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Abstract

Pesticides play a vital role in modern agriculture by protecting crops from pests, diseases, and weeds, thus ensuring
high productivity. However, their extensive use poses significant risks to environmental health, including soil and water
pollution, loss of biodiversity, and adverse effects on pollinators like bees. Human health is also impacted, with potential links
to chronic and oncological diseases. This study examines pesticide usage in Switzerland, highlighting public concerns and
initiatives to limit their use. Although proposals to ban synthetic pesticides have faced resistance, the Swiss government has
introduced measures to mitigate associated risks. Alternative pest management strategies, such as organic farming and
preventive methods, are explored, alongside advancements like the SYNOPS model for predicting pesticide concentrations
in water. The research underscores the need for safer pesticide formulations and robust regulatory frameworks to balance
agricultural productivity with environmental sustainability. Despite progress, challenges remain, including cross-contamination
and food security risks. Switzerland's efforts reflect a broader move toward sustainable agriculture, providing insights for
other nations striving to reduce pesticide dependency.

Keywords: Pesticides, Sustainable agriculture, Environmental impact, Environmental safety, Bioethics, Biotechnological
production, Pollution, Biodiversity loss

Introduction

The use of pesticides in modern agriculture plays a critical role in food production. Their primary purpose is to
ensure high productivity and protect agricultural crops from pests, diseases, and weeds. The most commonly used
pesticides are insecticides, fungicides, and herbicides. These substances help control harmful organisms, including
insects, fungi, and bacteria, as well as weeds, thereby reducing the risks of yield loss and diminished product quality.
However, numerous studies (Rani et al., 2021; Tudi et al., 2021; Datsko, et al., 2024) have demonstrated that pesticide use
has significant negative impacts on both the environment and human health. Environmental consequences include soil
and water pollution, along with a decline in biodiversity and a reduction in uncultivated plant populations. Furthermore,
pesticides can adversely affect human health, contributing to the development of chronic and oncological diseases. For
instance, Mulla et al. (2020) reported that the use of organophosphorus pesticides leads to a substantial decrease in
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biodiversity within both biocenoses and agrocenoses. The detrimental effects of pesticides on human health have also
been documented by scientists in Uzbekistan (Eshkaraev et al., 2021; Sobko et al., 2024). Specifically, agricultural crops are
now cultivated on former agricultural airfields that are no longer in use, and this practice has been linked to an increase in
oncological diseases in the region. Additionally, pesticides contaminate freshwater sources and negatively impact
pollinators such as bees (Ali et al., 2021; Datsko, et al., 2024).

Concerns about drinking water contamination have spurred active discussions regarding the adverse effects of
pesticides. Consequently, several countries have implemented monitoring systems and regulations to address this issue
(Karpenko et al., 2021; Baran et al., 2022). These efforts aim to mitigate the harmful impacts of pesticides on water
resources and public health. A study by De Baan et al., (2020) suggests that an effective method to reduce pesticide
concentrations in drinking water is through the development of the SYNOPS model. This model serves as the basis for a
national risk indicator for aquatic environments in Switzerland.

As part of this study, the parameters of the SYNOPS model were modified to align with the geographical conditions
of Switzerland. The model integrates data on pesticide use, climate, soil properties, and crop growth phases to predict
pesticide concentrations in water bodies and establish corresponding exposure-toxicity relationships. Sensitivity analysis
of the model revealed that slope and partition coefficients are the most influential factors affecting pesticide
concentration. Moreover, discharge—or runoff—-was identified as the primary pathway for pesticides entering aquatic
environments.

In recent decades, the use of pesticides has increased significantly, driven by the growth of the human population.
This has led to the expansion of intensive agricultural production and heightened demands for productivity. Large
agricultural companies and farms, in particular, rely heavily on pesticides to achieve high yields. Notably, pesticides in
such cases are often applied preventively, rather than as a reactive measure after problems arise. While this approach
enhances productivity, it simultaneously exacerbates environmental pressures. Alongside their advantages, pesticides
present numerous challenges, including negative consequences for ecosystems and biodiversity.

Using Google Trends data for Switzerland, Schaub et al. (2020) analyzed public concerns about pesticides and plant
protection products from 2011 to 2019. The study noted a dramatic increase in public interest in these topics since 2017.
This trend appears to be influenced by searches specifically related to pesticides, while interest in searches related to plant
protection products remained stable. The heightened public interest may be attributed to an increasing negative
perception of pesticides, particularly regarding their environmental and health impacts, as the term "pesticides" carries
stronger negative connotations compared to "plant protection products.” The researchers also found evidence supporting
the hypothesis that growing community concerns about pesticide use contributed to the creation of two major initiatives
aimed at limiting pesticide use in Switzerland. These programs, in turn, further amplified public awareness and concern.

A noteworthy study by Wuepper et al. (2021) examined how the advice farmers receive influences their pest
management strategies. The researchers surveyed 733 Swiss fruit growers dealing with an outbreak of the fruit fly
Drosophila suzukii. Farmers who received advice from public extension agencies were more likely to adopt preventive
measures, such as the use of nets. Conversely, those who relied on private extension services linked to pesticide
manufacturers were more inclined to use synthetic insecticides. The authors emphasized the importance of these findings
for debates on the privatization of agricultural extension services and the broader implications for environmental and
medical concerns stemming from pesticide use.

