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Abstract— Over the last three decades, the dependency of sea water desalination process is ever increasing in Sultanate of 
Oman. This development has posed heavy asking to the existing desalination plants in the country which strives hard to meet 
the growing demand of fresh water supply for the domestic, industrial and commercial activities. Desalination of seawater is 
predominately energy consuming process. Most of the desalination plants are now operating on reverse osmosis, and 
presence of lead, Cadmium, Nickel and Chromium pose a serious threat to the process. This paper presents an overview of 
sea water desalination in Oman challenges due to presence of dangerous substances likeLead, Cadmium, Nickel and 
Chromium in sea water 
 
Index Terms— Desalination, Water demand, Heavy metals. 
 
I. INTRODUCTION 
 
Situated at the south-east of the Arabian Peninsula, the 
Sultanate of Oman is blessed with approximately 2092 
km costal length, along with Arabian sea, the gulf of 
Oman and the Persian gulf. The country has 212460 
square kilometers with around four million 
inhabitants. Most of the populations are centered 
around north-eastern coastal belt and in the capital 
area of Muscat. The main four major seawater 
desalination plants are spread across in Al-Gubrah, 
Barka, Sohar and Sur region. Further brackish water 
desalination plants along with natural ground water 
resources in the inland supply fresh water.   
The Sohar, Barka and Gubrah and desalination plants 
serve and meet most water demand of populated areas 
of Northern Oman. The Sur desalination plant serves 
the needs of customers in AlSharqiyah region, where 
there is a separate extensive water transmission 
system. The per capita demand for fresh water  in 
Oman is closed to 500m3, and water demand for 
various purposes: domestic, agriculture, industry has 
increased dramatically along with the improvement 
and development of living standards.  
Oman is in the world’s arid belt and depends on 
ground water and its limited rainfall for around 65% 
of its water supplies and the demand for water 
continues to rise, with desalinated water making up 
the remaining 35%. The total water available in Oman 
from both natural (Ground water, springs and aflaj 
channels) and non-conventional resources 
(desalination, dams, waste water treatment and 
imported virtual water) is approximately 1650 Million 
m3/yr (~475 Million m3/yr from desalination) [1]. It is 
also predicted that water demand exceeds renewable 
sources by 25% due to decline in water levels and 
saline intrusion in coastal aquifers and the annual 
mean average rainfall in Oman is only 100 mm [2] 
Current and future water demand gap under the 
average climate change projection  for Oman for the 

year 2009, 2020 to 2030 and 2040 to 2050 is likely to 
be 763,1091,1709 km3 [2].  Due to this it has become 
imperative to set   priorities wherein priority will be 
given to drinking water, followed by domestic use, 
industrial, municipal and agricultural sectors. 
Presently, the main consumer of water is the 
agricultural sector, accounting for 92 percent of the 
available sources and in contrast, the domestic 
requirement is only three percent of the resources. The 
availability of drinking water in rural areas of Oman 
has been integrated with the supply of water from aflaj 
and ground water, while urban areas have received 
desalinated water for some time and approximately 40 
percent of Oman’s drinking water supply comes from 
desalination [2].  
Though desalination may not the best solution for 
increasing water supply in all cases but it has become 
a major option for water supply in arid country like 
Oman and it was proposed that the desalination plants 
should provide 80 percent of the potable water supply 
in the coming years; 143 GPD (approximately 0.7 
Million m3/day) by 2013 [4].  This paper presents an 
overview of sea water desalination in Oman  and 
challenges due to presence of dangerous substances 
like lead , cadmium, nickel and chromium in sea 
water.    
 
II. DESALINATION IN OMAN CURRENT 
STATUS 
 
Shortage of drinking water in most parts of the world 
has been a growing concern in recent times. The 
situation has been getting worse in under developed 
and developing countries due to sudden explosion in 
population growth and the growth in the industries. 
The natural resources for potable water are limited and 
unless a feasible solution is obtained in the near 
future, the ‘concern situation’ may turn into a ‘panic 
situation’. The current solution for the shortage in 
drinking water is to use water from inexhaustible 
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sources such as oceans and seas and make it potable 
using desalination process. However, the process of 
desalination is an energy intensive process which the 
poor countries can’t afford specially the energy from 
fossil fuels. Alternate energy sources such as solar, 
wind, geo-thermal, hydrogen etc., have become the 
order of the day. These sources are renewable and are 
environmental friendly. Desalination uses a large 
amount of energy to remove a portion of pure water 
from salt water source. Salt water (feed water) is fed 
into the process, and the result is one output stream of 
pure water and another of wastewater with a high salt 
concentration. 
 
