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ABSTRACT: The growth of municipal solid waste production has become a major concern not only to determine the final waste dis
posal destination, but also to prevent or minimize the possible harmful effects in the environment and risks for human health in recent 
times. This study is dedicated to the landfill alternative of solid waste disposal. In order to verify the disposal process and treatment 
efficiency utilized in Muribeca's Landfill, a program of study was developed to understand the solid waste disposal in the last 16 
years. This investigation refers to an environmental management of liquids, solids, and gases parameters, which are significant to 
evaluate the current disposal method presented in Muribeca's Landfill, considering waste age, composition, and thickness, and local 
meteorological conditions.

RESUME: Face a la production croissante de résidus solides urbains il est nécessaire de trouver une destineé pour ces résidus, et de 
réduire les possibles effets négatifs sur 1’ environement et les risques pour la santé humaine. Les études ici développées se rapportent 
a la disposition des résidus en remblai. Pour vérifier 1’ efficacité du processus et le traitement employé au remblai de Muribeca, ont 
été réalisés des études pour comprendre le comportement des résidus depuis 16 ans. Ces études se rapportement aux paramétres de li
quides, solides et gaz et vont servir pour évaluer le processus de disposition, en compte l'age, la composition, l'épaisseur et les condi
tions climatiques locales.

1 INTRODUCTION

The industrial, economic and demographic development of big 
cities increases the per capita production of Municipal Solid 
Waste (MSW). In order to cope with this change, there is a need 
in adopting suitable waste disposal techniques from technical, 
economic, and environmental points of view. Solid waste has 
been studied not only to improve disposal area utilization by 
minimisation, but also to understand waste mass behavior to es
tablish more practicable projects.

Among the waste disposal techniques used in the present 
time, Sanitary Landfill can be considered due to its widely appli
cability. However, the need to develop projects that requires pro
ceedings, techniques, and methods with special emphasis in a 
further geotechnical knowledge, involving instrumentation and 
adequation of materials parameters that form the MSW disposal.

Muribeca's Landfill is situated in the Metropolitan Region of 
Recife, which is located on the west coast of Brazil. Daily, it re
ceives 2.800 tons of domestic, hospital and industrial waste. The 
waste composition is 60% of organic matter, 15% of paper, 8% 
of plastic, 2% of both metal and glasses, and 13% of other mate
rials. Muribeca's Landfill site, which has an area of 60 hectares, 
has received municipal solid waste since 1985. Recently, the 
dumping area was submitted to a recuperation program, which 
aimed to transform it into a sanitary landfill, consisting basically 
in the construction of 9 cells. The cells were projected to have 
200m x 200m of area and waste layer thickness ranging from 20  

to 30 meters. The treatment process consists of leachate recircu
lation in Cells number 1, 2, and 3, which received a previous in
strumentation. In order to compare the efficiency of this process, 
Cell number 4 was allowed to have a natural degradation treat
ment, and the parameters obtained in this treatment were directly 
compared with those obtained in the recirculation process in Cell
3. This investigation is extremely important to determine 
whether the leachate recirculation treatment will be used in the 
remaining cells. The waste presented in Cells 1 and 2 has an av
erage age of more than 10 years (in 20m of height), while Cells 3 
and 4 are composed of recent solid waste with approximately 2 
years of age (in 29m of height).

The aim of this work is to present the study developed at 
Muribeca solid waste landfill, which involved not only geotech
nical instrumentation, but also the determination of some geo
technical parameters, such as superficial and depth settlements, 
and characterization parameters of the waste through Standard 
Penetration Tests, like moisture content and volatile solids. As 
an important part of this study, the efficiency of the waste dis
posal method and treatment process involved was also evaluated 
in order to comprehend the general behavior of the landfill under 
consideration. This investigation also considered the waste age 
and composition, such as the physical-chemical and biological 
phenomena developed during the organic matter decomposition 
process, as well as the meteorological conditions in the site.

