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Abstract: The leachate contains dissolved and suspended organic and inorganic, toxic or chemicals pollutants.
Leachate can contaminate groundwater, surface water and soil. It can further have detrimental health effects
on human being. This study sets out to investigate the effects of land treatment of municipal landfill’s leachate
on the natural reduction of nitrogen and phosphorous density existing in the leachate after the pre-treatment
in the Aradkouh disposal center. Three pilot studies were utilized to run the present investigation. The pilots
included the under-investigation region’s soil planted by Vetiver plant  pilot,  the  region’s  intact  soil  pilot
and the artificial composition of the region’s soil including the natural region’s  soil,  sand  and  rock  stone.
The leachate, having passed its initial treatment, passed through the soil and to the pilot. It was collected in
the end of the pilots and its nitrogen and phosphorous were measured. However, the land treatment of leachate
was conducted in a slow speed range at speeds of 0.2, 0.6 and 1 ml per minute through three repeated times.
According to the results, in order to remove phosphate, the best result was obtained in the region’s  soil
planted with Vetiver plant and at the speed of 0.2 ml per minute which resulted in 98.77% of phosphate removal.
In addition, in order to remove nitrogen (organic nitrogen, ammonia and nitrate), the best result was obtained
in the region’s soil planted with Vetiver plant and at the speed of 0.2. Moreover, substantial 93.44% reduction
in the ammonia and the increase of nitrate was reached.
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INTRODUCTION The leachate contains dissolved and suspended

In the majority of countries, sanitary landfills are Leachate can contaminate groundwater, surface water and
considered to be the most frugal and commonly used soil. It can further have detrimental health effects on
disposal  method   for   municipal  solid  wastes, as  well human beings [5]. It is customary that leachate filtration
as industrial waste. However, landfills suffer  from methods in Iran are adopted based on the proposed
downsides such as creation of utterly contaminated methods in western countries. There is dire need to
leachates, significant changes in the volumetric flow and employ a different attitude in filtration and treatment of
chemical composition of leachate [1]. leachate in Iran according to the climatic differences,

Appropriate  treatment  of  leachate,  consequently, available land, the quality of leachate and technological
is regarded as a daunting challenge [2]. The occasional and financial resources [6].
existence  of  highly  concentrated  heavy  metals  makes The natural treatment systems can be categorized
it  biological  treatment  very  difficult  due  to  its  toxic into two systems, that is, soil systems and water systems.
effects on microbes [3]. It is more desirable to develop The soil systems or land treatment systems are the
new, inexpensive, small scale, treatment methods which treatment systems which uses the leachate on land
draw less heavily on technology and cause lower surface, under controlled conditions, to achieve a certain
expenses [4]. level of filtration and treatment through  physical,

organic and inorganic pollutants and toxic chemicals.
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chemical and bio processes in the matrix of water-soil- The technology of using plants in the purification,
plant. The land treatment method requires a lower level of
energy compared to other common filtration and treatment
methods. In this filtration system, merely the moving and
spreading the leachate requires energy [7].

Land treatment is considered to be a process of
engineering in which contaminants are removed by the
help of plants and soil. This process may lead to greater
benefits thanks to the possibility it creates to supply
agriculture, silviculture and aquaculture with the
necessary nutrients. Hence, its advantages outweigh the
advantages of wastewater recycling. In the majority of
land treatment operations, the wastewater undergoes
primary and secondary treatment before application.
These treatments include mechanical screening, settling,
aeration and biological decomposition. There are three
delivery methods when we want to apply the wastewater
to land including overland flow,  rapid  filtration  and
slow-rate irrigation. Through a well-designed system,
elements in the applied wastewater, can be absorbed by
soil, transformed by soil micro-organisms, or be taken up
by the plants’ roots [8].

