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Abstract: A hidden threat emerged during the COVID-19 pandemic: pharmaceutical contamination in the 
Iguaçu River. Flowing through Curitiba and several Atlantic Forest fragments, the river became polluted 
due to a surge in medications, including antibiotics, psychiatric drugs, and controversial “COVID kit” drugs. 
Although only 15% of COVID-19 patients needed antibiotics, they were prescribed in 59% of hospitalizations 
and experienced a 683.9% sales increase. Sales of ivermectin and hydroxychloroquine increased by 857% 
and 126% in the first year of the pandemic, respectively, and antidepressant sales rose by 32% from 2020 to 
2023. Poorly treated in wastewater, these pharmaceuticals accumulate in river sediments, posing long-term 
ecological risks. Misinformation and government promotion of unproven drugs contributed to this rise. The 
Iguaçu River now transmits the consequences of misguided policies and fake news, threatening the Atlantic 
Forest fragments adjacent to the Iguaçu River in Paraná biodiversity. Therefore, immediate action is needed 
to implement sustainable practices and educate the public on the impact of pharmaceutical pollution.
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During the COVID-19 pandemic, air quality 
temporarily improved due to reduced industrial 
activities and vehicular traffic (Nakada & Urban 
2020, Rocha et al. 2022, de Souza et al. 2022, Rudke 
et al. 2022). This improvement was one of the few 
positive environmental changes observed during 
the pandemic. However, it was overshadowed by a 
growing issue: the significant and less visible threat of 
pharmaceutical contamination in water bodies like 
the Iguaçu River (Marques et al. 2024). Originating 
in the Serra do Mar in Paraná, Brazil, the Iguaçu 
River extends for approximately 1,320 km, passing 
through several municipalities, including Curitiba, 
which has about 3 million inhabitants (IBGE 2023). 
From Curitiba, the river flows through numerous 

fragments of the Atlantic Forest in Southern Brazil, 
becoming a conduit for pollutants and raising severe 
ecological concerns. The river’s contamination with 
pharmaceuticals poses significant risks to these 
ecosystems, particularly in regions adjacent to its 
flow (Marques et al. 2024).

The pandemic saw a surge in the consumption 
of pharmaceuticals, including antibiotics, 
psychiatric drugs, and COVID-19-related drugs, 
such as ivermectin and hydroxychloroquine (João 
2021, Balza 2021, Maguire et al. 2022, Tiger et al. 
2023, 2024, Ying et al. 2023). These substances, 
often inadequately treated in wastewater facilities, 
contribute significantly to the contamination 
of rivers (Marques et al. 2024). Studies indicate 
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a significant increase in the presence and 
concentration of pharmaceuticals in the Iguaçu 
River during the COVID-19 pandemic (Gomes & 
Gomes 2024, Marques et al. 2024). Preliminary 
data suggest that concentrations of fluoxetine 
and sertraline increased by up to 246% and 180%, 
respectively, within six months of the pandemic’s 
onset (September 2020) (Gomes & Gomes 2024). The 
increase was even more pronounced for antibiotics, 
with sulfamethoxazole concentration increasing 
by 535% by January 2022 (Marques et al. 2024). 
Additionally, the concentrations of ivermectin 
surged by 333% from September 2020 to March 
2021 (Gomes & Gomes 2024). These increased 
concentrations, observed in the urban areas 
of Curitiba along the Iguaçu River, have severe 
implications for the ecology of the Atlantic Forest.

Although natural processes such as photolysis, 
chemical degradation, and biological degradation 
should reduce some pharmaceutical concentrations 
(Yan et al. 2023) as the river flows from Curitiba 
towards the preserved areas of the Atlantic Forest, 
these substances often settle in the sediment 
(Marques et al. 2024). This sediment is a repository 
and a “time bomb” for pharmaceuticals. Even residual 
concentrations reaching the preserved areas via the 
Iguaçu River can, over time, accumulate in sediments 
and persist there for an extended period. When 
environmental conditions change, such as during 
floods or shifts in pH, these substances can be re-
released into the water column, resulting in these 
contaminants reaching toxic levels and posing a 
threat to benthic organisms and the broader aquatic 
ecosystem over time (Marques et al. 2024). Moreover, 
their bioaccumulative nature means they can still 
pose long-term risks. (Calisto & Esteves 2009).

