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Abstract 
 
 
 
SRV återvinning AB is a joint-stock waste company located in the south of Stockholm. Since 
the first operation, three landfills have been practiced successively. The landfill generates 
about 200,000 to 250,000 cubic meters of leachate per year. An on-site leachate treatment 
plant consists of sequencing batch reactor (SBR) and constructed wetland was build for 
Landfill III. The research was to find out: 
 
- the capacity and efficiency of the existing on-site leachate treatment plant;  
- to analyse the costs and environmental benefits of different alternatives; and 
- using the above results, to assess and suggest supplementary methods to treat total landfill 

leachate concerning the site-specific conditions.  
 
This thesis contains a literature review of leachate production and composition as well as 
leachate treatment technologies. The technologies are described, evaluated or compared. The 
contents of this thesis divided into 11 chapters. Various calculations and assumptions that 
have been developed for effective controlling and treating leachate from landfills.  
 
Chapter 1 is devoted to basic facts of the leachate problems at SRV återvinning AB. Chapter 2 
presented the methodologies that have been set up for solutions and suggestions. Chapter 3 
provides a general background of the generation and compositions of waste leachate. A 
general overview of leachate treatment methods and systems is presented in Chapter 4. Costs 
of different leachate treatment methods is also exhibited. Chapter 5 provides a detailed current 
situation review of SRV återvinning AB on landfilling site, leachate quality and quantity and 
the existing treatment plant. Chapter 6 showed the previous application experience from other 
treatment plant. The calculation and comparison procedure for the capacity and efficiency of 
the plant at the landfill is presented in Chapter 7. Different alternatives to solve the leachate 
problem concerning the site-specification are proposed in Chapter 8. Their applicability, 
effectiveness are analyzed. Chapter 9 provides detailed discussion of alternatives and 
calculation procedure. After the conclusion of the thesis, recommendations for the further 
work are presented. 
 
This thesis will provide SRV återvinning AB different alternatives to solve leachate problems. 
Finally, considering the site-specification, economic perspective and environmental benefits, 
applying reverse osmosis after SBR as final step; the combination of aerated lagoon, sand 
filter and soil infiltration are proposed. Furthermore, the control of leachate production is also 
taken into account. Eventually, recommendations for the further work were presented. 
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1. INTRODUCTION 
 
SRV återvinning AB is a joint-stock company located in the south of Stockholm which is 
owned by five municipalities, namely Botkyrka, Haninge, Huddinge, Nynäshamn and Salem. 
They have grant SRV återvinning AB the commission to gather and handle waste produced in 
the region, by different technologies, such as sorting, landfilling, composting, digesting, etc. 
 
Since the first operation in 1938 at site Gladö, three landfills have been practiced. So far, the 
first landfill has already been capped because of its maximum capacity, and landfill II will be 
covered 2007 as well. Nowadays, solid waste is mostly landfilled in landfill III. Because of 
modern landfill design, according to latest regulations on landfilling, it can and will be 
utilized within a long period. 
 
The leachate water, which is produced from the landfills I and II, is collected into different 
ponds (L1, L2) and delivered to Stockholm Vatten AB directly for treatment. Since there are 
different waste categories at the municipal landfill, the generated leachates composition is 
quite complicated, including metals, hazardous, organic compounds etc. Besides two leachate 
ponds mentioned above, a brand new plant with a number of collecting ponds and a combined 
local leachate treatment station has been build as to store and treat the leachate water from 
landfill III. 
  
Through periodic environmental inspections, SRV återvinning AB found out that leachate 
water continuously contains high level of nitrogen, BOD and metals. Moreover, there is 
potential risk that the sewage treatment work pipes will be destroyed. Due to the highly 
pollutive nature, the treatment of landfill leachate becomes a particularly critical part in 
landfill management.  
 
For a long time, leachate water has been treated by Stockholm Vatten AB. However, since the 
leachate contains rather high levels of organic and inorganic pollutants such as ammonium, 
ions, heavy metals, hydrogen sulphide and some unknown toxic compounds, it should be 
treated before passing into the sewer or receiving water course. Moreover, the leachate is 
collected by a system of pipes from which leachate is pumped to leachate treatment plant. 
While the system only works well when new, leachate collection systems can clog up in less 
than ten years. Pipes become clogged by silt, the growth of micro-organisms or precipitating 
minerals. There is also the danger that the collection pipes will collapse as they become 
weakened by chemical attack. Last but not the least, the toxicity in leachate has potential 
adverse impact on sewage sludge. Under such unseen risk, the sludge might not be used as 
fertilizer in the future. As mentioned before, after 2007, there is a slight chance that 
Stockholm Vatten AB will accept that SRV återvinning AB directly discharge leachate water 
to the sewage treatment system, which contains the above-mentioned substances with such 
high concentrations. 
 
In the near future, the problems have to be solved by SRV återvinning itself. Indeed, the 
company owns treatment plant, which will be put into practice soon. But before applied, the 
treatment efficiency should be evaluated to check out how much nitrogen compounds, BOD 
and metals could be handled and decreased. Because of lacking previous experience or 
treatment performance data, there is no guarantee that high levels of treatment can be 
achieved. In such cases, methods that reflect site-specific conditions, and a full consideration 
of cross-media impacts should be proposed for SRV återvinning AB as to find out the 
preferred methods that reduce the leachate contaminants rather that simply transferring the 
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environmental problem to another medium. To be successful in the treatment of landfill 
leachate, close examinations of leachate flow, leachate composition, and the variability in its 
compositions on a long-term basis are needed. As leachate composition varies temporally, an 
adopted treatment technology should reflect these changes either.  
 
In order to provide better knowledge and suggestions to decide how to solve the leachate 
problems, a research and development project work was started at SRV återvinning and this 
master thesis work has been carried out correspondingly. 
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2. METHODOLOGY 
 
2.1 AIMS AND OBJECTIVES 
 
The study focuses on decreasing the impact of leachate on surroundings from landfilling by 
SRV.  
 
More precisely the project’s aims are: 
- to evaluate the capacity and efficiency of the existing leachate treatment systems 
- to analyse the costs and environmental benefits of different alternatives; and  
- using the above results, to assess and suggest supplementary methods to treat landfill 

leachate concerning the site-specific conditions.  
 
2.2 LIMITATIONS 
 
Since it is a quite broad project topic, unfortunately, many of aspect and question cannot be 
considered and studied further and deeper. The site-specific conditions in the report are 
defined as the leachate quality and quantity from SRV’s landfill and the local climate. 
However, the meteorology, site topography, cover soil and vegetation as well as site 
hydrogeology have not been taken into account. Moreover, the project mainly focuses on the 
comparison between different end-of-pipe techniques as to find out the best available solution 
to treat leachate water, therefore, it is only based on a short-term perspective. Whereas, 
landfill leachate management needs to be sustainable, which means that it has to be more 
intimately incorporated in landfill process design, in order to get an overall efficient leachate 
treatment as well as reasonable treatment cost. These parts could be recommendations for 
further research. 
 
2.3 METHODOLOGY 
 
The project aims and objectives were outlined above. This section describes how the aims and 
objectives will be met through the project’s methodology. 
 
Objective: Evaluate the capacity and efficiency of the existing leachate treatment systems 
 
As it is a brand new treatment system and has not been used yet, the capacity and efficiency 
of the operation schemes only could be calculated by the data from other parts and theoretic 
data.  
 
Objective: Analyze the methods’ treatment cost and environmental benefits; assess and 
suggest supplementary methods to treat landfill leachate concerning the site-specific 
conditions. 
 
Step 1. Gathering Information 
 
(1) Characterize leachate generation rates and actual leachate volume from existing landfill 
cells. 
(2) Determine the chemical and physical characteristics of the leachate and predict variations 
in leachate characteristics over time. 



 4

(3) Review the available wastewater and leachate treatment alternatives and present effective 
leachate treatment train. 
(4)  Estimate leachate treatment costs of the techniques. 
 
Step 2. Suggestion of supplementary methods 
 
According to the coarse estimation of the treatment capacity and efficiency of existing 
treatment plant, three main strategies can be considered to solve SRV’s leachate problems. 
They are: 
(1) Control and minimize the leachate production 
(2) Improve and develop the existing treatment plant 
(3) Design and construct a new leachate treatment plant for leachate from landfill I and II. 
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3. LEACHATE GENERATATION AND COMPOSITION 
 
3.1 LEACHATE GENERATION 
 
In most climates rain and snowfall will either infiltrate the cover soil or leave the site as 
surface runoff, depending on surface conditions. The infiltrated water that is not subsequently 
lost by evapotranspiration or retained as soil moisture will percolate down through the waste 
deposit and generate the leachate.   
 
Leachate generation (flow) varies from site to site and over time at the same site. The water 
content of the waste being landfilled is usually below saturation (actually field capacity) and 
will result in absorption of infiltrating water before drainage in terms of leachate is generated. 
The water absorption capacity of the landfilled waste and its water retention characteristics 
are very difficult to specify due to the heterogeneity of the waste. Furthermore, these 
characteristics may change over time as the waste density is increasing and the organic 
fraction, which dominates the water retention, is degraded in the landfill. (Christensen et.al) 
 
Among the many factors that contribute to this variability are the local climate and 
meteorology, site topography, cover soil and vegetation, and site hydrogeology. Climate and 
meteorology (rainfall, temperature, humidity) determine the availability of water for leachate 
production; Site topography affects surface runoff patterns and the quantity of water available 
for infiltration; Improvement of top covers and establishing short-rotation tree plantations on 
landfill sections have proven an effective means of reducing the leachate generation rate; Site 
hydrogeologic characteristics such as depth to water table and the ground-water flow regime 
influence the extent of ground-water intrusion into the disposal site. (J.L.McArdle et. al) 
 
3.2 LEACHATE COMPOSITION 
 
Leachate from the landfills contains a vast number of specific compounds, which exhibits 
high concentration of dissolved organic (BOD, COD, TOC), toxics (TOX), and metals; high 
colour, odour, and turbidity; and low pH. In some cases, specific organic compounds in 
micro-amounts which may make it an impossible task analytically to determine all relevant 
compounds. Before selection of proper leachate treatment processes, data on composition of 
the leachated in question must be available. 
 
The factors that have the greatest effect on leachate composition are those that influence the 
degradation of the waste and those that affect the mobilization of waste components and 
degradation products. 
 
Landfilled waste are degraded both chemically and biologically. The chemical composition of 
leachate depends on several parameters, such as waste composition, pH, redox potential and 
landfill age. Biological decomposition occurs in two main stages, which in turn is aerobic 
degradation stage and anaerobic degradation stage. The only layer of a landfill involved in 
aerobic metabolism is the upper layer where oxygen is trapped in fresh waste and is supplied 
by rainwater. During the initial aerobic stage, the acetogenic fermentation is enhanced, the 
producing leachate characterised by high BOD, COD and ammoniacal nitrogen contents. 
Volatile fatty acids (VFA) are the main components of the organic matter released, besides 
the lower pH solubilises metals (S.Baig et al, 1998). Gradually, as oxygen is depleted, 
however, aerobic microoganisms give way to anaerobes. Mainly two different phases can be 
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identified in landfills during the anaerobic decomposition of waste: acid phase, which causes 
a decrease of pH in the leachate but high concentrations of organic acids and inorganic ions 
(for example, Cl-, SO4

2-, Ca2+, Mg2+, Na+) and the methanogenic phase. Heavy metal 
concentrations are in general comparatively low. Leachate from the acid phase is therefore 
characterized by high BOD values (commonly> 10,000mg/l), high BOD/COD ratios 
(commonly >0.7) and acidic pH values (typically 5-6). (Stegmann and Spedlin, 1989). The 
stable methanogenic phase of anaerobic degradation is characterized by a pH range from 6 to 
8. At this stage, the composition of leachate is characterized by relatively low BOD values 
and low ratios of BOD/COD. Ammonia continues to stay at a relatively high level. 
(Christensen et.al).  
 
Leachate quality strictly relies on physical, chemical and biological processes which occur in 
landfills. However, recent research shows that the younger landfills leachate concentrations of 
COD, BOD and TOC are lower than the landfills some ten years before. This can be 
explained by developments in the technology of waste landfilling where in many younger 
landfills waste compaction in thin layers is practised. In addition also the composition may 
have been changed (less biodegradable waste). These effects may result in a shortening of the 
acid phase to an accelerated production of methane and carbon dioxid. (Gianni.A et al, 1992) 
 
Though leachate composition may vary widely within different stages three types of leachates 
can be defined according to landfill age. (Table 3.1)  
 

Leachate type Young Intermediate Stabilized 
Landfill age yr <5 5-10 >10 

pH <6.5 7 >7.5 
COD g/l >20 3-15 <2 

BOD/COD >0.3 0.1-0.3 <0.1 
TOC/COD 0.3 - 0.4 

Organic matter 70-90% VFA 20-30%VFA HMW 
Nitrogen 100-2000mg/l TKN 
Metals g/l 2 <2 <2 

 
Table 3.1 Three types of leachate defined by landfill age and their chaacterization (S.Baig et 
al, 1998) 
 

 
 
Figure 3.1 The concentration of contaminants in the leachate varies with time (CEPIS/OPS, 
1998) 
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The concentration of most contaminants in the leachate varies with time. This is shown in a 
generalized way in Table 3.1 and Fig. 3.1. Most contaminants, especially biodegradable 
organics, tend to reach peak concentrations in the leachate in the earlier months of leaching 
and then reduce subsequently. However, some contaminants such as poorly biodegradable 
organics and iron tend to persist in the leachate for several years. Each year's refuse will have 
a different age and thus will be at a different point on the time axis in Fig. 3.1. The older 
refuse will be producing leachate with contaminant concentrations represented by the right-
hand side of Fig. 3.1, while the left-hand side applies to younger leachate. Thus the leachate 
produced in the 10th year will have contaminant concentrations which are weighted averages. 
They will be averaged from different sections of the landfill having refuse of different ages 
and different leaching histories. It is also apparent from this analysis that contaminants are 
contributed to the leachate for many years after the site is closed. (CEPIS/OPS, 1998) 
 
All these information indicate that (1) leachate quality is high variable; (2) the quality of 
leachate will change with age, and therefore, the treatment facility must be flexible or 
upgraded to treat the changing leachate quality; (3) analytical data should be developed for 
specific conditions. 
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4. OVERVIEW OF LEACHATE TREATMENT 
TECHNOLOGY 
 
This section profiles different unit processes with demonstrated applicability to the treatment 
of waste leachate. The technologies are classified as physical treatment operations, chemical 
treatment operations, biological treatment operations and nature treatment systems. They are 
presented in Table 1. 
 
Technology Operation Application 

Soil Filtration 
Artificial Soil Filtration 

Filtration 

Sand Filter 
Adsorption Activated Carbon 

Ion Exchange Peat Filter 
MF and UF Membrane Filtration 
Reverse Osmosis 

Evaporation  

 
 
 

Physical 
Treatment 

Stripping Ammonia Stripping 
Precipitation/Flocculation/Sedimentation  Chemical 

Treatment Chemical Oxidation/Reduction  
Activated Sludge 
Sequencing Batch Reactor 
(SBR) 
Aerated Lagoon 
Rotating Biological Contactor
(RBC) 
Suspended Bio-film 

Aerobic BOD Reduction 

Trickling Filter 
Anaerobic Filter 
Upflow Anaerobic Sludge 
Bed Reactor (UASB) 

Anaerobic BOD Reduction 

Recirculation 
Nitrification 

 
 
 
 
 

Biological 
Treatment 

Biological Nitrogen Reduction 
Denitrification 
Irrigation 
Overland Flow 
Constructed Wetlands 

Natural 
Treatment 

Systems 

Assimilation/Infiltration 

Aquatic Systems 
 

Table 4.1 The overview of leachate treatment technology 
 
 
4. 1 PHYSICAL TREATMENT OPERATIONS 
 
4.1.1  Filtration 
 
Filtration is a physical process whereby suspended solids are removed from leachate by 
forcing the fluid through a porous medium. The most common and conventional one is a soil 
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filter. After that, the aritificial soil filtration bed and sand filter are developed and applied in 
wastewater and leachate treatment. 
 
Soil filters are permeable upland areas that soak up and cleanse runoff as it travels through the 
soil toward groundwater. The soil acts as a filter by removing sediment and other pollutants. 
Oxygen inside the soil filter aerates the wastewater and fuels the microbes that break down 
pollutants. Soil filters have been widely used since the 1970's to treat wastewater at sites 
where soil conditions (high water table and slowly permeable clays) hinder the performance 
of a standard septic system. Under these circumstances, wastewater is pumped from the septic 
tank into the soil filter, may require a second pass through the septic tank and filter system to 
remove nitrogen. (IWS, 2007) 
 
In artificial soil filtration bed systems, the effluent to be treated percolates through the mixed 
soil layer or biologically active soil and then drains through a pipe at the base of the bed. 
Thus, within the soil, a range of processes exist that allow the transformation of 
environmentally undesirable components of waste water or leachate. (DEH, 2004)  

Sand filters have proven effective in removing several pollutants from waste leachate. There 
are two main sand filter designs currently in common use: the conventional sand filter and 
continuous up-flow sand filter.  

Conventional sand filters are constructed beds of sand or other suitable granular material 
usually two to three meters deep. The filter materials are contained in a liner made of 
concrete, plastic, or other impermeable material. Depending on the design, the filter may be 
situated above ground, partially above ground, or below ground, and the filter surface may be 
single pass or covered. If covered, it should be vented to maintain aerobic conditions. Partially 
treated wastewater or leachate is applied to the filter surface in intermittent doses and receives 
treatment as it slowly trickles through the media. The treated water then collects in an under 
drain and flows to further treatment and/or disposal. (Pipeline, 1997) 

Continuous upflow sand filter is performed in a deep sand bed, shown in Figure 2. Upflow 
inlet water is introduced into the bottom of the filter, then flows upward through the inlet tube 
(H) and is evenly distributed into the sand bed through the open bottom of an inlet distribution 
hood (A). The influent flows upward, through the downward moving sand bed (B), with the 
solids being removed. The clean filtrate exits from the sand bed, overflows a weir (C), and is 
discharged from the filter (D). Simultaneously, the sand bed, along with the accumulated 
solids, is drawn downward into the suction of an airlift pipe which is positioned in the center 
of the filter. A small volume of compressed air is introduced into the bottom of the airlift (E). 
The air lifts the dirty sand up the airlift pipe. The impurities are scoured loose from the sand 
during this violently turbulent upward flow. Upon reaching the top of the airlift (F), the dirty 
slurry spills over into the central reject compartment. The splash hood (Q) protects water 
coming over to the effluent weir (C). The sand is returned to the sand bed through the gravity 
washer/separator (G) which allows the fast settling sand to penetrate, but not the dirty liquid. 
The washer/separator is placed concentrically around the upper part of the air-lift and consists 
of several stages to prevent short circuiting. By setting the reject weir (J) below the filtrate 
weir (C), a steady stream flows upward, counter-current to the sand, through the washer 
section, over the sand distribution cone (P). A continuous reject flow exits near the top of the 
filter (K), carrying away the dirt and impurities removed in the filter. Since the sand has a 
higher settling velocity than the dirt particles, it is not carried out of the filter. The clean sand 
is then redistributed after exiting the bottom of the gravity washer/separator. The sand bed is 
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continuously cleaned while both a continuous filtrate and a continuous reject stream are 
produced. (HEI, 2006) 

 

 

Figure 4.1 Schematic flow diagram of a continuous sand filter (Source: HEI, 2006) 

Applicability to Waste Leachate 

Filtration is useful as a pretreatment step for adsorption processes, membrane separation 
processes and ion exchange processes, which are rapidly plugged or fouled by high loadings 
of suspended solids.  
 
