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ABSTRACT

A comprehensive assessment of heavy metals and organic content was performed for leachates produced from a number
of old and new landfills in Jordan over 9 month in efforts to set a framework for treatment regulations. All leachates
were basic (pH = 7 - 9) and have high electric conductivity and high organic contents (COD = 3000 - 500,000 mg/L,
TOC= 500 - 21,000 mg/L). The organic content was inversely proportional to the age of landfill. Heavy metals analysis
showed no significant threat of Co, Zn, Pb and Al in any site. Meanwhile, the concentrations of Cr, Mn, Ni, Cd and As
were high, exceeding local and international standard limits. Typical physical, chemical and biological treatments can
be employed to upgrade the leachates of the active Ghabawi and Akaider sites. Whereas for the high organic strength of

Russeifeh, an adsorption treatment by activated carbon is recommended.
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1. Introduction

Several countries rely on landfilling as a primary solid
waste disposal method which is widely known to yield a
wastewater product called leachate. The leachate is
formed as a result of multiple chemical and biological
reactions of solid waste within the landfill and can be a
major contamination problem if not controlled properly.
Organic and inorganic compounds leach out from the
solid matrix into a liquid carrier (normally water) form-
ing a wastewater with extremely high contamination
strength exceeding that of municipal and industrial waste-
waters [1]. Landfill leachate can cause severe health
and environmental impacts represented by toxicity, soil,
groundwater and surface water contamination [2-4] which
implies the necessity for leachate treatment before its
ultimate disposal.

Several countries around the world are enforcing more
stringent regulations regarding the disposal of landfill
leachate [5]. Jordan is a Middle-Eastern country that re-
lies exclusively on landfilling. Currently, there are 21
operating landfills in Jordan generating large amounts of
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leachate, unfortunately, with insufficient enforcement of
leachate disposal regulations, although the country is
very scarce in water supply. One reason is the lack of
comprehensive information on leachate characteristics
and their threat on the water resources in this arid area.
Therefore, understanding and monitoring the composi-
tion and quantity of landfill leachates are essential in
selecting a satisfactory treatment method for pollutants
removal and protecting possible groundwater from con-
tamination [6]. In general, the goal of leachate treatment
is to reduce the concentration of pollutants or to stabilize
them in order to comply with regulations and standards
of discharge into the environment. Alternatively, lea-
chates can be upgraded to levels treatable by conven-
tional municipal wastewater treatment facilities.
Leachates are generally studied for their organic con-
tents, in terms of Chemical Oxygen Demand (COD) and
Total Organic Carbon (TOC), salts content, and heavy
metals concentrations [7]. Some researchers have quanti-
fied the leachate contamination potential using a leachate
pollution index (LPI) [1]. In an attempt to make this in-
dex more representative and universal, the overall LPI
was divided into three sub-indices summed linearly using
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the coefficients: organic components (23.2%), inorganic
components (25.7%) and heavy metals (51.1%). The
high weighting factor of heavy metals emphasizes their
obvious potential threat. For example, Abu Rukah and
El-Aloosy [8] found that several metal ions migrate from
Akaider landfill in northern Jordan and constitute a seri-
ous threat to aquifers surrounding it.

The nature of leachate varies significantly among
landfills depending on waste composition, climatic con-
ditions (such as rainfall rate), landfill age and landfilling
technology [9-12]. Al-Yaqout and Hamoda [13] evalu-
ated leachate in the arid climate of Kuwait from active
and closed landfills. The leachate produced from both
types of landfills was found to be severely contaminated
with organics, salts and heavy metals. By comparing
Kuwaiti landfills leachates with those produced in USA,
Italy and Germany, the strength of leachate in Kuwait
was found to be lower because of the dilution effect
caused by rising water table. The researchers also con-
cluded that the leachate characteristics do not show a
definite trend with age. Kulikowska and Klimiuk [14]
studied the influence of municipal landfill age on tempo-
ral changes in municipal leachate quality. The principal
pollutants in leachate were organics and ammonia. They
found that the COD of leachate decreased with the age of
landfill; COD decreased from 1800 to 610 mg /L within
four years of landfill exploitation. This was a result of
degradation and volatilization of aromatic hydrocarbons,
the most organic compounds reported in landfill leachate
[15], with the age of the landfill.

