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ABSTRACT 

 

 

 

 

Heavy metals can enter the food chain through water, soil and plant 

pollutions. It was therefore of interest to conduct a study to estimate the levels of 

these heavy metals in water, soil and plants of different regions of the Sultanate of 

Oman. This is the first comprehensive study for the analysis of heavy metals in soil, 

water and plant in the Sultanate of Oman. Samplings were conducted from four 

regions i.e. Batinah North (BN), Batinah South (BS), Dakhliyah (DH) and Sharqiyah 

(SH) between November 2009 and July 2010. For this purpose, five farms were 

selected from each region. Eleven heavy metals analyzed were cadmium (Cd), cobalt 

(Co), copper (Cu), chromium (Cr), iron (Fe), lead (Pb), manganese (Mn), 

molybdenum (Mo), nickel (Ni), vanadium (V) and zinc (Zn) using inductively 

coupled-plasma emission spectroscopy (ICP-OES).  For soil samples, high levels of 

Mn (3.406 g/g) and Fe (2.494 g/g) were detected, but not exceeding MPL, while 

Cd (0.006 g/g) recorded the lowest concentration in all regions. For well water 

samples, only Ni (0.035 g/mL) exceeded the Omani specifications standard for 

unbottled drink. Fe was detected at high concentration (170.554 g/g) and Cd (0.058 

g/g) was the lowest detectable element for the animal grass plant samples. The 

proposed maximum permissible limit (MPL) of ten heavy metals (Cd, Co, Cu, Cr, 

Pb, Mn, Mo, Ni, V and Zn) in Omani soil was 0.8, 20, 10.0, 63.0, 100.0, 85.0, 500.0, 

40.0, 50.0, 50.0 and 200.0 µg/g respectively. While for well water, MPL of most 

elements proposed followed the WHO guidelines except Cu and Mn that followed 

the lower Malaysian guideline of 1.0 and 0.1 g/mL respectively. All heavy metals 

in soil and water samples analyzed were well below the limit of the proposed Omani 

MPL. There was no correlation found of the content of heavy metals in the soil, 

water and plant samples. 
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ABSTRAK 

 

 

 

 

Logam berat boleh memasuki rantai makanan melalui pencemaran air, tanah 

dan tumbuh-tumbuhan. Oleh yang demikian adalah menjadi tujuan kajian ini untuk 

menganggarkan tahap kandungan logam berat ini di dalam air, tanah dan tumbuh-

tumbuhan di beberapa wilayah di Kesultanan Oman. Ini adalah kajian pertama yang 

dijalankan untuk analisis terhadap kandungan logam berat dalam tanah, air dan 

tumbuh-tumbuhan di Oman. Pensampelan telah dijalankan di ladang-ladang terpilih 

tersebut yang terletak di empat wilayah iaitu Batinah Utara (BN), Batinah Selatan 

(BS), Dakhliah (DH) dan Sharqiah (SH) antara November 2009 dan Julai 2010. 

Untuk tujuan ini, lima ladang dipilih untuk setiap wilayah. Sebelas jenis logam berat 

telah dianalisis iaitu kadmium (Cd), kobalt (Co), kuprum (Cu), kromium (Cr), besi 

(Fe), plumbum (Pb), mangan (Mn), molibdenum (Mo), nikel (Ni), vanadium (V) dan 

zink (Zn) menggunakan Spektroskopi Pelepasan Plasma Berpasangan Teraruh (ICP-

OES). Untuk sampel-sampel tanah, kandungan Mn(3.406 g/g) dan Fe (2.494 g/g) 

telah dikesan, tetapi tidak melebihi MPL, manakala Cd (0.006 g/g) direkodkan pada 

kandungan terendah di semua wilayah. Untuk sampel air telaga, hanya Ni(0.035 

g/mL) melebihi spesifikasi piawaian Oman untuk minuman tidak dibotolkan. Fe 

dikesan pada kandungan tinggi (170.554 g/g) dan Cd (0.058 g/g) adalah elemen 

yang dikesan terendah untuk sampel rumput haiwan.  Had maksimum yang 

dibenarkan yang dicadangkan (MPL) untuk sepuluh logam berat (Cd, Co, Cu, Cr, Pb, 

Mn, Mo, Ni, V and Zn) di tanah Oman adalah masing-masing 0.8, 20, 10.0, 63.0, 

100.0, 85.0, 500.0, 40.0, 50.0, 50.0 dan  200.0 µg/g. Untuk air telaga, MPL untuk 

semua elemen yang dicadangkan mematuhi panduan WHO kecuali Cu dan Mn yang 

hanya mematuhi panduan Malaysia yang lebih longgar iaitu masing-masing 1.0 dan 

0.1 g/mL. Semua logam berat dalam sampel minyak dan air dianalisis adalah lebih 

rendah daripada MPL Oman. Tiada korelasi dijumpai antara kandungan logam berat 

dengan sampel tanah, air dan tumbuhan. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background 

