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Abstract 

Avocado production in Sibundoy, Putumayo faces challenges associated with the use of 

agrochemicals for agronomic management. It is essential that these products, as well as the waste 

they generate, are managed in an environmentally sound manner throughout their entire life cycle, 

from acquisition to final disposal. Agrochemicals and their residues must be handled responsibly to 

safeguard worker health and maintain ecosystem balance. Despite their relevance, the 

management of these products and their residues has been scarcely evaluated in the region. The 

objective of this research was to evaluate the management of agrochemical waste generated in 

avocado (Persea americana) production in Sibundoy, Putumayo. A survey was administered to 

avocado producers, and on-farm visits were conducted. Data collection was carried out every 15 

days in order to classify agrochemical residues according to type, toxicological category, and weight. 

Survey data were tabulated using SPSS statistical software, and cluster analysis was performed. Of 

the containers collected, 36% corresponded to insecticides, 38% to fungicides, 10% to herbicides, 

and 16% lacked labeling. Among the 19 farmers surveyed, 61.11% reported storing containers in a 

safe manner. Nevertheless, overall management practices were found to be inadequate, posing 

risks to both operator safety and ecosystem balance. 
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Evaluación del Manejo de Residuos de Agroquímicos Generados en la Producción de Aguacate 

(Persea americana). 

Resumen 

La producción de aguacate en Sibundoy Putumayo, enfrenta desafíos relacionados con el uso de 

agroquímicos para el manejo agronómico. Es crucial un manejo ambientalmente seguro de estos 

productos y los residuos generados, desde su origen hasta la disposición. Los agroquímicos y sus 

residuos deben manejarse de manera responsable para garantizar la salud de los trabajadores y el 

equilibrio ecosistémico. A pesar de su importancia, el manejo de estos productos y sus residuos ha 
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sido poco evaluado en la región; el objetivo de la investigación fue evaluar el manejo de residuos de 

agroquímicos generados en la producción de aguacate (Persea americana) en Sibundoy, Putumayo. 

Se aplico una encuesta a productores de aguacate y se llevaron a cabo visitas a las fincas. Se realizo 

un levamiento de datos cada 15 días para clasificar los residuos de agroquímicos por tipo, categoría 

toxicológica y pesaje. Los resultados de las encuestas se tabularon utilizando el software estadístico 

SPSS, se realizó un análisis de conglomerados. De los envases recolectados el 36% correspondían a 

insecticidas, 38% a fungicidas, 10% a herbicidas y 16% estaban sin etiqueta. De los 19 agricultores 

encuestados, el 61,11% almacenan los envases de forma segura. el manejo de estos productos es 

inadecuado, afectando tanto la seguridad de los operarios como el equilibrio de los ecosistemas. 

 

Introduction   

Agrochemicals are defined as “chemical products formulated to optimize agricultural productivity,” 

encompassing fertilizers, pesticides (including insecticides, herbicides, fungicides, and nematicides), 

and plant growth regulators (Devi et al., 2022). Aktar et al. (2019) emphasize that the effectiveness 

of these compounds lies in their selective action against pest organisms, which significantly 

increases crop yields and reduces post-harvest losses. However, Basu (2024) cautions that the 

persistence of certain systemic insecticides may pose substantial risks to pollinating insects, thereby 

exposing a trade-off between productive gains and ecological sustainability. 

Agrochemical residues exert considerable environmental impacts, as they persist in soils and water 

bodies and function as chronic pollutants. For example, Pathak et al. (2022) demonstrate that the 

continuous release of pesticides induces toxic effects that compromise water quality and disrupt 

aquatic trophic networks. Similarly, Sánchez-Bayo and Wyckhuys (2019) identify these compounds 

as a major driver of global pollinator decline, with consequences for pollination processes and the 

resilience of terrestrial ecosystems. 