To date, there is no comprehensive study on leachate
characteristics from the Jordanian landfills, which hin-
ders the enforcement of control systems for the protec-
tion of scarce water resources. Excluding the Ghabawi
landfill that serves the Capital city Amman, all Jordanian
landfills are considered as unsanitary because they lack
management systems for the produced leachate and bio-
gas. The main objective of this study is to perform a full
assessment (based on heavy metals and organic content)
for leachates produced from major landfills in Jordan
with different ages and management systems. Three
landfills will be covered in the study, namely: 1) Rus-
siefeh site-Zarqa (old-closed); 2) Akaider site-Irbid (old-
active); and 3) Ghabawi site—Amman (new-active).
Worldwide, the results of this study will be useful for
future comparison with other countries. Locally, this
study will provide guidelines for selecting the appropri-
ate leachate treatment method for each one of these land-
fills.

2. Material and Methods
2.1. Site Selection

Three landfills were selected in this study based on their
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age, activity and control method. General conditions of
the landfills are summarized in Table 1. The old-active
Akaider landfill is located 27 km to the east of the city of
Irbid, and has been used since 1981. It is considered as
the principal landfill for northern Jordanian cities like
Irbid and Jerash. In this site, municipal solid waste is
landfilled, while liquid industrial waste is stored in
evaporation ponds. The water-table below the surface at
this site is 300 to 450 m [16]. This site does not have a
bottom liner or a leachate collection system, thus, we
considered it an uncontrolled landfill.

Russeifah landfill (old-closed) was opened in 1987 and
had been the largest Jordanian landfill until the Ghabawi
site was established in 2003. Russeifah landfill is located
east of Amman (the capital of Jordan) and served 2.5
million capita living mainly in Amman, Zarqa and Rus-
seifah [17]. The Russeifah landfill was used to receive
2100 tons/day of waste including 75% of the generated
domestic solid waste as well as medical and industrial
wastes [18]. The landfill was uncontrolled and caused
serious environmental problems. The depth of the water-
table in the landfill does not exceed 22 m with no barrier
or geotextile layers to prevent the percolation of lea-
chates [17,19]. This landfill is currently closed.

A new landfill, Ghabawi, was established in 2003 and
is considered to be the only sanitary landfill in Jordan
with a lining and a leachate collection system. The land-
fill is located 15 km south of Amman. The Ghabawi

Table 1. General condition of the selected Jordanian land-
fills.

Landfill Russeifah Akaider Ghabawi
Status Old-closed Old-active New-active
Period of landfilling 30 years 25 years 8 years
Landfilling area 65,000 m* 800,000 m*> 2,000,000 m*
La“gcf;ﬂﬁi g 200,000 m* 150,000 m’
Waste type Municipal Municipal Municipal
Topography Mild slope Mild slope Mild Slope
Soil type Phosphogypsum Siltys\;\;iltl}; lime Silty
Avf;fli:;:ﬂy 1000 2400
Bottom liner No No Yes
Cover soil thicness 03m 0.5m 0.7m
Leachate treament No No No
Volu(rjrilzhc;t; z(l;a:ichate NA NA NA
"NA: not available.
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landfill receives 2300 tons/day. The depth to ground-
water in Ghabawi area is in the range of 80 m to more than
200 m [17]. Figure 1 shows the location of the landfills.

2.2. Leachate Sampling

Samples were continuously collected at the beginning of
each month for the period October 2009 to June 2010.
The samples were preserved in the refrigerator at 5°C
upon arrival. A bottle of each sample (250 mL) was also
preserved in the freezer at —17°C in case of a need for
data reproduction. The EC and pH of each leachate
sample was measured upon arrival using Hach sensION5
Conductivity Meter and Hach sensION1 Portable pH
Meter, USA, respectively. The leachate samples were
collected at the drainage point from the landfill body into
the evaporation pond. At each time of sampling, a com-
posite sample that consisted of several grab samples was
prepared and delivered to the laboratory.

