



Assessing Farmers’ Perceptions of Agrochemical Impacts on Human Health: Scale Development and Validation


Abstract
Aim: In recent times, agriculture needs increases in production, which aggravates the use of agrochemical products, exacerbating the effect on the environment and human health. Though different initiatives exist farmers often overlook these safety norms because awareness, knowledge, education and intention are limited. Therefore, this study standardise a tool to depict farmers' perception on health issues related to agrochemical impact.
Methods: Research design involved a multi-step process, initiate with construction of items. After content validity test and item refinements were done through judges rating. Refined items were administered among 190 farmers in three different agroclimatic zones of West Bengal, India. The responses of  randomly selected participants were used for reliability and validity tests with the help of exploratory factor analysis, Cronbach's alpha, split-half and correlation analysis.
Result:  In the content validity stage, out of 80 items, only 24 items were secured 85% relevancy score. Exploratory factor analysis determined a satisfactory KMO value of .870. Among 24 items, the Rotated component matrix loaded in 6 components and after exclusion of single item that was loaded in sixth component, a total 5 compnents with 16 items on a 0.50 threshold level has been considered. Reliability test indicated a satisfactory Cronbach's alpha value of .875 and split half coefficient of .822.After correlation analysis results suggested for retention of 16 items for the final scale.
Conclusion: The scale confirms items are reliable, valid and effective to assess the perception level of the farmers related to agrochemical usage on human health. These insights will help to refine policies with precision to target aims related to sustainable agriculture and can work as a convenient research tool for researchers.
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INTRODUCTION
Agrochemical is an important key to agriculture in recent times for enhancing production, but their unavoidable impact on health is a serious threat to mankind. Through different exposure routes such as occupational, residential, parental, and environmental, it can affect on reproductive system and, respiratory system. Agrochemical exposure and its toxic effects increase the risk of different diseases such as “cancers, Alzheimer's, Parkinson's, amyotrophic lateral sclerosis, asthma, bronchitis, infertility, birth defects, attention deficit hyperactivity disorder, autism, diabetes, and obesity“(Mostafalou & Abdollahi, 2017). Many contemporary researchers find that exposure to agrochemicals increases health risks (Chitra et al., 2019; Mancini et al., 2005; Ye et al., 2013).
According to the WHO (World Health Organisation), agricultural workers face significant health risks from exposure to agrochemicals. Therefore, they recommend some guidelines to mitigate health risk, like wearing protective equipments, reading and following instructions before using agrochemicals. But, there is a major gap between farmers' knowledge and practice regarding agrochemical effects on health and safer pesticide application (Devi et al., 2009; Mohanty et al., 2013).Education among farmers closes this gap, reduces unsafe agrochemicals application (Jallow et al, 2017; Shetty et al., 2010). Also, training leads to safer use of pesticides (Damalas and Koutroubas,2017). Like IPM training decreases overuse of pesticides (Khan et al. 2014).
Farmers with little Knowledge about pesticide risk increase chances of chronic effects (Doglas et al.2011). Apart from that, indiscriminate use of low-quality pesticides increases the chances of health risk as well as environmental risk (Bhandari, 2018). Misuse and exposure of agrochemicals also escalate farmers' health hazards (Apech, 2018).
Agrochemical exposure through different media (soil, air, water) increases the risk of various health effects. Chances of contamination and toxic effects can be reduced by following some precautions. However, some studies indicate that the gap between farmers’ knowledge and practice is contributing factor to this issue. The reason behind that, farmers are unaware, low-education, and they are unwilling. Therefore, this study tries to develop and standardise a tool on farmers' perception viewing agrochemical use on human health.

