
  

  
Abstract—Traditional waste management in landfills made 

the leachate a serious environmental problem.  Effective 
treatment for landfill leachate because of high concentration of 
organic and nitrogen components is of great importance to 
reduce its adverse impacts on environment.  Applicability of 
leachate pretreatment based on recycling the leachate of fresh 
waste on old waste was investigated in this study.  In first step 
an LSR with 200L volume filled with fresh waste and had run 
until its parameters showed degradation for more than 90%.  In 
second step two different landfill simulation reactor (LSR) 
systems were setup, each set-up consist of two LSRs in series.  In 
the first set-up, both reactors filled with fresh waste and their 
leachate was recirculated daily by peristaltic pump at constant 
rate.  In the second set-up daily the leachate from fresh waste 
LSR (A2) was passed through the second LSR (B2) which filled 
with old  waste that prepared in previous step, while at the same 
time the leachate from reactor B2 was passed through reactor 
A2.  Leachate quality in both set-ups determined weekly for 
COD, BOD5, ammonia nitrogen (NH3-N) and ammonium 
nitrogen (NH4-N).  Multiple linear regression model was used to 
describe relationship between experiments data, furthermore 
equations of the fitted models and degree of accuracy by mean 
absolute error (MAE) were determined.  The results indicate 
that this procedure has shown significant effect on reduction 
pollutant components of leachate, also it can be more effective 
for organic component removal compare to nitrogen removal. 

 
Index Terms—Landfill simulation reactor, leachate 

pretreatment, nitrogen, organic component. 
 

I. INTRODUCTION 
Solid waste is generated all over the world; traditional 

disposal of solid residues in landfills made the leachate a 
serious environmental problem.  Landfill leachate is defined 
as a high strength wastewater generated as water and 
moisture collect contaminants and percolate through waste in 
a landfill.  The risks from waste leachate are due to its high 
concentrations of organic contaminant, nitrogen compounds, 
heavy metals and other pollutants.  Some of these organic 
pollutants are included in the list of priority pollutants of the 
environment and have been identified as potential sources of 
ground and surface water contamination if they are not 
properly treated and disposed of safely [1].  Thus, effective 
treatment of such wastewater is of great importance to reduce 
its adverse impacts. Several processes have been applied for 
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the treatment of landfill leachates.  Recent years, in response 
to the increasing production of leachate from the solid waste 
landfill, numerous leachate treatment methods have been 
developed and applied to treat landfill leachate, such as 
anaerobic and aerobic biological processes, coagulation 
flocculation, as well as chemical and electrochemical 
oxidation [2].  Leachate recirculation is also one of the 
methods to apply in bioreactor landfills to eliminate the 
leachate treatment and ground water contamination.  The 
objective of all methods is to produce an environmentally 
safe fluid waste stream as much as possible.   

The composition and concentration of contaminants in 
leachates are influenced mainly by the age of landfill [3].  
There is not many alternative ways to remove organic and 
nitrogen compounds pollutants at one stage except biological 
methods [4].  The main goal of biological treatment is to 
interchange rapidly medium biodegradable compounds 
material strength in a short time.  Therefore biological 
processes are quite effective when applied to relatively 
younger leachates containing mainly volatile fatty acids, 
while they are less efficient for the treatment of older 
leachates [5].  Testing these theories is difficult as a result of 
the heterogeneity of waste components, seasonality, costs 
and safety [6].  This is where laboratory scale models 
represents a simplified way to represent the reality under 
study, and allows to simulate the variations suffered both its 
quality and quantity from the elements of the system. 

Considering the above problems and the current status of 
research in this field, the main aim of the present study was 
focused on evaluating the applicability of circulating fresh 
waste leachate on old deposits to remove organic and 
nitrogenous compounds from leachate.  A series of laboratory 
experiments on landfill leachate from a laboratory scale 
model were conducted.  BOD5 and COD are stand for organic 
compounds while nitrogenous compounds are represented by 
NH3-N and NH4-N. 

II. EXPERIMENTAL 
Landfill simulation reactor (LSR) for laboratory scale 

modeling was applied to conduct the present study.  All LSRs 
were constructed from a drum made of high density poly 
ethylene (HDPE) having a diameter of 500mm and a total 
height of 1000mm.  Fig. 1 shows a schematic of LSR that was 
used for providing old waste in this study.  The LSR equipped 
with a peristaltic pump allowing recirculation of leachate; the 
leachate recycling rate was 8L per day.  LSR was filled with 
shredded municipal solid waste (MSW) having a density of 
approximately 1000 /  and composition of food waste 
72%, paper 14%, plastic 2%, glass 4%, metals 6% and textile 
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Results confirmed that set-up2 was successful in organic 
pollutant removal from leachate.  Anaerobic digestion due to 
microbial activity and dilution were responsible for this extra 
40% in BOD5 concentration reduction. 
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Fig. 4. Profile of BOD5 in sampling points A, B & C 

C. COD Removal 
COD determine the amount of organic compounds in 

water and wastewater indirectly.  Fig. 5 shows COD and time 
profiles.  At point A COD on day 17 and day 60 were almost 
same; this means it did not show any degradation at 
mentioned period.  However, at the same period at point B 
COD from 166,000mg/L decreased to 90,000mg/L while in 
point C, it increased to 33,200mg/L from 4,710mg/L.  While 
point A did not show any degradation in COD, point B 
showed 46% degradation.  This indicates set-up2 was 
effective in removal of organic compounds and reduced the 
organic compounds in leachate significantly. 