 

 

 Environmental pollution by heavy metals can occur by many different ways, 

either directly or indirectly. Soils, water and plants are contaminated by material 

from the air or by direct deposition of pollutants. Heavy metals are introduced into 

the eco-system by the manufacturers and the use of materials containing heavy 

metals as well as the disposal of this waste. Heavy metals in air, soil, and water are 

global problems that are a growing threat to the environment. There are many 

sources of heavy metal pollution, including the coal, natural gas, paper, and 

industries (Alloway, 1990). 

 

 

The main routes to transfer metals throughout the environment are the 

atmosphere and flowing waters. Under normal conditions, the end results of 

migration are sediments, soil and underground waters. Heavy metals may enter the 

food chain as a result of their uptake by edible plants, thus, the determination of 

heavy metals in environmental samples is very important. The importance of 

interactions between metals and solid phases of soils, soil water, and air within and 

above soil depends on a variety of chemical factors. Absorption of metals from soil 

water to soil particles is the most important chemical determinant that limits mobility 

in soils (Barałkiewicz and Siepak 1999). 
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The accumulation of these contaminants is aided by the capability of soil to 

bind them with clay minerals or organic substances. Heavy metals are natural 

components of soil. Most elements are only present in minimal, insignificant eco-

toxicological concentrations in undisturbed locations. A few heavy metals are 

important as trace elements for physiological processes in plants and animals. Heavy 

metals contamination of soil is widespread due to metal processing industries, 

tannery, combustion of wood, coal and mineral oil, traffic, and plant protection 

(Margesin & Schinner 2005). Heavy metals may reach and contaminate plants, 

vegetables, fruits and canned foods through air, water, and soil during cultivation 

(Husain et al., 1995; Ozores et al., 1997; Geert et al., 1989). 

 

 

Inhalation and ingestion of heavy metals may cause various diseases such as 

anemia, neuropsychological effects, liver diseases, gastrointestinal pathologies, 

teratogenic implications (Needleman & Bellinger, 1991). Moreover, it is known that 

the DNA-damaging effects of certain metals in humans can lead to induction of 

cancer and a decrease of fertility (Snow, 1992). In addition, heavy metals in soils 

may adversely affect soil ecology, agricultural production or products and water 

quality (Wang et al., 2001). 

 

 

Some metals are essential for life, but if an individual's intake exceeds a 

certain threshold, toxicity may develop. Metals and minerals in food and fodder are 

of great interest because of their potential effects on human and animal health. Some 

have no beneficial biological function but exposures in differs on deficiency may be 

harmful to health. For example, organic mercury compounds are neurotoxins, 

exposure to lead can be harmful to neurophysiological development; inorganic 

arsenic is a human carcinogen and cadmium can affect renal function. While some 

elements, such as cobalt, iron and copper are essential to health, they may be toxic at 

high levels of exposure. Exposure to metals can be in a number of ways, including at 

work in certain industries, from drinking water and eating contaminated foods 

(Ministry of Agriculture, Fisheries and Food, UK, 1998a,b). 
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Heavy metal pollution is a rising environmental problem, which requires 

immediate attention. With current commercial remediation reagents failing to 

provide the needed requirements as safe and effective metal chelators, the need for 

new technology is critical. The emissions of sulfur per day, together with dust loaded 

heavy metals, both discharged from smelter and industries cause many 

environmental pollution. The annual mean of the global emissions into the 

atmosphere reach about 150 ton of sulfur and 3.5 ton of dust loaded with heavy 

metals (Lacatusu et al., 1999). 

 

 

The risk to health from certain elements in food can be assessed by 

comparing estimates of dietary exposures with the Provisional Tolerable Weekly 

Intakes (PTWIs) and Provisional Maximum Tolerable Daily Intakes (PMTDIs) 

recommended by the Joint Expert Committee on Food Additives (JECFA) of Food 

and Agriculture Organization (FAO) and World Health Organization (WHO) 

programmes on chemical safety (WHO, 1982a,b, 1989a,b, 1993a,b). 