It has been estimated that the production of 1000 m3 
per day of freshwater requires 10,000 tons of oil per 
year. This is highly significant as it involves a 
recurrent energy expense which few of the water-short 
areas of the world can afford. Large commercial 
desalination plants using fossil fuel are in use in a 
number of oil-rich countries to supplement the 
traditional sources of water supply [5]. The Oman 
government is planning in both short term as well as 
in long term to substantially increase the water 
desalination capacity from its currently installed 
desalination plants. As a short term plan to meet the 
projected demand from households across the country 
within the next six years, the state-owned Oman 
Power and Water Procurement Company (OPWP), 
which is the exclusive buyer of power and desalinated 
water from independent producers, has taken major 
steps to increase the desalination capacity of 
independent water projects (IWPs) by 123.6 million 
imperial gallons of water per day (MIGD) in the next 
six years [6]. Desalination of sea water to meet public 
needs of potable water supply is heavily adopted in 
Oman as a move towards a balancing between the 
demand and the supply of water, to combat the serious 
water shortages within the region and to maintain 
water sustainability for the coming generation. 
The Ghubra desalination plant is the oldest of the 
largest desalination plants in Oman. This plant is 
currently adding  a new water production plant using 
reverse osmosis technology and progressively replace 
the existing MSF facility. Al-Ghubrah power and 
desalination plant came into operation in 1976 [6].  At  
Barka, two separate Independent Power and Water 
Projects (IWPP) are in operation  namely Bharka 1 
and 2 plants.  Bharka 1 produces approximately 
91,000m3/day, while Bhraka 2 plant which is an 
dedicated reverse osmosis plant produces 
120,000m3/day. In 2009, the new RO seawater 
desalination plant at Sur started its operation with  
capacity of 68,000 cubic meters per day to satisfy the 
increasing demand of water in the Sharqiyah regions, 
on the north east front of Oman[8].Oman Power and 
Water Procurement company (OPWP). OPWP issued 
a report [9]covering the period from 2008 to 2014 on 
the demands for the desalinated water in Oman which 
is shown in the Table1. 

Table 1Demands for the desalinated water in Oman 

 
 
III. HEAVY METAL ANALYSIS IN SEAWATER 
SAMPLES 
 
Determination of concentrations of heavy metals by 
using Inductively Coupled Plasma Atomic Emission 
spectrometer  (ICP-AES) ( figure 1). The ICP-AES 
has capability of measuring the number of elements 
in each samples simultaneously. Although many 
elements were analyzed, we have focused on four 
major heavy metals  Ni, Cd, Pb and Cr. Seawater 
samples were taken from eight stations covering 
whole coastline: the bays, ports, deltas and near the 
city areas as surface water. Samples were collected 
with 0.5 literhigh-density polyethylene bottles 
(cleaned) and filtered directly using filter holders.   
All reagents were of analytical grade unlessotherwise 
stated. Double distilled water was used for 
thepreparation of the standard solutions. 
Beforeuse,theglassware was washed with deionized 
water anddriedin a dust-free environment.Seawater 
samples were collected from eight profiles at 
depthsabout (0.2m depth) using high-density 
polyethylene bottles during September 2015 from the 
open gulf of Oman sea water. 
A Shimadzu model 9000 minitorch sequential 
inductively coupled plasma spectrometer with an 
IBM PC-AT computer was used. The wavelength 
used analytical method to determine the major heavy 
metals in ICP-AES is presented in Table 2.   

Figure 1 ICP-AES used for the experimental study 
 

Table 2Wavelength used for determination 

 
This paper reports the analytical findings of the 
sample real time tests conducted to determine 
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concentrations of heavy metals by using Inductively 
Coupled Plasma Atomic Emission spectrometer 
withwater samples collected in month of September.  
 
IV. RESULTS AND DISCUSSION 
 
Ni, Cd, Pb and Cr concentrations in seawater samples 
taken from beaches of Oman closed to capital Muscat 
located along the costal belt during the month of 
September were investigated. Ni, Cd, Pb and Cr 
concentrations are shown in the table 3.  The contents 
of trace heavy metals in sediments of the Costal 
Oman Sea, nevertheless, are not well documented. 
Thus here is a need to obtain other published data on 
trace metals at different points of costal belt of Oman. 
The samples collected at each site, was tested for 
three times and average values is represented in the 
table 3.  

 
Table 3Concentrations of heavy metals in the chosen 8 sites 

across Costal lenth of Muscat 

 
 
From the data obtained, the concentrations of Cd in 
sea water was found to be 0.198 ppm on an average, 
the spread of concentrations seems to be even across 
the all sites chosen for study. Similar trend was also 
observed for Cr with average values around 0.306 
ppm. However, the concentration of Cu at the station 
6 was fond surprisingly lower compared to other.This 
has called for another round of study in this area, as 
theconcentrations of Lead in the same area was 
significantly lower. The station 6 represents Qurum 
beach of Muscat, the proximately of heavy oil and gas 
industry at the area of Qurum might have influenced 
the high presence of Pb in this area. However, 
concentration of Ni was found to evenly distributed in 
all the sites chosen of study, with average 

concentration of 0.362 ppm, which is well below the 
permissible limit of 0.5 ppm. 
 
CONCLUSION 
 
The desalination plants are facing huge challenge in 
Oman as the demand for fresh water is ever 
increasing. The current and future desalination plants 
either working on MSF or RO face threat of poisoning 
due to contamination of heavy metals and other 
biologically harmful elements. A clean sea 
environment is a prerequisite for clean water 
production that can be utilized for different purposes. 
On the other hand, the effluent and emissions 
produced by the desalination plants are also affecting 
the environment of the sea. 
 
This gains a special importance in the case of 
desalination in Oman as most of the  country’s potable 
water is derived from it. It is important to consider 
water desalination as a manufacturing process, which 
should be subjected to quality and environmental 
standards. The plans for new desalination plants 
should include a special testing and treatments for 
heavy metals during the design, construction and 
operation phases of the plant. From the study of heavy 
metals in the chosen six sites, the most of the elements 
are within the permissible limits, however, one site 
had higher concentration of Pb, which called for 
further investigation and study. The study results are 
beyond the scope of the present paper.  
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