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Abstract: Background: Farmers are continuously exposed to pesticides during crop production, which can lead to both acute and chronic poisoning. This exposure poses a significant global public health concern. In response, this study aims to achieve two primary objectives: (1) to identify the correlation between pesticide intoxication cases among farmers and their potential causes, and (2) to assess the relationship between risk-control measures, hygiene practices, and resulting health effects. Methods: This study employed a cross-sectional mixed-methods observational design, sampling 112 farmers from Bogotá’s rural areas. Data were analyzed using logistic regression in R (version 4.2.1), examining eight associated variables. Results: The use of personal protective equipment (PPE) ranged from approximately 62% to 92%. Additionally, 82% of participants reported changing their workwear, and 76% practiced bodily hygiene after exposure. Nevertheless, health complaints persisted—particularly affecting vision (46%), the respiratory system (38%), and the skin (32%). Notably, two out of every three farmers reported experiencing some form of systemic illness associated with pesticide exposure. Conclusion: A strong association was observed between the use of facemasks and changing workwear, and the prevention of pesticide-related intoxication. These practices appear to be key in reducing chemical exposure during fumigation activities.
Keywords: exposure; farmers; intoxication; pesticides; agrochemicals.

1. Introduction
In Colombia, the agricultural sector contributed 4.5% to the national GDP in 2019 and accounted for 16% of total employment [1,2]. Globally, agriculture holds significant economic and social importance, employing approximately 874 million people—equivalent to 27.4% of the global workforce. Despite its prominence, agriculture remains one of the most hazardous sectors in terms of occupational health. Agricultural workers are twice as likely to experience fatal work-related injuries compared to those in other industries. This elevated risk is largely due to the operation of heavy machinery and extensive exposure to agrochemical substances used for pest control [3]. The danger increases when pesticides are combined to broaden their range and efficacy; however, such practices can also contribute to the development of a variety of adverse health conditions [4].
According to the National Institute of Health of Colombia, an average of 5,890 pesticide poisoning cases were reported annually between 2017 and 2022, representing 17.2% of all intoxication cases nationwide during this period. Exposure to pesticides has been consistently associated with the onset of numerous health conditions, as documented in a range of scientific studies. These include various types of cancer [4,5], congenital anomalies and developmental toxicity [6], reproductive disorders [7,8], neurodegenerative diseases such as Parkinson’s and Alzheimer’s [4,9], endocrine disruptions [10], and respiratory ailments [11], among others [4]. Given their high prevalence and significant health impact, pesticide-related poisonings are under special epidemiological surveillance in Colombia (Table 1). Notably, pesticides and agrochemicals currently rank as the third most common cause of intoxication in the country—exceeding incidents involving psychoactive substances and pharmaceuticals—and are believed to be the primary cause of occupational poisoning [12–15].
Agriculture remains a vital component of Bogotá’s economy, underscoring the need for continuous monitoring of pesticide-related poisoning within the city. The rural areas of Bogotá are organized into four main regions—Cerros Orientales, Cuenca Tunjuelo, Sumapaz, and Torca—which together comprise approximately 75% of the city's total land area and were home to an estimated 30,578 residents in 2022. Agriculture serves as the primary economic activity for these communities [16]. Public health initiatives aimed at reducing pesticide poisoning showed promising results between 2017 and 2020, with a marked decline in reported cases from 397 in 2017 to just 52 in 2020 [17]. Nevertheless, a resurgence in poisoning cases has been documented over the past three years, affecting Bogotá as a whole and Ciudad Bolívar in particular (Table 1). Located within the Cuenca Tunjuelo region, Ciudad Bolívar encompasses 5,923 hectares allocated to agricultural production, positioning it as the most agriculturally intensive area among the city’s rural zones [18].
Sustaining the reduction in pesticide-related poisoning—and ultimately aiming for zero cases—is especially critical in Ciudad Bolívar, given its significant contribution to both the rural and urban economies. Due to the occupational nature of most pesticide exposures, it is essential to examine this issue in relation to key sociodemographic and occupational variables, as well as to assess the potential health consequences associated with prolonged or repeated exposure. Given this context, this research project focuses on Ciudad Bolívar with the following objectives: (1) Analyze the correlation between pesticide poisoning cases and specific pesticide use; and (2) Evaluate the relationship between adherence to safety practices (e.g., use of protective equipment, hygiene habits) and identify potential risk factors contributing to intoxication among agricultural workers. 