With regard to human health, Mostafalou and Abdollahi (2013) associate exposure to agrochemical 

residues with increased incidences of neurological disorders, reproductive dysfunctions, and various 

forms of cancer. These authors describe molecular mechanisms through which such substances 

interfere with essential physiological processes. Consequently, inadequate management of 

agrochemical containers and waste not only perpetuates environmental contamination but also 

poses serious health risks to rural communities exposed to these residues. 

In Colombia, the management of agrochemical containers continues to present significant 

shortcomings, contributing to the dispersion of hazardous waste in rural settings. A study conducted 

on bean farms in Sibundoy, Putumayo, by Guerra Acosta et al. (2021) reported that only 43% of 

farmers collect empty containers, and that practices such as triple washing and proper sorting are 

insufficient. These deficiencies increase the risk of soil and water contamination and compromise 

worker health. In contrast, Mossa and Mohafrash (2024) demonstrated that the application of triple 

washing combined with solar photo-Fenton treatment of residual water can eliminate up to 99.8% 

of pesticide residues, substantially reducing the environmental burden associated with these 

containers. 

Within this context, the present study addresses, in a sequential manner, the diagnosis of current 

residue management practices among farmers, the quantification of agrochemical residues 
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generated in avocado farms located in the highland area of Sibundoy, and the formulation of 

strategies based on best practices to optimize container management and mitigate associated risks. 

This approach is consistent with the overarching objective of comprehensively evaluating 

agrochemical residue management and its implications for sustainability and public health. 

 

Materials and Methods   

Location   

The study area encompassed the highland villages of the municipality of Sibundoy, located at 

1°12′12″ N and 76°55′09″ W. The area includes the villages of Bellavista, Villaflor, San José de La 

Hidráulica, La Cumbre, Campo Alegre, Carrizayaco, and El Cedro. These locations present favorable 

topographic and humidity conditions for avocado cultivation.   

Methodological Phases   

Population   

The study population consisted of 19 avocado producers from the highland area of Sibundoy.   

Phase 1:  

Table 1 presents the survey administered to avocado producers, which describes the management 

practices related to agrochemical residues on each farm 

Table 1. Survey of Avocado Producers. 

Question 

Number 
Question Answer Options 

1 Gender 
1) Male 

2) Female 

2 Education level 

1) Primary 

2) Secondary 

3) Technical 

4) Technologist 

5) University 

3 Land ownership 

1) Tenant farmer 

2) Landowner 

producer 
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3) Worker 

4) Sharecropper 

4 

Number of 

hectares of 

cultivation 

1) Less than 1 ha 

2) 1–2 ha 

3) 3–4 ha 

4) 4–5 ha 

5) 5–6 ha 

6) Other 

5 

Is the crop 

divided into 

plots? 

1) Yes 

2) No 

6 

What is the 

phenological 

stage of the crop? 

1) Vegetative 

2) Flowering 

3) Fruit filling 

4) Ripening 

5) Dormancy 

7 

Have you 

received training 

related to the use 

and management 

of agrochemical 

residues? 

1) Yes 

2) No 

8 

From which 

institutions or 

individuals have 

you received 

training? 

1) Asohofrucol 

2) ICA 

(Colombian 

Agricultural 

Institute) 

3) Independent 

personnel 
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(students, 

interns, etc.) 

4) Municipal 

Mayor’s Office of 

Sibundoy, 

Putumayo 

5) Commercial 

houses 

6) Others 

9 

How often do you 

apply 

agrochemicals? 

1) Daily 

2) Weekly 

3) Biweekly 

4) Monthly 

5) Other 

10 

What is the 

purpose of 

applying these 

agrochemicals? 

1) Preventive 

2) Curative 

3) Other 

11 Presence of pests 

1) Thrips 

2) Mites 

3) Aphids 

4) Bug 

(Monalonion sp.) 

5) Borer (Heilipus 

lauri) 

6) Moth 

(Stenoma 

catenifer) 
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12 
Presence of 

diseases 

1) Phytophthora 

cinnamoni 

2) Anthracnose 

3) Lenticelosis 

4) Verticillium sp. 

