
  

  
Abstract—The presence of heavy metals in landfill leachate 

pose a risk to the environment especially in unlined landfills 
where dissipation of leachate into ground water might occur. 
This study is focused on the assessment of heavy metals in 
leachate of Al Amerat unlined landfill in the Sultanate of Oman. 
Leachate samples were collected from leachate pools located 
behind the landfill and analyzed using the standard methods. 
Results showed that certain heavy metals found in leachate 
were exceeding the drinking water standards and waste water 
re-use and discharge standards of the Sultanate. Al, V, Cr, Mn, 
Co, Ni, Ba, Pb and Fe were all above the standards in 
concentrations of 2.050 mg/l, 0.9775 mg/l, 2.800 mg/l, 0.503 mg/l, 
0.128 mg/l, 0.773 mg/l, 0.8575 mg/l, 0.130 mg/l, and 39.25 mg/l, 
respectively. The effect of these contaminants should be 
considered as surface and ground water contamination might 
occur. Rehabilitation of such unlined landfills should take place 
with continuous monitoring programs of ground water sources 
around the area to contain any contamination that might occur.  
 

 

I. INTRODUCTION 
The amount of waste generated each year is increasing. 

Landfilling is the predominant method of disposal in most of 
the countries because it is the most economical option. 
Landfills pose a big problem to the environment in which 
during landfill operations, different kinds of hazards 
including gas and leachate are produced [1]. The leachate 
problem is worsened by the fact that many landfills lack an 
appropriate bottom liner or collection system; increasing the 
possibility of dissipation of leachate through the landfill 
layers to contaminate ground water [2]. It can cause serious 
pollution problems when it gets in contact with the 
surrounding soil, surface water and ground water leading to 
detrimental effects on living organisms.  Thus, Leachate 
formation now is one of the greatest problems that need to be 
managed properly [3].  

The leachate composition varies greatly from landfill to 
landfill depending on site specific characteristics. One of the 
most hazardous components in leachate is heavy metals. 
There is a growing concern regarding the buildup of heavy 
metals in soil and ground water. Different kinds of wastes are 
responsible for the presence of heavy metals in the landfills. 
Sources such as electronic waste, painting waste and used 
batteries increase heavy metals content in landfills [3]. The 
recent increase in use and disposal of electronic devices like 
cell phones and computers raise the question about the 
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quantity of metals they contain in waste disposal sites and 
their fate in the environment especially because such devices 
mainly contain lead, cadmium, mercury, arsenic, copper, zinc 
and others [4]. 

A number of cases of ground water pollution through 
continuous percolation of leachate in India and USA have 
been recorded [5], [6]. Many cases were probably undetected 
because people are not aware that their wells are 
contaminated [6]. 

The information on the quality of landfill leachate in the 
Mediterranean region is limited. It is generally expected that 
there would not be much leachate generated from the 
landfills of arid climate. Therefore, leachate studies can 
provide a substantial contribution to a better understanding of 
leachate and can lead to more efficient management of these 
sites based on the analysis of hazardous constituents like 
heavy metals.  

Thus, the objective of this study was to determine heavy 
metals concentrations in leachate from Al Amerat unlined 
landfill in Muscat (Sultanate of Oman) in order to evaluate 
their pollution potential in the environment as part of a first 
leachate assessment study conducted in the Sultanate.  
 

II. SOLID WASTE TREND IN OMAN 
The annual waste generation in the Sultanate of Oman has 

increased from 257004 tons in 2001 to 1343486 tons in 2009 
[7]. From Fig. 1, it is obvious that more than half of the waste 
generated in Muscat is organic [7]. 
 

 
Fig. 1. Waste composition in Muscat city [7] 

 

III. AL AMERAT UNLINED MUNICIPAL LANDFILL SITE 
DESCRIPTION 

Al Amerat waste disposal site is located in the south west 
of Muscat city. It is on 655578 E and 2597008N. Al Amerat 
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unlined landfill lack gas and leachate collection systems and 
received waste from three different regions since 1982. The 
total number of tons accepted in this landfill has increased 
from 18540 tons in 2001 to 658549 tons in 2009.  In 2010, it 
has been partially closed and receives demolition waste only 
in the current time [7]. This site is located 0.5 kilometers 
away from the residential area. It is surrounded by mountains 
and gravel plains with scattered trees. Rainfall is highly 
variable in time and space as the site is situated in an arid 
climate.  

There are a considerable number of valleys in this area. 
There is a valley starting from the landfill site and another 
one at the edge of the landfill. Leachate seeps out of the 
landfill and collect in pools in the valley channel located at 
the edge of the landfill.  
 

IV. MATERIALS AND METHODS   
Leachate samples were collected on monthly basis for 4 

consecutive months, from October, 2012 to January, 2013 
and were handled according to standard methods for the 
examination of water and waste water [8]. 

