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Abstract - In some operational circumstances a fast evaluation of landfill leachate anaerobic treatability is 
necessary, and neither Biochemical Methane Potential nor BOD/COD ratio are fast enough. Looking for a fast 
indicator, this work evaluated the anaerobic treatability of landfill leachate from São Carlos-SP (Brazil) in a pilot 
scale Anaerobic Sequence Batch Biofilm Reactor (AnSBBR). The experiment was conducted at ambient 
temperature in the landfill area. After the acclimation, at a second stage of operation, the AnSBBR presented 
efficiency above 70%, in terms of COD removal, utilizing landfill leachate without water dilution, with an inlet 
COD of about 11,000 mg.L-1, a TVA/COD ratio of approximately 0.6 and reaction time equal to 7 days. To 
evaluate the landfill leachate biodegradability variation over time, temporal profiles of concentration were 
performed in the AnSBBR. The landfill leachate anaerobic biodegradability was verified to have a direct and strong 
relationship to the TVA/COD ratio. For a TVA/CODTotal ratio lower than 0.20, the biodegradability was considered 
low, for ratios between 0.20 and 0.40 it was considered medium, and above 0.40 it was considered high. 
Keywords: Landfill leachate; Total volatile acids; Treatability; Biodegradability; Anaerobic sequencing batch 
biofilm reactors. 

 
 
 

INTRODUCTION 
 

The biodegradability of the leachates varies with 
time in landfills. Changes in biodegradability of 
leachates have been evaluated by checking the 

BOD/COD ratio (Rada et al., 2013). Usually, in 
young landfills, this ratio is high and falls in mature 
landfills. Ratios between 0.4 and 0.6 are considered 
to be an indicator that the organic matter in the 
leachate is readily biodegradable. In mature landfills, 
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this ratio is often in the range of 0.05 to 0.2 and this 
ratio drops because leachate from mature landfills 
typically contains humic and fulvic acids, besides 
other recalcitrant organic compounds, which are not 
readily biodegradable (Tchobanoglous et al., 1993). 

The BOD/COD and BOD/TOC ratios are widely 
used as indicators of the biodegradability or treat-
ability of organic matter present in wastewaters, but 
such ratios must be evaluated with care depending on 
the type of wastewater and the type of treatment 
used. For landfill leachates, the BOD test requires 
acclimated seed to avoid errors and, even so, when 
toxic substances are present in the leachate, depend-
ing on the concentration in the sample, the aerobic 
seed could be inhibited, leading to BOD values 
lower than the actual ones (Contrera, 2008). 

According to van Haandel and Lettinga (1995), 
the biodegradability of organic matter can be evalu-
ated by a BOD test in an aerobic environment, but 
the result cannot be necessarily in an anaerobic envi-
ronment. In this case, a test of anaerobic biodegrad-
ability should be performed considering the particu-
larities of each wastewater and treatment. Thus, in 
anaerobic environments, the BOD is not an appropri-
ate parameter for assessing the anaerobic biodegrad-
ability of landfill leachate and, furthermore, to obtain 
the value of the BOD at least 5 days is required. The 
Biochemical Methane Potential (BMP) test is a good 
alternative to determine the anaerobic biodegrad-
ability, but it can take much more time than BOD to 
give a definitive response, which may not be feasible 
in some operational situations. 

Landfill leachates have some particularities be-
sides the waste types disposed, climate, landfill hy-
drogeological structure, operational conditions and 
age of the landfill (Millot and Courant, 1997; Qasim 
and Chiang, 1994), and its physicochemical charac-
teristics are the result of its formation process. 
Leachates are composed predominantly by dissolved 
substances. Most of the solubilization processes, 
leaching and precipitation occur within the landfill, 
initially in a short-time aerobic condition, followed 
by a long-time anaerobic condition. Thus, in general, 
leachates have a high concentration of dissolved 
organic and inorganic substances, low concentration 
of suspended solids and, therefore, little organic 
matter remaining to be solubilized. In leachates from 
young landfills, or young cells of landfills, an im-
portant fraction of the solubilized organic matter is 
composed by volatile fatty acids (VFA), usually 
measured as total volatile acids (TVA). 

Scientific and technical literature, in general, does 
not give much importance to TVA concentration in 
landfill leachates. In most cases, these acids are con-

sidered to be only an indicative of the age of the 
landfill, emphasizing that, if TVA concentrations are 
high, the leachate can be treated by biological proc-
esses, but never establishing a relative TVA concen-
tration to indicate the level of biodegradability or the 
kind of biological treatment to be used. In many 
cases, TVA is the major part of the organic com-
pounds in leachates (Contrera, 2008).  

