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Abstract

The critical zone is the region that encompasses the base
of the water table and the top of the vegetation, where
physical, chemical and biological processes interact
through porous and reactive interfaces that transform and
transmit flows of gases, energy and materials.
Understanding its structure and dynamics can help in the
development of predictive models, mainly in response to
anthropogenic disturbances. However, predicting the CZ
response to climate change and land use, and how they
affect ecosystem services, requires an interdisciplinary
and multi-technical approach. In this work, some results
and preliminary interpretations of a medium-term study that
is being carried out in the pilot observatory of the critical
zone, in the region of Parque Ecologico do Tieté and
Campus Leste USP, are presented. This is a region with a
complex history of land use that is reflected in the variability
of electrical resistivity and chargeability data.

Introduction

In 2001, the National Research Council defined the Earth's
surface and shallow subsurface as a critical zone, whose
boundaries are defined by the base of the water table and
the top of vegetation (NRC, 2001), including the lower
atmosphere. It is a laterally and vertically heterogeneous
region, globally distributed, which covers environments
with different physiographic characteristics such as
geology, relief, climate, soils and their use types and
vegetation cover. In the critical zone, the soil functions as
a biogeochemical reactor (Banwart et al., 2016), where
physical, chemical and biological processes interact
through porous and reactive interfaces that transform and
transmit gases, energy and materials flows (figure 1).

Spatial and/or temporal variations of biogeochemical
reactions and ecological functions are directly influenced
by water flow (Mcclain et al., 2003). These modifications
depend on soil properties, such as pore size distribution
and connectivity (Romero-Ruiz et al., 2018) and redox
dynamics (Zhang and Furman, 2021). These properties
can be influenced by natural processes or anthropogenic
disturbances, changing rates of processes and flows
through the critical zone (Minor et al, 2019) and
propagating spatially and temporally at measurable scales.

Understanding the structure of the critical zone (CZ) and
dynamics of interaction between biotic and abiotic
processes can help in the development of predictive
models, mainly in response to anthropogenic disturbances
(Minor et al.,, 2019; Waldron, 2020). Predicting the CZ
response to climate change and land use, and how they
affect ecosystem services, requires an interdisciplinary
and multi-technical approach (Guo and Lin, 2016; Brantley
et al., 2017; Singha et al., 2020). In this context,
geophysical methods are important allies to interpolate and
extrapolate data obtained by drilling holes (Riebe et al.,
2017).
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Figure 1 — Graphical representation of soil functions such
as mass, energy and biodiversity flows within the Earth's
critical zone (Banwart et al., 2017).

The study area is located in the Tieté Ecological Park, an
important leisure center in the eastern region of Sdo Paulo
city (figure 2). The park is part of the Environmental
Protection Area of Varzea of Tieté River, marked by
intense dynamics of land use and occupation. This resulted
in a historical complex of contamination resulting from
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agriculture, disposal of solid waste and deposition of
sediments removed from the Tieté River channel, during
its rectification (Mendonga et al., 2015).

Figure 2 — Google map with study area localization (red
polygon). The School of Arts, Sciences and Humanities of
the University of S&o Paulo is represented by the white

polygon.

This work is linked to the implementation of a critical zone
pilot observatory at the School of Arts, Sciences and
Humanities of the University of S&o Paulo, East Campus,
and Tieté Ecological Park. It is a sustainable research
framework integrating geophysical monitoring with
hydrogeological and biogeochemical measurements to
understand the impacts of seasonal processes on a
contaminated urban environment in a subtropical climate.
The main objective of this work is to present some
preliminary results and interpretations for the park region.

Method

Two lines with a length of 112 meters were defined, one
close to the Tieté River (red) and other more distant
(yellow) (figure 3). In both, geophysical acquisitions were
carried out and subsequent soil sampling and
measurement of physical-chemical parameters of the
water in the monitoring wells.
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Figure 3 — Google map with geophysical acquisition lines
and their respective monitoring wells, in the Tieté
Ecological Park.

Electrical Resistivity (ER) and Induced Polarization (IP)
methods

Resistivity and chargeability measurements in the time
domain were obtained using the dipole-dipole arrangement
(figure 4). In the July/22 acquisitions, Syscal and Elrec
equipment (Iris-instruments) were used, programmed for
2s of current injection time and 180 ms of delay time, a 12
V battery and stainless-steel electrodes with a spacing of
5. 0 meters. In November/22, the Supersting equipment
was used for more automated data acquisition, in addition
to changing the spacing between electrodes to 2.0 meters,
in order to obtain greater detail in the sections.
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Figure 4 — a) Schematic drawing of the dipole-dipole
arrangement; b) Structure of the command file inserted in
Supersting for automated acquisition.

Pseudosections were generated from the inversion of the
data acquired in the field, in the RES2DINV software (Iris-
instruments) and the color scale was defined in a way to
allow the comparison between the two acquisition lines.
Initially, negative data and repeated measures were
filtered, later, an inversion with smoothing link was
performed.

Sampling

Two wells of 8.0 meters depth were drilled in the Tieté
Ecological Park on the lines where geophysical monitoring
is being carried out. The implantation of the wells followed
the procedure established in the ABNT-NBR 15.495-1
Standard (2009 corrected version), using a dutch auger.
Soil sampling was carried out during the installation of
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monitoring wells, whose locations were defined from
previous geophysical acquisitions. Soil samples were
collected every 0.5 m, stored in plastic bags or in a liner. In
situ measurement of physicochemical parameters of the
water was also carried out. A Multiparameter Meter
(Hanna) was used to measure pH, Electrical Conductivity,
Oxidation-Reduction ~ Potential, Dissolved Oxygen,
Temperature and Turbidity.