2.3. Leachate Organic Contents

The concentration of organic content in leachate samples
was estimated by measuring both COD and TOC. COD
and TOC measurements were performed using Hach
DRB-200 reactor, USA. COD digestive reagent vials
supplied by Hach , USA,in the range 0 - 1500 mg/L, and
1 - 15,000 mg/L were used with HACH DRB-200 reactor
and Hach DR/890 Colorimeter. The sample was heated
for two hours with potassium dichromate, a strong
oxidizing agent. Oxidizable organic compounds react,
reducing the dichromate ion (Cr,03") to green chromic
ion (Cr'"). The amount of Cr’" produced is determined
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Figure 1. Distribution of selected landfills.
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using Hach DR/890 Colorimeter. The COD reagent also
contains silver and mercury ions. Silver is a catalyst, and
mercury is used to complex the chloride interference.
The mg/L COD results are defined as the mg of O, con-
sumed per liter of sample under the Reactor Digestion
Method approved for reporting wastewater. TOC acid
digestion vials in the range 100 - 700 mg/L were also
supplied by Hach, USA. TOC was measured by first
sparging the sample under slightly acidic conditions (pH
2) to remove the inorganic carbon. The organic carbon
was digested by persulfate and acid to form CO, which
was absorbed into a pH indicator reagent to form carbo-
nic acid. The amount of color change of the indicator
solution is related to the original amount of carbon
present in the sample.

2.4. Heavy Metals Analysis

Leachate samples were digested as follows: 50 mL of
well-mixed sample was transferred to a beaker and
heated, without boiling, using a hotplate until the volume
was reduced to 15 - 20 mL. Concentrated nitric acid (15
mL) was added and the sample was heated for 30 min-
utes. Afterwards, 15 mL of concentrated hydrochloric
acid was added and the sample was further heated for 30
minutes. The solution was then allowed to cool to room
temperature and then filtered to remove any insoluble
material. The digested sample was then transferred quan-
titatively with deionized water to a 100 mL volumetric
flask and diluted to volume. Samples were digested and
analyzed in duplicates. The samples were analyzed for
their heavy metals content using the Inductive Coupled
Plasma Technique (ICP, Perkin-Elmer, Optima DV2000,
USA). The analysis included the following metals Ni, Co,
Cr, Zn, Pb, Mn, Al, Cd, and Cu. Arsenic (As) was ana-
lyzed using Atomic Absorption technique with hydride-
generation system (Shimadzu AA-6300, Japan).

2.5. Statistical Analysis

One way ANOVAs were performed in order to deter-
mine possible statistically significant differences among
all parameters analyzed in leachates for every month.
Data in the Figures 2-4 represent the mean and standard
errors. The absence of a bar for a particular month indi-
cates that no leachate was collected from that site or that
the measured value was not detected in the collected
leachate. For these figures the confidence level is 95% (a
=0.05).

3. Results and Discussion

Jordanian Municipal Solid Waste (MSW) is typically
composed of 56% organic, 17% paper/card, 13% plastic,
5% metal, 7% glass and 2% miscellaneous as leather and
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wood [18]. Chemical characteristics of leachate samples
collected from the three selected landfills in this study
are presented in Table 2. The results were compared to
previously reported studies on Akaider and Russiefeh
landfills [20] as well as to results from other Asian coun-
tries [21].

3.1. Organic Contents

The biological decomposition period of the deposited
wastes develops from a relatively short initial period to a
longer decomposition period as the landfill becomes
older. This will result in two main phases: acid phase and
the stable methanogenic phase [22,23]. Organic content
of the leachate samples was estimated by measuring both
COD and TOC. The COD is usually used to quantify the
total amount of contaminants (organic and inorganic)
present in the leachate, where both types are subject to
oxidation. TOC, on the other hand, represents the amount
of carbon bound in an organic compound and is inde-
pendent of the oxidation state of the organic matter.
Therefore, TOC is a more direct expression of total or-
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ganic content than COD.

Variations of COD and TOC of the leachates over the
entire period of study are summarized in Figures 2 and 3.
The results show that COD values decrease with the age
of the landfill whether the site is controlled or uncon-
trolled. The highest COD value was for the new-con-
trolled Ghabawi site indicating that it has very high lev-
els of complex organic content. Likewise, the lowest
COD corresponds to the closed-uncontrolled site of Rus-
siefeh. The results are in agreement with values reported
in other countries for active-controlled and uncontrolled
landfills as shown in Table 2 [21]. Typically, the con-
centrations of organic and heavy metals contaminants
change with the age of leachate [23]. COD values for
Ghabawi and Akaider sites are both in the acetic phase
(6000 - 60,000 mg/L) while Russaifa is in the methano-
genic phase (500 - 4500 mg/L) [24,25].

