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SOIL ELECTRICAL RESISTIVITY MAPPING IN THE FORMOSA CITY LANDFILL,
GOIAS STATE, BRAZIL

Wilyane Silva Figueiredo and Carlos Tadeu Carvalho do Nascimento

ABSTRACT. The purpose of this work was to study the surroundings of a landfill in the Formosa city, Goids state, central Brazil, with respect to the values of
the soil electrical resistivity. In the study area, two geophysical surveys were conducted, respectively in 2012 January and May. These studies were executed in the
northwest edge of the landfill, which has smaller altimetry and therefore is the preferred site for effluents migration. The resistivity variation in the study area between
the two data acquisition periods showed an average increase of approximately 47% in the value of this property in the transition from the rainy to the dry season.
Independent of variation derived from the seasonal aspects of precipitation, there were observed areas with high and low resistivity along the survey ling and whose
positions are the same in both periods. The reasons for the occurrence of these areas are related to surface water runoff, which transports material in solution from landfill,
including nearby roads, to its slope.

Keywords: geophysical survey, effluent migration, surface water runoff.

RESUMAO. 0 objetivo deste trabalho foi estudar o entorno do Aterro Sanitario de Formosa, estado de Goids, Brasil, mais especificamente sua borda noroeste, no que
diz respeito aos valores da resistividade elétrica do solo. Na drea de estudo foram realizados dois levantamentos geofisicos, respectivamente em janeiro e maio de 2012.
Estes levantamentos foram executados na regido noroeste do aterro, a qual apresenta as menores cotas e, portanto, é o local preferencial para migragdo de efluentes.
A variagdo da resistividade na drea de estudo entre os dois periodos de aquisicao de dados mostrou que em média ocorreu um aumento de aproximadamente 47% no
valor desta proprigdade na passagem da estagdo chuvosa para a de seca. Independente da variagdo derivada dos aspectos sazonais de precipitagdo observaram-se,
nos periodos de levantamento, dreas com alta e baixa resistividade ao longo da linha de aquisicao de dados e cujas posigdes sdo coincidentes nos dois periodos. A
justificativa para a ocorréncia destas zonas esta vinculada ao escoamento superficial de dgua, a qual, ao escoar na drea do aterro, inclusive pelas estradas ali existentes,
transporta material em solugdo que tende a se acumular no seu talude.
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INTRODUCTION

The sharp increase in solid waste generation and its spatial con-
centration due to urbanization, affects how they are broken down
by the environment. Improper disposal of them can cause many
negative impacts on the physical environment as the landscape
changes, air pollution and increased risk of landslides in ar-
eas with steep topography, soil contamination, groundwater and
springs by effluent from waste. (Castilhos Janior, 2006).

In most Brazilian cities, the circuit of solid waste has very
similar characteristics, involving the regular collection, trans-
portation and final disposal in landfills, often selected by the
availability of areas, the distance from the city center and the ac-
cess roads (Schalch et al., 2002).

In Formosa city, Goids state, central Brazil, waste is disposed
in a landfill, which began operating in 1997 and is located about
five kilometers north of the city and upstream of the source of
a watercourse. On the assumption of existing some effluent leak
originated from the landfill in the subsurface, the possibility of
groundwater contamination would exist either (Goids, 2003).

Geophysical methods are important research tools for to in-
vestigate soils and rocks characteristics. This determination is
based on the measuring of physical parameters such as electrical
resistivity, density and magnetic susceptibility. They are widely
used in mineral prospecting and geological mapping and since
1970 also for environmental monitoring (Gallas et al., 2001; Silva
et al.,, 2002; Laureano & Shiraiwa, 2008; Bortolin & Malagutti
Filho, 2009; Costa & Malagutti Filho, 2009; Cavalcanti et al.,
2011; Oliveira & Moreira, 2011).

Malagutti Filho & Silva (2009) argue that geophysical stud-
ies provide the attainment of continuous outlings, which allow
it to identify with greater precision the lateral variation, resulted
from lithological variations or caused by the presence of ground-
water contaminants.

