are related not only to their nutritional quality and benefits to human health. Zn
is widely found in
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plant and animal cells and in all living cells. It is also act as

co- factor in most of

enzymes (Hays and Swenson, 1985; Arinola, 2008). The major role of
zinc appears to be in cell duplication and gene expression and in the

metabolism of amino acid and nucleic acid. Zinc status is also associated with the
bioavailability of vitamin A, E and metabolism (Szabo et al., 1999

). Zinc deficiency also results in different diseases such as

hypogonadism, growth failure, defect in wound healing, loss of taste and
smell acuity, acrodermatitis enteropathica and parenteral nutrition
(Murray et al., 2000). In

present study maximum zinc (33.7 mg/kg) was recorded in Apricot in sample collected from supermarket by
zinc in Apple, Fig, Banana and Date respectively. In various studies Zn concentration has been reported in
different fruits such as Plum in Chile (0.8 mg/kg), Apricot in Greece (0.4 mg/kg), Apricot in South Korea
(1.69 mg/kg), Plum in South Korea (0.985), Persimmon in Egypt (0.88 mg/kg), Apricot in Pakistan (1.543
mg/kg) (Zahir

et al., 2009; Cristina et al., 2014; Rashwan et al., 2017 Sachini et al

., 2020). While comparing with recent and past studies, the level of Zn in our study is greater than other
studies from Pakistan (Zahir et al., 2009), Egypt (Rashwan et al., 2017), Poland (Grembecka and Szefer
2013), Italy, Chile, Greece (Chritina et al., 2014) and South Korea (Khan et al., 2017). Zn THQ is less than
one therefore the consumption of Zn containing food don‟t pose health risks related to Zn toxicity. Nickel is
also another important mineral element in living organisms (

Nielsen, 1976). It has been considered that nickel may play an important

role in conservation of cell membrane, prolactin control, nucleic acid
metabolism or as a cofactor in enzymes

. Dietary intake seems to provide enough amount of Ni (Hurley, 1976). In present study maximum nickel
(17.25 mg/kg) was recorded in Plum in sample collected from itwar bazar followed by Persimmon, Fig,
Banana, and Apricot respectively. Correlation analysis revealed that nickel in present study has strong
positive correlation with Cr (r2 = 0.93). In various studies Ni concentration has been reported in different
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 189 fruits such as , guava in Pakistan (14.37 mg/kg), Plum in South Korea (
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0.6 mg/kg) Apricot in South Korea (0.9 mg/kg

), Apricot from Pakistan (11.19 mg/kg) (Rehman

et al., 2014; Khan et al., 2017, Zahir et al

., 2009). By equating with literature Ni concentrations seems to be higher as compare to previously reported
from Pakistan (Zahir

et al., 2009; Rehman et al., 2014) and South Korea (Khan et al

., 2017). Ni THQ is less than one therefore the consumption of Ni containing food don‟t pose health risks
related to Ni toxicity. Iron (Fe) is an essential mineral for all living organisms especially for human beings. It
is helpful for the transport of oxygen in blood in the form of haemoglobin. It is also helpful in the process of
energy production in cell during cellular respiration. It also

acts as a cofactor for most of the enzymes that involved in

biological oxidation in cytochromes systems c, cl, al etc (Malhotra, 1998). It is the constituent of most of
blood proteins like

haemoglobin (Hb), myoglobin and cytochromes (Chandra, 1990). Iron

also play role in the formation of

myelinated sheath on

spinal cord and white matter of cerebellar folds in brain and is a
cofactor for many enzymes that play role in neurotransmitter synthesis
(Larkin and Rao, 1990). In

present study maximum iron (2608.05 mg/kg) was recorded in Plum in sample collected from street vender
followed by nickel guava, Persimmon, Fig, and Banana respectively. Correlation analysis revealed that iron
in present study has strong positive correlation with Zn (r2 = 0.666). In various studies Fe concentration has
been reported in different fruits such as Apple in China (0.6 mg/kg), Plum in Czech Republic (19.6

mg/kg) Apricot in China (0.6 mg/kg), Apple in
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Czech Republic (20.8

mg/kg), Banana in China (0.4 mg/kg) and Persimmon in

Egypt (2.9 mg/kg) (Rashwan

et al., 2017; Liang et al., 2018; Král et al., 2020). It has been seen in

our present study that the level of Fe is high as compared to previously published in Egypt (Rashwan et al.,
2020), Czech Republic (Kral et al., 2020) and China (Liang et al., 2018). THQ is less than one therefore the
consumption of Fe containing food don‟t pose health risks related to Ni toxicity. Copper (Cu) is an essential
mineral and play role in iron absorption for most of the enzymes such as tyrosinase and cytochrome oxidase
(Chandra, 1990). Neurological and haematological systems based on the Cu as it is very important micro-
nutrient for these systems (Tan et al., 2006). Growth, bone and myelin sheaths formation is associated with
its presence. It also helps in the binding of Fe in haemoglobin, absorption of Fe in Elemental Profiling of
Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 190 intestinal
tract and

transfer of Fe from tissue to plasma (Malhotra, 1998; Murray et al., 2000

). In present study maximum copper (50.7 mg/kg) was recorded in Plum in sample collected from itwar bazar
followed by copper Fig, Persimmon, guava and Banana respectively. Correlation analysis revealed that
copper in present study has strong positive correlation with Cr (r2 = 0.649). In various studies Cu
concentration has been reported in different fruits such as Plum in Chile (2.8 mg/kg), Plum in Czech
Republic (1.11

mg/kg) Apple in Italy (1.7 mg/kg), Apple in

Czech Republic (0.93 mg/kg), Apricot in Greece (6.5 mg/kg), Plum in South Korea (0.556), Peach in South
Korea (0.214) and Apricot in Pakistan (1.4 mg/kg) (Zahir et al., 2009; Cristina et al., 2014; Khan

et al., 2017; Sachini et al., 2020; Král et al., 2020). It has been seen in

our present study that the level of Cu concentration is high as compared to previously published from
Pakistan (Zahir et al., 2009), Italy, Chile and Greece (Chritina et al., 2014), Czech Republic (Kral et al.,
2020) and Poland (Grembecka and Szefer, 2013). THQ is less than one therefore the consumption of Cu
containing food don‟t pose health risks related to Cu toxicity. Based on historic land use and location, there
are diverse sources of heavy metals and arsenic contamination (Alloway, 2013; Harrison et al., 1981).
Usage of banned pesticides and many fertilizers has resulted in the elevation of rise in arsenic, cadmium
and lead in the agricultural lands. Automotive emissions lead based paints and local industries are the major
sources in the urban areas (Clarke et al., 2015; Thornton, 2009). Beside these sources contaminated water
running through these areas also elevate the contamination level of soil. Entrance of heavy metals and
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arsenic in human body could occur through inhalation of contaminated food and dust particles. Areas where
there is no water contamination, the other sources like ingestion of contaminated vegetables followed by rice
and fruits and its products (

Chain EPoCitF, 2009; Xue, Zartarian, Wang, Liu, & Georgopoulos,
2010

). Malformation of lungs, hypertension, liver diseases, diverse cancer and developments defects after in
pregnant women and children are the result of long term heavy metals exposure that include arsenic, lead
and cadmium (

Alissa & Ferns, 2011; Cave et al., 2010; Ghatak et al., 2011; Heck et al.,
2009; Huang et al., 2013; Hyder et al., 2013; Ohta, Ichikawa, & Seki,
2002; Satarug, Garrett, Sens, & Sens, 2011; Sherief et al., 2015

). Lead, the universal

environmental and industrial contaminant has been detected in every
area of biological and environmental systems

(Ait et al., 2009). Peculiar

morphological and biochemical aspects such as low sperm quality,
altered sperm Elemental Profiling of Selected Natural and Artificially Ripened

Fruits to Study Variations in Minerals/Heavy Metals 191 morphology and low
androgen levels

are due to the lead toxicity (

Hsu et al., 1997; Alexander et al., 1996

). Recently, long-term low-level cadmium exposure of the general population and its effect has become
concerned (Asagba, 2009). It was due to its readily presence in body tissues where it effects or stop the
antioxidants enzymes (

Gupta et al., 1991; Bagchi et al., 1996; Asagba and Eriyamremu, 2007;
Chater et al., 2009). The inhibition
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results in the oxidative stress and damage the membrane and loss of membrane bound enzymes such as
ATPase (FigueiredoPereira

et al., 1998; Asagba et al., 2004; Asagba and Obi, 2005; Galazyn-
Sidorczuk et al., 2009). During acute and chronic

cadmium exposures, liver and kidneys are the major organs to be damaged (

Sarker et al., 1995; Asagba and Obi, 2000). In

present study maximum cadmium (10.8 mg/kg) was recorded in Apple in sample collected from super
market and mandi Mor followed by cadmium in Apricot and Fig respectively. Correlation analysis revealed
that cadmium do not have any positive or negative correlation with any other metals of current study. In
various studies Cd concentration has been reported in different fruits such as Plum in Chile (

0.005 mg/kg), Apple in Italy (0.005 mg/kg), Apricot in Greece (0.002 mg/kg),

Plum in

South Korea (0.002), Peach in South Korea (0.003) and Apricot in Pakistan (0.246 mg/kg) (Zahir

et al., 2009; Cristina et al., 2014; Khan et al

., 2017; Sachini

et al., 2020). It has been seen in our present study that the level of

Pb and Cd concentration is high as compared to previously published from Pakistan (Zahir et al., 2009),
Italy, Chile and Greece (Chritina et al., 2014), Czech Republic (Kral et al., 2020) and Poland (Grembecka
and Szefer, 2013). THQ is less than one therefore the consumption of Cd containing food don‟t pose health
risks related to Cd toxicity. During the recent study lead was only spotted in Plum (63.65) and Fig fruit (1.4).
Many studies reports the lead concentration in different fruits such as Plum in Chile (0.3mg/kg), Apple in
Italy (0.5 mg/kg) and Apricot in Greece, South Korea and Pakistan (0.85

mg/kg, 0.0077 mg/kg, 1.597 mg/kg

) respectively (Zahir et al., 2009; Chritina et al., 2014; Sachinni

et al., 2020). It has been seen in our present study that the level of
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Pb and Cd concentration is high as compared to previously published from Pakistan (Zahir et al., 2009),
Italy, Chile and Greece (Chritina et al., 2014), South Korea (Khan et al., 2017) and Poland (Grembecka and
Szefer, 2013). THQ is less than one therefore the Elemental Profiling of Selected Natural and Artificially
Ripened Fruits to Study Variations in Minerals/Heavy Metals 192 consumption of Pb and Cd containing food
don‟t pose health risks related to Pb and Cd toxicity. In present study maximum arsenic (38.8 mg/kg) was
recorded in Apple control group sample followed by arsenic Date, Fig, guava and Plum respectively. THQ
value for arsenic was calculated less than 1 all fruits except in guava where THQ of arsenic was in range of
1.8-3.2. These results showed that arsenic contaminated guava fruit can pose serious health hazard to
consumers. 4.1. Toxic Elements Estimated Dietary Intake (EDI) Present study illustrates the EDI range
(mg/kg bw day) of chromium which as normal or with in the permissible limits in guava, Banana, Date, Fig
Apple and Apricot while in Persimmon and Plum it was 35-176.

