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ABSTRACT 
Safe and reliable disposal of municipal solid wastes and residues is an important component of integrated waste management. 

Open dumps, commonly found in Asian countries, are land disposal sites at which solid wastes are disposed of in such a manner 

that does not protect the environment, susceptible to open burning, and exposed to disease vectors and scavengers. Leachate is a 

polluted liquid emanating from the base of the landfill, which contains innumerable organic and inorganic compounds generated 

due to which serious ground water contamination was observed in wells. Point sources such as landfills can release high 

concentration of contaminants into the groundwater because of migration of leachate from its bottom. The leachate is generated 

primarily as a result of precipitation on an active landfill surface, leading to the transport of organic and inorganic contaminants 

from landfill waste which is subsequently discharged into groundwater in underlying aquifer. Landfill leachate has the potential to 

contaminate the surrounding environment and impair groundwater use. An Upflow Anaerobic packed bed reactor model was used 

to predict the concentration profiles of contaminant groundwater polluted by leachate from a landfill site using the filter media. 
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INTRODUCTION 
 

A leachate is any liquid that, in the course of passing through matter, extracts soluble or suspended solids, 
or any other component of the material through which it has passed. Leachate is a widely used term in the 
environmental sciences where it has the specific meaning of a liquid that has dissolved or entrained 
environmentally harmful substances that may then enter the environment. It is most commonly used in the 
context of land-filling of putrescible or industrial waste. 

The precipitation that falls into a landfill, coupled with any disposed liquid waste, results in the extraction 
of the water-soluble compounds and particulate matter of the waste, and the subsequent formation of leachate. 
The creation of leachate, sometimes deemed "garbage soup," presents a major threat to the current and future 
quality of groundwater. 

Upflow anaerobic sludge blanket (UASB) technology, normally referred to as UASB reactor, is a form of 
anaerobic digester that is used for wastewater treatment. UASB uses an anaerobic process whilst forming a 
blanket of granular sludge which suspends in the tank. Wastewater flows upwards through the blanket and is 
processed by the upward flow combined with the settling action of gravity suspends the blanket with the aid of 
flocculants. The blanket begins to reach maturity at around three months.  
Experimental Setup: 
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Fig. 1: Schematic diagram of UASB
 
Table 1: Construction Detail of Upflow Anaerobic Packed Bed Reactor

S.NO. PARAMETER
1 Reactor Type
2 Diameter 
3 Total Height 
4 Total Volume
5 Bed Volume 
6 No. of. Sampling Ports

 
The reactor to be fed with substrate from the feed tank to the inlet pipe provided at the bottom of the 

reactor. The diameter of the feed inlet pipe is 6mm provided upside down. The effluent pipe of diameter 5mm is 
provided along the side of the UFAPBR reactor about 1
the range of 4 ml/min were maintained with two adjustable stop rings.

Two sampling ports were installed in the UFAPBR for the purpose of
i. Feed distribution  
ii.  Effluent collection 
iii.  Gas collection 

Three sampling ports were installed along the length of the UFAPBR at 15 cm intervals, starting from a 
height of 10 cm above the reactor bottom. The sampling ports of 6mm internal diameter were made of brass 
nipples was used. The sampling ports were sealed into 
In UFAPBR reactor out of three sampling ports one was below the packing media, one was at packing media 
and the other above the media fill. This was required to ascertain the role of packing mater
performance. 

 

Fig. 2: Experimental setup of UFAPBR
 
Effective microorganisms were used as seed and the reactor was seeded anaerobically with horse dung.
The purpose of packing medium is to retain solids inside the reactor, either by the 

surface of the packing medium or by the retention of solids in the interstices of the medium or below it. The 
packing media used in the study were aggregate media of round shape which can retain more biomass on 
surfaces rather than plain surfaces. Void if 90% and specific gravity less than 1. The packing media have been 
designed to occupy from the total depth of the UFAPBR to approximately 80% of the height of the reactor. 
20mm aggregates are used as filter media in this reactor.
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UASB 

Construction Detail of Upflow Anaerobic Packed Bed Reactor 
PARAMETER SPECIFICATION 
Reactor Type Cylindrical 

120 mm 
 600 mm 

Total Volume 6.750 L 
 5.99 L 

No. of. Sampling Ports 2 

to be fed with substrate from the feed tank to the inlet pipe provided at the bottom of the 
reactor. The diameter of the feed inlet pipe is 6mm provided upside down. The effluent pipe of diameter 5mm is 
provided along the side of the UFAPBR reactor about 10mm from the top of the reactor. Constant flow rate in 
the range of 4 ml/min were maintained with two adjustable stop rings. 

