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Abstract 

The World Health Organization classified carbaryl, glyphosate, and paraquat as 

hazardous to human health.  In the Agriculture Health Study in the United States, health 

problems were associated with the use of these 3 agrochemicals 12 or more times per 

year. These 3 agrochemicals were commonly used in Grenada. The purpose of this 

quantitative cross-sectional study was to investigate the relationship between the social 

and economic characteristics of the farmers who participated in the 2012 agriculture 

survey and the use of agrochemicals at frequencies that could pose health risks.  Five 

constructs of the social cognitive theory were used as the premise to hypothesize 

relationships between the variables.  Binomial regression analysis was conducted to test 

the hypotheses of relationships between the characteristics of 8,868 farmers and use of 

agrochemicals or herbicides ≥12 timers per year.  Statistically significant relationships 

were found between 16 characteristics of the farmers and use of agrochemicals. 

Significant relationships were also found between 8 characteristics of the farmers and use 

of herbicides ≥12 timers per year.   The findings of this study show that several 

characteristics of the farmers in Grenada were associated with the use of agrochemicals at 

frequencies that were hazardous to health.  By demonstrating the need to implement 

preventive measures and adopt the precautionary principle in the use of agrochemicals, 

positive changes can be made in monitoring agriculture practices, health surveillance, and 

clinical practice.  
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Section 1: Foundation of the Study and Literature Review  

Introduction 

According to the World Health Organization (WHO), agrochemical use is 

widespread and can have negative consequences for public health (WHO, 2018c). Over 

the past decades, the use of agrochemical —pesticides, herbicides, insecticides, and 

fungicides used in crop production—became more widespread, particularly in low-

income countries, as a modern approach to protect agricultural investments (Lewis, 

Tzilivakis, Warner, & Green, 2016).  In Grenada and in other Caribbean countries, the 

agriculture sector is an important contributor to the gross domestic product (GDP; 

Campo, Robinson, Isaac, & Ganpat, 2017; Kinda Campo, Robinson, Patrice Isaac, & 

Ganpat, 2017). As such, the use of agrochemicals has increased in Grenada to protect 

agriculture investments (Ministry of Agriculture, 2012).  

Agrochemicals containing glyphosate, paraquat, and carbaryl were commonly 

used in Grenada in 2012 when the agriculture census was conducted and for at least 15 

years before and five years after the census period (Ministry of Agriculture, 2012). 

According to the WHO, these agrochemicals have the potential to cause adverse health 

effects from occupational and nonoccupational exposures (WHO, 2010, 2014b, 2015). 

Before this research, studies were not conducted in Grenada to investigate the factors that 

may predispose local farmers to specific health problems as a consequence of the use of 

and exposure to agrochemicals. This research was, therefore, conducted to investigate the 

relationships between the social and economic characteristics of the farmers who 

participated in the 2012 agricultural census in Grenada and the frequency of use of 
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agrochemicals. The frequency of use of agrochemicals could have been indicative of 

exposure to the three agrochemicals that were also commonly used in the census 

period—glyphosate, paraquat, and carbaryl. Considering that this research involved 

analysis of the first and only population-based data on the frequency of use of 

agrochemicals by farmers in Grenada, the findings have implications for predicting health 

outcomes in the farming population. The results also have implications for professional 

practice and social change to address the risks of health problems associated with the use 

of hazardous chemicals.  

Health planners, policymakers, community members, and other stakeholder 

groups may reference the findings of this research as a basis to create awareness of the 

need for policies and interventions to address gaps in the systems to monitor public 

health.   The health status of farmers may be linked to food production and security as 

well as the benefits of employment, income, and nutrition (McManus et al., 2012; 

Tirivayi, Knowles, & Davis, 2016). According to the WHO, identifying and addressing 

the upstream determinants of health were among three critical steps to achieve equality in 

health and to improve the social conditions of the citizenry (Commission on the Social 

Determinants of Health, 2008). The findings of this research may also be extrapolated to 

other countries in the Caribbean region to create similar knowledge about health risk 

associated with the frequency of use and exposures to agrochemicals.   This study may 

also have critical implications for addressing the current gaps in documenting and 

recognizing occupational history and practices in clinical settings and in the health 

surveillance and monitoring programs in Grenada.  
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In Chapter 1, a statement of the problem that informed the research, purpose of 

the research, research questions and hypotheses, theoretical framework that underpins the 

research, nature of the research, literature review, definitions of the variables, 

assumptions, scope and delimitations, and a summary and conclusion of this chapter are 

introduced.  

Problem Statement 

 The unsafe use of agrochemicals is a worldwide challenge for public health (Kim, 

Kabir, & Jahan, 2017; Sarwar, 2015). Risk assessment studies related to this challenge 

were mostly non-specific to chemicals and few studies focused on investigating what 

quantitative relationships existed between a wide range of individual characteristics, the 

level of use and exposure to agrochemicals, and the potential for specific health problems 

(Ragin et al., 2013). Agrochemicals are commonly used to control pests that affect crops. 

Human exposure to the chemicals was, however, also found to be associated with several 

health problems, including the introduction and aggravation of neurological problems, 

cancer, respiratory problems, and diabetes (Food and Agriculture Organization & WHO, 

2016; Kim et al., 2017; Lewis et al., 2016; Sánchez-Santed, Colomina, & Herrero 

Hernández, 2016).  

 The population in low-income countries are especially at risk of high exposure to 

agrochemicals (Grace, 2015; Guha, Guyton, Loomis, & Barupal, 2016). The risk is 

heightened due to the lack of understanding by farmers about the hazardous nature of the 

chemicals, lack of resources to address unsafe practices in the agriculture sector, limited 

capacity to adopt alternative and safer technologies, and the absence of appropriate 
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policies to guide interventions (Jallow, Awadh, Albaho, Devi, & Thomas, 2017; 

Mamane, Baldi, Tessier, Raherison, & Bouvier, 2015; Remoundou, Brennan, Hart, & 

Frewer, 2014). Further, the problem of exposure to hazardous agrochemicals was 

exacerbated by poor agricultural practices in the thrust to increase production to meet the 

demands of local and export markets (Lewis et al., 2016).  

 Agrochemical use may be widespread and intensive in the Caribbean region given 

the agriculture sector remains critical for the economies in the region with contributions 

from the sector to GDP ranging from 3% in some countries to 35% in other countries 

(Campo et al., 2017). The contributions to GDP from the agriculture sector in Grenada 

was about 8% in 2017 (Kinda Campo et al., 2017). Among the agrochemicals that were  

frequently used in Grenada about the period of the census, the active ingredients included 

glyphosate, paraquat, and carbaryl (Ministry of Agriculture, 2012). The three chemicals 

were classified by the WHO as harmful to humans (WHO  2010, 2014b, 2015).  

 Given the hazardous nature of the chemicals, there was a rationale for 

investigating the factors that may predispose farmers to health effects from the exposure 

to the grochemicals. Comprehensive risk assessments related to the use of agrochemicals 

and their impact on human health were lacking; the impact of agrochemical use on the 

environment was more widely studied (Lewis et al., 2016).  Specific to the Caribbean 

region, few studies have been conducted on risk related to the use of agrochemical 

(Henry & Feola, 2013; Ragin et al., 2013).  The need for further research and exposure 

profiling was also emphasized in a publication by Forde and Dewailly (2015) on 

agrochemical exposure in the Caribbean region. Most of the studies in the Caribbean 
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countries also dated back more than 5 years.  No published literature was found on the 

relationships between the characteristics of farmers in Grenada and exposure to 

agrochemicals at hazardous levels. This research, therefore, addressed the gap in the 

literature by providing information on the relationships between several socioeconomic 

factors and the frequency of use of agrochemicals.  Further, this research was the first to 

generate information from research on the potential for farmers in Grenada to experience 

specific health problems related to the use of agrochemicals.    

Purpose of the Study  

The purpose of this quantitative, cross-sectional research was to investigate the 

relationships between individual social and economic characteristics of farmers who 

participated in the 2012 agricultural census in Grenada and the frequency of use of 

agrochemicals at levels that pose risks for specific health problems. For the first research 

question, the relationships between (a) age, (b) gender, (c) parish of location of the farm, 

(d) highest level of education completed, (e) markets, (f) receipt of credit, (g)  size of 

household, (h)  number of paid workers, (i) status of land ownership, (j) maintenance of 

farm records, (k) number of nonhousehold members working on the farm, (l) number of 

parcels of land operated by the farmer, (m) daily number of hours farmer worked on the 

farm, (n) membership in a farm organization, (o) receipt of technical assistance, (p) 

production issues, and (q) income from agriculture production (independent variables) 

and (r) the frequency of use of agrochemicals (dependent variable) were investigated. 

The agrochemicals were assumed to be glyphosate, paraquat, and carbaryl given that 

these agrochemicals were among the mostly commonly used in agriculture production in 
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2012 when the agriculture census was conducted and for at least 15 years before and five  

years after the census period (Ministry of Agriculture, 2012). The Agriculture Health 

Study (AHS), a prospective cohort study, was conducted in North Carolina and Iowa in 

the United States from 1993 and continued to 2017 (Alavanja et al., 1996; National 

Institute of Environmental Health Sciences, 2017).  In the AHS, exposure to carbaryl was 

found to be associated with sleep apnea (Baumert et al., 2018) and rheumatoid arthritis 

(Meyer, Sandler, Beane Freeman, Hofmann, & Parks, 2017), exposure to paraquat and 

carbaryl were found to be associated with decrease in LINE-I DNA methylation 

(Alexander et al., 2017), exposure to glyphosate was found to be associated with allergic 

and non-allergic wheezing and exposure to carbaryl was found to be associated with 

allergic wheezing (Hoppin et al., 2017). 

For the second research question, the dependent variable was cumulative 

intensity-weighted risk exposure score.  In the AHS study, the use of herbicides, 

specifically paraquat, was found to be associated with Parkinson’s disease (Tanner et al., 

2011) and end-stage renal disease (ESRD; Lebov et al., 2016).   

In the AHS, the health problems were found to be associated with lifetime days of 

use and lifetime intensity-weighted risk exposure days of pesticide applicators (Alavanja 

et al., 1996; National Institute of Environmental Health Sciences, 2017).  In the research 

in Grenada, the findings of the AHS were referenced to apply algorithms to investigate 

the possibility of exposure to agrochemicals by Grenada farmers and the implications for 

public health.  The data from the 2012 agricultural census in Grenada included 

information on the frequency of use of unspecified agrochemicals (Government of 
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Grenada, 2012a). The reported frequency of use of the agrochemicals was used in 

calculations to determine the lifetime intensity-weighted risk exposure days score and 

lapse period over which farmers may experience health problems based on the score. This 

score was used as a proxy of exposure to the agrochemicals (Alavanja et al., 1996; 

National Institute of Environmental Health Sciences, 2017). 

 With a gap in the literature, there was a rationale for the research in Grenada to 

investigate which demographic characteristics of farmers predisposed them to use 

agrochemicals that may increase the likelihood of experiencing specific health problems. 

In other studies, demographic characteristics, such as education, gender, farm size, land 

tenure, and previous training were found to be associated with the use of agrochemicals 

(Damalas & Khan, 2016; Mengistie, Mol, & Oosterveer, 2017; Mwatawala & Yeyeye, 

2016). Across countries, however, demographic factors may not have equal significance 

in relation to the use of agrochemicals.  As such, this investigation of the relationships 

between the socioeconomic characteristics of the farmers in the 2012 agricultural census 

and the frequency of use of agrochemicals was conducted to provide information specific 

to the Grenadian context. The findings from this research can, however, be extrapolated 

to other countries in the Caribbean region which have similar demographic profile and 

level of use of agro-chemicals to Grenada and for which literature on the health 

implications of use of the chemicals was also absent or scarce.  

Research Questions and Hypotheses 

The first research question that was answered in this study was: What is the 

relationship between socioeconomic characteristics of farmers in the 2012 agricultural 
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census in Grenada and frequency of use per year of agrochemicals at levels that can 

potentially cause sleep apnea, rheumatoid arthritis, decrease in LINE-I DNA methylation, 

and allergic and non-allergic wheeze, respectively?  

The null hypothesis for the first research question was: There is no relationship 

between the socioeconomic characteristics of farmers in the 2012 agricultural census in 

Grenada and frequency of use per year of agrochemicals at levels that can potentially 

cause sleep apnea, rheumatoid arthritis, decrease in LINE-I DNA methylation, and 

allergic and non-allergic wheeze, respectively.  

The alternative hypothesis for the first research question was: There was a 

relationship between the socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and frequency of use per year of agrochemicals at levels that can 

potentially cause sleep apnea, rheumatoid arthritis, decrease in LINE-I DNA methylation, 

and allergic and non-allergic wheeze, respectively.  

The second research question that was answered in this study was: What is the 

relationship between socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and cumulative risk exposure at levels that can potentially cause 

ESRD and Parkinson’s diseases, respectively?  

 The null hypothesis for the second research question was: There was no 

relationship between the socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and cumulative risk exposure at levels that can potentially cause 

ESRD and Parkinson’s diseases, respectively.  
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 The alternative hypothesis for the first research question was: There was a 

relationship between the socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and cumulative risk exposure at levels that can potentially cause 

ESRD and Parkinson’s diseases, respectively. 

Theoretical Foundation for the Study  

 The social cognitive theory (SCT) was proposed by Albert Bandura (1986) to 

predict how social and cognitive factors influenced health behavior (Tougas, Hayden, 

McGrath, Huguet, & Rozario, 2015). In principle, Bandura postulated that observations 

of the social norms had a significant impact on learning and that learning, ultimately, 

influenced the health behaviors that were practiced by individuals (Marks, Murray, 

Evans, & Estacio, 2015). The SCT is underscored by a three-dimensional relationship 

among cognitive, environmental, and supportive behavior factors. These three factors 

were postulated as determinants of health promotion and disease prevention (National 

Cancer Institute, 2005), which rendered the SCT as an appropriate theory to support the 

investigation of the relationship between individual characteristics of farmers, agriculture 

practices/behaviors, and potential health outcomes. The relationship between the personal 

cognitive factors, socioeconomic or environmental factors, and supportive behavior were 

referred to as reciprocal determinism, emphasizing the interplay between the components 

of the theory and the effect on health outcome (Glanz, Rimer, & Viswanath, 2015).  

 In relation to cognitive influences on behavior, the constructs of the SCT were 

self-efficacy (belief that one can perform a behavior that will lead to a particular 

outcome), outcome expectation (assessment of the consequences of an action), and 
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knowledge (information about how to perform an action and the risks and benefits; Glanz 

et al., 2015). In relation to environmental influences on health, the constructs of the 

theory were observational learning (learning behaviors through cultural norms in a 

society), normative belief (belief about the normalcy and acceptability of a cultural 

norms), social support (support that is provided through interaction with peers, 

colleagues, family and other members of the society), and barriers and opportunities 

(external factors that facilitate or hinder a behavior; Glanz et al., 2015). With regard to 

supporting behaviors, the constructs of the SCT were behavioral skills (personal capacity 

to perform a behavior), intentions (considerations about adding or modifying behaviors), 

and reinforcement and punishment (providing or removing incentives for performing an 

action).  

 Based on the data that were collected in the 2012 agricultural census in Grenada, 

five constructs of the SCT were applicable in this study in Grenadaa: knowledge, 

outcome expectations, observational learning, social support, and reinforcement and 

punishment. These constructs were amenable to operationalization to investigate the 

relationships between personal cognitive factors (for example, highest level of education 

completed, age, number of hours farmers worked on the farm), 

socioeconomic/environmental factors (for example, number of parcels of land operated 

by the farmer, membership in a farm association, size of household, number of paid 

workers on the farm), and supporting behavioral factors (for example, receipt of 

technical assistance, receipt of credit, markets) and health behavior—that is, the 

frequency of use of agrochemicals at levels that could pose risk for health. The SCT, 
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therefore, was suitably applied to predict the relationship between the reported personal, 

environmental, and enabling factors and health behavior.  

Nature of the Study 

 In this study, a cross-sectional quantitative design was used. The 2012 agricultural 

census was a cross-sectional study in which data were collected from farmers on 

agriculture activities during the past 12-month period (Government of Grenada, 2012a). 

The census also involved the collection of information on the social and economic 

characteristics of farmers. The social factors that were identified for inclusion in this  

study were: (a) age, (b) gender, (c) highest level at which education was completed, (d) 

size of household, and (e) membership in a farm organization. The economic factors that 

were identified for inclusion in this study were: (a) parish of location of the farm, (b) 

markets, (c) receipt of credit, (d) number of paid workers, (e) status of land ownership, (f) 

maintenance of farm records, (g) number of nonhousehold members working on the farm, 

(h) number of parcels of land operated by the farmer, (i) daily number of hours farmer 

worked on the farm, (j) receipt of technical assistance, (k) production issues, and (l) 

income from agriculture production. The social and economic factors comprised the 

independent variables in the analyses. The frequency of use of agrochemicals was the 

dependent variable for the first research question, categorized as ever used agrochemicals 

and never used agrochemical.  Ever use of any of the agrochemicals was associated with 

one or more of the health problems stated in the first research question (RQ1).  

 For the second research question (RQ2), cumulative intensity-weighted exposure 

days score was categorized as  ≥  2087 and  ≤ 2088 (Lebov et al., 2016; De Roos et al., 
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2005; Storm et al., 2004a).  The score was categorized as “used herbicide ≥ 12 times per 

year” and “used herbicide ≤ 12 times per year.”  The used of herbicide ≥ 12 times per 

year was equivalent to a cumulative intensity-weighted exposure days score achievable 

over a lapse period.  The calculation of cumulative intensity-weighted exposure days and 

the lapse period are shown in Tables 39-40. The score was calculated taking into 

consideration field activities, use of protective equipment while mixing and applying 

agrochemicals, and frequency of application/use of the agrochemicals. The cumulative 

intensity-weighted exposure days score was, therefore, indicative of the number of days 

of use and exposure to the chemical over a lapse period.  

The 2012 agriculture census was conducted in Grenada to collect information 

from farmers who had responsibility for selected farms in the country (Government of 

Grenada, 2012a). The farms were identified through the enumeration of each household 

in the country as well as through a listing of nonhousehold farms (Government of 

Grenada, 2012a). A criterion was applied to select the farms for inclusion in the census 

and one farmer who had responsibility for the farm was interviewed (Government of 

Grenada, 2012a). The data were collected by surveyors in face-to-face interviews, 

following which the information was cross-checked and entered manually in SPSS 

Statistics, v 17.0 (Government of Grenada, 2012a, 2012b).  In this study, both descriptive 

and statistical analyses were conducted. The frequency of outcomes for each category of 

the variables was reported in the descriptive statistics. Binomial logistic regression 

analysis was conducted to investigate what quantitative relationships existed between the 



13 

 

 

social and economic characteristics of the farmers and the frequency of use of 

agrochemicals.    

Literature Search Strategy  

Peer-reviewed literature was located using the following databases: Google, 

Google Scholar, Agricola, BioMed Central, Emerald Insight, Directory of Open Access 

Journals, Thoreau Multi-Database Search, MEDLINE with Full Text, Health and 

Environmental Research Online (HERO), ProQuest Central, PubMed, and ScienceDirect. 

The literature review also drew on the findings of the AHS, which was the largest 

prospective cohort study in the United States on farmers’ and spouses’ exposures and 

health outcomes (National Institute of Environmental Health Sciences, 2017). According 

to the WHO, the AHS was one of the most rigorous studies on the association between 

exposure to specific agrochemicals and consequent health outcomes (Food and 

Agriculture Organization and World Health Organization, 2016). In the study in Grenada, 

reference was made to publications of the findings of the AHS to identify the health 

outcomes related to exposure to glyphosate, carbaryl, and paraquat.  

In the first phase, the terms glyphosate OR carbaryl OR paraquat AND health 

OR public health OR disease AND Agricultural Health Study were used in the search. 

Studies that were current, i.e., studies that were published between January 2015 and 

April 2018 were included. As the AHS continued, new findings on health effects were 

updated in publications. The most recent peer-reviewed publication on the health effect 

was included in this literature review. To relate the AHS findings to the concept of 

exposure in this study, publications that explained the algorithm for cumulative intensity-

https://ezp.waldenulibrary.org/login?url=https://www.emeraldinsight.com/search/advanced
https://doaj.org/
https://doaj.org/
https://ezp.waldenulibrary.org/login?url=https://search.ebscohost.com/login.aspx?authtype=ip,uid&profile=eds
https://ezp.waldenulibrary.org/login?url=https://search.ebscohost.com/login.aspx?authtype=ip,uid&profile=ehost&defaultdb=mnh
https://hero.epa.gov/hero/index.cfm
https://hero.epa.gov/hero/index.cfm
https://search-proquest-com.ezp.waldenulibrary.org/central/advanced
https://www-sciencedirect-com.ezp.waldenulibrary.org/science/search
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weighted risk exposure-days or days per year of use of the agrochemicals were included. 

Commentaries, editorials, reviews, publications that were not peer-reviewed, publications 

that did not include information on exposure to the agrochemicals, and studies primarily 

based on persons not engaged in farm work and spouses were excluded in the initial 

search.  

