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Abstract−−−−−−−− Parameters such as chemical oxygen 

demand in leachate, organic biodegradable com-
pound, specific weight, and settlements of solid waste 
disposed in large scale testing unit at Buenos Aires 
Sanitary Landfill were monitored for more than 20 
years. The mathematical simulation formulae be-
tween these parameters and the solid waste age were 
established based on the data obtained from the test-
ing landfill units, and justified by the data obtained 
at the closed landfill units. The long-term predictions 
for concentrations of leachate from the landfill were 
carried out through mathematical simulation of a set 
of formulae proposed. The results showed that the 
organic activity within the landfill was stabilized 
after 7 years of closing it, confirming the consolida-
tion and biodegradable process and its rate over 
time. While the landfill reached this quasi-
equilibrium state, the on-site treatment of leachate 
was achieved, with a significant reduction in costs.  

An improvement of the initial conditions in the 
engineering design phase was discussed, as well as, 
some optimization in maintenance post-closure ac-
tivities. Additionally, the landfill's reintegratio n 
process and, the expansion of its capacity with 
minimal impact on the environment, were consid-
ered. 

Keywords−−−−−−−− Sanitary landfill, solid waste, bio-
degradation, leachate, settlement. 

I. INTRODUCTION 
Sanitary landfill (SLF) is still the most common practice 
of municipal solid waste (MSW) disposal in Latin 
American countries. Basically, SLF is a large-scale bio-
reactor where complex and, physical, chemical and bio-
logical reactions occur. While the MSW degrades, SLF 
gases are generated, top surface is settled down (Ling et 
al., 1998; Liu et al., 2006) and organic concentrations in 
leachate are attenuated gradually (Bookter and Ham, 
1982; Durmusoglu et al., 2005; Durmusoglu et al., 
2006; Jiangying et al., 2004; Youcai et al., 2001). One 
of the main problems in the analysis of stabilization 
process is the monitoring field data.  This data is critical 
to predict long-term conditions.  Different literature was 
revised and, the problem was confirmed: limited moni-
toring period of time. In the present manuscript, field 
monitoring results compound a period of 21 years (7700 
days), while the latest information does not collect more 
than 3 to 5 years of recording: Bowders et al. (2000), in 
“Settlement of Municipal Solid Waste Landfills”, lea-

chate and settlements were measured in Columbia land-
fill, USA for 180 days. In the same paper, cumulative 
settlement was registered in Lyndhurst landfill, Victoria, 
Australia for 700 days. Sowers (1967) studied the set-
tlement of a building and new 10 feet fill on an old sani-
tary land fill of 25 feet thick for 2080 days. Machado et 
al. (2002), registered data of Bandeirantes SLF in Sao 
Paulo, Brazil for 2500 days. Youcai et al. (2001), in 
Shangai SLF in China measured field data for 1200 
days. Kumar (2000), Coduto and Huitric (1990), and 
Edil et al. (1990) in Mission Canyon SLF, in California, 
USA, registered and analyzed field data for 1497 days. 
Edil et al. (1991) in Wisconsin SLF, USA, registered 
field data for 600 days. Sánchez-Alciturri et al. (1995) 
in Meruelo SLF in Spain, registered field data for 900 
days. Merz and Stone (1962), in Spadra SLF in USA, 
registered field data for 500 days. Hossain (2003) in 
different waste landfills: Mountain View, Yolo county, 
Mid Penninsula, Atlantic, Richmond, Keele, and Spruce 
Ridge, covered a maximum period of 1350 days of field 
monitoring. Oweis (2006) made a theoretical study on 
landfill settlements due to mechanical and decomposi-
tional processes. 

These waste landfills are a potential pollution source 
for surface and groundwater. To prevent contamination, 
sealing SLF surrounding strata and treating leachate are 
the usual practices. Leachate is formed in SLF due to 
the degradation of the waste together with percolation of 
rain water through the open discharge area or through 
the SLF cap (Rodriguez Iglesias et al., 2000). Lea-
chate´s degradable compounds were used as a parameter 
to determine biodegradation effects over time (Lee et 
al., 2001). 