Table 1. Cases of intoxications due to pesticides 2017-2020n in Colombia, Bogotá, and Ciudad Bolivar.
	Area
	2017
	2018
	2019
	2020
	2021
	2022

	Ciudad Bolívar, Bogotá D.C.1
	52
	9
	10
	7
	8
	9

	Bogotá D.C.1
	397
	126
	109
	52
	56
	84

	Colombia 2
	8423
	3558
	3930
	6712
	6159
	6555


Source: Secretaría Distrital de Salud de Bogotá, 2022 1; Instituto Nacional de Salud  2,

2. Materials and Methods
2.1. Study Areas

The study is conducted in Ciudad Bolívar, a territorial subdivision of Bogotá that is 75% rural [18]. The locality comprises three rural zones—Mochuelo Alto, Quiba, and Pasquilla—which were selected for this study due to their strong agricultural traditions and extensive farmland (Figure 1). Furthermore, the collaboration with community leaders, who provided valuable insights and facilitated access to other farmers, was instrumental in carrying out the research.        [image: Map
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Figure 1. Map of Mochuelo Alto, Quiba y Pasquilla in the locality of Ciudad Bolivar
2.2. Research Desing
[bookmark: page2]The research design is based on a structured, closed-ended questionnaire consisting of 33 questions categorized as follows: (a) Sociodemographic and economic characteristics; (b) Agricultural practices, pesticide use and handling, safety practices, and hygiene habits during pesticide application; and (c) Health conditions related to pesticide exposure and intoxication. The questionnaire was developed based on validated instruments from previous research by Oropesa et al. and Barrón Cuenca et al. [19,20], which were adapted to align with the study’s objectives. During the questionnaire design process, special care was taken to ensure that the closed-ended questions in categories (a) and (b) did not overly constrain responses regarding farmers’ habits. In category (c), which pertains to health conditions and poisoning incidents, the study aimed to investigate the relationship between isolated poisoning events (acute incidents) and chronic systemic health conditions of potential occupational origin. This was assessed through open-ended questions designed to determine whether medical documentation was available to support the etiology of the reported poisoning event or systemic condition.
Additionally, the questionnaire underwent a review and validation process involving community leaders, ensuring the relevance of the questions and refining critical study variables. The questionnaire was administered between August 1 and November 30, 2021, resulting in the collection of 112 responses from the designated study area. The sample was obtained using a snowball sampling method, covering over 10% of the population in contact with pesticides in the study region. As of the study date, the total population in the area was estimated at 1,048 individuals, including minors and women engaged in domestic activities.
To ensure sample representativeness, an estimate of the working agricultural population was established. According to DANE [21], 74.7% of Colombia’s rural population is under 20 years of age. Consequently, approximately one-third of the total study area population (691 individuals classified as minors) was excluded, as the study focused exclusively on adults. Additionally, it was assumed that only one individual per household was actively engaged in agriculture, leading to an estimated workforce of 262 individuals. Further assessment during data collection revealed that not all working residents were involved in agriculture—some engaged in commercial services, livestock farming, or urban employment. As a result, the representativeness of the 112 surveyed farmers was deemed sufficient. Data saturation was achieved, as no additional eligible respondents could be identified beyond those who had already participated in the survey or were not engaged in agricultural work.
Before questionnaire implementation, brief interviews with two community leaders were conducted to gather insights on demographic distribution, agricultural practices, and cultural aspects of the study area. The questionnaire was administered across six visits, with the participation of three lead researchers and five data collection assistants—undergraduate interns in occupational health and safety—who received prior training for data collection. Data collection was carried out using the Kobo Collect application, an open-source platform designed for offline primary data collection in remote areas, compatible with Android devices. The collected data were systematically organized, downloaded, and subsequently analyzed using R software.