Filtration may also be used as a polishing step after precipitation/flocculation or biological 
processes for removal of residual suspended solids in the clarifier effluent. In these 
applications, filtration should be preceded by gravity sedimentation of suspended solids to 
minimize premature plugging and backwashing requirements. 
 
Filtration are well developed processes currently being used in a wide varity of application 
and is judged to be a good candidate for leachate treatment. For example, soil filter is a rather 
common method used in Sweden for leachate treatment because of its low energy 
requirements and  operational cost.  
 
4.1.2 Adsorption 
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Adsorption is the process of accumulating substances that are in solution on a suitable 
interface. It is a mass transfer operation in that a constituent in the liquid phase is transferred 
to the solid phase. The principal types of adsorbents include activated carbon, synthetic 
polymeric and silica-based adsorbents. Because activated carbon is used most commonly in 
advanced wastewater treatment applications, the focus of the following discussion is mainly 
on activated carbon. 
 
Carbon adsorption is a separation technique for removing dissolved organics, as well as 
residual amounts of inorganic compounds such as nitrogen, sulfides, and heavy metals from 
leachate. Activated carbon, which has been specially processed to develop internal porosity, is 
characterized by a large specific surface area (700 to 1800 m2/g). Contaminants are adsorbed 
from the leachate onto the carbon surface and held there by physical and chemical forces.  
 
The various means of contacting wastewater with granular activated carbon include fixed-bed, 
expanded-bed, and moving-bed columns. In the fixed-bed column, wastewater is distributed 
at the top of the column, flows downward through the carbon bed (which is supported by an 
under drain system), and withdrawn at the bottom. When the pressure drop through the 
column becomes excessive (from the accumulation of suspended solids), the column is taken 
off line and backwashed with the treated effluent; the backwash water is then returned to the 
headwords of the plant for treatment. In the expanded-bed contactors, water is introduced at 
the bottom of the column and flows upward through the bed at a velocity sufficient to suspend 
the carbon. Backwashing is not required because suspended solids pass through the bed with 
the effluent. In the moving-bed contactors, wastewater is introduced at the bottom of the 
column and flows upward through the carbon bed. Spent carbon is withdrawn intermittently 
from the bottom of the column and replaced with fresh carbon at the top; this, in effect, 
creates a counter current flow of carbon and water. (Advanced Water Treatment) 
 
In Sweden, activated carbon is often filled in a tank. During the treatment process, wastewater 
enters the tank and makes fully contact with activated carbon. Afterwards, the activated 
carbon can be precipitated in the following sedimentation stage.  
 
Activated carbon has a fixed adsorptive capacity. Breakthrough occurs when this capacity is 
approached, as indicated by elevated concentrations of organics in the adsorbed effluent. 
Because of this breakthrough phenomenon, two columns are usually operated in series and a 
third ready to come on line when one of the columns is exhausted. The spent carbon may then 
be regenerated on site, returned to the supplier for regeneration, or disposed of offsite. 
 
Applicability to Waste Leachate 
 
Activated carbon adsorption is a well-developed process that has become recognized as 
standard technology for the treatment of most waste leachate. It is especially well suited for 
the removal of mixed organic contaminants, including volatile organics, phenols, pesticides, 
PCB’s, and foaming agents. (McArdle, et al) 
 
Effective pretreatment of leachate is critical to the successful operation of activated carbon 
adsorption units. If not removed in pretreatment, suspended solids and oil and grease will 
accumulate on the surface and in the first few inches of carbon. This blinds the adsorber and 
greatly increases the pressure drop across the filter bed. 
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Economical application of activated carbon depends on an efficient means of regenerating and 
reactivating the carbon after its adsorptive capacity has been reached. After those processes, a 
4 to 8 percent loss of carbon is assumed, due to handling. Replacement carbon must be 
available to make up the loss. (Advanced Water Treatment) 
 
However, it has been shown to be an expensive approach in numerous instances because of 
the high cost of regeneration. Therefore, carbon adsorption is not used commonly in Sweden. 
But it is still an effective nad promising method for leachate treatment because it can catch 
different problematic contaminants. 
 
4.1.3 Ion Exchange 
 
Ion exchange is a unit process in which ions of a given species are displaced from an 
insoluble exchange material by ions of a different species in solution. Ion exchange has been 
used in leachate treatment applications for the removal of nitrogen compunds, heavy metals, 
and total dissolved solids. 
 
Ion exchange processes can be operated in a batch or continuous mode. In a batch process, the 
resin is stirred with the leachate to be treated in a reactor until the reaction is complete. The 
spent resin is removed by settling and subsequently is regenerated and reused; in a continuous 
process, the exchange material is placed in a bed or a packed column, and the leachate to be 
treated is passed through it. Continuous ion exchangers, shown in Figure 4.2, are usually of 
the downflow, packed-bed column type. Leachate is introduced at the top of the column under 
pressure, passes downward through the resin bed, and is removed at the bottom. When the 
resin capacity is exhausted, the column is first backwashed to remove trapped solids and then 
regenerated with an appropriate chemical solution. The column may be regenerated 
cocurrently or counter-currently to the service flow; however, the latter method is generally 
more effective. Finally, the resin is rinsed to remove excess regenerant prior to initiation of 
the next work cycle. (Advanced Water Treatment) 
 
For some applications, peat can be used as a ion exchanger. Peat is not a homogeneous 
material. The natural variation of peat composition is fairly large. The usual classification of 
peat is based on its botanical origin and on its degree of degradation. Sphagnum-peat, which 
is common in Swedish wetlands, is, according to Bergner, the best peat to use for metal 
separation in liquids. It is mainly the capacity of retaining metals that makes peat interesting 
for ion exchange purpose. However, peat is a weak trap for organic matter, considering that 
peat mainly consists of organic carbon, which is normally considered as a strong sorbent of 
organic material. (Kylefors, 1997) 
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Figure 4.2 Schematic diagram of a continuous ion exchanger with countercurrent regeneration 
(Source: MEL, 2006) 
 
Applicability to Waste Leachate 
 
Ion exchange has been widely used in wastewater applications, however, the applicability of 
this process to the treatment of hazardous waste leachate is probably limited to use as a final 
polishing stage where effluent is discharged to sensitive surface waters. Technically, ion 
exchange is not suitable for removal of high concentrations of dissolved solids because the 
exchange resin is rapidly exhausted, and costs for regeneration become prohibitively high. 
(McArdle, et al) 
 
Extensive pretreatment is required prior to ion exchange in waste leachate treatment system. 
For example, high concentrations of ionic species should be removed through the less costly 
process of precipitation/flocculation/sedimentation. 
 
The periodic regeneration of ion exchange resins results in a contaminant-laden waste stream 
that requires further treatment or disposal. 
 
I n sweden, peat filters are in use for some leachate treatment applications. 
 
4.1.4 Membrane Filtration Processes 
 
Filtration, as defined before, involves the separation (removal) of particulate and colloidal 
matter from a liquid. In membrane filtration the range of particle sizes is extended to include 
dissolved constituents (typically 0.0001 to 1.0 µm). 
 
Membrane processes include microfiltration (MF), ultrafiltration (UF), nanofiltration (NF), 
reverse osmosis (RO), dialysis, and electrodialysis (ED). In the following some of them are 
presented. 
 
Microfiltration and ultrafiltration are membrane process capable of separating solution 
components on the basis of molecular size, shape, and flexibility. The semipermeable 
membrane acts as a sieve to retain dissolved and suspended macromolecules that are 
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physically too large to pass through their pores, which range in size from (0.1 to 10µm) and 
(0.005 to 0.1µm) respectively. 
 
Reverse osmosis is the process of pushing a solution through a filter that traps the solute on 
one side and allows the pure solvent to be obtained from the other side. More formally, it is 
the process of forcing a solvent from a region of high solute concentration through a 
membrane to a region of low solute concentration by applying a pressure in excess of the 
osmotic pressure. This is the reverse of the normal osmosis process, which is the natural 
movement of solvent from an area of low solute concentration, through a membrane, to an 
area of high solute concentration when no external pressure is applied. Problems associated 
with RO include the need for pretreament to remove solids and membrane due to precipitation 
of insoluble salts, but sometimes the membrane could be cleaned. 
 
The operation of membrane processes is rather simple. A pump is used to pressurize the 
leachate and to circulate it through the module. A valve is used to maintain the pressure of 
retentate. The permeate is withdrawn, typically at atmospheric pressure. As constituents 
accumulate on the membranes, the pressure builds up on the feed side, the membrane flux 
starts to decrease. When the performance has deteriorated to a given level, the membrane 
modules are taken out of service and are backwashed chemically.  
 
Applicability to Waste Leachate 
 
Microfiltration and ultrafiltration has been proved to be effective as a process in the removal 
of large organics from aqueous leachate streams. The greatest potential for application of 
these membrane technologies probably involves sites where leachate contains only one 
primary contaminant. As membranes exhibiting greater productivity and chemical resistance 
are developed, microfiltration and ultrafiltration have become more viable treatment 
alternatives. 
 
Because of the delicate nature of reverse-osmosis membranes and the strength and complexity 
of leachate, it has not been widely applied to the full-scale treatment of waste leachate, but 
just primarily as a polishing step subsequent to other more conventional processes. Reverse 
osmosis can remove dissolved inorganics (metals, metal-cyanide complexes, and other ionic 
species) and high-molecular-weight organics (e.g., pesticides) from leachate. In order to 
protect reverse osmosis membranes, the pretreatment is necessary. Normally, some 
combination of filtration, chlorination, carbon adsorption, and pH adjustment will be required. 
As more resistant membranes are developed, reverse osmosis will become a more technically 
and economically viable alternatives. 
 
The popularity of membrane filtration technologies depends on the development of new and 
lower cost membranes. Other key factors are energy consumption and product recovery 
values. It is important to note that the operating pressure values for all of the membrane 
processes are considerably lower than comparable values of 5 years ago. It is anticipated that 
operating pressures will continue to go down as new membranes are developed. 
 
4.1.5 Evaporation 
 
Evaporation is a solution where liquid changes from a liquid to a gaseous state. In the 
evaporation process, wastewater is heated until the water vapour is formed. This vapour is 
continuously removed and condensed as an overhead product. In this manner, clean water is 
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recovered and the solutes contained in the original wastewater are concentrated. The solutes 
may be contaminants, or useful chemicals or reagents, such as copper, nickel, or chromium 
compounds, which are recycled for further use. (EPA, 1996) 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Figure 4.3 Leachate evaporation tower (Photograph from LFG-based Landfill Leachate 
Treatment Facility) 
 
Applicability to Waste Leachate 
 
Some have seen evaporation as the solution of leachate problems. Figure 4.3 shows an 
example of on-site leachate evaporation tower. During the process, the leachate is separated 
into a clean, condensed water phase and a solid phase bearing all pollution. However, in 
reality, it is quite difficult to achieve solid phase because the temperature and pressure 
problems. Experiments tested a novel evaporation technique applying a thin plastic film as a 
heat-transfer surface. The leachate is acidified (pH<4) before feeding it to the evaporation 
facility. The leachate partly evaporates when it comes into contact with the heat-transfer 
surface and the generated vapour is compressed. The compressed vapour is fed to the other 
side of the heat-transfer surface and is used as a heat source. The evaporation is carried out in 
a vacuum and at a relatively low temperature (50-60 ºC). The technique has only been tested 
on the pilot scale using low-contaminated leachate. The results showed that chloride and 
nitrogen remain almost completely, and concentration of organic material in the condensate is 
very low. However, the total content of TS increases clearly and as much as 65% of the TS in 
the concentrate are caused by the addition of acid. The sulphate content in the concentrate is 
still very high. Actually, there is no sustainable handling of the concentrate. It is suggested 
that the concentrate should be returned to the landfill after neutralisation treatment, but the 
neutralisation (with NaOH) involves further additions of elements to the landfill. Furthermore, 
sodium may give negative effects if the leachate is used for irrigation purposes. Although the 
quality of concentrate from the pilot-scale experiments was good and no further treatment was 
required, the evaporation might not be a wise and reasonable treatment alternative. (Kylefors, 
1997) 
 
4.1.6 Stripping 
 
Stripping is a kind of mass-transfer treatment process that uses air or stream to remove 
volatile organic compounds from leachate. Several types of air stripping devices could be 
found, including diffused aerators, mechanical surface aerators, coke tray aerators, sprays and 
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spray towers, and packed towers (counter-current and cross-flow). Counter-current packed 
towers are best suited for leachate treatment applications, because 
 

·They provide the greatest gas-liquid interfacial area for mass transfer 

·They can be operated at higher air-to-water volume ratios than the other devices 

·Emissions to the atmosphere are more easily controlled  
 
A counter-current packed tower consists of a cylindrical shell containing randomly dumped 
packing on a support plate. Leachate is distributed uniformly on top of the packing with 
sprays or distribution trays and flows downward by gravity. The liquid can be redistributed at 
regular intervals to prevent channelling of the flow along the wall. Air is blown upward 
through the packing by forced or induced draft and flows counter-currently to the descending 
liquid. The volatile organics stripped from the leachate by the rising air are discharged to the 
atmosphere through the top of the column; effluent is discharged from the bottom of the 
column. (J.L. McArdle et al) 
 
Applicability to Waste Leachate 
 
Stripping is a physico-chemical process suitable for ammonia and other volatile and slightly 
water soluble organics removal from wastewater. Because the vapour/liquid equilibrium 
behaviour of a compound varies with temperature and the presence of other constituents, 
stripping efficiency should be determined in advanced. 
 
The ammonia stripping consists of increasing the pH to 10.5-11.5, thus moving the 
equilibrium existing in aqueous phase towards ammonia gas  
    

NH4
+ + OH-  NH3 + H2O 

 
Air stripping allows NH3 transport from the liquid to the gas phase. Recently, such stripping 
processes have been considered a useful complement for treatment of residuals from other 
processes, such as concentrates from reverse osmosis. (Cossu et al.) 
 
High-temperature air stripping, in which the feed is preheated, has been applied to remove 
some chemicals that are not easily stripped at ambient temperatures. Pre-treatment requires 
for air stripping include removal of suspended solids and separation of nonaqueous phases. 
 
Nowadays, air stripping is mainly used as to strip ammonia out of water phase. It can also 
decrese the concertation of CO2 as to fertilize chemical precipitation.  
 
Because stripping process essentially transfers volatile contaminants from the aqueous 
leachate to the air stream, air emission limitations for ammonia and volatile organic 
compounds (VOC’s) typically can not allow this action. Therefore, the polluted air stream 
need to be treated before discharging to the atmosphere but not transfering problems. 
 
 
4.2 CHEMICAL TREATMENT OPERATIONS 
 
4.2.1 Precipitation/Coagulation/Flocculation/Sedimentation 
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Combined precipitation/flocculation/sedimentation is the most common method of removing 
suspended solids, soluble metals, as well as removing suspended COD, etc. from wastewater. 
Precipitation involves the addition of chemicals to the wastewater to transform dissolved 
contaminants into insoluble precipitates. Flocculation promotes agglomeration of the 
precipitated particles, which facilitates their subsequent removal from the liquid phase by 
sedimentation (gravity settling) and/or filtration. 
 
Precipitation/flocculation/sedimentation is applicable to the removal of most metals [arsenic, 
cadmium, chromium (Ш), copper, iron, lead, mercury, nickel, and zinc] as well as suspended 
solids and some anionic species (phosphates, sulphates, and fluorides) from the aqueous phase 
of wastewater.  
 
Because of the unstable influent flow rate and unknown metal content of wastewater, 
chemical dosages are rather difficult to control. Thus, equalization should be provided prior to 
precipitation. Also, nonaqueous liquids, including oils and miscible organics, should be 
removed during pre-treatment. 
 
Because precipitation of most metals is conducted at an elevated pH, neutralization of the 
effluent may be required, particularly if a pH-sensitive biological treatment unit is included 
downstream. Precipitation/flocculation/sedimentation generates large amounts of wet sludge 
that is likely to be considered hazardous because of its metal content. (McArdle, et al) 
 
Applicability to Waste Leachate 
 
Duing the leachate treatment process, metals can be precipitated from wastewater as 
hydroxides, sulphides, or carbonates by adding an appropriate chemical precipitant and 
adjusting the pH to favour insolubility. Although better removal efficiencies are possible with 
sulphide precipitation because of the low solubility of metal sulphides, hydroxide 
precipitation with lime or caustic as the precipitant is practiced more widely because of its 
materials-handling and cost advantages. 

In the precipitation process, chemical precipitants, coagulants, and flocculantation are used to 
increase particle size through aggregation. The precipitation process can generate very fine 
particles that are held in suspension by electrostatic surface charges. These charges cause 
clouds of counter-ions to form around the particles, giving rise to repulsive forces that prevent 
aggregation and reduce the effectiveness of subsequent solid-liquid separation processes. 
Therefore, chemical coagulants are often added to overcome the repulsive forces of the 
particles. The three main types of coagulants are inorganic electrolytes (such as alum, lime, 
ferric chloride, and ferrous sulphate), organic polymers, and synthetic polyelectrolyte with 
anionic or cationic functional groups. The addition of coagulants is followed by low-sheer 
mixing in a flocculator to promote contact between the particles, allowing particle growth 
through the sedimentation phenomenon called flocculants settling. (FRTR, 2003) 

Flocculants settling refers to a rather dilute suspension of particles that coalesce, or flocculate, 
during the sedimentation operation. As coalescence or flocculation occurs, the particles 
increase in mass and settle at a faster rate. The amount of flocculation that occurs depends on 
the opportunity for contact, which varies with the overflow rate, the depth of the basin, the 
velocity gradients in the system, the concentration of particles, and the range of particles 
sizes. The effects of these variables can only be accomplished by sedimentation tests. (FRTR, 
2003) 



 18

The processes of precipitation, flocculation, coagulation and sedimentation can be carried 
either in separate basins, or in a single basin. For those steps, they require different reaction 
conditions. Precipitation needs rapid mixing to effect complete dispersion of the chemical 
precipitant, whereas flocculation requires slow and gentle mixing to promote particle contact 
and sedimentation often lasts longer time for the better settling result.  
 