Among the above-mentioned methods, slow
irrigation system is the best method to run the process of
land  treatment  on  leachates.  This  system  enjoys a
high  potential for removal and is able to omit a
substantial amount  of   BOD,    solid   wastes   and
deposition. The pre-treatment for land treatment and
filtration method is to remove larger waste in the form of
filtration and sedimentation. In addition, these prevent
damage to irrigation facilities and machinery [9, 10].

The processes recruited in the land treatment of
leachate include physical processes such as
sedimentation and filtration, chemical processes such as
surface absorption, ion exchange, oxidation, deposition,
as well as biological processes such as biodegradation,
microbial turnover and plant absorption [11].

The release of nutrients such as P and N into the
environment will be transported in surface waters, nitrate
leachates into groundwater, ammonia emissions and
greenhouse gases (NxO) can be seriously detrimental
because of their capability of leaving unfavorable effects
on the quality of waterways, biodiversity, public health
and the climate [12, 13].

Plants’  absorbing  and  uptake  the  nutrients  can  be
a significant way to remove nutrients from the
environment. Of course, it requires periodic harvesting
and removal of biomass. In some cases 650 and 100 kg/ha
of N and P has been done by annual and woody species
of plants [14-16].

refinement, preservation and sustaining soil, sediments
and contaminated waters is both well accepted and used
in the world. Phytoremediation is the general term for
various methods via which plants are used to remove
water and soil contamination. Moreover, plants can
degrade the bio contaminants. They can also act as a filter
and a trap to absorb and stabilize heavy metals. One of
the plant species which can be successfully used to do
the above-mentioned processes is the permanent grass
called Vetiver, or Chrysopogonzizanioides. It originates
from Indian peninsula and first was used by the World
Bank to preserve soil and water in India thanks to its
remarkable features [17].

The application of Vetiver system for sewage and
leachate treatment is an innovative and inventive herbal
recovery technology which is representative of the
plant’s extraordinary capability. The Vetiver system is a
green, natural, simple and practical solution with
affordable expenses.

The purpose of the present study is to investigate
the efficiency of leachates land treatment. Furthermore, it
strives to study the effects of Vetiver plant on the
reduction of Ammonia, nitrate, TKN and the existing
phosphate in the leachate in municipal landfills leachate
after the pre-treatment stage.

MATERIALS AND METHODS

The present research uses soil profile as a biological
filter to remove nitrogen and phosphorous from landfill’s
leachate after pre-treatment stage. Hence, land treatment
of leachate in Aradkouh’s landfills has been chosen as
the study area.

Landfill’s Characteristics: Aradkouh’s landfill, being
nearly forty years old, lies at 54°.51’ East and 22° and 35’
north. It is on the 25  km of Tehran-Qom road and inth

Aradkouh’s lands. The landfill hosts 7000 to 8000 tons of
waste on a daily basis. The average leachate of the landfill
is 637500 liters per day. Considering the underground
waters, the level is very low. The wells have a low rate of
discharge between 0.5 to 3 liters per second of salty water.

The Pilot’s Characteristics: In general, 3 pilots were
used which had a diameter of 70 cm, height of 120  cm.
The pilots were filled with the local soil up to the 90 cm of
their height. In the bottom of each pilot, a holed metal
plate was used for drainage purposes. Moreover, at each
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30 cm of the pilots, a pipe was implemented in a steep
fashion to get the leachate out. The leachate was sampled
and collected after passing each layer of soil.

In this plan, three different forms are used to treat the
leachate. In the first pilot, an artificial arrangement for soil
was used in a way that the layers included (from down to
top) region soil, sand and rock-stone. In the second pilot,
the local soil in an intact, natural form was used. Finally,
the third pilot included the local’s natural soil planted by
Vetiver.

Initial Preparation and Irrigation: Having filled the pilots
with the region’s soil, we used irrigation technique to form
the structure of soil for six weeks, in which the soil
underwent wet and dry periods. In the next stage, the
irrigation was done with the output leachate from
anaerobic lagoons with a  retention  time  of  one  month.
In the range of slow rate irrigation, spray irrigation was
conducted in three different filtration rates. Fig. 1: Stages of moving sewage from storage to pilots

Since the irrigation was in the form of slow rate
irrigation, the process is done at a certain filtration rate RESULTS AND DISCUSSION
and at specific time intervals.

