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ABSTRACT 

 

Fruits play important  role in providing  the individuals daily dietary needs 

from vitamins iron, calcium, potassium and some metals that need  in the daily food 

as dietary supplementation or as an important elements that form some hormones or 

enzymes in small concentrations , if exists in high concentrations become toxic with  

bad effects. 

This study aims to detect some of metals and find this elements their concentrations 

in some fruits that is most consumed in Sudan which are: bananas, oranges, tomatos 

and watermelons. These fruits were randomly collected from local markets in 

Khartoum state from the three localities: Khartoum, Bahri and Omdurman. Another 

sample was collected from the original farm to represent the control samples. That’s 

to compare the concentration of metals in it with the random one using xrf technique. 

Euch sample was dried and pressured into pulled to be analyze it. The following 

metals were detecting: Br, Ca, Cr, Cu, Fe, K, Mn, Ni, Pb, Rb, Sr and Zn in ppm K, 

Ca and Fe measured in g/kg. It was found that the mean concentration of these metals 

in banana: 52.66, 28.01, 50.31, 15.79, 0.57, 31.98, 60.92, 10.07, 1.42, 18.41, 5.37 

and 19.22 respectively. 

 And the mean concentration of them in orange:  6.80, 9.83, 19.00, 52.88, 0.35, 

26.54, 13.05, 41.53, 1.74, 49.80, 14.85 and 15.41 respectively. 

 The mean concentration of them in tomato: 39.30, 5.45, 50.52, 20.03, 0.88, 62.45, 

82.13, 9.44, 1.79, 59.78, 26.38 and 41.31 respectively. 

 The mean concentration of metals in watermelon: 33.00, 6.96, 26.08, 14.30, 1.32, 

43.93, 52.67, 6.01, 1.69, 38.51, 43.90 and 25.45 respectively 

 It is noted that these concentrations were far higher than the concentrations in other 

countries underwent the same study. 

The statistics showed in some fruits that the significant ratio between the case and 

the control was p < 0.05 i.e. the significance is different and may be caused by 

pollution.    
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 مستخلص

 اسيومفي تزويد الفرد باحتياجاته اليوميه من الفيتمينات والحديد والكالسيوم والبوت هاما   ا  دور  تلعب  الفواكه
عض يدخل في تركيب  ب  ائي او كعنصر مهمذاءه اليومي كمكمل غذالتي يحتاج اليها في غ وبعض المعادن 

صبحت عبارة عن أادت هذة العناصر عن حدها المطلوب ز ذا إنزيمات  بتراكيز صغيرة . و اإلأالهرمونات 
 سميات  يكون لها تاثير سلبي .

في السودان وهي  ا  كثر استهالكتحديد بعض المعادن الثقيله وتراكيزها في بعض الفواكهة األبهذة الدراسه  تهتم
طوم وهي مختلفة بوالية الخر ماكن أالموز ,البرتقال ,البطيخ والطماطم, تم جمع هذة الفواكهة عشوائيا  من ثالثة 

سواق المحليه  , وجمعت عينات موازيه لها كعينات ضابطه مدرمان وبحري وكان الجمع من األأالخرطوم , 
ية فلورة العناصر فيها  مستخدمين تغنتركيز  نتاج االصليه لكل فاكهة لمقارنة مستوي من الحقل من مناطق اإل

 النحاس, البروم, الكالسيوم, الكروم, العناصر االتيه  تم رصدثاالشعة السينيه . جففت العينات وضغطت 
متوسطات  كيزكانت تراالزنك , و  والمنجنيز, النيكل, الرصاص ,الربيديوم, االسترانشيوم,  البوتاسيوم, الحديد,
 م/كجم  .ج بجزء لكل مليون عدا البوتاسيوم والكالسيوم والحديد  المعادن

 :تيالمعادن للموز كاألوكانت تراكيز متوسطات  
, 66.92 , 31.98 , 0.56 , 15.79 , 50.31, 2.01, 52.66 , 10.07 19.22 , 5.37, 18.41 ,1.42  

 : تيألللبرتقال كا المعادنونتائج تراكيز متوسطات . علي التوالي

0..6  ,3..9   ,03.66  ,88... ,40.88  ,6.98  ,09.68  ,80.89  ,0..8  ,83..  ,
:تيللطماطم كاأل معادنتراكيز متوسطات ال كانتو  .علي التوالي 08.80,  8..08  

93.96  ,8.88  ,86.84  ,46.69  ,6...  ,04.88  ,.4.09  ,3.88  ,0..3  ,83...  ,
:تيلبطيخ كاألافي  معادنتراكيز متوسطات ال كانتو .  علي التوالي. 80.90,  .40.9  

99.66  ,0.30  ,40.6.  ,08.96  ,0.94  ,89.39  ,84.0.  ,0.60  ,0.03  ,9..80  ,
  علي التوالي. 48.88,  89.3

جريت في بعض الدول . ودلت نتائج التحليل االحصائي علي ان    ’اوهي اكبر بكثيرمن متوسطات مماثله لها  
وهذا يدل علي فروق معنوية كبيره في بعض الفواكهة    6.68قل من أغلب الفواكهة أ مستوي المعنويه  في 

 مما يدل ايضا علي وجود ملوثات.
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Chapter One 

Introduction 
 

1.1 Introduction  

 

Fresh  fruits  are  of  great value  and  widely  used  for  dietary  purposes.  

Importance in the diet because of the presence of vitamins and mineral salts. In 

addition, they contain water, calcium, iron, sulphur and potassium. They are very  

important  protective  food  and  useful  for  the maintenance  of  health  and  the  

prevention  and  treatment of  various  diseases  .  However, these plants contain both 

essential and toxic metals over a wide range of concentrations.  

Heavy  metals  have  been  reported  to  have  positive  and negative  roles  in  human  

life because the body need in low level of construction  if this level excess the effect 

came negative  Some  like  cadmium,  lead  and  mercury  are  major  contaminants  

of  food supply and may be considered the most important problem to our  

environment while  others  like  iron,  zinc and  copper  are  essential  for  biochemical  

reactions  in  the body. Generally,  most  heavy  metals  have  long  biological  half-

lives  and have  the  potential  for  accumulation  in  the  different organ of  body 

leading  to  unwanted effect side. There is a strong link between micronutrient 

nutrition of plants, animals and humans and the uptake and impact of contaminants 

in these organisms. The content  of  essential  elements  in  plants  is soil being  

affected  by  the  characteristics  of  the  soil and  the  ability  of  plants  to  selectively  

accumulate some metals Additional sources of heavy metals for plants are: rainfall 

in atmospheric polluted areas, traffic density, use oil or treatment to plant to 

completed the Maturation of some crops or to give crops attractive look to costumer. 
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1.2 Heavy Metal 

1.2.1 Definition of Heavy Metals in Plant Science 

 Although there is no clear definition of what a heavy metal is, density is in 

most cases taken to be the defining factor (Lars Järup 2014). Different works were 

cited that used lower limits on the density of a “heavy” metal ranging from 3.5 to 7 

g-3. Threshold varied depending on the author, and that “it is impossible to come up 

with a consensus”. Moreover he concluded that “any idea of defining “heavy metals” 

on the basis of density must be abandoned as yielding nothing but confusion”. Point; 

although half of the works cited suggested similar lower limits of 4.5 or 5 g cm−3. 