4.2.2 Chemical Oxidation/Reduction 
 
Oxidation/reduction reactions are those in which the valence state of one reactant is raised 
while that of another is lowered. 
 
Chemical oxidation converts molecular structure of hazardous contaminants to non-hazardous 
or less toxic compounds that are: more stable, less mobile, and/or inert. The oxidizing agents 
most commonly used are ozone, hydrogen peroxide, hypochlorite, chlorine, chlorine dioxide 
and UV-radiation. These oxidants have been able to cause the rapid and complete chemical 
destruction of many toxic organic chemicals; other organics are amenable to partial 
degradation as an aid to subsequent bioremediation. (FRTR, 2003) 
 
Chemical reduction is transfer of electrons between ions resulting in a lower valence state in 
reduced elements. Different valence states of an element have different reactive properties. 
Hexavalent chromium (Cr+6) forms very soluble, non-reactive compounds in groundwater and 
is highly toxic to organisms and plants, whereas trivalent chromium (Cr+3) forms insoluble 
mineral precipitates and is considerably less toxic. To this point, chemical reduction may be 
used to transfer heavy metals to a less toxic form. Chemical reduction of organics can be 
accomplished by activated catalytic metals such as aluminium, zinc, and iron at room 
temperature. (ESTCP, 2006) 
 
Wet air oxidation is one of available technologies for the treatment of waste leachate. It is the 
aqueous-phase oxidation of concentrated organic and inorganic wastes in the presence of 
oxygen at elevated temperature (400-573k) and pressure (0.5-20MPa). In the wet air oxidation 
process, the influent is pumped under high pressure through a series of heat exchangers to 
preheat the feed. Preheated influent enters the pressurized reactor with compressed air or 
high-pressure pure oxygen and reacts for a period ranging from a few minutes to several 
hours. From the reactor, the hot oxidized effluent is cooled by heat exchange with the feed 
before exiting through a pressure-reducing station. After pressure letdown, the vapour and 
liquid components of the cooled effluent are separated. The vapour passes through an air 
pollution control device and is vented to the atmosphere. The liquid is discharged to a 
subsequent treatment process. (McArdle, et al) 
 
Applicability to Waste Leachate 
 
Oxidation/reduction technology is well developed and has many applications. The most 
applications of oxidation/reduction to waste leachate include cyanide destruction and the 
reduction of hexavalent chromium to the less hazardous trivalent form.  
 
Pre-treatment requirements for oxidation/reduction operations are minimal and typically 
include only equalization and sedimentation.  Oxidation/reduction of metals is usually 
followed by chemical precipitation/sedimentation, which produces a wet sludge. In such 
cases, the oxidation/reduction step is included to facilitate precipitation or to generate a less 
hazardous sludge.  
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Compared to biological oxidation, treatment with chemical oxidation/reduction methods is 
costly, because of the oxidizing/reducing agents’ demand of the target organic chemicals and 
the unproductive agents’ consumption of the formation. Therefore, chemical 
oxidation/reduction is not a realistic method for complete treatment for leachate, but could be 
an alternative in combination with other treatment methods. 
 
 
4.3 BIOLOGICAL TREATMENT OPERATIONS 
 
4.3.1 Aerobic BOD reduction treatment 
 
Aerobic treatment requires the presence of free oxygen as an electron acceptor in the 
metabolism of the involved organisms. Organic material is broken down and degraded to 
carbon dioxide and water, as well as a fairly large cell production by using aerobic bacteria. 
Reduced forms of nitrogen are converted to nitrate by aerobic treatment, and sulphur and 
metals are oxidised, forming compounds with oxygen. A side effect of aerobic treatment is 
the precipitation of many metals, for example as hydroxides, oxides and metal-metal 
complexes. In the following context, several practical technologies are discussed. 
 
4.3.1.1 Activated Sludge 
 
The activated-sludge process is a suspended-growth, biological treatment process that uses 
aerobic micro-organisms to biodegrade organic contaminants in leachate. With conventional 
activated-sludge treatment, the leachate is aerated in an open tank basin with diffusers or 
mechanical aerators.  After the aeration phase, the mixed liquor (the mixture of micro-
organisms and the treated water) is pumped to a gravity clarifier to settle out the micro-
organisms. A high percentage of the settled biomass is recycled to the aeration tank to 
maintain the design mixed-liquor suspended solids level, and the excess sludge is wasted. 
 
Variations in the conventional activated-sludge process have been developed to provide 
greater tolerance for shock loadings, to improve sludge settling characteristics, and to achieve 
higher BOD7 removals. Process modifications include complete mixing, step aeration, 
modified aeration, extended aeration, contact stabilization, and the use of pure oxygen. (EPA 
1982a). 
 
Applicability to Waste Leachate 
 
Actually, biological processes are the most cost-effective means for reducing the organic 
content of leachate, particularly when complete onsite treatment is required.  
 
Because of the sensitivity of the system, when applied into practice, activated sludge should 
be preceded by equalization to buffer hydraulic and organic load variations; precipitation/ 
flocculation/ sedimentation to remove metals and suspended solids; neutralization to adjust 
the pH to near neutral; and nutrient addition to provide adequate levels of nitrogen, 
phosphorus, and trace elements. Leachate containing a high fraction of nonbiodegradable 
(refractory) organics will require post-treatment by carbon adsorption before final effluent 
discharge. Filtration might also be an alternative to remove residual suspended solids. 
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Process residuals from activated-sludge treatment of leachate include waste activated sludge, 
which may contain high concentrations of refractory organics removed by adsorption onto 
solids, and air emissions of VOC’s that are stripped from the wastewater during aeration, 
should be treated afterwards by other technologies.  
 
4.3.1.2 Sequencing Batch Reactor (SBR) 
 
The sequencing batch reactor (SBR) is an activated sludge, biological nutrient removal 
(nitrification/denitrification) process, based on a cycle of operation. Unlike conventional, 
continuous-flow, activated-sludge systems, which have separate tanks for equalization, 
aeration, and clarification, the SBR performs all operations in a single tank. Here’s what the 
E.P.A has to say: 
        “The SBR process has widespread application where mechanical treatment of small 
wastewater flows is desired. Because it provides batch treatment…it is ideally suited for…. 
wide variations in flow rates…operation in the “fill and draw” mode prevents the “washout” 
of biological solids that often occurs with extended aeration systems…. Another advantage of 
SBR systems…. is that they require less operator attention yet…. produce a very high quality 
effluent.”  

                            
EPA Manual, “Wastewater Treatment/Disposal for small communities,” 

 Office of Research &Development, Office of water, Sept. 1992 
 
 
Each cycle of the batch operation involves five phases of treatment in time sequence, as 
illustrated in Figure 2 and described below: 
 

 Fill. Leachate is fed to the SBR, which contains an acclimated biomass from the 
previous cycle. Aeration may or may not be provided during the fill phase. 

 React. The reactor contents are actively mixed and aerated to allow the 
microorganisms to aerobically degrade the organic matter present in the leachate. 

 Settle. Mixing and aeration are stopped, and the suspended solids are allowed to settle 
under quiescent conditions. 

 Draw. Clarified supernatant is withdrawn from the reactor for further treatment and 
discharge. 

 Idle. Settled solids are retained in the reactor for the next cycle. A portion of the 
settled sludge may be wasted during the idle phase. However, in most cases, the idle 
phase is not used at all. 

 
                                       

                       
  
Figure 4.4 Five phases of treatment in the operation of a sequencing batch reactor   (Source: 
Walden, 2001) 

 
Applicability to Waste Leachate 
 
The sequencing batch reactor, like the conventional activated-sludge process can be used in 
order to biodegrade organic contaminants (BOD) and also to remove nitrogen compounds in 
leachate. The SBR is particularly applicable to the treatment of leachate that is not generated 
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in sufficient volume to justify a continuous-flow process. With a SBR, the leachate can be 
accumulated in a holding tank for intermittent treatment. The SBR also has greater 
operational flexibility to accommodate changing feed characteristics (flow and/or organic 
loading) and can achieve more complete treatment through adjustment of reaction parameters 
than the conventional activated-sludge system. 
 
For the same reasons as previous discussion on the activated-sludge process, therefore, 
chemical equalization of the reactor feed should be provided. Because of the turbid nature of 
the SBR effluent, filtration normally will be required as post-treatment. In order to meet 
discharge limitations, polishing methods can be combined, e.g. carbon adsorption. Finally, 
waste activated sludge and treatment of air emission VOC should also be considered. 
 
4.3.1.3 Aerated Lagoon 
 
An aerated lagoon is a holding and/or treatment pond that speeds up the natural process of 
biological decomposition of organic waste by stimulating the growth and activity of bacteria 
that degrade organic waste. It is an extend aeration, activated sludge process without sludge 
recycling. This system usually requires relatively deeper stabilization pond. Oxygen can be 
input into the process either by pumping it into the base of the pond, or by lifting the liquids 
into the air. There are many ways in which this can be achieved. There are, however, many 
other critical aspects to the use of this technology, such as sludge removal rates, that will 
require to be addressed in the operational design of such systems. 
 
Aerated lagoons can be an efficient treatment stage for landfill leachate treatment. The basic 
idea is that the retention time of the leachate is long enough so that as many bacteria can 
develop per time as the number that has been transported out of the lagoon with the effluent. 
Long retention times are also necessary in order to oxidize ammonia nitrification especially 
during low temperatures. The maintenance and operation costs are relatively low. The 
detention times that are necessary are in the range of 50-100 days. (Stegmann et al, 2005) 
 
In Sweden, aerated lagoon is seen as an effective leachate treatment method and used very 
common. 
 
4.3.1.4 Rotating Biological Contactor (RBC) 
 
The rotating biological contactor (RBC) is an attached-growth, aerobic biological treatment 
process. An RBC consists of a series of closely spaced plastic disks on a horizontal shaft. The 
assemblage is mounted in a contoured-bottom tank containing the water to be treated so that 
the disks are partially (about 40%) immersed (Figure 4). The disks, which eventually develop 
a slime layer 2 to 4 mm thick over the entire wetted surface, rotate slowly through the water 
and alternately contact the biomass with the organic matter in the wastewater and then with 
the atmosphere for adsorption of oxygen. Excess biomass on the media is stripped off by 
rotational shear forces, and the stripped solids are held in suspension with the wastewater by 
the mixing action of the disks. The sloughed solids are carried with the effluent to a clarifier, 
where they are settled and separated from the treated waste. 
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Figure 4.5 Schematic diagram of a rotating biological contactor (Source: JSIM, 2006) 
 
Applicability to Waste Leachate 
 
Rotating biological contactors can be used for treatment of leachate containing readily 
biodegradable organics. Although not as efficient as conventional activated-sludge systems, 
RBC’s are better able to withstand fluctuating organic loadings because of the large amount 
of biomass they support (EPA 1982a). 
 
Like other biological processes, RBC’s are easily inhibited or ineffective at high 
concentrations of metals, refractory organics, or other toxic conditions. Equalization, metals 
precipitation, and neutralization should be considered as pre-treatment requirements. Post-
treatment will involve clarification for removal of biological solids and carbon adsorption for 
removal of residual organics.  
 
4.3.1.5 Trickling Filter 
 
The trickling filter is an attached-growth; aerobic biological treatment process in which 
leachate is continuously distributed over a bed of rocks or plastic medium that supports the 
growth of micro-organisms. Schematic diagram of a trickling filter is illustrated in Figure 4.6. 
 
The wastewater trickles through the filter bed, contacts the slime layer formed on the medium, 
and is collected by an under-drain system. The micro-organisms assimilate and oxidize 
substances in the leachate; as the micro-organisms grow, the slime layer increases. Periodic 
sloughing of the slime layer into the under-rain system results from organic and hydraulic 
loadings on the filter, and a new slime layer begins to grow. Sloughed solids are separated 
from the treated effluent by settling. 
 
Trickling filters operate under short hydraulic retention times that do not allow for complete 
biodegradation of organics; as a result, effluent recirculation is required to increase the net 
contact time of the leachate with the biomass and achieve high organic removal efficiency. 
Recirculation also provides a constant hydraulic loading and dilutes high-strength leachates 
(EPA 1982a). Effluent recirculation is essential for trickling filters constructed with plastic 
medium, which has a high percentage of void space, to ensure that the medium is thoroughly 
wetted and will sustain microbial growth and promote effective sloughing.    
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Figure 4.6 Schematic diagram of a trckling filter (Source: NESC, 2004) 
 
Applicability to Waste Leachate 
 
Trickling filters may be used to biodegrade nonhalogenated and certain halogenated organics 
in leachate. Although not as efficient as suspended growth biological treatment processes, 
trickling filters are more resilient to variations in hydraulic and organic loadings. For this 
reason, they are best suited to use as “roughing” or pre-treatment units that precede more 
sensitive processes such as activated sludge. Trickling filters method consumes relatively low 
amounts of energy. Treating high organic polluted leachates may result in a clogging by mean 
of precipitates and/or produced biomass. 
 
4.3.1.6 Suspended Biological Reactor 
 
The suspended biological reactor is filled with a specially designed biofilm carrier elements 
which is free floating and moving around in reactor with a mixer or air mixer. The medium 
provides an effective biofilm surface. Simultaneously, biomass is trapped inside the carrier 
elements, providing additional surface for the bioculture. The reactor tank is aerated through a 
coarse bubble air distribution system at the bottom of the tank, with air supply from aside 
channel air blower. (EECUSA, 2006)  
 
Applicability to Waste Leachate 
 
Biological leachate treatments in moving biofilm processes have a potential advantage 
compare to activated sludge processes, because of less vulnerability with respect to sludge 
loss and because biofilm processes, in general, are more compact with a smaller footprint. As 
soon as biofilm mass has been accumulate, the reactor volume can be favourably exploited. 
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However, the microorganisms living in the biofilm are simultaneously and adequately 
supplied--throughout the reactor—with both substrate and oxygen. Mass transfer to the 
biofilm organisms is controlled by the hydrodynamic conditions in the reactor. Therefore, 
major attention has to be placed on hydrodynamic aspects in reactor development and design. 
 
4.3.2 Anaerobic BOD reduction treatment 
 
Anaerobic treatment is the biological treatment without use of air or elemental oxygen. Many 
applications are directed towards the removal of organic pollution in wastewater, leachate 
(containing high concentrations of organic acids), slurries and sludge. Organic pollutants are 
converted by anaerobic micro organisms to a gas containing methane and carbon dioxide, 
known as “biogas”. (Anaerobic Biotechnologies, 2003) 
 
In addition to purification with regard to organic material, anaerobic treatment also has good 
effect on removal of metals. In comparison with aerobic treatment, the removal of nitrogen 
compounds and some other nutrients is fairly small in anaerobic treatments because of a 
relatively low sludge formation. (Kylefors 1997) 
 
In sum, anaerobic treatment is ideal in the respect that the process allows energy conservation, 
and normally produces a usable by-product, methane gas. It always requires low amount of 
nutrient to feed microoganisms. Because it is the oxygen-free process, there is no aeration 
equipment needed. Moreover, after treatment, a high degree of waste stabilization can be 
achieved.  
 
On the other hand, there are several disadvantages for the anaerobic treatment. They can be 
best summarized as the following points: 1) relatively long periods are required to start-up 
process; 2) sensitivity to variable loads and possible toxicity problems; 3) anaerobic processes 
have been traditionally limited to pre-treatment applications; 4) additional treatment could be 
required to meet discharge standard; 5) high temperature required to fast the process. 
 
4.3.2.1 Up-flow Anaerobic Filter/Anaerobic Sludge Bed Reactor (UASB) 
 
Rectors for anaerobic wastewater treatment are most often of the fixed film type, such as 
anaerobic filters. Such reactors are relatively insensitive to loading variations and standstills, 
and, since leachate contains relatively little particulate matter, the clogging of filters is not too 
fast. Examples of filter materials used are plastic, stone or solid wastes. However, in due time 
an anaerobic filter will clog, primarily due to the formation of calcium carbonates and other 
carbonate precipitates. (Mennerich 1988) 
 
The upflow anaerobic sludge bed (UASB) reactor (Figure 4.7) technology is considered a 
breakthrough in the development and application of anaerobic high-rate technology for 
wastewater treatment. In addition, the UASB lends itself to a design where liquid, gas and 
solid phases can be separated within the one vessel. 
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Figure 4.7 Schematic diagram of the upflow anaerobic filter process 

(Source: EPA 625/R-00/008) 
 
Applicability to Waste Leachate  
 
The upflow anaerobic sludge bed (UASB) reactor because of ease operation, minimal sludge 
production, and energy efficiencies is taken into consideration in some situations for leachate 
treatment. Additionally, during the process, methane as the by-product could be used as fuel. 
However, pre-treatment for suspended solids removal might be needed. A lower quality 
effluent will be produced by UASB and it is necessary to combine post-treament afterwards. 
 
4.3.2.2 Recirculation of Leachate 
 
Leachate recirculation is one of many techniques used to treat leachate from landfills. During 
the recirculation process, the leachate is returned to a lined landfill for rein filtration into the 
municipal solid waste. This is considered a method of leachate control because when the 
leachate continues to flow through the landfill, it is treated through biological processes, 
precipitation, and sorption again. This process also benefits the landfill by increasing the 
moisture content which in turn increases the rate of biological degradation in the landfill, the 
biological stability of the landfill, and the rate of methane recovery from the landfill.  
 
There are several methods of leachate recirculation. These include: 
 
- Direct application to the waste during disposal 
During this process the leachate is added to the incoming solid waste while it is being 
unloaded, deposited, and compacted. The problems with this method include odour problems, 
health risks due to exposure, exposure to landfill equipment and machinery, and off-site 
migration due to drift. This method also requires a leachate storage facility for periods such as 
high winds, rainfall, and landfill shutdowns when the leachate cannot be applied.  
 
- Spray Irrigation of landfill surface 
Here leachate is applied to the landfill surface in the same method that irrigation water is 
applied to crops. This method is beneficial because it allows the leachate to be applied to a 
larger portion of the landfill, and because the leachate volume is reduced due to evaporation. 
However, the disadvantages associated with direct application are associated with this method 
as well. 
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- Surface application 
This is achieved through ponding or spreading the leachate. The ponds are generally formed 
in landfill areas that have been isolated with soil berms or within excavated sites in the solid 
waste. The disadvantages of these methods include an increase in the amount of required land 
area, and monitoring of the ponds to detect seepage, leaks, and breaks that would make it 
possible for leachate to escape directly or with storm water runoff. 
 