Comparing the measured COD values to the limit set
by the Jordanian industrial wastewater standard, which is
150 mg/L, shows that leachates from all three lanfills are
beyond this limit (Figure 2). Furthermore, Russiefeh
landfill leachate shows significant decrease in its COD
values from 229,932 mg/L [20] to 4000 mg/L (this study)
in the period 1996 to 2010 as shown in Table 2. There-
fore, most of the complex organic contents have de-
graded into much smaller compounds. On the other hand,
COD values in Akaider landfill has increased signifi-
cantly from 1237 mg/L in 1996 to a mean value of
64,109 mg/L in 2010 indicating a huge increase in the
amount of wastes disposed within this period. The high
value of COD in the active landfills resulted also from
the low rainfall rate in the last ten years as well as the
high evaporation rates due to high mean temperatures in
summer seasons in Jordan.

A different behaviour of TOC values was observed
for the tested landfills. The active sites (Ghabawi and
Akadier) have comparable average TOC values of
16,000 and 14,000 mg/L, respectively, higher than that of
Russiefeh site (959 mg/L), as shown in Figure 3. This
result is expected since both sites are still active and have
continuous dumping of different organic wastes. TOC
concentration increased for Akaider landfill from 168
mg/L in 1996 to 14,286 mg/L in 2010. On the other hand,
waste aging decreased TOC from 3592 mg/L in 1996 to
959 mg/L in 2010 for the closed Russiefeh site, as shown
in Table 2.

Using the ratio of TOC/COD, we can evaluate the
degradation rate of the organic content. For the studied
landfill sites, TOC/COD increased as the disposal time
extended. Table 2 shows that the average TOC/COD
ratio for the new Ghabawi active site (0.12) is less than
that for the old sites of Akaider and Russiefeh (0.25 and
0.24, respectively). It has been reported that the strongest
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decrease of the readily organic compounds occur in the
initial periods of landfilling [11] while the hardly de-
gradable inorganic portion of COD is not significantly
affected. This will result in a decrease in the TOC/COD
ratio of the younger landfill compared to the old ones.

Copyright © 2013 SciRes.

The behaviour of TOC/COD ratio with landfill age in
this study is in agreement with that reported in the litera-
ture [26]. The difference in COD and TOC values be-
tween the sites is due to age of landfill, types of waste,
climate conditions, topography, landfill cover, degree of
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Table 2. Chemical characteristics of leachate samples from different types of landfills.

Active controlleq Active uncont}rolled Closed uncont‘rolled Akaider Russiefeh h//iilt)ilxszfea
landfill (Ghabawi) landfill (Akaider) landfill (Russiefeh)
Parameter this study this study this study (201 201 controlled
Landfill [21]
Mean + sd Range Mean + sd Range Mean + sd Range 1996-1997 1996 2007-2008
pH 745+089 6.71-8.77 840+0.16 8.14-8.66 8.52+0.25 8.01-8.79 7.4 6.89 5.26
Conductivity g7, 5 50 - 106 86+ 33 42-136 35+4 30-39 53 200 NA
(mS/cm)
COD (mg/L) 211 5662221 6i ;(3)’(;)880_ 6:'51;)3 6i %‘;’50886 4000 + 826 3000 - 5000 1237 229,932 1826467(?0
TOC (mg/L) 16,000 + 7736 3500 - 21,000 14,286 + 6454 6000 - 21,000 959 +£504 500 - 2,000 168 3592 6296 - 24,322
TOC/COD 0.12+0.08 0.04-0.27 025+0.08 0.15-0.40 0.24+0.09 0.14-0.40
Cr (mg/L) 6.92+589  0-1591 6.88+7.01 1.51-20.50 1.27+£049 0.66-2.04 <0.10 0.87 0-5.0
Mn (mg/L) 346+389  0-10.37 1.11 £ 1.61 0-3.97 0.36+0.14 0-041 0.06 33.6 10.56 - 38.17
Cd (mg/L) 0.67 +1.25 0-3.96 1.23+1.82 0-4.50 0.40+0.16 0-0.48 <0.05 <0.05 0-0.042
Ni (mg/L) 253+142 054-428 288+195 0.74-6.69 0.24+0.42 0-1.06 <1.00 3.68 0.105 - 1.847
Cu (mg/L) 1.1+1.4 0.31-4.385 29+£22 0.28 - 6.29 0.5+0.4 02-14 <0.05 0.11 0-1.597
As (ng/L) 141+ 93 54-313 92 £ 61 30-202 11+£7 5-21. NA NA NA

decomposition that has taken place and physical modify-
cation or shredding of the waste [22,25].