So what should we base our definition of “heavy metals” upon Indeed, is it necessary 

to use the term at all? Let us now consider what defining “heavy metals” according 

to the chemical properties of compounds can offer us. In this way, all metals can be 

classified as either hard, soft or intermediate. Based on so called ionic indices and 

covalent indices, classified metals as well as metalloids into three classes: A, B, and 

borderline (see Table 1 .1) 

Table (1.1) Classification of some metals and metalloids according to covalent 

index (Nieboer and Richardson) 

Class A elements Borderline elements Class B elements 

Li+ ,Na+ , K+ ,Cs+, 

Be+2,Mg+2, Ca+2, Sr+,2 

Ba+2,Al+3, Ga3+,Sc3+,Y+3 

Ga3+, In+3, Sn+4 , Pb+2 , 

As+3 ,Sb+3, Ti+2 , V2+, 

Mn2+, Fe+2, Fe,+3 Co2+, 

Ni+2,Cu2+, Zn2+, Cd+2 

Tl+, Tl+3, Pb+4, Bi+3, 

Pd+2,Pt+2 

 Cu+, Ag+, Au+ Hg+2 
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Aside from some differences between the categories of “hard” and “soft” on the one 

side and “A” and “B” on the other side, this categorization has consequences for 

possible reaction partners. It follows that “hard” acceptors, or class A group ion, 

class B group ions that are often very toxic ( K.-J. Appenroth 2010 ). 

1.2.2 Toxic effect 

 Heavy metal they linked mind people they are toxic. Conclusion based on 

scientific evidence. Two facts should be kept in mind 

(1)  The effect of any substance on a living system is always dependent on the 

concentration of it available to cells. 

(2)  This element several metal ions are crucial to the metabolism of cells at low 

concentrations but are toxic at high concentration this element called trace 

element. 

1.2.2.1 Lead 

Lead is one of  limited class of element  that can be describe as purely a toxic 

Classification of some metals and metalloids according to covalent index.it 

widespread use has caused extensive environmental contamination and health 

problems in many parts of the world. Lead is a cumulative toxicant that affects 

multiple body systems .it’s found in low level in earths curst and result of human 

activity. And they has no known level (ww.chem.unep.ch/pops/pdf/lead/leadexp.pd) 

beneficial effect in body, to studies on toxicity, lead grouped into three board 

categories: 

 Occupational and population to exposed the exposure level. 

 Epidemiological studies in the general population. 
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 Animal studies investigation of mechanism of toxicity and they found that no 

evidence threshold to exposure (Daland R 2000) Lead can get into your body 

when you breathe lead contaminated air.  

Once in your lungs, the lead gets into your blood and travels to other parts of your 

body and is stored up in your bones. 

They effect in body system by Encephal opathies in the central nervous system 

(CNS); Effect of IQ of children and behavior.  artion and preterm delivery in women 

and alterations in sperm and decreased fertility in men (Julie Louise 2007). 

1.2.2.2 Zink 

 Zinc is an essential for the human nutrient, a cofactor for over more than 300 

enzymes, and is found in all tissues. (Harlal Choudhury 2005), a list of key enzymes 

containing zinc or affected by zinc status are provided.  

Zinc has three functions in these metal enzymes: 

1. Participation in catalytic functions.  

2. Maintenance of structural stability.  

3. Regulatory functions Zinc is also involved in DNA and ribonucleic acid 

(RNA) synthesis and cell proliferation anhydrase. 

The body contains 1.5 - 2.5grams of Zink Deficiency(Jerome Nriagu 2007 ) of this 

level affects reproduction adversely in both males and females since all the 

hormones and a wide range of enzymes involved in reproduction are sensitive to 

zinc stress, Zinc fingers exercise significant controls on the biological effects of 

estrogens and  androgens elements of the DNA that turn on the genes active in 

protein synthesis during early pregnancy, Anemia a Night blindness excess of this 

level is toxic and effect Acute gastrointestinal distress , Nausea and  Cramping - 

Large amount of zinc intake reduces copper and iron utilization and vitamin A. 
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1.2.2.3 Nickel 

 Nickel is present in a number of enzymes in plants and microorganisms. In 

humans, (K.K. Das et al 2008) essential component of the haemopoietic process , 

and play important   role in physiological processes as a co-factor in the absorption 

of iron from the intestine.( Julie Louise 2005  ) Involved the human immune system. 

The reference values for nickel in healthy adults are 0.2 µg/L in serum and 1–3 µg/L 

in urine (B. Hafeez1 2012). Zinc deficiency caused of human body will suffer from 

hair and memory loss, skin problems, weakness  in  body  muscle problems during  

pregnancy  also causes  stunted  brain  development  of  the  fetus(Francesco Petrucci 

2009 ). And exists of nickel caused of Decreased body weights, significantly 

increased heart and decreased liver weights the carcinogenicity of nickel compounds 

which occurs through inhalation mainly as a  result of occupational exposures(F. H. 

NIELSEN 2005 ). 

1.2.2.4 Iron 

 Iron trace mineral   because   your   body   only require very small amounts. 

Every tissue in the body and numerous cellular processes require iron is a part of 

hemoglobin found in red blood cells. They play important role as.  Oxygen transport 

and storage (Laura Rowe 2004) Cognitive development. Detoxification, 

neurotransmitters and hormone synthesis.  Energy metabolism and  Immune 

functioning the body require for  all age groups of men and post-menopausal women 

is 8 mg/day, and the RDA for iron for pre-menopausal women is 18mg/day. The 

difference in values between the two groups is primarily related to the need to 

replace iron losses due to menstruation.  
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Pregnant women require even more iron, 27mg/day and child in different six about 

11mg/day the diffusion of this value caused anima and shortness of breath 

overweight children and adolescents spoon-shaped nails.( Legal Niceties 2009 ) 

High  doses  of  iron  can decrease  the  absorption  of  zinc and caused liver cancer 

and heart deses. 

1.2.2.5 Copper  

Copper is critical for energy production in the cells. It is also involved in nerve 

conduction, connective tissue, the cardiovascular system and the immune system.  

Copper is closely related to estrogen metabolism, and is required for women's 

fertility and to maintain pregnancy. Normal Values of Cu in Serum = 12 - 26 µmol/L 

and Urine = 0.05 - 0.55 µmol/da Deficiency of copper effect upon thyroid   function 

caused Vascular lesions Central nervous system disorder and convulsion, Hair 

abnormalities(Tsugutoshi Aoki 2004)   hyper-Copper caused Decreased hemoglobin 

and erythrocyte levels ,Death  and Cancer (David L. Watts 1989 ). 

1.2.2.6 Chromium  

Important for insulin and improve in hypoglycemic patients following 

chromium supplementation Another effect of chromium supplementation that could 

be a result of its potentiation of insulin sensitivity is the redistribution of body fat, 

protein and water(Z. Krejpcio  2001) Estimated Safe and Adequate Daily Dietary 

Intake (ESADDI) bar day about 10-200µg/day different age lower this dose caused 

problem in insulin system and over dose caused  Weakened immune systems, 

Kidney and liver damage, Alteration of genetic material, Lung cancer and 

Death(Gurtin 2004). 
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1.2.2.7 Bromide 

Shown to perform any essential function in plants, microorganisms or animals 

(S. PAVELKA 2004). Threshold Toxicity Values 0.05 – 3.5ppm 0.3 - 23 mg-3 

bromide is Toxic by all routes of exposure. Toxic effects of   bromide on the thyroid 

gland and mechanisms of its interference with the biosynthesis of thyroid hormones 

Impact of a high bromide intake in the lactating rat dam on iodine and bromide, 

transfer to the suckling, decrease in the body weight gain and a significant increase 

in the relative weight of .their thyroids with increasing bromide intake. High levels 

of bromine can damage the lungs (Public Health England 2009). 