- Subsurface application 
This is achieved through placing either vertical recharge wells or horizontal drain fields 
within the solid waste. There is a large amount of excavation and construction required with 
this method, but the risk of atmospheric exposure is drastically reduced. (Syed R. Qasim, et al 
1994) 
 
4.3.3 Biological nitrogen reduction 
 
Nitrogen is the domint nutrient salt in waste leachate. The nigrogen occurs mainly as 
ammonium nitrogen and as organic nitrogen. The contents of oxidised nitrogen (nitrite and 
nitrate) are generally negligible. Therefore, nitrification and denitrification are essential 
processes of leachate treatment. (Kylefors 1997) 
 
- Nitrification 
 
Nitrification is the biological oxidation of ammonium with oxygen into nitrite followed by the 
oxidation of these nitrites into nitrates. The nitrification process is performed by two kinds of 
bacteria in co-operation. The fist step is done by bacteria of Nitrosomonas and the oxidation 
from nitrite to nitrate is done by Nitrobacter.  
 
Nitrification is a process of nitrogen compound oxidation: 

           2NH4
+ + 3O2  2NO2

- + 2H+ +2 H2O 
       
            NO2

- + H2O  NO3
- + 2H+  

 
It can be seen from the reaction that hydrogen ions are released. In order to prevent a 
depression of the system pH, any leachate that is to be treated must have a sufficient pH-
buffering capacity. (Wikipedia, 2006)  
 
The following factors influence nitrification: (Kylefors 1997) 
 
(1)  The compostion of the leachate 
       - pH 
       - the amount of easily degradable organic material 
       - the concentration of ammonium 
       - the content of nutrients (especially phosphorous) 
       - the presence of toxic compounds 
 
(2) Physical factors 
       - the temperature 
       - the amount of dissolved oxygen 
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       - the amount of mixing 
 
(3) Time factor 
       - process initiation 
       - the retention time 
       - the time needed for adaptation of biomass  
 
Applicability to Waste Leachate 
 
Nitrification process is widely applied to leachate treatment. As mentioned above, there are 
several factors inhibite nitrification. Some of aspected should be considered when utilizing 
nitrification.  
 
As to avoid rate limitations, the dissolve oxygen should always be above 2 mg/l. (Mennerich 
1998). Because of nitrifying bacteria are autotrophic, the absence of inorgainc carbon (CO2) is 
usually not a limiting factor, but the amount of organic carbon, on the other hand, may limit 
the nitrification. If the content of organic material is too high, rapidly growing bacteria that 
degrade organic material can out compet the nitrifiers. The nitrification is also inhibited by a 
low pH in the system. The pH should be above 7.2 to obtain an effective nitrification.  
 
The temoperature is important for the rate of nitrification. Experiment result show that a rise 
in temperature from 10 to 20 ºC will increase the rate of nitrification about 2.3 times. (Knox 
1985) 
 
Nitrification can ,as much as othe biological processes, be inhibited by a shortage of nutrients. 
 
Biological processes can adapt to give conditions. Leachate often contains high amount of 
dissolved ion-salts. Mennerich (1988) has shown that it is possible to adapt nitrifiers to high 
ionic-strength-conditions. 
 
- Denitrification 
 
Denitrification is an anoxic process in which either organic or inorganic electron-donating 
substrates are oxidized at the expense of reducing nitrate (NO3

-) or nitrite (NO2
-) to dinitrogen 

gas (N2). Dinitrogen is an inert gas that accounts for 70% of atmosphere; thus the 
denitrification process converts nitrate- or nitrite- pollutants into environmentally benigning 
products. (Kylefors 1997) 
 
Denitrification includes several part reactions and intermediate products. One description of 
the reaction sequence could be: 

             NO3
-  NO2

-  NO  N2O  N2 
 
Intermediated products may accumulate. The most common factors influencing this 
accumulation are: 

 
 Too few electron donors (carbon source) in relation to electron acceptors (nitrogen 

oxides) (thus the reaction slows or stops at NO2
- or N2O). 

 Too short incubation time in relation to the reaction rate. 
 Production of toxic products inhibiting the process. 



 28

 
Applicability to Waste Leachate 
 
Denitrification processes are becoming popular as a post treatment method in order to remove 
nitrogen nutrients before treated effluents are discharged into environment. The removal of 
nitrogen nutrients is important to prevent eutrophication in receiving waters. Effluents from 
anaerobic treatment will typically contain nitrogen in the form of ammonium (NH4

+). 
Ammonium must first be oxidized by chemotrophic bacteria nitrate with oxygen (known as 
nitrification), prior to applying the denitrification process. (Anaerobic Biotechnologies, 2003) 
 
With practical application, it is common to combine denitrification and nitrification. The 
treatment of of aerated lagoon and SBR is generally preceded by an anoxic step intended for 
denitrification to revomce nitrogen compounds. During the anoxic step, the organic material 
of the leachate may be used as a reduction agent. There might be a need for further additions 
of reduction agent. More than 80% reduction of nitrate should normally be the result in 
denitrification (Tiedje 1988). 
 
 
4.4 NATURAL TREATMENT SYSTEMS 
 
4.4.1 Irrigation 
 
Irrigation may be defined as the application of water to soil for the purpose of supplying the 
moisture essential for plant growth. Irrigation plays a vital role in increasing crop yields and 
stabilizing production. In arid and semi-arid regions, irrigation is essential for economically 
viable agriculture, while in semi-humid and humid areas, it is often required on a 
supplementary basis.  
 
The requirements of making the irrigated farming a success are equally applicable when the 
source of irrigation water is treated wastewater. Nutrients in municipal wastewater and treated 
effluents are a particular advantage of these sources over conventional irrigation water 
sources and supplemental fertilizers are sometimes not necessary. However, additional 
environmental and health requirements must be taken into account when treated wastewater is 
the source of irrigation water.  
(FAO, 1992) 
 
The irrigation system consists of parts for collection, storage, pumping and distribution of the 
leachate over the treatment area. The location of the treatment area could be a completed part 
of the landfill or on ground situated outside the landfill, such as forests or meadow-land. The 
leachate is most commonly distributed by sprinklers or by tubes lying above ground and 
equipped with slitses or adjustable valves at suitable distances. 
 
Applicability to Waste Leachate 
 
With the help of irrigation, the leachate quantity could be reduced through increased 
evaporation. Meanwhile, the nutrient content in leachate will also be decreased, partly 
because of the incorporation of nutrients in vegetation and partly because of other processes 
in the soil. Nitrogen can be converted by nitrification/denitrification, and a major part of the 
phosphorous can be adsorbed in the soil. Organic materials in low doses are degraded by 
microorganisms. Metals can be oxidised and precipitated or be sorbed to the soil particles. 
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For the realistic application, the possible hydraulic loading on an irrigation area is mainly 
dependent on the structure of soil and vegetations’ tolerance of water saturation. Leachate 
supply influences the ground environment. The leachate addition will, for example, cause a 
change in pH, concentrations of nutrients, and water and salt content because of assimilation 
effects. (Kylefors 1997) 
 
4.4.2 Overland flow 
 
Overland flow treatment refers to a specific microbial remediation technique that has minimal 
infiltration of wastewater. Treatment by overland flow consists of the application of 
wastewater along the upper portion of a uniformly sloped strip of herbaceous—vegetation, 
allowing it to flow over the vegetated surface for aerobic treatment. Overland flow design 
consists of dosing the flow every two to four days over the treatment area. The size of the 
filter is based upon a loading rate for the soil and a minimum flow contact time. 
 
The cover crop is an important component of the overland flow system since it prevents soil 
erosion, provides nutrient uptake and serves as a fixed-film medium for biological treatment. 
Crops best suited to overland flow treatment are grasses with a long growing season, high 
moisture tolerance and extensive root formation. Reed canary grass has very high nutrient 
uptake capacity and yields good quality hay; other suitable grasses include rye grass and tall 
fescue. (FAO, 1992) 
 
Applicability to Waste Leachate 
 
Suspended and colloidal organic materials in the leachate are removed by sedimentation and 
filtration through surface grass and organic layers. Removal of total nitrogen and ammonia is 
inversely related to application rate, slope length and soil temperature. Phosphorus and trace 
elements removal is by sorption on soil clay colloids and precipitation as insoluble complexes 
of calcium, iron and aluminium. Overland flow systems also remove pathogens from effluent 
at levels comparable with conventional secondary treatment systems, without chlorination. A 
monitoring programme should always be incorporated into the design of overland flow 
projects both for leach ate water and effluent quality and for application rates. 
 
4.4.3 Constructed wetlands 
 
Wetlands are commonly known as biological filters, providing protection for water resources 
such as lakes, estuaries and ground water. Although wetlands have always served this 
purpose, research and development of wetland treatment technology is a relatively recent 
phenomenon.  
 
The goal of wastewater treatment is the removal of contaminants from the water in order to 
decrease the possibility of detrimental impacts on humans and the rest of the ecosystem. 
Wetlands have proved to be well-suited for treating municipal wastewater (sewage), 
agricultural wastewater and runoff, industrial wastewater, landfill leachate-water and storm-
water runoff from urban, suburban and rural areas.  
 
Before describing the proven capabilities of constructed wetlands, it is essential to understand 
that constructed wetlands are only part of a multi-part treatment system. When properly 
designed, built, and operated, constructed wetlands can remove following pollutants: 
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- BOD (Biological Oxygen Demand) 
- TSS  (Total Suspended Solids) 
- Nitrates 
- Metals (ionic and solid form) 
- Petroleum hydrocarbons 
 
Constructed wetlands can be counted on to remove 40%-80% of the total nitrogen in 
wastewater. Removal rates vary seasonally, being greater in the summer. 
 
There are two types of wetlands—free water surface wetlands (FWS) and subsurface flow 
wetlands (SF). See Figure 4.8. 
 
 

 
 
 
                     Figure 4.8  Wetland with surface flow and wetland with subsurface flow 
                                      (Source: EDIS Image Page) 
 
Each type has its advantages and disadvantages and they must be properly evaluated in the 
context of the collection system, the possible methods of discharge of treated effluent, and 
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permit requirements. Although the technology is apparently simple, understanding the proper 
role of each type of wetlands it is a non-trivial process requiring experienced designers to 
properly evaluate the most appropriate system. 
 
Wetlands rely on self-maintaining, self-regulating biological processes. In this respect they 
are similar to wastewater stabilization lagoons. However, unlike lagoons they are more 
efficient and therefore require less land. Their big advantages over other technologies that 
accomplish the same tasks are that they do not need energy. (NSI, 2006) 
 
Applicability to Waste Leachate 
 
Constructed wetlands are primarily biological filters that are very effective in removing BOD, 
TSS, and organic nitrogen. Nitrates are almost totally removed. Because of the reduced BOD 
and TSS, subsequent treatment processes such as infiltration basin, or other soil based systems 
(overland flow, irrigation) work much more effectively. The constructed wetlands can be also 
suitable for controlling race metals, and other toxic materials. (FRTR, 2006) 
 
In fact, besides biological process, a number of physical, chemical processes operate 
concurrently in constructed wetlands to provide contaminant removal. These processes 
include sedimentation, plant uptake, chemical adsorption and precipitation, and volatilization. 
Removal of contaminants may be accomplished through storage in the wetland soil and 
vegetation, or through losses to the atmosphere. 
(William F. DeBusk, 1999) 
 
4.4.4 Aquatic systems 
 
Aquatic systems are large basins filled with wastewater undergoing some combination of 
physical, chemical, and/or biological treatment processes that render wastewater more 
acceptable for discharge to the environment. They are not widely used because they tend to be 
large area, require some form of fencing to minimize human health risk, often require 
supplemental treatment before discharge or reuse and are approved in only a few countries. 
(EPA, 2003) 
 
Aquatic systems consist of ponds with floating vegetation, which release oxygen through 
photosynthesis above the water surface and they also restrict the atmospheric oxygen 
diffusion. Consequently, floating aquatic plant systems are oxygen-deficient, and aerobic 
processes are largely restricted to the plant root zone. Roots are essential for the 
microbiological transformation as they supply the microorganisms with surfaces for growth. 
 
There are three primary mechanisms when floating aquatic plant systems treat wastewater: 

 
- Metabolism through a mixture of facultative microbes on plant roots, suspended in the 

water column and in the detritus at the pond bottom,  
- Sedimentation of wastewater solids and of internally produced biomass (dead plants and 

microbes), and  
- Incorporation of nutrients in living plants and subsequent harvest. Floating aquatic plant 

systems are typically effective in reducing concentrations of BOD and suspended solids. 
Nitrate nitrogen may be removed by denitrification. Total nitrogen and phosphorous 
removal can be consistently accomplished if the plants are harvested routinely. (Kylefors 
1997) 
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Applicability to Waste Leachate 
 
Experiment results showed that aquatic systems are capable of 75 to 95% BOD removal. In 
summer months 80 percent of the ammonia-nitrogen is nitrified, total nitrogen removal can 
reach 60 percent, and total phosphorus removal can approach 50 percent, while cold weather 
will halt that process. (EPA, 2000) 
 
Actually, there are many selections of treatment method from among the potentially 
applicable technologies. However, single stage treatment is difficult to respect the stringent 
discharge limits because of complicated and hazardous leachate characteristics. Therefore, the 
combination of several technologies as advanced processes or operational modes is an 
alternative and has been proven in many fields of application.  In the next section, several 
treatment systems and combinations of different techniques are promoted and assessed from 
their performances, cost and environmental benefits. 
 
 4.5 LEACHATE TREATMENT TRAIN  
 
Based upon the literature review presented, it is clear that the leachate characteristics will 
change with time, and a process train will require extensive process modifications as the 
landfill ages. Because leachate can have high concentrations of both organic and inorganic 
contaminants, treatment of leachate must utilize integration of the basic methodologies into a 
systematic approach. The design of such system requires considerations not only to the 
volume and quality of leachate to be treated, but also to the volume and quality that may 
occur over time as the landfill ages. Several leachate treatment system operation must be 
considered. Among these are: 
 
(1) Leachate pretreatment for discharge into publicly owned treatment works. 
(2) Leachate treatment for low discharge 
(3) Leachate treatment for disposal into receiving waters 
 
All these systems are discussed in the following pages. (Syed R. Qasim et al, 1994) 
 
4.5.1 Leachate pretreatment for discharge into publicly owned treatment works 
 
Landfill leachate has high concentrations of organic and inorganic pollutants that change with 
time as landfill ages. Combined leachate treatment in municipal wastewater treatment plants 
has been extensively investigated at bench scale, pilot plant, and full scale facilities. It has 
been demonstrated that combined treatment should be considered as the preferred method of 
treatment if a municipal sewer system is conveniently available. In practice, conventional 
suspended growth, and attached growth  biological reactor systems are widely applied. The 
effluent is discharged into the sewer, and thickened sludge or sludge cake is returned into the 
landfill. 
 
The most-effective pretreatment method of landfill leachate is an aerated lagoon followed by 
a stabilization pond. A diffused or mechanical aeration system with aeration period of 2-5 
days should be installed to provide mixing, and satisfy the oxygen requirement. Lime or 
coagulant addition will enhance heavy metal precipitation. Stabilization ponds having 
detention time of 4-10 days will provide sedimentation, and will serve as a storage basin. 
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Proven design techniques are available for designing these facilities for all geographical areas 
including could weather conditions.  
 
4.5.2 Leachate treatment with low discharge 
 
If the leachate quantity is small it is best to utilize a process train that provides potential zero 
discharge. The most applicable method is land application. 
 
Land treatment of municipal wastewater is a proven technology. It provides the possibility for 
nutrient reuse, and produces effluent of a high quality. Investigations have show that leachate 
can be effectively treated by land application without any adverse contamination of soil. Pre-
treatment of leachate proposed for public owned treatment works discharge would enhance 
the applicability of land treatment. 
 
The objectives of land treatment include irrigation, nutrient reuse, recharge of groundwater, 
and water reclamation for use. There are three basic methods of land application: (1) slow-rate 
irrigation, (2) rapid infiltration-percolation, and (3) overland flow. Each method can produce 
renovated water of different quality, can be adapted to different site conditions, and can 
satisfy different overall objectives. 
 
4.5.3 Leachate treatment for disposal in natural water systems 
 
Effluent standards are imposed upon individual point source discharges. The leachate 
treatment system must meet the level of effluent quality established for the discharge. It is 
well known that the leachate characteristics change with time, and the process train will need 
extensive process modifications as the landfill ages to meet the effluent limitations. For this 
reason a treatment system must be developed that can meet the current limitations, and can be 
modified with time to accommodate the changing characteristics of the leachate. An example 
of process train is presented below and how it should be modified to effectively treat the 
leachate as its quality changes with time, is also discussed. (Syed R. Qasim et al, 1994) 
 
4.5.4 The application of leachate treatment system  
 
In Sweden, several methods are used as part of process train when treating “young” leachate 
for disposal in natural water systems. Table 4.2 shows the number of plants using different 
cleaning methods to treat municipal landfill leachate. It has to be noticed that a treatment 
plant might use several different methods. 
 

Treament Methods Number 
Aerated lagoon 86 
SBR (Sequencing Batch Reactor) 4 
Membrane filtration 3 
Chemical precipitation 7 
Irrigation 35 
Overland 17 
Landbed 12 
Infiltration 31 
Recirculation  28 

 
Table 4.2  Number of treatment methods applied for leachate treatment in Sweden 
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(RVF 2003) 
 
The following examples are presented as to show the combination of individual unit processes 
into process trains which are commonly used in Sweden and can achieve high cleaning levels 
that the treated water can meet the surface water discharge standard. 
 
Process Train 1. Combination of Aerated Lagoon, Constructed Wetlands and Irrigation 
 
The combination of biological process and natural treatment system are used at different 
landfills in Sweden. This combination are a relatively simple leachate treatment system.  
 
Figure 4.9 shows as an example of a treatment plant in Stockholm a process sequence for 
aerated lagoon in combination with constructed wetlands and irrigation application. After 
irrigation, the run-off water is collected in ditches and tested. If the effluent can meet the 
limitation, the treated water is discharged to surface water; if not, the water is recirculated 
back to aerated lagoon and treated again. 
 
 
 
 
 
Figure 4.9 Processing sequence for a combination aerated lagoon, constructed wetlands and 

irrigation 
 
Process Train 2. Combination of Aerated Lagoon, Denitrification and Sedimentation 
 
This example is also used in a Swedish leachate treatment plant. The leachate is treated as 
follows (Figure 4.10): (1) Stabilization ponds in order to store and settle down suspended 
solid, (2) Aerated lagoon with denitrification basin, (3) Sedimentation to removal of ashes and 
solids; (4) The treated water is further treated by irrigation.  
 