14 mg/kg bw day and

80.57-137.24

mg/kg bw day respectively. HI and THQ is

less than one therefore the consumption of Cr containing food don‟t pose health risks related to Cr toxicity.
Arsenic was detected in guava, Banana, Date, Plum, Fig, Apple and Apricot.

Our study results showed the range of EDI (mg/kg bw day) of the As

(5.1-9.1 mg/kg bw day), (19.43-35-43 mg/kg bw day), (20.6-37.7

mg/kg bw day), (0.74-2.43 mg/kg bw day), (1.4- 41.57 mg/kg bw day

), (

0.9-5 mg/kg bw day) and (0.9-5 mg/kg bw

day) in guava, Banana, Date, Plum, Fig, Apple and Apricot respectively. THQ value for arsenic was
calculated less than 1 all fruits except in guava where THQ of arsenic was in range of 1.8-3.2. These results
showed that arsenic contaminated guava fruit can pose serious health hazard to consumers. Mercury was
detected in Persimmon Fig and Date fruits but their THQ value for mercury was calculated less than one that
explains no health risks of Hg toxicity due to its consumption. Similarly, Cadmium was detected in Fig
Apricot and Apple fruits but their THQ value for mercury was calculated less than one that explains no health
risks of Cd toxicity due to its consumption. Lead was detected in Persimmon and Plum fruits but their THQ
value for mercury was calculated less than one that explains no health risks of Pb toxicity due to its
consumption.
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Research in these areas includes not only modern analytical methods
with sensitivity, precision and high accuracy to obtain reliable results on
the content of HMs in soil and food, but also complex statistical methods that
provide the big picture in what they are concerned

,

given the variety and diversity of data

(da Silva et al., 2005). By identifying Elemental Profiling of Selected Natural and Artificially Ripened Fruits to
Study Variations in Minerals/Heavy Metals 193

hypothetical new variables (principal components-PC) that account for
as much as possible of the variance (or correlation) in a
multidimensional data set

, the

PCA estimates the correlation structure of variables

. This approach allows us to classify groups of variables

based on the loadings and groups of samples (fruits) based on the
scores

(i.e. heavy metals concentrations).

It is based on the covariance or correlation matrix

eigen analysis (Yu, 2005; Kara, 2009). The PCA analysis was used as input for the analysis of essential as
well non-essential minerals content of fruit sample from different local markets. The multi variate data
processing for mineral content allowing for a large group of diverse data explained in 22.08 percent as the
first principal component. The four major groups are shown in Figure 3.1 and 3.2. The first group in the top
left and the second group focused on the bottom left. The third group in the top right and the fourth group is
in bottom right. In the top left group are concentration of minerals Mn, Si, P, Al, S, Ca, Cl and K. In the
bottom left group are concentration of minerals Fe, Cu , Hg , Pb, Ni and Cr.In the top right group are
concentration of minerals As and Se. In the right group are concentration of minerals Cd and Zn. The PCA
statistical analysis resulted in a very strong correlation in the fruit samples using the input value of micro
elements Mn, Si, P, Al, S, Ca, Cl and K. The first group had a significant impact on the classification sample
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in the form of element Mn, followed by the lesser extension of element Cl. Elemental Profiling of Selected
Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 194 5. Conclusion This
legacy of industrial society's heavy metal emissions puts pressure all over the world on human health. A
permanent challenge for researchers is not to find a solution to this situation, which includes

not only discovering new and advanced analytical methods for identifying

the quality and quantity of pollutants, but also apply complex statistical
methods that enable an overall assessment of the interaction of these
contaminants in the food chain and the health risks associated with their
human consumption

. Current study was designed to investigate selected fruits from local markets for their mineral composition
using analytical techniques mainaly PIXE and XRF. The results

revealed that the selected fruits are good source of

essential minerals that can be beneficial for human health.These methods have confirmed the presence of
essential mineral along with arsenic, cadmium, mercury and lead traces in different fruits from different fruit
market. Similarly, results of this part also showed that all fruits contained significant concentrations of these
essential minerals. Heavy metal such as arsenic was detected in every fruit sample except Persimmon and
fruit from Aabpara Market was likely to contain arsenic in almost significantly amount. Mercury was detected
in guava, Persimmon, Date and Plum and fruit from Mandi Mor was likely to contain mercury in almost
significantly amount. Cadmium was detected in Apricot, Apple and Fig and fruit from Aabpara Market was
likely to contain cadmium in almost significantly amount. Lead was detected in Plum and Persimmon and
fruit from Aabpara Market was likely to contain lead in almost significantly amount. THQ value for arsenic
was calculated less than 1 all fruits except in guava where THQ of arsenic was in range of 1.8-3.2 while
THQ for Cd, P bang Hg was calculated less than 1. The Selected fruits were estimated as a good source of
essential minerals but there were contamination of few

heavy metals like As, Hg, Pb and Cd which

can be hazardous for the consumer health. The present study also reveals that the presence of

heavy metals in various types of fruits available in the market is because

of

use of artificial ripening agents which are the main cause of deposition of these heavy metals more than
their upper limits in the fruits. Furthermore, the research recommends the food regulating authorities to take
controlling measure against the different types of fruit ripening in Pakistan which is being practiced. Also,
there is an imminent need to develop the guidelines for the use artificially ripened agent in market and its
permissible exposure limits for various fruits ripening in different Elemental Profiling of Selected Natural and
Artificially Ripened Fruits to Study Variations in Minerals/Heavy Metals 195 agriculture settings. Further
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studies therefore call for the active involvement of politicians, government agencies, producers,
manufacturers, scientists and consumers in addressing the various aspects of artificial fruit ripening.
Elemental Profiling of Selected Natural and Artificially Ripened Fruits to Study Variations in Minerals/Heavy
Metals 196
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Running Title: Preventive role of trichomes in Peach fruits  

Abstract: Background: Phytonutrients in peach fruits have health promoting antioxidants against various chronic diseases. 
However, there is no extensive data to show the nutritional values of Local peach cultivars after post-harvest treatments.  

Objective: Mainly this study was objective to determine the effect of calcium carbide on nutritional value and quality of 
fruits of Pakistani peach cultivars. 

Methods: The peach fruits were collected from three different peach orchids of KPK and the fruits were divided into 4 
groups while 5th group was collected from local fruit shop. Each experimental group was treated with different concentration 
of calcium carbide whereas control group was not treated. The peel and pulp samples were oven dried and ground to fine 
powder separately. The elemental compositions were determined using Particle Induced X-ray emission and Pelletron 
Tandem Accelerator.  

Result: Sixteen elements were identified in peach fruits and the elements were Al, P, S, Cl, K, Ca, Cr, Mn, Fe, Co, Ni, Cu, 
Zn, As, and Se. In peel, concentration of some elements increased or decreased after treatment with CaC2 while in pulp the 
conc. of nearly all detected elements was increased in treated samples. We found significantly high amount of heavy metals 
traces including As, Se, Co, Si, and P in peach fruits treated with CaC2. Interestingly, the presence of trichomes in peach skin 
prevents the transfer of these heavy metals deep into the pulp which was also verified by the elemental profiling of 
nectarines. 

Conclusion: Conclusively, the artificial ripening with CaC2 changed the nutritional value of peach fruits that has higher 
health risks if consume with the peel. According to our best knowledge, this is the first report that highlights the effects of 
CaC2 which deteriorate the nutritional value of peach fruits in Pakistan. 

Keywords: Phytonutrients, Minerals, Fruits, Peach, Artificial ripening, Calcium carbide  
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1. INTRODUCTION 

Fruits being essential food commodity in balanced diet are vital source of major growth regulating factors thus sustaining 
human health [1]. Different fruits have differing potential and capabilities of fighting chronic diseases. Short ripening period 
and reduced postharvest life greatly influence the economic life of fruits. Through the natural process of fruit ripening the fruit 
becomes soft, nice colored, sweet and palatable after going through various physio-chemical processes [2, 3]. 

Peach (Prunus persica L) belongs to the rose family Rosaceae, is a climacteric fruit with high nutritional values. In Pakistan, 
peach is mainly grown in Khyber Pukhtunkha (KP) and Baluchistan provinces of Pakistan however some early maturing and 
low chill cultivars are also dispersed in Pothwar area of Punjab [4]. The marketing of peach fruits and its reduced consumption 
are facing a problem of poor quality that is deteriorated at the time of harvesting or by after harvesting processing [5]. Peaches 
a reservoir of macro and micro phytonutrients include carbohydrates, proteins, fats, vitamins (A, C, E, riboflavin, thiamine, 
folate, niacin, and pyridoxine), and macro as well as micro minerals and fibres [6, 7]. Consumption of foods that are rich in 
vitamin C helps a person to develop resistance against infections, boost immune system [8] and also helps to eliminate harmful 
free radicals that cause certain type of cancers [9-11]. 