Two sampling ports were installed in the UFAPBR for the purpose of 

sampling ports were installed along the length of the UFAPBR at 15 cm intervals, starting from a 
height of 10 cm above the reactor bottom. The sampling ports of 6mm internal diameter were made of brass 
nipples was used. The sampling ports were sealed into the wall of the reactor with rubber cork to give tightness. 
In UFAPBR reactor out of three sampling ports one was below the packing media, one was at packing media 
and the other above the media fill. This was required to ascertain the role of packing mater

 
Experimental setup of UFAPBR 

Effective microorganisms were used as seed and the reactor was seeded anaerobically with horse dung.
The purpose of packing medium is to retain solids inside the reactor, either by the bio

surface of the packing medium or by the retention of solids in the interstices of the medium or below it. The 
packing media used in the study were aggregate media of round shape which can retain more biomass on 

lain surfaces. Void if 90% and specific gravity less than 1. The packing media have been 
designed to occupy from the total depth of the UFAPBR to approximately 80% of the height of the reactor. 
20mm aggregates are used as filter media in this reactor. 
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to be fed with substrate from the feed tank to the inlet pipe provided at the bottom of the 
reactor. The diameter of the feed inlet pipe is 6mm provided upside down. The effluent pipe of diameter 5mm is 

0mm from the top of the reactor. Constant flow rate in 

sampling ports were installed along the length of the UFAPBR at 15 cm intervals, starting from a 
height of 10 cm above the reactor bottom. The sampling ports of 6mm internal diameter were made of brass 

the wall of the reactor with rubber cork to give tightness. 
In UFAPBR reactor out of three sampling ports one was below the packing media, one was at packing media 
and the other above the media fill. This was required to ascertain the role of packing material on reactor 

Effective microorganisms were used as seed and the reactor was seeded anaerobically with horse dung. 
bio-film formed on the 

surface of the packing medium or by the retention of solids in the interstices of the medium or below it. The 
packing media used in the study were aggregate media of round shape which can retain more biomass on 

lain surfaces. Void if 90% and specific gravity less than 1. The packing media have been 
designed to occupy from the total depth of the UFAPBR to approximately 80% of the height of the reactor. 
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Working Procedure: 
Startup Phase: 

The purpose of the start-up of the high rate anaerobic process is to cultivate and to retain high concentration 
of active biomass in the reactor. The first start
long period of time and may result in the failure of the process. The start
seed sludge, the mode of process operation, waste water characteristics and environmental factors. This is a time 
consuming and delicate process, but in case of UFAPB reactor,
 
Inoculum and feeding of the reactor

The inoculum was prepared using horse dung. To begin with, the reactor was seeded with the inoculums
mixture of horse dung slurry for one month at 24hrs hydraulic retention time (HRT). This HRT facilitated the 
build-up of microorganisms on the packing m
substrate until the steady state is observed for HRT of 96hrs. After the start
with various OLR for different HRT.  
 
Treatment phase: 

In the operation phase the reactor was operated in continuous mode. UFAPBR was operated for varied HRT 
with respect to the corresponding OLR. During phase, the reactor was fed with an OLR of 0.858 kg COD/m3/d 
and operated for an HRT of 96hrs. Similarly during consecutive phases the re
72, 48 & 24 hrs at different OLR. Sampling was done only after steady state has been achieved for change in 
each HRT. 
 
Testing of Treated Samples: 
Physical characteristics: 

1. pH    
2. Turbidity   
3. Colour    
 

Chemical characteristics: 
1. Total dissolved solids      = 1023  
2. Iron and manganese        
3. Alkalinity              
4. Hardness  
5. Calcium   
6. Magnesium   
7. Nitrate    
8. Chloride  = 432 – 223 mg/lt.
9. Fluoride  = 1.8- 0.8 mg/lt.
10. Sulphate  = 503 – 177 mg/lt.
 