2 METEOROLOGICAL CONDITIONS

Muribeca's Landfill is located in a tropical coastal region with a 
strong predominance of monsoon rains during almost the entire 
year. The climate is classified as Ams' type in KOPPEN classifi
cation. This climate is hot and humid, presenting annual rain 
precipitation tax exceeding évapotranspiration. The average an
nual temperature is 26°C, ranging in the interval of 18°C to 32°C. 
The plain region of Recife has real évapotranspiration tax of 950 
mm and a high relative humidity, reaching an average value of 
79,2%. The maximum relative humidity value of 83% occurs in 
May, and the minimum of 74% is found in December.

A meteorological station (ELE MM950), which is located in 
Muribeca's Landfill site, has been used to obtain information 
about the local conditions since 1999. The data is taken through 
an automatic acquisition system by the use of a notebook, and 
the determination of rain preciptation, wind direction and veloc
ity, soil and air temperature, atmospheric pressure, evaporation, 
and relative air humidity can be instantaneously collected.. The 
analysis of these meteorological parameters is decisive to under
stand forward movement of the feather contamination of air, liq
uids, and solids in the surrounding region of the landfill.

1999



700 

S» 

sso 

«7S 

400

I  -

ï "«n
100 

2S

-SO

-tas

Tlm*

32

24

8

0

Dec- Jun- Jan- JuJ- Aug- Oct- Nov- Jan- Feb- Mar- Apr- May- Jun- Jul- Aug- 
96 97 99 99 99 99 99 00 00 00 00 00 00 00 00 

Time (months)

Figure 1. Hidric behavior and leachate flux rate 

3 PERCOLATED GENERATION

Percolated water is an essential element for leachate formation. 
Even if there is no water percolating through the waste mass, a 
small volume of contaminated liquid can be expected as a result 
of chemical and biological reaction processes. The amount of 
leachate increases with a corresponding increase in the water that 
percolates through the waste. However, this higher amount of 
water contributes to dilute the contaminants in the leachate 
(Bagchi, 1990, Batstone, 1989).

Meteorological and hidric balance data (Figure 1) are ex
tremely important to establish the leachate flux behavior in dif
ferent periods of the year. In order to determine the leachate flux 
rate in Muribeca's Landfill, a high-technology equipment 
(SENSA-RC2) was used in this investigation. This equipment 
establishes the leachate flux rate by the flux velocity measure
ment passing through a specific geometric section. The amount 
of contamination from the leachate is discharged directly in 
Muribequinha and Jaboatao Rivers, which are located in the sur
rounding areas of the landfill. This predominance of superficial 
flow towards those rivers occurs due to the embankment of 
crystalline rocks that impedes the leachate infiltration into the 
groundwater environment.

The leachate is mainly originated from decomposition proc
ess of organic and inorganic wastes, and also from rainwater in
filtration that permeates through the final cover layer. The study 
of rainwater percolation is extremely important not only to 
evaluate the leachate pollutant potential in different periods of 
the year, but also to establish the leachate generation ratio that is 
a significant parameter in the selection of treatment projects.

In this investigation, the average leachate flux rate of 2 1/s or 
172,8m3/dia was observed in summer time, while in the winter 
the value increased to 4 1/s or 345,6 m3/dia. These values repre
sent very high flux rate with a considerable amount of organic 
matter. The results can also be used to understand the close rela
tion between the leachate generation and the precipitation and 
evaporation, confirmed by the highest value found in rainy peri
ods, and the lowest determination achieved in drought periods. 
Although the flux rate was approximately two times higher in 
winter than the value found in summer time, the leachate con
tains much less amount of organic matter because of the dilution 
effect of the contaminant.