Laboratory Analysis: To run the laboratory analysis, the characteristics   of   soil   such   as   bulk   density,
sampling was done twice a week with a three day interval moisture,   etc   were   determined   based   on  the
in between each irrigation to prevent the creation of standard  method  of  ASTM.  In  addition,  the  soil’s
anaerobic condition. The samples were gathered at three nitrate  and  phosphate  as  the  soil  salinity  parameters
rates of 0.2 ml/min, 0.6 ml/min and 1 ml/min and in three were calculated based on the WREP-125 of California
cases for each rate. In the  end,  the  output  sewage University.
liquids  were  taken  to  the  laboratory   to   test  the Based on the experiments and analysis on the sample
under-investigation parameters including the ammonia, soil of the studied area, the soil texture and composition
nitrate, TKN and phosphate. The results were compared was determined to be as following (Table 2)
to the results of the pre-treatment  stage  to  determine In this section, Tables 3, 4 and 5 along with the
the level of reduction done by soil and plant. All the experiments’ results at different rates and in different
experiments were conducted based on APHA standard heights (each 30 cm of soil) in the three pilots are
[18]. presented.

Statistical Analysis: Duncan test was recruited to test the unit. In sample A, there was the an artificial arrangement
significance of the repeated samples. As the number of for soil was used in a  way  that  the  layers  included
samples is more than three, Duncan test can be used to (from down to  top)   region  soil,  sand  and  rock-stone.
determine  level with regards to the significant In sample B, the pilot included the region’s soil. Finally, in
differences. In this test, the significant level of (  = 0.05) sample C, the pilot included the soil gathered from the
was used. studied region planted by Vetiver plant.

As  table   1   indicates,   the   physical

The input to the pilot was the output of pre-treatment

Table 1: The results of two of the sample soils in Aradkouh area

Bulk density K % pH Nitrate Phosphate

1.86 1.56×10 13 8.2 2.78 4.396

Nitrate and Phosphate unit is moles per liter



World Appl. Sci. J., 20 (4): 512-519, 2012

515

Table 2: The results of the region’s soil composition

Soil texture Clay percentage Sand percentage Silt percentage

Clay 63.62 33.59 2.79

Table 3: The results of the experiment at the rate of 0.2 ml/min

Input Sample A Sample B Sample C
------------------------------- ------------------------------------ ----------------------------------- ---------------------------------------

Parameter (mgl ) Range average A1 A2 A3 B1 B2 B3 C1 C2 C31

Ammonia 166-200 183 176 151 26 156 134 22 101 71 12
Nitrate 140-176 158 208 224 249 220 262 285 198 230 242
Organic nitrogen 45-79 62 26 21 16 40 17 14 53 13 6
TKN 231-260 245 202 172 42 196 151 36 154 84 18
Phosphate 228-258 243 187 82 12 156 46 8 113 36 3

Table 4: The results of the experiment at the rate of 0.6 ml/min

Input Sample A Sample B Sample C
------------------------------- ------------------------------------ ----------------------------------- ---------------------------------------

Parameter (mgl ) Range average A1 A2 A3 B1 B2 B3 C1 C2 C31

Ammonia 163-194 176 174 163 66 166 130 45 118 72 17
Nitrate 135-174 151 212 217 235 221 256 265 202 218 221
organic nitrogen 48-81 66 56 48 23 44 29 21 35 19 15
TKN 228-258 242 230 211 89 210 159 66 153 91 32
Phosphate 233-260 249 236 161 88 166 84 21 162 53 11

Table 5: The results of the experiment at the rate of 1 ml/min

Input Sample A Sample B Sample C
------------------------------- ------------------------------------ ----------------------------------- ---------------------------------------