The versatility and simplicity of application of geophysical
methods, the minimally invasive nature, the rapid evaluation of
large areas coupled with low operating costs when compared to
other forms of direct investigation, make them excellent tools
that aid in environmental studies (Lago et al., 2006; Bortolin &
Malagutti Filho, 2011; Oliveira & Moreira, 2011).

In general, the contaminants founded in the regions of
garbage dumps and landfills have higher conductivity values
when compared with the host rocks and local soils. Mapping
can be accomplished by providing information on the natural
soil profile, depth of the saturated zone and the bedrock, ground-
water flow direction (Lago et al., 2006; Costa & Malagutti Filho,
2009; Rocha & La Terra, 2011).

According to Moreira & Braga (2009) the composition of the
leachate in the landfill or dump depends on several factors such as
type and age of the deposited waste, rate of water infiltration and
soil pH. Furthermore, the amount of gas and leachate materials
may be affected by the depth of waste disposal, climate condi-
tions, ground water level, thickness of the coating material, fluids
migration in the area (Farquhar, 1989).

The main bounding of the landfill object of this work is the
highway GO-430, positioned on the northeast of the area of waste
disposal. The altitude (meters) for the landfill area varies be-
tween 974 in the northern portion and 1017 in the southern
portion (Fig. 1).

The study area, included in the Cerrado region, presents an
Aw tropical climate, defined by Koppen as a savannah climate
with an average temperature of 22°C, average monthly evap-
otranspiration of 65 mm and annual rainfall of approximately
1500 mm, distributed mostly between October and March (Maia
& Baptista, 2008).

The Paranod and Bambui groups are the most important
geological units of the study area. The Paranoa Group is in-
terpreted as a sequence of metasedimentary rocks (metargilites,
metasiltstone and quartzites), deposited in a shallow marine en-
vironment, predominantly transgressive, during the Mesopro-
terozoic. The Bambui Group of Neoproterozoic age consists of
metasiltstone, metargilites, carbonate rocks and rare intercala-
tions of arkose. In the study area only a soil coverage was ob-
served, not rocky outcrops.

The landfill of Formosa city has around 250000 m? in use
currently. The beginning of the activities took place in 1997 and
the expected life goes until 2017. Operating system essentially
consists of the landfill disposal garbage in ditches measuring 4
to 6 meters. These trenches receive waste for a period ranging
from 10 to 15 days and are finally covered with a layer of soil with
80 cm thick. There is no separation or recycling of materials, all
household and commercial wastes collected in the city have the
landfill as a common destination.

In this work we performed a geophysical study in the vicin-
ity of the landfill, more specifically in the topographically lower
area (west edge). We applied the DC electrical resistivity method
in order to identify areas of low electrical resistivity, which could
indicate the migration of leachate from the landfill.

METHODOLOGY

In the DC electrical resistivity method, we work with two current
electrodes (A and B) and two potential electrodes (M and N), all
four set out on the soil surface. Through electrodes A and B, we

Revista Brasileira de Geoffsica, Vol. 33(2), 2015



FIGUEIREDO WS & NASCIMENTO CTC 253

243200 243500 243800

Legend
e Points of control
[ 1 Areain use - 258392m?

0 100 200 400
Meters
Source: SEDHAB, 2010a, b
Projection: UTM
Datum: SAD-69
Zone: 23L
© Topographic profile AB © Topographic profile CD

g
S

£ AT ||| ' 100 e
s %06 = 1000 —
@
2 o g 990 Il
./
978 T T T ' ' - { 970 v r T ' v ! : i
2 12 11 10 9 8 G| 13 14 15 16 17 18 6 7
Points of control Points of control

Figure 1 — Points of control for purposes of planialtimetric study of the Formosa city landfill. A) Details of the study area;
B) Location of the study area in the state of Goids; C) Topographic profile AB; D) Topographic profile CD.