					2.3. Statistical Analysis

Statistical analysis was performed using R version 4.2.1 for Windows. A quantitative analysis was conducted via logistic regression to establish potential associations between pesticide poisoning (dependent variable) and seven independent variables: work shift, use of facemasks, gloves, and overalls, as well as hygiene practices, including changing work clothes and personal body hygiene.
[bookmark: OLE_LINK6]3. Results

The study population was drawn from the three designated areas under investigation. The final sample consisted of 112 individuals engaged in agriculture-related activities, of whom only 6% were women. Notably, half of the participants were over the age of 51, and the majority (63%) had completed only primary education. In terms of social security, 56% of respondents were affiliated with a healthcare service; however, just 13% had a pension plan, and only 9% were covered by occupational risk insurance (Table 2).

Table 2.
	Population sociodemographic data
	N
	%

	Sex
	 
	 

	Female
	7
	6%

	Male
	105
	94%

	Age
	 
	 

	18-30
	11
	10%

	31-40
	19
	17%

	41-50
	26
	23%

	51-60
	30
	27%

	>61
	26
	23%

	Education level
	 
	 

	None
	2
	2%

	Preschool
	5
	4%

	Basic school or lower
	70
	63%

	Middle school or lower
	13
	12%

	Completed school education
	18
	16%

	Higher education (technical or technological)
	3
	3%

	Postgraduate
	1
	1%

	Social Security
	 
	 

	Health affiliation
	63
	56%

	Retirement plan affiliation
	15
	13%

	Occupational risk coverage
	10
	9%










Among the 112 participants, only 98 reported direct contact with pesticides. Within this subgroup, 22% did not engage in pesticide mixing activities. Most farmers adhered to recommended pesticide application guidelines, with 64% reading product labels and 67% ensuring the dosage did not exceed prescribed limits. The use of personal protective equipment (PPE) was prevalent, with boots being the most used item (92%), followed by gloves (79%). Facemasks were worn by 72% of participants, while 62% reported using overalls.
Observational assessments revealed that facial protection was primarily limited to surgical or cloth facemasks, which offer inadequate protection against pesticide exposure. Most participants adhered to hygiene practices, with 82% changing their clothes and 76% performing regular body cleansing after pesticide application (Figure 2).
  [image: ]
Figure 2. Use of pesticide *, hygiene habits **, and use of personal protective equipment (PPE) ***

The participants reported various health conditions attributed to pesticide exposure, including visual impairments (46%), respiratory disorders (38%), dermatological conditions (32%), digestive issues (6%), and neurological symptoms (18%). Notably, two out of three farmers had experienced at least one health condition linked to their agricultural work.

A descriptive analysis of pesticide intoxication indicated that one in five agricultural workers had experienced at least one poisoning event, defined as any clinically significant change following pesticide exposure [22]. For this study, an intoxication event was recorded when a participant received medical attention for acute pesticide exposure. A total of 21 cases were documented, with some individuals reporting multiple intoxication episodes over their work history.

Logistic regression was performed using intoxication as the dependent variable and seven explanatory independent variables, as represented in Equation 1. Most independent variables were dichotomous (yes/no responses), selected based on exposure control factors such as PPE use, hygiene practices, and work shift duration. Exposure time emerged as a key factor, showing a proportional increase in intoxication risk.

 Equation 1. Logistic regression based on the dependent variable of intoxication


: Work shift length; : Facemask use; : Gloves use; : Eyes protection equipment use; : Use of the overall; : Workwear change; : Body cleaning

Initially, regression analysis was conducted on an imbalanced dataset, where the number of non-intoxicated cases (77) was nearly four times higher than intoxicated cases [23]. This imbalance influenced the regression model, leading to a confusion matrix that improved the prediction of factors associated with intoxication (Table 3). The model achieved 79% accuracy in predicting intoxication events; however, statistical evidence for specific risk factors remained inconclusive. The coefficient estimates demonstrated an inverse relationship between intoxication and the use of protective measures, but with a low correlation (p = 0.2439) (Table 4).