3.2. pH and Conductivity

pH increases with the age of the landfill. It has been re-
ported that new landfills have pH values between 4.5 -
7.5. For old mature landfills, pH usually increases up to 9
[22,27]. The average pH values for leachate at Ghabawi,
Akaider and Russiefeh were 7.45, 8.40, and 8.52, respec-
tively. Both Ghabawi and Akaider landfills are in the
acetic phase which is reported to have high concentra-
tions of Volatile Fatty Acids (VFAs) as well as high
COD [28]. This will cause the pH to be lower than that
for the aged closed landfill of Russiefeh where the pH of
leachate will increase due to the consumption of VFAs in
the methanogenic phase.

EC values were found to be ranging between 30 to 136
mS/cm with high fluctuation from one month to another
(high standard deviation). These values are comparable
to what is reported in literature for municipal landfill
leachates [11]. The active sites (Ghabawi and Akaider)
exhibit high EC measurements since they are expected to
contain very high concentration of salt ions. The old-
closed site of Russiefeh shows less EC compared to the
active sites.

3.3. Heavy Metals

The concentration of heavy metals in landfill leachate is
an important parameter in selecting a leachate treatment
method [29]. Metals can take different forms in the

Copyright © 2013 SciRes.

leachate depending on pH, degradation phase and com-
plexation of waste matrix [30]. The presence of large
concentrations of heavy metals will retard the stability of
the solid waste degradation process [31].

In our analysis, we measured the following heavy
metals in leachates: Ni, Co, Cr, Zn, Pb, Mn, Al, Cd, Cu
and As, which are considered of highest concern in Ameri-
can and European communities. Mercury was also mea-
sured in the initial trials of this study but no concentra-
tion was evaluated in all three landfill. Analysis results
are compared to Jordanian standards for the maximum
allowable discharge limit of industrial wastewater (JIEC),
and also to the limits set by US Environmental Protection
Agency (USEPA) for groundwater protection perform-
ance standards [25].

The measurements showed significant fluctuation of
concentrations from month to month especially for the
active landfills. This is due to variation in the composi-
tion of dumped waste as well as environmental and
weather conditions. In general, the concentrations of
heavy metals were highest in the months of December
and January, especially in the active landfills of Ghabawi
and Akaider. These two months are considered the be-
ginning of the wet season in Jordan, which resulted in
considerable leachate generation compared to the dry
season [32]. The Co, Zn, Pb and Al in the three landfills’
leachates exhibit no significant threat. However, the
concentrations of Cr, Mn, and Cd were high in all the
sites exceeding both JIEC and EPA limits, as shown in
Figures 4(a)-(c). Furthermore, Ghabawi and Akaider
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sites showed very high and comparable concentrations of
Ni and As (Figures 4(d) and (g)).

The effect of active versus closed landfills on heavy
metals concentrations can be shown by comparing the
values estimated from this study to that reported by Stu-
art and Klinck [20]. The mean values for Cr, Cd, Cu, Mn,
and Ni concentrations increased significantly in the ac-
tive Akaider landfill since 1996 as shown in Table 2. On
the other hand, Russiefeh site showed a slight increase in
Cr, Cd and Cu concentrations and a considerable de-
crease in Mn and Ni concentrations with time. The syn-
ergetic behaviour of Ni and Mn can be related to the un-
regulated disposal of old batteries, the main sources of
these two metals, which are not collected separately in
Jordan.

A study on tap water quality in four different Jorda-
nian cities (Amman, Zarqa, Jerash and Karak) reported
that all cities have very high Ni concentration in the
range of 1117 pg/L to 445 pg/L [33]. This indicates that
the groundwater resources have already been affected by
migration of heavy metals from uncontrolled landfill
leachates to groundwater resources. For Cu, only Akaider
landfill has a high concentration of Cu exceeding the
limit of 2.0 mg/L, as shown in Figure 4(f).