In the second phase, the terms glyphosate OR carbaryl OR paraquat combined 

with the names of the respective health problems stated in the research questions; 

pesticides combined with the names of the respective health problems stated in the 

research questions; agro-chemical combined with the names of the respective health 

problems stated in the research questions; “prospective study” AND “pesticide” OR 

“agro-chemical;” and “prospective study” combined with the names of the respective 

health problems stated in the research questions. Studies that were mostly current, that is, 

published between January 2015 and April 2018, were included in the search. References 

were reviewed to identify other relevant publications that were not found in the initial 

search in the databases. Relevant technical reports and working papers from committees 

affiliated with the WHO, such as the International Agency for Research on Cancer 

(IARC), which provided additional information related to the findings of the AHS, were 

reviewed and included. The methodology documents and other publications from the 

institutions that collaborated in the AHS in the United States and the 2012 agricultural 

census in Grenada were also referenced in this literature review. Commentaries, 

editorials, and reviews were excluded in the second phase of the search.  
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To identify literature related to the constructs in the SCT, in the third phase, the 

search included literature that provided information on the socioeconomic characteristics 

of farmers and level of agrochemicals used in agriculture production. The search terms 

that were used were “pesticide” OR “agro-chemical” AND “socioeconomic status” OR 

“age” OR “gender” OR “parish/place of residence” OR “education” OR “household 

size” OR “daily hours on the farm” OR “type of market” OR “income” AND “pesticide” 

OR “agro-chemical.”  

To calculate lifetime intensity-weighted risk exposure-days, data were required 

about field activities and the use of personal protective equipment (PPE). Information 

was not provided in the census on the on the use of PPE by farmers. To include each 

factor in the algorithm to calculate the exposure score, the fourth phase of the literature 

review was conducted to locate publications on the use of PPE in agriculture production 

in Grenada. One study was found that was published in 2005 (Semple, Johnson, & 

Arjoonsingh, 2005). The search was extended to locate publications on the use of PPE in 

agriculture production in other Caribbean countries to support assumptions regarding 

what practices might uphold in Grenada. Commentaries, editorials, reviews, and 

publications that were not peer-reviewed or published before January 2015 were 

excluded in the fourth phase of the search.  

Literature Review Related to Key Variables and/or Concepts 

Prospective Cohort Studies  

 A limited number of prospective cohort studies were conducted to investigate 

causal relationships between exposure to agrochemicals and specific health problems 
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(Food and Agriculture Organization & WHO, 2016). Prospective cohort studies are 

particularly advantageous for establishing causality for several reasons: the reliability of 

the evidence is strengthened with the exposure established before the outcome, multiple 

outcomes can be investigated simultaneously, rare outcomes may be presented in the 

large sample that is usually used in cohort studies, diseases with long latency periods may 

be investigated in the long-term studies, and comprehensive data may be collected 

resulting from upfront planning and identification of the specific variables for 

measurement in the study and the extended period for data collection (Song & Chung, 

2010). High cost and high attrition rates were the main problems associated with 

prospective cohort studies (Song & Chung, 2010).  

 In this study, the focus was on investigating the relationships between 

socioeconomic characteristics of farmers and exposure to agrochemicals to prove or 

disprove that farmers in Grenada were likely to develop health problems that were found 

among farmers in the AHS. This study was grounded in the literature and in rigorous 

methodologies to identify the variables.  The results of prospective cohort studies that 

established causality were also advantageous to support the hypotheses of the relationship 

between the variables (Song & Chung, 2010; Thiese, 2014).  

 AGRICOH, a consortium of agricultural cohort studies, was established by the 

IARC/WHO to promote collaboration between studies to facilitate data sharing and 

pooled analyses at the international level (Brouwer et al., 2016). In the early part of  

2016, the consortium included 29 studies in 12 countries (World Health Organization, 

2018b) with four large agriculture-specific studies with 70,791 – 434,000 participants in 
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the United States, France, and Norway (World Health Organization, 2018a). Recent 

publications were found on the studies in the United States and France. Other studies in 

the consortium were conducted in the United Kingdom, Australia, Chile, Canada, Costa 

Rica, Denmark, South Africa, New Zealand, and Republic of Korea (World Health 

Organization, 2018b) with the number of participants ranging between 270- 20,831 

(World Health Organization, 2018a). 

 Approaches to Cohort Studies 

  The Agricultural Health Study (AHS), which was conducted in the United States 

from 1993 (Alavanja et al., 1996; National Institute of Environmental Health Sciences, 

2017), was one of a few large prospective epidemiological studies in which the health 

effects from exposure to specific active ingredients in agrochemicals were assessed. The 

AHS was conducted in Iowa and North Carolina with more than 89,000 private and 

commercial agrochemical applicators and their spouses enrolled at the start of the study 

(Alavanja et al., 1996; National Institute of Environmental Health Sciences, 2017). The 

study was the largest observational prospective cohort study conducted in the United 

States to measure exposure to specific agrochemicals and health outcomes, periodically, 

through the collection and analysis of data on farm work practices and exposures, other 

environmental exposures, medical information, lifestyle, and DNA samples (Storm et al., 

2004). The study was focused on health problems arising from exposure to 

agrochemicals; Parkinson’s disease (Tanner et al., 2011), ESRD (Lebov et al., 2016), 

sleep apnea (Baumert et al., 2018), rheumatoid arthritis (Meyer et al., 2017), decrease in 

LINE-I DNA methylation (Alexander et al., 2017), and allergic and non-allergic 
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wheezing (Hoppin et al., 2017). Age- and gender-adjusted data for health outcomes in the 

cohort and the general population in Iowa and North Carolina, case-control studies, and 

cross-sectional studies were also used to investigate the differences in the health risk for 

the participants who had higher exposure to the agrochemicals and the general population 

(Storm et al., 2004a). The AHS was a comprehensive study with the three primary 

designs for conducting observational studies, that is, cohort, cross-sectional, and case-

control, used in the investigations (von Elm et al., 2014). The relationships between 

socioeconomic variables, exposure levels, and health outcomes were also reported in the 

literature.  

  A large prospective cohort study was conducted in France to investigate the 

relationship between general exposure to agrochemicals and cancer among 181,842 

persons who were associated with agricultural work in the country between 2005-2011 

(Lemarchand et al., 2017). The data collection period for the AGRICAN (AGRIculture 

and CANcer) study was 2005 – December 2011. A wide group of workers including 

people working on farms and in forests, beekeepers, oyster farmers, people working in 

the agricultural service sector and cooperatives, and retired people were included in the 

study. The health outcomes from general exposure to agrochemicals were reported 

without specific information on exposure to glyphosate, carbaryl, and paraquat 

(Lemarchand et al., 2017). The lack of information on the specific agrochemicals used by 

the farmers was a limitation in referencing the study to support hypotheses about the 

relationship between exposure to specific agrochemicals and cancer incidence. The 

relationships between socioeconomic characteristics, exposure, and outcomes were, 
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however, reported. The reports on the relationship between socioeconomic factors and 

agrochemical related health outcomes provided some support for further investigation of 

the variables in other contexts. 

 A prospective cohort study was conducted in Norway, involving 318, 628 male 

and female participants who were followed from 1972 – 2013 (Langseth, Gislefoss, 

Martinsen, Dillner, & Ursin, 2016) The participants were originally recruited for the 

cardiovascular disease survey. The study involved measuring biochemical and 

immunological changes in blood serum on an annual basis as well as lifestyle practice, 

vital health status, and exposure to polychlorinated biphenyls (PCBs) and 

dichlorodiphenyltrichloroethane (DDE)] until the participant was diagnosed with cancer. 

A weakness of the study was the use of baseline data from a previous study which may 

be a cause of inconsistency in the definitions used in the current study (Langseth et al., 

2016). The use of baseline data from a previous study can limit making comparisons with 

other studies, including, in identifying individual factors that may have a significant 

impact on health outcomes mediated by exposure to agrochemicals. Using blood serum 

from the previous study for baseline reference may have also compromised the quality of 

the samples (Langseth et al., 2016). Gender was the primary dependent variable that was 

examined in the study (Langseth et al., 2016). A strength of the study was the large 

number of cases identified due to the efficiency of the protocol for testing samples 

(Langseth et al., 2016). The protocol on analysis of blood serum was not a suitable 

reference for the research question in the study in Grenada.  



20 

 

 

 The CanCHEC (Canadian Census Health and Environment Cohort) study is the 

largest prospective cohort study with 70,570 agricultural workers in Canada (Kachuri et 

al., 2017). The study involved following up participants from 1991-2010. Demographic, 

socio-economic, and lifestyle-related data were collected for analysis to investigate the 

relationship between the participants’ characteristics and incidence of cancer. Exposure 

to sunlight may have been a confounding factor for the incidence of two types of cancer 

that were found in the study. Similar to the study that was published by Lemarchand et al. 

(2017), exposure to specific pesticides were not reported which is a limitation for 

duplication of the study in other populations. Another limitation was the use of baseline 

data that were collected from the parent study on cancer surveillance. Detail and 

specificity of the variables may have been limited for the purpose of the original study 

and may not be defined for the follow-up study. The inclusion of a nationally 

representative sample was a strength in the study (Kachuri et al., 2017).  

Rationale for Selection of the Variables or Concepts 

  The AHS was regarded by the Food and Agriculture Organization (FAO) and 

WHO as one of the most rigorous studies that was conducted to investigate the 

relationships between exposure to agrochemicals and health problems (FAO & WHO,   

2016). Apart from including results on the socioeconomic and demographic 

characteristics of participants, results on the specific type of agrochemical to which 

participants were exposed, level of exposure, and the specific health outcomes that were 

associated with exposure were also reported (Storm et al., 2004a; Storm, Cope, Buhler, & 

McGinnis, 2004b). The methodology of the AHS can, therefore, be duplicated in other 
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settings to investigate the potential for the health outcomes from exposure to the specific 

chemicals. The publications on the results of the AHS also included three critical 

constructs that are necessary to assess causality: exposure, individual differences, and 

health outcome. Additionally, there was homogeneity in the participants in the AHS, 

unlike the AGRICAN study that included participants with varied characteristic 

(Lemarchand et al., 2017). Therefore, in this research, the findings of the AHS were used 

as the primary reference to investigate exposure to specific agrochemicals that constitute 

a risk for specific diseases. Recent literature, published in 2015 and more recently, were 

also available on the results from the AHS. The most recent studies on exposures, 

socioeconomic status, and health outcomes in the AHS study were used to guide in 

designing this research.  

Review and Synthesis of the Literature Related to the Variables 

Sleep apnea. Very few recent studies were published on the relationships 

between sleep apnea, social-economic characteristic, and exposure to agrochemicals. 

Most of the studies were focused on the relationships between sleep apnea and 

environmental factors such as temperature, ozone concentration, humidity, particulate 

matter (Glaser et al., 2014; Weinreich et al., 2015; Zanobetti et al., 2010). The only recent 

published study that was found was from the AHS in which the relationship between 

exposure to carbaryl and sleep apnea was investigated. The study was conducted with 

1569 male pesticide applicators (Baumert et al., 2018). Measurements of exposure were 

conducted in the periods 1993-1997, 1999-2003, and 2000-2010. The odds ratio for 

exposure to carbaryl (OR 1.11, 95% CI 0.81-1.54), was > 1, mostly among males with a 
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mean age of 65 years, compared to non-cases with a mean age of 63 years. Carbamates 

inhibit acetylcholinesterase which hydrolyzes acetylcholine that affects 

neurotransmission. The inhibition of the enzyme disrupts the neurological function 

resulting in irregular breathing pattern during sleep, referred to as sleep apnea. Although 

the study reported by Baumert et al. (2018) was the only one found on exposure-outcome 

related to sleep apnea and carbaryl, the prospective cohort study used a sound 

methodology (FAO &WHO, 2016) in which a potentially higher risk of sleep apnea was 

found among older farmers who applied carbaryl. Age was, therefore, selected as a 

socioeconomic characteristic to be investigated as a potential factor that may be 

associated with exposure to agrochemicals and risk for sleep apnea.  

  Rheumatoid arthritis. One study was found that included a report on the 

relationship between rheumatoid arthritis and the use of carbaryl. Following a study, in 

which a high incidence of rheumatoid arthritis was found among female spouses of 

pesticide applicators (Lee, Steffes, Jacobs, & Jr., 2007; Parks et al., 2011), a further study 

was conducted among 26,134 applicators, predominantly male, with measurements of 

exposure in 1999–2003, 2005–2010, and 2013–2015 (Meyer et al., 2017). Rheumatoid 

arthritis was associated with an odds ratio  > 1 for ever use of carbaryl, particularly 

among applicators above 40 years, and those who smoked five or more packs of 

cigarettes in a year. The findings of the AHS study were, generally, consistent with the 

results of a study in Greece, published by Koureas, Rachiotis, Tsakalof, & 

Hadjichristodoulou (2017), in which a higher frequency of rheumatoid arthritis was found 

among 80 applicators of organophosphate, guanidine, and quinone pesticides than in the 
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control group of 90 individuals. The risk was also increased with higher lifetime exposure 

although age, smoking, and alcohol use may have been confounding factors. The findings 

from the AHS was the basis to investigate the potential risk for RA among older farmers 

in Grenada who may apply carbaryl. Although the health effects from exposure to 

carbaryl was not investigated in the study by Koureas et al. (2017), the findings of the 

studies by both Koureas et al. (2017) and Meyer et al. (2017) show age and number of 

hours of work on farms were important factors in the relationship between exposure to 

agrochemicals and rheumatoid arthritis.  

   Allergic and nonallergic wheeze.  Results of studies were only found on the 

relationship between wheezing and exposure to agrochemicals among participants in the 

AHS. Among 22,134 male pesticide applicators who reported on exposure to 

agrochemicals in 2005-2010, an exposure-relationship was found in the association 

between use of glyphosate and allergic and non-allergic wheeze and between ever use of 

carbaryl and allergic wheeze with younger farmers, under 50 years, more likely to 

wheeze (Hoppin et al., 2017). Age was, therefore, selected as a factor for inclusion in the 

investigation in Grenada to determine whether there was an association between the 

socioeconomic characteristics of the farmers and the frequency of use of agrochemicals, 

indicative of risk of allergic and non-allergic wheeze.  

 Parkinson’s disease. Parkinson’s disease was among the most studied diseases 

from exposure to agrochemicals, in particular, paraquat. More than 26 studies were 

available on the topic, including case-control, cohort and cross-sectional studies 

(Mostafalou & Abdollahi, 2017). Nonetheless, the majority of the studies were published 
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over 5 years, mostly over 10 years, and some studies did not specify the chemical 

ingredient but focused on exposure to a general group of chemicals, such as herbicides or 

insecticides (Mostafalou & Abdollahi, 2017). Albeit, in a large study cohort study in the 

Netherlands focusing on diet and cancer with approximate 42,298 participants with 

exposure measurement taken between 1986 to 31 December 2003, elevated risks for 

Parkinson’s disease were observed for men who were exposed to any agrochemicals (Van 

Maele-Fabry, Hoet, Vilain, & Lison, 2012). Generally, women had shorter occupational 

time and low exposure to the agrochemicals, hence, the prevalence of the disease from 

exposure to the chemicals was also lower among females. A weakness of the study in the 

Netherlands was that most of the participants were recruited while retired (55-69 years) 

and exposure was measured for general exposure to agrochemicals and not specific 

ingredients.  

 On the other hand, Goldman et al. (2012) examined exposure to agrochemicals for 

different time frames; never used, used less than or equal to the median four years, or 

used more than the median four years by 87 cases and 343 controls, primarily men of 

non-Hispanic White race (97%). Although the difference between the groups was not 

significant, men who were exposed to paraquat were diagnosed with Parkinson’s disease 

at younger ages (58.7 years) as compared to men who were not exposed to the chemical 

(62.2 years). Generally, there was a strong direct association between the lifetime 

exposure to paraquat and Parkinson’s disease (Goldman et al., 2012). Genetic factors 

were found to be an important mediator of Parkinson’s disease from exposure to 

agrochemicals (Goldman et al., 2012). Chinta et al. (2018) also found exposure to 
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paraquat was associated with Parkinson’s disease through induced cessation of growth 

and division of cells in the central nervous system.  

 In a cross-sectional study among 498 participants in the AHS that used paraquat 

in the late 1980s and early 1990s, Parkinson’s disease was also found to be associated 

with exposure and less than 50% of protective glove use (OR of 3.9 (95% CI 1.5, 10.2)) 

(Furlong et al., 2015). Tanner et al. (2011) also found the incidence of Parkinson’s 

disease was more frequent among pesticide applicators that used paraquat between 2002 

and 2008 for more than 25 lifetime days. A weakness of Tanner’s study was, despite a 

large cohort from which the cases and controls were selected, the small number of 

voluntary exposed cases and controls posed challenges in assessing the possible influence 

of confounding factors such as demographics and socioeconomic differences. The threat 

to internal validity may have been reduced, however, through personal examination and 

diagnostic confirmation by two experts. Based on the studies published by (Furlong et al., 

2015; Goldman et al., 2012; Mostafalou & Abdollahi, 2017; Tanner et al., 2011; Van 

Maele-Fabry et al., 2012), it was prudent to investigate the relationship between factors 

such as age and gender as possible risk factors for Parkinson’s disease from exposure to 

paraquat.  

 ESRD. Few studies were conducted to investigate the relationship between ESRD 

and exposure to paraquat. The AHS is the largest prospective study on the relationship 

between exposure to agrochemicals and ESRD. In the AHS follow-up study, with 55,580 

male pesticide applicators from enrollment between 1993–1997 to the end of the follow 

up period in December 2011, a relationship was found between the number of visits to 
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the doctor for complaints related to any pesticide use as well as a relationship between 

highest exposure to paraquat and ESRD diagnosis (Lebov et al., 2016). Completion of 

education at levels higher than high school, obesity at enrollment, diabetes, high blood 

pressure, and kidney disease were significantly associated with increased risk for ESRD. 

Threats to internal validity were reduced through the collection of baseline data before 

the onset of the disease and data on the incidence of the disease from population-based 

kidney disease registries, thereby, eliminating the potential for recall bias and 

misclassification in self-reporting surveys (Lebov et al., 2016). A threat to reliability in 

the study was the extended latency period of the disease, which increased the possibility 

that individuals were recruited in the asymptomatic stage although already infected by the 

disease (Lebov et al., 2016). Nonetheless, the study supported the need to also investigate 

the potential relationship between education and exposure to agrochemicals at levels that 

pose a risk for ESRD.  

 The findings of Lebov et al. (2016) were generally consistent with findings by 

Sanoff et al. (2010) in which an association was found between exposure to 

agrochemicals and ESRD in a cross-sectional study in Nicaragua. The study was 

conducted with 1002 participants in which it was found that the frequency of ESRD was 

higher among the participants that were also to more frequently exposed to agrochemicals 

(Sanoff et al., 2010). Although the specific agrochemicals were not identified, type of 

employment–full time versus part time–was found to influence the level of exposure to 

agrochemicals and the potential for health problems (Sanoff et al., 2010). Part-time 

versus full-time employment was, therefore, selected as a factor for investigation in the 
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study in Grenada to determine whether there was a relationship between socioeconomic 

differences and the level of exposure to agrochemicals that may pose a risk for ESRD.  

 The results of another study were published a year later by O’Donnell et al. 

(2011).  The case-control study, with 771 participants in Nicaragua, was conducted to 

investigate the relationships between socioeconomic factors, environmental exposure, 

and laboratory-diagnosed renal disease. Education, exposure to agrochemicals, 

agriculture work history, alcohol and cigarette use, and personal and family medical 

histories were the socioeconomic factors that were included in the study (O’Donnell et 

al., 2011). Hypertension, high altitude residence, agrochemicals exposure, and current or 

former alcohol consumption were associated with chronic kidney disease. Similar to the 

study by Sanoff et al. (2010), O’Donnell et al. (2011) did not explore the relationship 

between specific agrochemicals and the health outcome. Nonetheless, the studies in 

Nicaragua highlighted the importance of investigating the relationships between 

education level, number of years in farming, and the use of agrochemicals at levels that 

pose a risk for ESRD.  

  Decreased DNA methylation. Studies have been conducted to explore the 

relationship between exposure to environmental factors, including agrochemicals, and 

alternations in genetic expressions, known as DNA methylation. Few studies were 

conducted, however, to demonstrate the pathological pathway between exposure and 

outcomes. The AHS was one study that was conducted with 596, predominantly, white 

males from 1993-2010 to assess exposure to agrochemicals and DNA methylation 

(Alexander et al., 2017). The findings show that exposure to paraquat and carbaryl were 
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significantly associated with decreasing LINE-1 DNA methylation among participants 

with the highest lifetime exposure (Alexander et al., 2017).  

  A study was also conducted with 1656 participants from a larger cohort in the 

Dutch national study from 2006–2011 to investigate the relationship between DNA 

methylation and general exposure to pesticides van der Plaat et al. (2018). Van der Plaat 

et al. (2018) did not investigate the relationship between the health problem and specific 

agrochemicals but also found that, generally, higher levels of exposure was associated 

with DNA methylation, particularly in participants with airway obstruction. A higher risk 

of cancer was found from hypomethylation than hypermethylation (Woo & Kim, 2012). 