The applicable methods of leachate treatment are 
biological and physical-chemical, or a combination 
of these processes (Qasim and Chiang, 1994). An-
aerobic and aerobic systems have been extensively 
researched to remove organic matter and ammonia 
(Kulikowska, 2012). However, they need an external 
source of carbon for denitrification when the leachate 
comes from mature landfill. For this reason, recently, 
processes such as Annamox and endogenous denitri-
fication has been surveyed and the first results are 
promising, indicating that anaerobic-aerobic treat-
ment association is possible without an extra carbon 
source (Kuenen, 2008; van der Star et al., 2007; 
Anfruns et al., 2013; Wang et al., 2013; Zhu et al., 
2013). 

Anaerobic treatments have been widely used in 
tropical countries due to their advantages, especially 
with respect to low energy consumption, low amount 
of sludge generated and good performance treating 
high-strength wastewaters. Among the anaerobic 
systems the Upflow Anaerobic Sludge Blanket 
(UASB) reactors (Castillo et al., 2007; Sun et al., 
2010), sequencing batch reactors (Timur and Özturk, 
1999; K. J. Kennedy and Lentz, 2000; Imen et al., 
2009) and fluidized bed reactors (Eldyasti et al., 
2011) can be highlighted. 

In order to eliminate the sedimentation step and 
to minimize the biomass loss in anaerobic sequenc-
ing batch reactors (AnSBR), Ratusznei et al. (2000) 
proposed the anaerobic sequencing batch biofilm 
reactor (AnSBBR), which contains biomass immo-
bilized in an inert support, confined in a basket-like 
container inside the reactor. As this configuration 
presented good results treating synthetic wastewaters 
(removal efficiency up to 86%), the AnSBBR started 
to be studied and developed (Ratusznei et al., 2003; 
Rodrigues et al., 2003; Cubas et al., 2004; Pinho et 
al., 2004; Siman et al., 2004; Bezerra et al., 2010; 
Costabile et al., 2010). The AnSBBR was also tested 
and optimized with many types of wastewaters, in-
cluding diluted whey (Damasceno et al., 2007),  
sewage (Sarti et al., 2007) wastewater of the per-
sonal-care industry (Oliveira et al., 2009), biodiesel 
production effluent (Selma et al., 2010; Bezerra et 
al., 2010), sucrose-based wastewater (Manssouri et 
al. 2013) among other studies for optimization and 
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improvement of the AnSBBR (Rodrigues et al., 
2004; Silva et al., 2011; Vich et al., 2011). 

In the same way, this work evaluated the treatment 
of landfill leachate under various biodegradability 
conditions in a pilot-scale AnSBBR. The variations in 
composition and biodegradability characteristics of 
the leachate were due to excessive rain and changes in 
the operational condition of the landfill in São Carlos-
SP, Brazil. The variations were noted mainly in the 
TVA and COD concentrations in the landfill leachate, 
which resulted in significant variations in the reactor 
performance explored in this experiment. 

Taking advantage of these events, the importance 
of the TVA/COD ratio was investigated as a fast 
anaerobic treatability or biodegradability indicator, 
to help make decisions for managing, designing or 
planning leachate treatment or pretreatment systems. 
 

MATERIALS AND METHODS 
 
Experimental Set-Up 
 

The experimental pilot plant shown in Figure 1 
was installed at the municipal landfill area in São 
Carlos-SP, Brazil, in a shed constructed near an ex-
isting stabilization pond. When the experiment was 
started, the landfill had about 12 years of operation, 
generated 100 m3.day-1 of leachate, received about 
150 ton.day-1 of waste, occupied an area of approxi-
mately 0.06 km2, was 30 m in height and had two 
extensions (2 and 5 years of operation). Leachate 
was collected from these extensions and temporarily 
stored in a 2000 L polyethylene reservoir in front of 
the shed. Preferably, non-metallic materials were 
used in the experiment. 
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Figure 1: Scheme of the experimental installation at the landfill area in São Carlos-SP, Brazil. 
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The Anaerobic Sequencing Batch Biofilm Reactor 
(AnSBBR) treated 746 L of landfill leachate per 
batch with a total volume of 1300 L (1.65 m high 
and 1.00 m diameter). The reactor was made of fi-
berglass and had a stainless steel hollow cylindrical 
basket (1.20 m high, 0.90 m external diameter and 
0.60 m internal diameter) inside it, which was filled 
with polyurethane foam cubes (4 cm on a side and  
23 g.L-1 density), as an inert support for biomass 
(110 L of inoculum) collected from the bottom of an 
existing stabilization pond. Mechanical stirring was 
accomplished with two PVC impeller-type turbines, 
with six flat-blades, operated at 30 rpm, according to 
Sarti et al. (2007), to prevent biomass detachment, 
producing a velocity gradient ( G ) of 118 s-1. 

An electrical control triggered the pump, valves 
and stirring system during the batches guided by 
level controls and adjusted the reaction times. To 
operate the pneumatic valve, controlled by a solenoid 
valve, an air compressor was used. The experiment 
was conducted at ambient temperature (ranged be-
tween 15.0 and 29.2 °C with mean 23.8 ± 2.1 °C) 
and, during the winter, two oil heaters of 1500 W 
were used only to reduce the temperature variations 
and to operate near 25 °C. 