1.2.2.8 Strontium 

           Strontium is tow kind stable and radioactive element. When you eat food or 

drink water containing strontium. Hey enter the blood. Strontium acts very much 

like calcium (Martine Cohen2002). Strontium mostly attaches to the surfaces of 

bones and bones marrow bone itself and nearby soft tissues may be damaged by 

radiation released over time and caused anemia. Cancers of the bone and a decrease 

desistance to fight disease. Damage to the genetic materials in cells (Elements Health 

Effects) 

1.2.2.9 Rubidium 

The median Rb content in humus is 4.50 mgkg-1, and the range varies from 

0.20 to 41.7 mgkg-1 (Charles Walters2009) Rubidium is considered to be 

biologically nonessential, and it is the most abundant element in the body water 

reactive. Moderately toxic by ingestion. If rubidium ignites, it will cause thermal 

(Lars Järup 2014) burns. Rubidium readily reacts with skin moisture to form 

rubidium hydroxide, which causes chemical burns of eyes and skin. Signs and 

symptoms of overexposure: skin and eye burns.  
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Failure to gain weight, ataxia, hyper irritation, skin ulcers, and extreme 

nervousness. Medical condition aggravated by exposure: heart patients, potassium 

imbalance.  

1.3 Heavy Metals in plant  

Until 1920 it was believed that the total nutrient requirement of plants were 

fully satisfied by ten essential element : the seven inorganic elements (N, S, P, k, Ca, 

Na, and Fe) supplied by the cultural solution as salts plus carbon (C) from carbon 

dioxide and hydrogen (H) and oxygen (O) from water. Recent knowledge has 

revealed that plants require at least seven other elements in trace amounts (B, Cu, 

Cl, Mn, Mo, Na, and Zn). The The ultimate source of trace elements in the soil (Hala 

Ehamed 2012).  

1.4 X-Ray Fluorescence (xrf) 

1.4.1 Introduction 

X-ray  fluorescence  (xrf) (G.Gauglitz 2004) is  the  emission  of  characteristic 

"secondary" (or fluorescent)  X-rays  from a material that has been excited  by  

bombarding  with  high-energy  X-rays  or  gamma  rays.  The phenomenon is widely 

used for elemental analysis  and chemical analysis, particularly  in  the  investigation  

of  metals,  glass,  ceramics  and  building materials,  and  for  research  in  

geochemistry,  forensic  science  and archaeology. 

1.4.2 Underlying physics 

When  materials  are  exposed  to  short-wavelength  X-rays  or  to  gamma 

rays,  ionization  of  their  component  atoms  may  take  place.  Ionization consists 

of the ejection of one or more electrons from the atom, and may occur if the atom is 

exposed to radiation with an energy greater than its ionization potential.  
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X-rays and gamma rays can be energetic enough to expel  tightly  held  

electrons  from  the  inner  orbitals  of  the  atom.   

The removal of an electron in this way makes the electronic structure of the 

atom unstable, and electrons in higher orbitals "fall" into the lower orbital to fill the 

hole left behind. In falling, energy is released in the form of a photon, the energy of 

which is equal to the energy difference of the two orbitals involved.  Thus,  the  

material  emits  radiation,  which  has  energy characteristic  of  the  atoms  present.  

The  term  fluorescence  is  applied  to phenomena  in  which  the  absorption  of  

radiation  of  a  specific  energy results  in  the  re-emission  of  radiation  of  a  

different  energy  (generally  lower). 

 

 

Fig 1.1: Physics of X-ray fluorescence in a schematic representation 

When  a  primary  x-ray  excitation  source  from  an  x-ray  tube  or  a radioactive 

source strikes a sample, the x-ray can either be absorbed by the atom or scattered 

through the material. The process in which an x –ray is absorbed by the atom by 

transferring all of its energy to an   inner most electron is called the "photoelectric 

effect."  During this process, if the primary x-ray had sufficient energy, electrons are 
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ejected from the inner shells, creating vacancies these vacancies present an unstable 

condition for the atom.  

As the atom returns to its stable condition, electrons from the outer shells are 

transferred to the inner shells and in the process give off a characteristic x-ray whose 

energy is the difference between the two binding energies of the corresponding 

shells. Because each element has a unique set of energy levels, each element 

produces x-rays at a unique set of  energies,  allowing  one  to  non-destructively  

measure  the  elemental composition  of  a  sample.  The  process  of  emissions  of  

characteristic  x rays  is  called  "X-ray  Fluorescence,"  or  XRF. Analysis using x-

ray fluorescence is called "X-ray Fluorescence Spectroscopy." In most cases the 

innermost K and L shells are involved in XRF detection. A typical x ray            

spectrum  from  an  irradiated  sample  will  display  multiple  peaks  of different 

intensities. 

1.4.3 X-ray production 

 X-rays  can  be  produced by a radioactive  source,  an  X-ray  tube  and  by  

synchrotron radiation. In the present experiment, we use an X -ray tube. A typical 

X-ray tube is equipped with a heating filament (usually Tungsten) as a cathode. Due  

to  Joules  heating  by  the electrical  current  through  the  filament  (glow  emission)  

electrons  are  emitted  and  become accelerated in a high electric field towards  an  

anode  (target).  X-rays are produced in the target. A typical emission spectrum 

obtained from an X-ray tube with a Molybdenum anode is shown in Figure (1.2) as 

a function of the applied voltages. 
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Fig 1.2: X - ray tube 

 

The spectrum is a superposition of a continuous part and characteristic lines (for 25 

keV). The shape, the intensity and the maximum energy depend on the high voltage 

while the position of the discrete lines is characteristic of the anode material (as 1.54 

Å for copper or 0.71 Å for molybdenum). The  discrete  lines  appear  only  if  the  

acceleration  voltage  exceeds  a  certain threshold. 

1.4.4. Characteristic radiation 

Each element has electronic orbitals of characteristic energy. Following 

removal  of  an  inner  electron  by  an  energetic  photon  provided  by  a primary  

radiation  source,  an  electron  from  an  outer  shell  drops  into  its place. There are 

a limited number of ways in which this can happen, as shown in Figure (1.3). The 

main transitions are given names:  an L→K transition is traditionally called K α, an 

M→K transition is called Kβ, and M→L transition is called Lα, and so on. Each of 

these `transitions yields fluorescent. 
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Fig 1.3: The main transitions 

Photon with a characteristic energy equal to the difference in energy of the initial 

and final orbital. The wavelength of this fluorescent radiation can be calculated from 

Planck's Law: 

𝜆 = ℎ ∙  
𝑐

𝐸
    ………….. (1.1) 

The fluorescent radiation can be analyzed either by sorting the energies of the 

photons or by separation wavelength of radiation  Once sorted, the intensity of each 

characteristic radiation is directly related to the amount of each element in the 

material. 