Results

ER and IP acquisitions were carried out in July/ 2022 and
November 2022 (figures 5 and 6). Apparent resistivity
sections of both lines show a well-marked horizontal
contrast, for both acquisition periods (figures 5a and 6a).
In line 1, the values range from 21.2 ohm.m, around 7.0
meters deep, to 1317.7 ohm.m, closer to the surface.
Values smaller than 12.1 ohm.m have a more restricted
distribution at greater depths. In line 2, the horizontal
resistivity contrast extends above 10.0 meters depth, with
values ranging from 36.9 ohm.m, around 10.0 meters, to
572.4 ohm.m, closer to the surface.

Chargeability sections (figures 5b and 6b), show significant
variation in the values, both depending on the acquisition
period and the line. In July/2022 acquisitions (dry period),
the depth of the horizontal contrasts in the chargeability
sections is compatible with the resistivity sections. While,
in the acquisitions of November/2022 (wet period), the
contrasts are more discontinuous, showing a significant
decrease in chargeability values. In line 1, the horizontal
contrast surface presents values above 30.6 mV/V, while
in discontinuous anomalies the values vary between 9.79
and 17.3 mV/V. In line 2, values above 30.6 mV/V are also
observed, for the most continuous surface, while for
punctual contrasts they show lower values, between 5.53
and 17.3 mV/V.
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Figure 5 — Resistivity (a) and chargeability (b) sections of
the PET (line 1) — Close to the Tieté River, obtained in
July/22 and November/22. W.T. = water table.
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Figure 6 — Resistivity (a) and chargeability (b) sections of
the PET (line 2) — Far from the Tieté River, obtained in
July/22 and November/22. W.T. = water table.

In the monitoring wells, physical-chemical parameters and
water table were measured for both lines. Both in line 1 well
(PMN-04) and in line 2 well (PMN-05) the water level was
identified close to 2.0 meters deep. Table 1 shows a
significant variation in the electrical conductivity, redox
potential and turbidity values. Both acquisition sites
present a reducing behavior, however, with lower electrical
conductivity and greater turbidity in the region of line 2.

Well pH EC ORP DO T Turbidity
(uS/cm) | (mV) | (ppm) | (°C) (NTU)

P(';’LN 65 | 525 | 994 | <05 | 215 | 1900

P(';’E';N 62 | 267 | 509 | <05 | 206 | 2040

Table 1 — Physical-chemical data of water samples
measured in November/2022. Electrical Conductivity (EC),
Oxidation-Reduction Potential (ORP), Dissolved Oxygen
(DO), Temperature (T).

The colors observed in the samples are compatible with
sediment in a reducing environment, in the saturated zone.
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Furthermore, description of the soil samples (table 2)
shows the predominance of clayey material from 4.0
meters deep for line 1, which is compatible with the
horizontal contrast observed in the resistivity (July and
November/2022) and chargeability sections (July/2022).
This interpretation is corroborated by the low values of
electrical resistivity, associated with high values of
chargeability, from 4.0 meters of depth. Shallower levels
(up to 1.5 meters) are associated with higher resistivity
values, being compatible with landfill. This material was
also identified in previous environmental investigation
studies carried out in the park (CONAM, 2017). However,
the sections of line 2 show a more homogeneous behavior
along the 8.0 meters of depth where the monitoring well is
located. For both lines, it was also not possible to perform
a satisfactory correlation between the soil sampling data
and the geophysical acquisitions carried out so far.

PMN-04 PMN-05
Depth

(m)

granulometry color granulometry color

Clay, silt to fine
0.5 sand with plant
debris and rubble

Clay, silt to fine

Clay, silt to fine
sand with plant
debris and rubble

Clay, silt to fine

101" sand with rubble sand with rubble
Plastic clay to fine Plastic clay to fine
15
sand sand
2.0 Clay to silt Or@f’.""”'c clay to
ine sand
25 Plastic clay to fine Plastic clay to fine
’ sand sand
3.0 Fine sand to clay Plastic clay to fine
sand
35 Medium sand to Plastic clay to silt
pebble
4.0 Clay, silt to fine Medium sand to
’ sand clay
45 Clay, silt to fine Medium sand to
) sand pebble
Clay, silt to fine Coarse sand to
5.0
sand pebble
Clay, silt to fine Clay, silt to fine
55
sand sand
Clay, silt to fine .
6.0 sand Fine sand to clay
6.5 Clay, silt to fine Fine sand to clay
sand
Clay, silt to fine Clay, silt to fine
7.0
sand sand
Clay, silt to fine Clay, silt to fine
7.5
sand sand
8.0 Clay, silt to fine Fine sand to clay
sand

Table 2 — Drilling profiles and classification of materials
removed for installation of monitoring wells in
November/2022.

Conclusions

This work presents some results and preliminary
interpretations of a medium-term study that is being carried
out at the pilot observatory of the critical zone, in the region
of the Tieté Ecological Park and East Campus USP. This
is a region with a complex history of land use that is
reflected in the variability of electrical resistivity and
chargeability data. Although the ER and IP sections
present a certain correlation with the direct data, for line 1,
the same does not occur for line 2. As the chargeability
sections indicate a significant seasonal influence, further
ER and IP acquisitions are needed, in addition to
correlation with physicochemical parameters obtained in
different periods, dry and rainy.
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