 
 
 
 
 
                                                                                            
 
 
 
Figure 4.10 Processing sequence for a combination aerated lagoon, denitrification and 

sedimentation 
 
Beside the combination of biological and natural treatment processes, the chemical operations 
can also be applied for leacahte treatment. A treatment system that consists of carbon dioxide 
stripping, chemical precipitation, sand filter, ammonia stripping and activated carbon filter 
has been used and obtained great cleaning performance. 
 
 

Stabilization 
Ponds 

Aerated Lagoon Constructed 
Wetlands 

Irrigation 

Stabilization 
Ponds 

Aerated 
Lagoon 

Denitrification 
basin 

Sedimentation 

Irrigation by 
forests 
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4.6 LEACHATE TREATMENT COSTS 
 
In Swedish report from RVF (The Swedish Association of Waste Management) 2002, the cost 
for different treatment methods for leachate was estimated to be between 4 and 34 SEK/m3, 
where sand filter was the cheapest and evaporation the most expensive alternative.  
 
Several treatment plants with different capacities were investigated by RVF. The costs for 
different treatment methods are listed in Table 4.3. The costs include the initial investment 
cost, operation and maintenance costs.  However, most of these methods cannot be used alone 
for treatment all components in landfill leachate. 
 

Treatment Methods Estimated cost  
SEK/m3

 
Sand Filter 4 
Evaporation 34 

SBR 21 
O3 oxidation 11 

Chemical Precipitation 11 
Artificial Wetlands 10 
Soil-Plant System 5 
Reverse Osmosis <25 

Table 4.3 The costs of different leachate treatment methods (RVF, 2002) 
 
Chiang, Patel and Associates, Inc. has develop capital, and operation and maintenance cost 
estimates for various treatment processes applicable to leachate treatment. These costs are 
developed for three average flows: 20, 75 and 380 L/min. Several simplifying assumptions 
have been made to estimate the costs. The capital, operation and maintenance costs of many 
treatment processes are summarized in Table 4.4. 
 

Capital cost 
x103 SEK 

Annual O & M cost 
x103 SEK 

Total Unit cost 
SEK/m3 

Treatment Prcesses 

20 
L/min 

75 
L/min 

380 
L/min 

20 
L/min 

75 
L/min 

380 
L/min 

20 
L/min 

75 
L/min 

380 
L/min 

Evaporation pond 700 2100 4200 70 105 140 12.46 7.28 2.52 
Stabilization pond 420 1400 2450 70 105 140 10.15 5.74 1.75 
Aerated lagoon 525 1750 3150 105 140 280 14.35 7.42 2.8 
Extended aeration with 
clarifier 

840 2800 4900 105 210 420 16.94 11.55 4.27 

Trickling filter with 
clarifier 

595 1925 3500 105 175 280 14.91 8.68 2.94 

RBC with clarifier 700 2100 4200 105 210 420 15.82 9.94 3.92 
SBR 595 1925 3500 105 210 420 14.91 9.59 3.64 
Biological denitrification 210 700 1400 105 140 280 11.76 5.11 2.03 
Anaerobic digester 280 875 1750 105 140 280 12.32 5.46 2.17 
Anaerobic filter 280 875 1750 105 140 280 12.32 5.46 2.17 
Coagulation/precipitation 280 875 1750 105 210 420 12.32 7.28 2.87 
Ammonia stripping 175 560 1050 70 105 210 8.12 3.92 1.54 
Gravity filter 210 700 1400 105 140 280 11.76 5.11 2.03 
PAC feed 135 560 1050 105 140 280 11.41 4.76 1.89 
GAC 420 1200 1850 140 280 560 16.8 11.76 3.85 
Reverse Osmosis 490 1575 2800 140 280 560 17.36 10.57 4.06 
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Microfiltration with RO 525 1750 3150 175 350 630 21 12.74 4.55 
Table 4.4 Capital, Operation and Maintenance Costs of Leachate Treatment Processes 

(Interest rate 6%, service life 20 years, capital recovery factor 0.08718) 
Source: Treatment cost estimates are developed by Chiang, Pateal and Associates, Inc. 1994 
PS: The original cost are demonstrated in US dollar. As to make clear comparison, the costs 
are changed to Swedish Krona using the exchange rate 7.2 based on the SEB records.  
 
However, it is not possible to generalize the cost of leachate treatment, because: 
·  the total capacity and the utilization coefficient of the treatment plant; a small capacity and a 
low utilization coefficient means high costs per m3 of treated leachate 
·  the cost of leachate treatment will vary greatly as leachate quantity and quality changes with 
time, and the facility may need extensive upgrading.  
·   the same treatment procedures may be totally different put into practice; treatment 
facilities may be installed in cheap containers or in expensive buildings 
·  the technical equipment can be very simple or very sophisticated, e.g. for on-line 
measurements of the leachate components 
·  a growing competition between companies who are producing treatment plants leads to 
lower prices 
·   the prices of energy and chemical like oxygen or active carbon depend on the situation 

·  cut backs in the budges of landfill operators for landfill operation in general (reduced waste 
quantities for disposal, dropping prices for waste, growing competition between landfill 
operators etc.) (J.L.Mcardle et al) 
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5. CURRENT SITUATION REVIEW 
 
The previous chapter is to review various treatment methods, their application and limitations, 
and finally to present some generalized methods and process trains for leachate treatment 
under different conditions. However, the selection and design of a leachate treatment process 
or system is not simple. Several factors, for instance, leachate characteristics, effluent 
discharge alternatives, technological alternatives, costs, and permit requirements need to be 
considered in advanced. In this chapter, the evaluation of the SRV’s treatment plant will be 
presented and discussed. 
 
SRV has been active in the field of solid waste management since 1930s, with particular 
experience in the collection, treatment and final disposal of domestic and industrial wastes 
from five municipalities. More precisely, the company manages landfills and storage areas as 
well as a new leachate treatment plant. It’s activities also include the transport, storage, 
transfer, sorting, recycling, reuse and elimination of all types of waste and the management. 
 
With increasing leachate effluent quality standards, the efforts for leachate treatment also 
increase. Therefore, an on-site leachate treatment plant has been built by SRV. Installed since 
2003, this treatment plant was build for collecting and treating leachate from Landfill III. It is 
composed of several stabilization and storage ponds, a sequencing batch reactor (SBR) and 
constructed wetlands. This brand new leachate treatment plant is planning to be used in near 
future.  
 
The highly loaded leachate emitted by Landfill I and II is forced to directly transfer to 
Stockholm Vatten AB as to maintain the quality of the receiving waters. However, the landfill 
leachate is highly and complex polluted wastewater with characteristic of the relatively small 
flow rate and various leachate composition, which makes it not quite suitable to be treated 
along with sewage and other kinds of wastewater. Moreover, the local authorities will no 
longer authorize this practice from environmental and economic points of views. 
Consequently, the SRV wishes to find out if there is any possibility that the existing treatment 
plant could be improved and developed in order to treat the leachate from Landfill I and II.  
 
 
5.1 SITE DESCRIPTION 
 
Sofielund is a municipal landfill localized in south-eastern Stockholm and has served 
Huddinge and other nearby located communities since 1938. The landfilling area covers 58.5 
ha. Because the rainwater percolates through the deposits, on average, it leads to annual 
production of 200,000-250,000 m3 of leachate. 
 
After the first operation, three landfills have been utilized successively. The landfill I which 
occupies 19 hectares on the northern part of the area has entered its remediation and aftercare 
phase decades ago. Landfill II, which surface area is 30 ha, will be capped in a few years 
when the available capacity is filled. Currently, the wastes are mainly disposed in landfill III 
which has been constructed with modern design and careful operation. Landfill III is expected 
to cover an area of 19.5 ha and it has reached 7.5 ha since the operation. The Sofielund 
landfills are also equipped with a collection system for biogas  which produces 600 m3/h of 
biogas with a content of 55% methane. 
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5.2 LEACHATE QUANTITY AND QUALITY 
 
The landfill generates as mentioned above about 200,000 to 250,000 m3 of leachate per year. 
Leachate from landfill I and II is being collected by drainage pipe system and stored in 
leachate pond I and II respectively. Because landfill III is being in used recently, the amount 
of  leachate produced can hardly be detected and there is no record available from SRV. 
However, when the leachate produces in the near future, it will be collected from different 
parts of the landfill and stored in different basins based on the category of waste.  
 
The results of chemical analysis of leachate from Landfill I and II are presented in Table 5.1.  
 

Parameters Units Landfill I Landfill 
II 

pH pH unit 7.8 8.0 
Turbidity FNU 78 145.8 

COD mg/l 872 1258 
BOD7 mg/l 352.6 579.8 

Total Nitrogen mg/l 130 296 
Ammoniacal-N mg/l 109 268 

Chloride mg/l 1580 1440 
Alkalinity (as HCO3

-) mg/l 1360 2440 
Conductivity µs/cm 599 835.8 

Nitrate-N mg/l <0.01 <0.01 
Nitrite-N mg/l <0.005 <0.01 

Sulphate (as SO4) mg/l 107.6 150 
Phosphate (as P) mg/l 2.2 7.9 

Magnesium mg/l 0.588 1.55 
Calcium mg/l 266 227.5 

Chromium µg/l 18 91.5 
Iron µg/l 2.1 7.85 

Nickel µg/l 66.4 97.5 
Copper µg/l 17.5 138.8 

Zinc µg/l 127.4 300 
Cadmium µg/l 1.7 0.57 

Lead µg/l 2.2 14.6 
Arsenic µg/l 6.1 22.8 
Mercury µg/l <0.13 <0.13 

Silver µg/l <1 <1 
AOX µg/l 454 690 

 
Table 5.1  Analysis of Leachate Quality Data from SRV’s Landfill I and II in 2005 

 
These results indicate that two leachate have high organic loads with BOD/COD ratio of more 
than 0.4. The Total Kjeldahl Nitrogen contents are not so high for the two leachate and are 
mainly represented by ammonia nitrogen. Characteristics of both leachate are high 
concentrations of chloride, and, among metals, Zn and Ca. However, they are still between the 
level of average range. From the result, the leachate may be considered as a “young” leachate 
which can be reasonably effective treated by biological processes. 
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5.3 DESCRIPTION OF THE EXISTING TREATMENT PLANT 
 
The process flow schematic of existing treatment plant using SBR and constructed wetlands is 
shown in Figure 5.1. The biological and natural treatment system consists of several 
stabilization ponds, sequencing batch reactor (SBR) system and constructed wetlands. 
 
The stabilization ponds is used to sedimentation of leachate and also can be severed as storage 
basins. Usually, the effluent from the stabilization pond contained high organic. SBR systems 
are used to stabilize the biodegradable organics as well as refractory organics. The following 
constructed wetlands is expected to be as a polishing stage to further remove  contaminants.  
 
 
 
Leachate                                                                                                                Effluent 
 
 

Figure 5.1  The existing process for SRV’s leachate treatment plant 
 
5.3.1 SBR equipment description 
 
The SBR process was selected because of its successful application in other hazardous waste 
stream treatment systems. The process produces better stability and greater control compared 
with continuous flow processes. Periodic filling and decanting of the reaction basins, and 
separation of the biological solids from the effluent with periodically changing environmental 
conditions in a controlled manner, produced enriched microbiological population that had the 
desired metabolic capabilities and settling characteristics. (Syed R. Qasim et al, 1994) 
 
The SBR system consists of a tank, aeration and mixing equipment, a decanter, and a control 
system. The central features of the SBR system include the control unit and the automatic 
switches and valves that sequence the different operations. The SBR tank has one sidewall 
mixer, which would raise slight concerns as to whether this would be sufficient to adequately 
mix the leachate due to the large diameter of the tank. An air blowers are to be provided. Air 
is supplied using fine air diffusers for the aeration phase, which would be considered a very 
effective method of transferring air into the leachate to aid flocculation. The aeration 
requirement would be considered to be one of the more important characteristics in sizing the 
system. The tank contains a dissolved oxygen probe that allows monitoring of the BOD level. 
The mixed liquors will be allowed to settle to the bottom of the tank, while the clarified liquor 
will be decanted and forwarded to constructed wetlands.  
 
Considering long winter time in Stockholm, the leachate treatment plant has been designed 
with the rather cold weather conditions in mind. The SBR tank is made by concrete, complete 
with roof covers for heat retention. Besides that, a heating pump is installed off-site as to keep 
the temperature at 20ºC to continue the bio-treatment process during winter time. 
 
The SBR’s reactor volume is designed to be 200 m3, operation cycle 24 hours and expected to 
treat about 60-75 m3 of leachate per day. 
 
The SBR systems however periodically interrupt the carbon source during the react phase. 
This lowers the removal of nitrogen and may necessitate expensive chemical additions to 
enhance biological nutrient removal. For the existing plant, chemicals are filled in a tank 

Stabilization 
Ponds 

SBR Constructed 
Wetlands



 40

located nearby which can be added into the reactor as carbon source for 
nitrification/denitrification process.  
 
Sludge produced during treatment process will be collected from the bottom of the SBR tanks 
and transferred to the sludge treatment place. No information is provided on this further 
working. 
 

 
Figure 5.2   Sequencing Batch Reactor 

 
5.3.2 Constructed wetlands description 
 
There are two types of constructed wetlands in existing treatment plant: free surface flow 
wetlands and subsurface flow system. Constructed wetlands have considerable capacity for 
secondary polishing of leachate that has been pre-treated by SBR. The constructed wetlands 
utilize indigenous vegetation to remove remaining COD, BOD and to provide 
nitrification/denitrification of the waste stream. 
 
Compared to free surface flow wetlands, subsurface flow system are more advanced due to 
absence of odours and mosquitoes, simple operation and maintenance, reliable operating 
conditions and a combination of aerobic and anaerobic processes inside the system. This 
aerobic-anaerobic environment allows high removal rates of different organic compounds, 
pathogens and some low-degradable matter. Additionally, the soil type of surface flow 
wetlands is different from that of subsurface flow wetlands. For the previous one, the soil is a 
kind of mixture of peat and sand; whereas, the soil of subsurface wetlands consists of sand, 
peat and exhausted clay. 
 
The SRV’s constructed wetlands include 10x10 m2 of free surface flow wetlands and 10x10 
m2 subsurface flow wetlands. The soil depth is 1 m. A synthetic liner was constructed across 
the base of wetlands to prevent the infiltration of treated water. 
 
5.3.3 Advantages and disadvantages 
 
Some advantages and disadvantages of SBR and constructed wetlands treatment process are 
listed below: 
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Advantages: 
 
- Efficient BOD reduction/(de-)nitrification of ammonia  
SBR process removes contaminants with minimum chemical addition through proper pH 
control and oxygen demand/supply management. Treatment efficiency is unchanged when 
feeding was suspended on weekends and holidays. During the process, the contaminants 
removed by microorganisms which break down nitrogen compounds and organic substances 
dramatically, while other compounds, such as phosphor get stuck in the sludge that can also 
be separated from leachate. Combined with wetlands, the residual BOD and nitrogen can be 
further removed. 

 
- Easy operation 
The operating and cycle schedules of the SBR can be adjusted to meet specific treatment 
objectives at variable influent flow rates and organic loadings. The operating and cycle 
schedules of the SBR can be adjusted to meet specific treatment objectives at variable influent 
flow rates and organic loadings. Process control is achieved through the use of automatic 
valves, sensors, flowmeters, timers, and microprocessors. Because the system is sensitive to 
rapid temperature drops, tank insulation and a supplemental heat source are required for 
winter operations. 

 
- Energy efficiency and low maintenance 
For SBR, the optimisation of energy can be achieved through controlling aeration rate and 
duration. It is highly robust due to the large water volume provided which resides throughout 
at, or close to final effluent quality, absorbing shock loadings. Compared to other 
technologies, the most outstanding character of the constructed wetland is that they do not 
need so much energy and easy to maintain. 
 
Disadvantages: 
 
- Climatic Limitation 
In cold climates the low winter water temperatures reduce the rate of removal for BOD, NH3, 
and NO3. An increased detention time can compensate for these reduced rates but the increase 
leachate temperature and wetland size in extremely cold climates may not be cost effective. 
 
- Large Area Requirement 
Constructed wetlands will require a large land area compared to conventional mechanical 
treatment process as to achieve high remove efficiency. 
 
- Sludge Production 
For SBR process, there is the need for frequent and regular disposal of the sludge. 
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6. APPLICATION OF THE SBR AND WETLANDS SYSTEM   
 
The new treatment plant at SRV återvinning has not been in used yet, therefore, no real data is 
available to present the treatment results and it is rather difficult to guarantee that high levels 
of treatment can be achieved. Fortunately, there are almost same leachate treatment systems 
which have been applied for two landfills belonging to another waste handling company in 
Sweden- VafabMiljö. The practical data from that company seems to has been the experience 
for SRV when deciding leachate treatment system to be build for landfill III. The experiences 
from VafabMilö are also references for improving the existing treatment process in this 
master thesis work. 
 
 
6.1 PRESENTATION OF KOPING AND SALA LEACHATE 
TREATMENT PLANTS 
 
In order to illustrate the applicability of the leachate treatment system combined by SBR with 
constructed wetlands and to provide the practical experience for improvement of SRV’s 
existing treatment plant, the description and results of Köping and Sala landfills are presented. 
 
The landfills of Köping and Sala are located 150-200 km west away from Stockholm. The 
Köping landfill has the surface area of 12 ha and the annual production of 30,000- 36,000 m3 
of leachate. The Sala ladfill area covers 10 ha and approximate 30,000 m3 of leachate is 
produced every year. Both landfills are applying the SBR and constructed wetlands plant on-
site to treat leachate. The process is expected to clean 100 m3 leachate every day, but during 
winter time, the treatment ability of Köping’s plant decreases to 50-60 m3/day because of the 
reduction of reacting rate. By contrast, at Sala treatment plant, the ability increases to 120 
m3/day because a heating pump keeps the leachate at 20 ºC which helps accelerate biological 
reaction rate. 
 
As mentioned above, the treatment process at Köping and Sala is quite the same as the one at 
SRV. The general process scheme is shown in Figure 5.1. First, the leachate to be treated is 
collected in a 3,000 m3 storage pond for aeration and stabilization, and then it is sent to the 
SBR reactor. The reactor volume is designed to be 250 m3 and the normal treatment capacity 
is 100 m3 per day. Two types of constructed wetlands are following as polishing methods. 
After the whole process, the treated water is discharged to a receiving lake.  
 
From the data on Köping and Sala treatment plants, the capital investment cost of the process 
with SBR and constructed wetlands is around 5.5 MSEK and the running costs is approximate 
225,000 SEK per year. 
 