                                  Table 3. Logistic correlation coefficients
	Analysis variables
	Intercept coefficient
	Standard deviation

	Intercept
	-0.61241
	0.81380

	Work shift length
	0.01148
	0.01669

	Facemask Use
	-0.87131
	0.75120

	Gloves Use
	-0.71824
	0.84170

	Eyes protection equipment use
	0.45962
	0.72405

	Overall use
	0.40397
	0.67586

	Workwear change
	-0.89795
	0.85914

	Body cleaning
	0.55204
	0.84614



                                    Table 4. Data structure versus logistic regression

	Data against intoxication events
	Confusion matrix (frequencies and percentage of prediction)

	

	0
	1

	77
	21




	
	   Observation

Prediction
	0
	1

	No
	74 (78,7%)
	20 (21,3%)

	Yes
	3
(75%)
	1
(25%)





p-value: 0.24397138; r2: 0.7653061

Figure 3. Confusion matrix plot

To improve correlation, the dataset was balanced in R software, resulting in an enhanced model with an 82% prediction accuracy for intoxication. Among the explanatory variables, facemask use, and workwear changes had negative beta coefficients, indicating a reduced intoxication risk when these measures were implemented. Conversely, glove use, and body hygiene had positive coefficients, suggesting an increased risk of intoxication despite these practices. Work shift duration was the only non-dichotomous variable with a direct correlation to intoxication probability (Table 5). 

Table 5. Logistic correlation coefficients (balanced data)
	[bookmark: _Hlk183993477]Analysis variables
	Intercept coefficient
	Standard deviation

	
	
	

	
	
	

	Intercept
	0.55789
	1.60198

	Work shift length
	0.01349
	0.03460

	Facemask Use
	-38.79025
	4938.61452

	Gloves Use
	18.66124
	3364.57767

	Eyes protection equipment use
	1.89295
	1.39308

	Overall use
	-0.31159
	1.12484

	Workwear change
	-38.45619
	5030.32290

	Body cleaning
	57.32562
	6194.64928



The revised confusion matrix indicated an overall accuracy of 82.3% in predicting intoxication events and 70.8% accuracy in correctly identifying non-intoxicated cases. The model’s statistical significance was reinforced, with a p-value of 0.00994 and an R² value of 0.756, confirming the robustness and explanatory power of the logistic regression model (Table 6).
Table 6. Data structure (balanced data) versus logistic regression
	Balanced data against poisoning events
	Confusion matrix (frequencies and percentage of prediction)

	

	0
	1

	20
	21



		   Observation
Prediction
	0
	1

	No
	17 (70,8%)
	7 (29,2%)

	Yes
	3 (17,7%)
	14
(82,3%)





                     p-value: 0.00994084601594923; r2: 0.7560976










Figure 3. Confusion matrix plot (balanced data)
												
4. Discussion
This study highlights critical factors associated with pesticide exposure among Bogotá’s rural farming communities and identifies occupational risks faced by agricultural workers. One key finding is the association between education level and pesticide risk awareness. The high prevalence (63%) of incomplete elementary education aligns with previous studies by Miguel et al. [22] and Zambrano [23], which reported similar trends in other agricultural populations. Limited education reduces farmers’ ability to understand pesticide hazards, as evidenced by the 36% who did not read product labels before use. This is consistent with findings by Fernández Aravena in Ecuador, who observed a strong association between low education levels and failure to read pesticide labels (27%) [24,25].

The study also identified four prevalent systemic health conditions among participants: neurological, respiratory, digestive, and dermatological disorders. Notably, 46% of respondents reported visual symptoms, and 38% reported respiratory issues, with 66% experiencing at least one adverse health effect. These findings align with prior research by Miguel et al., which documented multiple neurological and digestive symptoms in 81.3% of cases, and Alvarado [26], who reported a 96% incidence of acute neurological intoxication and a 44% prevalence of dermatological or digestive conditions among Mexican farmers exposed to organophosphates. Similarly, Barrón Cuenca found that 84% of Bolivian farmers had experienced acute intoxication symptoms, with 52% reporting multiple simultaneous symptoms [18]. 

The high incidence of ocular symptoms in this study differs from previous research on pesticide exposure, necessitating further investigation. Pesticides commonly used in Colombia, as identified by the Colombian Agricultural Institute [27], contain active ingredients such as azoxystrobin [28], glyphosate [29], mancozeb [30], difenoconazole [31], and imidacloprid [32], all classified as ocular irritants according to PubChem of the National Center for Biotechnology Information.

