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INTRODUCTION 

Since 1940, sand mining has been occurring along the banks of the Iguaçu River in the Greater Curitiba, 
reshaping the topography through the formation of pits. These, combined with increasing urbanization, 
have led to the degradation and pollution of the Iguaçu River due to the discharge of sewage from 
different sources, being considered the second most polluted river in Brazil (IBGE 2015) as it passes 
through the Greater Curitiba.  

The water crisis in this region (Paraná 2020), and the deterioration of the water bodies' quality, led the 
Paraná Sanitation Company (Sanepar) to initiate studies to deal with the water challenges, adopting 
Nature based Solutions (NbS) to promote the conservation and restoration of water resources 
sustainably and effectively. The mining pits along the banks of the Iguaçu River are the main focus of 
these studies because over the years, these pits have accumulated water with nutrients, providing the 
macrophytes’ development, forming wetlands (Comec 2013), which can be used to remove pollutants 
and store water (Ferreira et al. 2023). This research aims to assess the current condition of wetlands in 
a delimited study area, identifying macrophytes as part of the ecological succession process, and the 
necessary adaptations to use the system as a NbS, contributing to the restoration of the Iguaçu River's 
water quality. 

METHODOLOGY 

Besides the 5,000 ha of wetlands chosen by Sanepar, some specific pits were selected, as illustrated in 
Figure 1, with 198 ha. Historical cartography and satellite image database were used to estimate the 
period of sand mining, pit formation, and the mapping the process to get the pits’ current condition.  

The current mapping included aerial imaging by Unmanned Aerial Vehicle, followed by field visit 
where the macrophytes species were identified, as well as their biological forms by Irgang et al. (1984), 
which enabled compatibility with the product of digital processing of the aerial images and resulted in 
the representation of vegetation cover area.  



 
 
 

 

Species identification was used to relate their biological form to water depth, based on wetland 
bathymetry and comparisons with the literature. Through the wetland water balance study by Hamirisi 
(2023) and a river hydrological analysis using data from Sanepar (2023), scenarios for wetland 
operation were created, considering periods of low and high flow rates and their impacts on hydraulic 
detention time.  

RESULTS AND CONCLUSIONS 

Mining reports and historical satellite imagery indicate that, in the absence of anthropogenic 
interference, pits take approximately 15 years to transition into wetlands. However, irregular 
settlements and the progression of river contamination accelerate the growth of aquatic macrophytes, 
which, in turn, improves water quality by removing pollutants essential for their development. 

The integration of aerial images with field vegetation surveys facilitated the identification of the 
coverage area of the species with the highest coverage in the wetlands, as illustrated in Figure 1. What 
makes the use of aerial imagery a valuable tool for surveying and monitoring macrophytes in large areas 
is its ability to cover extensive regions efficiently. 
 

 
Figure 1: Study area and macrophytes georeferenced photos of largest coverage area 
 



 
 
 

 

The results indicated that approximately 43% of the vegetation is composed of Salvinia spp. (free-
floating), which, according to Pott and Pott (2003), can be associated with deeper areas, ranging from 
one to five meters, resulting in a higher water volume. In contrast, macrophytes with amphibious and 
emergent biological forms, such as Typha spp. (24%), according to Alves, Tavares, and Trevisan 
(2011), can be associated with areas of lower water volume, up to 0.30 meters. 

However, Cyperus spp. (32%), an emergent macrophyte, was found growing over Salvinia spp., 
indicating an epiphytic behavior, that allows emergent vegetation to thrive even at greater depths. This 
type of vegetation behavior, along with the occasional presence of amphibious species in aquatic 
environments, suggests a subsequent stage in ecological succession, where the water accumulated in 
the pits has gradually been replaced by sedimentation and vegetation development. 

Based on the characteristics of the wetland phytophysiognomy, Salvinia spp., Cyperus spp., and Typha 
spp., all exhibit potential for reducing organic matter through phytoremediation. According to 
Munfarida et al. (2020), Ariyachandra et al. (2023) and Haghnazar et al. (2023), these species are 
associated with the reduction of biochemical and chemical oxygen demand, nitrogen, phosphorus, and 
heavy metals.  

The use of Unmanned Aerial Vehicles (UAVs) stands out as a technological innovation in the 
identification of macrophytes due to their practicality, speed, and coverage in large-scale areas. 
Additionally, UAVs enable the monitoring of vegetation development, species changes, and the optimal 
timing for management, thereby preventing the reintroduction of pollutants absorbed by macrophytes 
at the end of their life cycle. 

A scenario favoring ecosystem preservation was modeled through the water balance of the wetland, 
where the system will operate from the 871-meter mark, allowing for a variation of 2.5 meters in height 
and 1,600,110 m³ in volume. By using only part of the wetland's water volume, it is possible to operate 
the system even in a drought scenario, replenishing 1/5 of the volume from the 95th percentile of the 
flow duration curve (0.3 m³/s), thus contributing to the dilution of the river with better-quality water. 

The hydraulic detention time, calculated with half the flow from the 95th percentile of the flow duration 
curve (1.5 m³/s), and with a wetland of greater volumetric capacity (1,794,595 m³), is approximately 55 
days. This is higher compared to similar natural wetlands near the study area, which are integrated into 
the treatment process for landfill leachate (Cavaleiro et al., 2014) and exceeds the hydraulic loading 
rate recommended for secondary treatment (Von Sperling; Sezerino, 2018).  

Thus, by supplying river water to the wetlands through the natural connections identified during the site 
visit, along with the phytoremediation capabilities of the vegetation and adequate hydraulic detention 
time, it can be confirmed that the wetlands have the capacity to improve the river’s water quality, even 
during extreme periods of both high and low river flow. 
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