The studies by Alexander et al. (2017) and van der Plaat et al. (2018) highlighted number 

of hours of farm work and full-time versus part-time employment in agriculture as 

important socioeconomic factors for investigation in a study to identify risk for 

hypomethylation related health problems, including cancers.  

Use of Agrochemicals in Grenada and in the Caribbean Region  

 There was limited evidence of the scope of the problem related to the use and 

exposure to agrochemicals in the Caribbean region.  Few studies were published relating 

to the use of agrochemicals and effects/potential effects on population health (Ragin et 

al., 2013). One study was conducted by Forde et al. (2015) to assess the level of 

organophosphates (OPs), carbamates, phenoxy acids, and chlorophenols metabolites in 

the urine of pregnant women in 10 Caribbean countries between 2008 – 2011. The 

findings were mostly moderate to high levels of the metabolites in the urine samples, 
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indicating that the population in the region, including pregnant women, was exposed to 

agrochemicals (Forde et al., 2015).  

 Single publications were found on the knowledge, attitudes, and practices related 

to the use of agrochemicals use among coffee producers in Jamaica (Henry & Feola, 

2013) and the general use of agrochemicals and protective clothing among farmers in 

Jamaica and Grenada (Semple et al., 2005). More than three-quarters of participants in 

the study in Jamaica reported they experienced adverse health effects from direct contact 

with agrochemicals, although most of the farmers worked with the agrochemicals for less 

than five days in the reporting year and for 2-5 hours per day (Henry & Feola, 2013). 

There was low knowledge about agrochemical toxicity pathways which may have 

contributed to the limited use of PPE by the participants; rubber boots were most 

frequently used during handling of agrochemicals, gloves were occasionally worn, and 

other protective equipment was virtually absent in the field (Henry & Feola, 2013). 

Social norms and culture were not found to support the use of PPE and education level 

was not associated with protection from exposure (Henry & Feola, 2013). Similarly, 

Semple et al. (2005) found that PPE was not commonly used by farmers in Grenada and 

education was not associated with taking measures to protect farmers. Farmers who 

worked more days with agrochemicals in Jamaica were also more likely to use protective 

equipment, however, cost appeared to be a factor that influenced the use of PPE (Henry 

& Feola, 2013). In both countries, the participants reported that information on the 

potential negative health effect from exposure to agrochemicals was mostly imparted 
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through training programs and most of the farmers were aware of the issue, despite the 

low use of PPE.  

  Specific to diseases, one study was found on the assessment of the risk for 

prostate cancer among farmers in Trinidad, Jamaica and other countries from 

occupational exposure to agrochemicals (Ragin et al., 2013). Unpublished data from the 

Genetic Susceptibility to Environmental Carcinogens study and the African-Caribbean 

Cancer Consortium show a relationship between exposure to agrochemicals, in general, 

and prostate cancer (Ragin et al., 2013). The socioeconomic characteristics of the farmers 

and confounding variables were not investigated to investigate the effects on health 

outcomes in the countries (Ragin et al., 2013).   

Review and Synthesis of Studies Related to the Research Questions 

 The majority of publications that were found in the literaturre did not include 

investigations of a wide range of socioeconomic characteristics of participants and 

disease outcomes. Information was not provided for several variables for which data were 

collected in the 2012 agricultural census in Grenada, such as membership in farm 

associations, market presence, receipt of technical support, and size of households.  In 

other studies, information was not provided on the specific chemicals to which 

participants were exposed, neither the specific diseases that resulted from the exposure.  

  One study was focused on gender, exposure to carbaryl, and sleep apnea 

(Baumert et al., 2018). Studies were not found on investigations of other socioeconomic 

factors relating to the disease. With regard to rheumatoid arthritis, Meyer et al. (2017) 

focused on gender and exposures while Koureas et al. (2017) focused on number of hours 
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of work with carbaryl. Both authors focused on age, exposure to carbaryl, and rheumatoid 

arthritis.  Van Maele-Fabry et al. (2012) focused on gender in relation to exposure to 

paraquat and Parkinson’s disease while Tanner et al. (2011) only focused on age, and 

Goldman et al. (2012) focused on gender, age, and number of hours of work with 

paraquat. Although Furlong et al. (2015) found a relationship between the use of glove, 

paraquat and Parkinson’s disease, other socioeconomic factors that may influence the use 

of gloves, such as education and income, were not investigated. Hoppin et al. (2017) only 

investigated the relationship between age and gender, exposure to glyphosate and 

carbaryl, and allergic and non-allergic wheeze. O’Donnell et al. (2011) focused on the 

most socioeconomic factors, pertinent to the study in Grenada, in relation to end-stage 

kidney disease. O’Donnell et al. (2011) focused on relationships between education, 

number of hours of work with paraquat, and years of work while Lebov et al. (2016) only 

focused on education. Alexander et al. (2017) only focused on the number of hours of 

work, exposure to paraquat, and DNA methylation.  The findings were also indicative of 

differences in the relationships between practices and health outcomes across the 

countries. For example, while education was associated with a risk of ESRD in the AHS 

in the United States (Lebov et al., 2016), there was no association between education and 

the use of PPE to protect against occupational diseases in Jamaica (Henry & Feola, 

2013). 

  Overall, very limited information was available on socioeconomic factors, 

exposure, and disease outcome to provide a broader foundation for this research, 

particularly from the Caribbean region.  A wider range of factors were included in the  
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research in Grenada.  Further, a unique approach was used, drawing on the algorithms in 

the AHS to design a study for Grenada that can generate information for comparison. In 

addition,through identifying the characteristics of farmers that relate to the use of 

agrochemicals at levels that were determined to be associated with specific diseases, 

conclusions can be drawn about the potential for incidences of the diseases in the farming 

popualtion in Grenada.  

WHO/IARC Classification of the Agrochemicals 

The WHO/IARC classified agrochemicals according to the potential hazard to 

human and animal health as extremely hazardous, highly hazardous, moderately 

hazardous, and slightly hazardous (WHO, 2016). The classifications were based on the 

findings of studies that were conducted by the IARC and review of other studies (FAO 

and WHO, 2016). Paraquat was classified by the WHO as moderately hazardous (WHO, 

2010). Based on the findings of the International Agency for Research on Cancer 

(IARC), glyphosate was classified by the WHO as probably carcinogenic to humans 

(WHO, 2015). Although carbaryl was not classified as carcinogenic by the IARC, the 

chemical was reported to be associated with several health problems and recommended 

for priority review (WHO, 2014a). The hazardous nature of the three agrochemicals 

warrants epidemiological studies to determine how public health may be impacted by 

exposures in specific contexts.  

Definitions 

Agriculture census: Enumeration of all farming households and farm enterprises in the 
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  State of Grenada (including the mainland Grenada and the dependencies, Carriacou and 

Petite Martinique) on census day without duplication of entities (Government of Grenada, 2012a).  

Agriculture census frame: All households in each enumeration district in the State 

of Grenada (Government of Grenada, 2012a).  

Agrochemical: Pesticides, herbicides, insecticides, and fungicides used in crop 

production (Encyclopaedia Britannica, 2018). 

Allergic wheezing: Inflammation and narrowing of the airway in any location, 

from the throat to the lungs can result in wheezing (Merck Sharp & Dohme Corp., 2018). 

The most common causes of recurrent wheezing are asthma and chronic obstructive 

pulmonary disease (COPD), which both cause narrowing and spasms (bronchospasms) in 

the small airway in the lungs (Merck Sharp & Dohme Corp., 2018). Allergic wheeze, also 

referred to as allergic asthma, occurs as a consequence of exposure to allergens in the 

environment that cause the production of allergen antibodies (Leynaert et al., 2012). 

Allergic wheeze is characterized as wheeze with other symptoms of allergy (Hoppin et 

al., 2017).  

 Census day: The day on which the survey was conducted with the farmer 

(Government of Grenada, 2012a).  

 Census year: The census year is January 1, 2012 – December 31, 2012. Albeit, 

the data were collected for the “past 12 months” from census day (Government of Grenada, 

2012a).  

Cumulative intensity-weighted risk exposure Score: Cumulative intensity risk 

exposure was a quantitative measure of exposure to agrochemicals considering exposure 
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to the agrochemical on a daily basis, frequency of daily exposure over one year, and the 

total number of years of exposure to the agrochemicals (Dosemeci et al., 2002; Storm et 

al., 2004a).  

 DNA methylation: DNA methylation is the inhibition or promotion of gene 

transcription as a result of depletion and reduction of enzymatic activities to facilitate 

bonding of genetic components (Ruiz-Hernandez et al., 2015). Hypermethylation is the 

promotion of certain genetic expressions while hypomethylation is the inhibition of or 

decrease in the genetic expressions (Ruiz-Hernandez et al., 2015).  

End stage renal disease: A chronic condition in which the kidney becomes non-

functional slowly and progressively over a long period (Merck Sharp & Dohme Corp., 

2018). Stage 5 is typically associated with ESRD where waste builds up to unhealthy 

levels in the body. The disease is life-threatening to the extent that dialysis or a kidney 

transplant is usually required, otherwise, death will occur(Merck Sharp & Dohme Corp., 

2018). 

Enumeration district: An enumeration district is a stable area of approximately 

100 households that is demarcated on a map (Government of Grenada, 2012a).  

Farmer: The member of the household or an institution that has the technical or 

economic responsibility of a farm. When more than one person has such responsibilities, 

the farmer is regarded as the person who spends the most time working on the farm 

whether the land is owned, leased, or without legal title. If two or more persons spend 

equal time working on the farm, then the eldest person is considered as the farmer to 

answer the questions (Government of Grenada, 2012a).  



35 

 

 

Farm/holding: The cutoff limit for a farm/holding is technical or economic 

responsibility for at least one of the following one:  

1 or more cattle  

5 or more sheep, goats, and pigs (combined)  

Breeding sheep, goats or pigs  

25 or more poultry  

25 or more fruit, nut or spice trees (combined)  

¼ acre (10,000 sq.ft) of land used for garden crops (temporary vegetables, root 

crops, herbs, melons, pineapples, flowers, etc.)  

Annual sales of agricultural produce of EC$2,500 or more (Ministry of 

Agriculture, 2012a, p. 12). 

 

Household farm: An economic unit under agricultural production, owned or 

managed by a member or members of households that were enumerated in the census 

(Government of Grenada, 2012a). 

Non-allergic wheezing: Non-allergic wheeze is present alone and without other 

symptoms of allergy (Hoppin et al., 2017).  

 Nonhousehold Farm: An economic unit under agricultural production that is not 

owned or managed by a member or members of households that were enumerated in the 

census (Government of Grenada, 2012a).  

Parkinson’s disease: A slowly progressive, degenerative disorder characterized 

by resting tremor, stiffness, slow and decreased movement, and postural instability 

(Merck Sharp & Dohme Corp., 2018). Motor dysfunction is the most common symptom 

of the disease (Chin-Chan, Navarro-Yepes, & Quintanilla-Vega, 2015). The mean age at 

onset is about 57 years (Merck Sharp & Dohme Corp., 2018). 
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Private household: Part of all of a building, such as an apartment, flat, single 

house, part of a commercial building, out room, or a room that serves as a residence for 

six or fewer persons (Government of Grenada, 2012a).  

Respondent: The person, usually the farmer, who answered the questions about 

the farm. In a few cases, other persons who were employed on the farm or very 

knowledgeable about the farm operations answered the questions (Government of Grenada, 

2012a).  

Rheumatoid arthritis:  A chronic disease characterized by inflammation of the 

joints from an autoimmune response of the body (Merck Sharp & Dohme Corp., 2018). 

Rheumatoid arthritis affects about 1% of the population and primarily women. Onset may 

be at any age, most often between 35-50 years, but the disease can also develop during 

childhood. Rheumatoid arthritis usually causes inflamed and painful joints, leading to 

progressive retardation of movement (Merck Sharp & Dohme Corp., 2018).  

Sleep apnea: Sleep apnea occurs when a person experiences short episodes of 

complete or partial closure of the airway during sleep that causes breathing to stop 

(Merck Sharp & Dohme Corp., 2018). Individuals suffering from the condition may 

experience excessive daytime sleepiness, restlessness, snoring, recurrent awakening, and 

morning headache. If untreated the condition is often related to hypertension, heart 

failure, and fatal accidents (Merck Sharp & Dohme Corp., 2018).  

Assumptions 

 Two major assumptions were made in this research. First, questions were not 

included in the 2012 agricultural census in Grenada to identify the name of the 
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agrochemicals that were used and the number of hours of use per day by farmers. Instead, 

a general question was asked about the number of days per year that a category of 

agrochemical, herbicide and insecticide, was used. In the absence of data on specific 

agrochemicals that were used in the reporting period, this study in Grenada was premised 

on the assumption that at least one of the agrochemicals that were regularly used in 

Grenada – glyphosate, carbaryl, paraquat—was also used by the farmers and reflected in 

the number of days per use in the 12-month reporting period. As such, this research was 

an investigation of the potential or possibility for health problems due to the use and 

exposure to the respective agrochemical at the reported frequency.  

 Second, in order to calculate cumulative intensity-weighted risk exposure-days, 

data were required on (a) field tasks performed by farmers with agrochemicals and 

equipment, that is, the percentage of time mixing chemicals, application method, 

ever/never repair application equipment, (b) number of PPE used during application of 

agrochemicals, (c) days per year of use of agrochemicals, and (d) duration (years) of use 

of agrochemicals. The 2012 agricultural census in Grenada included questions to provide 

information on (c) (days per year of use of agrochemicals) and (d) (12 months/1 year 

period) as well as part of (a) - type of sprayer used to apply agrochemicals.  

 In this research, assumptions were made about missing information for a and b 

(see assumptions in Tables 39-40 with regard to mixing, application, and repair of 

equipment in the field). The assumption about the percentage of time mixing was 

deduced from the work system in Grenada that subscribed to an 8-hour per day shift. 

Full-time farmers normally followed an 8-hour work shift from about 6:00 a.m. – 2:00 
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p.m. while part-time farmers may complete tasks in the field by 8:00 a.m. to attend other 

types of employment. An assumption was also made that equipment were loaded and 

serviced in the field.  

 Assumptions about PPE were made on the basis of the literature describing the 

trend of use of protective equipment while handling agrochemicals. Rubber boots were 

the most commonly used PPE, gloves were used occasionally, and other equipment was 

not generally used (Henry & Feola, 2013; Semple et al., 2005). The findings from studies 

in other low-income countries, such as in Ethiopia, Kuwait, Sierra Leone, also show that 

PPE was not commonly used by farmers (Jallow et al., 2017; Negatu, Kromhout, 

Mekonnen, & Vermeulen, 2016; Sankoh, Whittle, Semple, Jones, & Sweetman, 2016). In 

the study by Semple et al. (2005), it was found that the use of PPE, apart from rubber 

boots, was not a regular practice in Grenada.  Semple (2005) did not report on the use of 

other protective equipment by farmers in Grenada.   

Scope and Delimitations 

 The research was undertaken to contribute to knowledge about the socioeconomic 

characteristics of farmers in Grenada that may have been risk factors for agriculture-

related occupational diseases. Two areas in the research problem were addressed. First, 

this study contributed to close the gap in the literature with regard to the risk associated 

with the frequency of use of three agrochemicals that were also commonly used in 

Grenada. Grace, (2015) and Guha, Guyton, Loomis, and Barupal (2016) highlighted the 

low level of knowledge about hazardous chemicals in low-income countries. The 

potential to experience health problems as a consequence of the frequency of use of 
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specific agrochemicals was investigated. As such, the findings of this study may be used 

as evidence to support the development of measures to address public health problems.  

  Second, apart from contributing information on the health hazards associated 

with exposure to commonly used agrochemicals, information was provided about 

personal factors that predisposed farmers to health problems.  The socioeconomic 

characteristics of the farmers and the frequency of use of agrochemicals were 

investigated. Socioeconomic factors were not investigated in many studies and, as such, 

there was a gap in the literature with regard to the relationships between the 

characteristics of farmers and potential health outcomes.  It was, therefore, vital to 

understand these characteristics  as a first step to manage the health problems (Fertman & 

Allensworth, 2017; Harris, 2017).  

  The Ministry of Agriculture’s report on the 2012 agriculture census contained 

descriptive information. Statistical analysis was not conducted to investigate relationships 

between variables. Data were collected in the census on the frequency of use of 

agrochemicals. These data were, therefore, used in the analyses to examine the 

relationships between agricultural practices and the potential to experience health 

problems. Medical diagnosis was beyond the scope of this study. 

 The study included all farming households and farm enterprises that met the 

criteria for inclusion in the in the 2012 agricultural census in Grenada (Government of 

Grenada, 2012a). The selected households were a subset of the households that were 

enumerated in the Population and Housing Census (Government of Grenada, 2012a). The 

census data allowed for identifying all possible relationships in the characteristics of the 
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population given that the data were collected from a frame that included all households in 

the country and contained the responses of a large sample. Random sampling was 

however, done at the level of the household, which also reduced the potential for bias in 

the study. The results of the study in Grenada can, therefore, be generalized to the wider 

population.  

  Application of the tenets of the health belief model (HBM) in studies usually 

helped to capture life experiences to explain health behaviors and, to a certain extent, 

inform behavior change (Glanz et al., 2015). The HBM was commonly used in studies to 

examine the influence of personal differences on the use of agrochemicals (Bay & 

Heshmati, 2016; Jin, Wang, He, & Gong, 2016; Khan, Husnain, Mahmood, & Akram, 

2013). The theory is intuitive and, therefore, health behaviors were predicted based on 

perceptions about the likelihood and severity of a health outcome, rather than mental 

processing of the consequences of actions (Glanz et al., 2015). In the HBM, the 

perception of health impact is also determined by value and expectation of the outcome 

(Glanz et al., 2015). The applicability of the theory was, nonetheless, limited in this study 

given that data were not collected on perceptions and personal preferences that may have 

informed value and expectations of the outcomes of exposure to agrochemicals.  As such, 

the HBM was not suitable for application in this research.  

Significance, Summary, and Conclusions 

In this research, the relationship between socioeconomic characteristics of farmers 

in the 2012 agricultural census in Grenada and exposure to agrochemicals—glyphosate, 

paraquat, and carbaryl—at levels that were hazardous for human health was investigated.  
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The chemicals have been found to be associated with Parkinson’s disease (Tanner et al., 

2011), ESRD (Lebov et al., 2016), sleep apnea (Baumert et al., 2018), rheumatoid 

arthritis (Meyer et al., 2017), decrease in LINE-I DNA methylation (Alexander et al., 

2017), and allergic and nonallergic wheezing (Hoppin et al., 2017).  

The originality and implications of the study were demonstrated in four ways. 

First, this study involved the application of a unique approach to investigating the 

relationship between socioeconomic characteristics of farmers and health outcomes. The 

AHS was the largest prospective cohort study in the United States on farmers’ exposure 

and health outcomes (National Institute of Environmental Health Sciences, 2017) and 

regarded by the WHO as a rigorous study (Food and Agriculture Organization and WHO, 

2016). Algorithms were applied from the AHS to calculate intensity-weighted risk 

exposure of farmers with different profiles. Thereafter, a determination was made of the 

potential for specific diseases to develop as a consequence of the levels of exposure. 

Additionally, based on the practices that were reported in the 2012 census, the period 

over which, potentially, diseases may develop due to exposure, was calculated.  

Second, the information from this research can contribute to filling a gap in 

knowledge related to agriculture-related occupational diseases. Few socioeconomic 

factors were investigated in studies in other countries. In this research, several other 

variables that were not considered in other studies were investigated—including, location 

of the farm, size of farmers’ household, main occupation, receipt of credit, markets, 

membership in farmers association, and income from agriculture production. Apart from 

the AHS, multiple practices of farmers were considered only in a few studies to calculate 
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risk exposure. Given that this was the first study of its kind in Grenada, its findings may 

be used as baseline; the findings also filled a gap in the literature on identifying the 

relationships between a wide range of social and economic factors and exposures in the 

Grenadian context, both generally and specifically.  

  Third, conducting a census is costly because of the large sample that may be 

involved. Nonetheless, censuses produce a highly representative sample (Brant, Haas-

Haseman, Wei, Wickham, & Ponto, 2015) that  can contribute to strengthening the 

reliability of a study (Babbie, 2017). The pattern of conducting agriculture censuses show 

that a study is conducted about every 14-17 years in Grenada (Government of Grenada, 

2012a). This means that the next census is likely to be conducted around 2026-2029. As 

such, the dataset for the 2012 agricultural census contained the most recently available 

data that could provide some indication of risk factors related to the use of agrochemicals 

in Grenada, at least for the next 8 years.  

 Fourth, based on the global pattern, it is also likely that the use of agrochemicals 

will increase in Grenada and in other countries (Lewis et al., 2016) and, thus, there may 

be a heightened risk for public health problems. If such health problems exist, they may 

not be properly assessed and addressed while gaps exist in understanding the relationship 

between socioeconomic factors and health problems that could arise from the use of 

agrochemicals. Further, the findings from the study could be used to guide in the 

development of the questionnaire for the next census to increase data collection related to 

the use of agrochemicals and health in Grenada.  