2. METHODOLOGY
2.1 Item generation
To measure the perceptions of the health-related effects of agrochemical use, a scale was developed carefully through a structured and multistep approach. This scale development started with generating some initial items based on existing literature, field observation and researchers' experiences.
2.2 Scaling Techniques
At the preliminary stage, a total of 80 items were prepared that can capture health-related issues related to agrochemical application. Perception-based studies often prefer Likert scales to portray attitudinal differences (Allen & Seaman, 2007). Following that approach five-point Likert scale was used in this study, which allowed respondents to option for different degrees of acceptance for each item. These similar methods have been used by Jin et al. (2007) to study risk perception related to agrochemical use and by Boora et al. (2024) in their study to examine farmers' attitudes regarding drip irrigation.
2.3 Content Validity and Relevancy
These items were sent to 70 experts across different agricultural and academic institutes across India for a judge’s opinion and content validity. Among them, 30 experts responded with evaluations and suggestions. Based on those responses, that secured less than 80% relevance were excluded. In that stage, 24 items were retained that met the necessary content validity criteria. 
 2.4 Reliability Testing 
After the content validity test, reduced items were tested through a field survey among 190 farmers representing three districts of three diverse agro-climatic zones in West Bengal, India. Three districts were selected based on the, zones outlined by IMD (India Meteorological Department), Govt. of India. Jhargram from the undulating Red and Laterite zone, North 24 Parganas from the Gangetic Alluvial zone, South 24 Parganas, from the coastal saline zone were selected for the study.  Among 190 respondents, 50 were fertiliser sellers. Respondents were randomly selected and interviewed after taking the necessary consent. 
To examine the underlying structures of the factors, an exploratory factor analysis (EFA) was conducted on the collected data. The selection criteria for minimum factor loading were 0.50. Factor analysis results confirmed the inclusion of 16 items under five components. To measure internal reliability of the instrument, the split-half and Cronbach's alpha methods were used.
2.5 Validity Testing
Further corrected item total correlation analysis was done to find out the relation of each item connected with the overall scale. Finally, 16 items are retained for the scale that  are  reliable  and  valid to identify farmers’ perception regarding agrochemical impact on human health.

RESULTS & DISCUSSION
Relevancy Test
Initially developed 80 items were sent to 70 specialists across the nation related to the study disciplines, out of which 30 responses were received within the stipulated timeframe.After that mean relevance score and percentage for each item were calculated. Based on expert assessment, 24 items secured a relevancy percentage of more than 85% out of 80 items. Some items were found overlap in the content. Those were excluded or reviewed according to expert feedback to remove ambiguity.
Relevance Percentage was calculated using the following formula:
Relevancy Percentage = (Obtained Score / Maximum Possible Score) × 100
	

	
Table 1: Relevance of the items

	Sl No
	Items No
	Statement
	Relevancy (%)

	2
	6
	Agrochemical contamination of groundwater can pose a risk to human health.
	92.67

	3
	15
	Consumption of agrochemical-contaminated drinking water causes health hazards.
	88.67

	4
	26
	Inhaling agrochemicals during application can cause respiratory issues. 
	91.33

	5
	28
	Protective equipment is essential to prevent inhalation of agrochemicals during application.
	91.33

	6
	29
	Long-term exposure to airborne agrochemicals can lead to chronic respiratory diseases.
	85.33

	7
	30
	Agrochemical inhalation can worsen existing respiratory conditions such as asthma.
	85.33

	8
	36
	Humans consuming fish exposed to agrochemicals are at risk of health issues.
	88.00

	9
	46
	Agrochemical residues on fruits and vegetables can pose health risks to consumers.
	92.67

	10
	49
	Exposure to agrochemicals can cause immediate health effects such as nausea or dizziness.
	86.67

	11
	50
	Contact with agrochemicals can cause acute skin burns.
	86.67

	12
	51
	Splashing agrochemicals into the eyes can cause immediate eye irritation or damage.
	92.67

	13
	52
	Skin contact with agrochemicals can lead to rashes or irritation.
	87.33

	14
	54
	Consuming food with agrochemical residues can lead to gastrointestinal problems.
	90.67

	15
	55
	Agrochemicals can cause headaches or migraines
	85.33

	16
	56
	Cancer rates are higher among people frequently exposed to agrochemicals.
	85.33