Parameter (mgl ) Range average A1 A2 A3 B1 B2 B3 C1 C2 C31

Ammonia 173-210 194 190 181 101 171 156 68 145 79 20
Nitrate 143-175 162 215 217 234 212 244 263 191 211 215
organic nitrogen 45-79 63 61 57 33 41 36 21 41 21 23
TKN 237-264 257 251 238 134 212 192 89 186 100 43
Phosphate 225-256 236 230 179 101 176 102 38 145 76 15

Duncan test was recruited to test the significance of rate of 0.2 ml/min and Sample C3, that is the region’s soil
the repeated samples. If the sig. proved to be <0.05, it planted by Vetiver plant.
would mean a significant difference between the samples A major part of the input ammonia and the converted
and if the data shows to be >0.05, it would be indicative of ammonia in the natural system is absorbed through ion
the fact that the samples do not have a statistically exchange reactions on soil particles on the surface of the
significant difference. soil. The absorbed ammonia is sent to the plant and

The results for  the  phosphate  and  nitrogen microorganism. Alternatively, it can be organic nitrogen
(organic nitrogen, ammonia and nitrate) show in aspect of into nitrate.
three repetitions' average based on the various speeds the In the second graph, the percentage of the increase
results had no significant differences and all of the in the nitrate is studied in different samples and  rates.
samples are in a one degree. The highest increase is attributed to the average speed of

Also the result of analysis shows that there are 0.2 ml/min and sample B3 including the pilot with the
significant differences among the three pilots due to the natural region’s soil.
entrance samples. In case of the nitrate, the higher the output compared

In graph 1, as it is observed, the removal of ammonia to the input leads to the higher efficiency of the system.
has been measured in different samples and rates. It is The reason is that organic nitrogen and ammonia nitrify
seen that the best efficiency is obtained at the average are  changed  to  nitrate which lead to increases the nitrate
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Graph 1: The removal of Ammonia in different samples and at different rates

Graph 2: The percentage of increase of Nitrate in different samples and rates

Graph 3: TKN Removal in different samples and rates

level in the output. A part of the nitrate is absorbed by 0.2 ml/min. On the other hand, sample C3 had an average
biomass and occasionally, the process of denitrification increase of 30.33% at 1 ml/min as the least level of
takes place and a part of the nitrate converts into N2. As increase. It is worth mentioning that in pilot C and at all
it can be observed, generally, the nitrate level in the rates, a part of the nitrate has been consumed by the plant
output has increased. This increase has been maximal in and this pilot has a lower level of nitrate compared to
the sample B3 as it has increased on average  80.38%  at pilots A and B.
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Graph 4: Phosphate removal in different samples and rates

Table 6: Literature data of land treatment techniques for reduction of organic material
Operation condition Results Authors/Date
Pilot-scale land treatment system, treated wastewater The average removal efficiency of TKN, NH3-N, Org-N, Vikanda Thongnuekhang
from the stabilization pond system of the latex factory BOD5 and sulfate for tropical carpet grass unit were 92,97, Udomphon Puetpaiboon/ [19]

61, 88 and 52%, for water convolvulus unit were 75, 80,
43, 41 and 30% and for control unit were 74, 80, 41, 31
and 28%, respectively. It revealed that plant uptake was
the major mechanism for nitrogen removal in land treatment

Wastewater land treatment, A pilot-scale, municipal The removal of ammonia nitrogen by biodegradation was Limin M., [20]
sewage, Constructed Rapid Infiltration 83.8% of the total removal efficiency. The transforming

efficiency of nitrate nitrogen was 33.24% in denitrification
process.