43 

 

 

The approach to this study was appropriate to generate information to inform 

positive social change with regard to the use of agro-chemicals and resulting diseases 

after considering three factors:  

1. Whether there is a need to address the type of agrochemicals that are used in 

Grenada;  

2. Whether there is a need to address agricultural practices related to personal 

protection, and 

3. Whether there is a need to modify the surveillance system to monitor 

occupational-related diseases.  

Consequently, the information from this research may be used as evidence to 

inform changes in the systems for management and monitoring of agrochemicals use as 

well as disease surveillance in the Grenadian population. Through appropriate 

enhancement of these systems, there is also a greater potential to protect the health of the 

Grenadian public.  

  Chapter 2 will include details about the methodology for data collection, and the 

plan for analysis and interpretation of the data. The main outputs of the study are 

calculations of risk exposure scores, determination of the relationship between variables, 

and determination of the period over which diseases may develop, based on reported 

practice in the 2012 census.  
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Section 2: Research Design and Data Collection 

Introduction 

The purpose of this quantitative cross-sectional study was to investigate the 

relationships between socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and their use of agrochemicals at levels that pose health risks. In this 

study, the relationships between socioeconomic characteristics of the farmers and 

exposure to three agrochemicals was investigated to determine potential for the 

development of Parkinson’s disease (Tanner et al., 2011), ESRD  (Lebov et al., 2016), 

sleep apnea (Baumert et al., 2018), rheumatoid arthritis (Meyer et al., 2017), decrease in 

LINE-I DNA methylation (Alexander et al., 2017), and allergic and non-allergic 

wheezing (Hoppin et al., 2017). In the AHS study, the health problems were associated 

with specific frequency of exposure. The findings of the AHS were used as the basis to 

develop this research to investigate factors that have the potential to cause farmers in 

Grenada to expereince specific health problems.  It was vital to understand individual 

differences that may predispose the farmers to the health problems in the Grenadian 

context.  

Chapter 2 includes the details of the research design, study population, sampling 

procedures, operationalization of the constructs, data analysis plan, and ethical 

procedures in the study.  

Research Design and Rationale 

 A quantitative, cross-sectional, correlation design was used in the research in 

Grenada.  This design was aligned with a correlation study in which the relationships 
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between variables were analyzed (Creswell, 2014). The annual frequency of use of 

agrochemicals was the dependent variable for the first research question. The dependent 

variable was categorized as “ever used” and “never used” agrochemicals. For the second 

research question, the dependent variable was cumulative intensity-weighted risk 

exposure-days score and categorized in as: “ ≤ 2087” and “ ≥ 2088” (Lebov et al., 2016; 

De Roos et al., 2005; Storm et al., 2004a) and reflected as “used herbicide ≥12 times per 

year” and “used herbicide ≤ 12 times per year.” The selected socioeconomic 

characteristics of the farmers in the 2012 agricultural census were the independent 

variables: age, gender, highest level of education completed, size of household, and 

membership in a farm organization. The economic factors included in this study were 

parish of location of the farm, markets, receipt of credit, number of paid workers, status 

of land ownership, maintenance of farm records, number of nonhousehold members 

working on the farm, number of parcels of land operated by the farmer, daily number of 

hours farmer worked on the farm, receipt of technical assistance, production issues, and 

income from agriculture production.  

  Cross-sectional studies involve observation of a situation in a segment of the 

population at a point in time (Burkholder, Cox, & Crawford, 2016). In this study, the data 

were collected for a reporting period of 1 year and will be analyzed to provide 

information on social economic factors that relate to the frequency of use of the 

agrochemicals during the period. The study did not include a trial or intervention. Cross-

sectional studies can be exploratory or explanatory, depending on the purpose of the 

study. In an explanatory cross-sectional study, the focus is on conducting examinations or 
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investigations to determine what exists and to what extent (Babbie, 2017). On the other 

hand, an exploratory cross-sectional study is focused on observing an existing problem at 

a point in time to explain the nature of the problem (Babbie, 2017). In this study, the 

research question led to an investigation to determine whether a relationship exists 

between variables during a specific reporting period. As such, the design of this study 

was explanatory cross-sectional.  

  A nomothetic approach was also used in the study with the research question 

leading to an investigation of the relationship between variables. The nomothetic 

approach investigated causality, that is, how much one variable influenced a situation or 

outcome. The nomothetic approach is different to the idiographic approach; in the latter 

approach, the focus is to provide details about the dynamics of the relationship between 

the variables (Babbie, 2017). The nomothetic approach is, therefore, oriented to the 

application of theories that predict why a particular behavior occurred (Babbie, 2017). 

The nomothetic approach underpinned the design of the study in which the SCT was 

applied to investigate the strength of the association between variables or the effect of 

one variable on another. As such, the proposed hypotheses about the relationships 

between the variables were tested to determine whether they should be rejected or fail to 

be rejected. The causal relationship between variables may be proven by statistical 

correlation—such as regression analysis that was used in this study; time order – that is 

demonstrating that the independent variables preceded the dependent variables; and 

nonspruriousness – that is, the effect cannot be explained by other factors (Babbie, 2017). 

In relation to the latter condition, the SCT theory was applied to establish the most 
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plausible explanation for the outcomes. Regression analysis is a measure of association, 

using numerical values (Frankfort-Nachmias & Leon-Guerrero, 2015). In applying these 

measures, a quantitative design was used in the study.  

The positivist orientation is premised on understanding how variables are related 

by applying methodological approaches to observe, explain, and control events 

(Burkholder et al., 2016). This research was generally aligned with this orientation as the 

study investigated how the socioeconomic characteristics of individuals were related to 

specific outcomes, mediated by the constructs of the SCT– personal cognitive factors, 

socioeconomic or environmental factors, and supportive behavior. Construct validity was 

established by applying evidence from other studies (AHS) that supported the application 

of the SCT (cognitive, environmental, and behavioral factors), to predict health behaviors 

(Babbie, 2017). The post-positivist approach was applicable in the research in Grenada, 

given that application of the algorithm was unique in the settings of a Caribbean country 

and, therefore, there was an opportunity to explore the relationships between various 

factors that may not have been previously considered or include in studies premised on 

the HBM.  

Few studies have been conducted to investigate the relationship between a wide 

range of socioeconomic variables, frequency of use of agrochemicals, and potential 

health outcomes. The study, therefore, contributed to addressing this gap in the literature. 

More specifically, studies were virtually non-existent on the issue in the Caribbean 

region. This study was the first to provide information about the relationship between 

individual characteristics and agriculture-related health outcomes in Grenada. The 
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findings can be used as baseline. The results may also be applicable to other countries in 

the region that have similar demographic profiles and agricultural practices.  

Methodology  

Target Population 

  The 2012 agricultural census was conducted with each person in the State of 

Grenada that met the criteria of having technical or economic responsibility for farm 

holdings, that is, 1 or more cattle, 5 or more sheep, goats and pigs (combined), breeding 

sheep, goats or pigs, 25 or more poultry, 25 or more fruit, nut or spice trees (combined), 

¼ acre (10,000 square feet) of land used for garden crops (temporary vegetables, root 

crops, herbs, melons, pineapples, flowers, etc.), annual sales of agricultural produce of 

EC$2,500 or more (Ministry of Agriculture, 2012a, p. 12). The dataset of the Grenada 

2012 Agriculture Census contained the responses of 9295 farmers. Of the 9295 farmers in 

the dataset, 95.4% (N = 8868) were involved either in crop production only or in both 

crop production and animal husbandry. These farmers were included in the analysis. 

Sampling and Sampling Procedures  

 The Government of Grenada has legal responsibility for the conduct of censuses. 

In conducting censuses, data are collected from each household in the jurisdiction in 

which the census is conducted. As such, the agriculture census frame also involved each 

private household in the State of Grenada that is identified in the Housing and Population 

census (Government of Grenada, 2012b). The census was conducted from October–

November, 2012 (Government of Grenada, 2012b). In each household in the enumeration 

district (287), a short farm questionnaire was administered to identify the households that 
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met the criteria of operating an agricultural holding above the cut-off limit, that is, having 

responsibility for at one or more of the following -at least 1/4 acre of garden crops; or 25 

or more permanent fruit, nut, or spice trees; or 1 or more cattle; or 5 or more sheep, goats 

or pigs; or 25 or more poultry; or annual sales of agricultural produce of at least 

EC$2,500 (Government of Grenada, 2012a). A list of nonhousehold farms was also 

identified for inclusion in the census (Government of Grenada, 2012b). The long 

questionnaire was administered to the selected farmer – that the persons with decision-

making responsibility for the farm. In the case of joint responsibility, the person that 

worked the longest hours on the farm was selected. If each person either worked the 

longest hours on the farm or the oldest farmer (Government of Grenada, 2012b). The 

dataset contained the responses of the farmers to the long farm questionnaire.  

 To collect the data, the enumerators canvassed the assigned ED (Government of 

Grenada, 2012b). Each household was identifying and the short farm questionnaire was 

administered to identify the households that had holding that was above the cut-off limit. 

The long farm questionnaire was applied to all holdings above the threshold. All data 

were collected through face-to-face interviews. Responses were filled on the 

questionnaire. The responses were cross-checked by field supervisors for clarifications to 

ensure completeness of the survey. The data were manually entered into SPSS, cleaned 

and coded. The accuracy of the data were checked by comparing the data in the census 

with external data (Government of Grenada, 2012b).  

 The dataset was held in the Ministry of Agriculture in Grenada. A written request 

is usually required to gain access to government documents. As such, a letter, dated 
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October 12, 2017 (attached) was sent via email to the Permanent Secretary in the 

Ministry of Agriculture to request permission to use the data. A letter, dated June 4, 2018, 

was sent by the Permanent Secretary confirming the approval to use the data.  

 The data set from the 2012 agricultural census in Grenada was used in this study. 

The data were collected in the most recent agricultural census in the country. Agricultural 

censuses are conducted every 15-17 years in Grenada (Government of Grenada, 2012a). 

The next agricultural study was, therefore, likely to be conducted in the next 8-11 years. 

The 2012 agricultural census was commissioned to collect data from farming households 

and enterprises on farming practices in Grenada. The dataset, from the most recent 

census, was held by the Ministry of Agriculture in Grenada. The 2012 agricultural census 

is the first one in which data were collected on the level of use of agrochemicals in 

Grenada. Therefore, the dataset was the only source of information to conduct this study.  

Instrumentation and Operationalization of Constructs 

 The instrument for collection of data in the 2012 census was developed by local 

representatives in consultation with FAO experts (Government of Grenada, 2012b). The 

instruments were published online by FAO (Government of Grenada, 2012a, 2012b). The 

instrument was appropriate for this study for three reasons: First, although agriculture 

censuses were conducted in 1961, 1975, 1981, and 1995 (Government of Grenada, 

2012a), the 2012 census was unique, being the first study in which data were collected on 

the frequency of use of agrochemicals. As such, prior to 2012, it was virtually impossible 

to conduct any credible study to establish baseline information on the risk for specific 

diseases from exposure to agrochemicals in the Grenada context.  
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 Second, the instruments show that data were collected on demographics and other 

economic factors such as farm labor, land tenure, land use, cultivation, irrigation, 

livestock, fertilizer and agrochemicals use, farm machinery, production issues, 

participation in organizations, credit, and receipt of technical assistance (Government of 

Grenada, 2012a) which allowed for investigation of the relationships between a wide 

range of socioeconomic factors and frequency of use of agrochemicals to answer the 

research questions. Third, the question on the time period over which the chemicals were 

used in the census year was relevant to facilitate the calculation of cumulative intensity 

weighted risk exposure score for selected periods for which the farmers may possibly 

experience the health problems.  

 In a letter dated October 12, 2018, the Ministry of Agriculture granted permission 

to use the instrument in the development of the research. Previously, verbal consent was 

given by the Permanent Secretary in the Ministry of Agriculture in response to the letter, 

dated June 4, 2018. Although published, there were no assessments of reliability and 

validity of the instruments.  

 The 2012 agricultural census was the fifth that was conducted in Grenada 

(Government of Grenada, 2012a). Although the instruments may have contained some 

standard question, consultation was held with the FAO representatives to refine the 

instruments. In refining the instruments, lessons that were learned from previous 

administration were incorporated in the revisions.  For example, in the 1995 census, one 

question was included for farmers to indicate whether they used agrochemicals.  In the 

2012 census, this question was revised to collect information on the frequency of use of 
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the agrochemicals as well as the type of agro-chemical used in practice. This question in 

the 2012 census was more appropriate for inclusion in risk assessment studies.  

Basis for Development of the Research Tool 

 The Statistics Act of December 1960 mandated the statistical office in Grenada to 

conduct censuses (Government of Grenada, 2012b). The agricultural census was also 

conducted as a mandate by this Act. The instruments were developed by the Central 

Statistics Office in collaboration with the Ministry of Agriculture and consultants of the 

Food and Agriculture Organization (FAO). The 2012 agriculture census was approved by 

the Government of Grenada and was funded by the European Union and the Government 

(Government of Grenada, 2012b).  

Operationalization of the Variables 

Allergic wheeze  

 Glyphosate use was found to be associated with allergic and non-allergic wheeze 

with any level of use – that is, 1–10 days and 11–365 days of use per year compared to 

never used (Hoppin et al., 2017).  

ESRD 

 Paraquat was found to be associated with ESRD for the highest category of 

exposure- that is, ≥ 2088 intensity-weighted risk exposure score as compared with never 

used the agrochemical (Lebov et al., 2016).  

LINE-I DNA methylation 

 Paraquat use was found to be associated with significant decrease in LINE-I DNA 

methylation for ever used and the highest level of lifetime days of application compared 
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to never used (Alexander et al., 2017). Carbaryl was found to be associated with a 

decrease in LINE-I DNA methylation for ever used and the highest level of lifetime days 

of application compared to never used (Alexander et al., 2017). 

Non-allergic wheeze  

  Carbaryl was found to be associated with allergic wheeze with any level of use – 

that is, 1–10 days and 11–365 days of use per year compared to never used (Hoppin et al., 

2017).  

Parkinson’s disease 

 Paraquat use was associated with Parkinson’s disease for > 25 lifetime days of use 

as compared to < 25 days of lifetime days of use (Tanner et al., 2011);  

Rheumatoid arthritis  

  Carbaryl was found to be associated with rheumatoid arthritis for ever used 

compared with never used (Meyer et al., 2017);  

 Sleep apnea 

 Carbaryl was found to be associated with associated with sleep apnea for ever 

used compared to never used (Baumert et al., 2018). 

Dependent Variables 

 For the first research question, frequency of use of agrochemicals (dependent 

variable) was classified as “ever used” or “never used” agrochemicals. Farmers who 

reported   light use: that is, the application of the chemicals 1-5 times per year; medium 

use: that is, 6-11 times per year; and heavy use: that is, 12 or more times per year 

(Government of Grenada, 2012a), were considered as ever used agrochemicals.   
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  For the second research question, the dependent variable was cumulative 

intensity-weighted risk exposure-days score, categorized as  ≤ 2087 and  ≥ 2088 (Lebov 

et al., 2016; De Roos et al., 2005; Storm et al., 2004a) and reflected as frequency of use 

of herbicides  ≥ 12 times per year and ≤ 12 times per year.   The cumulative intensity-

weighted risk exposure-days score is calculated by exposure intensity × lifetime 

exposure-days (that is, number of days X years of exposure) (Storm et al., 2004a).   The 

calculation of cumulative intensity-weighted exposure days and the lapse period are 

shown in Tables 39-40.  The used of herbicide ≥ 12 times per year was equivalent to a 

cumulative intensity-weighted exposure days score achievable over a lapse period.   

Independent Variables 

 The independent variables in the study were: (a) age, (b) gender, (c) highest level 

at which education was completed, (d) size of household, and (e) membership in a farm 

organization. The economic factors that were identified for inclusion in this study were: 

(a) parish of location of the farm, (b) markets, (c) receipt of credit, (d) number of paid 

workers, (e) status of land ownership, (f) maintenance of farm records, (g) number of 

nonhousehold members working on the farm, (h) number of parcels of land operated by 

the farmer, (i) daily number of hours farmer worked on the farm, (j) receipt of technical 

assistance, (k) production issues, and (l) income from agriculture production. The social 

and economic factors comprised the independent variables in the analyses. The frequency 

of use of agrochemicals was the dependent variable for the first research question, 

categorized as ever used agrochemicals and never used agrochemical.  Ever use of any of 
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the agrochemicals was associated with one or more of the health problems stated in the 

first research question (RQ1).  

  Age. Age was categorized as: 15-24, 25-34, 35-44, 45-54, 55-64, 65-74, ≥75 

years. 

Experienced production issues. Experienced production issue was categorized 

as: yes, no.  

Gender. Gender was categorized as: male, female. 

Highest level of completing education. Highest level of completion of education 

was categorized as: primary, secondary, vocational, university, tertiary.  

 Income from agriculture production in the last 12 months. Income from 

agriculture production in the last 12 months was categorized as: all income, no income, 

half of income, quarter of income, ≤ quarter of income. 

Maintenance of farm records.  Maintenance of farm records was categorized as: 

yes, no  

Membership in a farm organization. Membership in a farm organization was 

categorized as: yes, no. 

Presence in markets. Presence in markets was categorized as: Do not sell to 

markets, Sell to markets.  

 Parish of location of the farm. Parish of location of the farm was categorized as:  

St. George 

St. John 

St. Mark 
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St. Patrick 

St. Andrew 

St. David  

Carriacou 

Petite Martinique 

   Number of paid workers on the farm in the last week. Number of paid workers 

on the farm in the last week was categorized as: 0, 1-2, 3-4, 5-6, ≥7.  

 Parcels of land operated. Parcels of land operated by the farmer were 

categorized as: 1-2, 3-5, 6-10, and ≥11.  

Receipt of credit in the last 12 months. Receipt of credit in the last 12 months 

was categorized as: yes, no.  

Receipt of technical assistance in the last 12 months. Receipt of any technical 

assistance in the last 12 months was categorized as: yes, no 

  Status of land ownership. Status of and ownership was categorized as: 

individual ownership, joint ownership with members in the same household, joint 

ownership with nonhousehold members.  

Size of farmers’ household.  The size of farmers’ household was categorized as: 

1-4, 5-9, ≥10 persons.  

  Unpaid nonhousehold workers on the farm in the last week. Unpaid workers 

on the farm in the last week were categorized as: 0, 1-2, 3-4, 5-6, ≥7.  

  Weekly hours of farmer’s work on the farm. The categories of weekly hours 

of work on the farm was based on the assumption that farmers whose main occupation is 
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farmers were involved in farming ≥36 hours (full time). Farmers who worked ≤35 hours 

were considered as part time workers.   

Data Screening 

 In the data screening process, I reviewed the dataset to ensure all the variables for 

investigation were included in the dataset. Next, the categories of each variable were 

examined to check that labeled of the groups were in accordance with the required 

responses and codes in the questionnaire. In cases where the code or category was not 

aligned with the questionnaire, the variable was re-categorized to ensure the best fit with 

the questionnaire. For each question the number of missing responses was less than 1%. 

Continuous variables were also categorized to minimize errors from small number of 

counts in cells in the binomial regression analysis. The distribution of the data were 

checked in frequency analyses and cross-tabulation tables to ensure that each cell 

contained >10 counts to achieve valid results in the binomial logistic regression. A 

minimum of 10 counts per cell is generally accepted as the standard for logistic 

regression analysis (Vittinghoff & McCulloch, 2007). Variables that contained cells with 

small number of counts were re-categorized with the cells combined to ensure that each 

cell contained at least 10 cases.  

The first research question that was answered in this research was: What is the 

relationship between socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and frequency of use per year of agrochemicals at levels that can 

potentially cause sleep apnea, rheumatoid arthritis, decrease in LINE-I DNA methylation, 

and allergic and non-allergic wheeze, respectively?  
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The null hypothesis for the first research question was: There is no relationship 

between the socioeconomic characteristics of farmers in the 2012 agricultural census in 

Grenada and frequency of use per year of agrochemicals at levels that can potentially 

cause sleep apnea, rheumatoid arthritis, decrease in LINE-I DNA methylation, and 

allergic and non-allergic wheeze, respectively.  

The alternative hypothesis for the first research question was: There was a 

relationship between the socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and frequency of use per year of agrochemicals at levels that can 

potentially cause sleep apnea, rheumatoid arthritis, decrease in LINE-I DNA methylation, 

and allergic and non-allergic wheeze, respectively.  

The second research question that was answered in this research was: What is the 

relationship between socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and cumulative risk exposure at levels that can potentially cause 

ESRD and Parkinson’s diseases, respectively?  

 The null hypothesis for the second research question was: There was no 

relationship between the socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and cumulative risk exposure at levels that can potentially cause 

ESRD and Parkinson’s diseases, respectively.  

 The alternative hypothesis for the first research question was: There was a 

relationship between the socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and cumulative risk exposure at levels that can potentially cause 

ESRD and Parkinson’s diseases, respectively. 
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Data Analysis Plan 

Descriptive Analysis 

 The descriptive and inferential analyses in this research were conducted using 

IBM SPSS Statistics Software (version 24). Descriptive statistics is the organization or 

the description of quantitative information but does not lead to making inferences or 

predictions about a population (Frankfort-Nachmias & Leon-Guerrero, 2015). The 

descriptive analysis included counts of outcomes in each category of the dependent and 

independent variables. Cross-tabulation tables were also created to observe counts. The 

cross-tabulation tables were used in the decisions to re-categorize variables for 

conducting the binomial logistic regression analysis. Cells with small counts in the tables 

were combined to create larger counts that were appropriate for conducting regression 

analysis (Vittinghoff & McCulloch, 2007; Plonsky, 2015). 