5) Lasiodiplodia 

theobromae 

6) Botrytis (gray 

rot) 

7) Fusarium 

8) Others 

13 
Presence of 

weeds 

1) Corazón herido 

2) Lengua de vaca 

3) Barrabasillo 

4) Grasses 

5) Chulco 

6) Verbenas 

7) Batatilla 

8) Pacunga 

9) Guasca 

(Galinsoga 

parviflora) 

10) Others 

14 

Have you 

carefully read the 

recommendations 

and information 

on agrochemical 

labels? 

1) Yes 

2) No 
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15 

Where do you 

store 

agrochemical 

residues? 

1) Outside the 

farm 

2) Isolated place 

inside the house 

(locked) 

3) Separate room 

on the farm 

4) Inside the farm 

without 

precautions 

16 

Do you use 

protective 

equipment when 

handling 

agrochemicals? 

1) Yes 

2) No 

17 

On what basis do 

you handle 

agrochemicals? 

1) Own 

experience 

2) Product 

instructions 

3) Advice from 

the seller 

4) Advice from an 

agricultural 

engineer 

5) Other 

18 

Have you had 

health problems 

due to 

agrochemicals? 

1) Yes 

2) No 
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19 

If yes, what kind 

of 

healthproblems? 

1) Respiratory 

2) Infections 

3) Vascular 

diseases 

4) 

Neuropsychiatric 

disorders 

5) Skin reactions 

20 

What do you do 

with 

agrochemical 

residues? 

1) Triple wash 

2) Incineration 

3) 

Store/accumulate 

4) Bury 

5) Delivered to a 

company for final 

disposal 

6) Other 

21 

Have there been 

changes in 

natural 

resources? 

1) Yes 

2) No 

 

Statistical Analysis: Survey data were subjected to multivariate analysis. The results were tabulated 

using SPSS statistical software, and a dendrogram was generated through cluster analysis in order 

to visualize patterns in survey responses.   

Phase 2  

Farm visits were conducted on a biweekly basis to classify and weigh agrochemical residues. At each 

farm, a designated collection and weighing point was established with the collaboration of the 

producers. Residues were classified according to type (herbicides, fungicides, and insecticides) and 

toxicological category (I: extremely toxic; II: highly toxic; III: moderately toxic; IV: slightly toxic). 

Containers were weighed and categorized by packaging type (packets or containers). Triple washing 

and perforation of containers were carried out to ensure temporary safe storage prior to delivery 
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during scheduled collection events. In addition, a leaflet was provided to farmers, detailing 

recommended management practices and key considerations for environmentally safe handling. 

 

Results and Discussion   

Survey Results Analysis   

Socioeconomic Aspects of Farmers  

Among the surveyed producers, 41.30% were members of the Hortifrutícola Association of 

Colombia (Asohofrucol), an organization that promotes improvements in productive, 

organizational, and commercial conditions nationwide. With respect to gender, 13 producers were 

male and 6 were female, and all participants were over 40 years of age. Only one farmer reported 

respiratory health problems associated with the absence of personal protective equipment during 

agrochemical application.   

 

Figure 1: Socio-labor conditions of avocado producers. 

Agrochemical Use Conditions  

The results indicate that 33.33% of farmers rely on their own experience or apply agrochemicals 

empirically, without technical assistance from local or regional entities. This situation contributes to 

low yields and high production costs. In contrast, 48.15% of producers receive guidance from an 

agronomic engineer, a factor that is critical in rural agricultural production, as it facilitates the 

exchange of knowledge between farmers’ empirical experience and professional academic training, 

thereby promoting a more competitive and productive sector. Additionally, 11.11% of producers 

follow the instructions provided on product labels, while 7.41% rely on advice from vendors, who 

generally offer guidance limited to product application and not to final disposal or personal 

protection measures. The lack of technical assistance and training has constrained the adoption of 

best production practices, resulting in reduced yields and crop losses. 
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According to Resolution 1580 of 2022 issued by the Colombian Agricultural Institute (ICA), 

agrochemicals must be registered and authorized for use. Labels must be inspected to verify 

expiration dates and physical integrity, and products must be purchased exclusively from authorized 

suppliers. Consultation with a qualified technician is recommended in order to select products with 

low environmental impact that are appropriate for specific phytosanitary problems. 