Since all organic materials in the MSW undergo par-
tial or total microbial decomposition (mineralization), 
leachate contains intermediate products together with 
high concentrations of toxic organics, heavy metals, and 
other xenobiotic materials. The exact composition is 
variable and site specific depending principally on the 
MSW´s type and age, and the operational methodology 
applied, that involves cover frequency and rain regime 
(Ehrig, 1983; Kjeldsen and Cristophersen, 2001). Proper 
SLF design and site management can significantly re-
duce the quantity and strength of leachate but will never 
eliminate it (Gurda and O´Hara, 1995).  

The treatment of leachate is one of the most impor-
tant issues in the management of a landfill. Convention-
ally, the leachate is pumped out from the SLF and led 
into the anaerobic or aerobic treatment plants. The proc-
esses for leachate treatment are always very complex 
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and costs are usually quite high (Sarubbi, 1997; Youcai 
et al., 2000). 

The aim of this study is to characterize leachate of 
argentinean SLF, and the process of degradation and 
stabilization of SLF. As a secondary objective, provide 
recommendations on the treatment of leachate and the 
conditions of design engineering to reduce maintenance 
costs and integrate the SLF into the community. 

II. METHODS 

A. Construction of the sanitary landfill units 
Sanitary landfills under study are located in the Greater 
Buenos Aires area, in Argentina, and, during 25 years 
have received over 65 million metric ton of MSW, and 
served as final disposal alterative of almost 10 million 
people. They were used as large-scale experimental in 
situ units because of their technical and operational 
standards, and, the consistent monitoring program. 

The south landfill in the Buenos Aires surrounding 
area, Villa Dominico, has 747 hectares of which 520 
hectares are of waste disposal and 227 hectares of green 
buffer area. This landfill started operations in October 
1978 and closed in February 2004. The Villa Dominico 
area was selected by its geological layers so that poten-
tial out-coming leachate could be controlled through a 
layer of clay that varies from 1.5 to 5 m in thickness and 
has a permeability coefficient of 10-9 m/sec. The moni-
toring field data -used in this study- was registered from 
June, 1979, till January, 2004. The initial height of the 
first experimental module with solid waste disposal 
(measured at its top final cover) was 5.60 m above sea 
level, in 1979, and after 21 years, had a total settlement 
of 19% (the monitoring plate was identified as VD 1). 
The modules used in this study had a 20% average (AV 
7 monitoring plates), and their initial conditions are 
showed in Table 1.  

Since 1988, the engineering design tried to improve 
landfill capacity and increased the MSW height of dis-
posed material using less area of land. In the Quilmes 
module (identified as QL 2), an increase of the top cov-
er height of two meters (8 m above sea level) was 
achieved, and its capacity was improved by 20%, and, 
after 20 years, the measured settlement of the top cover 
was 18% (average). 

From July 1990 until its closure, due to the lack of 
land, Villa Dominico SLF increased even more the 
thickness of disposed MSW. A vertical expansion was 
designed, with higher (intensive land use) modules with 
20 m of MSW thickness, creating a second level of 
MSW disposal over the original, with a cumulative set-
tlement of  25% (VD 9). 

Finally, Dock Sud SLF was designed with a higher 
level of final top cover so that more MSW could be dis-
posed. The infrastructure (modules, embankment, cells, 
etc.) was located in an area with 5 to 9 m layer of clay 
with a 10-10 m/sec permeability coefficient, was started 
in 1991 and ended in 1992. MSW discharge operations 

began in March, 1992 and ended in June, 1994. After 14 
years, the average settlement registered, on the top 

 

Table 1. Monitoring site plates and environmental conditions 
in Buenos Aires sanitary landfills. 

 

cover, was around 19% in DS 1 monitoring plates, and 
18% in DS 5 site. 

B. Refuse biodegradation research 
Sample preparation 
Refuse samples were taken at the transfer stations in 
Buenos Aires city before going to the SLF, and ex-
tracted from the mass of MSW disposed in the SLF. 
Four different samples were collected prior to discharge, 
with an annual monitoring frequency for each topog-
raphic monitoring plate, following the sampling meth-
odology of the ASTM (1992) 5231-92 norm (Standard 
test of the composition of unprocessed municipal solid 
waste). The samples were classified by their physical 
and chemical composition, were broken into powder by 
hammer, miller or grinder until the particle diameter 
was smaller than 0.1 mm. Then, the MSW powder from 
the four samples was mixed and a given weight of this 
mixture was sent for analysis. All the final samples of 
mixed powder were tripled, and the data recorded in 
tables and figures are the mathematical mean values.  