The reaction times varied from 5 to 7 days ac-
cording to the reactor operating stage. The filling 
time used was 15 minutes and the discharge time 
was 30 minutes. 
 
Experimental Protocol 
 

The operation was carried out in five stages on 80 
batches lasting 493 days. Stages 1 and 3 were neces-
sary for the acclimation of the reactor for the assays 

performed at stages 2 and 4. Stage 5 was carried out 
only to analyze the biomass growth and for a final 
biomass sampling. 

In stage 1, to acclimate the biomass, the leachate 
was initially diluted in water to 50% and ethanol was 
added as additional substrate to activate the biomass, 
according to Figure 2. The dilution was reduced to zero 
at the end of this stage that lasted 26 batches. Each 
batch had a reaction time of 7 days. The ethanol used 
as additional substrate in the AnSBBR was the same 
commercial hydrous ethanol (92.8% of ethanol and 
7.2% of water in mass) used as car fuel in Brazil 
(Contrera et al., 2013). At the end of this stage, the TVA 
concentrations in the leachate from landfill increased, 
making it less recalcitrant to anaerobic treatment. 

In stage 2, which covers the period of batches 27 
to 37, the AnSBBR did not receive any additional 
substrate or water dilution. From batch 27 to 32, the 
reaction time was 7 days and four temporal concen-
tration profiles were performed. From batches 33 to 
37, based on the previous profiles, the reaction time 
was reduced to 5 days in order to optimize the op-
eration time, and more four temporal concentration 
profiles were performed. 

In stage 3, which covers the period of batches 38 
to 50, ethanol was again added to the leachate at the 
beginning of each batch in the AnSBBR, according 
to Figure 2, because the leachate again became ex-
tremely recalcitrant to anaerobic treatment, due to 
the climate and operational changes in the landfill. 
However, the addition of ethanol at this stage was 
gradually increased in order to maintain and to ac-
climate the reactor to high organic loads. 

In stage 4, which covers the period from batches 
51 to 68, some tests were carried out in the AnSBBR. 
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Figure 2: (a) Amount of additional substrate added to each batch; and (b) Initial concentration of ethanol 
in the batches as COD equivalent. 
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At the beginning of this stage, with the reactor in 
steady-state, treating leachate with the addition of 
ethanol, three temporal concentration profiles were 
performed to evaluate the reactor performance. After 
this, trying to reproduce the second stage, as the 
leachate was extremely recalcitrant, volatile fatty acids 
were added to the leachate (acetic acid: 3.0 L.batch-1, 
propionic acid: 1.0 L.batch-1 and butyric acid: 0.25 
L.batch-1), according to Figure 2, resulting in con-
centrations near that observed in stage 2. The acetic 
acid used was glacial 100% and propionic and bu-
tyric acids were also 100%. When the system at-
tained a new steady-state, four temporal profiles of 
COD concentration were performed to evaluate the 
degradation of the organic matter added to the 
leachate as VFAs. 

In stage 5, which covers the period of batches 69 
to 80, the reactor was not monitored, but was kept in 
operation with a reaction time of 7 days and addition 
of 1.5 L of ethanol at the beginning of each batch, to 
provide a final sample of the biomass after batch 80. 
 
Analytical Methods and Microbiological Exams 
 

Influent and effluent samples were collected for 
physico-chemical analysis in all the first 68 batches 
performed. When temporal concentration profiles 
were performed, samples were collected at interme-
diate times. The chemical oxygen demand (COD) of 
the total and filtered samples, the pH, total alkalinity 
(TA), total ammonia nitrogen (TAN), free ammonia 
nitrogen (FAN), the total solids (TS), total fixed solids 
(TFS), total volatile solids (TVS), and the metals 
zinc (Zn), lead (Pb), cadmium (Cd), nickel (Ni), iron 
(Fe), manganese (Mn), copper (Cu) and chromium 
(Cr) were determined according to the Standard 
Methods (APHA, 2005). Gas chromatography was 
used only for characterizing volatile fatty acids 
(VFA) in stage 2 of the operation. 

In order to accelerate and to simplify the biode-
gradability evaluation, a direct titration method 
(Dilallo and Albertson, 1961) for TVA determination 
was used as it is fast, easy, cheap and does not re-
quire sophisticated equipment. Thus, a TVA/COD 
ratio evaluation can be made in about two hours, 
which is very fast as compared to the five days nec-
essary for the BOD/COD evaluation which, for an 
anaerobic treatment, would not be the best indicator. 
The methodology described by Dilallo and Albertson 
(1961) was calibrated with standard solutions of 
volatile fatty acids in the leachate, according to 
Contrera (2008) using Equation (1): 
 
TVA fca TVAA fcb 1.854 TVAA 427= ⋅ − = ⋅ −     (1) 

Main microbial communities were observed by 
direct microscopy only at the inoculation and at the 
end of the experiment after batch 80. An Olympus 
BX-60 equipped with contrast-phase and fluores-
cence, measured by ultraviolet light excitation, was 
used for the observations. 
 