Logistic Regression 

 Regression analysis was conducted to investigate the relationship between one 

independent variable and the dependent variable of between a group of independent 

variable and the dependent variable. The codes were screened and, where necessary, the 

data were categorized and/or re-coded for the analyses.  

Analysis and Interpretation of the Results 

 Two types of analysis were conducted in this study – descriptive analysis and 

statistical analysis.  

 The statistical significance of the effect of each independent variable on the 

dependent variable was interpreted. Alpha was set at .05 (5%), that is the cut-off point at 
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which the results will be considered as statistically significant and the null hypothesis is 

rejected. The alpha level of .05 (5%) is a generally acceptable level of risk in rejecting the 

null hypothesis (Frankfort-Nachmias & Leon-Guerrero, 2015). The results of odds ratio 

was also interpreted with 95% confidence level. This level of confidence is commonly 

used to indicate the likelihood that the population parameter is within the specified range 

(Frankfort-Nachmias & Leon-Guerrero, 2015).  

Threats to Validity 

 Validity is accuracy in measuring the intended outcomes in a study (Creswell, 

2014). There may be threats to internal and external validity arising from the use of 

secondary data (Brakewood & Poldrack, 2013). The use of different instrumentation in a 

study in one factor that can pose a threat to internal validity (Fink, 2013; Thiese, 2014). 

In this study, algorithms from the AHS were applied to the Grenadian context. This 

approach may pose a challenge for internal validity of the study for two main reasons. 

First, the data selected in the AHS prospective study were more comprehensive than the 

data collected in the 2012 agriculture census. Hence, assumptions were made to satisfy 

some conditions in the calculations as data were not collected or partially collected on the 

item. This issue was particular to use of PPE by farmers in Grenada. One study was 

found that provided some indication about the use of PPE in Grenada. To ensure that the 

most appropriate assumptions were made, however, the literature was reviewed to 

identify the general pattern of use of PPE in other countries which may have similar 

demographics and practices as Grenada.  
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  The second reason for threats to the validity of this research was owing to the 

lack of information on the specific agrochemicals used by farmers in the 2012 agriculture 

census. The assumption was made that farmers used at least one of the specified 

agrochemicals at the reported level. Nonetheless, to reduce bias in the study, the results 

were presented as a potential or possibility for farmers to experience the health outcomes 

rather than establishing causality of the health outcomes.  Further studies are encouraged 

to collect additional information to increase understanding about the use of 

agrochemicals and public health implications in Grenada.  

 Prospective cohort studies are more adept to establish causality while cross-

sectional studies provide a snapshot of the situation in a population at a particular time 

(Fink, 2013). As such, causality was established in the AHS study. Though the 

algorithms from the AHS were applied in the study in Grenada, sufficient information 

was not produced to establish causality between the independent variables and the 

dependent variables.  The AHS was also conducted mostly with white male applicators in 

two states in the United States. Demographic and geographical factors can have 

significant influence on behaviors. The demographic differences in the population in the 

AHS and in the study in Grenada were limitations in comparing the results of the studies.   

  The use of instrumentation from other studies can result is a threat to internal 

validity (Fink, 2013). One of the challenges in using secondary data is defining the 

variables and scales of measurement (Shi & Johnson, 2014). Several different approaches  

were used in agrochemical risk assessment studies (Food and Agriculture Organization 

and World Health Organization, 2016). For example, while lifetime intensity weighted- 
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risk score was used to measure exposure in the AHS (Storm et al., 2004a), days of use per 

year was the most common method used in other studies (Food and Agriculture 

Organization and WHO, 2016). The latter approach was also used in the 2012 agriculture 

census, categorized as high, low, and medium use of the agrochemicals (Government of 

Grenada, 2012a). Additionally, due to the differences in the size of the farms in the 

United States and in Grenada, there may also be vast differences in the constructs of high, 

low, and medium use of the chemicals. This difference may also affect how results are 

interpreted. For example, in the 2012 census, low use of agrochemicals was classified as 

1-5 days of application per year (Government of Grenada, 2012a) while 1-10 days 

represented low use in the AHS study (Hoppin et al., 2017). To minimize this challenge, 

the focus of the research in Grenada was limited to an investigation of the relationship 

between social and economic characteristics of the farmers and the frequency of use of 

agrochemicals rather than a comparison of the frequency of use of agrochemicals in the 

United States and Grenada.  The approach that was used in the study in Grenada was also 

beneficial to improve understanding about risk factors of diseases in the local context.  

  A study was conducted to evaluate the consistency of the methods that were used 

to assess occupational exposure to active ingredients in pesticides and chemical groups in 

a pooled analysis of agricultural cohorts within the AGRICOH consortium—the AHS in 

the United States, the French Agriculture and Cancer Study (AGRICAN) and Cancer in 

the Norwegian Agricultural Population study (Brouwer et al., 2016). The participants in 

the AHS were required to self-report pesticide use, whereas crop-exposure matrices were 

used in the AGRICAN and in Cancer in the Norwegian Agricultural Population study. 
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There was a higher correlation in exposure measures in the study in Norway and 

AGRICAN, but not between these studies and the AHS. The authors concluded that, 

while exposure measures were not standardized, the method used in the AHS may be 

more reliable in providing scientific evidence about the association between exposure and 

health outcomes (Brouwer et al., 2016). A limitation in the AHS, however, was the lack 

of consideration of the effect of other additives in the agrochemicals, hygiene, and 

temperature that may also affect exposure and the rate of absorption of agrochemicals in 

the body. This limitation was also transferred to the research in Grenada and posed a 

threat to the external validity of the study.  Further studies are recommended to 

investigate additional factors that were not included in this baseline study.    

Ethics  

  Ethics relate to the practices of researchers that may be considered as right or 

wrong based on the effect of the practice on the research population (Avasthi, Ghosh, 

Sarkar, & Grover, 2013). Owing to the onerous burden that was placed on research 

populations by virtue of participation in risky studies, code of ethics were developed to 

ensure that proposals were morally and ethically sound to avert ethical issues 

(Brakewood & Poldrack, 2013). The Tuskegee Syphilis Study, which was conducted in 

the United States, is a well-known example of such disregard for human welfare in 

research (Kim, 2012).  

  Although the conduct of census is a legal responsibility of the government of 

Grenada, research ethics was followed in the use of the 2012 agricultural census data. 

Application for the study was made both to Walden University Institutional Review 
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Board (IRB) and St. George’s University IRB. Additionally, a letter of approval was 

provided by the Ministry of Agriculture with conditions for the use of the dataset and 

protection of the respondents. The study was approved by Walden University (IRB 

Approval No.: 09-06-18-0720748) and exempted from approval by St. George’s 

University IRB (IRB Reference: 18061). The data were analyzed following approval 

from the IRB at both institutions.  

  According to El Emam, Rodgers, and Malin (2015), there are two critical ethical 

considerations in using secondary data: consent and anonymity. Because secondary data 

from 2012 was used in this research, it was not practical to secure informed consent from 

the participants. In conducting this research, the participants should, however, also be 

protected through anonymity. Participants’ names were not provided by the Ministry of 

Agriculture in the dataset. Further, the data were categorized and analyzed and reported 

as a pool. The dataset was stored on a password-protected computer. As part of the 

conditions by the Ministry of Agriculture to use the dataset, the letter of approval from 

the Ministry also stipulated that the dataset should only be used for this research and not 

distributed or shared with other parties.  

Summary and Transition  

 This quantitative cross-sectional study was conducted to investigate the 

relationships between socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and the use of agrochemicals at levels that pose risks for health. The 

relationships between socioeconomic characteristics of the farmers—(a) age, (b) gender, 

(c) highest level at which education was completed, (d) size of household, and (e) 
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membership in a farm organization. The economic factors that were identified for 

inclusion in this study were: (a) parish of location of the farm, (b) markets, (c) receipt of 

credit, (d) number of paid workers, (e) status of land ownership, (f) maintenance of farm 

records, (g) number of nonhousehold members working on the farm, (h) number of 

parcels of land operated by the farmer, (i) daily number of hours farmer worked on the 

farm, (j) receipt of technical assistance, (k) production issues, and (l) income from 

agriculture production — and exposure to agrochemicals, presumably, glyphosate, 

carbaryl, and paraquat—were investigated to determine whether there was a potential for 

farmers to experience Parkinson’s disease, ESRD, sleep apnea, rheumatoid arthritis, 

decrease in LINE-I DNA methylation, and allergic and non-allergic wheezing as a 

consequence of the level of use of agrochemicals, in general, and herbicides, specifically. 

The algorithms used in the AHS were applied in the Grenadian context to identify 

hazardous levels of use of agrochemicals and exposure.  

  Section 3 includes the results of the quantitative analysis. Tables were included 

with the findings of the descriptive and statistical analyses. The relationships between the 

independent and dependent variables were also reported in the chapter. These results of 

the analyses provided information that was used to support the decision to accept or reject 

the null hypotheses.  
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Section 3: Presentation of the Results and Findings 

Introduction 

The purpose of this quantitative cross-sectional research was to investigate the 

relationships between the social and economic characteristics of farmers who participated 

in the 2012 agricultural census in Grenada and the use of agrochemicals at levels that 

pose risks for specific health problems. Exposure to the chemicals have been found to be 

associated with Parkinson’s disease (Tanner et al., 2011), ESRD () (Lebov et al., 2016), 

sleep apnea (Baumert et al., 2018), rheumatoid arthritis (Meyer et al., 2017), decrease in 

LINE-I DNA methylation (Alexander et al., 2017), and allergic and non-allergic 

wheezing (Hoppin et al., 2017). This research examimined the potential for farmers in 

Grenada to experience these health problems.  

The first research question that was answered in this study was: What is the 

relationship between socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and frequency of use per year of agrochemicals at levels that can 

potentially cause sleep apnea, rheumatoid arthritis, decrease in LINE-I DNA methylation, 

and allergic and non-allergic wheeze, respectively?  

The null hypothesis for the first research question was: There is no relationship 

between the socioeconomic characteristics of farmers in the 2012 agricultural census in 

Grenada and frequency of use per year of agrochemicals at levels that can potentially 

cause sleep apnea, rheumatoid arthritis, decrease in LINE-I DNA methylation, and 

allergic and non-allergic wheeze, respectively.  
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The second research question that was answered in this study was: What is the 

relationship between socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and cumulative risk exposure at levels that can potentially cause 

ESRD and Parkinson’s diseases, respectively?  

 The null hypothesis for the second research question was: There was no 

relationship between the socioeconomic characteristics of farmers in the 2012 agricultural 

census in Grenada and cumulative risk exposure at levels that can potentially cause 

ESRD and Parkinson’s diseases, respectively.  

The following socioeconomic characteristics (independent variables) were 

included in the study: (a) age, (b) gender, (c) highest level at which education was 

completed, (d) size of household, and (e) membership in a farm organization. The 

economic factors that were identified for inclusion in this study were: (a) parish of 

location of the farm, (b) markets, (c) receipt of credit, (d) number of paid workers, (e) 

status of land ownership, (f) maintenance of farm records, (g) number of nonhousehold 

members working on the farm, (h) number of parcels of land operated by the farmer, (i) 

daily number of hours farmer worked on the farm, (j) receipt of technical assistance, (k) 

production issues, and (l) income from agriculture production. The frequency of use of 

agrochemicals was the dependent variable.  

For the first research question, frequency of exposure was the dependent variable, 

classified as ever used or never used agrochemicals. For the second research question, the 

dependent variable was cumulative risk exposure score, classified in two groups: ≤ 2087 

and ≥2088.  
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Data Collection of Secondary Data Set 

Timeframe for Data Collection, Recruitment, and Response Rate 

 The 2012 agriculture census was conducted from October–November, 2012 in all 

parishes on the mainland in Grenada and in the two dependency islands, Carriacou and 

Petite Martinique (Government of Grenada, 2012b). The census was conducted with each 

household in the State of Grenada in the 287 enumeration districts. To collect the data, 

trained enumerators canvassed the assigned ED (Government of Grenada, 2012b). A 

short questionnaire was administered to identify the households that met the criteria of 

operating an agricultural holding above the cut-off limit of having at least one household 

member with technical or economic responsibility for a farm holding, that is, (a) 1 or 

more cattle; (b) 5 or more sheep, goats and pigs (combined), breeding sheep, goats or 

pigs, (c) 25 or more poultry; (d) 25 or more fruit, nut or spice trees (combined); (e)  ¼ 

acre (10,000 sq.ft.) of land used for garden crops (temporary vegetables, root crops, 

herbs, melons, pineapples, flowers, etc.); or (e) annual sales of agricultural produce of 

EC$2,500 or more were included in the sample (Ministry of Agriculture, 2012a). A list of 

nonhousehold farms was also produced for inclusion in the census (Government of 

Grenada, 2012b).  

 The long farm questionnaire was applied to all holdings that were above the cut-

off limit. The long questionnaire was administered to the selected farmer – that is, the 

person with decision-making responsibility for the farm (Government of Grenada, 

2012b). All data were collected through face-to-face interviews. Responses were filled on 

the questionnaire. A total of 9295 farmers were included in the census.  
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Discrepancies in the Use of the Data Set from the Planned Methodology 

 The research proposal was developed to investigate the relationship between 

twelve independent variables and two dependent variables. The independent variables 

that were included in the initial proposal were age, gender, parish of location of the farm, 

education level, household size, main occupation of the farmer, farmers daily number of 

unpaid hours working on the farm, membership in an organization, type of market, 

receipt of technical assistance, experienced production issues, and income from 

agricultural production. The dependent variable was frequency of use of the 

agrochemical.    

  The dataset was examined and other social and economic variables were 

identified and included in the analyses. The additional independent variables were: (a) 

receipt of credit, (b) number of paid workers on the farm in the past week, (c) status of 

land ownership, (d) maintenance of farm records, (e) number of nonhousehold members 

working on the farm in the past week, and (f) number of parcels of land operated by the 

farmer. The inclusion of these additional variables served to enhance the research through 

providing insights about other socioeconomic factors that also had the potential to 

influence the use of agrochemicals at levels that can have implications for health.  

Inclusion of the new variables also contributed to expanding the body of knowledge 

about factors that should be considered in future research or that may have also had 

impact on the findings of previous studies.  The main occupation of farmers was 

excluded as the responses in the dataset were widely varied and difficult to categorize.    
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Baseline Descriptive and Demographic Characteristics of the Sample 

  The long questionnaire was administered to one farmer in each household that 

met the cutoff limit. The selected farmers were persons with decision-making 

responsibility for the farm. In the case of joint responsibility, the person that worked the 

longest hours on the farm was selected. If the farmers worked equal amount of hours on 

the farm, then the oldest farmer was selected (Government of Grenada, 2012b). The 

dataset contained the responses to the selected farmers.  

Representativeness of the Sample  

 The data were collected in the 2012 agriculture census. The census was 

population- based with each household in the State of Grenada included in the sampling 

frame. The households that met the cut-off point were included in the data collection 

survey.  One representative in each household that met the criteria was interviewed and 

the data were included in the dataset. The sample was, therefore, representative of the 

general farming population in Grenada.  

Univariate Analyses to Justify Covariates in the Study 

Cross-tabulation tables were produced and analyzed to determine the counts in 

each cell to ascertain that the variable can be included in binomial logistic regression 

analyses. Variables with 10 or more counts in each cell were not included in this section. 

Variables with smaller counts in the cells were shown in this section.  Further, an 

explanation was provided of the measures taken to increase the count in the cells for the 

binomial regression analysis.  
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Number of parcels of land operated.  Table 1 shows the cross-tabulation for the 

independent variable number of parcels of land operating and the dependent variable, 

ever use of agrochemical. The counts in the cells for farmers who reported ever use of 

agrochemicals ranged from 0-818. The cells with 0, 21, and 219 counts were combined 

for the binomial regression analysis.  

 

Table 1 

Cross-tabulation of Frequency of Parcels of Land Operated by Farmers and Frequency 

of Use of Agro-chemicals  

 Frequency of use of 

agrochemicals 

Total 

Ever used 

agrochemicals 

Never used 

agrochemicals  

 1-2 parcels 

 

Frequency (n) 818 7073 7891 

Percentage (%)  77.3% 90.7% 89.1% 

3-5 parcels 

 

Frequency (n) 219 695 914 

Percentage (%)  20.7% 8.9% 10.3% 

6-10 parcels 

 

Frequency (n) 21 31 52 

Percentage (%)  2.0% 0.4% 0.6% 

≥11 Frequency (n) 0 1 1 

Percentage (%)  0.0% 0.0% 0.0% 

             Total 

 

Frequency (n) 1058 7800 8858 

Percentage (%)  100.0% 100.0% 100.0% 

 

 Parish. Table 2 shows the cross-tabulation for the independent variable parish 

and the dependent variable, use of herbicide ≥12 times per year. The counts in the cells 

for farmers who used herbicide ≥12 times per year ranged from 0-16. The results show a 

small numbers of farmers used herbicide ≥12 times per year in each parish in which the 

farm was located. Owing to the small number of counts in the cells, binomial regression 
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analysis was not practical to assess the relationship between the independent and 

dependent variables.  

Table 2 

Cross-tabulation of Frequencies for Parish of Location of Farm and Frequency of Use of 

Herbicides  

 Frequency of use of 

agrochemicals 

Total 

<12times per 

year  

≥12 times per 

year 

 St George Frequency (n) 34 1 35 

Percentage (%)  5.7% 3.6% 5.6% 

St John Frequency (n) 117 2 119 

Percentage (%)  19.8% 7.1% 19.2% 

St Mark Frequency (n) 20 1 21 

Percentage (%)  3.4% 3.6% 3.4% 

St Patrick Frequency (n) 82 5 87 

Percentage (%)  13.9% 17.9% 14.0% 

St Andrew Frequency (n) 254 16 270 

Percentage (%)  42.9% 57.1% 43.5% 

St David Frequency (n) 80 3 83 

Percentage (%)  13.5% 10.7% 13.4% 

Carriacou Frequency (n) 5 0 5 

Percentage (%)  0.8% 0.0% 0.8% 

 

 Total 

Frequency (n) 592 28 620 

Percentage (%) 100.0% 100.0% 100.0% 

 

Education.  Table 3 shows the cross-tabulation for the independent variable 

education and the dependent variable, use of herbicide ≥12 times per year. The counts in 

cells of farmers who used herbicide ≥12 times per year ranged from 0-20. The results 

show none of the farmers who used herbicide ≥12 times per year completed school at 

primary and university levels. Owing to the small number of counts, the categories of 
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primary and secondary levels were combined and all other categories were combined, 

respectively, to increase the counts in the cells for binomial regression analysis.  