Leachate was taken in a similar way from the collec-
tion drainage system closer to the monitoring plates 
located into the SLF (Fig. 1). 

Analytical methods 
Leachate composition was measured with the Chemical 
Oxygen Demand [COD: amount of an oxidant dichro-
mate ion (Cr2O7

2-) that reacts with the sample under 
controlled conditions, being reduced to the chromic ion 
(Cr3+)] and Biochemical Oxygen Demand [BOD5: em-
pirical test that measures the molecular oxygen used  

 
Figure 1. Leachate collection system in Argentine sanitary land-
fills. 
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during a specified incubation period (5 days) for the 
biochemical degradation of organic material (carbona-
ceous demand) and the oxygen used to oxidize inor-
ganic material such as sulfide and ferrous iron] which 
were analyzed under the Standard Methods protocols 
(Eaton et al., 2005). 

For Organic Biodegradable Compound (OBC) anal-
ysis, MSW sample was oxidized by potassium dichro-
mate solution at room temperature.  

MSW composition was analyzed according to the 
dry basis method. Dry basis refers to samples dried at 
105°C for 3 hours, and the resulting weight loss is 
named moisture.  

All the laboratory techniques followed the USEPA 
SW-846 (1986) norm. 

Solid waste composition  
The MSW deposited in the SLF under study had an av-
erage composition included in Table 2. It is worth not-
ing that the MSW has more than 50% (wet weight) of 
rapid biodegradable organic matter (mainly food waste). 
Similar proportions are found in Latin American SLF 
(PAHO, 2005). This proportion of organic matter is the 
main aspect in terms of biodegradation and stabilization 
processes of the MSW and, also, in the SLF stabiliza-
tion. 

MSW quality changes continuously along time. The 
MSW placed in the 1970s is different from the MSW 
placed in the 1980s or in the 1990s. For example, the 
fraction of MSW made up of plastic material continues 
to increase (Ohtaki and Kiyohiko, 2000). As shown in 
 

Table 2. Average composition of municipal solid waste in Buenos 
Aires sanitary landfills and Latin American countries. Source: 

indicated below the table. 

 
References: (1) Levy and Alegre (1972); (2) Sarubbi et al. 
(1991); (3) Pescuma et al. (2001); (4) PAHO (2005). 

Table 2, the increase in the plastic fraction has risen 
from 2% (wet weight) in 1970, 10% in 1991 and 13.8% 
in 2001. 

In contrary, the organic degradable fraction -in terms 
of stabilization of SLF- has declined from 89.9% in 
1970 to 71% in 2001. These values are confirmed in 
Latin America countries because they have similar cha-
racteristics and habits in terms of waste generation. 

Leachate characterization in Argentine landfills 
Several leachate investigations were held from 1980 up 
to 2002 as part of an environmental monitoring program 
and the vertical expansion project (Sarubbi et al., 1994), 
to characterize leachate as a function of its age (Theisen 
et al, 1996). The results were summarized in Table 3 
and compared to international literature in Fig. 2.  

Leachate is a complex and highly variable mixture 
of soluble organic, inorganic, bacteriological constitu-
ents and suspended solids in an aqueous medium. The 
leachate BOD5 concentrations decreased with time and 
had a large variation among the different cells and mod-
ules. In those where MSW had been emplaced for long-
er periods, not only the BOD5, COD, and total organic 
carbon (TOC) contents on the leachate were lower, but 
also the ratio of BOD5:COD and COD:TOC tended to 
decrease. Nitrogen is hard to reduce and maintains a 
consistent concentration for a long time. In Fig. 2 the 
abatement of González Catán and Villa Dominico ar-
gentinean SLF´s leachate is shown, and the COD expo-
nential trend was proposed based on the field data sam-
pled for 20 years. 