The variety Peach (var. nectarina), commonly called nectarine, has a smooth skin. It is on occasion referred to as a "shaved 
peach" or "fuzz less peach", due to its lack of fuzz or short hairs. Several genetic studies have concluded nectarines are 
produced due to a recessive allele, whereas a fuzzy peach skin is dominant. The lack of skin fuzz can make nectarine skins 
appear more reddish than those of peaches, contributing to the fruit's plum-like appearance. The lack of skin fuzz on nectarines' 
skin also means their skin is more easily bruised than peaches [12]. 

The surface of the peach fruit is covered by a dense layer of trichomes and a cuticle underneath that protects it against an array 
of potential biotic and abiotic stress factors. The two materials offer a dual protection against the entry and chiefly the loss of 
water by the fruit. On the other hand, the occurrence of a dense indumentum and the presence of a considerable amount of 
phenols and waxes on the surface can contribute to limit the attack of pathogens and to attenuate excess radiation. The 
hydrophobic properties of the peach surface may also influence the bidirectional diffusion of gases and will determine the 
contact phenomena of the surface with water, contaminants, and pathogens [13]. 

Food nutrition, quality and its safety are very important concerns of any society with significant economic, social and 
environmental consequences. Increasing population requires increase in demand and associated risks with consumption of food 
contaminated or unhygienic food with heavy metals and/or toxin contaminations. Metal contaminations have serious effect on 
living organisms and their environment [14]. Long exposure to heavy metal through dermal and oral route results in serious 
health hazards [15] like arsenic exposure is not limited to any toxic wastes and huge poisoning events. Arsenic is an important 
heavy metal that causing contamination from ecological, human and other animal’s health concerns [16, 17]. Human population 
is exposed to arsenic by intake of contaminated food and water. In some area’s food is the source of arsenic, but in many other 
areas, drinking water is important cause of exposure to inorganic arsenic. As arsenic is carcinogenic agent so long period 
exposure to arsenic could induce cancer in the lung, bladder, prostate gland, skin and kidney [16, 18, 19]. Chronic arsenic 
exposure has been reported to have association with neurological, cardiovascular, respiratory and developmental disorders [20-
23]. Similarly, the impaired synthesis of active form of vitamin D in kidney can be resulted due to high serum phosphorus 
which further diminishes blood calcium, and lead to augmented parathyroid hormone (PTH) release through parathyroid glands 
[24]. 

Particle Induced X ray Emission (PIXE) is a reliable method to detect a range of different elements up to parts per million 
(ppm) [25-27]. The ease of sample preparation and ability to measure wide range of elements make this atomic technique more 
worthy to adopt [28]. PIXE technique has been used in elemental profiling of fruits, vegetables and plants [3, 26, 27]. 

The present study was conducted to determine the effect of artificial induced ripening agent CaC2 on composition of phyto-
minerals in peel and pulps of peach fruits. According to our best literature survey, this is the first report to indicate the 
unhygienic effects of artificial ripening agent calcium carbide from Pakistan. 

2. MATERIALS AND METHODS 

2.1. Sample Collection and Preparation 

Twelve fruits samples were handpicked from the three different peach’s orchids at Swat valley in Khyber Pakhtun Khwa (KPK) 
province, Pakistan. These fruits were ripened by means of natural and artificially. The collected fruits were washed in deionized 
water to remove the dust and environmental pollutant. All the fruits were air dried and stored in plastic bag until their use. 

2.2. Treatments of Fruits with Ripening Agent 

Twelve unripened fruits were divided into 4 groups (1 control and 3 experimental groups). The group 1 (To, treatment zero) was 
taken as control group in which fruits were immersed in fresh water for about 10 minutes with no CaC2. Other experimental 
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groups (2,3 and 4) were marked as T1, T2 and T3 respectively were treated with different concentration of Calcium carbide 
(CaC2). In order to elucidate our experimental result, we collect a group of peach samples from local fruit shop (ripened with 
addition of CaC2 packets in each peach containers and kept for 2-4 days) was named as group 5 (T4) 

2.3. Description of Experimental Groups 

In group 2 (T1), all the samples were stored accurately for ripening at ambient temperature (27±4°C) in wooden box lined with 
newspaper having moisturized CaC2 piece covered with newspaper for 10 minutes. In group 3 (T2) all samples were immersed 
in 5% solution of CaC2 for 10 minutes. In group 4 (T3), all samples were taken wet and their surface was fully covered with 
CaC2 for 10 minutes. 

2.4. Post-treatment Samples Processing 

All samples were allowed to dry at temperature of 80°C in an electric Laboratory Oven (Carbolite, UK; Type: PN200; Serial 
No. 21-300957). The samples remained in the oven for 24 hours. Next day, samples were taken out one by one and were 
grinded manually in the pestle and mortar to form very fine powder.  

2.5. PIXE (Particle Induced X-ray Emission) Analysis 

The grinded samples were compressed manually by Laboratory Hydraulic Press (Carver, USA; Model: 4350.LC; Serial No. 
4160505) under pressure of 22000 Pounds/10 Metric Tons to make pallets with a diameter of 13 mm. The prepared sample in 
the form of pallet was irradiated with proton beam of 3MeV using 5MV Pelletron Tandem Accelerator at Experimental Physics 
Laboratory, National Centre for Physics, Islamabad. The collimated beam of size approximately 2 mm was used to irradiate the 
samples. During irradiation the beam current was in the range of 10 to 20 nA. The X-rays emitted in the irradiation were 
measured using Silicon Drift Detector (SDD) and associated data acquisition system. 

2.6. Data Analysis 

PIXE spectra analysis of a sample having few elements undergoes some difficulties. However, a large number of trace elements 
are present in the environmental or biological samples which produce X-ray peaks corresponding to K, L and M shell 
transitions, some of which can be resolved. The X-ray spectrum was analyzed by using GUPIX software which automatically 
fits the spectrum to obtain the elemental. The version of GUPIX used was 2.2.0 and its calibration was done by Copper. Mean 
and standard deviations of all the values were taken and graphs were plotted in MS Excel. The results were confirmed by 
comparing with the certified standard values of National Institute of Standards and Technology (NIST) (Supplementary Table 
1). 

2.7. Dietary Intake of Arsenic (DAsI) 

Daily intake of As in an average adult was calculated by elemental data obtained from different CaC2 treated as well as non-
treated control banana groups. Dietary As intake (DI) was estimated by the formula 

 DI= C X Q 

Where, C is the concentration of As in the selected peach group (ng g-1) and Q, daily consumption of peach (g kg-1 of body 
weight) in two days (World Health Organization, 2009; EFSA, 2010).  

2.8. Carcinogenic and Non-Carcinogenic Risk 

The target hazard quotient (THQ) and the target carcinogenic risk (TCR) factor (the lifetime cancer risk) were calculated as 
described by Sultana et al. (2017). 

3. RESULTS 

The present study was performed to comprehensively evaluate effect of artificial ripening agents of fruit ripening, fruit quality 
and elemental profiling of CaC2 treated peaches. For this purpose, different treatment groups underwent the evaluation for the 
presence of phytonutrients and heavy metals like arsenic including control (non-treated) group. The detailed results are 
described as follows: 

3.1. Differential Elemental Profiles Peach Fruit 

We analysed quantitatively almost all of the essential as well as trace elements present in all the groups of peach by using PIXE 
and the concentrations of elements including sulfur (S), calcium (Ca), potassium (K), iron (Fe), manganese (Mn), copper (Cu), 
nickel (Ni), zinc (Zn) and arsenic (As) in parts per million (ppm) were determined from the spectrum obtained with 3MeV 
proton beam followed by analysis using GUPIXWIN software. The results of elemental contents showed highest concentration 
of potassium followed by Ca and Fe respectively. The concentrations of the essential elements chromium, manganese, nickel, 
copper and zinc were found in range from 0.02-15 mg/kg. The result implies that both peach peel and pulp contained significant 
concentrations of these essential minerals. For validations the elemental concentrations of Standard Reference Material (SRM) 
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provided by NIST was measured at National Centre for Physics Islamabad, Pakistan initially which were almost close to the 
certified values (7-10% variations due to different experimental conditions) (Supplementary Table 1).  

3.2. Elemental Composition in Peel  

Sixteen elements were detected in peel of peach fruits after inducing artificial ripening into the fruits with CaC2. The identified 
elements in peel were Al, Si, P, S, Cl, K, Ca, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, and Se. The quantity of each element was given in 
table 1. The quantity of each phyto-mineral was variable. Therefore, in peel of control group, from high to low quantity, the 
order of elements was K > Ca > Fe > Al > Mn > Zn > Se > Cr > S > P, Ni > Cl, As > Cu > Si, Co whereas in peel of 
experimental group, the order of element quantity was K > Ca > Fe > Al > Zn > Mn > As > Se > Si > Cu > S > Cl, Ni > Cr > P 
(Table 1; Sup. Fig 1).  

3.3. Elemental Composition in Pulp 

In control group of peach pulp, we found 11 elements (Al, S, Cl, K, Ca, Cr, Mn, Fe, Ni, Cu, and Zn) but five elements like Si, 
P, Co, As, and Se were not found (Table 1; Sup. Fig. 2) whereas in pulp of experimental groups we found 15 elements except 
Co (Table 1). In pulp of control and experimental group, from high quantity to low, the order of element was Ca > K > Fe > Al 
> Mn > Zn > S> Cu> Cr > Cl, Ni > P, Co, As, se (in pulp of control group) and Ca > K > Fe >Al > Zn > Mn > As > Se > Si > 
Cu > S, Cl, Ni > Cr > P. 

Table. 1. Concentrations of Different Elements (in mg/kg) in Peach Peel and pulp Samples treated with Different Concentrations of 
CaC2. 