Table 3 

Cross-tabulation of Frequencies for Highest Level of Education Completed and 

Frequency of Use of Herbicides  

 Frequency of use of 

agrochemicals 

Total 

<12times per 

year  

≥12 times per 

year 

 Primary Frequency (n) 10 0 10 

Percentage (%)  1.7% 0.0% 1.6% 

Secondary Frequency (n) 332 20 352 

Percentage (%)  56.1% 71.4% 56.8% 

Vocational Frequency (n) 112 4 116 

Percentage (%)  18.9% 14.3% 18.7% 

University Frequency (n) 20 0 20 

Percentage (%)  3.4% 0.0% 3.2% 

Tertiary Frequency (n) 118 4 122 

Percentage (%)  19.9% 14.3% 19.7% 

         Total Frequency (n) 592 28 620 

Percentage (%)  100.0% 100.0% 100.0% 

 

  Experienced production issue.  Table 4 shows the cross-tabulation for the 

independent variable presence of production issue and the dependent variable, use of 

herbicide ≥12 times per year. The counts in cells for farmers who used herbicide ≥12 

times per year ranged from 0-28. None of the farmers without production issues indicated 

use of herbicide ≥12 times per year. Owing to zero count in one category of farmers 

experiencing production issue, binomial regression analysis was not practical to assess 

the relationship between the independent and dependent variables.  
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Table 4  

Cross-tabulation of Frequencies for Experienced Production Issue and Frequency of Use 

of Herbicides 

 Frequency of use of 

agrochemicals 

Total 

<12times per 

year  

≥12 times per 

year 

 No production issue 

experienced 

Frequency (n) 65 0 65 

Percentage (%)  11.0% 0.0% 10.5% 

Experienced 

production issue 

Frequency (n) 527 28 555 

Percentage (%)  89.0% 100.0% 89.5% 

 

       Total 

Frequency (n) 592 28 620 

Percentage (%)  100.0% 100.0% 100.0% 

 

Size of household.  Table 5 shows the cross-tabulation for the independent 

variable size of household and the dependent variable, use of herbicide ≥12 times per 

year. The counts in cells for farmers who used herbicide ≥12 times per year ranged from 

0-18. The cells with 10 and 0 counts were combined for the binomial regression analysis. 
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Table 5 

Cross-tabulation of Frequencies for Size of Farmers Households and Frequency of Use 

of Herbicides 

 Frequency of use of 

agrochemicals 

Total 

<12times per 

year  

≥12 times per 

year 

 0-4 household members 

 

Frequency (n) 437 18 455 

Percentage (%)  73.8% 64.3% 73.4% 

5-9 household members 

 

Frequency (n) 145 10 155 

Percentage (%)  24.5% 35.7% 25.0% 

≥10 household members 

 

Frequency (n) 10 0 10 

Percentage (%)  1.7% 0.0% 1.6% 

         Total Frequency (n) 592 28 620 

Percentage (%)  100.0% 100.0% 100.0% 

  

 Number of parcels of land operated.  Table 6 shows the cross-tabulation for the 

independent variable number of parcels of land operating and the dependent variable, use 

of herbicide ≥12 times per year. The counts for farmers who used herbicide ≥12 times per 

year ranged from 3-15. The results show the categories with 15, 10, and 3 counts, 

respectively. The cells with 10 and 3 counts were combined for the binomial regression 

analysis. 
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Table 6 

Cross-tabulation of Frequencies for Number of Parcels of Land Operated by Farmers 

and Frequency of Use of Herbicides 
 

 Frequency of use of 

agrochemicals 

Total 

<12times per 

year  

≥12 times per 

year 

 1-2 parcels 

 

Frequency (n) 440 15 455 

Percentage (%)  74.3% 53.6% 73.4% 

3-5 parcels Frequency (n) 141 10 151 

Percentage (%)  23.8% 35.7% 24.4% 

≥6 parcels 

 

Frequency (n) 11 3 14 

Percentage (%)  1.9% 10.7% 2.3% 

         Total Frequency (n) 592 28 620 

Percentage (%)  100.0% 100.0% 100.0% 

 

Number of unpaid nonhousehold members working on the farm - Table 7 

shows the cross-tabulation for the independent variable number of unpaid workers on the 

farm and the dependent variable, use of herbicide ≥12 times per year. The counts in the 

cells ranged from 0-26. Owing to the small counts in 3 cells, binomial regression analysis 

was not practical to assess the relationship between the independent and dependent 

variables.  
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Table 7 

Cross-tabulation of Number of Nonhousehold Members Working on the Farm in the Last 

Week and Frequency of Use of Herbicides 

 
Frequency of use of 

agrochemicals 

Total 

<12times 

per year  

≥12 times per 

year 

 No members Frequency (n) 537 26 563 

Percentage (%)  90.7% 92.9% 90.8% 

1-2 members Frequency (n) 47 2 49 

Percentage (%)  7.9% 7.1% 7.9% 

3-4 members Frequency (n) 7 0 7 

Percentage (%)  1.2% 0.0% 1.1% 

≥5 members Frequency (n) 1 0 1 

Percentage (%)  0.2% 0.0% 0.2% 

        Total Frequency (n) 592 28 620 

Percentage (%)  100.0% 100.0% 100.0% 

 

Number of paid workers on the farm in the past 2 weeks.  Table 8 shows the 

cross-tabulation for the independent variable number of paid workers on the farm in the 

past 2 weeks and the dependent variable, use of herbicide ≥12 times per year. The counts 

in the cells for farmers who used herbicide ≥12 times per year ranged from 1-17. The 

cells with 7, 3, and 1count were combined for the binomial regression analysis.  
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Table 8 

Cross-tabulation of Number of paid Workers on the Farm in the Last Week and 

Frequency of Use of Herbicides 

 Frequency of use of 

agrochemicals 

Total 

<12times per 

year  

≥12 times per 

year 

 No workers Frequency (n) 387 17 404 

Percentage (%)  78.8% 60.7% 77.8% 

1-3 workers Frequency (n) 81 7 88 

Percentage (%)  16.5% 25.0% 17.0% 

4-6 workers  Frequency (n) 19 3 22 

Percentage (%)  3.9% 10.7% 4.2% 

≥7 workers Frequency (n) 4 1 5 

Percentage (%)  0.8% 3.6% 1.0% 

        Total Frequency (n) 491 28 519 

Percentage (%)  100.0% 100.0% 100.0% 

 

Results 

Descriptive Statistics 

 The descriptive statistics shows the frequency of responses of the categorical 

independent and dependent variables.  

Response rate. The dataset of the Grenada 2012 Agriculture Census contained 

the responses of 9295 farmers. Of the 9295 farmers in the dataset, 95.4% (N = 8868) 

were involved either in crop production only or in both crop production and animal 

husbandry. These farmers were included in the analysis. A total of 427 farmers were only 

involved in animal husbandry and were excluded in the analysis as they were not 

expected to use the agrochemicals specified in this study.  
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Social characteristics of farmers.  The social characteristics of the farmers that 

were investigated in this study were: gender, age, education, size of household, and 

membership in a farm organization.   

 Gender, age, education. A total of 71.5% of the farmers were males (n = 6343) 

and 28.5% were females (n = 2525). The majority of farmers were in the middle to older 

age groups, 45-54 (26.2%, n = 2324), 55-64 (19.1%, n = 1694), 35-44 (18.1%, n = 1608), 

and 65-74 (12.7%, n = 1127). More than half of the farmers completed education at the 

secondary school level (56.9%, n = 5044) while a quarter completed a vocational school 

at the highest level of education (25.1%, n = 2226). The smallest number of farmers 

completed their education at primary school (0.8%, n = 70) and university (2.6%, n = 

230). Table 9 shows the frequency and percent statistics of gender, age, and education of 

the farmers.  
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Table 9 

Frequency and Percent Statistics of Participants Gender, Age, and Education  

Demographic Frequency (n) Percentage (%) 

Gender   

 Male 6343 71.5 

 Female 2525 28.5 

           Total 8868 100.0 

   

Age   

 15-24 242 2.7 

 25-34 917 10.3 

 35-44 1608 18.1 

 45-54  2324 26.2 

 55-64 1694 19.1 

 65-74 1127 12.7 

 ≥75 701 7.9 

 No response 255 2.9 

            Total 8868 100.0 

   

Education   

 Primary 70 .8 

 Secondary 5044 56.9 

 Vocational 2226 25.1 

 University 230 2.6 

 Tertiary 1272 14.3 

 No response 26 .3 

          Total 8868 100.0 

 

 Size of household. The farmers were asked the total number of persons that lived 

in the household at the time of the interview. The majority of farmers had household size 

in the smallest category with 1-4 members (74.8%, n = 6633). Almost one quarter of the 

farmers had larger households with 5-9 members (23.7%, n = 2101). Less than 2% of 

farmers had 10 or more members in the household. Table 10 shows the frequency and 

percent statistics of members in the farmers’ households.  
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Table 10 

Frequency and Percent Statistics of Number of Members in Farmers Household  

Demographic Frequency (n) Percentage (%) 

 Size of Household   

 1-4 members 6633 74.8 

 5-9 members 2102 23.7 

 ≥ 10 members 123 1.4 

 No response 10 .1 

            Total 8868 100.0 

  

 Membership in a farm organization.  The farmers were asked whether they belonged to 

any farm organization, including Fair Trade, Grenada Cocoa Association (GCA), 

Grenada Cooperative Nutmeg Association (GCNA), Farm Watch, Carriacou Farmers 

Associations, or other farm organizations. The majority of farmers did not have 

membership in a farm organization (67.8%, n = 6013). Table 11 shows the frequency and 

percent statistics of number of members in famers’ household.  

Table 11 

Frequency and Percent Statistics of Farmers with Membership in Farm Organizations  

Demographic Frequency (n) Percentage (%) 

Membership in a Farm Organization   

 Yes 2845 32.1 

 No 6013 67.8 

 No response 10 .1 

             Total 8868 100.0 

 

Economic characteristics of farmers.  The economic characteristics of the 

farmers that were investigated in this study were: location of the farm, weekly hours of 

work, income, access to credit, status of land ownership, parcels of land operated, number 
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of paid and unpaid workers on the farm, production issues, maintenance of farm records, 

use of agro-chemicals, receipt of technical assistance, and markets.  

 Location of farm. The farmers were asked to state the parish in which the farm 

was located on the mainland or whether in Carriacou or Petite Martinique. About one-

third of the farms were located in the parish of St. Andrew which is the largest parish on 

the mainland and in the State of Grenada (34.1%, n = 3022). Further, about equal 

percentages of farms were located in the parishes of St. George (18.9%, n = 1678) and St. 

David (18.1%, n = 1602).  On the mainland, the smallest number of farms was located in 

St. John and St. Mark which are the smallest parishes on the mainland.  Overall, the 

smallest number of farms was located in Carriacou and Petite Martinique which are small 

dependency islands in the jurisdiction of the State of Grenada.  Table 12 shows the 

frequency and percent statistics of the location of the farm.  
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Table 12 

Frequency and Percent Statistics of the Location of the Farm  

Demographic Frequency (n) Percentage (%) 

Location of the Farm   

 St. George 1678 18.9 

 St. John 640 7.2 

 St. Mark 302 3.4 

  St. Patrick 1333 15.0 

St. Andrew 3022 34.1 

St. David 1602 18.1 

Carriacou 270 3.0 

Petite Martinique 11 .1 

 No response  10 .1 

             Total 8868 100.0 

 

Weekly hours of work, income, and access to credit.  The farmers were asked about 

weekly hours of work on the farm, only 7.1% farmers worked ≤36 hours on the farm 

during a one week period (n = 628). Over two-thirds of farmers worked ≥ 36 hours. Table 

7 shows the frequency and percent statistics of main occupation of the farmers in the last 

13 months before the interview.  

  When asked about the proportion of income received from farming in the last 12 

months, the majority of farmers reported they did not earn income from farming (43.4%, 

n = 3850). Further, 22.1% earned less than a quarter of their total income (n = 1956) and 

only 7.0% earned all income from farming (n = 624). Table 13 shows the frequency and 

percent statistics of and income from farming in the last 12 months before the interview.  

  The farmers were also asked whether they accessed credit from a development 

bank, commercial bank, farm organization, Ministry of Agriculture, non-government 
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organization, credit union, Marketing and National Importing Board (MNIB), or other 

institution in the last 12 months before the interview. The overwhelming majority of 

farmers did not access credit during the 12-month period (98.3%, n = 8719). Only a very 

small percentage of farmers had accessed credit from one or more of the institutions. 

Table 13 shows the frequency and percent statistics of access to credit by farmers in the 

last 12 months before the interview.  
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Table 13 

Frequency and Percent Statistics of Weekly Hours of Work, Income from Crop 

Production, Access to Credit  

Demographic Frequency (n) Percentage (%) 

Weekly Hours of Work on Farm   

 No hours 7 .1 

 ≤35 hours (part time) 6658 75.1 

 ≥ 36 hours (full time) 628 7.1 

 No response 1575 17.8 

            Total 8868 100.0 

Income in the Last 12 Months   

 All income 624 7.0 

 None income 3850 43.4 

 Half of income 924 10.4 

 About 1/4 of income 1443 16.3 

 Less than 1/4 income 1956 22.1 

 No response  71 .8 

              Total 8868 100.0 

Access to Credit in the Last 12 Months   

 Yes 139 1.6 

 No 8719 98.3 

 No response  10 .1 

             Total 8868 100.0 

 

 

 Legal status and parcels of land operated by the farmer.   The farmers were 

asked whether the farm was legally owned by an individual, two or more members of the 

same household or joint ownership with two or more members from different households. 

Joint ownership included company, cooperative, government farm, or other. The 

overwhelming majority of farmers were individual owners of the farm (83.6%, n = 7410) 

while 12.9% of farmers jointly owned farms with other members of the household (n = 
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1147) and less than 5% of farmers had joint ownership with nonhousehold members. 

Table 14 shows the frequency and percent statistics of legal status of ownership of the 

farms.  

 The farmers were also asked the number of parcels of land they operated on the 

day of the interview. A parcel of land was defined as any piece of land under a single 

form of tenure, surrounded by other land, water, road, forest, etc. that is not part of the 

piece of land (Government of Grenada, 2012b). The majority of farmers operated 1-2 

parcels of land (89.0%, n = 7891). Further, 10.3% of farmers operated two parcels of land 

(n = 914). Less than 1% of farmers operated more than 5 parcels of land. Table 14 shows 

the frequency and percent statistics of the number of parcels of land operated by the 

farmers.  
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Table 14 

Frequency and Percent Statistics of Legal Status of the Farms and Parcels of Land 

Operated by the Farmer  

Demographic Frequency (n) Percentage (%) 

Legal Status of the Farm   

 Individual 7410 83.6 

 2 or more persons from same household 1147 12.9 

2 or more persons from different 

households, including government 

owned farms 

301 3.4 

 No response  10 .1 

             Total 8868 100.0 

Parcels of Land Operated by the Farmer   

 1-2 7891 89.0 

 3-5 914 10.3 

 6-10 52 .6 

 ≥11 1 .0 

 No response 10 0.1 

             Total 8868 100.0 

 

  

  Paid and unpaid workers on the farm. The farmers were asked about paid 

workers and unpaid nonhousehold members working on the farm in the last week before 

the interview. The majority of farmers did not employ paid workers on the farm in the 

week before the interview. A total of 79.9% of the farmers reported there were no paid 

workers on the farm during the period (n = 7082). In cases where there were paid workers 

on the farm, 16.8% had 1-2 paid workers on the farm (n = 1487). Less than 1% farmers 

had more than 5 paid workers on the farm in the week before the interview. 
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  Further, 93.1% of farmers also reported there were no unpaid nonhousehold 

workers on the farm in the week before the interview (n = 8253). Of the farmers that had 

unpaid nonhousehold members working on the farm, 6% reported they had 1-2 persons (n 

= 533). Table 15 shows the frequency and percent statistics of paid and un-paid workers 

on the farm in the week before the interview.  

Table 15 

Frequency and Percent Statistics of Paid and Unpaid Workers on the Farm in the 

Previous Week 

Demographic Frequency (n) Percentage (%) 

Paid Workers on the Farm in the Previous Week   

 0 7082 79.9 

 1-2 1487 16.8 

 3-4 230 2.6 

 5-6 44 .5 

 ≥7 15 .2 

 No response  10 .1 

             Total 8868 100.0 

   

Unpaid Nonhousehold Workers on the Farm in the 

Previous Week 

  

 0 8253 93.1 

 1-2 533 6.0 

 3-4 65 .7 

 ≥7 7 .1 

 No response 10 0.1 

            Total 8868 100.0 

 

  

 



89 

 

 

Production issues and farm records.  The farmers were asked whether they 

experienced issues in production including pest and diseases, access to technical support, 

storage, availability of inputs, marketing, and access to land. The majority of farmers 

stated they experienced issues (62.5%, n = 5544). Praedial larceny (stealing), pest, lack of 

accessible roads, and diseases were most commonly reported issues in production. 

Additionally, the overwhelming majority of farmers did not maintain farm records 

(91.7%, n = 8134). Table 16 shows the frequency and percent statistics of farmers that 

reported experience with production issues and maintenance of farm records.  
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Table 16 

Frequency and Percent Statistics of Farmers Experience With Issues in Production and 

Maintenance of Farm Records  

Demographic Frequency (n) Percentage (%) 

 Experienced Production Issue   

 No Farming Issue 3324 37.5 

 Farming Issue 5544 62.5 

 Total 8868 100.0 

   

Type of Production Issue Experienced
a
    

 Access Roads 892 16.1 

 Access to Credit 41 0.7 

 Access to Land 34 0.6 

 Availability of Inputs 93 1.7 

 Disease 387 7.0 

 Dog Predation 148 2.7 

 Marketing 163 2.9 

 Pest 1155 20.8 

 Praedial Larceny 2302 41.5 

 Storage 24 0.4 

 Technical Support 305 5.5 

   

Farm Record Maintenance   

 Yes 724 8.2 

 No 8134 91.7 

 No response 10 .1 

 Total 8868 100.0 
aFarmers were requested to report all production issues.  
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 Use of agrochemicals and receipt of technical assistance.  The farmers were asked 

about the type of agrochemicals used in the past 12months before the interview and the 

frequency of use. Overall, 11.9 % farmers reported they used at least one herbicide, 

insecticide, or fungicide (n = 1059). The farmers were also asked about receipt of 

technical assistance from the Ministry of Agriculture, farm organizations, media, non-

government organizations, Chinese mission, Caribbean Agricultural Research and 

Development Institute (CARDI), Inter-American Institute for Cooperation Agriculture 

(IICA), and other institutions in the last 12 months before the interview. Only 6.4% 

farmers reported they received technical assistance from one or more of the institutions (n 

= 570). Table 17 shows the frequency and percent statistics of use of agrochemical by 

farmers and receipt of technical assistance.  

Table 17 

Frequency and Percent Statistics of Agrochemical Use by Farmers and Receipt of 

Technical Assistance  

Demographic Frequency (n) Percentage (%) 

Use of Agrochemical in the Last 12 Months   

 Used agrochemical 1059 11.9 

 Did not use agrochemical  7809 88.1 

 Total 8868 100.0 

   

Receipt of Technical Assistance in the Past 12 

Months 
  

 Yes 570 6.4 

 No 8288 93.5 

No response 10 .1 

 Total 8868 100.0 
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 Market.  The farmers were asked to identify the markets to which they sold 

products. The largest number of farmers reported they did not sell to markets (62.1%, n = 

5509). Further, 28.3% farmers sold products to associations (n = 2511), and 17.5% sold 

at roadside (n = 1554), 13.9% sold on the farm (n = 1230) and 12% sold to supermarkets 

(n = 1260). Table 18 shows the frequency and percent statistics of the markets accessed 

by the farmers.  
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Table 18 

Frequency and Percent Statistics of Markets Accessed by the Farmers 

Demographic Frequency (n) Percentage (%) 

Access for Markets    

 Do not sell to markets 5509 62.1 

 Sell to markets 3349 37.8 

 No response 10 .1 

             Total 8868 100.00 

Type of Market Accessed
 b

   

 Hotel/restaurant 423 4.8 

 Municipal market 607 6.8 

 Roadside vending  1554 17.5 

 On farm 1230 13.9 

 Supermarkets 1066 12.0 

 Traffickers/exporters 879 9.9 

 Agro-processors 117 1.3 

 Associations 2511 28.3 

 Marketing Board 806 9.1 

 Farmers market 271 3.1 

 Schools 147 1.7 

 Other markets 995 11.2 

bFarmers were requested to report all markets  

 

Summary of Results of the Descriptive Statistics  

The results of the descriptive analysis show the social and economic 

characteristics of the framers who participated in the in the 2012 agriculture census in 
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Grenada.  The results on the social characteristics of the farmers indicated: almost three-

quarters of the farmers were males, about one quarter of the farmers were middle-aged 

between 45-54 years, more than half of the farmers completed secondary school at the 

highest level of education, about three-quarters of the farmers had households with 1-4 

members, and more than half of the farmers did not have membership in farm 

organizations.      

The results on the economic characteristics of the farmers indicated:  about one-

third of the farms were located in St. Andrew and St. George which were the largest and 

second largest parishes, respectively, on the mainland.   On the mainland, the smallest 

number of farms was located in St. John and St. Mark which were also the smallest 

parishes on the mainland.  Overall, the smallest number of farms was located in 

Carriacou and Petite Martinique which were small dependency islands in the jurisdiction 

of the State of Grenada.  Further, the results on the economic characteristics of the 

farmers indicated: two-thirds of the farmers worked on the farm on a part time basis; 

cumulatively, more than half of the farmers earned no income and up to quarter of 

income from agriculture; almost none of the farmers accessed credit in the census year; 

more than three-quarters of the farmers operated 1-2 parcels of land;  more than three-

quarters of the farmers had individual ownership of the land; more than three-quarters of 

the farmers did not have paid workers on the farm in the past week before the interview; 

almost none of the farmers had unpaid household workers on the farm in the past week;  

more than half of the farmers experienced issues in production;  almost none of the 

farmers maintained farm records; about 12% of the farmers used agrochemicals in the 
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census year; almost none of the farmers received technical assistance in the census year;  

and more than half of the farmers did not sell to markets.   

Assumptions for Binomial Regression Analysis  

  Logistic regression analysis was conducted to investigate the relationship between 

the independent variables and the dependent variable. Logistic regression is an inferential 

analysis performed to predict the probability of an outcome in a dependent variable based 

on a relationship with an independent variable ) (Laerd Statistics, 2018). The type of 

regression analysis differ, however, base on the level of measurement and type of 

dependent variable, such as continuous, dichotomous, or categorical (Frankfort-Nachmias 

& Leon-Guerrero, 2015). Binomial regression analysis was used to test the hypothesis for 

both RQ1 and RQ 2. Three assumptions were critical to conduct binomial logistic 

regression.  

 First, the dependent variable should be measured on a dichotomous scale. A 

variable is measured on a dichotomous scale when there are two outcome values for the 

dependent variable (Laerd Statistics, 2018). For RQ1, the values of the dependent 

variable (frequency of use of agro chemical) was ever used agrochemical and never used 

agrochemical to determine potential for experiencing sleep apnea, rheumatoid arthritis, 

decrease in LINE-1 DNA methylation, allergic and non-allergic wheeze. The dependent 

variable was, therefore, measured on a dichotomous scale. Therefore, this first 

assumption was met in the analysis. For RQ2, the values of the dependent variable were 

≤ 2088 and ≥2088. The variable was, therefore, measured on a dichotomous scale.  
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 The second assumption for conducting binomial regression is that one or more 

independent variables are included in the analysis and that the independent variables are 

either continuous or categorical (Laerd Statistics, 2018). All variables used in the analysis 

were categorical. A categorical variable has two or more categories that are labeled or 

named for the purpose of classifying or grouping observations (Frankfort-Nachmias & 

Leon-Guerrero, 2015). The categories of the variables are shown above.  