apply a potential difference, and as a result of this difference, a  the field and is associated with the passage of current. It should
continuous electrical current begins to traverse the terrain. The  be noted that the soil already has a natural electric potential, which
value of the current is measured and recorded. Using electrodes  should be subtracted from the measurement made with electrodes
Mand N, we measure a potential difference that is established in M and N.
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Based on the current flowing through the subsoil, the geo-
metry of the arrangement of electrodes and the potential mea-
sured between electrodes M and N, one can calculate an elec-
trical resistivity value. This value, measured in a heterogeneous
and anisotropic medium and as a function of the electrode array,
is known as the apparent resistivity. The most frequent cause of
change in value of resistivity in soils and rocks is the water con-
tent. The larger the volume of water with material in solution, the
lower the resistivity (Orellana, 1972; Telford et al., 1990).

There are several ways to arrange and carry the electrodes
in the area being studied. In this work, we adopted the Wenner
array, which consists of equidistant potential and current elec-
trodes in a straight line layout, positioning the electrodes A and B
at the ends of the array, while M and N are located near the center
(Nascimento et al., 2004). The choice of this arrangement gave
up due to its suitability to detect lateral variations in resistivity
and practicality with regard to the acquisition of measurements.
Eq. (1) shows how to calculate the apparent resistivity with this
arrangement. In this equation p,, is the apparent resistivity, a is
the electrode spacing, 4 is the amount of current going through
the soil and ddp is the potential that lays on the ground during
the current flow, discounted from the natural potential.

pa:2'7'a'@ (1)

The horizontal electrical profiling technique is based on per-
forming measurements of apparent resistivity, where the four elec-
trodes (A, B, M and N) are moved simultaneously on the ground
in order to obtain a set of regularly distributed data (Malagutti
Filho & Silva, 2009). In this method, it is assumed that the depth
of investigation is directly proportional to the electrode spacing.
Therefore, keeping constant this distance it is assumed that the
depth of investigation is the same throughout the study.

In this work, two geophysical studies were performed on an
unpaved road located at the northwest edge of the Formosa city
landfill. In January 2012, the local rainy season, data were ob-
tained along a 300 meters line, using the Wenner array with a
spacing of 10 meters between electrodes, totaling 28 resistivity
measurements. In May 2012, when there is almost rainless, the
same procedure was performed in order to identify the effect of
reduced soil moisture due to lower rainfall volume in the distribu-
tion of resistivity values in the study area. The horizontal electric
profiling was performed using a resistivimeter Pergeo ER-300.

The choice of the location to conduct the surveys considered
the topographical features of the region. The lower area is the pre-
ferred location for concentration of leachate from the landfill. The
Figure 2 corresponds to the elevation model of the landfill area,

generated from altimetric data from SRTM — Shuttle Radar Topog-
raphy Mission (Miranda, 2005). In this Figure, runoff vectors are
represented in addition to the elevation values.

Some types of information need to have your data sorted and
distributed into smaller sets to reach the correct understanding
of its meaning (Ferreira, 2001). Thus, in the present study ap-
parent resistivity data were classified by Sturges’ formula Eq. (2)
where n is the number of resistivity measurements, and K is the
number of classes.

K=1+3,3-logyn (2)

After determination of &, subtraction must be performed be-
tween the highest and lowest value in the data set, dividing the
subtraction result by the number of classes, this way is obtained
the class interval, which is used for establish the lower and upper
limits of each class.

RESULTS

In January 2012 (rainy season) and in May 2012 (dry season)
the values of apparent resistivity for the 28 points were obtained
(Fig. 3).

The results of the horizontal electric profiling, held in January
2012, revealed that along the studied line the average resistiv-
ity was 1261 Ohm.m, and point 9 presented the highest value
(437 Ohm.m) and point 24 was the one with the lowest value
(259 Ohm.m).

The profiling results in May 2012 revealed that on average
resistivity was 1855 Ohm.m, being the point 10 which showed
the highest (3140 Ohm.m) and point 28 which showed the lowest
value (628 Ohm.m).

Considering the two surveys, the highest values occur be-
tween points 7 and 10, suggesting the presence of more resistive
materials in the subsurface.