Physico-chemical parameters such as pH, Electrical 
Conductivity (EC), and Total Organic Carbon (TOC) were 
analyzed using pH meter, conductivity meter, and Total 
Organic Carbon Analyzer Model TOC-VCPH/CPN, 
respectively. Total Dissolved Solids (TDS), Total Suspended 
Solids (TSS), Total Solids (TS), and Chemical Oxygen 
Demand (COD) were analyzed according to standard 
methods for the examination of water and waste water [8] 

Heavy metals such as Beryllium (Be), Aluminum  (Al), 
Vanadium  (V), Chromium (Cr), Manganese  (Mn), Cobalt  
(Co), Nickel  (Ni), Copper (Cu), Zinc  (Zn), Rubidium  (Rb), 
Strontium  (Sr), Cadmium (Cd), Barium (Ba), Lead  (Pb), and 
Iron  (Fe) were analyzed using Inductively Coupled Plasma 
(ICP-MS) type Aurora M90 ICP-MS. 

 

V. RESULTS AND DISCUSSION 
Heavy metals concentrations and physico-chemical 

parameters results of landfill leachate are shown in Table I 
and Table II. 

The findings in Table I show that Al, V, Cr, Mn, Co, Ni, 
Ba, Pb, Fe, Cu, Zn, Rb, and Sr were all detected in the 
leachate samples, while Se, Cd, and Hg were not detected. 
The order of heavy metals concentration were Fe > Cr > Al > 
Rb > Sr > V > Zn > Ba > Ni > Mn > Cu >Pb > Co from 
highest concentration to lowest concentration. 

The presence of these metals indicates the disposal of a 
variety of waste in the site in which some of these metals 
were detected and reported in considerable amounts by Al 
Yaqout & Hamoda in 2003 [11].  

Fe was the predominant metal in leachate (39.25 mg/l) 
while Co was the lowest (0.128 mg/l). The high level of Fe 
indicates the dumping of steel scrap in the landfill. This 
explains the brown dark color of the leachate which is a 
product of oxidation of ferrous to ferric form and the 
formation of ferric hydroxide colloids and complexes with 
humic acid [2]. 

TABLE I: HEAVY METALS CONCENTRATIONS IN LANDFILL LEACHATE 
(MG/L) 

Heavy 
Metal

Mean 
± SD* Minimum Maximum 

Omani 
drinking 

water 
standards 
[9] (mg/l)

Omani 
waste 
water 

re-use and 
dicharge 
standards 
[10] (mg/l)

Al 
2.050 

±  
0.689

1.490 3.020 0.1 5 

V 
0.9775 

± 
0.170

0.870 1.230  0.1 

Cr 
2.800 

± 
0.608

2.440 3.710 0.05 0.05 

Mn 
0.5030 

± 
0.073

0.400 0.570 0.4 0.1 

Co 
0.128 

± 
0.022

0.110 0.16  0.05 

Ni 
0.773 

± 
0.153

0.680 1 0.02 0.1 

Cu 
0.185 

± 
0.013

0.170 0.2 2 1 

Zn 
0.943 

± 
0.104

0.810 1.03 3 5 

Se ND ND ND  0.02 

Rb 
1.950 

± 
0.428

1.69 2.59   

Sr 
1.755 

± 
0.283

1.51 2.15   

Cd ND ND ND  0.01 

Ba 
0.8575 

± 
0.186

0.72 1.13 0.7 2 

Pb 
0.130 

± 
0.024

0.10 0.16 0.01 0.1 

*SD: Standard Deviation 
*ND: Not Detected 
 

TABLE II: RESULTS OF PHYSICO-CHEMICAL PARAMETERS OF LANDFILL 
LEACHATE 

Parameter Mean ± 
SD Min Max 

Omani 
drinking 

water 
standards 
(mg/l)[9]  

Waste water 
re-use and 
discharge 
standards 
(mg/l)[10] 

EC 
(mS.cm) 

32.8 ± 
1.717 31.3 35.1  2000 

PH 8.505 ± 
0.4886 7.84 8.91 9 6 - 9 

TDS 
(mg/l) 

18037.5 
± 4961 14030 2467

0 1000 1500 

TSS 
(mg/l) 

2215 ± 
2701 460 6240  15 

TS 
 (mg/l) 

20252.5 
±  

7521.46
14910 3091

0   

TOC 
(mg/l) 

5135.6 ± 
1109.68

4570.
5 6800   

COD 
(mg/l) 

18057.6 
± 3888.8 12816 2160

0  150 

* SD: Standard Deviation 
*Min: Minimum 
*Max: Maximum 
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The level of Pb in the leachate (0.13 mg/l) indicates the 
disposal of lead batteries, lead based paints, plastics, and 
pipes in the site [12]. Moreover, the detection of Ni (0.773 
mg/l) in excess can be attributed to the disposal of batteries in 
the site. The levels of Al, Cr, Mn, and Ba were 2.05 mg/l, 
2.8mg/l, .50mg/l, and 0.857mg/l, respectively. Their 
presence in the samples indicates the disposal of considerable 
amounts of steel in the site, whereas Al might come from a 
wide range of sources of household items, electronics and 
even from plant tissues ashes [13] 

Cu (0.185 mg/l) and Zn (0.943 mg/l) were within the 
drinking water standards, while Rb (1.950 mg/l) and Sr 
(1.755 mg/l) were present in considerable amounts. The 
presence of V (0.9775) and Mn proves the disposal of 
considerable amounts of steel in the landfill, while Co comes 
from batteries [3] and Cu from paints, blades, bottle caps, 
insecticides, pharmaceuticals and cosmetics [2]. The 
presence of Zn (0.943 mg/l) can be attributed to the disposal 
of batteries, fluorescent lamps [12], food wastes and burning 
tyres at the site [3] 

The results of heavy metals investigation showed that the 
concentration of Al, V, Cr, Mn, Co, Ni, Ba, Pb, and Fe were 
above the Omani drinking water standards and waste water 
reuse and discharge standards [9], [10].  