Under Decree 4741 of 2005, which regulates the comprehensive management of hazardous waste 

in Colombia, including pesticide containers, and Resolution 1675 of 2013, farmers are responsible 

for triple washing, disabling, and properly storing containers until their delivery to authorized 

collection points. Practices such as reuse, burial, burning, or disposal of containers in unauthorized 

locations are prohibited due to their associated health and environmental risks. 

Despite these regulations, improper disposal of containers used for phytosanitary control has 

contributed to soil degradation, as containers are frequently stored in tarps or bags in direct contact 

with the ground. Prolonged exposure to sunlight promotes photodegradation, which causes 

containers to fragment into microplastics that adversely affect soil function and biodiversity (Yu et 

al., 2022). 

Safe Application Conditions of Agrochemicals  

Among producers who reported having received training, 61.11% store containers in isolated areas 

away from the farm, whereas 5.56% disregard recommended practices and leave residues in sacks 

or plastic bags outside the farm. An additional 11.11% store containers on the farm without 

implementing precautionary measures. Another 11.11% reported not having received training on 

agrochemical use and management, as their farms—ranging from 1 to 2 hectares—are managed 

empirically, resulting in the absence of designated storage spaces. 

Furthermore, 15.79% of producers do not comply with safety protocols and report no apparent 

health problems, attributing noncompliance to discomfort associated with the use of gloves, 

goggles, masks, boots, or aprons during application. Prolonged exposure under these conditions 

may pose health risks to producers and their families. It was also observed that, despite the lack of 

certification in some farms, oversight and control by the competent authorities remain limited. 

Agrochemicals must therefore be handled responsibly, in accordance with applicable laws, 

regulations, and technical guidelines governing their transport, storage, application, and disposal, 

including the management of empty containers, unused products, or expired materials, as well as 

the mandatory use of personal protective equipment (PPE). 

Notably, several producers have reduced agrochemical use and adopted organic biopreparations in 

order to obtain clean, high-quality products without compromising human health or environmental 

integrity. These practices align with good agricultural practices in the Sibundoy Valley and aim to 

improve product hygiene, prevent market rejection due to toxic residues, and ensure acceptable 

sensory characteristics, such as taste and appearance, for consumers. 

However, 6.52% of producers continue to apply agrochemicals empirically without training, leading 

to excessive application rates, low-quality yields, and crop losses. In addition, inadequate handling 

and disposal of containers contribute to contamination of nearby water sources. 
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Cluster Analysis of Surveys   

As shown in Table 2, Group I includes 13 surveys (1, 6, 7, 8, 9, 11, 12, 13, 15, 16, 17, 18, and 19), 

Group II includes 4 surveys (2, 3, 4, and 5), and Group III includes 2 surveys (10 and 14), representing 

68.4%, 21.0%, and 10.5% of the total, respectively. These clusters reflect differing conditions related 

to agrochemical input use and residue management practices.   

Table 2. Survey Clusters. 

 Clúster 
Number of 

surveys 
Surveys Percentage 

I 13 1,6,7,8,9,11,12,13,15,16,17,18,19 68,42% 

II 4 2,3,4,5 21,05% 

III 2 10 y 14 10,53% 

 

 

 

Figure 2. Cluster dendrogram for surveys conducted. 
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The following section presents the analysis of each cluster based on their grouping characteristics:   

Cluster I/III   

As shown in Table 2, Group I comprises 13 surveys, representing 68.42% of the total sample. This 

cluster is characterized by producers whose crops are predominantly in the fruit-filling phenological 

stage (58% of respondents). These farmers store agrochemical residues in designated rooms on 

their farms and follow appropriate management practices, including the separation of residues to 

prevent environmental abandonment and to minimize contact with natural resources and 

associated health risks. 