1.4.5 Chemical analysis 

The use of a primary X-ray beam to excite fluorescent radiation from the 

sample(M. Steve n ) was first proposed by Glocker and Schreiber the method is used 

as a non-destructive analytical technique, and as a process control tool in many 

extractive and processing industries.  

http://en.wikipedia.org/w/index.php?title=Richard_Glocker&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Hans-Wilhelm_Schreiber&action=edit&redlink=1


13 
 

In principle, the lightest element that can be analyzed is beryllium (Z = 4), but due 

to instrumental limitations and low X-ray yields for the light elements, it is often 

difficult to quantify elements lighter than sodium (Z = 11), unless background 

corrections and very comprehensive inter-element corrections are made. 

 

Fig 1. 4: Schematic spectrometer arrangement of EDX 

 

1.4.6 Procedure of X-ray fluorescence Analysis (XRF X-Ray Fluorescence) 

 Check the chemical composition for samples (M. Steven 2004) (Qualitative 

Analysis). 

 Select the best condition for XRF analyses Combination of X-ray source, 

Detector, measurement time. 

 Make calibration curve from standards. 

 Calculate elemental concentration for the sample from the peak intensity 

(Quantitative Analysis). 

1.4.7 Basic Principles 

X-ray wavelength and energy scales: 

The X-ray or Röntgen region (G. Gauglitz 2004) of the electromagnetic spectrum 

start at ca. 10 nm and extends towards the shorter wavelengths. The energies of X-

ray photons are of the same order of magnitude as the binding levels of inner shell 

http://en.wikipedia.org/wiki/Beryllium
http://en.wikipedia.org/wiki/Sodium


14 
 

electrons (K, L, and M… levels) and therefore can be used to excite and/or probe 

these atomic levels. The wavelength λ of an X-ray photon is inversely related to its 

energy E according to: 

 λ (nm) = 1.24/E (keV)……….(1.2)

Where  1  eV  is  the  kinetic  energy  of  an  electron  that  has  been  accelerated  over  a 

voltage difference of 1V (1 eV = 1.602*10-19 J). Accordingly, the X-ray energy range 

starts at 100 eV and continues towards higher energies. X-ray analysis methods most 

commonly employ radiation in the 1 – 50 Kev (1 – 0.02 nm) range. 

1.4.8 Advantage

 Rapid analysis (G. Gauglitz 2004). 

 Nondestructive analysis. 

 No spectrum is affected by chemical bonding. 

 Easily analysis of the element among the same family elements. 

 High accurate analysis (5B to 92U can be analysis). 

 Easy qualitative analysis. 

 Easy sample preparation. 

1.4.9 Applications 

1. Mining applications (M. Steven 2004). 

2. Light elements. 

3. Plastics. 

4. Lead in paint. 

5. Coating thickness gauge. 

6. Soil analysis. 

7. Alloy analysis. 

8. Small area screening 
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Chapter Tow 

Literature Review 

 

2.1.  Metals in Fruit  

(O.P. Sobukola) Study Heavy  metals  levels  in  sixteen  different  fruits  and  

leafy  vegetables  from  selected  markets  from  Lagos, Nigeria  were  determined 

heavy metals using  atomic  absorption  spectrometry.  The  results  showed  that  the  

levels  of Lead,  Cadmium,  Copper,  Zinc,  Cobalt  and  Nickel  (O. P. Sobukola et 

al 2009 ) 

They found that in banana , orange and watermelon  the  levels  of Lead,  Cadmium,  

Copper,  Zinc,  Cobalt  ,  Nickel ,  cadmium  and  copper  were observed  to  be  the  

lowest  for  the  samples  while  the levels  of  nickel  and  lead  were  the  highest. 

Pb in fruits were observed in, banana, apple and watermelon   (0.30 mg/kg); orange 

(0.15mg/kg) and banana (0.02 mg/kg). Cadmium  is  all sample analyzed   level  

varying between  0.003  and  0.09  mg/kg;  watermelon  (0.02 and  0.0004  mg/kg);  

orange  (0.04  and  0.0009  mg/kg)  and .banana  (0.02  and  0.001  mg/kg). Copper  

is concentrations  of  Cu  in  all  the  tested samples  varied  between  0.002  and  

0.07  mg/kg;  with orange, watermelon 0.002 - 0.006   and  banana or zinc level   

watermelon,  orange  and  banana,  respectively. However, 0.011 and 0.014 mg/kg. 

In Turkey (M. Ku¨ rsad Tu et al 2002) investigation   heavy metals in soil, vegetables 

and fruits in the endemic upper gastrointestinal cancer region of Turkey. 
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We investigated levels of seven different heavy metals, (Co, Cd, Pb, Zn, Mn, Ni and 

Cu) in ,Eastern  Turkey by( Ismail Uygan)  they found that In the fruit  and vegetables 

samples mean Co, Cd, Pb, Mn,Ni and Cu levels were very significantly whereas 

mean Zn level was in normal range. 

In this study, seven heavy metals were investigated in the volcanic soil and in the 

fruits and vegetables of endemic cancer region. We detected four heavy metals (Cd, 

Pb, Cu and Co) in excess levels and Zn in were very significantly higher in the fruits 

and vegetables; mean concentration of  Co, Cd, Pb, Mn, Ni and Cu levels were very 

significantly (540-, 48-, 40-,8-, 5- and 3.5-fold, respectively), higher (PB/0.001); 

Stimulated the level of heavy metals in vegetable crops collected along the irrigation 

water source of   Barada – AL- Ghouta in Syria (G. Sumainah et al 2001) 

determination was carried out in 24 of vegetable crops, belong to three groups, Leaf, 

Fruit and Tuber vegetable crops. Lead, Chromium, Cadmium and Mercury, were 

determined using Atomic Absorption Spectroscopy. 

Vegetable samples were collected from six sites along the irrigation water source for 

Barada and  Ghouta for two seasons and fund that the effect of site of  collection on 

heavy metals content of vegetables. The results shows that polluted water elevate 

the level of Pb, Cr, Cd and Hg in all vegetables. Were   also no significant difference 

(P> ٠,  .05) between group of vegetables as regard heavy metals content. An 

accumulation of Chromium was observed in vegetables collected from polluted site 

2.4 this study occurs in Syria by (M. Al-jebah). 

An investigation (Adetogun Adeyemo 2010) of chromium and nickel up take in tomato   

plant irrigated with treated waste water at the glen valley farm, wrote by Adetogun 

Adeyemo Adekanmi. 
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The main aim of this study was therefore to compare the uptake of chromium and 

nickel in tomato plants, a vegetable grown in sludge amended Glen Valley soils, to 

those grown in sludge absent Glen Valley soils using treated waste water at different 

pH values and tap water for irrigation 

They found the highest uptakes of chromium (0.819 mg/L) and nickel (0.327 mg/L) 

were experienced in the leaves where the tomato plant were cultivated in standard 

commercial soil and irrigated with tap water at pH 7.0. The least uptake of chromium 

(0.052 mg/L) and that of nickel (-0.030 mg/L) was found in the fruits, where the 

tomatoes were grown in sludge amended Glen Valley soil and irrigated with normal 

Glen Valley treated waste water at pH 8.5. Increasing the pH of the treated waste 

water from 5.0 to 6.0 caused increased bio-accumulation of chromium. 