 The third assumption for binomial regression analysis is independence of 

observations between the independent variables and the categories of the dependent 

variable (Laerd Statistics, 2018). As such, the dependent variable should have mutually 

exclusive categories (Laerd Statistics, 2018). This assumption is met, as the values of the 

dependent variable for RQ1 are exclusive of each other: ever used agrochemical and 

never used agrochemical. The values of the dependent variable for RQ2 were < 2088 and 

≥2088.  

Results for RQ1 

 RQ1: What is the relationship between socioeconomic characteristics of farmers 

in the 2012 agricultural census in Grenada and frequency of use per year of 

agrochemicals at levels that can potentially cause the specified pathologies?  

 Null Hypothesis: There was no relationship between the socioeconomic 

characteristics of farmers in the 2012 agricultural census in Grenada and frequency of use 

per year of agrochemicals at levels that can potentially cause the specified pathologies. 

 The specified pathologies in the research question were sleep apnea, rheumatoid arthritis, 

decrease in LINE-I DNA methylation, and allergic and non-allergic wheeze.  The 
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socioeconomic characteristic (independent variables) were age, gender, parish of location 

of the farm, highest level of education completed, markets, receipt of credit, size of 

household, number of paid workers, status of land ownership, maintenance of farm 

records, number of nonhousehold members working on the farm, number of parcels of 

land operated by the farmer, daily number of hours farmer worked on the farm, 

membership in a farm organization, receipt of technical assistance, production issues, and 

income from agriculture production. The dependent variable was frequency of use of 

agrochemical (ever used and never used). The relationship between each individual 

independent variable and the dependent variable was investigated. The B value also 

indicated the direction of the relationship with the dependent variable (B). The table also 

shows the standard errors (S.E.), the ratio of the regression weight to the standard error 

(Wald), significance level (sig.), odds ratio (exp B), and the 95%CI of the odds ratio. 

Odds ratio indicated how much more or less a case is likely to be in the affirmative 

category as compared to the reference group.  

 Gender. The logistic regression chi square result show the model was statistically 

significant, χ2(1, N = 8868)  =  58.30, p < .01) for predicting the impact of gender on 

frequency of use of agrochemical. The model explained 1.3% (Nagelkerke R2) of the 

variance in frequency of use of agrochemical by gender. The model correctly classified 

88.1% of cases. Male was used as the reference group. The odds of females’ ever use of 

agrochemical was lower than 1 and statistically significant (OR .549, 95% CI: .467-.645, 

p < .001). Females were, therefore, less likely to have ever used agrochemical and 

experienced the health problems stated in RQ1. We, therefore, reject the null hypothesis 



98 

 

 

that there was no relationship between gender and ever use of agrochemical. Table 19 

shows the variables in the equation for logistic regression analysis with gender and 

frequency of use of agrochemical.  

 

Table 19 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Gender  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 Gender (F) -.599 .082 53.007 1 .000 .549 .467 .645 

Constant 2.453 .074 1108.262 1 .000 11.625   

 

  Age. The logistic regression model was statistically significant, χ2(6, N = 8613)  

=  34.14, p < .01). The model explained about 1.00% (Nagelkerke R2) of the variance in 

frequency of use of agrochemical by age. The model correctly classified 87.9% of cases. 

The youngest age category, 15-24 years, was used as the reference group to compare the 

relationship between age-groups and the frequency of use of agrochemical. Compared to 

the reference group, the odds ratio for ever use of agrochemical by farmers aged 25-34 

years was higher than 1 (OR 1.56, 95% CI: .865- 2.82) but not statistically significant (p 

= .140). Further, compared to the reference group, the odds ratio was lower than 1 for 

farmers in all age groups ≥35 years for ever use of agrochemical. The difference in the 

odds ratio for ever use of agrochemical was statistically significant between farmers aged 

15-24 years and farmers aged 55-64 years (OR .725, 95% CI: .51- .989, p = .042) and 65-

74 years (OR 1.56, 95% CI: .865- 2.82). The results indicated that older farmers were less 
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likely to have ever used agrochemical at levels that can potentially cause the diseases 

stated in RQ1, compared to younger farmers. The overall difference between the 

reference group the other age groups was statistically significant (p<.001). We, therefore, 

reject the null hypothesis that there was no relationship between age and ever use of 

agrochemical. Table 20 shows the variables in the equation for logistic regression 

analysis with age and frequency of use of agrochemical  

Table 20 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Age  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 15-24   32.471 6 .000    

25-34  .445 .301 2.183 1 .140 1.561 .865 2.817 

 35 -44 -.160 .176 .825 1 .364 .852 .603 1.203 

 45-54 -.238 .161 2.192 1 .139 .788 .576 1.080 

 55-64 -.518 .152 11.612 1 .001 .596 .442 .802 

 65-75 -.322 .158 4.123 1 .042 .725 .531 .989 

 ≥75 -.120 .169 .505 1 .477 .887 .637 1.234 

 Constant 2.272 .140 261.990 1 .000 9.696   

 

 Parish of location of the farm.  The logistic regression model was statistically 

significant, χ2(7, N = 8858)  =  232.38, p < .01). The model explained about 5.00% 

(Nagelkerke R2) of the variance in parish of location of the farm and frequency of use of 

agrochemical. The model correctly classified 88.1% of cases. The most urbanized parish, 

St. George was used as the reference considering most of the agrochemical supply shops 

were also located in the area and, therefore, farmers in close proximity may have ready 

access to the chemicals compared to farmers in the other parishes.  
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 Compared to St. George, the odds of ever used agrochemical by farmers with 

farms in the parishes on the mainland was lower than 1– St. Andrew (OR .370, 95% CI: 

.294- .467), St. David (OR .517, 95% CI: .399- .670), St. Mark (OR .600, 95% CI: .387- 

.932), St. John (OR .159, 95% CI: .122- .208), and St. Patrick (OR .511, 95% CI: .390- 

.668) – but statistically significant (p<.05). The odds of ever used agrochemical by 

farmers with farms in Petite Martinique was lower than 1 (OR .614, 95 CI .78 – 4.842, p 

= .643) compared to ever used agrochemical by farmers in St. George. On the other hand, 

the odds of ever used agrochemical by farmers with farms in Carriacou was higher than 1 

(OR 1.445, 95 CI .762 – 2.732) but not statistically significant (p = .258).  

 The results indicated that farmers with farms in the rural parishes on the mainland 

and in petite Martinique were less likely to have ever used agrochemical and potentially 

less likely to experience the health problems stated in RQ1 as compared to farmers with 

farms in St. George. Overall, the differences in the odds of ever used agrochemical by the 

farmers with farms in St. George and farmers in the other parishes was statistically 

significant (p<.001). We, therefore, reject the null hypothesis that there was no 

relationship between the parish in which he farm was located and ever used 

agrochemical. Table 21 shows the variables in the equation for logistic regression 

analysis with parish in which the farm was located and frequency of use of agrochemical. 
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Table 21 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Parish of Farm 

Location  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 St. George   226.286 7 .000    

St. John -1.837 .137 180.287 1 .000 .159 .122 .208 

St. Mark -.510 .224 5.174 1 .023 .600 .387 .932 

St. Patrick -.672 .137 24.069 1 .000 .511 .390 .668 

St. Andrew -.995 .117 72.469 1 .000 .370 .294 .465 

St. David -.660 .132 24.865 1 .000 .517 .399 .670 

Carriacou .368 .325 1.280 1 .258 1.445 .764 2.732 

Petite 

Martinique 

-.489 1.054 .215 1 .643 .614 .078 4.842 

Constant 2.791 .105 711.972 1 .000 16.299   

 

  

 Education.  The logistic regression model was statistically significant, χ2(4, N = 

8842)  =  22.70, p < .01). The model explained about 1.00% (Nagelkerke R2) of the 

variance in education and frequency of use of agrochemical. The model correctly 

classified 88.0% of cases. The lowest level at which education was completed—primary 

school—was used as the reference group. Compared to the farmers who completed 

education the lowest level, the odds of ever used agrochemical was higher than 1 for all 

other levels at which education was completed. The difference in the odds ratio for ever 

used agrochemical between farmers who completed school at the primary level and 

farmers who completed school at the vocational level was statistically significant (OR 

1.945, 95 CI 1.026 – 3.679, p = .041).  
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 The results indicated that farmrs who completed education at levels higher than 

primary school were more likely to have ever used agrochemicals and potentially 

experience the health problems stated in RQ1. Overall, the differences in the odds of ever 

used agrochemical by the farmers who completed education at the primary or lower level 

of school and farmers who completed their education at a level higher than primary 

school was statistically significant (p<.001). We, therefore, reject the null hypothesis that 

there was no relationship between education and ever used agrochemical. Table 22 shows 

the variables in the equation for logistic regression analysis with level of completion of 

education and frequency of use of agrochemical. 

Table 22 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Level of 

Completion of Education  

 
 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 Primary   22.450 4 .000    

Secondary .399 .320 1.553 1 .213 1.490 .796 2.790 

Vocational .665 .325 4.187 1 .041 1.945 1.028 3.679 

University .142 .366 .150 1 .698 1.153 .562 2.364 

Tertiary .214 .327 .430 1 .512 1.239 .653 2.352 

Constant 1.576 .317 24.681 1 .000 4.833   

 

 Market presence.  The logistic regression model was statistically significant, 

χ2(1, N = 8858)  =  356.52, p < .01). The model explained about 8.00% (Nagelkerke R2) 

of the variance in market presence and frequency of use of agrochemical. The model 

correctly classified 88.1% of cases. No market presence was used as the reference group 
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in further examination of the effect of market presence on ever used agrochemical. 

Compared to farmers who did not sell to market, farmers who had market presence were 

at least 3 times more likely to have ever used agrochemical (OR 3.54, 95% CI: 3.088 – 

4.047) and to also experience the health problems stated in RQ1. The difference in the 

odds ratio for ever use of agrochemical between farmers without market presence and 

farmers with market presence was statistically significant (p<.001). We, therefore, reject 

the null hypothesis that there was no relationship between the parish in which he farm 

was located and ever used agrochemical. Table 23 shows the variables in the equation for 

logistic regression analysis with market presence and frequency of use of agrochemical.  

Table 23 

Variables in the Equation for Logistic Regression Analysis with Frequency of Use of 

Agrochemical and Market Presence  

 B S.E. Wald df Si

g. 

Exp(B) 95% C.I. for EXP(B) 

Lower Upper 

 Sell to markets 1.263 .069 334.768 1 .000 3.535 3.088 4.047 

Constant 1.375 .042 1053.557 1 .000 3.956   

 

   Income from agriculture production.  The logistic regression model was 

statistically significant, χ2(4, N = 8797)  =  278.27, p < .01). The model explained about 

6.00% (Nagelkerke R2) of the variance in income from agriculture production and 

frequency of use of agrochemical. The model correctly classified 88.0% of cases. The 

highest category of earning from agriculture, all income, was used as the reference group. 

Compared to the farmers who earned all income from agriculture, the odds of using 

agrochemical was higher than 1 and statistically significant for farmers who earned half 
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of their income from farming (OR 1.578, 95 CI1.305 – 1.907, p<.01) and lower than 1, 

but statistically significant, for all the other categories of income earned from agriculture 

production. The results indicated farmers who earned half of their income from 

agriculture were also more likely to experience the health problems stated in RQ1. The 

difference in the odds ratio for ever use of agrochemical between farmers who earned all 

income and farmers who earned a percentage of income of income from agriculture was 

statistically significant (p<.001). We, therefore, reject the null hypothesis that there was 

no relationship between income from agriculture and ever used agrochemicals. Table 24 

shows the variables in the equation for logistic regression analysis with income from 

agriculture production and frequency of use of agrochemical.  

Table 24 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Income from 

Agriculture Production  

 

B S.E. Wald df Sig. 

Exp(B

) 

95% C.I.for 

EXP(B) 

Lower Upper 

 All income   278.005 4 .000    

No income -.870 .121 51.515 1 .000 .419 .330 .531 

Half of income .456 .097 22.209 1 .000 1.578 1.305 1.907 

¼ of income -1.001 .106 89.169 1 .000 .368 .299 .452 

≤1/4 of income -.392 .104 14.170 1 .000 .676 .551 .829 

Constant 2.129 .073 842.288 1 .000 8.404   

 

  Presence of agriculture issue. The logistic regression model was statistically 

significant, χ2(1, N = 8868)  =  393.91, p < .01). The model explained 8.4% (Nagelkerke 

R2) of the variance in presence of agriculture issue and the frequency of use of 
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agrochemical. The model correctly classified 88.1% of cases. Absence of production 

issue was used as the reference category to investigate the relationship between 

production issue and ever used agrochemical. Compared to the farmers who did not 

experience production issues, the odds ratio for ever use of agrochemical was lower than 

1 for farmers who reported production issue (OR .193, 95%CI: .159-.234). The results 

indicated that farmers who reported production issues were also less likely to ever use 

agrochemical and potentially experience the health problems stated in RQ1. The 

difference in the odds ratio for ever use of agrochemical between farmers who 

experienced production issue and farmers who did not experience production issue was 

statistically significant (p<.001). We, therefore, reject the null hypothesis that there was 

no relationship between presence of production issue and ever used agrochemical. Table 

25 shows the variables in the equation for logistic regression analysis with experienced 

production issue and frequency of use of agrochemicals. 

Table 25 

 Logistic Regression Analysis with Frequency of Use of Agrochemical and Experienced 

Production Issue  

 
 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for EXP(B) 

Lower Upper 

 Experienced 

production 

issue 

-1.646 .098 282.137 1 .000 .193 .159 .234 

Constant 3.242 .091 1264.632 1 .000 25.592   

 

Membership in a farm organization.  The logistic regression model was 

statistically significant, χ2(1, N = 8858)  =  131.87, p < .01). The model explained 2.8% 
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(Nagelkerke R2) of the variance in membership in a farm organization and frequency of 

use of agrochemical. The model correctly classified 88.1% of cases. Belonging to a farm 

organization was used as the reference category to investigate the relationship between 

membership in a farm organization and frequency of use of agrochemical. Compared to 

farmers who had membership in a farm organization, the odds ratio was lower than 1 for 

farmers who did not belong to a farm organization (OR .463, 95%CI: .407- .527), 

indicating that the latter group of farmers were less likely to have ever used agrochemical 

and to experience health problems stated in RQ1. The difference in the odds ratio for ever 

use of agrochemical between farmers who had and did not have membership in a farm 

organization was statistically significant (p<.001). We, therefore, reject the null 

hypothesis that there was no relationship between membership in a farm organization and 

ever used agrochemical. Table 26 shows the variables in the equation for logistic 

regression analysis with membership in farm organization and frequency of use of 

agrochemical.  

Table 26 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Membership in 

Farm Organization  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for EXP(B) 

Lower Upper 

 Does not belong 

to farm 

organization 

-.770 .066 134.715 1 .000 .463 .407 .527 

Constant 2.296 .045 2633.808 1 .000 9.933   
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 Receipt of technical assistance.   The logistic regression model was statistically 

significant, χ2(1, N = 8858)  =  181.92, p < .01). The model explained 4% (Nagelkerke 

R2) of the variance in receipt of technical assistance by farmers and frequency of use of 

agrochemical. The model correctly classified 88.1% of cases. Receiving technical 

assistance was used as the reference category in the analysis to investigate the 

relationship between farmers’ receipt of technical assistance and frequency of use of 

agrochemical. Compared to farmers who received technical assistance, the odds ratio for 

ever use of agrochemical was lower than 1 for farmers who did not receive technical 

assistance (OR .245, 95%CI: .203-.296), indicating farmers who did not receive technical 

assistance were less likely to have ever used agrochemical and to potentially experience 

the health problems stated in RQ1. The difference in the odds ratio for ever use of 

agrochemical between farmers who received technical support and the farmers who did 

not receive technical support was statistically significant (p<.001). We, therefore, reject 

the null hypothesis that there was no relationship between receipt of technical assistance 

and ever used agrochemical. Table 27 shows the variables in the equation for logistic 

regression analysis with receipt of technical assistance and frequency of use of 

agrochemical. 
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Table 27 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Receipt of 

Technical Assistance  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 No receipt 

of technical 

assistance  

-1.406 .096 213.081 1 .000 .245 .203 .296 

Constant 2.139 .036 3574.613 1 .000 8.494   

 

 Access to credit.  The logistic regression model was statistically significant, χ2(1, 

N = 8858)  =  63.80, p < .01). The model explained 1.4% (Nagelkerke R2) of the variance 

in frequency of use of agrochemical by receipt of credit. The model correctly classified 

88.1% of cases. Access to credit was used as the reference category in the analysis to 

investigate the relationship between access to credit and frequency of use of 

agrochemical. Compared to farmers who had access to credit, the odds ratio for ever use 

of agrochemical was lower than 1 for farmers who did not have access to credit (OR .211, 

95%CI: .149-.300). The results indicated farmers who did not have access to credit were 

less likely to have ever used agrochemical and potentially experience the health problems 

stated in RQ1. The difference in the odds ratio for ever use of agrochemical between 

farmers who access credit and farmers who did not access credit was statistically 

significant (p<.001). We, therefore, reject the null hypothesis that there was no 

relationship between access to credit and ever used agrochemical. Table 28 shows the 
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variables in the equation for logistic regression analysis with receipt of credit and 

frequency of use of agrochemical.  

Table 28 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Receipt of 

Credit  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lowe

r 

Upper 

 No receipt 

of credit 

-1.554 .178 76.371 1 .000 .211 .149 .300 

Constant 2.038 .034 3693.247 1 .000 7.676   

 

  Legal status of land ownership.  The logistic regression model was statistically 

significant, χ2(2, N = 8858) =  8.76, p < .01). The model explained <1% (Nagelkerke R2) 

of the variance in receipt of legal status of ownership of land and frequency of use of 

agrochemical. The model correctly classified 88.1% of cases. Individual ownership of 

land was used as the reference group in further examination of the effect of the categories 

of land ownership status and frequency of use of agrochemical. Compared to farmers 

who had individual ownership of land, the odds ratio for ever use of agrochemical was 

higher than 1 and statistically significant for farmers who had joint ownership with 

household (OR 1.617, 95%CI: 1.088 – 2.171, p = .015) and nonhousehold members (OR 

1.637, 95%CI: 1.192-.2.194, p = .002). The results indicated farmers with individual 

ownership of land were less likely to have ever used agrochemical and experience the 

health problems stated in RQ1. The overall difference in the odds ratio for ever use of 

agrochemicals between farmers who individual ownership of land and farmers who had 
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joint ownership was statistically significant (p = .008). We, therefore, reject the null 

hypothesis that there was no relationship between land ownership status and ever used 

agrochemical. Table 29 shows the variables in the equation for logistic regression 

analysis with legal status of land ownership and frequency of use of agrochemical. 

Table 29 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Legal Status of 

Land Ownership 

 

B S.E. Wald df Sig. Exp(B) 

95% C.I.for EXP(B) 

Lower Upper 

 Individual 

ownership 

  9.605 2 .008    

Joint ownership with 

household members 

.481 .156 9.541 1 .002 1.617 1.192 2.194 

Joint ownership with 

nonhousehold 

members 

.430 .176 5.956 1 .015 1.537 1.088 2.171 

Constant 1.543 .151 103.985 1 .000 4.679   

 

 Keeping farm records.  The logistic regression model was statistically 

significant, χ2(1, N = 8858)  = 133.93, p < .01). The model explained <3% (Nagelkerke 

R2) of the variance in keeping farm records and frequency of use of agrochemical. The 

model correctly classified 88.1% of cases. Keeping farm records was used as the 

reference group to investigate the effect of land keeping farm records on the frequency of 

use of agrochemical. Compared to farmers who kept farm records, the odds ratio for ever 

use of agrochemical was lower than 1 for farmers who did not maintain farm records (OR 

.322, 95%CI: .269 – .385) indicating farmers who did not maintain farm records were 

less likely to have ever used agrochemicals and potentially experience the health 
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problems stated in RQ1. The overall difference in the odds ratio for ever use of 

agrochemical between farmers who maintained farm records and farmers who did not 

maintain records was statistically significant (p = .008). We, therefore, reject the null 

hypothesis that there was no relationship between maintaining farm records and ever used 

agrochemical. Table 30 shows the variables in the equation for logistic regression 

analysis with keeping farm records and frequency of use of agrochemical. 

Table 30 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Keeping Farm 

Records  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 Do not keep 

farm records 

-1.133 .091 154.452 1 .000 .322 .269 .385 

Constant 2.131 .036 3503.993 1 .000 8.425   

 

 Farmers unpaid hours of work on farm. The logistic regression model was 

statistically significant, χ2(1, N = 7293)  = 66.177, p < .01). The model explained about 

2% (Nagelkerke R2) of the variance in receipt of unpaid hours of work on the farm and 

frequency of use of agrochemical. The model correctly classified 87.0% of cases. 