Mathematical Model and Validation 
 

At the beginning of each batch the anaerobic bio-
degradability (An.Biod.COD) of leachate was consid-
ered to be equal to the efficiency of the treatment to 
remove its respective COD. At the end of each batch, 
the anaerobic biodegradability of leachate was con-
sidered to be close to zero; the anaerobic biodegrad-
ability at any time during the batch could thus be 
considered to be equal to the fraction of organic 
matter consumed (%) until that time, referred to the 
remaining organic matter concentration at the end of 
each batch, as in Equations (2) and (3): 
 

0

0

COD Rem. COD

S Sf

S

Effic. (%) Total An.Biod. (%)

C C
100

C

=

⎛ ⎞−
= ⋅ ⎜ ⎟⎜ ⎟

⎝ ⎠

    (2) 

 

i

i

S Sf
COD

S

C C
Partial An.Biod. (%) 100

C

⎛ ⎞−
= ⋅ ⎜ ⎟⎜ ⎟

⎝ ⎠
    (3) 

 
As the organic matter treated by anaerobic proc-

esses in leachates is mostly TVA and composed 
mainly by acetic acid, considering that the theoretical 
COD of acetic acid is about 1.0 gO2.gHAc-1

, the 
TVA/COD ratio may be a good indicator of the an-
aerobic biodegradability for landfill leachates. 

To validate this assumption, the mathematical 
correlation between this ratio and the anaerobic bio-
degradability of the landfill leachate was evaluated, 
as calculated in Equations (2) and (3). The coeffi-
cient of determination (r2) was used as an indicator 
of this possible correlation.  
 
 

RESULTS AND DISCUSSION 
 

Ten months before starting the experiments, the 
leachate presented concentrations of TVA equal to 
2142 mgHAc.L-1 and CODTotal equal to 6396 mg.L-1, 
which could indicate anaerobic treatment as a good 
option for pretreatment of the leachate due to its high 
TVA concentration. However, as the reactors were 
built, the characteristics of the leachate changed, 
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presenting concentrations of TVA equal to 371 
mgHAc.L-1 and CODTotal equal to 4025 mg.L-1. The 
experiment was started even so, but as the charac-
teristics of leachate did not change again, reactor 
failure was observed in a few weeks. This failure 
was verified by no removal of organic matter and 
sludge loss without a change in pH, probably due to 
the absence of biodegradable organic matter in suffi-
cient concentration to maintain the biomass active. 

After this, all the foam and the biomass in the re-
actor were replaced to restart the operation using a 
new strategy for the biomass acclimation, as previ-
ous presented in the methodology. The acclimation 
was carried out in stage 1, when the leachate was 
predominantly recalcitrant, presenting an average 
TVA of 862 mgHAc.L-1 and average CODTotal of 
4613 mg.L-1.  

Excessive rain and changes in landfill operation 
produced modifications in the leachate characteris-
tics that were explored in this experiment. These 
changes produced an increasing concentration of 
biodegradable compounds in the leachate during 
stage 2, presenting average concentrations of TVA 
equal to 3658 mgHAc.L-1 and CODTotal equal to 8566 
mg.L-1, when tests were performed in the pilot-scale 
reactor. A characterization of VFA by gas chroma-
tography performed on the influent of batch 28 pre-
sented: 4130 mg.L-1 of acetic acid, 1275 mg.L-1 of 
propionic acid, 232 mg.L-1 of butyric acid, 93 mg.L-1 
of isobutyric acid, 56 mg.L-1 of valeric acid, 33 mg.L-1 
of isovaleric acid and 75 mg.L-1 of caproic acid. 

At the beginning of stage 3, the leachate became

recalcitrant again, presenting average concentrations 
of TVA equal to 606 mgHAc.L-1 and CODTotal equal 
to 4911 mg.L-1. Thus, ethanol addition was necessary 
to maintain the biomass active in the reactor for the 
following tests using volatile fatty acids degradation 
in stage 4. Thus, stages 1 and 3 were used to prepare 
the AnSBBR for the tests performed in stages 2 and 
4, respectively. Table 1 presents the mean and 
standard deviation values of the parameters 
determined in the influent and effluent in stages 1 to 
4 of the AnSBBR operation. The parameter values 
reported for leachate influent are without additions. 
Stage 5 was performed only to analyze the biomass 
growth and for a final biomass sampling for a 
quantitative and qualitative exam. 

In batches 1 to 68, the temperature of the liquid in 
the AnSBBR ranged between 15.0 and 29.2 °C with 
mean 23.8 ± 2.1 °C. Figure 3 (a) shows the average 
temperature of the liquid in the AnSBBR and the 
ranges of variation for each batch. 