Producers within this group demonstrate increasing awareness of the risks associated with 

hazardous waste and recognize its potential effects on crop productivity, human health, and 

environmental pollution. As noted by Miranda et al. (2022), the adoption of improved agricultural 

practices facilitates their effective implementation and dissemination. Sustainable agriculture is a 

key element in ensuring food security, environmental protection, and economic development in 

Latin America, as it reduces dependence on hazardous agrochemicals and promotes safer and more 

responsible production practices (Mier-Tous et al., 2023).   

Cluster II/III   

Group II represents 21.05% of respondents and consists mainly of small-scale producers with 

secondary-level education who own farms larger than 2 hectares. This condition implies higher 

agrochemical use and a greater potential environmental impact. Producers in this cluster store 

products appropriately in warehouses and collect residues for subsequent management. 

Avocado cultivation is perceived as a viable economic alternative, accompanied by efforts to 

minimize fruit contamination in order to comply with quality standards required for export markets. 

Achieving these objectives requires effective coordination among environmental, health, labor, 

transport, industrial, and economic authorities, as well as the implementation of awareness and 

training programs. Both governmental institutions and society must acknowledge that the 

environmental, health, and economic costs of inaction or inadequate management are substantial 

for a developing country (Mendoza Cantú et al., 2017). Continuous training, monitoring, and control 

processes are therefore essential to promote good agricultural practices and guide producers 

toward sustainability. Theoretical and practical training enables farmers to better understand 

appropriate agrochemical use and to reduce environmental impacts, while improved residue 

disposal strategies foster a culture of responsible container management (Guerra Acosta et al., 

2021).   

Cluster III/III  

Group III comprises 2 surveys, accounting for 10.53% of the sample, and is primarily associated with 

the purpose of agrochemical application. Within this cluster, two producers reported curative use, 

while five reported preventive use. Although avocado production in this group is generally 

satisfactory, it relies heavily on agrochemicals that negatively affect soil quality and may 

compromise fruit safety for consumption. Farmers apply these products to control pests, 

contributing to environmental degradation, including soil and river contamination and broader 

ecosystem imbalances (Mondal et al., 2026). 
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The application, dosage, and management of residues within this cluster are largely based on 

empirical knowledge and conventional practices transmitted across generations. The risk of 

pesticide poisoning in this context is closely linked to insufficient technical knowledge, limited 

training, and inadequate information provided by vendors or product labels (Guzmán Plazola et al., 

2016).   

Residue Weighing   

The collection and classification of agrochemical residues revealed that fungicide containers were 

the most frequently identified, accounting for 19 containers (38%). These were followed by 

insecticide containers with 18 units (36%), unlabeled containers with 8 units (16%), and herbicide 

containers with 5 units (10%) (Table 3). 

Table 3. Identified container products during collection, classification, and weighing. 

Product type Number of 

containers 

Percentage 

of use 

Weight 

(kg)  

Weight 

percentage 

Fungicides 19 38,0% 1,792 41,0% 

Insecticides 18 36,0% 1,24 28,2% 

Herbicides 5 10,0% 0,545 12,5% 

Unlabeled 8 16,0% 0,8 18,3% 

 Total  50  100%  4,372  100%  

          

       

Following the classification process, the collected insecticide containers were identified according 

to their toxicological category, as shown in Table 4. 

Table 4. Toxicological categorization of insecticides. 

Insecticides 

Trade name 
Active 

ingredient 

Number 

of 

containers 

Use 

percentage 
Weight 

Weight 

percentage 

Band 

color 

Toxicological 

category 
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Potassium 

soap 

Potassium 

hydroxide 
3 16,7% 0,12 9,7% 

No 

band 
 

Arpon Polymethyl 3 16,7% 0,08 6,1%  III 

Gatillo II Imidacloprid 2 11,1% 0,1 7,8%  II 

Abamectin II Abamectin 2 11,1% 0,1 8,4%  II 

Safarin  Imidacloprid 1 5,6% 0,12 9,7%  II 

Sharmethrim Permethrin 1 5,6% 0,14 11,3%  III 

Emprox  
Imidacloprid 

+ Abamectin 
1 5,6% 0,04 3,0%  II 

Eltra Carbosulfan 1 5,6% 0,15 11,9%  II 

Oberon Spiromesifen 1 5,6% 0,06 4,8%  III 

Ráfaga  Chlorpyrifos 1 5,6% 0,07 5,3%  II 

Malathion  Malathion 1 5,6% 0,13 10,1%  II 

Capsialil  
Garlic and 

chili extract 
1 5,6% 0,15 11,9%  III 

Total 18 100% 1,235 100% 
 

  