This article will examine the various aspects of pesticide use in Swiss agriculture that led to their ban. Problems
related to them and ways to solve these problems. Alternative methods of pest and weed control that can help reduce the
negative impact of pesticides on the environment, while maintaining the high productivity of agricultural land, will also be
proposed

Literature Review
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In the Confederation of Switzerland, the initiative to ban pesticides was led by the citizen group "Future 3," whose
primary goal was to make Switzerland pesticide-free. The group's spokesman, Dominic Waser, stated that their main
motivation was to protect human health and the environment. However, the proposal faced significant opposition from
farmers, who deemed the initiative unrealistic. Martin Rufer, the director of the Swiss Farmers' Association, warned that
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such a ban could have severe consequences for the country's agriculture. Ultimately, a national referendum rejected the
initiative. Nevertheless, the government introduced a counterproposal aimed at halving the risks associated with pesticide
use within six years (Illien, 2021; Trotsenko et al., 2024; Davydenko et al., 2024).

One of the government’s proposals was the promotion of inorganic wheat cultivation without the use of pesticides.
Standards for pesticide-free wheat production were developed as part of this initiative. A survey conducted among
agricultural producers revealed that, with the support of government programs, most farmers were willing to adopt
pesticide-free cultivation practices. Moreover, many expressed a strong interest in preserving the environment (Karpenko
etal., 2020; Parkhomenko et al., 2021; Mohring & Finger, 2022).

Research by Schlipfer (2020) estimated the external costs of agriculture, including water pollution, by analysing
payments for agro-environmental protection measures. The study proposed that these payments be used to estimate
external costs and reduce the negative impacts of environmental factors such as greenhouse gases, ammonia, nitrates,
pesticides, soil erosion, habitat loss, and animal suffering. The findings revealed that Swiss agriculture incurs over 3
billion Swiss francs in external costs annually.

One of the reasons supporting such an initiative could be a study by Schaad et al. (2023), which convincingly
demonstrated that peak contamination of "bee bread" with certain pesticides occurred precisely during their application
periods. Given the critical role of bees in agriculture, this contamination poses a significant problem.

However, the issue of reducing pesticide use has been a subject of discussion for some time. For example, Mouron
et al. (2016) studied the effects of abandoning pesticides in the cultivation of wheat and potatoes. Their findings indicated
that eliminating pesticides could lead to decreased yields. Similarly, Mohring, Wuepper, et al. (2020) examined how
agricultural producers in Sweden decided on the timing of fungicide applications to control late-onset potato diseases.
Their study revealed that 36% of fungicide applications occurred earlier than recommended.

Using regression analysis, the researchers identified key factors influencing these decisions, including the
economic risks of infection, the susceptibility of specific potato varieties, and annual variations in disease incidence. The
results highlighted that limited availability of information and uncertainty about disease prognosis often led to non-
compliance with recommended practices. To address these challenges, the authors proposed several measures, including
adopting new technologies, implementing mandatory reporting systems, and creating individualized tax and insurance
policies tailored to support agricultural decisions.

Mohring, Ingold, et al. (2020) emphasized the necessity of developing and registering new, safer pesticides. They
also highlighted the importance of establishing a single regulatory body to process permits for active ingredients and
monitor their usage and impact. To mitigate risks, an increased number of pesticide safety assessments should be
conducted by anonymous accredited laboratories. This approach would enhance trust and reliability in the findings by
reducing conflicts of interest associated with industry-provided data. Furthermore, environmental parameters should be
integrated into risk assessments to evaluate the potential dangers posed by pesticide transformation products. Restricting
the registration process to safer and more effective products would enable faster post-authorization risk assessments,
reduce delays between market release and public risk studies, and improve the overall pesticide authorization process.
Current risk assessments are limited to individual pesticides on specific crops; however, assessing pesticide use in real-
world settings requires a broader perspective that encompasses the agroecosystem level.

While these measures could improve safety, the policy of restricting pesticide registration might also pose risks to
food security and increase the likelihood of farm bankruptcies. As a response, farmers who initially complied with
pesticide-free requirements actively insured their crops. Without crop insurance, pesticide-related costs would have been
6%-11% lower (Mohring, Dalhaus, et al., 2020; Karpenko et al., 2023).

It is also important to recognize that complete protection from pesticide contamination remains highly
challenging. Schleiffer and Speiser (2022) examined the contamination of organic products with synthetic pesticides,
despite their prohibition in organic production. Such contamination may result from illegal practices or unintended
environmental pollution. Artificial pesticides are ubiquitous in the environment and can enter the food chain through
various pathways, including residual effects from previously applied pesticides.

Cech et al. (2023) conducted a six-year study on pesticide residues, revealing a decline in the total number of
pesticides over time. However, pesticides with endocrine disrupting or carcinogenic properties remained prevalent.
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Furthermore, an increase in pesticides with reproductive toxicity and organ-specific toxicity was observed. While the risk
to bees remained high, the risk to certain species of earthworms showed a slight decrease.

Despite Switzerland's efforts to reduce pesticide use, achieving full independence from pesticides proved
unattainable. The cessation of pesticide use significantly threatens food security by increasing crop susceptibility to pests
and diseases. This vulnerability could lead to a substantial rise in food prices, which are already higher in Switzerland
compared to the rest of Europe (Mann & Kaiser, 2023; Adamchyk, et al., 2023; Lys et al., 2024).

Conclusion

In summary, the factors discussed clearly indicate that the complete abandonment of pesticides, while a
progressive concept, is currently not entirely realistic. This is largely due to challenges such as the presence of pesticide
residues even in organic products, which can result from cross-contamination, for instance, when nearby fields are
treated with pesticides. Nevertheless, Switzerland stands out as a progressive country making significant efforts in this
direction. Its initiatives and policies could serve as a model for other European nations striving to reduce pesticide
dependency while maintaining agricultural productivity and environmental sustainability
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