Landfill leachate, leachate irrigation of woodland, Leachate concentrations of up to 1500 mg BOD5/l and Cornwall County Council, [21]
full scale 300 mg NH4 C-N/l, have been spray irrigated to

woodland at appropriate loadings that show no
detrimental effects on the irrigated vegetation;

Landfill leachate, leachate irrigation of grass and Leachate input (400m3 per month per hectare in average) Justin M. Z., Zupanc M., [22]
willows, full scale did not result in excessive accumulation of salts, heavy

metals, or nutrients, which could negatively affect soil
properties and plant growth

Pilot plant scale, Landfill leachate, land treatment, in order to remove phosphate and nitrogen, the best result This study
slow rate irrigation, three rate 0.2, 0.6and 1ml/min, was obtained in the region’s soil planted with Vetiver plant
3 pilot (region’s soil planted by Vetiver plant, the and at the speed of 0.2 ml per minute which resulted in
region’s soil and the artificial composition of soil) 98.77% of phosphate removal and 93.44% reduction in

the ammonia and the increase of nitrate was reached

In graph 3, TKN removal has been studied in different samples and different irrigation rates. The best
different  samples  and  different  rates.  The  best efficiency proves to occur at 0.2 ml/min and in sample C3.
efficiency was obtained at the rate of 0.2 ml/lit and in The main processes of separation of phosphorous in
sample C3 including the region’s soil planted by Vetiver natural filtration systems are chemical deposition and
plant. surface absorption. An amount of phosphorous is

The degradable part of organic nitrogen is degraded absorbed by plants, however. Phosphorous, mainly seen
to ammonia and ammonium ion and ammonification takes in the form of orthophosphate, is surface absorbed by
place in the bed through micro-organisms. Another part mineral clay matters of soil and some of the bio-segments
of ammonium ion will be absorbed by the bacteria cell and of soil. The body of bacteria is in need of phosphorous in
is used in protoplasm and cellular protein. Hence, addition to nitrogen. Therefore, the phosphate in the
assimilation takes place which paves the way for a output is reduced and we can see that the highest
decrease in the organic nitrogen and TKN in the output. phosphate removal occurs in the pilot including the soil
 In graph 4, phosphate removal has been considered in and the Vetiver plant.
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According to the obtained results, the highest level REFERENCES
of nitrogen removal, TKN and phosphate takes place in
the pilot which has Vetiver plant in. This results lies in the
fact that in the root of this plant and in the rhizosphere,
where the biological activities are higher due to the
coexistence and concentration of bacteria, the efficiency
of removal of nutrients such as nitrogen and
phosphorous is increased. The reason is that a part of the
nitrogen and phosphorous is absorbed in this part by the
plant’s roots. In the rhizosphere area, another part of
nitrogen and phosphorous is assimilated. Moreover, the
rest of the nitrogen and phosphorous would be absorbed
by biofilms.

Based on the obtained results, the highest efficiency
of contaminants removal  has  occurred  in  sample  C3.
The removal percentage of ammonia, TKN and phosphate
has been 93.44%, 92.65% and 98.77% respectively.
However, in all samples, the nitrate has increased and the
highest increase has been witnessed in sample B which
was equal to 80.38% at 0.2 ml/min. As can be indicated in
Table 6 a brief literature review of and treatment
techniques for reducing the organic material with
compared to the results of this study is given.

CONCLUSIONS

As previously mentioned, the purpose of this
investigation was to study the capability of land filtration
and treatment in natural reduction of different forms of
nitrogen and phosphate existing in the leachate after the
pre-treatment stage. The results were shown in the
previous section. Drawing a comparison between these
results will highlight the followings:

The higher the organic loading rate is, the lower the
efficiency of the removal would be. In lower
hydraulic load, the rate of nitrogen and phosphorous
is higher because the hydraulic retention time is
longer.
Using Vetiver plant in leachate land treatment
increases the efficiency of the treatment. It also plays
a very substantial role in removal of nitrogen and
phosphorous at an appropriate rate (To remove
nitrogen and phosphorous, advanced treatment is
needed which increases the expenses).
In this type of filtration, only the transmission of
leachate from output of the pre-treatment system and
spreading and spraying it on the surface requires
some energy. It also draws upon fewer mechanical
facilities. Also, it requires lower and easier levels of
maintenance compared to advanced treatment.
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