Personal Protective Equipment and Occupational Safety

The study confirmed the widespread use of personal protective equipment (PPE), particularly boots, gloves, and facemasks. These findings are consistent with previous research by Pastor et al. [25], who reported that 78% of farmers used at least one protective item, and Varona Uribe [33], who found that 91% of farmers utilized body protection. Existing literature underscores the importance of PPE as a key factor in mitigating pesticide exposure [34–37]. However, the effectiveness of protective measures depends on their suitability for the level of exposure, including duration, frequency of pesticide use, and the type of equipment used. Cohecha Cárdenas et al. [4] observed that although farmers frequently employ PPE, it is often inadequate for safe pesticide handling. Similarly, Varona Uribe [26] emphasized the limited protective capacity of surgical and cloth masks, highlighting the need for increased access to more effective respiratory protection. 


Study Strengths and Limitations

A major strength of this study is its collection of primary data on pesticide poisoning and systemic health effects, addressing a gap in localized exposure assessments. While national poisoning reports exist, detailed local-level causative factors are often missing. Additionally, the study achieved robust logistic regression correlations, enabling accurate intoxication predictions based on explanatory variables.

However, several limitations were noted. Limited prior research in the study area posed challenges in estimating the working population and geographic distribution of agricultural activities. The reluctance of participants to undergo toxicological testing, coupled with financial constraints, restricted biological exposure assessments.

Methodologically, the use of non-probabilistic sampling may have introduced selection bias, reducing the generalizability of findings. The voluntary nature of participation may have further skewed results, as individuals with health concerns may have been overrepresented. Furthermore, participants were required to provide informed consent, which may have led to sample limitations. 

One of the main limitations of this study concerns the selection of independent variables included in the logistic regression model. While multiple factors may influence pesticide exposure—such as the type of pesticide used, application methods, equipment involved, and prior training—this research prioritized variables that were both observable and directly related to workers’ routine practices in the field. Specifically, the analysis focused on personal protective equipment (PPE) use and hygiene habits, which are considered immediate determinants of exposure and are more easily assessed in rural settings with limited access to technical data and formal education. However, the exclusion of other potentially relevant factors may have limited the explanatory power of the model and introduced some degree of bias. Future studies should consider incorporating a broader range of exposure determinants, including detailed information on pesticide types, frequency of use, application techniques, and training history, to enhance the robustness of risk assessments.

Another important consideration is that health outcomes were self-reported by participants, which may introduce recall or subjective interpretation bias. Although open-ended questions were used to allow detailed descriptions of symptoms, and participants were asked whether they had received medical attention for reported conditions, no clinical assessments were performed to confirm diagnoses. This may help explain the high prevalence of certain symptoms, such as visual impairments, which were reported by 46% of participants. According to respondents, these issues primarily included eye irritation, redness, and blurred vision following pesticide application. While such data are valuable in highlighting workers' perceived health impacts, they must be interpreted with caution. Future research would benefit from incorporating clinical evaluations or validated diagnostic tools to objectively verify the presence and severity of pesticide-related health effects.
5. Conclusions
Pesticide exposure among farmers is influenced by external factors such as sociodemographic conditions, inadequate protective measures, and limited risk awareness, all of which significantly impact agricultural workers’ health. This study confirms that appropriate PPE use is essential in reducing intoxication risk (82.3% probability). However, PPE must be tailored to specific chemical hazards.

Systemic health effects—including visual, respiratory, and dermatological conditions—are prevalent among agricultural workers. Two out of three farmers in Ciudad Bolívar reported experiencing adverse health effects following pesticide exposure. These findings highlight the need for continuous monitoring by local authorities and further research to develop targeted interventions aimed at enhancing occupational safety. Despite methodological limitations, this study provides critical insights into pesticide exposure risks, supporting evidence-based policy recommendations for occupational health interventions at local and national levels.
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False Positives (FP)	True Positives (TP)	3	1	


False Negatives (FN)	True Negatives (TN)	7	17	


False Positives (FP)	True Positives (TP)	3	14	
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