The spread of pollutants from urban areas 
such as Curitiba into the Atlantic Forest can 
disrupt delicate ecological balances. The Paraná 
Atlantic Forest is characterized by a high level of 
biodiversity, including numerous endemic and 
threatened species (Marques et al. 2021), which 
makes it particularly vulnerable to environmental 
stressors such as pharmaceutical contamination. 
Increased levels of pharmaceuticals in the Iguaçu 
River affect microbial communities, which are 
crucial for nutrient cycling and overall ecosystem 
health. The bioaccumulation of these substances 
in aquatic organisms can have cascading effects 
throughout the food web, impacting species 

diversity and ecosystem functionality (Yan et al. 
2023, Rubio-Vargas et al. 2024). Pharmaceuticals 
present in river water can also infiltrate the soil, 
especially in floodplains and through irrigation 
practices. Like sediments, soils are potential sources 
of pharmaceuticals through their sequestration by 
soil organic matter. Once bioavailable in the soil 
solution, pharmaceuticals can pose constraints for 
soil microbiota and can be taken up by plants (Gomes 
et al. 2020, Marques et al. 2023b). When absorbed 
into plant tissues, they can be toxic, leading to lower 
productivity, accumulation, and entry into the food 
chain (Rocha et al. 2021), with negative prospects 
for ecosystem health and biodiversity (Rocha et 
al. 2021). The increased use of drugs during the 
COVID pandemic probably affected the ecological 
dynamics in important conserved fragments of the 
Atlantic Forest. Given that the Atlantic Forest is a 
conservation hotspot (Scarano & Ceotto 2015), it is 
urgent to regulate the release of pharmaceuticals 
into urban rivers.

Between 2020 and 2023, Brazil saw a 32% increase 
in antidepressant sales (Gomes et al. 2023). This 
rise can be linked to the temporary relaxation of 
dispensation regulations during the pandemic and a 
growing trend toward medicalizing health, leading 
to the inappropriate use of these medications (Barros 
& Silva 2023, Del Fiol et al. 2023) . Additionally, 
research suggesting the potential benefits of some 
psychoactive drugs in preventing SARS-CoV-2 
infection and improving disease outcomes may 
have also contributed to the increased consumption 
of psychiatric medications (Stingl 2022). 

Moreover, the pandemic saw indiscriminate use 
of antibiotics, particularly azithromycin, which was 
part of the “COVID kit” (CRFSP 2023, Marques et 
al. 2024). This misuse of antibiotics contributed to 
the rise in antimicrobial concentrations in rivers 
and antimicrobial resistance (Marques et al. 2024). 
According to the World Health Organization, only 
15% of COVID-19 patients require antibiotics. 
However, studies indicate that this class of 
pharmaceuticals was prescribed in approximately 
59% of COVID-19 hospitalizations, even when 
bacterial infections were absent (Dos Santos et al. 
2023). Moreover, sales of these drugs increased by 
up to 683.9% during the pandemic (Marques et al. 
2024). The Brazilian federal government’s promotion 
of unproven medications as part of the “COVID kit” 
significantly exacerbated this problem. Despite a 
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lack of scientific evidence supporting their efficacy, 
drugs like azithromycin, hydroxychloroquine, and 
chloroquine became widely promoted as treatments 
for COVID-19 (Santos-Pinto et al. 2021). This was 
reflected in online behavior; hydroxychloroquine 
and chloroquine were among the most searched 
terms on social media during the pandemic. The 
widespread belief in these unverified treatments 
was fueled by misinformation and a lack of clear 
public health communication, leading to a surge 
in their use (Bezerra et al. 2022)