Elements Elemental composition of peach fruits (Concentration in mg/kg ) 

Peel Pulp 

T0 T1 T2 T3 T4 T0 T1 T2 T3 T4 

Al 37.5 ± 2.2 64.1 ± 0.9 40.5 ± 1.4 30.5 ± 1.7 30.3 ± 3.9 8.4 ± 0.2 10 V 0.3 13 ± 1.7 6.7 ± 1.3 11.3 ± 2.9 

Si 0.0±0.00 1.1±0.00 1.1±0.05 2.8±0.25 1.2±0.05 0.0±0.00 0.4±0.36 0.0±0.00 0.0±0.00 0.0±0.00 

P 0.5 ± 0.04 0.7 ± 0.02 0.5 ± 0.07 0.3 ± 0.07 0.7 ± 0.04 ND ND ND ND ND 

S 0.7 ± 0.02 0.8 ± 0.03 0.8 ± 0.1 0.6 ± 0.1 0.7 ± 0.04 0.8 ± 0.2 0.8 ± 0.1 0.8 ± 0.05 0.7 ± 0.03 0.6 ± 0.08 

Cl 0.4 ± 0.03 0.5 ± 0.04 0.5 ± 0.08 0.8 ± 0.3 0.6 ± 0.04 0.5 ± 0.02 0.6 ± 0.07 0.8 ± 0.08 0.6 ± 0.06 0.8 ± 0.05 

K 319.6 ± 10 325 ± 9.8 413 ± 10.7 230 ± 9.8 307 ± 10.9 516 ± 12 544 ± 23 750 ± 20 440 ± 12 530 ± 12 

Ca 171 ± 2.4 180 ± 3.4 215 ± 5.9 245 ± 13.5 275 ± 12.5 167 ± 14 176 ± 13 319 ± 10 339 ± 11 273 ± 10 

Cr 0.8 ± 0.06 0.8 ± 0.07 0.2 ± 0.06 0.2 ± 0.08 0.2 ± 0.03 0.7 ± 0.01 0.7 ± 0.1 0.3 ± 0.08 0.2 ± 0.03 0.2 ± 0.07 

Mn 7.25 ± 0.5 12.5 ± 3.4 8.5 ± 1.3 8.5 ± 0.9 7.8 ± 1.3 3.9 ± 0.7 4.1 ± 0.7 8.6 ± 1.3 6.8 ± 1.3 5.8 ± 1.7 

Fe 73 ± 2.6 74 ± 5.6 66.3 ± 4.5 85.3 ± 5.7 92 ± 11.3 26 ± 2.3 26 ± 3 71 ± 5.3 41 ± 4 39 ± 4 

Co 0.0±0.00 0.7±0.33 0.1±0.06 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 

Ni 0.5 ± 0.09 0.6 ± 0.1 0.7 ± 0.2 0.7 ± 0.2 0.6 ± 0.1 0.4 ± 0.02 0.3 ± 0.04 0.6 ± 0.1 0.2 ± 0.03 0.4 ± 0.07 

Cu 0.3 ± 0.03 0.3 ± 0.08 1.1 ± 0.1 2 ± 0.3 1 ± 0.2 0.2 ± 0.03 0.2 ± 0.4 0.3 ± 0.1 0.4 ± 0.04 0.7 ± 0.07 

Zn 5.8 ± 0.1 6.1 ± 0.7 6.5 ± 1.3 10.2 ± 2.5 8 ± 2.5 9.3 ± 0.6 10 ± 2.7 11 ± 2.3 15 ± 1.6 10.9 ± 2.3 

As ND 0.5 ± 0.02 2.8 ± 0.3 6.5 ± 1.3 4.2 ± 0.9 ND ND ND ND ND 

Se 0.9 ± 0.1 1.3 ± 0.3 1.3 ± 0.7 7.5 ± 0.7 2.55 ± 0.8 2.2 ± 0.3 2.2 ± 0.2 2.5 ± 0.5 1.6 ± 0.8 1.64 ± 0.8 

 
3.4. Evidences of Arsenic Residues in CaC2 Treated Peach Fruits 

Our data showed no residual arsenic in pulp of peach treated with CaC2. We also examined peach peel of the selected groups, 
fruit peel has the maximum value of arsenic residues (6.5 mg/kg).  

3.5. Presence of Substantial Amount of Phosphorus Contents in Calcium Carbide ripened Peach Fruits 

Our results reveal presence of phosphorus residues varying from 0.28 to 0.7 mg/kg in response to different treatments. Highest 
concentration of phosphorus was found in peach from market (T4) (0.7 mg/kg) followed by treatment with calcium carbide 
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sachet (T2) (0.66 mg/kg). Control peach showed 0.52 mg/kg phosphorus as compared to 0.7 mg/kg phosphorus found in fruit 
ripened by CaC2. 

Among different treatments, maximum phosphorus was recorded in peach from local market (T4) (0.7 mg/kg) closely followed 
by peach ripened by using calcium carbide sachet (T2) (0.66 mg/kg). The fruit allowed to be ripened without using CaC2 (T1) 
showed the presence of 0.52 mg/kg phosphorus in comparison to 0.7 mg/kg phosphorus found in fruit ripened by CaC2. Among 
peel and pulp, peel showed maximum mean level of phosphorus (0.723 mg/kg) while lesser found in pulp (0.5 mg/kg). 

3.6. Validation of Role Peach Skin Hair 

It was noticed that peach fruit treated with CaC2 contain traces of arsenic residue only on their skin. No arsenic traces were 
recorded in pulp part of CaC2 treated fruits. There are certain study that reports that tiny hairs on peach skin offer protective 
role to inner part of fruit. In present study we chose nectarines fruit which is closed to fruit both in structure and evolution. 
Nectarines are regarded as shaved peaches as this fruit does not contain fuss or tiny hairs on skin. So, we treated the nectarine 
fruit in the similar way as peaches were treated. Elemental profile of nectarine treated with CaC2 revealed that arsenic traces 
passed through skin and was recorded in inner part of fruit i.e. pulp. Absence of arsenic traces in control group further endorsed 
that source of arsenic contamination in only CaC2. Presence of arsenic residue in fruit skin and pulp purchased from market 
indicate that fruit was ripened by using CaC2 (Supplementary Table 2). 

Table 2. Target hazard quotient (noncarcinogenic risk) and Target Cancer Risk (TCR)of Arsenic from consuming fruits. 

Fruit Part 

Target Hazard Quotient (THQ) 

T0 T1 T2 T3 T4 

Peel ND 1.5 2.277 1.75 2.694 

Pulp ND ND ND ND ND 

Fruit Part Target Cancer Risk (TCR) 

 T0 T1 T2 T3 T4 

Peel ND 1.4 × 10-4 2 × 10-4 1.5 × 10-4 2.4 × 10-4 

Pulp ND ND ND ND ND 

 
3.7. Confirmation of Calcium Carbide as a Source of Heavy Metal Contamination 

We also examined CaC2, source which we used to ripen peach for this study and commercial grade CaC2 used in the market by 
PIXE. Significantly large amount of arsenic (153 mg/kg) and phosphorus (155 mg/kg) was recorded in CaC2 itself. 

3.8. Estimated Daily Intake (EDI) of Arsenic 

We calculated As estimated daily intake (EDI) due to consumption of ~200 mg of CaC2 treated peach per body weight of ~60 
Kg and our PIXE data showed As consumption ~25-43µg/kg body weight (bw) per day. 

3.9. Carcinogenic Risk  

The target cancer risk due to the intake of As was estimated as the element may promote both non carcinogenic and 
carcinogenic risks depending upon the dose exposure. The cancer risk (CRs) of As due to exposure from different treatments of 
CaC2 are listed in Table 2. CRs of As has shown a range of 0 to 2.4 × 10-4 in peel and 0 in pulp of peach. Total CR > 10-4 is 
usually considered unacceptable (USEPA, 1989, 2015). 

3.10. Non-Carcinogenic Risk prediction 

The health risk factor due to contaminated fruit consumption by adult populations was assessed based on THQ and TCR of the 
arsenic in peel and pulp of all experimental group are listed in Table 2. It is obvious from the Table 2, that THQ of arsenic was 
>1 for CaC2 treated groups. 

4. DISCUSSION  

Epidemiologically, fruits minerals increase the body resistance against different environmental stresses and chronic diseases 
[29]. The present study was conducted to determine the mineral profile of peach fruits that were ripened artificially with 
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different concentrations of calcium carbide. Additionally the variations in mineral profiles of various macro-micro bio-elements 
in peel and pulp of peach fruits are less reported from Pakistan [30].  

CaC2 is a grayish-black chemical that is widely used in steel and agriculture industry due to its low price and easy availability 
[31]. In agriculture settings, CaC2 has fruit ripening effect just like an ethylene [32]. Actually when CaC2 reacts with moisture it 
produces acetylene contains 95 ppm phosphine (PH3) and 3 ppm arsine (AsH3) [33] and other impurities which pose health 
hazardous effects of CaC2 [34]. The fruit’s phyto-elemental composition varies due to different factors, which include types of 
cultivars, agronomic differences, and climatic conditions and use of different ripening agents. Practically, various ripening 
agents are in use to enhance the artificial fruits ripening without food toxicity by adulteration of fruit’s nutritional values and 
food adulteration is emerging issue that directly affect the human health [35]. 

Among different ripening agents, CaC2 sees an extensive use in Pakistan and other Asian countries at commercial scale [36]. It 
develops the attractive smooth surface color whereas its use is also associated with human health issues [32]. Therefore, 
globally, the use of calcium carbide was banned in 2006 by Food Safety and Standard Act (FSSA) [37] because its use can 
result in various health hazards. Yet, its use is violation of FSSA rules [37].  

After induced ripening of peach fruits with CaC2, a considerable variation in mineral profiling in peel and pulp of control and 
experimental groups was detected (Table 1). In peel 16 minerals in fruits of experimental groups were identified while in peel 
of control group 14 minerals were detected because Si and Co were not found. This declared that identification of Si and Co in 
peel of experimental group may be due to impurities in CaC2and these penetrate into fruits from the used carbide. In contrary to 
composition of peel, there were 15 elements in pulp of experimental group and 11 elements in pulp of control group. The Co 
was not detected in pulp of either experimental or control group. Additionally, P, As, Si and Se were absent in the pulp of 
control group but they were identified in pulp of experimental group. The appearance of P and As may be due to release of PH3 
and AsH3 gases when CaC2 reacted with water as described in case of mangoes [38, 39]. Furthermore, the source of Si and Se in 
pulp of experimental group was due to the impurities in CaC2 which diffuse into fruits [30, 37]. In our study we reported 16 
nutrients and the results of this study were in accordance with the study that was done to determine the nutritional profiles in 19 
peach cultivars in Romania, but they reported only 7 macro and microelement without noticing the effect of any ripening agents 
as this study has done at the present [7]. 