	17
	58
	Communities near agricultural fields have higher disease rates due to agrochemical exposure.
	85.33

	18
	60
	Agrochemicals can cause skin diseases or allergies.
	86.00

	19
	61
	Children are more vulnerable to the health effects of agrochemicals.
	87.33

	20
	62
	Agrochemical residues in drinking water pose a health risk
	88.67

	21
	63
	
Long-term exposure to agrochemicals can lead to chronic health conditions.
	89.33

	22
	64
	Agrochemicals can have cumulative health effects over time.
	86.67

	23
	65
	More research is needed to understand the long-term health effects of agrochemicals.
	89.33

	24
	66
	Adopting safer agricultural practices can reduce health risks.
	92.00


Item Analysis:
After that, with the help of a revised list of items, a field-level test was conducted among 190 farmers from three agro-climatic regions. That survey population included 50 fertiliser sellers who also engaged in agricultural practices and played a major role in decision making influence the farmers.  Exploratory Factor Analysis (EFA) was conducted to analyse the items.

	Table 2  KMO and Bartlett's Test

	Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
	.870

	Bartlett's Test of Sphericity
	Approx. Chi-Square
	1963.136

	
	df
	276

	
	Sig.
	.000



To access the suitability of the dataset for factor analysis or to check data adequacy, Exploratory Factor Analysis (EFA) was perfomed using principal component analysis with varimax rotation. The Kaiser-Meyer-Olkin (KMO) was used to assess sample adequacy. The KMO value was 0.870, exceeding the acceptable threshold of 0.60 (Kaiser, 1974). Additionally, Bartlett’s Test of Sphericity significant result (x2= 1963.136, df = 276, p < .001) suggests that the data were appropriate for factor analysis and the correlation matrix was not an identity matrix (Ali et al., 2021). The results of the variance analysis revealed 6 components with Eigenvalues over 1, explaining these components cumulatively explain 61.56% varience in the items. The extaracted components can adequetly represent the total items considerd for the study.
	Table :3       Communalities

	
	Initial
	Extraction

	Q2
	1.000
	.662

	Q26
	1.000
	.505

	Q28
	1.000
	.682

	Q49
	1.000
	.620

	Q50
	1.000
	.695

	Q51
	1.000
	.795

	Q52
	1.000
	.719

	Q54
	1.000
	.652

	Q55
	1.000
	.687

	Q60
	1.000
	.625

	Q62
	1.000
	.672

	Q63
	1.000
	.743

	Q64
	1.000
	.591

	Q65
	1.000
	.672

	Q66
	1.000
	.552

	Q6
	1.000
	.491

	Q36
	1.000
	.488

	Q15
	1.000
	.379

	Q29
	1.000
	.562

	Q30
	1.000
	.546

	Q46
	1.000
	.562

	Q56
	1.000
	.572

	Q58
	1.000
	.593

	Q61
	1.000
	.711

	Extraction Method: Principal Component Analysis.



Table 3 represents the communalities value of 24 items before and after extraction with the help of PCA (Principal Component Analysis). According to Suhr (2006), initial communalities denote total variance, and PCA considers all variance as common variance during extraction. For all items, the initial value was 1, but after extraction, all values showed acceptable communalities. The result suggests that all retained items are sufficiently described by the extracted component, hence it supports the scale construct validity.
	Table 4:   Rotated Component Matrixa

	
	Component

	
	1
	2
	3
	4
	5
	6

	Q51
	.823
	
	
	
	
	

	Q50
	.765
	
	
	
	
	

	Q52
	.676
	
	
	
	
	

	Q49
	.617
	
	
	
	
	

	Q29
	
	
	
	
	
	

	Q46
	
	
	
	
	
	

	Q63
	
	.800
	
	
	
	

	Q64
	
	.637
	
	
	
	

	Q60
	
	.577
	
	
	
	

	Q62
	
	.561
	
	
	
	

	Q56
	
	.526
	
	
	.515
	

	Q55
	
	
	.757
	
	
	

	Q65
	
	
	.665
	
	
	