C. Mathematical formulae on composition of lea-
chate and solid waste over time 
Organic Biodegradable Compound 
MSW undergoes aerobic biodegradation almost imme-
diately after it is generated, that is in the garbage bin. 
Once in the SLF, after its disposal, the aerobic process 
continues because of the presence of trapped oxygen 
(air in a porous media). Then, MSW goes through a  
 
Table 3. Leachate monitoring campaigns in Buenos Aires´ sani-
tary landfills. 
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Figure 2. Leachate´s COD concentration results measured in the 
Argentine sanitary landfills (reference 1: Sarubbi, 1997, and Sa-
rubbi et al, 1994) and comparison with international literature (2: 
Youcai et al, 2000; 3: Watson, 1989; 4: Kjeldsen and Christo-
phersen, 2001; 5: Rodríguez  Iglesias et al , 2000; 6: Ehrig, 1983). 

facultative degradation stage (up to 2 years), and finally, 
the ambient for MSW organic phase degradation be-
comes strictly anaerobic and continues for a long time 
(more than 10 years). 

The organic biodegradable compound (OBCt) of the 
MSW at a time t, can be defined with an exponential 
function of waste age, and the refuse biodegradation in 
SLF conform to the following first-order kinetic Eq. 1: 

{ }tRBCK
t

heOBCOBC ..10 0.

0
. −= ,    (1) 

where, OBC0: starting MSW organic biodegradable 
compound of the MSW, determined by the quality study 
of urban garbage, and based on the evolution related to 
population habits and differential collection systems 
(expressed as mass percentage), at the initial stage, that 
is after the disposal at the SLF; RBCo: starting coeffi-
cient of rapid biodegradable composition, that depends 
on MSW porous structure, environmental conditioning 
factors and, MSW moisture (Sarubbi et al., 1991) at its 
initial stage, immediately after its disposal. It comes 
from Table 2. Kh: coefficient that considers the hydroly-
sis rate of degradation (Table 4 shows a research related 
to hydrolysis degradation rates), and t: elapsed time 
from the moment MSW is disposed of at the SLF 
(measured in years); the sub-index t: stands for the stage 
in time after its disposal at the SLF. 

The evolution of the average OBC sampling results 
is compared in Fig. 3 with the proposed model (Eq. 1). 

Table 4. Hydrolysis degradation rate research. Unit: day-1. 

 

 
Figure 3. Measured and simulated OBC of waste disposed in the 
Villa Dominico sanitary landfill. 

Solid waste specific weight 
The degree of compaction is directly related to different 
SLF factors and MSW characteristics. Different factors 
should be assessed on a case-by-case basis.  The age 
and degree of biodegradable process, management of 
biogas (quality, generation rate, and extraction tech-
niques), as well as leachate management (quality, gen-
eration quantity and extraction techniques), temperature 
and hydraulic characteristics of MSW [hydraulic con-
ductivity determined from pumping test is about 10-5 
m/sec. (Oweis and Ellwood, 1990)], heavy equipment 
used for MSW compaction, soil cover frequency of the 
open operative discharge area, climatic conditions, 
among other variables, influence the compression index 
and finally, its specific weight (Chia-Nan et al., 2006). 

The specific weight of MSW disposed, SWt can be 
defined by the following expression: 

100/

0
1 )1.( tt

tt OBC

OBC
SWSW += −

,    (2) 

where, OBCt: organic biodegradable compound of 
MSW under study (expressed in % weight) at time t; 
OBC0: initial organic biodegradable compound of MSW 
(expressed in % weight); SWt-1: specific weight of the 
MSW in its previous stage (previous time period) in 
kN/m3; SW0: initial specific weight of MSW when SLF 
was covered and disposal operation finished (also in 
kN/m3). 

Figure 4 shows SW variation with time taking into 
account field data of argentinean SLF and simulated 
results.  

Leachate 

Generally, BOD5 and COD leachate concentration val-
ues are high during the first five years, but they rapidly 
decrease to relative low values (Kjeldsen and Christo-
phersen, 2001), and this characteristic was related to the 
degree of decomposition of the MSW´s organic com-
pound. Therefore, MSW´s organic compound decreases 
in terms of BOD5 or COD, and helps to assess OBC 
evolution. The variation of leachate´s composition is 
achieved by the following formula: 

{ }t
tt eCODCOD .