Results: 
UFAPB reactor was operated for a period of 180 days. The experimental study was to investigate the 

performance of UFAPB reactor at different HRTs. The UFAPB reactor was operated at a HRT of 24, 48, 72 and 
96 hrs for the corresponding OLR.  

 
1. pH: 

Graph 1: Comparison of pH values for various HRTs
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up of the high rate anaerobic process is to cultivate and to retain high concentration 
of active biomass in the reactor. The first start-up of an anaerobic process is considered critical as it may req
long period of time and may result in the failure of the process. The start-up is affected by factors such as the 
seed sludge, the mode of process operation, waste water characteristics and environmental factors. This is a time 

process, but in case of UFAPB reactor, 

Inoculum and feeding of the reactor: 
The inoculum was prepared using horse dung. To begin with, the reactor was seeded with the inoculums

mixture of horse dung slurry for one month at 24hrs hydraulic retention time (HRT). This HRT facilitated the 
up of microorganisms on the packing medium and at the bottom. Then the reactor was fed with the 

substrate until the steady state is observed for HRT of 96hrs. After the start-up period the bioreactor was fed 
with various OLR for different HRT.   

actor was operated in continuous mode. UFAPBR was operated for varied HRT 
with respect to the corresponding OLR. During phase, the reactor was fed with an OLR of 0.858 kg COD/m3/d 
and operated for an HRT of 96hrs. Similarly during consecutive phases the reactor was operated for HRT 96, 
72, 48 & 24 hrs at different OLR. Sampling was done only after steady state has been achieved for change in 

= 7.39 – 6.54. 
= 1 – 0.75mg/lt. 
= Pale white. 

solids      = 1023  387 mg/lt. 
  = 0 mg/lt. 
 =472 – 133 mg/lt. 

=500 – 130 mg/lt. 
=120 – 56 mg/lt. 
=68 – 20 mg/lt. 
=123 – 20 mg/lt. 
223 mg/lt. 

0.8 mg/lt. 
177 mg/lt. 

UFAPB reactor was operated for a period of 180 days. The experimental study was to investigate the 
performance of UFAPB reactor at different HRTs. The UFAPB reactor was operated at a HRT of 24, 48, 72 and 
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UFAPB reactor was operated for a period of 180 days. The experimental study was to investigate the 
performance of UFAPB reactor at different HRTs. The UFAPB reactor was operated at a HRT of 24, 48, 72 and 
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Turbidity, Iron And Manganese: 
 

Graph 4.2: Comparison of turbidity, iron and manganese values for various HRTs
 
Total Dissolved Solids: 

 

Graph 3: Comparison of TDS for various HRTs
 
Alkalinity: 
 

Graph 4: Comparison of alkalinity values for various HRTs
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Comparison of turbidity, iron and manganese values for various HRTs 

 
Comparison of TDS for various HRTs 

 
Comparison of alkalinity values for various HRTs 
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Hardness: 
 

 
Graph 5: Comparison of hardness values for various HRTs
 
Calcium: 
 

 
Graph 6: Comparison of calcium values for various HRTs
 
Magnesium: 
 

 
Graph 7: Comparison of magnesium values for various HRTs
 
Nitrate: 
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Comparison of hardness values for various HRTs 

 

Comparison of calcium values for various HRTs 

 

Comparison of magnesium values for various HRTs 
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Graph 8: Comparison of nitrate values for various HRTs
 
Chloride: 
 

 
Graph 9: Comparison of chloride values for various HRTs
 
Fluoride: 

 

 
Graph 10: Comparison of fluoride values for various HRTs

 
Sulphate: 
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Comparison of nitrate values for various HRTs 

 

Comparison of chloride values for various HRTs 

 

Comparison of fluoride values for various HRTs 
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Graph 11: Comparison of sulphate values for various HRTs

 
Mathematical Modelling Of Ufapbr:
Mccarty And Young Modelling For Important Parameters

 
Alkalinity: 

 

Graph 12: McCarty and Young modeling for alkalinity removal efficiency
 
TDS: 
 

 
Graph 13: McCarty and Young modelling for TDS removal efficiency
 
Hardness: 
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Comparison of sulphate values for various HRTs 

: 
Mccarty And Young Modelling For Important Parameters: 

 
McCarty and Young modeling for alkalinity removal efficiency 

 

McCarty and Young modelling for TDS removal efficiency 
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Graph 14: McCarty and Young modeling for hardness removal efficiency
 
Nitrate: 

 

 
Graph 15: McCarty and Young modeling for nitrate removal efficiency

 
From the graph it has been seen that, the 100% removal efficiency can be predicted at 105 hrs HRT for 

alkalinity. Anyhow, 100% removal efficiency cannot be achieved even at higher HRTs because of 
organics present in the biodegradable wastes. Similarly the modelling is done for all other parameters and 100% 
removal efficiency can be found out.
 