In order to obtain parameters to study and understand the Land
fill behavior, four cells were taken experimentally and its in
strumentation included:
- Installation of settlement plates, which were distributed along 
the surface of each cell.
- Installation of special device - magnetic anchors - to measure 
settlement along the depth of Cell 4.
- Standard Penetration Tests execution in each cell, in order to 
obtain not only the waste thickness, but also to take waste sam
ples (volatile solids, moisture content) along the waste depth
- A piezometer was installed to monitor the liquid level in each 
cell using one of the penetration test holes.
- Installation of thermopairs to measure the solid waste mass 
temperature with depth in each cell. This instrumentation was 
possible by the use of a penetration test hole.

4 INSTRUMENTATION

5 LEACHATE

The determination of physical-chemical parameters, including 
metals, were accomplished by the use of American Public Health 
Association (APHA), (1992) Standard Methods for the Exami
nation of water and wastewater. In addition, the microbiological 
analysis was determinated following Palmisano & Barlaz (1996).

5.1 Physical-chemical

The leachate originated from Cells 1, 2, 3, and 4 is monitored by 
the use of different depth piezometers.

Different physical-chemical parameters are determined in this 
program of investigation, including: pH, alkalinity, conductivity, 
BOD, COD, total solids, volatile solids, clorets, aluminum, cad
mium, lead, chromium, copper, calcium, cobalt, iron, phosphor, 
manganese, magnesium, nitrogen, potassium, sodium, and zinc. 
The concentration behavior of those parameters presented in the 
leachate of Cells 1,2, 3, and 4 is seemed to vary according to the 
seasons of the year. It is observed that the highest values (peak) 
are found in periods of low rain precipitation. In rainy periods, 
the concentration values are reduced, and this could be due to 
rain water infiltration into the waste mass through the final cover 
layer, which has a permeability coefficient (k) of 4 x 10‘7 m/s, 
measured in situ. Cells 1 and 2 (old solid waste) show typical 
BOD and COD determinations of waste in the final stage of deg
radation. The values for physical-chemical parameters of Cells 3 
and 4 are higher than the values found in Cells 1 and 2, and this 
can be explained by the presence of new solid waste in Cells 3 
and 4, where the microorganism activity are very high.

5.2 Microbiology

Periodically, Cells 1, 2, 3, and 4 have the evolution of their mi
crobiological parameters monitored. Figure 2 shows the evolu
tion of the aerobics and anaerobics microorganism in Cells 2 and 
4. The microbiological control of leachate is extremely important 
not only to evaluate the anaerobic stage of the confined solid 
waste degradation, but also to estimate the leachate potential of 
contamination. As a result of an anaerobic process of treatment, 
the total number of anaerobic species relates the stage of the con
fined waste decomposition process, on the contrary, the number 
of aerobic microorganism is an inhibited factor in the decompo
sition process

In this investigation, an increase in the evolution of anaerobic 
species with time is observed in all monitored cells, and decrease 
in aerobic microorganism, consequently. This behavior shows an 
evolution in the decomposition process independent of the 
treatment method utilized in this Landfill. It is also verified that 
the comparison of aerobic and anaerobic microorganisms in the 
four cells was very similar from each other. However, the pres
ence of anaerobic species (108 UFC/ml) was predominant
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Figure 2. Aerobic and anaerobic Cells 2 and 4.

against aerobic ones in all monitored cells, confirming the evo- 
luted stage of waste degradation process.

6 WASTE.

,Solid waste monitoring is a useful tool to verify the stage of or
ganic matter decomposition, as well as the evolution of the proc
ess with time. Organic matter teor in a solid waste landfill is of 
fundamental importance to monitor waste decomposition process 
and also its effects in the waste mechanical properties.

6.1 Standard Penetration Tests - SPT

The drilling type used was continuos percussion, without water 
and the drilling hole had a further revetment. The methodology 
utilized in this investigation was the same used for soils. How
ever, some adaptation in the standard penetration methodology 
was necessary with respect to the material (waste). The results 
are presented in Figure 3.