 

Avocado producers use insecticides in 36% of their agricultural inputs, with harpoons and potassium 

soap being the most frequently applied products. In addition, 50.2% of these insecticides belong to 

toxicological category II, which is classified as highly toxic. Improper use and inadequate waste 

management practices may lead to the bioaccumulation of harmful substances, thereby negatively 

affecting both human health and ecological systems (Elías Estremadoyro, 2022). Research 

conducted in Latin America indicates that excessive pesticide application is associated with 

environmental degradation and increased health risks (Olguín-Hernández et al., 2024). 

Moreover, the implementation of farmer education programs has proven effective in promoting 

safer management practices and reducing exposure time to these inputs (Damalas and Koutroubas, 

2017). This evidence underscores the necessity and relevance of continuous training processes on 

pesticide management, particularly with regard to understanding residues and materials that have 

come into contact with these substances (Salamanca, 2020). 
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On the other hand, the identification of collected fungicide containers was carried out and is 

presented in Table 5. 

 

 

Table 5. Toxicological Categorization of Fungicides. 

Fungicides 

Trade 

name 

Active 

ingredient 

Number 

of 

containe

rs 

Use 

percenta

ge 

Weig

ht 
Weight 

percenta

ge 

Band 

color 

Toxicologi

cal 

category (kg) 

Nativo  
Tebuconazol

e  
3 15,80% 0,1 5,00%   III 

Yodosafer  
Yodo polivinil 

Pirrolidona 
2 10,50% 0,27 15,30%   III 

Kasumin Kasugamisina 2 10,50% 0,25 13,70%   III 

Kazugal Kasugamycin 2 10,50% 0,2 10,90%   II 

Zorvec 

Encantia 

Oxithiapiprop

lin 

Famazadona 

2 10,50% 0,09 4,80%   III 

Eminent  Azoxystrobin  2 10,50% 0,1 5,60%   II 

Promes  
Propamocarb 

Hydrocloride 
1 5,30% 0,12 6,80%   II 

Propamoca

rb 

Propamocarb 

Hidroclorido 
1 5,30% 0,13 7,00%   III 
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Raimbow  
Epoxiconazol

e  
1 5,30% 0,1 5,50%   III 

Azuco  Azufre 1 5,30% 0,13 7,30% 
No 

band 
 

Makio  Carbendazim  1 5,30% 0,27 15,30%   III 

Furtivo  Azoxystrobin  1 5,30% 0,05 2,80%   II 

Total 19 100% 1,81 100% 

  
 

Table 5 presents the use of fungicides in the crop, comprising 16 active ingredients that are applied 

in mixtures, generally according to environmental conditions and agronomic management 

practices. Fungicides represent the most frequently used inputs in avocado (Persea americana) 

production, as the crop is highly susceptible to phytopathogens that must be controlled in order to 

achieve optimal yields (Motta Escobar et al., 2022). One of the principal threats to avocado 

cultivation is fungal infection, as fungi constitute some of the most prevalent pathogenic 

microorganisms in agricultural systems. To mitigate this threat, fungicides are routinely applied 

(Carranza Patiño et al., 2023). 

However, fungicide use is also associated with undesirable effects on non-target organisms and 

ecosystems, including toxicity to beneficial species, ecological imbalance, environmental pollution, 

and the development of fungal resistance (Jorge-Escudero et al., 2022; Salis et al., 2023). 

Similarly, the identification of herbicide containers was conducted, and the results are presented in 

Table 6. 

Table 6. Toxicological Categorization of Herbicides. 