Self-medication during the pandemic was 
primarily driven by information spread through 
social media, personal interactions, and television 
broadcasts, which often mirrored the views and 
recommendations of government officials and 
agencies, such as the Ministry of Health (Dos Santos 
et al. 2023). Ivermectin saw such a dramatic increase 
in demand that its sales had to be controlled to 
prevent shortages for patients who genuinely needed 
it (CRFSP 2023). A medical prescription became 
mandatory to purchase ivermectin, and its sale 
required compulsory reporting to the Brazilian 
National Health Surveillance Agency (ANVISA 
2024). Sales of ivermectin and hydroxychloroquine 
increased by 857% and 126% in the first year of the 
pandemic (João 2021, Balza 2021). The promulgation 
of the use of the COVID kit by the Brazilian 
government and social media, combined with the 
increased use of antimicrobials (to treat COVID-
positive patients) and psychiatric drugs (due to 
mental health degradation during the pandemic), 
likely resulted in increased concentrations of these 
drugs in environmental matrices of the Atlantic 
Forest fragments. This may have contributed to the 
degradation of these critical sources of biodiversity. 
Ivermectin, which was the most-sold drug in Brazil 
in 2022 (Matoso & Saraiva 2023), is one of the most 
toxic pharmaceuticals for several aquatic species 
(Marques et al. 2023a), and its toxicity increases 
when mixed with other COVID-kit drugs, especially 
azithromycin (Marques et al. 2023a). Unfortunately, 
their simultaneous occurrence in the Iguaçu River 
has been reported (Marques et al. 2023a). Therefore, 
the Iguaçu River has become a carrier, transmitting 
the consequences of misguided policies and fake 
news to the vital fragments of the Atlantic Forest.

The COVID-19 pandemic has highlighted 
the critical intersection of human health and 

environmental sustainability. As we navigate post-
pandemic recovery, we must address the silent 
threat of water pollution and pharmaceutical 
contamination. Policymakers must prioritize 
sustainable practices and informed public health 
strategies to mitigate these impacts. The Iguaçu 
River’s contamination is a stark reminder of the 
interconnectedness of urban activities and natural 
ecosystems, urging immediate action to protect 
the Atlantic Forest and its invaluable biodiversity. 

Nature-based solutions through bioremediation 
have emerged to replace the costly and 
technologically required systems used in tertiary 
treatments in wastewater treatment plants (WWTPs) 
(Kochi et al. 2020, Salvi-Taga et al. 2024), which 
are mostly inaccessible to developing countries 
such as Brazil. Providing WWTPs with the capacity 
to remove pharmaceuticals from water will 
decrease the pharmaceutical discharges in rivers, 
avoiding their toxicological effects on ecosystems. 
Furthermore, enhancing public awareness about 
the environmental consequences of pharmaceutical 
pollution is crucial. Educational campaigns and 
policy interventions can help shift behaviors 
towards more sustainable practices. By fostering a 
greater understanding of the link between human 
health practices and environmental health, society 
can move towards a more integrated approach to 
managing human and ecological well-being.

In conclusion, the pandemic has underscored 
the importance of considering the environmental 
dimensions of public health crises. The Iguaçu 
River’s pollution threatens local ecosystems and 
warns about the broader implications of unchecked 
pharmaceutical use. Protecting the Atlantic 
Forest requires a concerted effort to address these 
emerging threats through research, policy, and 
public engagement. Only by recognizing and acting 
on the interconnectedness of our health and the 
environment can we hope to preserve the rich 
biodiversity and ecological integrity of this critical 
region. More detailed studies are urgently needed 
to assess the impacts of pharmaceutical pollution 
on the Paraná Atlantic Forest, particularly its 
distinctive flora and fauna. Such research is crucial 
for developing targeted conservation strategies and 
mitigating long-term ecological risks.
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