During stages 1, 3 and 4 there was no major re-
moval of organic matter by AnSBBR, with the ex-
ception of added substrates. In stage 2, treating pure 
landfill leachate, the system efficiency reached 71% 
of CODTotal removal. Considering the added sub-
strate, the major overall removal occurred at the end 
of stage 1, when 84% of CODTotal was removed. 
Figure 3 (c) shows the influent leachate with and 
without additional substrate, and effluent CODTotal 
concentrations. Figure 3 (d) shows CODTotal removal 
efficiencies for leachate with and without addition of 
substrate in the four stages (68 batches) of operation.

 
Table 1: Mean and standard deviation values of the parameters analyzed in the influent and effluent 
leachate in stages 1 to 4 of the AnSBBR operation. 
 

Stage 1 (26 Batches) Stage 2 (11 Batches) Stage 3 (13 Batches) Stage 4 (18 Batches) Parameter Unit 
Influent* Effluent Influent* Effluent Influent* Effluent Influent* Effluent 

Temperature °C 23.8 ± 2.0 24.7 ± 1.7 21.3 ± 1.7 25.0 ± 0.9 
CODTotal mg.L-1 4613 ± 1269 4644 ± 2027 8566 ± 2662 4119 ± 632 4911 ± 304 4885 ± 215 5006 ± 306 4518 ± 826 
CODFiltered mg.L-1 4313 ± 1138 4203 ± 1886 8056 ± 2578 3797 ± 630 4715 ± 376 4487 ± 264 4804 ± 276 4252 ± 850 

pH** - 8.03 7.75 7.95 8.18 8.02 8.18 8.11 8.28 
TVA mgHAc.L-1 862 ± 897 1871 ± 2682 3658 ± 2145 399 ± 163 606 ± 123 613 ± 166 524 ± 206 446 ± 136 
TA mgCaCO3.L-1 8327 ± 1933 7911 ± 2068 10687 ± 1066 10635 ± 1007 12660 ± 790 12345 ± 787 12645 ± 937 14166 ± 2209 
NH3-N mgN.L-1 1762 ± 381 NA 2183 ± 231 NA 2659 ± 209 2620 ± 188 2781 ± 185 3143 ± 715 
FAN mgN.L-1 83 ± 35 166 ± 30 153 ± 21 338 ± 167 
SO4

-- mgS.L-1 ND ND ND ND ND ND ND ND 
TS mg.L-1 11211 ± 2146 10498 ± 2298 15330 ± 2111 12669 ± 1399 13636 ± 1191 13544 ± 887 12803 ± 599 12497 ± 1220 
TFS mg.L-1 7734 ± 1874 7629 ± 1873 9422 ± 663 9085 ± 741 9430 ± 339 9511 ± 261 9078 ± 537 9023 ± 709 
TVS mg.L-1 3477 ± 774 2870 ± 477 5907 ± 1967 3584 ± 922 4206 ± 1063 4033 ± 895 3725 ± 343 3530 ± 747 
Zn mg.L-1 0.46 ± 0.18 0.35 ± 0.16 0.81 ± 0.43 0.64 ± 0.23 0.97 ± 0.62 1.06 ± 0.56 0.67 ± 0.18 0.64 ± 0.20 
Pb mg.L-1 0.12 ± 0.07 0.12 ± 0.05 0.27 ± 0.08 0.23 ± 0.10 0.21 ± 0.15 0.21 ± 0.18 0.20 ± 0.09 0.19 ± 0.09 
Cd mg.L-1 0.03 ± 0.03 0.03 ± 0.02 0.08 ± 0.04 0.06 ± 0.03 0.05 ± 0.02 0.07 ± 0.02 0.04 ± 0.02 0.04 ± 0.03 
Ni mg.L-1 0.43 ± 0.26 0.42 ± 0.22 0.62 ± 0.12 0.62 ± 0.13 0.59 ± 0.07 0.62 ± 0.06 0.47 ± 0.09 0.46 ± 0.10 
Fe mg.L-1 12.82 ± 9.34 13.72 ± 6.79 17.80 ± 6.98 17.48 ± 6.32 9.41 ± 3.85 15.24 ± 3.05 7.22 ± 2.15 15.82 ± 5.03 
Mn mg.L-1 0.47 ± 0.39 0.27 ± 0.11 0.53 ± 0.20 0.22 ± 0.06 0.19 ± 0.03 0.23 ± 0.08 0.19 ± 0.05 0.20 ± 0.05 
Cu mg.L-1 0.04 ± 0.02 0.04 ± 0.02 0.07 ± 0.03 0.08 ± 0.01 0.04 ± 0.02 0.07 ± 0.02 0.05 ± 0.02 0.07 ± 0.02 
Cr mg.L-1 0.07 ± 0.09 0.15 ± 0.15 0.13 ± 0.08 0.19 ± 0.14 0.12 ± 0.13 0.20 ± 0.22 0.31 ± 0.15 0.48 ± 0.18 