6.2 PERFORMANCE OF TREATMENT PROCESS 
 
In Table 6.1 and 6.2 is presented the results of different parameters after treatment by SBR 
and constructed wetlands at the two plants. In general, the leachate achieves good BOD and 
nutrient reduction after treatment. Through the SBR process, the biodegradable organics as 
BOD and the main part of COD can be reduced significantly. High removal efficiency of 
simultaneous nitrification and denitrification is also achieved at this stage. As for the 
constructed wetlands process, residual organic compounds, metals, phosphorous and nitrogen 
are eliminated in a coupled anaerobic-aerobic system through sedimentation, fixation and 
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biological processes. Moreover, the removal efficiency of wetlands doesn’t change 
dramatically with seasons changing. In other words, the treatment ability can still be keep at 
high level during winter time. 
                                                                                                  

Reduction (%)  
Parameters 

 
Leachate 

 
SBR 

 
Wetlands SBR (in-out) Plant 

BOD7 71 28 7 60.6 90.1 
COD 473 420 225 11.2 52.4 

Total-P 2.7 2.0 1.1 25.9 55.6 
Total-N 106 20 11 81.1 89.2 
NH4-N 84 2.5 2.5 97.0 97.0 
NO3-N  3.5 0.3 - - 

SS 105 81 46 22.9 56.2 
Results in mg/l, SBR=effluent of SBR tank, Wetlands=effluent of constructed wetlands 
 
Table 6.1 Typical treatment results of Sala Leachate Treatment Plant, 2006 (VafabMiljo) 

 
 

1 JUL 2004- 31 DEC 2004 1 JAN 2005- 31 DEC 2005 
Reduction Reduction 

 
 

Leachate 
 

SBR
 

Wetlands SBR 
(in-
out) 

Plant
 

Leachate
 

SBR
 

Wetlands SBR 
(in-
out) 

Plant

BOD7 30 6 6 80 80 13.3 5.7 5 57.1 62.4 
T-P 1.46 0.49 0.45 66.4 69.2 0.67 0.23 0.24 65.7 64.2 
T-N 104 6 6 94.2 94.2 122 16 17 86.9 86.1 
SS 38 16 13.5 57.9 64.5 19.7 18.4 14.2 6.6 27.9 

Results in mg/l, SBR=effluent of SBR tank, Wetlands=effluent of constructed wetlands 
 
Table 6.2 Typical treatment results for Köping Leachate Treatment Plant, 2004 and 2005 
(VafabMiljo) 
 
However, SBR only generates an efficient nitrification activity during the five or six warmer 
months of the year as well as the elimination of the readily biodegradable organic matter. 
During the cold season, less or no nitrification occurs in the SBR process. Table 6.3 shows the 
comparison of cleaning results after SBR process during a warm and a cold period for Koping 
treatment plant. 
 
Moreover, experience shows that numerous leachate treatment plants in Sweden perform 
poorly in winter, as biological treatment processes, especially nitrification, cannot function 
optimally during cold weather. Actually, a temperature between 20-25 ºC is a good 
compromise between desired biological activity and energy consumption. 
 
Based on this limitation, the treatment plant at Sala is using the biogas to feed a small heating 
pump and then heat the bioreactors to keep the high treatment capacity in winter. However, in 
the present case, this solution is not economically because the reactor tank is hypaethral and 
large heating ennergy and power needed. It was therefore recommended, the SBR tank both at 
Sala and Köping could be covered during winter time to help heating detention. 
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Table 6.3 Comparison of treatment results for Köping Treatment Plant, 2006 
 
Table 6.4 shows the percentage of reduction for metals and other elements after SBR and 
wetlands treatment process at Köping. It can be seen easily, many metals and elements can be 
removed from leachate at certain extent.  
 

Reduction %  
Parameter 

 
Unit 

 
Effluent SBR (in-out) Plant 

pH  7.9   
Fe mg/l 0.36 49 62 
Ca mg/l 443 4.9 5.3 
K mg/l 905 1.1 3.1 

Mg mg/l 93 3.6 1.3 
Na mg/l 660 3.8 6 
Al ug/l 57 34 51 
As ug/l 10 43 18 
Ba ug/l 212 14 8 
Pb ug/l 1.5 24 36 
Cd ug/l 1.1 21 24 
Co ug/l 3.6 19 15 
Cu ug/l 29 -36 -53 
Cr ug/l 10 34 21 
Hg ug/l <0.12 -5.9 -1.7 
Mn ug/l 678 19 27 
Ni ug/l 16 -34 7.2 
Sr ug/l 1533 -38 -37 
Zn ug/l 35 0.5 20 
Ag ug/l <1 0 0 
Sb ug/l 2 -8.3 0 
S mg/l 292 2.3 3.4 
Cl mg/l 2166 -0.6 -2.5 
F mg/l 1.12 -17 -2 

TOX mg/l 59.6 18 18 
 

Table 6.4  Analysis of metals and other elements after being treated by the SBR and 
constructed wetlands plant at Köping 

    Parameters May-03 Dec-01 
BOD7 (mg/l) 9 8 
TOC (mg/l) 45 85 

Total-P (µg/l) 110 590 
Phosphate (µg/l) 8 340 
Total-N (mg/l) 55 160 
NH4-N (mg/l) 39 140 

Nitrate-N (mg/l) 14 6.3 
Nitrite-N (mg/l) 0.58 0.077 

SS (mg/l) 6.8 35 
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6.3 SUMMARY 
 
From the investigation of the performances of the plants at Köping and Sala, the treatment 
plant makes it possible to perform a high efficiency removal of nitrogen from the highly 
loaded leachate. The SBR unit removes 50% of COD at Sala. Meanwhile, the system can also 
remove toxic organics and metals very effectively. 
 
A frequently encountered problem is low treatment efficiency (especially low nitrification of 
ammonia) of SBR during the winter period, requiring long residence times or pre-heating 
leachate to ensure sufficiently low effluent concentrations. Whereas, the efficiency of 
constructed wetlands doesn’t decrease dramatically as expected performances. That’s because 
the soil layer can be seen as the filtration method which still can maintain the treatment ability 
during cold weather. 
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7. THE CAPACITY AND EFFICIENCY OF SRV’S 
TREATMENT PLANT 
 
Before building any treatment plant, one must first precisely characterize the polluted water. 
This characterisation obviously has a huge influence on the plant’s design. In previous 
chapter, the SRV’s leachate has already been quantified and qualified. The aim of this section 
is to figure out whether the SRV’s existing treatment plant is capable to treat leachate from 
both Landfill I and II.  
 
 
7.1 THE CALCULATION OF TREATMENT CAPACITY  
 
Landfill III is estimated to produce up to 11,000 m3 leachate per year, and the precipitation 
would provide up to 14,000 m3 storm-water from different waste treatment areas to leachate. 
Thus, in total, there is around 25,000 m3 leachate from landfill III that has to be treated. If the 
SBR process operates 90% time per year, the average treatment capacity can reach 60-75 
m3/day. Based on this calculation, the capacity of existing SBR volume can meet the 
requirement. 
  
As mentioned before, Landfill III is brand new, there isn’t yet such amount of leachate 
generate per year. Therefore, SRV wants to check if the existing plant could also be used to 
clean leachate from Landfill I and II. From previous data, the leachate amount from the two 
landfills is 233,000 m3 in 2004 and 206,000 m3 in 2005. According to the comparison (Table 
7.1), the practical treatment ability completely exceeds the amount of leachate to be treated 
every year. In sum, the existing SBR can not fulfill treat the total leachate from landfill I and 
II. The capacity is only around 10% of what is needed.  
 

 SRV Köping Sala 
Reactor Volume (m3) 200 250 250 

Average Capacity (m3/day) 60-75 100 100 
Expected Treatment Capacity 

(x103 m3/y) 
22-27 36.5 36.5 

Ca. in winter time (m3/day) - 50-60 120 
Detention time (h) 24 24 24 

Total  III Annual leachate production 
(x103 m3) 200-250 25 

30-36 30 

 
Table 7.1 The comparison of dimension data and annual leachate treatment production at 

SRV, Köping and Sala landfills. 
 
 
7.2 THE ASSUMPTION OF TREATMENT EFFICIENCY 
 
- The SBR’s Stage 
 
Depending on the mode of operation, SBRs can achieve good BOD and nutrient removal. The 
investigation shows the BOD and COD removal efficiencies are generally 85-95% and 40-
50% respectively (EPA, 1999). However, in practice, the reduction cannot reach such high 
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levels because of some restrictions. From the application data at Koping and Sala treatment 
plants (Table 6.1, 6.2), it can be seen that a reduction of BOD at the SBR stage varies from 
60-90% and the level of COD removal is quite low in the SBR process (only about 10-20%). 
Therefore, large amount of suspended solid in effluent from SBR is probably COD. 
Meanwhile, more than 80% of total nitrogen and around 40% of total phosphorous can also be 
removed by SBR. It should be noticed that phosphorous reduction depends on how they can 
control phosphorous addition in the SBR process. Whereas, it is rather difficult to figure out 
the removal percentage of suspended solid from VafabMiljö data as it dramatically fluctuates 
with years.  
 
- The constructed wetlands’ stage 
 
From the previous studies (see Chapter 6.2), the average removal efficiencies for COD, BOD7 
and TSS were 38%, 61%, and 81% respectively by constructed wetlands (O.Urbanc, 2005). 
However, the efficiency could be change either by the size of wetlands or the detention time. 
Because the good performance of constructed wetlands during winter time, it could be 
concluded that, the effluent from SBR contains large amount of suspended solid (COD). 
Therefore, the constructed wetlands act as a soil filter. 
 
Therefore, combined the removal efficiency from previous research and the data of Koping 
and Sala treatment plant, the average removal efficiencies of the SRV’s treatment plant for 
COD, BOD7, SS, Total-N, Total-P can be assumed as 40-60%, 90%, 80%, >90% and 60%. 
Since landfill I and II have different ages, the leachate from landfill II is “younger” and 
always contains larger concentration of BOD which can be easily removed by the treatment 
process. Hence, the reduction of BOD and COD should be difference during the assumption 
process. In the following table, a roughly estimation of effluent quality is made out as to 
compare to discharge limitation values. (Table 7.2).  
 

I II  
Reduction 

% 
Leachate Effluent Reduction 

% 
Leachate Effluent 

BOD7(mg/l) 85 352.6 52.89 90 579.8 57.98 
COD (mg/l) 40 872 523.2 50 1258 629 
T-N (mg/l) 90 130 13 90 296 29.6 
T-P (mg/l) 60 2.2 0.88 60 7.9 3.16 
SS (mg/l) 80 7.8 1.56 80 145.8 29.16 

 
Table 7.2  Assumption of main parameter of effluent after treatment process 

 
The Table 6.4 demonstrates the removal of inorganics efficiency of the treatment plant. The 
leachate from landfill I and II contains high  concentrations of Chloride, Zn and Ca. However, 
the concentrations of those inorganic compounds are acceptable and won’t bring about serious 
problems by irrigation or discharging into receiving water.  
 
In Sweden, no general limits for leachate discharge can be consulted. The requirement for 
discharge quality varies from each landfill. This provides a great flexibility in taking the local 
conditions into consideration. For wastewater treatment plants there are certain limits for 
discharge: BOD 15 mg/l, phosphorous 0.5 mg/l and for treatment plants at the coast there are 
limits of 10 mg of nitrogen/l (K. Kylefors, 1997). 
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EU and also specific European countries have had limits for discharge of leachate for periods 
of time. The limit values for direct discharge into a recipient are shown in Table 7.3.  
 
 

Component EU Denmark Germany Netherlands 
SS (mg/l) 35-60  20 30 
BOD (mg/l) 25 8 20 20 
COD (mg/l) 125 20 200 75-150 
T-N (mg/l) 15 8 70 20 
T-P (mg/l)   3  

 
Table 7.3  Limit values for direct discharge of leachate or discharge of leachate after on-site 

treatment to surface water. From Hjelmar et al. (1994). 
 
Comparing the limitation values for the discharge of leachate and the assumption of  the 
effluent of leachate from Landfill I and II will give the following comments. The treatment 
plant can be an effective method to reduce biodegradable organics as BOD7 and the main part 
of COD. It also can be an effective method to oxidize ammonium to nitrate and to reduce 
nitrate by means of denitrification to gaseous nitrogen. The concentrations of phosphorous in 
the leachate are in general too low. When biological leachate treatment processes are used, 
phosphorous has to be added. However, although the BOD7 reduction can achieve 90%, the 
BOD7 still can not meet the effluent standards after treatment if the effluent is discharged to a 
surface lake. For this reason, further treatment should be taken into consideration. If the 
effluent can be irrigated in a forest, the cleaning efficiency ought not be a problem. In this 
case, it is to be noticed that irrigation cannot be done during winter period. That means it’s 
necessary to store large amount of treated leachate until it is possible to start irrigation again.            
 
 



 49

8. THE PRACTICES TO SOLVE SRV’s LEACHATE 
PROBLEM 
 
There are two main strategies to be applied when solving the SRV’s leachate problem: 
 
- To minimize the leachate production  
- To construct new leachate treatment plant to handle leachate from both landfill I and II. 
 
In this section possible techniques that can contribute to ravel out leachate problem are 
discussed together with possible supplementary methods from a short and long term 
perpective. 
 
 
8.1 THE APPROACHES TO CONTROL AND DECREASE LEACHATE 
PRODUCTION 
 
Leachate minimization is achieved by various types of solutions. Some methods and systems 
are briefly presented as follows. 
 
- Final Cover 
The compacted soil cover is important in controlling the movement of leachate and surface 
water infiltration. Soil cover material must be carefully evaluated based on the functions it 
might serve (Qasim et al, 1994). In general, the usage of cover and topsoil systems should be 
suitable for vital vegetation and biomass production. Sometimes, surface lining is necessary in 
critical hydrological conditions. During 2007, landfill II will be covered. After the operation, 
the leachate generation from landfill II is supposed to decrease due to the change of rate and 
volume of water infiltrating. 
 
- Surface Water Control 
Surface water control is necessary to divert the rain water away from the landfill. Grading and 
compacting the landfill to a profile of 6 to 12 percent will allow surface water to drain from 
the surface. Diversion ditches are constructed around the perimeter of the filled area for 
diversion of upland rainfall, as well as collection of the surface runoff from the landfill site. 
The diversion ditches are generally designed for a 10-year storm intensity. Diversion ditches 
are usually trapezoidal, semicircular, or V shaped. These ditches are also generally concrete 
lined.  
 
- Leachate Recirculation 
Some researchers and reports suggest that the decomposition process could be enhanced by 
collecting leachate and recycling it back to the landfill. The water balance shows that, there is  
a reduction in volume of leachate by evaporation and evapotransportation.  
 
Several potential benefits from leachate recycle: 
 
- The leachate volume could be reduced in order to ease the pressure of treatment plant. 
- The time need to decompose organic materials might be reduced from around 15 years to 

only a few years. 
- Methane production could be maximized, making recovery more viable. 
- Reusable space would become available more rapidly. 
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- Landfill could be sued as an equalization basin. 
- Collected leachate will have lower biodegradable organic compounds to be treated at 

wastewater treatment plants. 
 
However, the researchers have also noted several problems: 
- Uncertainties exist about the ultimate reactivity or fate of the chemical compounds created 

during the process. 
- These designs would require careful design and location of the leachate collection system 

in the landfill cell, and controlled rates of leachate recycling to minimize potential for 
clogging and off-site migration.  

 
Harper and Pohland (1998) have noted that the increased volume of leachate may clog the 
leachate collection system. Also, small tears in the liner during construction or daily operation 
may cause leachate migration due to recycling. These potential problems suggest that 
enhanced decomposition can be used only at sites that are not located near groundwater. 
 
Besides the methods discussed above, vegetation of the topsoil with species which optimize 
the evapotransperation effect; and high compaction of the refuse in place could also be 
considered as practical minimization technique. 
 
Despite these drawbacks, reducing the volume and organic strength of leachate by recycle 
could benefit landfill site operations by reducing costs of further treatment. Leachate 
recirculation has been applied at several leachate treatment plant in Sweden and the 
experience could be used as reference for Landfill II. 
 
 
8.2 THE SELECTION OF EFFECTIVE LEACHATE TREATMENT 
PROCESS 
 
The leachate treatment system must meet the level of effluent quality established for the 
discharge. It is well known that the leachate characteristics will change with time, and the 
process train will need extensive process modifications as the landfill ages to meet the 
effluent limitations. For this reason a treatment system must be developed that can meet the 
current limitations, and can be modified with time to accommodate the changing 
characteristics of the leachate. 
 
In the following discussion, different alternatives of treatment process are presented. Some of 
them are the supplementary methods of the existing SBR and constructed wetlands treatment 
system, while others are new process trains that can be developed and modified to meet the 
requirements. 
 
8.2.1 Enlarge the treatment capacity and irrigation with treated leachate 
 
The existing treatment plant only has the capacity to treat 60-75 m3 leachate per day, however, 
in order to treat the leachate from all three landfills, the treament capacity should be enlarged 
to maximum 685 m3/day.  
 
The size of the SBR tanks themselves will be site specific, however the calculation of SBR’s 
reactor volume can be done using following equation. (Peng, 2005) 
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V= n · Q · SO / Nv  
 

Where,  V: reactor volume (m3) 
n: the number for reacting cycle per day 
Q: the volume of leachate to be treated during one cycle (m3) 

SO: the original BOD in leachate water to be treated (kg/m3) 
Nv: coefficient. Usually it is 0.1 for safe consideration. 

 
From the practical application, the calculation process can be simplified as follows: 
 

V = 2Q · SO  (SO>1000mg/l), or V= 2Q  (SO<1000mg/l) 
 
Therefore, the reactor volume of SBR process ought to be enlarged to 1370 m3. 
 
The constructed wetlands surface at SRV covers the same area as those at Köping and Sala. It 
contains 100 m2 free surface flow and 100 m2 subsurface flow wetlands which is designed for 
treating leachate about 25,000 m3 each year. If the constructed wetlands need to serve as the 
polishing method to treat leacahte from landfill I and II which total amount is around 200,000 
to 250,000 m3,  it is supposed to be expanded at least 10 times. The exact scale has to be 
carefully evaluated further. 
 
After the treatment by the process, the treated water can be used for irrigation of nearby 
forests, where the leachate is purified by means of microbial activity which breaks down 
organic material and transforms nitrogen through fixing in soil and in that vegetation utilizes 
macro and micro nutrients for their growth. The leachate volume also reduces by means of 
evaporation from soil and through the evapotranspiration of the vegetation. However, 
irrigation cannot be carried out during winter time and it is necessary to store huge amount of 
treated leachate until the irrigation can be started again. 
 
At SRV’s treatment plant, the ponds dedicated to store water during winter time is 
approximate 10,000 m3. Pond L2 is approximate 4680 m3 (with water level 80cm under the 
crest of the concrete wall). Volume of pond L1 is not measured, but around 3000 m3. Whereas, 
the rough estimation of leachate that has to be stored during winter time is at least 66,000 m3. 
Therefore, more space is required to store the treated leachate during winter time.  
 