2.2. (XRF)  

2.2.1. History of XRF  

The history (G. Gauglitz 2004) of X-ray fluorescence dates back to the 

accidental discovery of X-rays in 1895 by the German physicist Wilhelm Conrad 

Roentgen. While studying cathode rays in a high-voltage, gaseous-discharge tube, 

Roentgen observed that even though the experimental tube was encased in a black 

cardboard box the barium-platinocyanide screen, which was lying adjacent to the 

experiment, emitted fluorescent light whenever the tube was in operation. 

Roentgen's discovery of X-rays and their possible use in analytical chemistry went 

unnoticed until 1913. In 1913, H.G.J. Mosley showed the relationship between 

atomic number (Z) and the reciprocal of the wavelength (1/λ) for each spectral series 

of emission lines for each element. Today this relationship is expressed as: 

 

2 c / λ = a (Z − s)                                          (2.1) 
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Where: a is a proportionality constant’s is a constant dependent on a periodic series. 

(X-Ray Fluorescence Analytical Techniques). 

2.2.2. Literature review 

Aim of this studied herbal medicines and metal salts in the treatment of 

various diseases Elements play an important role in metabolism in human body. 

Aglaia lawii (white) is a medicinal plant belongs to Meliaceae family used xrf. This 

rote by Sangita in India (Sangita M. Lavate1et al 2012) 

S. Chibowski studies of the level of some gamma radioactive elements and heavy 

metals in fruits, vegetables and plants from Lublin. Potassium 40K isotope was the 

most prevalent element in the examined samples. It concentrated mainly 

in aboveground parts of some vegetables, for example in parsley and carrots haulm 

and in leaves of red beet and leek used xrf (Chibowsk et al 2000). 

In this study analysis of ten the Medicine plant in Sudan to determination the 

level of heavy metal used XRF this study by Sakina. Such information could be 

helpful in standardization of herbal products since the Sudanese medicinal plants 

play an important role in maintenance of human health (Sakina et al 2013). 

2.3 T-test 

2.3.1 The t-test and Basic Inference   Principles    

One of the simplest situations (Jarkko Isotalo 1999) for which we might 

design an experiment is the case of a nominal two-level explanatory variable and a 

quantitative outcome variable, For all of experiments, the treatments have two levels, 

and the treatment variable is nominal, If we randomly assign the treatments to these 

units this will be a randomized experiment rather than an observational study,  
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So we will be able to apply the word “causes” rather than just “is associated with” 

to any statistically significant result. One way to perform statistical inference for the 

two-group, quantitative outcome experiment, namely the independent samples t-test. 

More importantly, the t-test is used as an example for demonstrating the basic 

principles of statistical inference that will be used. The understanding 

of these principles, along with some degree of theoretical underpinning, is key to 

using statistical results intelligently. Among other things, you need to really 

understand what a p-value and a confidence interval, an alternative inferential 

procedure is one-way ANOVA, which always gives the same results as the t-test. 

2.3.2 Tow sided T-test 

The two sided t-test is applied to check if methods under comparison 

provide same results (Urdan.T.C.2005), by comparing their means and standard 

deviations. For the comparison of the means without assuming equal variances, 

this test is given by Alfassi et al. (2005) and  Urdan (2005) in equation ( 2.2 ). 

𝒕𝒄𝒂𝒍 = (�̅�𝟏 − �̅�𝟐) √(
𝒔𝟏

𝟐

𝒏𝟏
+

𝒔𝟐
𝟐

𝒏𝟐
)⁄       ( 2.2 ) 

 

�̅�1= mean of cause one                                      �̅�2= mean of cause tow          

𝑠1
2= stander deviation of cause one               𝑠2

2  = stander  deviation of 

cause tow 

𝑛1  = number of element cause one                𝑛2   = number of element 

cause tow                                                              

 

When the  𝑡𝑐𝑎𝑙 > 𝑡𝛼 2⁄  , it can difference between the means obtained by the two 

methods is statistically significant. If the 𝑡𝑐𝑎𝑙 ≤ 𝑡𝛼 2⁄ , it can be concluded that there 

is no significant difference between the two methods (Alfast z.z Boger 2005). 

𝑡𝛼 2⁄  of the tabulated t-distribution at α level of significance and with degrees of 

freedom 𝑑𝑓. 
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2.4 Problem Statement 

Some types of fruit cut off before complete the period of maturity .to complete 

this period They  need appropriate cause to improve the storage condition to 

complete the ripening period in some cases used chemical material  To shorten the 

period of maturity and reduce damage crops  through spoilage or the growth of 

parasites 

In this study we address through the analysis and comparison whether there are side 

effects from the use of these materials use X-Ray Fluorescence (XRF) technique. 

2.5 Objective of the study 

Estimation of the level of some heavy metals in fruits of Khartoum State. 

2.6 Outline of study 

 The introduction to the study is given in chapter one followed by definition of 

heavy metal and I discussed some of the points in the most common minerals and x- 

ray  fluorescence.  In  chapter  tow  the  relevant  literature  to  the  study  is  reviewed. 

Thereafter  In  chapter  three  the  material  and  methods  and  chapter  four  Results  of 

experiment and dissuasions and cancelation of experiment and recommendations.
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Chapter Three 

Materials and Methods 

Thirty fruit samples were collected from local markets in Khartoum State, 

nine samples orange, ten samples banana, eight  samples tomato and three samples 

watermelon the fruits were chosen as it’s the most consumable fruits in Sudan. 

Another three samples from each fruit were collected from the fruits farms to serve 

as control samples. 

3.2. Samples Preparation 

The samples were cleaned using tab water, and then they were cut into slices 

after the covers were taken off figure 1.3. After that the samples were dried in 

100c0oven figure 2.3 until the samples were completely dry, which was achieved by 

reaching constant weight. 

 

Fig. 3.1 Silece of banana 
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Fig 2.3 the oven 

The particles size was obtained. The samples were passed through 200 mech sieve, 

and homogenized. 

Approximately 1.00 g of each dried sample was accurately weighed in sensitive 

scale (figure 3.3) and pressed using SPECAC manual hydraulic press pressing 

machine (20 tons) as shown in (Figure 3.4) .The pellet diameter was 2.5cm (Figure 

3.5) Standard reference materials SRMs of hay standard reference material (IAEA-

V-10) was treated as above. Blank samples were also prepared for each set. The 

analysis was triplicated. 
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Fig 3.3.Sensitive scale 

 

 

Fig.3.4 pressing machine 
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Fig. 3.5 pellet diameter 2.5cm 

  

3.3. Samples Analysis  

The pellets were present to the XRF spectrometer system, where each of them 

was measured for 1000 sec. The spectra obtained as a result of X-ray excitation using 

Cd-109 (30 mci), x-ray source (figure 3.6) were transferred to a computer. The 

spectra were the analyzed and concentration of the elements present in the samples 

were obtained using Axil, XRF software available in the compute a plant  standard 

was used to ensure reliability of the results (Hay standard reference material obtained 

from the International Atomic Energy Agency(IAEA)). 