* Leachate without additions; ** Determined by the mean of H+ concentrations; NA = Not analyzed; ND = Not detected 
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Due to the addition of ethanol and to the biomass 
acclimation, at the beginning of stage 1, the AnSBBR 
produced more TVA than it consumed, as shown in 
Figure 3 (e), initially reducing the pH of the effluent, 
as shown in Figure 3 (b). This also explains the 
higher average concentration and higher standard 
deviation shown by TVA in the effluent in stage 1 as 
shown in Table 1. The natural concentration of TVA 

in the influent leachate ranged from 129 to 7611 
mgHAc.L-1. Figure 3 (f) shows the TVA removal 
efficiency without considering the TVA generated by 
the ethanol acidification, or VFA added to the 
leachate. The maximum removal efficiencies reached 
96.0% in batch 22 in stage 1, and 97.1% in batch 28 
in stage 2. In stage 2 the average removal efficiency 
was 81.1 ± 16.9%. 
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Figure 3: (a) Average temperature of the liquid in the AnSBBR and the ranges of variation; (b) Influent 
and effluent pH variations; (c) Influent and effluent CODTotal concentrations; (d) CODTotal removal effi-
ciencies for leachate with and without addition of substrate; (e) Influent and effluent TVA concentrations; 
and (f) TVA removal efficiency without considering the TVA generated or added to the leachate. 
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The pH of the influent leachate ranged from 7.65 
to 8.35 and of the effluent from 7.02 to 8.45. As can 
be observed in Figure 3 (b), in stage 1, due to the 
ethanol addition and no consumption of total TVA 
generated by acidification, the pH of the effluent 
dropped as compared to the influent leachate pH. In 
the following stages, the consumption of TVA pro-
duced an opposite effect, raising the pH of the efflu-
ent in relation to the affluent in most batches. 

Most solids removal occurred during stage 2, re-
moving predominantly TVS due to the higher con-
centration of biodegradable organic matter in the 
leachate at this stage. During the four stages, the TS 
concentration ranged from 8401 to 19379 mg.L-1, 
TFS concentration ranged from 4701 to 10718 mg.L-

1 and TVS concentration ranged from 2330 to 10006 
mg.L-1 in the natural influent leachate. 

N-ammonia ranged from 1264 to 4519 mgN.L-1 
and FAN ranged from 24 to 634 mgN.L-1 without 
damage to the system performance. 

All along the stages, the AnSBBR did not remove 
metals and, in some cases, an increase in metal con-
centration occurred in the effluent, possibly due to 
drag or solubilization of metals from sludge inoculum. 

As can be seen in Figure 4 (a), when plotting the 
TVA/CODTotal ratio in the course of the batches, 
there is a considerable difference in the behavior of 
this relation for the influent and treated effluent. 
Note also that, after the acclimation of biomass in the 
AnSBBR, the TVA/CODTotal ratio remained con-
stantly low in the treated effluent. This indicates the 
importance of this ratio in the anaerobic treatment of 
landfill leachates. 

Plotting the treatment efficiencies, in terms of 
CODTotal removal, in the batch interval in which the 
biomass was acclimated by receiving leachate with-
out dilution or additions of acids in the AnSBBR 

(batches 14 to 50) against the TVA/CODTotal ratios of 
the influent gave the graph in Figure 4 (b), where it 
is possible to note a significant correlation between 
the efficiencies of the AnSBBR and the TVA/ CODTotal 
ratio for the influent leachate. A linear fit to these 
points gave Equation (4) that correlates the TVA/ 
CODTotal ratio and the removal efficiency of CODTotal, 
i.e., the AnSBBR capacity of anaerobically biode-
grading leachates. The coefficient of determination 
(r2), equal to 0.87406, for Equation (4) indicates a 
good correlation between the TVA/CODTotal ratios 
and the anaerobic biodegradability of leachate. 
 

COD Rem. COD

Total

Effic. (%) An.Biod. (%)

TVA146.07 9.22
COD

=

= ⋅ −

  (4) 

 
In order to further explore the behavior of the 

TVA/CODTotal ratio within the system during a 
batch, 8 temporal concentration profiles of CODTotal 
and TVA in the AnSBBR were performed in stage 2. 
Figures 5 (a) to 5 (d) show these profiles performed 
from batches 28 to 37. The first four temporal con-
centration profiles (batches 28 to 31) show stabiliza-
tion in the consumption of biodegradable organic 
matter after the fifth day. Comparing the CODTotal 
and TVA profiles, they were observed to present the 
same pattern. 

In leachates, the presence of acetic acid as the 
major component of acids and a relevant part of 
the organic matter is common. Hence, considering 
that the theoretical COD of acetic acid is about    
1.0 mgHAc.mgO2

-1, observing Figures 5 (b) and      
5 (d), it is possible to conclude that the anaerobic 
treatment of leachate removed basically TVA in this 
experiment. 
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Figure 4: (a) Variation of the TVA/CODTotal ratio in the course of the batches; and (b) Linear relationship 
between TVA/CODTotal ratios and the CODTotal removal efficiency for batches 14 to 50. 
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Grouping these eight concentration profiles, using 
Equation (3) and plotting the TVA/CODTotal ratios 
against the CODTotal anaerobic biodegradation, Figure 
5 (e) is produced. This figure shows a strong rela-
tionship between these two parameters and, by a 
linear fit, Equation (5) was obtained, presenting a 
coefficient of determination (r2) equal to 0.95458, 
i.e., very good linear correlation. 
 