8.2.2  Enlarge the treatment capacity and combine with other treatment methods 
 
Actually the degree of treatment depends on leachate characteristics, permit requirement and 
discharge alternatives. If the leachate is discharged as a point source to surface waters, it is 
subject to point source permit limitations. From the above assumed treatment results, the SBR 
and constructed wetlands treatment system might not meet the values, therefore,  further 
treatment methods could be applied as to achieve better treatment performance. 
 
- Combination 1 - Involving Ozonation as post-treatment 
 
A combination of ozonation with SBR and constructed wetlands can meet higher discharge 
standard (Figure 8.1), which is used at different landfills around the world. From bench scale, 
direct ozonation (0.4-1.3 g O3/g COD) is shown able to provide excellent color removal with 
limited COD reduction (25-44%) when applied both to young and aged leachate. Recent 
developments and applications involve advanced oxidation processes (AOP) based on ozone 
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activation by hydrogen peroxide, UV-light, heterogeneous catalyst to produce OH· radicals 
known as more efficient oxidant, with the aim to lower the ozone dose and to enhance organic 
matter degradation. In the following case study shows a treatment plant in eastern England a 
process sequence for SBR and wetlands treatment in combination with ozone. 
 
Buckden south is a closed landfill site, located in the flood plain of the River Great Ouse, near 
to Huntingdon in Cambridgeshire. The climate condition is quite close to Stockholm, 
moderate temperature, but cold and snowy in winter. The large treatment works were 
designed after the site closed in mid-1994, capable of treating up to 200 m3/day of leachate to 
very high water quality standards. The discharge consent includes a requirement that rainbow 
trout shall be capable of living in final effluent that is discharged into the River Ouse. 
 
After detailed leachate treat ability trials, the full-scale plant treatment process was designed 
in late 1994. It has been constructed  twin sequencing batch reactors, followed by effluent 
polishing using 2000 m2 of engineered wetlands. An ozonation plant breaks down residual 
pesticides into smaller organic molecules, and these are then degraded fully in a final 500 m2 
wetlands, before effluent is ultimately discharged into the River Ouse.  
 
Actually, before undertaking treatment trials, biological treatment processes could not be 
relied upon to remove a significant proportion of the pesticides and other hazardous 
components from the leachate. Secondary ozonation would therefore be included in order to 
ensure that levels of pesticides and other hazards were adequately reduced. 
 
After the treatment process, the complete nitrification is achieved, and results from routine 
use of toxicity testing have been so successful which seems to be a suitable alternative for 
SRV’s circumstance. Considering the ozonation, it is to destroy the molecules completely or 
cleave them into smaller and easier biodegradable molecules, which has assistant function to 
increase the efficiency of the last engineered wetlands. Researches show that the relation 
between ozone consumption and COD removal is linear, and the regulation pH value is 
essential to reach a good degradation of AOX, while it has no influence in the degradation of 
COD. 
 
However, there are only few experience of ozone treating leachate in Sweden and the cost are 
rather high.  
 
  
 
 
 
 
Figure 8.1 Processing sequence for Combination 1- Invovling ozonation as post-treatment 
 
 
- Combination 2 - Applying chemical treatment as pre-treatment 
 
The possibility of separating organic substances with a moderately high molecular weight 
suggests consideration of the coagulation/flocculation process as a treatment method for 
leachate from old landfills or for biologically pre-treated leachate. The Figure 8.2 shows the 
SBR and constructed wetlands in combination with chemical treatment as pre-treatment. 
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Several experimental studies utilizing coagulation/flocculation for the removal of organic 
substances from raw leachate have been conducted. The favorable results were obtained for 
suspended solids and color removal (Thornton & Blanc, 1973; Ho et al., 1974; Keeman et al.’ 
1983). A removal efficiency of 75% for suspended solids and 50-70% for certain heavy 
metals were obtained (Keeman et al., 1983) with high dosage of lime. These results were 
predictable, based on the limits and possibilities of precipitation. However, for the COD 
removal efficiency, the results were unfavorable. In fact, “young leachate” is characterized by 
high levels of volatile fatty acids, i.e. small dimensions and slightly precipitable molecules, 
therefore, in spite of high treatment efficiency and economic benefits, coagulation-
flocculation seems not to be a suitable solution for young leachate. 
 
 
 
 
 
 
Figure 8.2 Processing sequence for Combination 2- Applying chemical treatment as pre-

treatment 
 
 
- Combination 3 - Involving reverse osmosis after SBR as final step 
 
Nowadays, the reverse osmosis process is increasingly applied to leachate treatment for its 
efficiency, modularity and possibility of easy automatic control. Reverse osmosis is a process 
which can give good results in removal of trace compounds, recalcitrant organic and 
inorganics from leachate. If leachate is from the acetic phase, it is necessary to be treated by a 
biological pretreatment, otherwise, low molecules can pass the membrane and fouling the 
membrane surface may be enhanced. The pilot-scale tests conducted in Germany showed that 
a reverse osmosis single-stage plant is sufficient to satisfy all the German discharge limits, 
except ammonia, which is the bottle-neck for rejection by reverse osmosis.  
 
Until now, reverse osmosis was hampered by quick scaling and fouling, which resulted in 
poor efficiency and short membrane life. Since the large concentration of  particles in the 
water after SBR, it is necessary to have an efficient pretreatment method (e.g. filtration or 
activated carbon) before reverse osmosis. 
 
Despite reverse osmosis is a process applicable to the possibility of high-quality water, the 
producing concentrate and its treatment become one of the most problematical aspects of 
using this technology. This flux has usually been disposed of again in a landfill, but this 
practice is no longer acceptable as the concentrate can be regarded as a hazardous waste, 
requiring special disposal (Seyfried &Theilen, 1991). Considering this aspect, when applying 
reverse osmosis as a polishing step during the treatment system, different technologies has to 
be developed to minimize the volume of the concentrate, such as evaporation and drying 
processes. Therefore, reverse osmosis is a relatively costly process but it is capable of 
producing high purity water. 
 
Actually several of this combination plants are in operation in Germany nowadays. Taking 
SRV’s situation into account, although the leachate mainly comes from the acid phase, it will 
go into the stable methanogenic phase in the near future and the biological treatment step 
might not be effective as before. Therefore, the ammonia has to be reduced by means of 
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stripping or (multiple step) reverse osmosis. The latter procedure is used more often (Figure 
8.3). 
 
 

 
 
 
 
Figure 8.3  Processing sequence for Combination 3- Involving reverse osmosis as final step 
 
 
- Combination 4 - Applying flocculation/precipitation and adsorption after SBR 
 
In Germany for the reduction of the residual COD and AOX concentrations below the limit 
discharge values more and more activated carbon is used. This is due to the fact that the costs 
for activated carbon have decreased significantly in the recent years. 
 
Flocculation/precipitation is able to reduce colloidal suspension which is partially responsible 
for turbidity and colour. Also, dissolved organic substances, principally those with higher 
dimension, are involved in the flocculation process, because they are adsorbed in the flocs and 
successively removed through gravity settling. Precipitation is mainly applied to metals 
removal (particularly heavy metals), with metal hydroxid or metal sulphide formation, or 
phosphorus removal by formation of insoluble compounds with cationic metals, including Al 
or Fe coagulants.  
 
Two different systems may be used for leachate treatment. The first one which was used quite 
often predominantly in the past is addition of powdered activated carbon into a reaction tank 
(mainly with biologically pretreated leachate). The loaded activated carbon is removed by 
means of precipitation/flocculation processes using iron or aluminum salts or organic 
flocculants. The precipitated activated carbon is removed by means of a settling tank 
following the reaction tank. Figure 8.4 shows the processing sequence for applying adsorption 
and flocculation/precipitation after SBR with neutralization. 
 
The experience of many German treatment plants, the combination of biological pre-treatment 
and chemical/physical treatment step can not only remove readily biodegradable organics, but 
also nonbiodegradable organic matter (COD) and halogenated hydrocarbons (AOX) to low 
levels which will meet the new German effluent standards for leachate treatment. Actually, 
the individual treatment processes are able to react flexibly so that a high process stability as a 
whole is achieved. 
 
 
 
 
 
 
Figure 8.4  Processing sequence for Combination 4- Applying adsorption (activatd carbon) 

and flocculation/ precipitation after SBR 
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8.2.3 Selection of new effective leachate treatment trains 
 
- Process Train - Aerated Lagoon with anoxic zones, sand filtration and soil 

infiltration 
 
A potentially attractive process train is to utilize an aerated lagoon, sand filtration and soil 
infiltration. The aerated lagoon will provide equalization and microbial reactions. The 
retention time is several days and the process can remove 60-90% BOD and heavy metals. In 
Sweden, part of aerated largoon changes into denitrification pond (anoxic zones), therefore, 
high concentrate of ammonia nitrogen can be removed within the process. The sand filter beds 
remove most of the suspended solids such as metal precipitates, algae and bacteria flocs, and 
can also have some nitrification activity. After that, the infiltrated pre-treated leachate can be 
infiltrated through spray irrigation. The process train is shown in Figure 8.5. The process will 
provide removal of biodegradable and refractory organics, heavy metals and nutrients. 
(Nilsson, et al) 
 
 
 
   
 
 
 
Figure 8.5  Process Train – Aerated Lagoon with anoxic zones, sand filtration and soil 

infiltration 
 
 
8.3 THE COSTS OF LEACHATE TREATMENT TRAINS 
 
As mentioned in Section 4.6, the reliable leachate treatment cost is difficult to evaluate as 
many cost components are involved and great changes of leachate quantity and quality with 
time. The costs that are presented in the Table 9.1 are consulted from Chiang, Patel and 
Associates, Inc. In practice, the treatment plant is supposed to treat around 650 m3 leachate 
per day, which means the leachate flowrate should be 450 L/min. In Table 4.4, the closer 
flowrate is of 380 L/min. In despite of the difference between flowrates, the aim of the 
calculation is only to present the costs grade of different alternatives but not the exact amount 
of expenditure. Therefore, the a rough estimation can be acceptable.  
 
The calculation of different alternatives costs is the summation of separate leachate treatment 
process. For example, the investment and annual operation & maintenance costs of 
combination 2 is summed by costs of single process - coagulation/precipitation, ammonia 
stripping, SBR and constructed wetlands. Because of the limitation, several components 
cannot be taken into consideration, such as the cost of leachate collection and recirculation 
systems; the costs of connection pipes and systems. As the landfill ages and the leachate 
quality changes, process modifications will be necessary, the costs of future plant upgrading 
are not included in this cost estimates as well.  
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9. DISCUSSION 
 
In the calculation phase of this study the capacity and efficiency of existing leachate treatment 
plant at SRV återvinning AB is evaluated based on the practical data from VafabMiljö.  
 
It can be easily found that the existing plant can not fulfil to treat the leachate both from 
lanfill I and II. If SRV återvinning AB would insist on applying the process, the volume of 
SBR reactor and the size of constructed wetlands have to be very much enlarged.  
 
Using the experienced equation, the SBR reactor volume could be calculated, whereas, the 
size of constructed wetlands was roughly estimated by the comparison of annual leachate 
amount that needs to be treated. In general, SBR and constructed wetlands proved to be the 
effective process to treat young and middle age leachate. However,  considering the large 
amount of leachate producing by landfill I and II,  it requires reconstructing the existing plant 
as to achieve larger treatment abiligy which could increase the capital cost. In particular, for 
the constucted wetland, it needs rather large surface as to obtain high efficiency. From those 
perspectives, the alternative seems not to be quite worthwhile.   
 
Furthermore, the performances of SBR and constructed wetlands are investigated separately. 
After that, the average removal efficiency of SRV’s treatment plant for COD, BOD, SS, 
Total-N, Total-P are concluded to be 40-60%, 90%,80%, >90% and 60% respectively. 
Because landfill I and II have different age which leads to the differences of leachate 
characteristics. Thus, the  reduction of BOD and COD for leachate I should be lower than that 
of leachate II. In order to make a coarse calculation, the BOD reduction is 85% for leachate I 
and 90% for leachate II. The COD reduction is 40% and 50% respectively. The assumption of 
efficiency is quite uncertain because the treatment reduction can vary dramatically case by 
case. The reliable data can only be obtained until the existing plant is completely applied and 
detected. Actually, the lack of practical data makes this calculation and assumption stage 
become the most complicated part of the whole project. Fortunately, some relevant data can 
be found which help me to solve the leachate problem at SRV återvinning AB as reasonable 
as possible. It could be seen as the foundation for future research. 
 
Although the leachate from landfill I and II is characteristics by high concentrations of 
Chloride, Zn and Ca, but they are still between the limited range that can be acceptable. In 
fact, from the experience and detection of VafabMiljo, it won’t bring about the adverse effect 
on receiving water. 
 
In the next step of study several alternatives to solve the leachate problem at SRV are 
investigated concerning two strategies—minimizing leachate volume and selecting the 
effective leachate treatment train. 
 
To minimize leachate volume—final cover, surface water control and leachate recirculation 
are presented. From a long run perspective, minimizing the amount of leachate production as 
much as possible can be a great effective and economical solution (means only an investment) 
comparing to build a larger leachate treatment plant that have both high investment and 
running cost for many years. However, since the lack of information on the landfilling 
situation at Sofielund, the efficiency and the applicability of methods can hardly be measured. 
Actually, SRV has been planning to take these methods when operating waste landfilling  as 
to decrease the leachate production, but careful investigation needs to be done before applying 
them.  
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To select the effective leachate treatment train, the first consideration is utilizing the existing 
treatment plant and combining other treatment methods. The Table 5.1 presents that the 
leachate from landfill I and II contains both inorganic and organic contaminants. Therefore, 
the processes must be capable for organic and inorganic compounds removal. In Chapter 4, 
different processes have been described and discussed. It can be conclude that the processes 
adapt to inorganics removal are chemical precipitation, sedimentation, flocculation, chemical 
oxidation, filtration and membrane filtration. In addition to providing inorganics removal, 
chemical precipitation and oxidation processes also could effect some pre-treatment of 
organic compounds. The two leading prcesses for treating organics are biological treatment 
and activated carbon adsorption. These processes can be used separately or in combination 
depending upon leachate character. Additionally, in order to make alternatives more 
applicable and realistic, the selected supplementary processes I have promoted are those either 
have been used widely and successfully in Sweden (Table 4.2) or in other countries for 
leachate treatment or can fulfil the leachate treatment requirement, especially according to 
site-specific situation. Moreover, a new process train is also introduced. The process train is 
mainly using natural and eco-friendly resources which is easy to apply. 
 
Therefore, six alternatives are promoted based on these considerations – see table 9.1. In this 
table information about important advantages and drawbacks are collected. The rough data 
concerning investments and operating costs are also presented. 
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Cost Effluent 

discharge 
 

Treatment Investment 
(MSEK) 

Operating 
(x103 kr/y) 

Treatment 
residuals 

 
Pros and Cons 

a. SBR – constructed wetlands – irrigation  
Land 
treatment 

++ total nitogen 
++ BOD7 
  – COD 

5–6  200–250 sludge + inexpensive initial cost 
+ minimum operator 
attention 
– can not be used in 
winter time 
– requires skilled 
operation 

b. SBR – constructed wetlands – ozonation 
Surface 
waters  

++ total nitorgen 
++ BOD7 
+ COD 
+ TOX 

10–12 1000–1500 sludge + high efficiency 
– few experience in 
Sweden 
– cost are rather high 

c. Chemial treatment – SBR – constructed wetlands 
Surface 
waters 

++ ammonia 
++ total nitrogen 
++ BOD7 
+ COD 
+ suspended 

solid 

7.5–8.0 800–900 sludge 
air emissions 

– not to be a suitable 
soltion for “young” 
leachte  
– transfer of problems 

d. SBR – reverse osmosis  
Surface 
waters 

++ total nitrogen 
++ BOD7 
++ COD 
+ trace 

compounds 
+ recalcitrant 

organic and 
inorganic 
compounds 

7.0-7.5 700–800 sludge 
concentrated liquid 
waste stream 

+ capable of producing 
high purity water 
+ easy operation 
– a relatively costly 
process  
 

e. SBR – flocculation/precipitation – adsorption 
Surface  
waters 

++ total nitrogen 
+ BOD7 
+ COD 

  

8.5–9.5 900–1000 sludge 
concentrated liquid 
waste 
spent carbon 

+ very good removal 
performance, but  
–  high cost of carbon 
regeneration and residual 
treatment  

f. Aerated largoon – sand filtration – soil infiltration 
Surface 
waters 

++ total nitrogen 
+ BOD7 
+ COD 
+ hevey metals 

6–6.5 650–800 sludge 
 

+ medium treatment 
results.  
–  require frequent 
inspections and constant 
maintenance 

 ++ : very good 
+ : good 
– :   bad 

– –: very bad or 
no reduction 

The costs show the grade of 
different alternatvies but not 
the exact amout of 
expenditure 

 + Pros 
– Cons 

 
Table 9.1 Analysis of different combined leachate treatment processes 
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In general, it can be found that the increase of treatment efficiency does cause increase of 
investment and operating costs as well as the production of residuals which need further 
treatment with rather high extra cost. Therefore, it might be difficult to select the most 
appropriate one for effective leachate treatment. A new treatment process is also presented 
and can be seen as a proper solution to meet the requirement and be developed with landfill 
ages for leachate from landfill I and II. However, the lack of experience and data is also the 
problem and could be the next step of research. 
 
Some comments on each alternative: 
 
·a. SBR – constructed wetlands – irrigation 
Irrigation can be seen as an effective, safe and inexpensive method of landfill leachate 
treatment when local geological, hydrogeological and legal conditions are favourable. 
Irrigation with leachate leads to a reduction of the leachate quantity through increased 
evaporation. Irrigation will also reduce the nutrient content in the leachate, because of the 
incorporation of nutrients in vegetation and other processes in the soil.  
 
The main problem when applying irrigation is the climate limitation. In Sweden, there is a 
landfill company that utilizes large ponds to store the pre-treated water during winter time 
until the irrigation can be used again.  
 
However, the studies of applicability need to be carried out as to investigate the land 
requirement, soil conditions, water absorption capacity of forests. Leachate supply influences 
the ground environment. The leachate addition will, for example, cause a change in pH, 
concentrations of nutrients, water and salt content. 
 
·b. SBR – constructed wetlands – ozonation 
From the application in eastern England, involving the ozonation as post-treatment can 
achieve good treatment results, especially it is a process that can get rid of TOC which seems 
to be valuable for SRV because they are planning to apply the commission to landfill 
hazardous waste in future. Although combined ozonation after the constructed wetlands 
would remove a significant proportion of the pesticides and other hazardous components from 
the leachate, it also increases the ozone consumption because the large amount of particles 
existing in the water needs to be removed. Thus, the treatment cost increases subsequently.  
 
