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Introduction

Groundwater is the portion of water that remains underground,
which can flow to the surface or be extracted through wells. This
portion of water is essential for maintaining soil moisture and base
flow in rivers, being responsible for perennialization during dry
periods.!

One of the main humanitarian problems of the 21st century is
water scarcity, even more so when it comes to semi-arid regions. Of
all the water available in the world, 97% is salty, the remaining 3%
is divided between atmospheric, surface, glacial and underground,
however, the portion usable by the population is only 1%. Water
availability corresponds to the portion of flow available for population
use, being subject to temporal and spatial variations.>>*

The semi-arid regions of the Brazilian Northeast have climatic and
geological characteristics that have direct impacts on the amount of
freshwater available for human consumption.>® The Alto Capibaribe
region, located in Agreste Pernambucano, is characterized by long
dry periods, low rainfall, low rainwater storage capacity and rivers
with intermittent flow, having water during rainy periods and drying
up during dry periods.” Therefore, the aquifers present in dry bed
alluvium are an essential source of drinking supply for diffuse
communities affected by drought.®

Combined with the climatic challenges of semi-arid regions, the
uneven expansion of cities and the development of agriculture and
industry have intensified the processes of environmental degradation,
as emissions of large quantities of pollutants promote high rates of
pollution.® Among these, it is worth highlighting textile effluents,
which are characterized by highly toxic compounds that are difficult
to degrade, which, if released into the environment, without due
treatment, cause potential risks to human health.”!!

Wastewater treatment systems, before disposal into water bodies,
are still a scarce practice in the Agreste region of Pernambuco, despite
the fact that in the last two decades there has been greater awareness
among local industries. According to,"” in the mid-2000s, the
Capibaribe River was known by the population as ‘Blue River’, due
to the high concentration of dye in the water discarded, after dyeing in
the jeans textile manufacturing process.

Textile effluents are responsible for a considerable portion of
contamination of water bodies in the state of Pernambuco, mainly in
the municipalities located in the region covered by the Textile Pole,
which encompasses the cities of Caruaru, Toritama and Santa Cruz
Capibaribe." The indiscriminate release of these pollutants commonly
occurs in dry riverbeds, which have mostly sandy soils, poor in
nutrients and with low sorption capacity for these contaminants,'*!
facilitating the transfer of these compounds to the alluvial aquifers.

The remediation of textile effluents is generally complex,
essentially due to the presence of compounds such as dyes, whose
high molecular weight structures, composed of groups such as
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carbonyl, methine, amine, sulfonate and hydroxyl, make the process
of removing these pollutants difficult. Therefore, it is necessary
to remove the color and break down these molecules in order to
generate simpler compounds. Therefore, evaluating the appropriate
remediation technique, taking into account aspects such as greater
savings and less generation of secondary products, has great relevance
in efficiency and environmental recovery.!%*!¢

Several remediation technologies have been applied to
remove contaminants from groundwater, among which the use
of biochar stands out. This is a solid product, produced through
the thermochemical conversion of biomass, through the pyrolysis
process, with a limited supply of oxygen, at temperatures between
300°C and 700°C.>” The resulting product, rich in carbon, has a high
specific surface area, a large number of active sorption sites and a
porous structure. In addition to the low production cost, biochar can
be reused through desorption treatment, which makes it a potentially
competitive material in the field of bioremediation.'”!*

Therefore, the need to find ways to mitigate environmental
degradation, caused by inadequate disposal of textile effluents, makes
the use of biochar, as an additive to improve the properties of sandy
soils, an option to retain these pollutants leached through layers of
alluvial soils, characteristic of the region, through the adsorption of
these substances.

In the current context, where textile activities are developing
more every day and are responsible for a considerable portion of the
Gross Domestic Products (GDP) of the municipalities that make up
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the Clothing Hub of Agreste de Pernambuco, the problems resulting
from this production chain must be mitigated through prevention and
protection measures for ecosystems and quality of human life.

Therefore, the use of innovation from recent research, such as the
use of biochar to maximize the adsorptive capacity of alluvial soils in
order to adsorb effluents with high contaminant loads, such as heavy
metals and textile pigments, presents itself as a possible alternative
efficient, practical, low-cost and accessible for implementation in
locations with high levels of contamination.

Therefore, there is a need for studies that analyze the retention
and mobility of textile dyes, through characterization and qualitative-
quantitative tests so that they can evaluate the behavior and effects of
the deposition of textile contaminants in the soil, analyzing the effect
of the natural adsorptive capacity. and the influence of the addition
of biochar, thus evaluating the risk of contamination of underground
aquifers by the leaching of textile contaminants. Since, in semi-arid
regions, such as the upper Capibaribe in the Brazilian Northeast, they
suffer from water shortages and require preservation and continuity of
existing water sources.