Additionally, on the basis of concentration levels, after treatment with CaC2, the Ca level increased whereas the K level 
decreased in peel of both experimental and control groups. In comparison with this phenomenon, there was an increase in 
concentrations of all detected minerals in the pulp of experimental group as compared to pulp of control group (Table 1). The 
high concentration level of K and Ca in our study was in accordance to the previous report from Turkey [6] and the high 
content of macronutrients in peel and pulp of peach fruits is supported by another study in Tunisia [40]. Moreover, among all 
detected elements, there was a high level of K and Ca in pulp of either group, as previously reported in pulp of apricot in study 
conducted in Northern areas of Pakistan [41].  

Alarmingly, the study reported high concentration of As (3.33 ppm and 1.22 ppm in peel and pulp, respectively, of 
experimental groups). This quantity of arsenic is high as compared to that arsenic of quantity (3 ppm) produced from the 
acetylene by use of CaC2 

[36]. Generally, in Pakistan, peach fruits are being eaten with their peel. This is very injurious to health 
because higher exposure resulted in accumulation of fluids in the lungs and problems in gastrointestinal tract (GIT) such as 
peptic ulcer [1, 33, 34, 42]. 

Plant surfaces have a key role in the protection against abiotic stress factors, such as water losses, high densities of UV and 
visible radiation, or temperature extremes, but they are also crucial as a defense barrier against biotic threats, such as the attack 
of pathogens or herbivores [43-45]. The surface of the peach fruit is covered by a dense layer of trichomes and a cuticle 
underneath that protects it against an array of potential biotic and abiotic stress factors. The two materials offer a dual 
protection against the entry and chiefly the loss of water by the fruit. On the other hand, the occurrence of a dense indumentum 
and the presence of a considerable amount of phenols and waxes on the surface will contribute to limit the attack of pathogens 
and to attenuate excess radiation. The hydrophobic properties of the peach surface may also influence the bidirectional diffusion 
of gases and will determine the contact phenomena of the surface with water, contaminants, and pathogens. In current study 
peach fruit is treated with CaC2 and PIXE based elemental analysis revealed that carcinogenic traces of arsenic were trapped in 
the surface of fruit. Absence of arsenic residues in peach fruit pulp indicated that tiny hairs on peach fruit skin is offering 
protection to inner edible part. To confirm the protective role of peach skin we included nectarines in this study. Nectarine and 
peach belong to same family and nectarine is known as shaved peaches because they lack fuzz or tiny hairs on their surface. 
Elemental analysis of nectarine fruit treated with different amount of CaC2 revealed that arsenic is present in nectarines pulp as 
well as peel (Supplementary Table 2).  

CONCLUSION 

In the present study, a wide range of 16 nutrients contents were identified in peel and pulp of peach fruits. The differences in 
elemental profile of major, minor, and heavy metals in peel and pulp of peach indicated the unhygienic effects of calcium 
carbide that adulterate the nutritional value of peach. Apart from this, the findings of this study are valuable to create awareness 
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on the effect of CaC2 on fruit’s nutritional value and human health. Therefore, it is a dire need to ban the use of calcium carbide 
as a fruit ripening agent. Furthermore, the research recommends the food regulating authorities to take controlling measure 
against the fruit ripening in Pakistan. Also, there is an imminent need to develop the guidelines for the use of CaC2 and its 
permissible exposure limits for various fruits ripening in different agriculture settings. Hence, further studies are demanding the 
active participation of the policymakers, government agencies, farmers, vendors, scientists and consumers to address different 
aspects of artificial fruit ripening.  
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ABSTRACT 
Calcium carbide (CaC2)is still commonly used as artificial fruit ripening agent for mangoes in many developing 

countries like Pakistan despite of the major concern of arsenic (As) and other metals contaminations. We used Particle 

Induced X-ray Emission (PIXE) for the detection of arsenic traces in commercially availableCaC2andartificially ripened 

mangoes (ARM). Presence of harmful arsenic residues in calcium carbide (CaC2) treated fruits provided evidences that 

arsenic traces were transferred from calcium carbide (CaC2) which is used for ripening. Mature green mangoes were 

treated with CaC2in three different ways(T1- T3) and were compared to fully ripened mangoes bought from local markets 

(T4) and non-treated mangoes (T0). Pulverized mango samples were irradiated by3MeV collimated protons from 5MV 

tandem accelerator at National Institute of Physics, Pakistan and emitted X-ray spectrum was analyzed using 

GUPIXWIN to detect significant amount of As traces with differential presence of several other elements. Arsenic 

presence was further validated and endorsed in mango fruits using Graphite Furnace Atomic Absorption Spectrometry 

(GFAAS) and Inductivity Coupled Plasma Mass Spectrometry (ICP-MS). Absence of As traces in non-treated control 

mangoes has provided evidence of As contamination in artificially ripened mangoes is associated with CaC2 used for 

ripening. Arsenic residues in CaC2 treated mangoes can easily added up to already available arsenic exposure towards 

the limits shown for several cancerous diseases. Present study will not only provide a direct method of arsenic detection 

in fruits, but also suggest the need of strict implementations and improvements in the existing food safety rules and 

regulations to completely ban this carcinogenic chemical for its future applications. 

Key words: PIXE; Arsenic; Hazardous; Calcium Carbide; Post harvest. 

 

 

INTRODUCTION 

 Mango (Mangifera indica L.) is a climacteric fruit and commonly considered as “king of fruits” due to its 

excellent flavor, color, nutritious quality, attractive fragrance, and most importantly due to delicious taste. Pakistani 

mangoes rank good worldwide due to ~139 kt production and ~7.6% share in the world market. In Pakistan almost 250 

different mango varieties are found, while the most important commercial cultivars are Anwar Ratul, Dasehri, Langra, 

Sindhri, Chaunsa, Maldha and Fajri. Mango fruits usually mature in 100-150 days after flowering and then the fruit can 

possess its best flavor and aroma(depending upon the variety) if allowed to ripen on trees. In Pakistan, most of the 

mangoes are harvested at mature green stage and transferred to local markets, where ripening process is taken care by 

application of different chemicals before marketing. Mango fruit is extremely perishable to transport when fully ripened 

thus requires appropriate postharvest technologies for fruit ripening. Conventional fruit transportation methods and 

irregular storage are the main cause of more than 30-40% fruits lossin developing countries (Carrillo and Mariotti, 2000; 

Narayana et al., 1996; Shahbaz et al., 2009). Various artificial methods of fruit ripening have been observed mostly to 

meet consumers’ demand and other economic factors. Different fruit postharvest practices such as hot water treatment, 

cold treatments, ethaphon, calcium chloride (Mahmood et al., 2013; Rahman et al., 2016; Gandhi et al., 2016) ethylene, 

and methyl jasmonate can be used. Ethylene, and methyl jasmonate are non-toxic ripening agents but relatively 

expensive. 

mailto:snq@qau.edu.pk
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 Heavy metals are reported among the major contaminants of food supply and mainly considered as the most 

important form of environmental pollution(Zaidi et al., 2005; Khan et al., 2008). Heavy metals are hazardous 

contaminants in food and environment due to their non-biodegradable nature and continuous intake of heavy metals is of 

concern worldwide. According to the World Health Organization (WHO 1995), heavy metals must be controlled in food 

sources in order to assure public health safety. Excessive concentration of food heavy metals are found associated with 

the etiology of a number of diseases, especially cancer, cardiovascular, renal, neurological, and bone diseases 

(Chailapakul et al., 2008; Järup, 2003;Radwan and Salama, 2006;Beccaloni et al., 2013; Barone et al., 2015; Jackson 

and Punshon, 2015). 

 The popularity of CaC2is based on its easy application,cost-effectiveness, rapid fruit ripening, help indirectly in 

fruit shelf life/transport, and mainly protects the texture, color and sweetness of the fruits for better marketing. On 

exposure to moisture, CaC2 produces acetylene gas (C2H2), which enhances heat and fruit ripening similar to ethylene 

(C2H4).  CaC2 is produced in an electric arc furnace industrially by heating lime and coke mixture at 

~2000°C.Commercially available CaC2 is not pure, as it always contains calcium arsenide (Ca3As2) and calcium 

phosphide (Ca3P2), which in presence of humidity changes to fat soluble arsine (AsH3) andphosphene (PH3) 

respectivelyfollowed by rapid diffusioninto the fruit skin and then deposits in the fruit pulp causing extremely hazardous 

effects on human health(Asif, 2012). Daily intakes of arsenic can cause diarrhea, irritation of digestive system, stomach 

cancer and liver failure. Free radicals from carbide play a major role in the ageing process as well as in the onset of 

cancers, heart disease, stroke, arthritis and perhaps different type of allergies (Essien et al., 2018). 

 Several analytical techniques have been recently used to determine the elemental composition of contaminated 

food samples, but usually due to complexity of sample preparation handling and additional steps can reduces the 

reliability of thepresence of particular element in the given samples. Advent and improvement of technologies such as, 

Proton Induced X-ray Emission (PIXE), Graphite Furnace Atomic Absorption (coupling with cold vapor or hydride 

generation), Inductivity Coupled Plasma Optical Emission Spectrophotometer (ICP-OES), and Inductivity Coupled 

Plasma Mass Spectrometry (ICP-MS) made it easy to determine the quantities for any hazardous or beneficial elemental 

in the given samples including food(Haruyama and Saito, 1995; Flocchini et al., 1972; Zaidi et al., 2005; Radwan and 

Salama 2006; Naser et al. 2009; Jackson and Punshon 2015). Usually trace elements in food are in low concentrations, 

so we need really effective, robust, precise, accurate and sensitive method (Jackson and Punshon, 2015). Atomic and 

nuclear technologies has been very extensively utilized due adequate sensitivity to measure a wide range of elements in 

life sciences(Wang and Nastasi, 1995;Johansson and Campbell, 1988; Johansson. 1989;Naser et al., 2009; Bertrand et 

al., 2003; Tsongas et al., 1980),such as PIXE(Wang and Nastasi, 1995; Haruyama and Saito, 1995; da Silva et al. 2011; 

Stihi et al. 2008), and X-ray fluorescence (XRF)(Zaidi et al., 2005; Wang and Nastasi. 1995). PIXE can reliably, detect 

the presence of essential and toxic metals in parts per million(Johansson and Campbell, 1988; Flocchini et al., 1972; 

Pantelica et al., 2011; Kamal et al., 2007). Every method has its own pros and cons for different elements, therefore the 

use of more than one method can be helpful in term of increased the reliability and reduced the biasness in the analyzed 

results. 