Herbicides 

Trade 

name 

Active 

ingredient 

Number 

of 

containers 

Use 

percentage 

Weight 
Weight 

percentage 

Band 

color 

Toxicological 

category (kg) 

Panzer  Glifosato  2 40,0% 0,21 38,90%   III 

Rumba  Glifosato  2 40,0% 0,21 38,50%   III 
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Geox 480 

SL 
Glifosato  1 20,0% 0,12 22,60%   III 

Total 5 100% 0,545 100%     

 

Herbicides are applied less frequently by producers, which reduces the volume of waste generated, 

as shown in Table 5. Nevertheless, herbicides are chemical inputs that can adversely affect human 

health and the environment, thereby hindering the conservation of natural ecosystems and 

resources (Garay et al., 2022). Despite the relatively limited use of herbicides in the study area, 

glyphosate was identified as the active ingredient. This compound may come into contact with air, 

soil, and surface and groundwater, and can be transported to adjacent areas, including water 

bodies. Glyphosate also exerts negative effects on populations of plants, algae, fungi, and bacteria 

that play essential roles in ecosystem functioning, and its repeated application may promote the 

development of resistance in certain weed species (Ramírez Muñoz, 2021). Moreover, glyphosate 

persists in soils and aquatic systems, posing long-term ecological and toxicological risks (Duke, 

2020). Chronic exposure to glyphosate has also been associated with adverse effects on non-target 

organisms and potential genotoxicity (Van Bruggen et al., 2018), reinforcing the need for careful 

monitoring and management of herbicide use. 

According to Tables 4, 5, and 6, avocado (Persea americana) producers apply a total of 28 types of 

agrochemicals, including insecticides, fungicides, and herbicides, which fall within toxicological 

categories II (highly toxic) and III (moderately toxic). 

It was also found that the most frequently used sachet-type inputs in the study area were fungicides, 

with 16 sachets corresponding to 94% of usage, followed by insecticides with one sachet, 

representing 5.9% (Table 7). 

Table 7. Identified Sachet Inputs. 

Product 

type 

Number 

of 

tickets 

Use 

percentage 

Weight 

(kg) 

Weight 

percentage 

Fungicides 16 94,1% 0,22 93,7% 

Insecticides 1 5,9% 0,02 6,3% 

Herbicides 0 0,0% 0 0,0% 

Unlabeled 0 0,0% 0 0,0% 
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Total 17 100% 0,24 100% 

 

Table 7 shows that, of the 17 sachets collected, classified, and weighed, 94% corresponded to 

fungicides, which represent the most frequently used inputs when compared to insecticides (5.9%). 

The total weight of sachet waste amounted to 0.24 kg. The higher use of fungicides, both in 

containers and sachets, is associated with an increase in application frequency and higher doses 

required for disease control. Fungicide application constitutes an effective, rapid, practical, and 

cost-effective management option. However, as occurs with weeds and insects, target fungal 

populations may develop resistance over time (Vielba et al., 2020). 

Similarly, excessive fungicide use may promote cross-resistance and disrupt microbial communities 

in agricultural soils (Hawkins et al., 2019). In addition, persistent fungicide residues can adversely 

affect non-target organisms and contribute to ecological imbalance (Zubrod et al., 2019), 

underscoring the need to implement integrated pest management strategies that reduce 

dependence on chemical control. 

The toxicological categorization of fungicides in sachets was conducted as shown in Table 8. 

Table 8. Toxicological Categorization of Fungicides in Sachets. 