COD
Total

TVAAn.Biod. (%) 152.32 12.14
COD

= ⋅ −      (5) 

 

As the leachate became recalcitrant again, due to the 
operational stabilization and the decrease in rainfall 
at the landfill, the TVA concentration also decreased. 
In order to explore this new condition and to verify 
the potential correlation between the TVA/CODTotal
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Figure 5: Stage 2 results of profiles performed on batches 28, 29, 30 and 31 for CODTotal (a) and TVA 
(b); profiles performed on batches 33, 34, 35 and 37 for CODTotal (c) and TVA (d); and the linear 
relationship between TVA/CODTotal ratios and the CODTotal anaerobic biodegradation for the profiles 
performed on batches 28, 29, 30, 31, 33, 34, 35 and 37 (e). 
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ratio and the CODTotal anaerobic biodegradation, tests 
with acetic, propionic and butyric acid were pro-
grammed. Before this, in stage 3, a new increase in 
organic load was performed to stabilize the reactor 
until the necessary charge for the tests in stage 4. 
This new stabilization was produced by adding etha-
nol again to the leachate at the beginning of each 
batch according to Figure 2. Because ethanol was 
acidified into acetic acid and the acetic acid was 
totally consumed, the AnSBBR was ready to receive 
the volatile fatty acids at the desired concentration at 
stage 4 in order to verify whether the correlation be-
tween TVA/CODTotal ratio and the CODTotal anaerobic 
biodegradation was valid. To validate this hypothe-
sis, four temporal profiles of concentration were 
performed (batches 56, 57, 58 and 59); at the begin-
ning of each batch, 3.0 L of acetic acid (CODEq. = 
4478 mg.L-1), 1.0 L of propionic acid (CODEq. = 
2002 mg.L-1) and 0.25 L of butyric acid (CODEq. = 
568 mg.L-1) were added. Figure 6 (a) shows the

CODTotal concentration profiles and Figure 6 (b) 
shows the TVA profiles performed. In Figures 6 (a) 
and 6 (b) at time zero, the concentration of DQOTotal 
and TVA was plotted before the VFA addition. As the 
substrate consumption did not go beyond the 
concentration added, it can be concluded that the 
leachate was really recalcitrant, as hypothesized. 

As in stage 2, taking a similar procedure to in-
vestigate the CODTotal anaerobic biodegradation de-
pendence of the TVA/CODTotal ratio, Figure 6 (c) was 
produced, where a clear correlation can be noted 
again. This figure again shows a strong relationship 
between CODTotal anaerobic biodegradation and 
TVA/CODTotal ratios and, by a linear fit, Equation (6) 
was obtained, which presented a coefficient of de-
termination (r2) equal to 0.97442, indicating very 
good linear correlation. 
 

COD
Total

TVAAn.Biod. (%) 144.14 10.71
COD

= ⋅ −      (6) 
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Figure 6: Stage 4 results of profiles performed on batches 56, 57, 58 and 59 for CODTotal (a) and TVA 
(b); and the linear relationship between TVA/CODTotal ratios and the CODTotal anaerobic biodegradation 
for the profiles performed on batches 56, 57, 58 and 59 (c). 
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Comparing the results of Equations (4), (5) and 
(6) in Table 2 and taking the maximum difference 
between the results, it could be seen that the maxi-
mum difference found was less than 4 % in the re-
searched interval and, therefore, a small difference. 
If anaerobic biodegradation lower than 20 % could 
be considered low anaerobic biodegradation, be-
tween 20 and 50 % medium and above 50 % high, 
the corresponding TVA/CODTotal ratios are lower 
than 0.20 for low anaerobic biodegradability, be-
tween 0.20 and 0.40 for medium and above 0.40 for 
high. 

Thus, these results for the leachate from São 
Carlos-SP, Brazil suggest that TVA/CODTotal ratios 
can indicate the degree of anaerobic biodegradability 
for landfill leachates as well as the BOD/COD ratio 
for aerobic biodegradability. 

At the end of stage 5, samples of the biomass 
were taken for examination and no difference was 

verified regarding the beginning of the experiment. 
In both cases, the predominant morphology found in 
the biomass was similar to that of Methanosarcina 
sp. and this is indicative that this morphology can 
adapt better than others to landfill leachate. The 
morphology Methanosaeta sp. normally found in 
anaerobic treatment of sewage, was not found by 
optical examination of biomass. Figure 7 (a) shows 
the aspect of the biomass in the foam cubes at the 
end of stage 5, and Figures 7 (b) and 7 (c), respec-
tively, show the images obtained by optical micros-
copy in phase contrast and fluorescence, which have 
a high concentration of morphology similar to that of 
Methanosarcina sp. for a sample taken at the end of 
stage 5 in the AnSBBR. 