 This study was aimed to check the presence of arsenictraces in the most favorite Pakistani mango variety 

“Langra” treated with CaC2. Weused a pragmatic approach for identification and quantification of inorganic As in 

mango samples using three different state of art technologies including, PIXE (at National Center of Physics, PK), 

GFAAS (at Pakistan Institute of Nuclear Science and Technology, PK) and ICP-MS (Dartmouth Trace Element Analysis 

Core Facility, Dartmouth College, USA). Fully ripened, ready to eat mangoes of the same variety were bought from the 

local markets and super markets of Islamabad, Pakistan. We included these mangoes in this comparative investigation to 

confirm the arsenic contamination in the mangoes. 

MATERIAL AND METHODS 

Fruit Sampling and Post-Harvest Treatments: Randomly selected un-ripened, green mangoes (cv sindhri) of almost 

similar age were collected directly from the orchids located in district Multan(Province Punjab, Pakistan) and artificially 

ripened with CaC2. Fully ripened, ready to eat mangoes were bought from two different local markets including a small 

fruit shop and supper store (Islamabad, Pakistan). All of the fruits were divided into five different groupsto check the 

presence of As due to CaC2treatment in three replicates as, Group-1(T0): Control mango fruits were kept inside the 

papers (used newspapers) for 4-6 days in a corrugated wooden container (dimension 7״ x 12״ x 26״) without any 

chemical treatment and this group will be used as control for comparisons.  Group 2 (T1): Mango fruits were treated with 

CaC2similar to the method used in our markets by placing CaC2 in an envelope in the corner of wooden boxes containing 

fruits and kept at 27±4°C for 4-6 days.While, Group-3 (T2): Mangoes were initially immersed in 5% solution of CaC2 for 

10 minutesand then stored for 4-6 days in wooden box as described above.Group-4 (T3): CaC2 powder was directly 
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applied onto fruit surface for 10min and then fruits were stored for4-6 days in a wooden box like above. Group-5: T4: 

Fully ripened, ready to eat mango fruits of the selected variety were bought from local fruit markets. 

Organoleptic Parameters: We measured the fruit aroma, and flavor of all the treated and control fruit samples as 

described by Hedonic scale(Larmond 1987). Critical judgment on the given Performa by a panel of 20 experts (30–50 

years old) onrandomly cutmangoes into 6-7 piecesfor color, aroma and flavor. Peel colour of mangoes included in T2-T4 

was compared to control untreated mangoes (T0).  

Mango Sample Preparations: Fully ripened fruits were peeled off and then samples were cut into small pieces with the 

help of uncontaminated steel knife. The samples were dried in an oven at 60 ˚C for 48 hrs to remove all moisture present 

in peel and pulp. Dried samples were finally ground to make homogeneous powder using pre cleaned mortar and pestle. 

 Approximately 0.6 g of powder sample was weighed carefully by electronic balance and pelletized using 

Laboratory Hydraulic Press (Carver USA; mode: 4350, LC; Serial No. 4160505). Hydraulic press of 24000 psi was used 

to make pellets of 2 mm thickness and 13 mm diameter. Two pellets were formed from each sample. The pellets were 

placed in desiccators to avoid moisture and any environmental contamination. The pellets were also put under lamp for 

some time before PIXE analysis to get rid of any moisture because vacuum problem is created in chamber during 

analysis. 

Elemental Analysis of Mango Fruits and Instrumentation: We examined and analyzed the edible part, pulp of mango 

fruits using,  

PIXE Analysis: Ground fruit samples were compressed manually using Laboratory Hydraulic Press (Carver, USA; 

Model: 4350.LC; Serial No. 4160505) under pressure of 22000 Pounds/10 Metric Tons to make 13 mm pallets. Fruit 

pallets were irradiated with proton beam of 3MeV using 5MV Pelletron Tandem Accelerator at Experimental Physics 

Laboratory, National Centre for Physics, Islamabad. The collimated beam of size approximately 2 mm size was used to 

irradiate the samples in vacuum chamber. During irradiation, the beam current was in the range of 10 to 20 nA. The X-

rays emitted in this process were measured by SDD with high resolution (FWHM 160 eV at 5.9 keV Mn Kα energy). 

The detector was placed at an angle of 45o to incident beam. The advantage of 45° orientation is the maximum 

characteristic X-rays collection and minimum background radiations. The distance between detector and target was 6 

cm. Mylar absorber of 100 μm with no hole was used between target and detector to reduce low energy background. The 

vacuum inside the scattering chamber was 10-6 torr. 

 To check the accuracy of experimental result NIST Standard reference material apple leaves (SRM 1515) was 

used. For quantitative analysis of sample GUPIXWIN software package was used. GUPIXWIN software package is used 

to convert spectral data into elemental concentration. GUPIXWIN software analyzes the spectrum for elements and the 

data finally are transformed to Microsoft Excel format where final graphs are designed.  

 Different elements present in all samples of fruits were identified and estimated their concentration by using this 

software package. The concentration of each element in fruits were obtained by analysing the data using HED files and 

satisfying the fit requirements. Similar spectrum of SRM is obtained by applying same process. The different peaks of 

spectrum relate to different elements in the sample. The region under peak corresponds to the concentration of specific 

element in sample.  

GFAAS: Arsenic (As) analysis was carried out by graphite furnace atomic absorption spectroscopy (GFAAS) using a 

Perkin Elmer 5100/HGA 600 instrument at Pakistan institute of Nuclear Sciences and Technology (PINSTECH). The 

method parameters were previously optimized by establishing ash and atomization curves for each metal. Wet digestion 

of all the ground mango samples was done with HNO3 (65%) followed by heating at 70°C for one hour. HClO4 (70%) 

was added after cooling at room temperature and prolonged heating at 240°C was done to remove all the white 

fumes(Fatima and Rahman, 2009). Finally, the clear solution was analyzed after required dilution. We used Hitachi 

model Z-2000 polarized Zeeman Atomic Absorption Spectrophotometer for this study using dual modes of atomization, 

graphite furnace AAS (GFAAS) and flame AAS (FAAS) as routinely used at PINSTECH, Islamabad, Pakistan. The 

elemental measurements were further validated using standard reference materials (SRM) analysis taken from National 

Institute of Standards & Technology (NIST).  

ICP-MS: Almost 100 mg of dried mango powder from all the samples was used to digest by using 2mls of HNO3 and 

heated to 180°C for 20 minutes. Cooled samples were brought up to 15 ml volume using distilled water. Digested mango 

samples were diluted 100 times with distilled water and analyzed using Agilent 7700x ICP-MS in “He mode analytes” 

withintegration times ~500 ms
-
1 sec at central facility of Dartmouth College, NH, USA. Data was analyzed and 

elemental concentrations were calculated as described (Jackson and Punshon, 2015).  

Written Informed Consent was also taken from the participants for this manuscript. 
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Dietary Intake of Arsenic (DAsI): Daily intake of As in an average adult was calculated by elemental data obtained 

from different CaC2 treated as well as non-treated control mango groups.  Dietary As intake (DAsI) was assessedas 

follow,  

DAsI=C×Q 

 Where, C is the concentration of As in the selected mangogroup (µg g− 1) and Q, daily consumption of 

mangoes (g kg
− 1

 of body weight) in 2-3 days (World Health Organization, 2009; EFSA, 2010). 

Validations and Statistical Analysis: All the elemental analysis was done in three replicates of all the pooled mango 

samples in different groups after treatment. For accuracy and reproducibility, certified reference materials were used for 

the instrumental calibrations. This study was conducted to evaluate the effect of CaC2 on organoleptic parameters and 

elemental profiling of mango fruit therefore One-way ANVOA with fixed effects was preferred to identify the 

statistically significant difference in among different studied groups. Tukey's HSD (honestly significant difference) test 

was employed for multiple comparison followed by Dunnett’s test, Scheffé method and Bonferroni and Holm procedure. 

Different methods were employed to focus on biologically meaningful results which can be vital in a greater inspection 

of biologically interesting effects.  

 For Tukey's HSD, Scheffé method and Bonferroni and Holm procedure, an online calculator was used 

(https://astatsa.com/OneWay_Anova_with_TukeyHSD/). Dunnett’s test was employed by using MS Excel.  

Then correlation analysis (using Pearson’s correlation) was applied using MS Excel to check the correlation among 

heavy metals with elemental profile of artificial ripened mangoes. 

RESULTS AND DISCUSSION 

 In this study calcium carbide (CaC2) was investigated for its arsenic residues. For this purpose we purchased 

CaC2 from three different local suppliers. PIXE and GFAAS showed significantly high amount of arsenic traces (~990-

1153ppm). Such a high amount of inorganic arsenic can contaminate the fruits when treated with CaC2 for the purpose of 

artificial ripening. Arsine (gas) released from contaminated CaC2 combines with air to form inorganic arsenic 

compounds, which have toxic and carcinogenic effects due to consumption of such fruits. Consumption of heavy metal 

contaminated fruits can cause heavy metal toxicity and cancer in Pakistan. 