The concentration of the elements was calculated using relative method as in 

equation (3.1): 

𝐶𝑆𝑡 = 𝐾𝐼𝑆𝑡                                                     (3.1) 

Where𝐶𝑆𝑡Concentration of the standard is, 𝐾 is Proportional constant, 𝐼𝑆𝑡is Intensity 

of the standard. And  

𝐶𝑢𝑛 =  𝐾  𝐼𝑢𝑛                                                       (3.2) 

Where 𝐶𝑢𝑛concentration of the unknown sample is proportional constant, 𝐼𝑢𝑛is 

Intensity of the unknown sample. From equation (3.1). 
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𝐾 =  CSt

ISt ⁄                                                      (3.3) 

 

When we substitute the value of K from equation (3.3) in equation (3.2) we get: 

𝐶𝑢𝑛   =  
𝐶𝑆𝑡

𝐼𝑆𝑡
 𝐼𝑢𝑛                                                     (3.4) 

 

 

 

Fig. 3.6 XRF machine 
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Chapter Four 

 Results and Discussion 

 

4.1. Quality Control of the Obtained Data 

      Hay powder (IAEA-V-10) certified reference material was used and the 

recovery percentage and the error percentage were calculated as shown in table 4.1 

 

Table 4.1 concentration of heavy metal of analytical Hay powder ppm compare 

with certificate value gm/kg  

 

Elements Analytical 

value ppm 

Certificate 

value gm/Kg 

Recovery% 

 

Error % 

K 21400 21000 101.90 1.90% 

Ca 21900 21600 101.30 1.38% 

Cr 6.70 6.50 103.00 3.07% 

Mn 47.30 47.00 100.63 0.63% 

Fe 188.00 186.00 101.07 1.07% 

Ni 4.25 4.20 101.19 1.19% 

Cu 9.51 9.40 101.17 1.17% 

Zn 24.30 24.00 101.25 1.25% 

Pb 1.62 1.60 101.25 1.25% 

Br 8.08 8.00 101.00 1% 

Rb 7.67 7.60 102.10 0.92% 

Sr 40.30 40.00 1.0075 0.75% 
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Fig. 4.1 show error percentage of 

detect element 

Fig. 4.2 show ratio of the 

Element 

 

From table 4.1 and figure 4.1 and figure 4.2 the following remarks can be obtained: 

From this table and figure can conclude that there is agreement for comparisons 

between certified and analytical values, which indicates good accuracy and good 

recovery. Range of error percentage between 0.63% to3.07percent this give a good 

efficient of devise, and true value of metals under study. 
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4.2 Summary of Statistics 

X-ray fluorescence (XRF) were used to analyze the fruit sample and control 

sample .the result were tabulate in Table 4.2. 

Table 4.2: Summary of the statistics for the Metals concentration ppm except K,Ca 

and Fe g/ kg in banana samples using XRF 

 

Elements Mean SD Median Min Max 

Br 52.66 28.80 38.40 20.70 100 

Ca 2.01 0.32 2.01 1.51 2.55 

Cr 50.31 8.08 48.55 40.20 66.70 

Cu 15.79 0.91 15.90 14.70 17.60 

Fe 0.56 0.62 0.32 0.16 2.14 

K 31.98 2.41 1.90 29.10 36.70 

Mn 66.92 14.83 63.90 48.00 104.00 

Ni 10.07 2.00 10.25 6.90 13.00 

Pb 1.42 0.13 1.39 1.22 1.59 

Rb 18.41 10.27 19.45 3.47 33.00 

Sr 5.37 1.70 5.37 3.10 8.36 

Zn 19.22 7.99 17.05 11.20 34.10 
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Table 4.3: Summary of the statistics for the Metals concentration ppm except K,Ca 

and Fe control samples Banana  using XRF 

 

Elements` Mean STD Median Min Max 

Br 3.48 0.18 3.46 3.31 3.66 

Ca 3.27 32.15 32.60 32.50 33.10 

Cr 3.00 0.13 2.97 2.89 3.14 

Cu 4.24 0.31 4.18 3.96 4.58 

Fe      0 .78 0.01 0.08 0.07 0.087 

K 22.27 0.21 22.20 22.10 22.5 

Mn 3.57 5.21 35.30 30.50 40.90 

Ni 6.88 0.23 6.89 6.64 7.10 

Pb 0.80 0.05 0.83 0.74 0.83 

Rb 5.23 0.26 5.21 4.98 5.49 

 Sr 1.36 0.23 1.35 1.14 1.60 

Zn 3.17 0.23 3.19 2.94 3.39 

 

 

From table 4.2 and table 4.3. the following remarks can be obtained For samples 

result from table 4.2 all elements except Fe (in which stander Deviation is slightly 

higher than Mean) the mean is higher than stander deviation which indicate the 

normal of the data and may be taken as evidence for natural source for this elements 

the same conclusion can be getting when mean is compared with median.  

Control samples (Table 4.3) all elements show normal distributions (the stander 

Deviation is less than mean and median are approximately equal). 
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Table 4.4: Summary of the statistics for the metals   concentration PPM except 

K,Ca and Fe g/kg  in Orange samples using XRF 

Table 4.5: Summary of the statistics for the trace elements concentration ppm for 

the bulk control samples Orange except K,Ca and Fe g/kg using XRF 

ELEMNT MEAN STD MEADIAN MIN MAX 

Br 2.42 .15 2.48 2.25 2.52 

Ca 7.163 .712 7.370 6.370 7.75 

Cr 0.781 0.12 0.83 0.65 0.86 

Cu 9.03 0.20 8.98 8.85 9.25 

Fe 0.18 0.02 0.19 0.16 0.19 

K 15.40 1.13 16.00 14.1 16.10 

Mn 17.97 1.45 18.00 16.50 19.40 

Ni 5.02 0.96 4.81 4.18 6.07 

Pb 1.39 0.21 1.37 1.20 1.61 

Rb 3.35 0.30 3.50 3.01 3.54 

Sr 39.57 1.63 40.30 37.70 40.70 

Zn 4.51 1.36 4.80 3.03 5.70 

ELEMAT MEAN STD MEADIAN MIN MAX 

Br 6.80 4.36 7.28 2.23 14 

Ca 9.83 3.36 10.40 6.21 14.8 

Cu 19.00 6.85 20.30 9.53 32.8 

Cr 54.88 33.51 62.50 0.91 102 

Fe 0.35 0.25 0.33 0.15 0.97 

K 26.54 9.48 22.60 14.10 40.10 

Ni 13.05 4.56 15.00 4.33 16.60 

Mn 41.53 15.08 46.30 15.50 56.20 

Pb 1.74 0.20 1.72 1.46 2.13 

Sr 49.80 22.11 40.10 30.80 101.00 

Rb 14.85 15.30 9.24 4.98 52.60 

Zn 15.41 8.43 15.80 4.36 28.50 
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For Orange Tables 4.4 and 4.5 show the results for samples and control samples 

respectively. The results for all elements in sample and control samples show normal 

distribution (except Rb in samples) Tomato also show the same results which 

tabulated in Tables 4.6 and 4.7 for samples and control samples respectively. 