In rainy season the resistivity values are relatively low and
shows high variability with standard deviation 912.21. During the
dry season these values show up higher and more uniform with
standard deviation 578.77 (Fig. 3).

The apparent resistivity data were classified by the Sturges’
formula. In both analyzed periods, classes were separated into
different colors according to the ranges of resistivity values. Fig-
ures 4 and 5 shows the classification of the resistivity values
measured in January and May 2012, respectively. It can be ob-
served that the points belonging to class 1 (red color), have the
lower values, range between 259 and 944 Ohm.m in January and
between 628 and 1045 Ohm.m in May.
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Figure 3 — Electrical resistivity values recorded in January 2012 (rainy season) and May 2012 (dry season).

DISCUSSION

An increasing resistivity average between January and May 2012
could be observed in the study area, confirming the expected be-
havior for this region in the transition from the rainy to the dry
Season, meaning an increase in the electrical resistivity of the soil.

The electric profiling performed in January, on the landfill
downstream road, had characterized by values with little unifor-
mity, and less resistive region was between points 11 and 16
(Fig. 4). This fact can be justified by the existence of the Con-
stantino’s Grote intermittent drainage tributary, which according

Brazilian Journal of Geophysics, Vol. 33(2), 2015

to the relative abundance of water derived from rains facilitated
the accumulation of moisture in the soil, lowering the resistiv-
ity. As punctual evidence of the existence of surface runoff in
this region, there is a duct under the road. In the place of this
duct, which corresponded to the point 12 in January was recorded
one of the lowest resistivity values (476 Ohm.m), precisely be-
cause of the water flow.

Moreover, it was observed that between points 1 and 10 the
resistivity is higher than that recorded between points 17 and
28. In this profiling region, the low resistivity values can be
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Figure 5 — Thematic map of resistivity in May 2012.

justified because it is a topographically lower region (elevation The electric profiling performed in May was characterized
956 min point17), where the water that flows superficially through by more uniform values in relation to profiling done in January,
the landfill surface concentrate (elevation 983 m in point 14) and  and it is possible to identify two regions respectively more and
thus will also have more moisture in the rainy season. less resistive, the first between points 1 and 16 and the second
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Figure 6 — Erosion on northwest edge of Formosa City Landfill.

between points 17 and 28 (Fig. 3). This behavior can be explained
by the management strategy for the landfill area over time. It is
observed in Figure 6 that in the region contained between points
17 and 28 erosive processes occur. These processes should be
linked to the water runoff whose source is precisely the region of
the landfill. This water that should preferably flow by roads built
for the passage of garbage trucks, focuses on the lowest part of
the landfill. Given the impossibility of it flowing into the manure
lagoon due to the heightening of its edges, the water flows through
the landfill slope toward the road where profiling was performed
exactly in the region between points 17 and 28. There is the pos-
sibility that, over time, this runoff has led to the accumulation of
salts in the region between points 17 and 28.

CONCLUSIONS

The resistivity contrast in the study area between the two periods
of data acquisition showed an average increase of approximately
47% in the value of this property in the transition from the rainy
to the dry season.

Regardless of the variation linked to the seasonal aspects of
precipitation, during periods of surveys were observed areas with
high and low resistivity along the data acquisition line and whose
positions are the same in both periods.

The arrangement and spacing between electrodes adopted in
the surveys enabled to accurately delimit the most conductive
and therefore potentially polluted areas.

Brazilian Journal of Geophysics, Vol. 33(2), 2015

An area of low resistivity was observed between points 17 and
28. Such low values can be explained mainly by runoff on the
slope of the landfill, which is responsible for erosion on the site.

The DC electrical resistivity method was used in this work for
indirect subsoil research. Although the results of the surveys and
the analysis of local environmental conditions have allowed the
identification of a possibly polluted area, it does not exclude the
need to direct research to confirm this pollution. Direct research
strategies could include, for example, collecting and chemical
analysis of soil for proving its salinization.
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