 To investigate the presence of Astraces in artificially ripened mango fruits due to commonly used postharvest 

treatment of CaC2 in Pakistani local markets, we treated un-ripened green mangoes with CaC2 in different ways as shown 

in the Table-1. We also used a market mimicry treatment method used in our local markets (addition of CaC2 packets in 

mango containers and kept for 2-4 days (Group-2). Different treatment groups were compared for their elemental 

analysis with control (non-treated, Group-1) mango fruits and fully ripened, ready to eat mangoes bought from local 

markets (Group-4). The effects of CaC2 on organoleptic properties of mangoes were assessed. As expected the control 

mangoes showed delayed ripening with green and yellow non-homogenous patches even after 4-5 days (Table-2).The 

fruit color change is usually result of unmasking of fruit pigments through chlorophyll degradation, anthosyanin 

synthesis and carotenoids accumulations, in either case of natural or artificial fruit ripening. Similarly, increased 

metabolism and hydrolysis, decreased fruit acidity, and sugars can bring sweetness(Islam et al., 2016). Application of 

artificial ripening agent can speed up the ripening mechanism when required. The mangoes of Group-2 were fully 

ripened in 2-3 days with homogeneous attractive yellow color and nice texture that no one can virtually distinguish from 

naturally ripened fruits. While, application of CaC2 in treatment Group-3 and 4, where we treated green mangoes only 

for 10 min initially (Table-1),resulted in non-homogenous greenish yellow color due to short term acetylene gas 

production in the container which wasnot enough to fully ripe mango fruits but the process was initiated. Fruit ripening 

by using CaC2 does not required any technical training so local fruit venders use it in higher quantities to ripen immature 

fruit. Therefore, neither of our 5% CaC2 treatment nor direct CaC2 application for 10 min showed much effect on mango 

fruit ripening in our experimental conditions. 

 Fruit ripening is a biochemical process which involves a number of metabolic activities such as enhanced 

ethylene production and respiration, change in carbohydrates, synthesis of carotenoids, degradation of chlorophyll and 

conversion of starch into sugars. These activities lead to a series of physiological changes in color, taste, flavor, aroma 

and texture to consumer’s acceptable level. All these factors combine to develop a complete sensory and edible profiles 

of a fruit(Lalel et al., 2003). Among the physiological properties, the skin color of the mango fruits is a vital 

characteristic for its marketing as it makes the commodity more attractive. Our data showed homogenous yellowcolor of 

mangoes of the Group-2 (T1) like market fruits as expected due to almost same effect of CaC2. The appearance and 

smoothness of fruit skin is also very important acceding to consumers view point. Mangoes of Group-2 were perfectly 

ripened and attractive in comparisons to control group (shriveled and un-ripened patches on peel).  
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 Anjum and Ali (2004) conducted a study to investigate the effects of different calcium salts (calcium chloride, 

calcium sulphate and calcium ammonium nitrate) on organoleptic parameters and they concluded that these salts delayed 

the ripening process of mangoes (cv. Kala Chaunsa) and positively influenced the skin and pulp colour but badly 

affected the aroma, flavour and taste of mangoes and hence resulted in bad/poor eating quality. Another similar study 

was conducted by Mehmud et al. (2015) and they used calcium carbide along with calcium chloride, calcium sulphate 

and calcium ammonium nitrate to investigate organoleptic parameters of Lokhna, Himsagor, Gopalvogh and Langra 

varieties of mangoes and they concluded that CaC2 hastened the ripening process and improved the texture, aroma and 

taste of mangoes. Padmini and Prabha (1997) reported that mangoes fruits treated with CaC2 attained attractive yellow 

colour, because of high carotenoids content, earlier than untreated control group. Our results corroborate with Padmini 

and Prabha (1997) and Mehmud et al. (2015). 

 We also observed effect of CaC2 and its toxicity by difference in color of dried ground powder of mango pulp 

and peel samples of all the treated groups with the control (non-treated) group of mangoes. Dried peel and pulp powder 

of mangoes included in control group retained their distinct orange-yellow color while toxic effects of CaC2 has turned 

dried peel and pulp powders of mangoes included in T1-T4 into dark brown or blackish-brown color (Fig-1 A & B).We 

analyzed the elemental concentrations of only mango pulp due to, i) Pulp is the main edible part of the fruit, ii) Peel 

pallets were very brittle and not compact enough to proceed with PIXE analysis. Proton beam irradiated hydraulically 

pressed pallets of all the treatmentsand control fruit groups are given in Fig-1C.   

 Quantitative analysis of all essential as well as the trace elements of different groups of mango fruits were done 

with PIXE and concentration of elements in parts per million (ppm) including sulfur (S), potassium (K), calcium (Ca), 

iron (I), manganese (Mn), nickel (N), copper (Cu), zinc (Zn) and arsenic (As) were determined from spectrum obtained 

with 3MeV proton beam followed by analysis using GUPIXWIN software. Presence of  peak for arsenic (10.543 keV) in 

PIXE spectra of all the CaC2 treated mango samples and absence of peak for arsenic in control samples are evidence of 

arsenic contaminations in CaC2 treated mangoes (representative spectra of all the groups are shown in the Fig-1D).For 

validation purpose, the elemental concentrations of Standard Reference Material (SRM) provided by NIST 

weremeasured at NCP (National Centre for Physics) Islamabad, Pakistan initially which were close to the certified 

values(7-10% variations due to different experimental conditions). Our data showed negligible difference inthe elemental 

concentrations of all the major and minor elements in given treatment groups andcontrol group except the concentration 

of As (Table-3). Interestingly, no As traces were detected in the control (non-treated) mango pulp samples, while 

significantly high concentrations of As was found in fully ripened mangoes taken from market (T4) and ourtreatment 

T2(replica of market CaC2treatment) as shown in Fig.2A.A small amount of arsenic residues were detected in mango 

fruits treated with CaC2 for 10 min (T2& T3). Reason for less arsenic detection can be less availability of CaC2, or 

arsenic settles down in solution form and provides less contact with in sort time. Our results corroborate with Chandel et 

al. (2017).Absence of arsenic in control mangoes provide evidence that As contamination in the mango fruits is linked to 

CaC2. However, different concentrations of As have been found in different treatments of fruits with CaC2. The highest 

amount of As was observed in the group-2 mangoes followed by market samples thus confirmed the commercial use of 

CaC2 for fruit ripening (Fig 2A)for local use only, as CaC2 is strictly ban worldwide and cannot be used for export 

quality fruits due to regular monitoring and quality checks internationally.Therefore alternative methods for postharvest 

treatments are being used for export quality fruits to sell in global markets. 

 From correlation matrix it is revealed that arsenic in mangoes pulp has moderate negative correlation with 

phosphorus P (r
2
 = -0.59) and potassium K (r

2
 = -0.5) while it showed very strong negative correlation with calcium Ca 

(r
2
 = -0.83) 

 Data obtained from PIXE clearly revealed that arsenic residue present in CaC2 treated mangoes were only due 

to CaC2 treatment (Figure 3a). We validated PIXE results by GFAAS and ICP-MS.Both methodsalso confirmed the 

presence of As traces in different groups including market mangoes, though due to different levels of instrumental 

sensitivities, a direct comparisons of the relative quantifications of As detected in the samples by different methods was 

not possible (Fig 2). ICP-MS, the most sensitive technique available for such analysis(Jackson and Punshon, 2015) also 

confirmed the presence of As in all the treatment groups in comparisons to control samples (Fig 2B & C).  

 Arsenic residues detected in artificially ripened fruits can disturb different body as well as metabolic functions 

and these arsenic traces can lead to various lethal diseases like cancer(Siddiqui and Dhua, 2010). Therefore, we also 

calculated daily minimum amount of As intake due to consumption of  ~200mg of CaC2 treated mangoes per day per 

body weight of ~60 Kg and our PIXE data showed As consumption ~1-9.8µg/kg body weight (bw) per day. Due to its 

popularity of this fruit and unavailability during off season in local markets, mango consumption increases many folds in 

Pakistan.Whereas the bench mark dose of 0.3-8 µg/kg body weight (bw) per day of As to cause 1% increased risk of 

cancer was recently published for adults and even less for kids and toddlers(Gundert-Remy et al., 2015). Now a days, 

major emphasis is on to reduce the arsenic exposure and to make long term measures to reduce the arsenic 

contaminations in food because of arsenic presence ubiquitously in soil and food chain is already at alarming 
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levels.Recent studiescomprising ~1200 samples of groundwater from Pakistan already showed detailed hazard with risk 

maps of elevated As contamination in groundwater with thresholds of 10-50 mg/liter and ~50-60 million people are 

using that groundwater in Lahore and Hyderabad, Pakistan(Podgorski et al., 2017). Based on our calculations, the higher 

rate of mango consumption during season can accumulate dangerous levels of As in our bodies through CaC2 treated 

fruits and is linked to increased percentages of cancerous diseases in Pakistan.  

 We also examined CaC2 powder bought from local market which was used to ripen fruits (mangoes and 

bananas) for this study and commercial grade CaC2 used in the market by PIXE. Enormous amount of arsenic (153 

mg/kg) and phosphorus (155 mg/kg) was recorded in these CaC2 samples. 

 On daily consumption of such artificially ripened mangoes arsenic may damage different body organs and 

metabolic functions of the consumers which may lead to various lethal diseases like cancer. We calculated and compared 

the mean estimated daily intakes (MEDI) of elements detected by PIXE. The provisional tolerable daily intakes (PTDI) 

recommended by Joint FAO/WHO Expert Committee on Food Additives are 1.5 mg/kg bw for Cr, 0.14 mg/day kg bw 

for Mn, 0.7 mg/day kg bw for Fe, 0.02 mg/day kg bw for Ni, 0.4 mg/day kg bw for Cu, 0.3 mg/day kg bw for Zn and 

0.0003 mg/day kg bw for As. Our results revealed that arsenic detected in CaC2 ripened mangoes was much higher than 

the provisional tolerable daily intakes recommended by Joint FAO/WHO Expert Committee on Food Additive (Table 4). 