 

 

Table 4.6: Summary of the statistics for the heavy metals concentration ppm 

except Fe, K, Ca g /kg for samples tomato using XRF 

ELEMNTS MEAN STD MEADIAN MIN MAX 

Br 39.30 19.25 40.45 11.80 64.10 

Ca 5.45 2.02 6.15 1.97 7.34 

Cr 50.52 38.76 69.75 1.03 84.20 

Cu 20.03 6.23 22.90 10.10 25.00 

Fe 0.88 0.29 0.91 0.46 1.28 

K 62.45 23..67 60.35 36.30 90.40 

Mn 82.13 50.09 73.70 34.00 158.00 

Ni 9.44 5.17 9.23 3.05 17.50 

Pb 1.79 0.34 1.92 1.33 2.12 

Rb 59.78 43.49 53.05 17.50 118.00 

Sr 26.38 8.97 26.40 17.10 35.50 

Zn  41.31 28.40 48.35 7.25 72.00 
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Table 4.7: Summary of the statistics for the trace elements concentration ppm 

except Ca,K and Fe g/kg for the bulk control samples tomato using XRF  

 

ELEMENTS MEAN STD MEADIAN MIN MAX 

Br 47.07 3.23 45.20 45.20 50.80 

Ca 2.110 360.14 2180.00 1720.00 2430.00 

Cr 1.20 0.01 1.20 1.20 1.21 

Cu 11.20 0.56 11.10 10.70 11.80 

Fe 200.33 24.01 206.00 174.00 221.00 

K 47.20 1.21 47.00 46.10 48.50 

Mn 31.63 2.20 31.70 29.40 33.80 

Ni 4.27 1.49 4.66 2.62 5.52 

Pb 1.56 0.23 1.45 1.41 1.83 

Rb 33.07 2.83 32.30 30.70 36.20 

Sr 15.20 1.75 15.10 13.50 17.00 

Zn 8.86 1.16 8.68 7.81 10.10 
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Table 4.8: Summary of the statistics for the trace elements concentration ppm 

except Ca,K and Fe g/kg for the bulk samples Watermelon using XRF 

 

 

 

 

 

 

 

 

 

 

 

 

ELEMNT

S 

MEAN STD MEDIAN MIN MAX 

Br 33.00 24.80 21.2 17.1 60.70 

Ca 6.96 0.80 6.98 6.15 7.75 

Cr 26.08 43.40 1.05 1.00 76.20 

Cu 14.30 6.79 11.00 9.79 22.10 

Fe 1.32 4.41 1.52 0.82 1.63 

K 43.93 36.16 25.50 20.70 85.60 

Mn 52.67 28.66 45.90 28.00 84.10 

Ni 6.01 4.68 3.73 2.91 11.4 

Pb 1.69 0.35 1.67 1.35 2.04 

Rb 38.51 58.45 5.24 4.29 106.00 

Sr 43.90 18.57 34.30 32.10 65.30 

Zn 25.45 31.92 7.43 6.61 62.3 
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Table 4.9: Summary of the statistics for the trace elements concentration ppm 

except Ca,K and Fe g/kg  for the bulk control samples Watermelon using XRF 

 

 

Table 4.7 and4.8 show the results of Watermelon for samples and control samples 

respectively. 

Again all elements in samples and control samples show normal distribution except 

for Cr, Rb and Zn show higher Standard Deviation than mean in samples. That 

indicates the scattering of the data for these elements, which can give indication for 

an anthropogenic source for these elements. 

 

 

 

ELEMENT

S 

MEAN STD MEADIAN MIN MAX 

Br 8.51 1.09 8.13 7.66 9.74 

Ca 1.83 0.30 1.70 1.61 2.17 

Cr 0.57 0.21 0.51 0.39 0.81 

Cu 3.93 0.21 4.04 4.04 4.06 

Fe 0.58 0.07        0.59 0.50 0.64 

K 11.19 1.30       11.90 10.60 13.20 

Mn 12.23 1.07 12.00 11.30 13.40 

Ni 1.77 0.14 1.81 1.62 1.89 

Pb 0.67 0.06 0.64 0.62 0.74 

Rb 6.94 0.31 6.87 6.67 7.27 

Sr 13.63 1.54 12.90 12.60 15.00 

         Zn 2.52 0.38 2.35 2.26 2.96 
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4. 3. Comparison between Samples and Control Samples 

Tow Side t-test was applied to compare between the concentration of samples 

and control samples for the fruits under study as shown in equation 4.1. 

 

𝑡𝑐𝑎𝑙 = (�̅�1 − �̅�2) √(
𝑠1

2

𝑛1
+

𝑠2
2

𝑛2
)⁄       (4.1) 

�̅�1  = mean of   cause one.                               �̅�2  = mean of cause tow. 

𝑠1
2  = stander deviation of cause one.             𝑠2

2   = stander   deviation of cause tow. 

𝑛1  = number of element cause one.               𝑛2  = number of element cause. 

 

Table 4.10 T-test result for Banana 

 

Element t-test value Degree of freedom 

Br 0.00 17.12 

Ca 0.09 3.54 

Cr 0.03 6.02 

Cu 0.03 6.18 

Fe 0.12 2.83 

K 0.052 4.75 

Mn 0.39 0.81 

Ni 0.05 4.77 

Pb 0.08 3.83 

Rb 0.01 11.01 

Sr 0.03 5.85 

Zn 0.03 6.40 

                    The confidence for this test 95% 
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Table 4.11. T-test result for orange 

 

Element t-test value orange Degree of freedom 

Br 0.03 6.40 

Ca 0.60 0.30 

Cr .009 3.58 

Cu 0.19 2.03 

K 0.02 7.58 

Fe 0.26 1.40 

Mn 0.09 3.45 

Ni 0.11 3.16 

Pb 0.95 0.01 

Rb 0. 14 2.61 

Sr 0.00 2.71 

Zn 0.13 2.69 

                 The Confidence for this test 95% 

               

Table 4.12   T-test result for Watermelon 

 

Element t-test value tomato Degree of freedom 

Br 0.03 8.09 

Ca 0.08 4.27 

Cr 0.06 14.99 

Cu 0.02 8.51 

Mn 014 10.51 

Fe 0.07 4.72 

K 0.00 23.00 

Ni 0 .10 3.67 

Pb 0.00 37.07 

Rb 0.002 21.57 

Sr .00 73.07 

Zn .001 12.09 

                  The confidence of this work 95%  
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              Table 4.13   T-test result Tomato fruit   

                
Element t-test value 

watermelon 

Degree of freedom 

Br 0.02 13.67 

Ca .031 1.325 

Cr .016 15.84 

Cu 0.20 13.98 

Fe 0.37 9.50 

K 0.02 14.39 

Mn 0.05 7.508 

Ni 0.02 14.10 

Pb .164 2.896 

Rb .016 15.83 

Sr .023 12.96 

Zn 0.02 15.59 

                 The confidence for this test 95%  

(Note: the mean and STD for sample and control sample for all fruit calculated in page 28, 29, 30, 31, 32, 33, 34) 

 

 

    

                                A                                                  B 

Fig. 4.3- A and B :aplot  show mean  concentration meatl in Banana friut ppm 

excpt K,Ca and Fe g/kg in sample and control sample. 
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                      A                                                            B 

Fig. 4.4(Aand B)  plot show concentration metals in orange friut ppm except K,Ca 

and Fe g/kg. 

 

   
                            A                                                      B 

Fig. 4.5(Aand B)plot show concentration metals in tomato friut ppm except K,Ca 

Fe g/kg 
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                                                A                                                   B    

Fig. 4.6 - 4.10 plot show concentration metals in Watermelon friut ppm except 

K,Ca and Fe g/kg. 