It can be seen that the penetration resistance values are very 
similar in Cells 1 and 2, and these values are low along the waste 
depth. There is a small increase in higher depths at Cells 3 and 4 
probably due to superficial flow that may occur at soil layer 
(permeability of 10  m/s) under the cells following the local to
pography. The resistance ranges from 10 to 30 blows/0,30m 
along the depth (typical values for these tests), and these values 
can be found in technical literature as very low resistances.

During drilling, the objective was to complete the waste and 
soil thickness profile and the rocks depth. However, in some cir- 
cunstances, the desired depth was not reached due to certain dif
ficulties in the test execution.

6.2 Moisture content and Volatile Solids

Moistures content and volatile solids teor were determined 
using samples obtained during SPT execution at Cells 1, 2, 3 and 
4. Some of the results are shown in Figure 4. The moisture con
tent is strongly influenced by seasons (dry and rainy) and local 
meteorological conditions. Some moisture content values induce 
the increase in leachate production, which will promote, in con
sequence, the increase in the waste degradation stage. It can be 
observed an average volatile solids teor of 10% at Cell 2 (Figure 
4), excepting points at depths near 10 to 14m, which show an 
average teor of 15%. As expected, these low values can confirm 
the confined waste age. The average moisture content ranges 
from 25% to 30%. Palmisano and Barlazm, 1996 suggest that 
moisture content below 20% inhibit anaerobic process. It was

noted that higher moisture content are related to higher volatile 
solids teor and this indicates that most part of moisture content 
are found in the organic waste stage, making possible the degra
dation process.

Relating to Cell 4, high volatile solids teors indicates that are 
still organic matter passive to dissolution, transforming conse
quently in fluid phase by the action of microorganisms. The 
waste moisture content is generally superior to the minimum 
value, considered the inhibited limit of anaerobic process, not 
compromising the natural waste degradation process.

7 SETTLEMENTS

Municipal solid waste landfills settlement measurements is being 
used due to the necessity of taking account the waste mass de
formation to analyze slope stability, the landfill storage capacity 
and the area reutilization feasibility. Many factors have influ
enced and controlled the waste mass settlement. Environmental 
factors interfere strongly in the settlement evolution as well as 
other factors, such as: waste composition, thickness and com
paction rate.

Organic matter degradation is one of the main factors that 
rule settlement rates, with microbiologic activity being the agent 
of organic compounds degradation. It is natural that any factors 
that interfere the normal microorganism activity will interfere 
also the settlements. Hence, nutrient conditions inside the waste 
mass, temperature variations, oxygen availability, contaminant 
toxicity, bacterial acclimatization, among others, are the factors 
that rules settlement evolution in waste mass (Junqueira, 2000).

Superficial and depth settlements (settlement plates and mag
netic anchors) were measured at Munbeca landfill at Cells 1,2, 3 
and 4 to evaluate the solid waste degradation process evolution. 
At Cell 4, a comparative study was performed with the settle
ment measurement of near plates (9 and 10) nearby the local of 
magnetic anchors installation, with the most superficial magnetic 
anchor (3,5m depth). Tables 1 and 2 and Figure 6 shows the re
sults for settlement at Cell 4. Analyzing these results, it is possi
ble to conclude that:
- Cells 1 and 2: There is no significative variation in settlement 
magnitude with time and the velocity is very low because almost 
all the settlement due to pore pressure dissipation process and 
organic material degradation had occurred.
- Cells 3 and 4: These cells present almost the same behavior 
with respect to the magnitude of settlement and velocity. It can 
be seen on Tables 1 and 2 that these values are very high when 
considering the time that has been measured. Data shows that 
deep settlement (Cell 4) are higher at superficial layer and de
creases with depth. The last magnetic anchor has displacements 
near zero due to it is proximity with the soil layer. The instru
mentation efficiency with magnetic anchors can be verified 
comparing the plate settlements (plates 9 and 10) with the most 
superficial magnetic anchor (3,5m), and these results were very 
similar each other.
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Figure 3. SPT tests results
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Figure 4. Moisture content and volatile solids (Cells 2 and 4)
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Table 1. Superficial settlement comparative analysis.