1 . β−
−=     (3) 

0

1
COD

COD
COD t

t −=Φ      (4) 
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Figure 4. Specific weight of municipal solid waste disposed at 
Villa Dominico sanitary landfill. 

 
Figure 5. Cumulative settlements and leachate COD concentra-
tions in Quilmes sanitary landfill. 

where: CODt: is the variation in the composition of 
MSW leachate COD concentration with time t, and, 
COD0: is the initial determined concentration of COD of 
MSW leachate (t=0); FCODt: Proportional leachate 
abatement relation that will be used to understand the 
biodegradable process at the elapsed time t; b: COD 
biodegradability coefficient of leachate composition, 
that was determined to be 0.24 from the field data; t: 
elapsed time since the moment of leachate´s generation 
measured in year.  

D. Results 
The process of biodegradation of organic components of 
MSW is complex and difficult to model. However, the 
changes in certain representative parameters of the SLF, 
can be investigated through the temporal relationship 
between reduction in the OBC of MSW, the increase of 
their specific weight, the increasing settlements of its 
top cover, and the abatement of the leachate through its 
variable COD.  

In disagreement with some recent research linking 
the process of biodegradation and stabilization of the 
SLF, to the generation of biogas (Chia-Nan et al., 2006; 
Oweis, 2006), this study proposes a linkage with the 
process of abatement of the leachate. The main objec-
tion is that the rate of biogas generation depends on a 
number of parameters such as the type of collection and 
extraction system, the extraction flow, the extent of the 
MSW mass gathering into the SLF, atmospheric condi-

tions, and besides, it is recognized that even an efficient 
system can not collect more than 60% of the total poten-
tial biogas generated (Brown and Caldwell, 1994). 

In Fig. 5 the abatement of leachate COD concentra-
tion, is compared with cumulative settlement of the 
plate named QL 2 in absolute and relative values.  

The similarity in the curves of both stabilization 
processes was notorious. On the one hand, the process 
of mechanical-physical stabilization through the settle-
ments of the MSW height, and secondly, the process of 
lowering the organic load of leachate expressed through 
its COD. This similarity led to the confirmation of the 
relation between the organic degradability of MSW dis-
posed in the SLF, through its settlements or through the 
leachate´s organic concentration (in terms of COD) and 
vice versa. This relation was confirmed in several sites, 
such as, AV 7 monitoring plate at Avellaneda SLF. The 
link between physical reactions (settlements) and chem-
ical and biodegradable reactions (leachate abatement) is 
showed in Fig. 6. 

Although specific studies should be performed case 
by case, the field measurements showed that after 7 
years, approximately 80% of the main MSW´s organic 
reactions have almost ceased, and therefore, other ac-
tivities (like construction of another MSW lift, or ex-
pansion or rehabilitation of the SLF) could be set up on 
the sanitary landfill final cover (Fig. 7 represents the 
data of the VD 9 monitoring plate at the Villa Dominico 
SLF in Buenos Aires, Argentina). 

 
Figure 6. Cumulative settlements and leachate abatement com-
parison in Avellaneda sanitary landfill. 

 
Figure 7. Cumulative settlements and leachate abatement in Villa 
Dominico - Buenos Aires sanitary landfills. 
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Figure 8. Cumulative settlements and OBC of municipal solid 
waste disposed in Buenos Aires sanitary landfills. 

 
Figure 9. Organic biodegradable compound and leachate COD 
referred to waste age, in Argentine sanitary landfills. 

If MSW is saturated of leachate, the analysis re-
quires the solution of coupled stress-diffusion equations. 
The coupling is approximated by the effective stress 
principle, which treats the saturated waste as a contin-
uum, assuming that the total stress at each point is the 
sum of an effective stress carried by the MSW skeleton 
and a pore pressure in the fluid permeating the MSW. 
This fluid pore pressure can change with time (if exter-
nal conditions change, such as the addition of a load to 
the MSW). The gradient of the pressure through the 
waste, which is not balanced by the weight of fluid be-
tween the points under discussion, will cause the fluid to 
flow. Flow velocity is proportional to the pressure gra-
dient in the fluid according to Darcy’s Law. The dis-
crete process of the semi-infinite, totally loaded stripes 
of cover soil and waste have been studied with satisfac-
tory results (Sarubbi et al, 2001; Sarubbi and Sánchez 
Sarmiento, 2002). 