	Q54
	
	
	.643
	
	
	

	Q61
	
	
	
	
	
	

	Q58
	
	
	
	
	
	

	Q30
	
	
	
	
	
	

	Q28
	
	
	
	.662
	
	

	Q36
	
	
	
	.654
	
	

	Q26
	
	
	
	.538
	
	

	Q66
	
	
	
	
	.702
	

	Q6
	
	
	
	
	.659
	

	Q2
	
	
	
	
	
	.786

	Q15
	
	
	
	
	
	

	Extraction Method: Principal Component Analysis. 
 Rotation Method: Varimax with Kaiser Normalization.a

	a. Rotation converged in 8 iterations.


































Table 4 represents the Rotated Component Matrix with PCA with varimax rotation. Threshold for factor loading is 0.50. The result shows that out of 24 items,  6 items that are highlighted in the table can’t load properly. Only one item has loaded in the 6th component, and it has been excluded as no other items were found in that component after rotation.
So a total of 16 items loaded within 5 components have been retained.


	Table 5 Reliability Statistics ( correlation value of two halves)

	Cronbach's Alpha
	Part 1
	Value
	.825

	
	
	N of Items
	8a

	
	Part 2
	Value
	.759

	
	
	N of Items
	8b

	
	Total N of Items
	16

	Correlation Between Forms
	.698

	Spearman-Brown Coefficient
	Equal Length
	.822

	
	Unequal Length
	.822

	Guttman Split-Half Coefficient
	.822

	a. The items are: Q2, Q26, Q28, Q49, Q50, Q51, Q52, Q54.

	b. The items are: Q55, Q56, Q60, Q62, Q63, Q64, Q65, Q66.


Reliability of the scale:












	Table 6 Reliability Statistics (Cronbach’s Alpha value)

	Cronbach's Alpha
	Cronbach's Alpha Based on Standardised Items
	N of Items

	.875
	.881
	16


To assess internal consistency, the split-half method was used based on the output. From the EFA analysis, reliability testing was applied to 16 items. For this, test items were divided into even and odd number groups. The result shows that Cronbach’s Alpha for the two halves are 0.825 and 0.759, indicating an acceptable value for the scale.  Table 06 represents Cronbach’s Alpha value  0.875  for 16 items means acceptable reliability for the overall scale items. The standardised score is increased by  0.881 confirms that scale items are reliable and consistent. After standardising the scale alpha value increased, which means consistency has been improved. These Cronbach’s Alpha values fall within the acceptable range for newly developed tools as delineated by Tavakol and Dennick (2011). It also suggests that an alpha value between 0.70 and 0.90 is required for newly established scales. Table 05 represents the correlation value of two halves (r=0.698) means a moderate relationship. Additionally, Spearman-Brown and Guttman split-half coefficient value is .822, is falls in the acceptable range (Savage, 2017).
	Table 7 Item-wise relevancy for scale

	
	 No.
	Statement
	Corrected
 Item-Total 
Correlation
	Cronbach's Alpha if Item Deleted
	Remarks

	1
	Q2
	Agrochemicals can be harmful to human health
	0.263
	0.876
	Retained

	2
	Q26
	Inhaling agrochemicals during application can cause respiratory issues. 
	0.468
	0.870
	Retained

	3
	Q28
	Protective equipment is essential to prevent inhalation of agrochemicals during application.
	0.501
	0.868
	Retained