At point A, COD increased from 12,100 mg/L on day 3 to 
maximum value of 180,000mg/L on day 27 but as it shows in 
Fig. 4, BOD reached its maximum value on day 17.  In other 
way there is 10 days between BOD and COD extrema.  This 
phenomenon was caused by soluble microbial product (SMP) 
which is in contributed to the COD value in the effluent.  
SMP are soluble cellular components that are released during 
biomass decay, they are inevitably produced because of 
microbial metabolism.  The main components of SMP have 
been identified as protein, polysaccharides, humic acids, and 
nucleic acids [9].  SMP are important because they are always 
formed during biological treatment, and they constitute the 
majority of the effluent COD in many cases [10].  Various 
articles have proven that formation of SMP in anaerobic 
system indeed contributed to a certain percentage of COD in 
the effluent [11, 12].  
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Fig. 5. Profile of COD in sampling points A, B & C 

D. BOD5/COD 
BOD5/COD ratio describes the biodegradability level of 

materials by which organic matter containing leachate is 
readily broken down in the environment.  It is known that 
BOD5/COD ratio of leachate decreases with time in landfill, 
resulting in the stability of leachate.  It decreases rapidly from 
0.70 to 0.04 with the aging of the landfills [13].  BOD5/COD 
ratio for sampling points in both set-ups demonstrate in Fig. 6, 
all points are showing descending pattern in this ratio.  The 
maximum value of 0.63 had obtained for point A and 
minimum value of 0.28 obtained for point C.  Results indicate 
set-up2 shows better behavior in reducing the ratio compare 
to set-up1.  At the end of experiment point A showed higher 
ratio compare to other points, which means the degree of 
solid waste stabilization in set-up1 did not reach to stable 
level yet, also it may indicate that portions of the waste are 
still in the acid phase [14]. 
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Fig. 6. BOD/COD ratio in sampling points A, B& C 

E. N Removal 
Nitrogen removal efficiency was carried out by 

determination of ammonia nitrogen (NH3-N) and ammonium 
nitrogen (NH4-N) in both set-ups.  Ammonia and ammonium 
changes at different sampling points were shown in Fig. 7 and 
Fig. 8, respectively.  It was found that ammonia nitrogen and 
ammonium nitrogen were linked together directly.  Ammonia 
concentration from 409mg/L on day3 reached 1,336 mg/L on 
day 60 in point A but point B only increased to 960mg/L from 
490mg/L at same period of time.  Ammonium concentration 
from 434mg/L on day3 reached 1,367 mg/L on day 60 in 
point A but point B only raise to 1,006mg/L from 538mg/L at 
same period of time. 
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Fig. 7. Profile of NH3 in sampling points A, B & C 

International Journal of Environmental Science and Development, Vol. 3, No. 2, April 2012

159



  

Point B shows 28% and 26% lower concentration 
respectively in ammonia and ammonium compare to point A.  
This shows applicability of this method on nitrogen removal.  
Degradation processes of fresh waste due to microbial 
activity are responsible for nitrogen compound in leachate. 
The ammonia and ammonium concentrations have remained 
elevated which is consistent with the absence of nitrifying 
bacteria for nitrification under anaerobic conditions.  
Adsorption onto the old waste surface was the only reason of 
reduction in ammonia and ammonium concentrations in 
set-up2.  That explains why the performance of this method 
was lower in nitrogen removal compare to organic 
compounds. 
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Fig. 8. Profile of NH4 in sampling points A, B & C 

F. Regression Analysis 
The goal of regression analysis was to determine the values 

of parameters for a function that cause the function to best fit 
the experiments data.  Multiple linear regression models were 
used to describe the relationship between concentration of 
different parameters in point B as the dependent parameters 
and concentration of different parameters in point A and time 
in day as independent variables.  Regression analysis was 
performed using multiple linear regression procedure in 
statistical package of Statgraphics-Centurion software 
package [15]. The equations of the fitted models and the 
correspond mean absolute error (MAE) summarized in 
equations 1 to 5.  MAE is measure of accuracy in forecasts or 
predictions to the eventual outcomes.  These equations may 
be used to predict concentration parameters to evaluate the 
performance of this method at any desire time period.  For 
this matter appropriate approach to extrapolate data from 
LSR experiment to site condition should be considered. 

BOD5 (B) = 4455.38 + 1.29653(BOD5 (A)) - 773.207T                  (1)  
(MAE) = 2530.82 
 
COD (B) = 24152.2 + 1.0817(COD (A))- 1741.64T                           (2) 
(MAE) = 12140 
 
BOD/COD (B) = 0.379038 + 0.294709 (BOD/COD (A)) - 
0.0012827 T                                                                                                       (3) 
(MAE) = 0.0147327 
 
NH3-N (B) = 76.0026 + 1.05163(NH3-N (A)) - 7.55458T              (4) 
(MAE) = 26.4294 
NH4-N (B) = 106.612 + 1.01412(NH4-N (A)) - 6.95143T              (5) 

(MAE) = 32.7403 
 

IV. CONCLUSIONS 
The results indicate that fresh waste leachate by circulating 

on old waste deposits method has capability to use as a 
pretreatment in organic component and nitrogen removal.  
Also, organic component removal performance was higher 
than nitrogen removal because the only process that is 
responsible for nitrogen removal is adsorption onto the old 
waste surface.  Furthermore equations base on fitted models 
on experimental data by using regression analysis were 
determined.  These equations may be helpful in prediction of 
method performance in any time period. 
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