 

 

Extreme accumulation of heavy metals in agricultural soils through 

wastewater irrigation, may not only result in soil contamination, but also lead to 

elevated heavy metal uptake by crops, and thus affect food quality and safety. Heavy 

metal accumulation in soils and plants is of increasing concern because of the 

potential human health risks. This food chain contamination is one of the important 

pathways for the entry of these toxic pollutants into the body of the human. Heavy 

metal accumulation in plants depends on plant species, and the efficiency of different 

plants in absorbing metals is evaluated by either plant uptake or soil-to plant transfer 

factors of the metals. Vegetables cultivated in wastewater-irrigated soils take up 

heavy metals in large enough quantities to cause potential health risks to the 

consumers. In order to assess the health risks, it is necessary to identify the potential 

of a source to introduce risk agents into the environment, estimate the amount of risk 

agents that come into contact with the human-environment (Khan et al., 2008). 
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Anthropogenic activities (mining, ultimate disposal of treated and untreated 

waste) effluents containing toxic metals as well as metal chelates from different 

industries and also the indiscriminate use of heavy metal containing fertilizers and 

pesticides in agriculture resulted in deterioration of water quality rendering serious 

environmental problems posing threat on human beings. However some of the metals 

for example Cu, Fe, Mn, Ni and Zn are essential as micronutrients for life processes 

in plants and microorganisms, while many other metals like Cd, Cr and Pb have no 

known physiological activity, (Kar et al., 2007). 

 

 

As a result, monitoring heavy metals is important for safety assessment of the 

environment and human health in particular. Regarding this background, it was 

therefore of necessity to determine heavy metals in water, soil and plant. 

 

 

 

 

1.2  Statement of the Problem 

  

 

During the past few years, many death causes of animal have been reported 

by the Veterinary Research Center in the Sultanate of Oman including infectious and 

non infectious diseases. In addition, some animal diseases which could be related to 

animal fodder or drinking water may be correlated to heavy metals.  However, there 

were some animal fatalities for which the potential cause of death could not be 

agreed upon and affected animals showed no specific symptoms before death. An 

atmosphere, waters, soils and plants contaminated by heavy metals via increasing 

industrial areas and the use of fertilizers and insecticide in the farms. To date, no 

comprehensive study has been conducted to estimate the levels of these metals in the 

water, soil and plants in The Sultanate of Oman. It was therefore of interest to 

conduct a study to estimate the levels of these heavy metals in water, soil and plants 

of different regions of The Sultanate.  
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1.3  Objectives 

 

 

This study embarks on the following objectives: 

i. To determine the concentration of several heavy metals in soil, well 

water and animal grass samples in different regions in The Sultanate of 

Oman. 

ii. To find a correlation between the concentrations of heavy metals in soil, 

well water and plant. 

iii. To propose a maximum permissible level of heavy metals present in 

soil and water in The Sultanate of Oman. 

 

 

 

 

1.4  Significance of Study 

 

 

The study will provide the baseline data of the levels of cadmium (Cd), cobalt 

(Co), copper (Cu), chromium (Cr), iron (Fe), lead (Pb), manganese (Mn), 

molybdenum (Mo), nickel (Ni), vanadium (V) and zinc (Zn)  in well water,  soil and 

plants of selected regions and will help to make a basis for further studies/ 

monitoring of their concentrations in soil, water and plants of The Sultanate of 

Oman. Moreover, it will help in forecasting the potential threats caused by their 

excess or deficiency to animal population of The Sultanate. The outcomes of this 

study will be of great interest to the environmental agency, veterinary agency and 

agricultural societies particularly in The Sultanate of Oman. 

 

 

 

 

1.5  Scope of Study 

 

 

The scope of the present study encompasses the analysis of eleven heavy 

metals, namely as cadmium (Cd), cobalt (Co), copper (Cu), chromium (Cr), iron 
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(Fe), lead (Pb), manganese (Mn), molybdenum (Mo), nickel (Ni), vanadium (V) and 

zinc (Zn). Environmental samples analyzed included water, soil and grass. Heavy 

metals are analyzed in four regions namely; Batinah North (BN), Batinah South 

(BS), Dakhiliyah (DH) and Sharqiyah (SH) by using inductively coupled plasma- 

optical emission spectrometry (ICP-OES) and FAAS  

 

 

 

1.6  Outline of the Thesis 

  

 

 This thesis consists of five chapters. Chapter 1 presents the background of the 

research, statement, objectives, significance and scope of study. Chapter 2 compiles 

the literature review. Experimental of the research is presented in Chapter 3. In 

Chapter 4, the results of the study are illustrated and discussed. Finally, Chapter 5 

concludes the results obtained and offers suggestions for future work.  
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