Comparison of the Jordanian active-controlled landfill
(Ghabawi) to a similar landfill in Malaysia [21] shows
that, except for Mn, all other heavy metals have much
higher concentrations in Jordan leachate than in Malaysia,
as shown in Table 2. This could be due to better solid
waste segregation and management in Malaysia com-
pared to Jordan and of legislation regulating waste dis-
posal, segregation and recycling. Moreover, Malaysia is
known to have higher rainfall rates than Jordan, which
dilute the leachate.

Pollution of heavy metals may arise from different
sources. Cd, Cr, Mn and Ni are mainly introduced to the
environment from electroplating, spent rechargeable and
household batteries [34-36] and the tannery industry [6].
Contamination with inorganic As comes from uncon-
trolled disposal of electronic wastes [37] present in cir-
cuit boards, computer chips and LCD displays. Fertilizers
were also reported as a source for As contamination
[38,39]. Ponthieu et al. [40] studied the speciation of
arsenic in landfill leachates. Their results showed that As
is present in the leachate in both organic and the toxic
inorganic (Aslll and AsV) forms.

For the investigated landfills, the influence of age on
leachate organic contents (estimated by COD and TOC)
was clear, where newly active landfill (Ghabawi) had
the highest COD and TOC concentrations and the low-
est was for the old-closed (Russiefeh) landfill. However,
there was no clear trend of leachate age with respect to
heavy metals concentration.

Copyright © 2013 SciRes.

3.4. Leachate Treatment

Leachate treatment is different from wastewater treat-
ment due to the relatively small flow rates and the com-
plex leachate composition [23]. The selection of leachate
treatment technology will depend on the main parameters
of leachate, such as COD, BODs, TOC and heavy metals.
Normally a combination of different treatment methods
are used to meet the limit values for the discharge of
treated leachate. Unfortunately, no limits for the dis-
charged leachate are yet regulated in Jordan. Therefore,
the limits set by developed countries, such as Germany,
will be used as guidance in the selection process (Table
3). The current study showed considerable fluctuation in
leachate characteristics due to climate conditions, waste
composition, bacterial activity, and landfill age. The old-
closed site of Russiefeh shows low EC compared to other
sites, but the measured value indicates that salts are still a
problem to be addressed for its leachate.

Although the values of COD and TOC became lower
with the age of old-closed Russiefeh landfill, the stabi-
lized leachate still shows high strength of COD and TOC.
These values can be explained by the presence of not
easily degradable organics, such as humic and fulvic ac-
ids. This landfill is in the stable methanogenic phase
where biological treatment will not be effective. For such
a landfill, adsorption by activated carbon or reverse os-
mosis are suggested as potential treatment methods to

Table 3. Limit values for the discharge of treated leachate
according to German standards (51. Anhang Rahmen-Ab-
wasserVwV, [41]).

Limiting Concentration
Parameter

(mg/L)
COD 200
BODS 20
Nitrogen, total 70
(Sum NH, + NO, + NO;)
Phosphorus, total 3
Hydrocarbons 10
Nitrite-Nitrogen 2
Mercury 0.05
Cadmium 0.1
Chromium 0.5
Chromium (VI) 0.1
Nickel 1
Lead 0.5
Copper 0.5
Zinc 2
Cyanide, easy liberatable 0.2
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reduce COD and heavy metals values below the limits
[23]. For the two active sites of Ghabawi and Akaider
biological treatment (anaerobic) will be an effective
method to reduce biodegradable organics. However, fur-
ther physical-chemical treatments, such as chemical oxi-
dation, adsorption or reverse osmosis, are recommended
to meet the standards [23].

4. Conclusion

The results of this study show that leachates from land-
fills possess high contamination potential to the limited
water sources in Jordan. The concentrations of organic
contents were inversely proportional to the available
degradation period. Heavy metals were found to exceed
the allowable limits in Jordan for industrial wastewater
discharge for the metals Cr, Mn, Cd, Ni and As. These
results emphasize the need for better solid waste man-
agement in Jordan including source separation of wastes
and forcing the regulations on disposal of industrial and
hazardous wastes.
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