In terms of OBC, it can be defined a relation be-
tween cumulative settlement and the age of the MSW 
since its disposal. In Fig. 8 for 20-25% of OBC, in the 
first year, it is estimated to reach the 25% of total cumu-
lative settlement. With 20% of OBC, in the first 5 years 
from the disposal date, the MSW will achieve a 70% of 
the total potential cumulative settlement. This result is 
important because allows to determine, in advance, the 
potential cumulative settlement of a SLF based on the 
organic characteristics of the MSW disposed of. 

Analyzing the OBC, the leachate´s COD concentra-
tion with MSW´s age, it can be stated that for higher 
concentrations of COD there should be higher levels of 
OBC and that, both processes achieve lower levels as 

time goes by (see different curves with 1, 5, 10, 15 and 
20 elapsed years from disposal date, in Fig. 9).  

Studying the evolution of specific weight with lea-
chate´s COD concentration, in Fig. 10, it can be seen 
that higher levels of COD relate to lower specific 
weight of MSW disposed. In terms of operative meth-
odology, it means that at an initial state, the quality of 
leachate can determine the SW and the rate of descend 
through the elapsed time. The biodegradation process 
can be used to design structural stages with time, and 
inferred the settlement caused by the SW variation. 

The representative parameters previously described 
can be summarized in Fig. 11. For different concentra-
tions of leachate´s COD, it can be expected certain lev-
els of OBC, and at the same time, certain related cumu-
lative settlements. The SLF design should incorporate 
these potential scenarios where settlements can be con-
sidered from the beginning of the operative stage, dis-
charging more MSW to achieve higher height and there 
fore, optimizing the capacity of the SLF (and saving 
money in terms of infrastructure and disposal volume). 

For leachate management, its quality determines the 
timing for its treatment. It is recommended to maintain 
the leachate in the SLF until the first 5 years. After that, 
it can be sent out of the SLF for treatment in adequate 
facilities. Also, it is advisable to mix different leachates 
according to their ages, for achieving an uniform quality 
(equalization). In this way, the treatment process is op-
timized in terms of time-efficiency and costs. Also, 
maintenance works after the SLF closure, can be mini-
mized using the concepts of settlements and stabiliza-
tion process described. 

 
Figure 10. Leachate COD related to specific weight of municipal 
solid waste in Buenos Aires sanitary landfills. 

 
Figure 11. Representative parameters of municipal solid waste 
disposed in Buenos Aires sanitary landfills. 

Limitations of this investigation 
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The magnitude of the representative parameters pro-
posed in this study (leachate COD concentration, cumu-
lative settlement, specific weight and OBC) can be in-
fluenced by MSW properties, the SLF operational me-
thodology and climatic site conditions.  

The MSW properties vary considerably from loca-
tions, countries, regions, depending on human habits. 
MSW with its moisture, addition of nutrients to enhance 
degradation, can influence the biodegradation rate.  

The operational methodology depends of heavy 
equipment used, incoming tonnage, distribution and 
compaction efficiency of the MSW disposed, leachate 
and biogas management, external loads applied over the 
SLF, characteristics of the covers (soil/synthetic materi-
als), its frequency (daily, temporary or final) of SLF 
operation, among others. 

External conditions also affect the stabilization 
process: ambient temperature, pressure, humidity and 
general climatic conditions (rain, snow, etc.). 

These parameters are all interdependent variables. 
For instance, if leachate or biogas systems are installed, 
they create a favorable environment for decomposition 
and accelerate settlements and the stabilization process, 
including the abatement of leachate´s organic load. 

In view of these concerns, the use of the formulas 
and results presented in this investigation should be 
tempered with judgment and technical criteria. 