 Based onthis report and associated possible health hazards due to artificial fruit ripening agents, there is urgent 

need of extensive screening of varieties or fruits treated with CaC2.Some recent studies showed that artificial ripening of 

fruits results in decreased nutritional values of artificially ripened bananas and pineapples with special reference to 

vitamin C, proteins and beta-carotene contents along with heavy metal contamination (Hakim et al., 2012; Mahmood et 

al., 2013; Zenebe et al., 2015; Islam et al., 2018; Maduwanti and Marapana, 2019).Regular consumption of such fruits 

on regular basis causes severe hazards to human health like diarrhea, skin allergy, central nervous system depression, 

liver and kidney disease, cancer, nausea, gastrointestinal irritation and vomiting (Hakim et al., 2012). Almost every 

country around the globe has food policies and regulations for artificial fruit ripening but implementation is lacking in 

developing countries like Pakistan, India, Bangladesh etc.(Islam et al., 2016). 

 

Table-1. List of mango treatments with CaC2 in different groups. 

 

Samples Ids Mango Treatments 

Group-1 T0 Control non-treated mango samples were kept inside corrugated wooden container (dimension 7״ x 12״ x 

 ״62). 

Group-2 T1 Fruits were treated with CaC2 to mimic the commercially used method by placing CaC2 in an envelope in the 

corner of wooden box.  

Group-3 T2 Mangoes were initially immersed in 5% solution of CaC2 for 10 minutes following storage for 4-6 days in 

wooden box.  

Group-4 T3 CaC2 powder was directly applied onto fruit surface for 10 min followed by 4-6 days storage in a wooden 

box.   

Group-5 T3 Fully ripened, ready to eat mango fruits of same selected variety were bought directly from local fruit shop 

and supper market.   

 

Table-2. Organoleptic characteristics of mango fruits. 

 

Parameter 
Group 1 

T0 

Group 2 

T1 

Group 3 

T2 

Group 4 

T3 

Group 5 

T4 

Time required for 

ripening 
5-6 days 2 days 3.5 day 4 day 

Bought fully 

ripened 

Color of the skin 
Greenish with 

yellowish patches 

Uniform yellow 

color 

Greenish yellow 

with dark patches 

Greenish yellow 

with dark patches 

Uniform yellow 

color 

Flavor, pulp 

color, aroma 

Late ripened, soft 

pulp and attractive 

Fully ripened, nice 

pulp and very 

attractive 

Same as control 

but less attractive 

Same as control 

but less attractive 

Fully ripened, nice 

pulp and very 

attractive 

Skin shriveling 
Little bit due to 

delayed ripening 
No 

Too much 

shriveled 

Shriveled 

widespread 
No 

 

Table 3: Concentrations of Different Elements (in ppm) in Mango Fruit Samples treated with Different 

Concentrations of CaC2 and Fruits from Market.Same letters indicate no significant difference . 

measured by One way ANOVA with post-hoc Tukey HSD test. 
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PIXE Analysis CaC2 Treatments 

Elements T0 T1 T2 T3 T4 

Al 8.525 ± 1.73
a
 7.175 ± 0.07

a
 7.975 ± 0.05 10.975  ±0.88a 6.03 ± 0.66

a
 

P 0.147 ± 0.01
a
 0.31 ± 0.01

b
 0.432 ± 0.01

c
 0.27 ± 0.01

b
 0.425 ± 0.01

c
 

S 0.816 ± 0.19
a
 0.831 ± 0.015

a
 0.6465 ± 0.06

a
 0.3965 ± 0.08

a
 0.57 ± 0.06

a
 

Cl 5.3225 ± 2.16
a
 7.3 ± 0.28

a
 10.125 ± 0.08

a
 5.85 ± 0.212

a
 6.76 ± 3.3

a
 

K 268.29 ± 55.6
a
 393.27 ± 11.3

a
 298.55 ± 0.11

a
 426.78 ± 16.7

a
 272.6 ± 26.5

a
 

Ca 123.6 ± 45.57
a
 125.1 ± 11.3

a
 79.375 ± 1.92

a
 121.975 ± 14.2

a
 85.9 ± 11.8a 

Cr 0.0861 ± 0.02
a
 0.254 ± 0.008

b
 0.16875 ± 0.01

a
 0.0738 ± 0.003

a
 0.075 ± 0.02

a
 

Mn 4.15 ± 1.55
a
 6.325 ± 1.73

a
 5.075 ± 0.9

a
 2.6250 ± 0.318

a
 4.45  ± 0.07

a
 

Fe 43.8 ± 1.69
a
 84.4 ± 1.69

a
 52.875 ± 0.9

a
 28.5 ± 1.27

a
 25.2 ± 1.2

a
 

Ni 0.542 ± 0.4
a
 0.969 ± 0.09

a
 0.56875 ± 0.01

a
 0.26575 ± 0.03

a
 0.221 ± 0.07

a
 

Cu 0.6695 ± 0.49
a
 3.7 ± 0.07

b
 1.95 ± 0.176

a
 0.45175 ± 0.06

a
 1.45 ± 0.83

a
 

Zn 7.55 ± 0.49
a
 12.625 ± 2.08

a
 10.45 ± 0.35

a
 8 ± 0.84

a
 10.2 ± 3.76

a
 

As ND
a
 5.75 ± 0.424

b
 0.95 ± 0.016

c
 0.670  ± 0.19

d
 5.34 ± 2.4

e
 

 

Table 4.The mean estimated daily intake (MEDI) (mg/kg) of essential elements in CaC2 treated mangoes. The 

provisional tolerable daily intakes (PTDI) recommended by Joint FAO/WHO Expert Committee on Food 

Additives. 

 

Mean Estimated Daily Intakes(MEDI) Provisional Tolerable 

Daily Intakes (PTDI) Elements T1 T2 T3 T4 T5 

Ca 0.25 0.3 0.356 0.348 0.273 - 

Cr 0.00062 0.0008 0.0005 0.002 0.002 1.5 

Mn 0.013 0.210 0.016 0.008 0.014 0.14 

Fe 0.146 0.281 0.176 0.095 0.084 0.7 

Ni 0.001 0.003 0.001 0.0008 0.0007 0.02 

Cu 0.0022 0.012 0.0065 0.0015 0.0048 0.4 

Zn 0.25 0.421 0.034 0.026 0.034 0.3 

As ND 0.019 0.003 0.002 0.017 0.0003 
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Figure 1: PIXE Analysis mango fruits with different concentrations of CaC2 treatments in comparisons to control 

(non treated fruits) and mango samples from markets. Fresh unripe mango fruitsamples were divided into 

five different groups and treated with CaC2 from T0-T4 as explained in Table-1. A) Ground mango fruit pulp 

samples demonstrating different groups of treatments. B) Ground mango fruit peel samples demonstrating 

different groups of treatments. C) Pallets of mango fruit pulp samples were irradiated using 3 Me V Protons for 

PIXE Analysis.  D) PIXE spectrum of CaC2 treated groups of Mangoes. X-axis represents the energy of element 

and Y-axis represents the Area counts of different metals.  

 
Figure 2. Analysis of mango fruits treated with different concentrations of CaC2 and market fruit samples with 

PIXE, ICP-MS and GFAAS. Fresh unripe mango fruitsamples were divided into five different groups and 

treated with CaC2 from T0-T4 as explained in Table-1. Presence of arsenic was analyzed in ground mango fruit 

pulp samples by three different independent methods, A) PIXE, B) ICP-MSand C) GFAAS.X-axis represents 

CaC2 treatments and Y-axis represents presence of Arsenic in ppm.  

 

 
Figure 3:Effect of different treatments of calcium carbide on arsenic, phosphorus and calcium content of ripened 

mangoes fruit. Mature and green mango were collected from orchid and treated with different concentration of 

CaC2. Artificially ripened were ground to fine powder and arsenic was quantified (mg/kg) using PIXE. In this 

figure (a) represent arsenic concentration in mangoes(b) represent phosphorus concentration in mangoes and (c) 

represent calcium concentration in mangoes. X-axis shows the group based on CaC2 treatment and Y axis 

shows the amount of arsenic (mg/kg) in artificially ripened mangoes.One way ANOVA with post-hoc Tukey 

HSD test was performed(https://astatsa.com/OneWay_Anova_with_TukeyHSD/). Same letters indicate no 

significant difference and the error bars represent the least squaremean± SEM, n=3. 

Conclusions: This work provides the first direct evidence of the source of As contamination in artificially ripened 

mangoes throughthe use of calcium carbide, which is routinely used in Pakistan for fruit ripening especially for local 

consumption. Estimated daily intake arsenic levels are more than the WHO recommended guidelines and the higher rate 

of mango consumption during season can accumulate dangerous levels of As in our bodies through CaC2 treated 

fruits.Due to potential health risks, the use of calcium carbide is strongly discouragedworldwide and regulatory measures 

should be urgently taken to reduce the exposure of this carcinogenic element from the fruits like developed countries by 

using alternative post harvest technologies. Therefore, this hazardous chemical should be totally banned and further 

extensive studies are required to establish updated food safety/regulatory guidelines for Pakistani postharvest local 

technologies.This study will also help to educate the local fruit industry as well as the consumers to eliminate this cancer 

causing trace elements from our fruits.  
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heavy metals were derived. The results show that the fruits are a good source of essential elements. In 

addition, the results show that the artificial ripening agent might become a health hazard to the public and 

should be strictly regulated. The overall thesis work is sound and the conclusions are well grounded. The 

thesis can be used to derive new regulatory measures to ensure the food safety for the public.  

 

Areas to improve in the thesis:  

1. There are a lot of grammatic problems in the text of the thesis. For example, on page 8, in the 

sentence “CaC2 is usually contaminated even an industrial grade CaC2 contains traces of heavy 

metals including arsenic and phosphines and their application directly or indirectly to fruits can 

lead to severe human health hazards.” The thesis needs to be carefully read to correct all the 

potential grammatic issues. Please go through the thesis text to make all the necessary changes.  

2. In some of the tables, the standard errors were not provided for the measured element content. 

Provide the standard error or deviations please.  

3. Can the author comment on the content of other potential organic toxic compounds in the fruit?  

 

Best wishes,  

 

Xinguang 

2021.4.26 
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Road, Xuhui Area, 200032 Shanghai, China 
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            zhuxg@sippe.ac.cn 
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