Cell Plate Measure

Time

(years)

Cell

Age

(years)

Settlement

(m)

Velocity

(nm/day)

1 2 - 1 0 2.0 15 0.1-0.4 429

2 4 - 10 3.0 15 0.2-1.0 500

3 1 -1 3 1,9 2.5 0.8-1.8 2625

4 1 - 13 1,9 2.5 0.4-1.7 2286

Table 2. Superficial and depth settlement comparative analysis at Cell 4

Number Measure Time Settlement Velocity

(month) (m) (um/dav)

Superficial

Plates 9-10 1.5 0.7 1500

Depth

Devices 1 1.5 0.55 1486

3,5m

TEMPERATURE (°C )

Figure 5. Temperature (Cell 4)

8 TEMPERATURE

Solid mass measurements are realized by the use of thermopairs 
with the objective of monitoring this parameter behavior in ac
cordance to the degradation process evolution. Temperatures are 
measured at Cells 1, 2, 3 and 4. Figure 5 shows the temperature 
changes to depth in Cell 4.
Cells temperature behavior during the monitoring period is de
scribed: Cells 1 and 2: 30°C to 35°C at Cell 1, practically con
stant with depth (20m), and this corresponds to ambient tem
perature. These values are very low, indicating that the 
degradation process is in an advanced stage. Cell 2 shows the 
same range of variation presenting values of 50°C at higher 
depths. Cells 3 and 4: temperature varies from 35°C, at 2m

Table 3. Average gases concentration

Cell Time CH4(%) C02(%) 0 2  (%) Other(%)

1 Apr 1998 60 - 1 39

May 2000 40 - 2 58

2 Jul 1999 40 - 2 58

Nov 2000 40 - 5 55

3 May 2000 35 18 8 39

Nov 2000 50 30 3 17

depth, increasing to high bands (almost 63 °C), indicating that 
the waste in these cells are recent, and in this way, presenting 
high microbial activity and degradation process at the initial 
stage.

9 GASES

Gas monitoring is done with the objective of evaluating the or
ganic matter degradation process together with the measured pa
rameters. It is also desired to estimate the atmosphere gas libera
tion because of the contribution to the environmental problems, 
mainly due to the presence of methane and carbon dioxide in its 
composition (Jucâ et al, 1999). Periodical gas concentration 
measurements are realized at drains and inoculation points to 
monitor gases escape to the atmosphere. Table 3 shows the aver
age concentration measured at Cells 1, 2 and 3, emphasizing the 
initial and actual data.

The gas concentration results confirms the waste degradation 
time is at the final stage in Cells 1 and 2 and at initial stage on 
Cells 3 and 4, both with typical methanogenic stage concentra
tions. Cells 1 and 2 are on the stage where the methane produc
tion is decreasing tending to stabilization (maturation stage) 
while on Cells 3 and 4 the methane production is increasing 
similarity of methanogenic stage, when methane gas concentra
tion tends to its maximum values.

10 CONCLUSIONS

Meteorological conditions of tropical regions, where Muribeca's 
Landfill is located, have beneficial influence on natural solid 
waste degradation. Environmental influence seems to be the 
main factor in landfills behavior, interfering in almost all pa
rameters during waste degradation process such as: leachate pro
duction and treatment, leachate quality and production rate, 
waste physical, chemical and biological properties, gas genera
tion, settlement, and waste temperature. The analysis of these pa
rameters at Muribeca’s Landfill, together with adequate execu
tion methods, including a good solid waste compaction and 
proper materials for covering, seems to be very suitable to natu
ral anaerobic degradation process independent of the use of high 
technologies.
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