Ozone is produced at the leachate treatment plant, which means that there are no problems 
with transport or storage. However, the handling of ozone requires special equipment and 
caution, as ozone is corrosive and even toxic to human beings. 
 
·c. Chemial treatment – SBR – constructed wetlands 
Sometimes, the biological treatment of landfill leachate results in low COD removals because 
of high chemical oxygen demand (COD) and presence of toxic compounds. In order to 
improve biological treat ability of the leachate, coagulation-flocculation with lime are always 
used as pre-treatment methods. Whereas, the reduction of the organic load is fairly poor. The 
organic material and the nitrogen content of the leachate may not be affected significantly by 
the chemical treatment. 
 
Even though the poor performance of the chemical pre-treatment, it is possible to noticed that 
when applying chemical pre-treatment, the amount of pollutants are lower compared to raw 
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leachate before treated by SBR. Therefore, the volume of SBR reactor could be necessarily 
reduced and the costs decrease correspondingly. 
 
·d. SBR – reverse osmosis 
Biological pre-treatment has a considerable influence on the reverse osmosis feed, such as 
prevention of bio-fouling caused by high concentrations of organics; removal of ferrous and 
calcic compounds by aeration precipitation to prevent scaling of the membrane surface. 
Therefore, the removal efficiency is much higher compared to apply reverse osmosis as the 
only stage to treat raw leachate.  
 
When involved RO as final treatment step, the operational cost of the RO plant and the 
investment cost will decrease because the storage ponds can level out seasonal variations in 
leachate production. Combined storage, SBR and fabric filter as pre-treatment methods seem 
largely overcome the fouling problem, which would open up opportunities for treatment with 
different types of membranes. This may considerably reduce the cost and energy consumption. 
Moreover, this combination process can still keep the high performance with landfill ages. 
 
The disadvantage of RO is the production of the liquid concentrate. The technique of back 
passing the concentrate into the landfill can be seen as one solution. At present evaporation of 
the concentrate is used at some landfills. Other ways of concentrate disposal are solidification 
and landfilling, incineration in hazardous water or municipal solid waste incinerators. 
 
·e. SBR – flocculation/precipitation – adsorption 
The process can remove biodegradable organics as well as nonbiodegradable organic matter 
(COD) and halogenated hydrocarbons (AOX) to low levels. This treatment sequence could be 
applied when organics content is high and refractory but not when toxic organics are present.  
 
Although good removal performance are of interested with regard to the possible application 
of flocculation/precipitation in combination with other processes, some researchers cite 
numerous disadvantages such as the increase of salt content (Doedens&Theilen, 1989) and the 
low efficiency of ammoniacal compound removal. 
 
The adsorption is the best suited as a treatment after biological treatment( removal of fatty 
acids)  and flocculation/precipitation (removal of large molecules like humic substances). In 
addition it is a great advantage that a re-utilisation of the loaded granular carbon after it has 
been thermally regenerated becomes common practice.  
 
·f. Aerated lagoon – sand filtration – soil infiltration 
Leachate treatment by aerated lagoon has been utilized widely in Sweden. A frequently 
encountered problem is low treatment efficiency (especially low nitrification of ammonia) 
during the winter time. Whereas if some requirements are fulfilled, the efficiency can be 
achieved at high and stable level. The requirements are the aerated step is well protected 
against sudden large inputs of cold, highly concentrated leachate. Actually the equalization 
basin should be combined into the process. The N:P ration should be kept sufficiently low 
(optimum 10:1 ) by the addition of phosphorus, and the residence time is constantly longer 
than two or three weeks. When taken these operations into account, the bottle-neck of aerated 
lagoon can be overcome.  
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Using a sand filter following long-time aeration can remove most of the suspended material, 
such as metal precipitates, algae and bacteria flocks from the leachate. Some nitrification also 
occurred in the filter. The filter can be regenerated through back-flushing. 
 
The soil infiltration is seen as a natural treatment system with low construction and ease of 
operation.  
 
Actually, it is possible to utilize the moving bed biological reactor as substitute of aerated 
lagoon. The moving bed biological reactor process differs from activated sludge in so far that 
the bacteria are attached to the material of the film contactor. The process is compact and it 
may not be necessary to have many sedimentation basins. Air may vent artificially through 
the tank. The suspended biofilms can provide enriched microbiological population that is 
expected to have desired metabolic capabilities, stability, and settling characteristics. The 
biodegradable organics as well as refractory organics present in relatively low concentrations 
will be stabilized and the biological films provide nitrification of remaining ammonia.  
 
Recommended treatment process train 
 
After the analysis and comparison of treatment process characteristics, the treat-ability of 
leachate and the investment & annual operational costs, as well as concerning the 
environmental benefits, site-specific conditions and other comprehensive factors of different 
proposed alternatives, alternative d – involving reverse osmosis after SBR as final step and 
alternative f – aerated lagoon with anoxic zones, sand filtration and soil infiltration are 
optimal alternatives. The reasons are listed as follows: 
 
SBR – reverse osmosis 
 
·The leachate is firstly treated by biological process (SBR). This process has strong treatment 
applicability and can be operated flexibly. Using reverse osmosis as the polishing method can 
meet higher discharge requirements.  
·The stabilization ponds can balance the organic loads which decrease the impact on SBR 
treatment process. 
·Combined biological treatment (SBR) with reverse osmosis can achieve relative high purity 
water. The treated water can be recycled within landfilling area for the industrial using which 
can save the amount of clean water and bring about environmental benefits. 
·The process has been applied at many leachate treatment plants. Therefore, abundant 
practical experience of operation management, equipment supply and employee trainee can be 
used for reference. 
·The investment costs of the process is relative high, but the process can be operated stably 
and guarantee high treatment performance. In addition, the annual operation and maintenance 
costs is low. Therefore, it has the advantage from the economic perspective. 
 
Aerated lagoon – sand filtration – soil infiltration 
·The system can produce can produce high effluent quality. It reduces organic matter and 
suspended solid significantly and achieves good nitrification and denitrification results. 
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·The system is low energy use, relatively easy to construct and operate, and to the low 
investment & annual operational costs, it is an attractive solution with limited budget. 
·The aerated lagoon can be substituted by the moving bed biological reactor. Therefore, the 
process becomes more compact and it may not be necessary to have many sedimentation 
basins. 
·Simple filtration techniques can significantly improve leachate quality during treatment and 
remove nitrogen, colour, heavy metals and pesticides. The systems require frequent 
inspections and constant maintenance to ensure smooth operation. 
·The process can provide the maximum amount of long-term flexibility to assure compliance 
with future regulations and discharge standards. 
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10. CONCLUSIONS 
 
From the previous experience of VafabMiljö and other plants apply the same treatment 
process, it displays that the suitability of SBR combined with constructed wetlands to reduce 
most of contaminants in leachate, even in cold climate conditions. However, after the 
calculation the capacity of existing treatment plant is only around 10% of what is required and 
can hardly satisfy the demand, so the SBR reactor volume has to be enlarged to 1370 m3

. 
 
Different leachate production minimization methods and treatment process trains are 
presented, but it is difficult to choose the best one concerning effluent discharge limitations, 
treatment process residuals, cost and treatability studies. Therefore, additional researches are 
required in order to find out the most suitable solution for SRV återvinning AB. 
 
Considering SRV’s site-specification, economic perspective and environmental benefits. 
Applying reverse osmosis after SBR as final step; the combination of aerated lagoon, sand 
filter and soil infiltration can be applied to solve the leachate problems. 
 
The decrease of discharge limits values in Sweden requires high-tech treatment technologies 
and often a combination of different processes. However, those methods are seen as end-of-
pipe solutions. For long term development, the landfill leachate treatments have to be more 
intimately incorporated in landfill process design, in order to get an overall efficient leachate 
treatment as well as reasonable treatment costs. 
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11. RECOMMENDATION  
 
·The study’s focus has been on different solutions of leachate treatment in a short term 
perspective, however, landfill leachate management needs to be considered both in short and 
long term perspective.  
 
·The promoted improvements of existing treatment plant is based on the experience and data 
from other companies, whereas, the leachate composition and characteristic varies from case 
by case which will make the change of treatment efficiency. Therefore the further research 
should be taken after the plant is operated.  
 
·The selection of the combination treatment method should not only include the compliance 
with the effluent limit values and maintenance but also the production of residuals which have 
to be further treated or disposed. 
 
·Leachate minimization methods could be deeper studied. 
 
·The operation and maintenance, process efficiency under variable flow and changing influent 
quality conditions, and environment constraints of selected process trains need to be further 
studied. 
 
·The adoption of landfill strategies has to be applied for future landfill design and operation, 
because the leachate treatment can not only be based on the short-term perspective, but also 
towards a sustainable development. The leachate production should be controlled at the 
starting stage. 



 65

REFERENCES 
 
Books: 
 
Burkhard Weber& Felix Holz, Combination of Activated Sludge Pre-treatment and Reverse 
Osmosis. Haase energietechnik GmbH, Gadelander Strasse 172, D-2350 Neumunster, 
Germany. 
 
EPA 832-F-99-073, September 1999, Wastewater Technology Fact Sheet: Seuencing Batch 
Reactors. EPA Office of Water, Washington, D.C. 
 
FRTR 2006, Technology: Ground Water, Surface Water and Leachate. 4.42 Constructed 
Wetlands 
 
Gianni Anreottola & Piero Cannas, 1992. Chemical and Biological Characteristics of Landfill 
Leachate. CISA, Environmental Sanitary Engineering Center, Italy. 
 
J.L.Mcardle, M.M. Arozarena and W.E.Gallagher (1988). Treatment of Hazardous Waste 
Leachate. Unit Operations and Costs. Park Ridge, New Jersey, U.S.A 
 
Kaj Nilsson & Vladimir Vanek, Combination of Long-Term Aeraion, Sand Filtration and Soil 
Filtration. VBB VIAK, Division for Water&Environment, Geijersgaten 8, S-216 18 Malmö, 
Sweden. 
 
Katarina Kylefors (1997). Landfill Leachate Management Short and Long Term Perspectives. 
Licentiate Thesis. Dept. of Environmental Planning and Design, The Landfill Group, Luleå 
University of Technology, Sweden 
 
Layman’s report, 1997. New low-cost plant for sanitary landfill leachates treatment (Life 97 
ENV/B/000403) SONEVILLE SA 
 
National Academy Press, 1996. The Use of Reclaimed Water and Sludge in Food Crop 
Production. Committee on the Use of Treated Municipal Wastewater Effluents and Sludge in 
the Production of Crops for Human Consumption. 
 
O. Urbanc, 2005. Constructed wetlands for the treatment of landfill leachates: The Slovenian 
experience. Wetlands Ecology and Management, Springer Netherlands. 
 
Pipeline 1997. Vol. 8, No.3, Catherine Taylor and Joseph Yahner, Agronomy, Don Jones, 
Agricultural Engineering, Purdue University and Alan Dunn, Indiana State Department of 
Health. 
 
Raffaello Cossu, Roberto Serra & AldoMuntoni, (1992) Physico-chemical Treatment of 
Leachate  Institute of Hydraulics, University of Cagliari, Cagliari, Italy. CISA, Environmental 
Sanitary Engineering Center, Cagliari, Italy 
 
Syed R. Qasim & Walter Chiang, 1994 Sanitary Landfill Leachate- Generation, Control and 
Treatment. Technomic Publishing Company, Inc. 
 



 66

T.H.Christensen, R.Cossu and R.Stegmann (1992). Landfilling of Waste: Leachate. Chapman 
and Hall, London, Great Britain. 
 
U.S. Environmental Protection Agency. 1982a. Handbook: Remedial Action at Waste 
Disposal Sites. EPA/430/6-82/006 
 
Water and Wastewater treatment 1994, Advanced Wastewater Treatment, 11-7 Adsorption. 
Carbon Regeneration and Reactivation.  
 
Water and Wastewater Treatment, 1994. Chapter 11 Advanced Wastewater Treatment, 11-7 
Adsorption. 
 
William F. DeBusk, 1999. Wastewater Treatment Wetlands: Contaminant Removal Processes 
Institute of Food and Agricultural Sciences, University of Florida. 
 
Internet: 
 
Anaerobic Biotechnologies, 2003 
http://www.uasb.org/discover/anaerobic_biotechnologies.htm#awwt Consulted in Sept. 2006 
 
CEPIS/OPS, 1998. Leachate: Production and Characterization. 
http://www.bvsde.ops-oms.org/muwww/fulltext/repind49/lesson10/leachate.html Consulted 
on 15th Apr, 2007 
 
DEH, 2004. Austrilian Government, Department of the Environment and Heritage, Cooperate 
Sustainability,http://www.deh.gov.au/settlements/industry/corporate/eecp/case-
studies/onesteel.html Cleaner Production- Artificial Reed Beds for Treatment of Industrial 
Wastewater. Consulted in Oct, 2006 
 
EDIS Image Page 2006, 
http://edis.ifas.ufl.edu/EDISImagePage?imageID=296682164&dlNumber;=SS294&tag;=FIG
URE%201&credits Consulted in Sept. 2006 
 
EECUSA, 2006. EEC Global Operation LLC, http://www.eecusa.com/bio_restaurants.htm 
EEC Package Plant. Consulted on 15th Dec, 2006. 
 
Enviros 2006, http://www.leachate.co.uk/html/air_ammonia_stripping.html Air Ammonia and 
Stripping. Consulted in Sept. 2006 
 
Enviros 2006, http://www.leachate.co.uk/html/chemical_precipitation.html Chemical 
Precipitation. Consulted in Sept. 2006 
 
Enviros 2006, http://www.leachate.co.uk/html/membrane_treatment.html Membrane 
Treatment. Consulted in Sept. 2006 
 
EPA, 1996. Capsule Report—Evaporation Process. 
http://www.epa.gov/nrmrl/pubs/625r96008/625r96008.pdf Consulted on Oct 13 2006 
 
EPA 2003  



 67

http://www.epa.gov/nrmrl/pubs/625r00008/tfs7.pdf#search=%22aquatic%20systems%20for%
20wastewater%20treatment%22 
 
EPA, 625/R-00/008. http://www.epa.gov/nrmrl/pubs/625r00008/html/tfs5.htm Onsite 
Wastewater Treatment Systems Technology Fact Sheet 5. Consulted on 15th Dec, 2006 
 
ESTCP 2006, http://www.estcp.org/projects/cleanup/199919o.cfm In-Situ Chemical 
Reduction and Precipitation of Hexavalent Chromi. Consulted in Sept. 2006 
 
FAO Irrigation and Drainage Papers- 47 Wastewater treatment and use in agriculture, 1992.  
http://www.fao.org/docrep/T0551E/t0551e07.htm#5.%20irrigation%20with%20wastewater 
Consulted in 12th Apr, 2007 
 
FRTR 2003, http://www.frtr.gov/matrix2/section4/4_4.html Chemical Oxidation. Consulted 
in Sept. 2006 
 
FRTR 2003,http://www.frtr.gov/matrix2/section4/4-50.html Ex Situ Physical/Chemical 
Treatment (assuming pumping), 4.49 Precipitation/Coagulation/Flocculation. Consulted on 
Nov. 2006-11-17 
 
HEI, 2006. Hoffland Environmental Inc.Wastewater Treatment Systems.  
http://www.hoffland.net/src/el/7.xml Low Profile Gravity Sand Filter. Consulte on 15th Dec, 
2006. 
 
IWS, 2007. Integrated Water Strategies. 
http://waterrecycling.com/mimicking-nature-natural-wetlands Mimiking Natural – Nature 
Wetlands. Consulted on 23rd Mar, 2007. 
 
JSLM, 2006. Type TSF Rotating Biological Contactor  
http://www.gec.jp/JSIM_DATA/WATER/WATER_1/html/Doc_204.html Consulted on 15th 
Dec, 2006. 
 
MEL, 2006. Environmental Solutions. http://www.melltd.com/ih2o.htm Inorganics in Ground 
Water. Consulted on 15th Dec, 2006. 
 
NESC, 2004  
http://www.nesc.wvu.edu/NSFC/Articles/PL/PL_w04_web/TricklingFilterParts.gif Consulted 
on 15th Dec, 2006. 
 
NSI 2006 http://www.natsys-inc.com/systems/about_wetlands.php# About Constructed 
Wetlands. Consulted in Sept. 2006 
 
Ohioline 2006, http://ohioline.osu.edu/b604/0006.html Ohio Livestock Manure Management 
Guide, Consulted in September 2th, 2006 
 
R.Stegmann, K.-U.Heyer and R.Cossu, 2005. Leachate Treatment.  
http://www.ifashamburg.de/pdf/leachate05.pdf#search=%22aerated%20lagoons%20for%20le
achate%20treatment%22 Sardinia 2005, Tenth International Waste Management and Landfill 
Symposium. Consulted on Oct 12, 2006. 
 



 68

USACE 1999, Chapter 7 Treatment Process Selection, 7-4 Economic Considerations, 
http://www.usace.army.mil/publications/eng-manuals/em1110-2-501/c-7.pdf, Consulted in 
November, 2006. 
 
Walden 2001. http://www.waldeninc.com/SBR.htm That’s SBR Processes--Sequencing Batch 
Reactor. Consulted on Sep. 28, 2006 
 
Wikipedia (Sand Separator), 2006 http://en.wikipedia.org/wiki/Sand_separator. Consulted on 
September 10th 2006 
 
Wikipedia (Nitrification), 2006 http://en.wikipedia.org/wiki/Nitrification Consulted in Sept. 
2006 
 
Wikipedia (Sand Separator), 2006 http://en.wikipedia.org/wiki/Sand Consulted in Sept. 2006 
 
Wikipedia (Activated Charcoal), 2006 http://en.wikipedia.org/wiki/Activated_charcoal 
Consulted in Sept. 2006 
 
Interviews: 
 
Anna Thuresson, VafabMiljo, Sweden. 
 
Per Olof Persson, Industry Ecology, Royal Institue of Technology,Sweden 
 
Petra Klasson, SRV återvinning AB, Sweden. 
 
Rickard Wrene, SRV återvinning AB, Sweden. 
 
Wang Shuying, Beijing University of Technology, China. 
 



 69

APPENDIX  
 
List of Acronyms 
 
 
AC activated carbon 
AOP advanced oxidation processes 
AOX adsorbable organic halides 
BOD biological oxygen demand 
Cl chlorine 
COD chemical oxygen demand 
ED electrodialysis 
GAC granular activated carbon 
HWM high molecular weight 
MF microfiltration 
NF nanofiltration 
RBC rotating biological contactor 
RO reverse osmosis 
SBR sequencing batch reactor 
SS suspended solid 
TKN total kjeldahl nitrogen 
TOC total organic carbon 
TOX toxicity 
UASB upflow anaerobic sludge bed reactor
UF ultrafiltration 
VFA volatile fatty acids 
VOC volatile organic carbon 
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