In a general action plan to use the information pre-
sented in this manuscript, the quality of MSW should be 
investigated as a first step. From there, the leachate cha-
racteristics and OBC should define trends of behavior in 
terms of potential stabilization process. If any additional 
feature -such as SW, MSW´s height, cover frequency- is 
obtained, the process and its results will be defined 
more precisely. 

Discussion 
In Latin American countries, most solid waste is cur-
rently disposed of in open pits, un-controlled landfills 
and sanitary landfills. At the same time, lack of land for 
new facilities, saturation of the existing ones, and stric-
ter legal regulations, oblige to maximize the actual ca-
pacity of the existing landfills and design more effi-
ciently the new ones. On the other hand, understanding 
the waste stabilization process inside the landfill can 
prevent possible pollution arising from biological ac-
tion. The applicability of the results of this study should 
conform to each site depending on the parameters mod-
eled: characteristics of solid waste (OBC, SW, hydroly-
sis), characteristics of the leachate (leachate composi-
tion in terms of COD, BOD), and settlements of SLF. 

Overall, the characteristics of solid waste (Table 2), 
leachate´s properties (Fig. 2) and sanitary landfills in 
Latin America are similar. Therefore, the findings and 
inferences from this study can be applied fairly well 
with certain limitations (explained before). 

Design engineering should consider the stabilization 
and abatement results for a better leachate treatment, as 
well as, settlements should be analyzed for an optimiza-
tion of the volume (capacity) of the landfill and the po-

tential re-uses of its final top cover. Also, the geotechni-
cal stability of additional lifts should be designed in a 
more safety way. 

III. CONCLUSIONS 
The SLF stabilization process can be represented by the 
following parameters: cumulative settlements, lea-
chate´s COD concentration, specific weight and organic 
biodegradable compound. Their relationships quantify 
the biodegradability of the refuse inside the SLF. The 
principal results of this investigation can be summarized 
as follows: 
1. Although specific studies should be performed case 
by case, the field measurements showed that after 7 
years, approximately 80% of the main MSW´s organic 
reactions have almost ceased, and therefore, other ac-
tivities (like construction of another MSW lift, or ex-
pansion or rehabilitation) could be set up on the sanitary 
landfill final cover. 
2. The organic biodegradable compound of solid waste 
is an exponential function of waste age, and the refuse 
biodegradation in landfill conforms to the first-order 
kinetics pattern (Eq. 1), depending on waste composi-
tion, environmental conditioning factors and degrada-
tion hydrolysis rate.  
3. Leachate from the SLF under study was characterized 
by a high strength of BOD5, COD and nitrogen. Whilst 
COD and BOD5 leachate concentrations sharply de-
crease in the first few years after closure of the SLF, 
nitrogen maintains a consistent concentration for a long 
time. 
4. Leachate´s COD abatement is also an exponential 
function of waste age and follows the first-order kinet-
ics pattern (Eq. 3 and 4). 
5. Leachate and organic biodegradable compound of 
disposed solid waste can be used for defining the ab-
atement curve of the cumulative settlements of sanitary 
landfill top cover. 
6. The sanitary landfill-time curve of stabilization proc-
ess can be well described by the leachate abatement 
process even if specific investigations should be per-
formed for different types of solid waste and landfill 
conditions. 
7. Leachate treatment should consider its natural at-
tenuation process inside the sanitary landfill, or re-
injecting techniques, before sending it to specific 
treatment facilities. 
8. Proper landfill design and site management can sig-
nificantly reduce the quantity and strength of leachate 
but will never eliminate it.  
9. Further monitoring of long-term sanitary landfill 
parameters is still required to quantify the expected rate 
of waste decomposition, leachate abatement and set-
tlement for different quality conditions of waste and 
landfills. 
10. The development of techniques to quantify them is 
an important start in understanding the different stages 
of waste-landfills and the potential re-use of the site 
and the long-term maintenance works. 
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11. The design of future landfills has to create as much 
recreational space as practicable, consistent with pro-
viding maximum capacity for waste disposal. In order 
to achieve this latter objective, maximum slopes of 1:3 
or 1:4 are often norm, and for steep slopes a herring-
bone network of “U” channels on the slopes has to be 
installed to reduce the scouring effect of surface runoff 
and infiltration. 
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