Systematic review

From the perspective of groundwater management, the
preservation and mitigation of impacts on underground aquifers is
essential for the maintenance of these important reserves, essentially
in semi-arid regions."” The northeastern semi-arid region is one of the
most populous in the world, with only three rainy months per year, a
temperature range of around 5°C, with higher temperatures during the
day and milder temperatures at night, with high rainfall variability,
marked by heterogeneous landscapes is inhabited by around 23.5
million people.>’

Semi-arid regions have high rates of surface water evaporation,
around five times greater than precipitation, leading these locations
to a considerable water deficit and vulnerability of local inhabitants.”
Therefore, the use of low-cost strategies, such as biochar, capable
of increasing the adsorptive capacity of sandy soils that store water
reserves in depth is essential for maintaining these water sources.
Furthermore, the production of biochar does not require high
investments, as it is essentially produced from organic substrates
coming from some type of biomass.

Biochar, when applied mixed into the soil, works as an additive that
improves the properties of the material, but it can also be applied as a
uniform layer, functioning as a filtering barrier that retains unwanted
substances. Furthermore, it can be used in the manufacture of low-cost
biofilters, enabling home use to filter water collected in wells, which
are often consumed without adequate treatment, as they are the best
quality water available in rural communities. Biochar is a low-cost
adsorbent, which generally has characteristics capable of increasing
the adsorption capacity of alluvial soils, promoting the retention of
contaminants in soil layers, preventing underground water reserves
from being contaminated.

According to,” biochar is a solid product of the thermochemical
conversion of biomass carried out at temperatures above 300 °C
in the absence of oxygen, defined as pyrolysis. Biochar is not pure
carbon, but rather, it consists of carbon (C), hydrogen (H), oxygen
(O), nitrogen (N), sulfur (S) and ash.

Pyrolysis is the first stage of combustion, during this process
the polymeric components of biomass go through processes of
“crosslinking, depolymerization and fragmentation” according to the
different temperature ranges to which they are subjected. Initially the
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process forms condensable volatiles, non-condensable volatiles and
carbon. The characteristics and composition of biochar depend on
density, particle size, humidity, pH and the pyrolysis reaction.*’

It is worth noting that the production of biochar is distinct from the
production of charcoal and charcoal, although they are all produced by
heating carbon (C), pyrolysis. Biochar is produced from the thermal
decomposition of biomass with a limited supply of oxygen (O ,) and
at temperatures below 700 °C.?

According to ,3 biochar is derived from a variation of biological
components, which, due to complex chemical reactions during the
thermal production process, presents a heterogeneous structure even
when analyzing a single product. Thus, biochar is a carbonaceous
material produced with the specific purpose of being applied to the
soil for agronomic or environmental purposes, presenting a unique
chemical composition.

Currently, biochar has been widely requested due to its ability to
retain nutrients in the soil, retain water and store carbon in a sustainable
way. Several types of biomass are suggested for the production of
biochar, such as: agricultural and forestry residues, the organic part
of urban solid waste and animal manure. However, the choice of the
appropriate type of biomass depends on the chemical composition,
environmental, economic and logistical factors.”

The properties of biochar’s chemical composition influence the
sorption of aqueous materials, filtration of percolated water and
changes soil properties. Understanding these changes is essential
to guarantee the quality and integrity of the modified subsystem.
Furthermore, biochar has the capacity to sequester carbon, which
favors the reduction of greenhouse gas emissions from the soil.>7!!

Thus, biochar is used in agriculture, mainly in soil improvement,
contributing to carbon sequestration and also to improve the properties
of poor sandy soils. Its properties depend mainly on the type of
biomass used in the pyrolysis process of its production, and negative
effects may occur in its use, it will not always act in increasing soil
nutrients and CO , production , sometimes presenting unfavorable
consequences in its application."!

Conclusion

With the development of careful studies, it is possible to produce a
biochar so that its pyrolysis is adequate, resulting in a heterogeneous
material with elemental groups capable of favoring the adsorption
process. With the analysis of transmittance spectra, the functional
groups that will compose the final product are identified and evaluated
through FTIR and XRD tests. So, it is possible to pre-determine the
satisfactory behavior, or not, of biochar when applied to the soil and
placed in contact with the contaminating solution.

Through characterization tests, the properties of the evaluated
soil are described, demonstrating its potential for retaining fluids
percolated by soil masses. Furthermore, the development of a careful
bibliographical review makes clear the water importance of alluvial
aquifers for the semi-arid northeast, highlighting the need to preserve
and maintain the quality for consumption of these water sources.

However, there is an evident need to mitigate the harmful impacts
of inappropriate dumping of textile effluents from the industries that
make up the Agreste de Pernambuco Clothing Hub, which, on the other
hand, have a great economic representation for the Alto Capibaribe
region. In this way, the addition of biochar as a retention layer or soil
improvement additive promotes bioremediation of impacts caused
to the region’s waters and soils, promoting the maintenance and
preservation of dry-bed alluvial reserves.
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Furthermore, through the use of modeling software it is possible to
determine the hydro dispersive parameters, with the injection of a non-
reactive solution, and transport, the injection of a reacting solution,
through the analysis of solute transport by testing in soil columns.
In this way, it is feasible to define the intrinsic characteristics of the
researched soil, its behavior when biochar is added and how it reacts
to contact with the coloring solution.
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