Unfortunately, gas generation could not be meas-
ured, or its composition determined, due to the diffi-
culty in sealing the reactor cover, but the presence of 
methane was detected by a burning test. 

 
 

Table 2: Results of Equations (4), (5) and (6), and their maximum differences. 
 

An.Biod.COD Total (%) TVA/CODTotal Biod. 
Eq. (4) Eq. (5) Eq. (6) 

Δmax. (%) 

0.10 ↑ 5.4 3.1 3.7 2.3 
0.15 ↓ 12.7 10.7 10.9 2.0 
0.20 -- 

Low 
20.0 18.3 18.1 1.9 

0.25 ↑ 27.3 25.9 25.3 2.0 
0.30 | 34.6 33.6 32.5 2.1 
0.35 ↓ 41.9 41.2 39.7 2.2 
0.40 -- 

Medium 

49.2 48.8 47.0 2.3 
0.45 ↑ 56.5 56.4 54.2 2.4 
0.50 | 63.8 64.0 61.4 2.7 
0.55 | 71.1 71.6 68.6 3.1 
0.60 | 78.4 79.3 75.8 3.5 
0.65 ↓ 

High 

85.7 86.9 83.0 3.9 

 
 
 

 
(a) (b) (c) 

Figure 7: (a) Aspect of the biomass in the foam cubes within the reactor basket; (b) Image obtained by 
optical microscopy in phase contrast which has a huge concentration of morphology similar to 
Methanosarcina sp. in a sample taken at the end of stage 5 in the AnSBBR and (c) the same optical 
microscopy image in fluorescence. 
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CONCLUSION 
 

The TVA/CODTotal ratio presented good linear 
correlations with the potential of anaerobic biode-
gradability and the removal efficiency of CODTotal 
for the leachates investigated, presenting coefficients 
of determination (r2) above 0.95. 

For leachates from the landfill of São Carlos-SP, 
Brazil, without dilution or additions, TVA/CODTotal 
ratios lower than 0.20 indicated low anaerobic bio-
degradability; between 0.20 and 0.40 they indicated 
medium; and above 0.40, they indicated high. 

A final test, adding acetic, propionic and butyric 
acids to a recalcitrant leachate and treating it in the 
AnSBBR, reproduced the same results presented by 
treating a non-totally recalcitrant leachate, presenting 
equivalent TVA/CODTotal ratios for each degree of 
potential anaerobic biodegradability. 

Anaerobic treatment of landfill leachate would 
not be viable with TVA/CODTotal ratios lower than 
0.20, due to the low efficiencies expected. 
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NOMENCLATURE 
 
Symbols and Abbreviations 
 
Add. Addition 
An.Biod.COD Anaerobic Biodegradability 

in terms of chemical oxygen 
demand removal  

%

AnSBBR Anaerobic Sequencing Batch 
Biofilm Reactor 

Biod. Biodegradability 
BMP Biochemical Methane 

Potential 
BOD Biochemical Oxygen 

Demand  
mg.L-1

COD Chemical Oxygen Demand  mg.L-1

CODEq. Chemical Oxygen Demand 
equivalent  

mg.L-1

CODFiltered Chemical Oxygen Demand 
of filtered samples  

mg.L-1

CODTotal Chemical Oxygen Demand 
of non-filtered samples  

mg.L-1

Cd Cadmium  mg.L-1

Cr Chromium  mg.L-1

CS0 Initial Substrate 
Concentration  

mg.L-1

CSf Final Substrate 
Concentration  

mg.L-1

CSi Intermediate Substrate 
Concentration 

mg.L-1

Cu Copper mg.L-1

Effic. Efficiency  %
Effl. Effluent 
Eq. Equation 
FAN Free Ammonia Nitrogen  mgN.L-1

fca Correction factor due to 
recovery and conversion  

mgHAc.
mgCaCO3

-1

fcb Correction factor due to 
interfering substances  

mgHAc.L-1

Fe Iron mg.L-1

HAc Acetic acid 
Infl. Influent 
Leach. Leachate 
Mn Manganese  mg.L-1

N Nitrogen 
NH4

+-N Ammonium nitrogen  mgN.L-1

Ni Nickel  mg.L-1

P. Profile 
Pb Lead mg.L-1

PVC Polyvinyl Chloride 
r2 Coefficient of determination 
Rem. Removal 
TA Total Alkalinity  mgCaCO3.

L-1

TFS Total Fixed Solids mg.L-1

TOC Total Organic Carbon  mgC.L-1

TS Total Solids  mg.L-1

TVA Total Volatile Acids  mg.L-1

TVAA TVA alkalinity by the 
DiLallo and Albertson 
(1961) method  

mgCaCO3.
L-1

TVS Total Volatile Solids  mg.L-1

VFA Volatile fatty acids 
Δmax. Maximum difference %
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