Fungicides 

Trade 

name 

Active 

ingredient 

Numbe

r of 

sachets 

Percentag

e of use 

Weigh

t 

Percentag

e of 

weight 

Ban

d 

color 

Toxicologica

l category 

(kg) 

Copper 

oxychlorid

e 

Copper 

oxychlorid

e 

10 62,5% 0,15 68,5%  III 

Fosetyl 
Fosetyl 

Aluminum 
2 12,5% 0,02 10,8%  III 

Nordex 
Cuprous 

oxide 
1 6,3% 0,01 5,0%  II 

Speed 
Fosetyl 

Aluminum 
1 6,3% 0,01 4,5%  III 
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Ridomil 
Metalaxyl-

M 
1 6,3% 0,01 6,3%  III 

Campo 

verde 

Copper 

oxychlorid

e 

1 6,3% 0,01 5,0%  III 

Total 16 100% 0,22 100%   

 

The fungicides packaged in sachets comprise six inputs containing four active ingredients, with 

copper oxychloride (68.8%) and fosetyl aluminum (18.8%) being the most frequently used. Both 

active ingredients fall within toxicological category III (moderately toxic), accounting for 83% of the 

inputs, while toxicological category II (highly toxic) represents 17%. 

The inappropriate use and application of chemical fungicides constitutes a major concern, as it may 

lead to the emergence of resistant strains, thereby hindering effective disease control and reducing 

treatment efficacy. This situation may also foster dependence on more toxic chemical compounds 

and increase environmental pollution (Johanna et al., 2021; Cuervo Osorio et al., 2024). In addition, 

such practices have been associated with environmental accumulation and adverse effects on 

biodiversity and soil fertility (Riedo et al., 2023). 

Finally, the toxicological categorization of insecticides based on the identified sachets is presented 

in Table 9. 

Table 9. Toxicological Categorization of Insecticides. 

Insecticides 

Trade 

name 

Active 

ingredient 

Number 

of 

sachets 

Percentage 

of use 

Weight 
Percentage 

of weight 

Band 

color 

Toxicological 

category (gr) 

Emprox  Imidacloprid 1 100% 0,02 100%   II 

Total 1 100% 0,02 100% 
  

 

Table 9 indicates that the most commonly used insecticide among avocado producers contains 

imidacloprid as its active ingredient, which is classified within toxicological category II (highly toxic). 

Consequently, the use of personal protective equipment (PPE) is essential during its application and 

in the management of the waste generated; however, such equipment is frequently not used 
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(Fernández Vargas et al., 2024). The application of agrochemicals for pest control significantly 

reduces soil fertility and productivity and may also displace pollinators, which, although not the 

primary targets, are adversely affected, thereby limiting crop development and production 

(Collantes et al., 2023). With respect to imidacloprid and other insecticides, these compounds exert 

detrimental effects on beneficial insects and soil microorganisms, altering ecosystem functions and 

pollination services (Pisa et al., 2021). Furthermore, chronic exposure to imidacloprid has been 

associated with reduced biodiversity and long-term contamination of soil and water resources 

(Simon-Delso et al., 2015), reinforcing the need for stricter monitoring and enhanced training in the 

safe handling of agrochemicals.  

 

 

Conclusions   

Agrochemical use in the study area is relatively low, resulting in limited generation of residues in 

the form of containers and sachets. Nevertheless, producers apply a total of 33 active ingredients 

through containers and sachets, with fungicides representing the most frequently used inputs (20 

active ingredients), followed by insecticides (12 active ingredients) and herbicides (1 active 

ingredient). These agrochemicals fall within toxicological categories II (highly toxic) and III 

(moderately toxic). 

Most avocado producers (63%) receive technical guidance from agronomic engineers, while 47% 

also rely on personal experience. In addition, 16% follow product label instructions, and 11% base 

their practices on advice from vendors. With regard to residue management, 26% of the 19 surveyed 

farmers perform triple washing of containers, 5% incinerate containers and sachets, and 74% store 

residues. Among those who store residues, 58% deliver them to the Colecta company during 

scheduled collection events for appropriate final disposal.   

 

Recommendations   

Promote alternative production methods, such as organic agriculture and the implementation of 

good agricultural practices, in order to minimize agrochemical use and associated environmental 

impacts. These approaches support sustainable agriculture by preserving natural resources and 

enabling integrated weed and pest management. 

Implement training programs and a comprehensive solid waste management plan to encourage the 

consistent use of personal protective equipment and the designation of appropriate storage areas 

for hazardous residues on farms.   
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