 

From table 4.10 to 4.13 and plot 4.3 to 4.11 noted that: 

Potassium (K) in all fruit  samples  banana , orange tomato  watermelon were high 

concentration in sample comparison  vs  control sample The highest mean 

concentration detected in tomato about 62.45 g/kg  and lower concentration in 

orange about 26.45 g/kg when were collected the sign of  this banana ,orange ,tomato 

and watermelon  recorded 0.052 ,0.02, 0.001 , 0.019,respective all < 0.05 was 

different sign except the banana >0.05 no sign different . 

Calcium (Ca) in all fruit sample the concentration were   higher than control sample 

except in banana   were detected 2.01vs 3.27g/kg in control sample, higher   

concentration found in orange about 9.83g/kg , and lower in banana about 

2.01g/kg.the sign collected for all sample  00.087 , .595 , 0.078 , 0.310 respective > 

0.05 they note that` no different  between control and sample. 
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Chromium  ( Cr ) also in all fruit the cr  were recorded  highest concentration in 

sample vs control sample, the high  concentration detected in  orange about 54.8 

ppm and lower concentration in watermelon 26.08 ppm  the sing  between sample 

and control sample   0.03 , 0.09 , 0.07 , 0.02 all less than 0.05 e.i: different sing may 

probably be to pollutants   except   orange over 0.05 no different sign  In   previous 

studies from Botswana (Adetogun Adeyemo 2010) found the accumulation cr 

tomato .about 0.511 ppm. And from Syria (G. Sumainah et al 2001) mean of Cr in 

tomato 146.3 mg/kg 

Manganese (Mn) in all samples concentration higher than control sample the higher 

accumulated   found in tomato about 88. 13 ppm lower level in orange 41.5 ppm. 

The sing between sample and control sample 0.39, 0.09, 0.01, 0.52   respective all > 

0.05 e.i: No different sing except at the tomato recorded 0.01 < 0.05 they sing 

different between controls and sample. When Compared with previous studied from 

Turkey (M. Ku¨ rsad Tu et al 2002) Found that the concentration in fruit about 121 

ppm. 

Iron ( Fe) in all fruit  samples  banana , orange tomato  watermelon were high 

concentration in sample  vs  control sample The highest mean concentration detected 

in watermelon  about 1.322 g/kg  and lower concentration in banana 564 ppm . The 

sing between sample and control sample 0.121, 0.264, 0.66, 0.37    respective all > 

0.05 mean that No different sing except at the watermelon record 0.0374 < 0.05. 

Nickel (Ni) in all samples concentration higher than control sample the higher 

accumulated observed in tomato about 13. 13 ppm lower level in watermelon   6.013 

ppm. the sing  between sample and control sample  0.05, 0.10,0.09 ,0.020  respective 

all > 0.05 ,mean that No different sing except at the watermelon  record 0.02 < 0.05 

mean that different sign between sample and control sample, compared with 

previous studies  from Botswana (Adetogun Adeyemo 2010) the level of the Ni in 
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tomato 0.147 mg/L  and (in Turkey 2002)  in fruit about 6 ppm and from Nigira(O. 

P. Sobukola et al2009) studies in watermelon and orange recorded range 0.083 to 

0.119 mg/kg and orange level between 0.039 to 0.043 mg/kg they observed that all 

the level recorded  lower the level in Sudan .  

Copper (cu) also in all samples concentration higher than control sample the higher 

accumulated   observed  in tomato about 20.03 ppm lower level observed in  

watermelon   14.3 ppm. The sing between sample and control sample 0.03, 0.185, 

0.022, 0.020   respective all < 0.05 i.e.: that different sing between sample and 

control sample except at the orange   recorded 0.185> 0.05 they no different 

significant compared with previous studies  from Turkey  (M. Ku¨ rsad Tu2002 ) 

observed that the Cu in fruit about 13 ppm and from  Nigira  (O. P. Sobukola et 

al2009  ) studies in watermelon , orange and banana   record range 0.002 -0.006mg/ 

kg.in watermelon and 0.001 -0.003 mg/kg in orange 0.007 -0.35 mg/kg    all  this 

result under level in the Sudan. 

Zink (Zn) also in all samples concentration higher than control sample the higher 

accumulated   observed in tomato 45.3 ppm lower level in orange 15.3 ppm. the sing  

between sample and control sample  0.03, 0.13,0.01 ,0.012  respective all < 0.05 i.e:  

different sing between sample and control sample except at the orange   recorded 

0.13 >  0.05 they no different significant compared with previous studies  from 

Turkey  (M. Ku¨ rsad Tu et al 2002 ) observed that the Zn  in fruit about 10.8 ppm 

and. from Nigira  (O. P. Sobukola et al 2009  ) studies in watermelon , orange and 

banana  record range 0.039  -0.062 mg/ kg.in watermelon and 0.039 -0.043 mg/kg 

in orange 0.035 -0.062mg/kg in banana,  all this fruit  under level in studies . 
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Lead (pb) all samples concentration higher than control sample the higher 

accumulated   observed in tomato 1.76 ppm lower level in banana1.4 ppm. The 

significant between sample and control samples 0.076, 0.949, 0.00, and 0.164 

respective all > 0.05, i.e.: No different sing between sample and control sample 

except at the tomato   record 0.00 > 0.05 they found large different significant  

compared with previous studies  from Turkey  (M. Ku¨ rsad Tu et al2002 ) observed 

that the ( pb)  in fruit about 904 ppm and. from Nigira  (O. P. Sobukola et al 2009   ) 

studies in watermelon , orange and banana  record range 0.008  -0.021 mg/ kg.in 

watermelon and 0.107-0.113 mg/kg in oran ge 0.108 -0.167 mg/kg   in banana  ,all 

this fruit  under level in  this studies except turiky studies. 

Bromide (Br) all samples concentration higher than control sample the higher 

accumulated   observed in Banana 52.66 ppm and the lower level concentration in 

Orange 6.80 ppm. The significant between sample and control sample 0.00, 0.03, 

0.03, 0.21, respective all< .05 i.e:   different significant between sample and control 

sample at all. 

Rubidium (Rb) all samples concentration higher than control sample the higher 

accumulated   observed in Banana 52.66 ppm and the lower level concentration in 

Orange 6.80 ppm. The significant between sample and control sample 0.00, 0.03, 

0.03, 0.21, respective all< 0.05 i.e.: that   different significant between sample and 

control sample at all. 

Strontium (Sr) all samples concentration higher than control sample the higher 

accumulated observed in Orange 49.8 ppm and the lower level concentration in 

Banana5.36ppm.The significant between sample and control sample 

0.034,.00,.00.023, respective all< 0.05 found that different significant between 

sample and control sample.  
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Conclusions 

 The results obtained from this work showed that the level of heavy metals 

concentrations in samples were observed too higher than control samples 

except Br in orange. These high concentrations may probably be attributed to 

pollutants in the high ways traffic or stocking processes. 

 When the results of this study compared with similar studies from other 

published works, the levels of heavy metals were observed to be higher than 

those of previous published works  except in Turkey  found that the 

concentration of Mn ,Pb 121ppm and 904 ppm this result is over the level 

found in fruit in this work.  

 

Recommendations 

      This study emphasizes the need to follow the concentration of toxic heavy 

metals not only in fruits, but also in the most consumed vegetables, by conducting a 

national survey. Specially wheat and maize and their products.  
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