Results from Table II show high pH value of leachate. The 
high pH in the leachate sample (7.84 – 8.91) indicates low 
metal solubility where the solubility generally decrease with 
increasing pH due to the precipitation of metal ions as 
insoluble hydroxides at values of high pH [2]. 

The relatively high values of EC (32.8 mS/cm) in 
comparison to its level in leachates from similar 
environments reported in other studies indicate that the 
leachate is high in inorganic substances [6].  

The mean TS, TDS, and TSS were 20252.5 mg/l, 
18037.5mg/l, and 2215mg/l, respectively, in which TDS and 
TSS were above the waste water re-use standards [10]. The 
results imply the presence of inorganic materials and that the 
site is still undergoing biodegradation. These results are 
further reflected by the result of  COD (8057.6 mg/l) which 
suggests that the wastes are not totally degraded and thus 
having high organic strength and is highly contaminated with 
organic pollutants since it's level is above the waste water 
re-use and discharge standards [10]. COD is an important 
parameter in determining the degree of solid waste 
decomposition and organic contamination [6]. Organic 
matter has the capacity to adsorb to heavy metals [14]. The 
presence of high COD in leachate indicates the presence of a 
threat of high contamination of ground water [11] 

The high TOC level in the samples (5135.6 mg/l) also 
shows high organic contamination indicating more 
adsorption surfaces for heavy metals on organic matter 
fraction [14].  

This increase in organic matter content has obviously 
increased heavy metals adsorption to its surfaces. 
Considerable variations in the metals content of leachates 
produced from different landfills have been reported in 
literature [3]. Leachate heavy metals concentrations in this 
study were higher than the concentrations found in different 
leachate samples in Kuwait which has similar environmental 
conditions [11]. Moreover, Aucott [14] reported heavy 

metals content in leachate exceeding the drinking water 
standards in various landfills in the US. 

In some studies, Heavy metals levels do not appear to 
follow patterns of organic indicators like COD, instead it is 
dependent on pH and flow rate [13].  

It has been well known that organic matter bind to heavy 
metals and as organic matter decompose, heavy metals may 
be less trapped in organic matter [3]. It has been also found 
that iron oxides and organic matter combination has the 
capability to sorb most metals in a landfill, while Bozkurt et 
al [15] found the iron itself is enough to bind all metals. It has 
been also found that sulfides are good scavengers of metals. 
Although after a very long time these metals can be released 
during crystallization of ferric iron hydroxides. Furthermore, 
the potential of the landfill to buffer changes in pH has been 
found sufficient for maintaining a neutral pH over a long 
period of time limiting the risk of metals solubilisation due to 
pH changes. Insight of all of this, still a low heavy metal 
leaching is expected in landfills even in the long term [1]. So, 
it can be expected that some conditions in the landfill which 
favor the formation of oxidized compounds would cause the 
dissolution of some compounds containing heavy metals in 
leachate [14] 

But truly, since the landfill environment depend on various 
characteristics and factors and also changes over time as the 
waste decompose, there are no measurements that provide 
conclusion on the long term fate of heavy metals in the 
environment because data present are scarce. Also, there is 
no much information concerning the movement of heavy 
metals through the soil [6]. Our knowledge is limited to 
experiments that try mimicking landfill conditions and 
models that try to predict changes that might happen within 
the landfills in the future [3], [15]. 

Since certain heavy metals content in leachate was 
exceeding the drinking water standards and waste water 
re-use and discharge standards of the sultanate, the overall 
and individual effect of these contaminants should be 
considered as surface and ground water contamination may 
happen. This effect is increased by the fact that leachate pools 
are present along a valley channel which will move along 
with occurrence of rain and be transferred to regions closer to 
farms and residential areas posing a big hazard to the 
environment. Moreover, heavy metals are non degradable 
and their continuous accumulation forms a serious risk to 
human health [12].   

Thus, any threat to the environment should be minimized 
and eliminated by sucking out leachate from the unlined 
landfill by means of newly constructed boreholes and 
transferring it from pools to treatment facilities that takes into 
account the heavy metal content of the leachate. 
Rehabilitation of such old unlined landfills should take place 
with continuous monitoring programs of ground water 
sources around the area to contain any contamination that 
might occur.  

The ongoing work in the current study also involves the 
assessment of soil and ground water wells upstream and 
downstream of the landfill site to determine the potential and 
extent of pollution for continuous monitoring and future 
management decisions. 
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