Conclusions: 

The results obtained from the present study reveals that the application of UFAPB reactor can successfully 
treat polluted ground water at mesophilic temperature. From the performance evaluation of UFAPB reactor the 
following conclusions were drawn: 

A start-up period of 45 days was required to achieve the steady
The results show that by increasing the HRTs, the treatment of polluted ground water was more effective 

with gradual increased in all removal efficiencies. 
At 96hrs HRT, the overall removal efficiency obtained for all parameter are as follows:
i. pH – 6.54 – 6.62 
ii. Turbidity – 62.5% 
iii. Iron and manganese – 100%
iv. Alkalinity – 71.82% 
v. TDS – 62.17% 
vi. Hardness – 74% 
vii. Nitrate – 83.74% 
viii. Sulphate – 64.81% 
ix. Chloride – 48.38% 
x. Calcium – 53.33% 
xi. Magnesium – 70.59% 
xii. Fluoride – 55.55% 
Hence it may be conclude that maximum HRT is the optimum for the bioreactor & horse dung is the 

optimum inoculum for seeding.  
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McCarty and Young modeling for hardness removal efficiency 

 

McCarty and Young modeling for nitrate removal efficiency 

From the graph it has been seen that, the 100% removal efficiency can be predicted at 105 hrs HRT for 
alkalinity. Anyhow, 100% removal efficiency cannot be achieved even at higher HRTs because of 
organics present in the biodegradable wastes. Similarly the modelling is done for all other parameters and 100% 
removal efficiency can be found out. 

The results obtained from the present study reveals that the application of UFAPB reactor can successfully 
treat polluted ground water at mesophilic temperature. From the performance evaluation of UFAPB reactor the 
following conclusions were drawn:  

up period of 45 days was required to achieve the steady-state phase with an HRT of 96hrs. 
The results show that by increasing the HRTs, the treatment of polluted ground water was more effective 

with gradual increased in all removal efficiencies.  
rs HRT, the overall removal efficiency obtained for all parameter are as follows:

100% 

Hence it may be conclude that maximum HRT is the optimum for the bioreactor & horse dung is the 
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From the graph it has been seen that, the 100% removal efficiency can be predicted at 105 hrs HRT for 
alkalinity. Anyhow, 100% removal efficiency cannot be achieved even at higher HRTs because of refractory 
organics present in the biodegradable wastes. Similarly the modelling is done for all other parameters and 100% 

The results obtained from the present study reveals that the application of UFAPB reactor can successfully 
treat polluted ground water at mesophilic temperature. From the performance evaluation of UFAPB reactor the 

state phase with an HRT of 96hrs.  
The results show that by increasing the HRTs, the treatment of polluted ground water was more effective 

rs HRT, the overall removal efficiency obtained for all parameter are as follows: 

Hence it may be conclude that maximum HRT is the optimum for the bioreactor & horse dung is the 
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It is evident that the UFAPB reactor can be effectively used for the treatment of polluted ground water in 
developing countries like India, since the system can be designed with relatively short & high HRTs. 

McCarty & Young mathematical modelling has also been evaluated and modified to fit into the 
experimental condition which gives overall removal efficiency same as that of laboratory results. 

7Hence mathematical modelling can be used to improve and control the existing UFAPB so allows to study 
the consequences for the reactor performance of different types of substrate, different inlet substrate 
concentration, different flow rates and different kinds of biomass. 
 
Recommendations: 

The study can be performed on the Biogas production for varied HRT and Biogas composition.  
Microbial population can be identified in the reactor using Scanning Electron Microscope (SEM).  
Two stage anaerobic treatment of domestic wastewater using Hybrid Up flow Anaerobic Filter can be 

studied using other different packing media.  
Varying the material, size, shape and surface area of the packing media the study can be performed.  
Anaerobic process could also be followed by aerobic processes for effluent polishing to utilize the benefits 

of both processes. 
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