	4
	Q49
	Exposure to agrochemicals can cause immediate health effects such as nausea or dizziness.
	0.62
	0.862
	Retained

	5
	Q50
	Contact with agrochemicals can cause acute skin burns.
	0.633
	0.862
	Retained

	6
	Q51
	Splashing agrochemicals into the eyes can cause immediate eye irritation or damage.
	0.676
	0.861
	Retained

	7
	Q52
	Skin contact with agrochemicals can lead to rashes or irritation.
	0.651
	0.861
	Retained

	8
	Q54
	Consuming food with agrochemical residues can lead to gastrointestinal problems.
	0.551
	0.866
	Retained

	9
	Q55
	Agrochemicals can cause headaches or migraines
	0.567
	0.865
	Retained

	10
	Q56
	Cancer rates are higher among people frequently exposed to agrochemicals.
	0.283
	0.881
	Retained

	11
	Q60
	Agrochemicals can cause skin diseases or allergies.
	0.608
	0.863
	Retained

	12
	Q62
	Agrochemical residues in drinking water pose a health risk
	0.684
	0.860
	Retained

	13
	Q63
	Long-term exposure to agrochemicals can lead to chronic health conditions.
	0.571
	0.866
	Retained

	14
	Q64
	Agrochemicals can have cumulative health effects over time.
	0.56
	0.866
	Retained

	15
	Q65
	More research is needed to understand the long-term health effects of agrochemicals.
	0.561
	0.866
	Retained

	16
	Q66
	Adopting safer agricultural practices can reduce health risks.
	0.221
	0.883
	Retained



Table 7 represents the item total correlation value, and the Cronbach's values if the particular item is deleted. Hence, correlated values above  0.20 are retained for the scale. So, 16 items that are refined from EFA analysis are reliable from the item total correlation value. According to Cronbach's values, if a specific item is deleted, the overall value for each item shows a reliability. The total value also suggests that all items of the scale equally contribute to making it reliable. Therefore, all 16 items are retained for the scale.
	Table: 8  Pearson product-moment correlation

	Item
	Item Total Correlation Value (Pearson Correlation)
	Sig. (2-tailed)
	N
	Df
	Minimum Coefficient Value at 95% C.I

	Q2
	0.332**
	.000
	190
	188
	0.1593

	Q26
	0.534**
	.000
	
	
	

	Q28
	0.569**
	.000
	
	
	

	Q49
	0.696**
	.000
	
	
	

	Q50
	0.701**
	.000
	
	
	

	Q51
	0.726**
	.000
	
	
	

	Q52
	0.719**
	.000
	
	
	

	Q54
	0.621**
	.000
	
	
	

	Q55
	0.634**
	.000
	
	
	

	Q56
	0.408**
	.000
	
	
	

	Q60
	0.672**
	.000
	
	
	

	Q62
	0.737**
	.000
	
	
	

	Q63
	0.631**
	.000
	
	
	

	Q64
	0.626**
	.000
	
	
	

	Q65
	0.618**
	.000
	
	
	

	Q66
	0.344**
	.000
	
	
	

	*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).







To analyse how each item is associated with the total scale, Pearson product-moment correlation was calculated. Table 8 elastrates based on the sample size 190, degree of freedom ( df) 188. For 188 df Pearson value has not been mentioned; therefore nearest value, 0.1593, has been considered at a 95% confidence interval at df 150 (Bert et al., 2012). The result shows that all 16 items are significant at a 99% confidence interval. These analyses explain that the scale validates and supports the internal consistency of items.


CONCLUSION
In this research paper, an initial initiative has been taken to portray farmers' perceptions, specifically regarding the use of agrochemicals and their impacts on health.  Agrochemicals are mainly used by farmers; therefore, their perception of well-being is very crucial. A different statistical approach was taken to ensure content, scale validity and reliability. Items were also administered by the farmers across three different agroclimatic regions of West Bengal. (EFA) Exploratory factor analysis confirmed data adequacy and factor loadings of items. Through split-half reliability and Cronbach's alpha value, scale reliability was tested, and both values confirmed an acceptable range. At last, Pearson correlation approved that the overall scale items validity.  
In conclusion, farmers' perception regarding the health impact due to agrochemical use is very important. Through different steps of analysis, we finally got these 16 items load across 5 components that can perfectly describe the perception of farmers related to agrochemical use. Additionally, it also acts as a helpful tool for creating awareness and policy-making. The scale developed is statistically reliable to measure the farmer perception level in different similar socio-economic settings. In future studies, detailed zone wise perception study can be performed using the these newly developed valid and reliable scale.
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