Working ≤ than 35 hours (part time) on the farm was used as the reference group to 

investigate the effect of the categories of unpaid hours worked on the farm and the 

frequency of use of agrochemical. Compared to farmers who worked ≤ than 35 hours, the 

odds ratio for ever use of agrochemical was higher than 1 for farmers who worked ≥36 

unpaid hours on the farm (OR .2.378, 95%CI: .269 – .385). The results indicated farmers 
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who worked ≥36 unpaid hours on the farm were more than two times likely to have ever 

used agrochemical. The farmers who worked ≥35 unpaid hours were also more likely to 

experience the health problems stated in RQ1. The overall difference in the odds ratio for 

ever use of agrochemical between farmers who worked ≥35 unpaid hours and farmers 

who worked ≥36 unpaid hours on farms was statistically significant (p<.01). We, 

therefore, reject the null hypothesis that there was no relationship between number of 

unpaid hours of work on the farm and ever used agrochemical. Table 31 shows the 

variables in the equation for logistic regression analysis with farmers unpaid hours of 

work and frequency of use of agrochemicals. 

Table 31 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Farmers 

Unpaid Hours of Work 

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for EXP(B) 

Lower Upper 

 ≥36 unpaid 

hours 

.866 .100 74.546 1 .000 2.378 1.954 2.895 

Constant 1.133 .093 148.522 1 .000 3.105 
  

 

 Size of household.  The logistic regression model was not statistically significant, χ2(2, 

N = 8858), 3.17, p = .168). The model explained about <.1% (Nagelkerke R2) of the 

variance in size of household and frequency of use of agrochemical. The model correctly 

classified 88.1% of cases. The category with the smallest number of household members, 

1-4, was used as the reference group to investigate the effect of household size on the 

frequency of use of agrochemical. Compared to farmers who had 1-4 members in the 

household, the odds ratio for ever use of agrochemical was lower than 1 for farmers who 
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had 5 or more number of members in the household. The results indicated farmers with 

smaller households, with 1-4 members, were more likely to have ever used agrochemical 

and potentially experience the health outcomes stated in RQ 1. The overall difference in 

the odds ratio for ever use of agrochemical between farmers who had 1-4 members in the 

household and farmers who had 5 or more number of members in the household was not 

statistically significant (p = .153). We, therefore, fail to reject the null hypothesis that 

there was no relationship between size of household and ever used agrochemical. Table 

32 shows the variables in the equation for logistic regression analysis with size of 

farmers’ household and frequency of use of agrochemical. 

Table 32 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Size of 

Farmers Household 

 

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 0-4 

household 

members 

  
3.750 2 .153 

   

5-9 

household 

members 

-.095 .076 1.572 1 .210 .909 .783 1.055 

≥10 

household 

members 

-.388 .247 2.462 1 .117 .678 .418 1.102 

Constant 2.027 .038 2803.016 1 .000 7.592 
  

 

  Number of unpaid nonhousehold members working on the farm in the last 

week - The logistic regression model was not statistically significant, χ2(3, N = 8858)  = 
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18.67, p<.01). The model explained <1% (Nagelkerke R2) of the variance in the number 

of unpaid nonhousehold members working on the farm in the last week and frequency of 

use of agrochemicals. The model correctly classified 88.1% of cases. The category with 

the smallest number of unpaid nonhousehold members working on the farm, zero 

members, was used as the reference in investigating the relationship number of unpaid 

nonhousehold members working on the farm and the frequency of use of agrochemicals. 

Compared to farmers who did not have unpaid nonhousehold members working on the 

farm in the last week, the odds ratio for ever used agrochemical was higher than 1 and 

statistically significant for all other categories with at least 1 unpaid nonhousehold 

member working on the farm. Farmers who had 1-2 unpaid nonhousehold members 

working on the farm were at least 10 times (OR 10.165, 95%CI: 2.275 – 45.487, p<.01) 

more likely to have ever used agrochemical. Further, farmers who had 3-4 unpaid 

nonhousehold members (OR .6.930, 95%CI: .1.524 – 31.517, p = .012) and 5 and more 

workers (OR 6.545, 95%CI: 1.281 – 33.451, p = .024) were about 7 times more likely to 

have ever used agrochemical. This finding indicated that farmers who had at least one 

nonhousehold member working on the farm in the last week had a greater potentially to 

experience the health problems stated in RQ 1. The overall difference in the odds ratio for 

ever use of agrochemical between farmers who had 1-2 and 3 or more unpaid 

nonhousehold members working on the farm in the last week was not statistically 

significant (p<.01). We, therefore, reject the null hypothesis that there was no relationship 

between number of unpaid nonhousehold members and ever used agrochemical. Table 33 

shows the variables in the equation for logistic regression analysis with number of unpaid 
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nonhousehold members working on the farm in the last week and frequency of use of 

agrochemicals. 

Table 33 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Number of 

Unpaid Nonhousehold Members Working on the Farm in the Last Week 

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 None   20.207 3 .000    

1-2  2.319 .765 9.200 1 .002 10.165 2.272 45.487 

3-4 1.936 .773 6.275 1 .012 6.930 1.524 31.517 

≥5 1.879 .832 5.095 1 .024 6.545 1.281 33.451 

Constant -.288 .764 .142 1 .706 .750   

 

 Number of parcels of land operated - The logistic regression model was not 

statistically significant, χ2(1, N = 8858), 140.662, p<.01). The model explained 3.0% 

(Nagelkerke R2) of the variance in ever use of agrochemical by parcels of land operated. 

The model correctly classified 88.1% of cases. The category with the smallest number of 

parcels of land operated, 1-2 parcels, was used as the reference group to investigate the 

effect of the categories of parcels of land operated on ever use of agrochemical. 

Compared to farmers who operated 1-2 parcels of land, the odds ratio for ever use of 

agrochemical was higher than 1 (OR 2.854, 95%CI: 2.424 – 3.359) for farmers who 

operated 3 or more parcels of land. The results indicated farmers who operated larger 

number of parcels of land were more likely to have ever used agrochemical and 

potentially experience the diseases stated in RQ1. The overall difference in the odds ratio 

for ever use of agrochemical between farmers who had 1-2 parcels of land operating and 
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farmers who had 3 or more parcels of land operating was statistically significant (p<.01). 

We, therefore, reject the null hypothesis that there was no relationship between parcels of 

land operating and ever use of agrochemical. Table 34 shows the variables in the 

equation for logistic regression analysis with number of parcels of land operated and 

frequency of use of agrochemicals.  

Table 34 

Logistic Regression Analysis with Frequency of Use of Agrochemical and Number of 

Parcels of Land Operated  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I.for 

EXP(B) 

Lower Upper 

 ≥ 3 parcels of 

land operated 

1.049 .083 159.305 1 .000 2.854 2.425 3.359 

Constant 1.108 .074 221.628 1 .000 3.029   

 

 Number of paid workers on the farm in the last week  - The logistic regression 

model was not statistically significant, χ2(4, N = 8858), 119.11, p<.01). The model 

explained <2.6% (Nagelkerke R2) of the variance in the number of paid workers on the 

farm in the last week and frequency of use of agrochemical. The model correctly 

classified 88.1% of cases. The category with the smallest number of paid workers on the 

farm, zero workers, was used as the reference in investigating the relationship between 

number of paid workers on the farm in the last week and the frequency of use of 

agrochemical. Compared to farmers who did not have paid workers on the farm in the last 

week, the odds ratio for ever use of agrochemical was higher than 1 for all other 

categories with at least 1 paid worker on the farm. Farmers who had 1-3 paid workers 
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were at least 7 times (OR 7.807, 95%CI: 2.822 – 21.584, p<.01) more likely to have ever 

used agrochemical. Further, farmers who had 4-6 paid workers were more than 7 times 

(OR .3.998, 95%CI: .1.437 – 11.121, p<.01) more likely to have ever used agrochemical. 

Farmers who had 7-10 (OR .2.656, 95%CI: .922 – 7.647, p = .070) and 11 or more (OR 

2.087, 95%CI: CI: .626 -6.952, p = 231) paid workers and were also more than twice 

likely to ever used agrochemical. The findings indicated that farmers who had at least one 

paid worker on the farm in the last week before the interview were more likely to also 

experience the health problems stated in RQ 1. The overall difference in the odds ratio for 

ever use of agrochemical between farmers who did not have paid workers on the farm 

and farmers who had at least 1 paid worker on the farm in the last week was statistically 

significant (p<.01). We, therefore, reject the null hypothesis that there was no relationship 

between number of paid workers on the farm in the last week before the interview and 

ever used agrochemical. Table 35 shows the variables in the equation for logistic 

regression analysis with number of paid workers on the farm in the last week before the 

interview and frequency of use of agrochemical. 
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Table 35 

 Logistic Regression Analysis with Frequency of Use of Agrochemical and Number of 

Paid Workers on the Farm in the Last Week Before Interview  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I.for 

EXP(B) 

Lower Upper 

 0 paid workers   130.257 4 .000    

1-2 paid workers 2.055 .519 15.669 1 .000 7.804 2.822 21.584 

3-4 paid workers 1.386 .522 7.050 1 .008 3.998 1.437 11.121 

5-6 paid workers .977 .540 3.276 1 .070 2.656 .922 7.647 

≥7 paid workers .736 .614 1.435 1 .231 2.087 .626 6.952 

Constant .134 .518 .067 1 .796 1.143   

 

Additional Statistical Test Emerging from the Analysis of the Hypothesis for RQ1  

 The results of the logistic regression analyses for RQ1 show that there were 

statistically significant relationship between each independent variable, except for the 

size of the farmers’ households, and the frequency of use of agrochemicals. 

Subsequently, a model was developed to investigate whether there was a better fit of the 

independent variables with the dependent variable and to predict which independent 

variables had an effect on the dependent variable when all other characteristics of the 

farmers in Grenada were held constant. Table 36 shows the best fit model with predictors 

of the outcome of the dependent variable.  

 The Omnibus Test of Model Coefficient shows the chi square results that 

indicated whether the model was a significant improvement in the fit of the independent 

variables with the dependent variables as compared to the null model shown in the 

Pearson correlation coefficient. The results of the test indicated that the model was 

statistically significant for predicting the relationships between the independent and 



119 

 

 

dependent variable for RQ, 1 χ2 (10, N = 7230) = 557.308, p < .01). Table 36 shows the 

results of the Omnibus Tests of Model Coefficients for the model for RQ1. 

Table 36 

Omnibus Tests of Model Coefficients for the Model for RQ1 

 

 
Chi-square df Sig. 

 Step 557.308 10 .000 

Block 557.308 10 .000 

Model 557.308 10 .000 

  

 The Cox & Snell R Square and Nagelkerke R Square values indicate the 

proportion of the dependent variable explained by the effect of the independent variables 

or predictors. The Nagelkerke R2 is a revision of the Cox & Snell R2 and is suitable to 

report the proportion of the effect of the independent variables on the dependent variable 

(Laerd Statistics, 2018). The findings show that the model explained about 13.7% of the 

effect on the dependent variable by the independent variables for RQ 1. 

 The Hosmer and Lemeshow Test is a chi square test that indicates whether there 

is goodness of fit of the variables in the model. Goodness of fit indicates how well the 

observed outcomes match the expected outcomes (Frankfort-Nachmias & Leon-Guerrero, 

2015). A significance level of p>0.05 indicated goodness of fit of the model to predict the 

outcome of the dependent variable (Frankfort-Nachmias & Leon-Guerrero, 2015). The 

Hosmer and Lemeshow Test result for RQ1, χ2 (8, N = 7230) = 11.955, p = .153, 

indicated that the goodness of fit condition was met for the model.  
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 The classification table provided information on the sensitivity and specificity, 

percentage accuracy in classification (PAC), and the positive predictive and negative 

predictive value of the binomial regression analysis results (Laerd Statistics, 2018). Table 

40 show the cut value is .500 which is the lower limit of probability for a case to be 

included in the “yes” category for actual classification in the “yes” category. The 

sensitivity of the model is the ability to correctly identify the “true positive” cases in the 

“yes” category (Laerd Statistics, 2018). The positive predictive value is the percentage of 

cases that were correctly predicted as having the characteristic of interest compared to the 

total number of cases that were predicted as having the characteristic (Laerd Statistics, 

2018). Table 37 shows 50 cases were correctly categorized in the “yes” category and 897 

cases were “false positives.” The positive predictive value of the model is shown as 

5.3%.  

  The specificity of the model is the ability to correctly identify the “true negative” 

cases in the “no” category (Laerd Statistics, 2018). The negative predictive value is the 

percentage of cases that were correctly predicted as not having the characteristic 

compared to the total number of cases that were predicted in the category (Laerd 

Statistics, 2018). Table 37 shows 6237 cases were correctly categorized in the “no” 

category and 46 cases were “false positives.” The positive predictive value of the model 

is shown as 99.3%. The result indicated that the test is more adept to correctly identify 

the “true negative” cases. The percentage accuracy in classification (PAC) shows the 

overall percentage of cases that can be correctly classified as true negative when the 
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independent variables are added in the model. Table 37 shows the percentage accuracy in 

classification (PAC) as 87.0%.  

Table 37 

Classification Table for RQ 1 

       

Observed 

Predicted 

 Frequency of use of agrochemical 

Percentage 

Correct 

 Ever use 

agrochemical 

Never used 

agrochemical 

 Frequency of 

use of 

agrochemical 

Ever used agrochemical 50 897 5.3 

Never used agrochemical 46 6237 99.3 

 Overall Percentage   87.0 

The cut value is .500 

 

 Table 38 shows the independent variables that had statistically significant 

relationship with the dependent variable and were predictors of the outcome of the 

dependent variable.  
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Table 38 

Variables in the Equation in the Model 

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 Gender .372 .095 15.451 1 .000 1.451 1.205 1.746 

Farmers weekly 

unpaid hours of 

work  

on farm 

-.330 .110 9.022 1 .003 .719 .580 .892 

Level of 

education 

completed  

-.088 .034 6.505 1 .011 .916 .856 .980 

Market presence -.559 .040 197.123 1 .000 .572 .529 .618 

Income from 

agriculture  

.108 .028 14.968 1 .000 1.114 1.055 1.176 

Membership is a 

farm 

organization 

.383 .078 23.822 1 .000 1.467 1.258 1.711 

Receipt of 

technical 

assistance 

.731 .115 40.601 1 .000 2.078 1.659 2.602 

Receipt of credit .416 .219 3.605 1 .058 1.516 .987 2.328 

Number of paid 

workers on the 

farm in last week 

-.312 .060 27.297 1 .000 .732 .651 .823 

Number of 

parcels of land 

operated  

by farmer 

-.437 .099 19.704 1 .000 .646 .532 .783 

Constant .380 .540 .497 1 .481 1.463   
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Results for RQ 2 

 RQ2: What is the relationship between socioeconomic characteristics of farmers 

in the 2012 agricultural census in Grenada and cumulative risk exposure at levels that can 

potentially cause ESRD and Parkinson’s disease? 

 Null Hypothesis: There was no relationship between the socioeconomic 

characteristics of farmers in the 2012 agricultural census in Grenada and cumulative risk 

exposure at levels that can potentially cause ESRD and Parkinson’s disease.  

 Tables 39 and 40 show the calculation for cumulative intensity risk exposure 

score in the reporting period. The lapse period was also calculated to show the number of 

years of exposure that was likely to be associated with farmers experiencing ESRD and 

Parkinson’s disease at the reported frequency of ≥12 times per year. 
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Table 39 

Calculation of Average Work-Day Risk Exposure  

Survey 

question  

Task Risk for 

Exposure Value 

Exposure Situation 

#07, #08 Mix 9 Assumption that farmers mixed agrochemical 

more than 50% of the time. A few farmers had 

paid workers.  

 

#23 Apply + 8 Farmer most commonly used knapsack 

sprayers to apply agrochemicals in Grenada. 

This data were extracted from the dataset.  

 

 Repair +2 An assumption was made that the farmer 

generally repaired/loaded the knapsack sprayer 

in the field.  

 PPE X .80 Each of 5 PPE item contributed 20% reduction 

in exposure. Rubber boots were the main PPE 

used by farmers in Grenada. Therefore, the 

level of exposure is about 80%.  

 Intensity risk score 15.2  
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Table 40 

Calculation of Cumulative Intensity-weighted risk exposure Risk Exposure Score 

 
Survey 

question 

Task Risk for 

Exposure 

Value 

Exposure Situation 

 Average Work-

day Exposure Risk 

Score 

15.2 Based on calculations above. 

#22 Frequency/days 

per year of use of 

pesticides 

X 12 The highest frequency reported for use of 

herbicides is ≥12 days per year. 

 

 Duration of years  X 1 One year was used in the calculation, given the 

recall period of 12 months in the census.  

 Cumulative 

intensity weighted 

exposure risk 

score 

182.4  

 

 The cumulative intensity-weighted risk exposure-days score is calculated by: 

years of use × days per year × intensity level (Lebov et al., 2016). The cumulative 

intensity risk exposure score is equal to 182.4 in the period of one year. Therefore, at the 

reported frequency of use of herbicide ≥12 times per year, farmers were likely to have 

achieved the risk score of ≥ 2088 over 11 years. Additionally, at the reported frequency 

of use of herbicide ≥12 times per year, farmers were likely to have used herbicide 25 

times over a period of two years.  

 Gender.  The logistic regression model was not statistically significant, χ2(1, N = 620)  = 

.629, p = .428). The model explained <1% (Nagelkerke R2) of the variance in gender and 

the frequency of use of herbicide≥12 times per year. The model correctly classified 
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95.5% of cases. Male was used as the reference category. The odds of females’ use of 

herbicide≥12 times per year was higher than 1 (OR 1.593, 95% CI: .471-5.382, p<.454). 

The results indicated that females were more likely to have used herbicide >12 times per 

year and achieve a score of ≥2088 which would have also increased the likelihood of 

females experiencing ESRD and Parkinson’s disease over the respective lapse period 

compared to males. The overall difference in the odds of having used herbicide ≥12 time 

per year between males and females was not statistically significant. Therefore, we fail to 

reject the null hypothesis that there was no relationship between gender and use of 

herbicide ≥12 times per year. Table 41 shows the variables in the equation for logistic 

regression analysis with gender and use of herbicide≥12 times per year. 

Table 41 

Logistic Regression Analysis with Frequency of Use of Herbicide ≥12 Times Per Year 

and Gender  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I.for 

EXP(B) 

Lower Upper 

 Gender (F) .466 .621 .562 1 .454 1.593 .471 5.382 

Constant -3.455 .586 34.720 1 .000 .032   

 

  

Age. The logistic regression model was not statistically significant, χ2(6, N = 608)  

=  2.22, p < .898). The model explained about 1.2% (Nagelkerke R2) of the variance in 

age and use of herbicide ≥12 times per year. The model correctly classified 95.4% of 

cases. The youngest age category, 15-24 years, was used as the reference group to 

compare the relationship between age-groups and use of herbicide ≥12 times per year.  
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 Compared to the youngest age group, the odds ratio for use of herbicide ≥12 times 

per year was higher than 1, but not statistically significant for farmers aged 25-34 years 

(OR 3.556, 95% CI: .202- 62.632, p = .386), 45-54 years (OR 1.455, 95% CI: .164- 

112.904, p = .737), 55-64 years (OR 1.778, 95% CI: .222- 14.243, p = .888), 65-74 years 

(OR 1.684, 95% CI: .196- 14.502, p = .635), and above 75 years (OR 1.524, 95% CI: 

1.52- 15.242, p = .720). The results indicated that, generally, older farmers were more 

likely to have used herbicide ≥12 times per year and potentially experience ESRD and 

Parkinson’s disease over the respective lapse period. The overall difference in the odds of 

use of herbicide ≥12 times per year between farmers aged 15-24 years and older age 

groups was not statistically significant (p>.05). We, therefore, reject the null hypothesis 

that there was no relationship between age and ever use of agrochemicals. Table 42 

shows the variables in the equation for logistic regression analysis with age and use of 

herbicide ≥12 times per year. 

Table 42 

Logistic Regression Analysis with Frequency of Use of Herbicide ≥12 Times Per Year 

and Age  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 15-24   1.937 6 .925    

25-34  1.269 1.464 .751 1 .386 3.556 .202 62.632 

35 -44 -.523 1.432 .134 1 .715 .593 .036 9.804 

45-54 .375 1.114 .113 1 .737 1.455 .164 12.904 

55-64 .575 1.062 .294 1 .588 1.778 .222 14.243 

65-75 .521 1.098 .225 1 .635 1.684 .196 14.502 

≥75 .421 1.175 .129 1 .720 1.524 .152 15.242 

Constant -3.466 1.016 11.647 1 .001 .031   
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 Education. The logistic regression model was statistically significant, χ2(1 = 620)  

=  2.141, p = .143). The model explained about 1.00% (Nagelkerke R2) of the variance in 

use of herbicide ≥12 times per year by education. The model correctly classified 95.5% 

of cases. The lowest level at which education was completed—secondary school and 

lower—was used as the reference group. Compared to the farmers who completed their 

education higher levels that primary and secondary, the odds of use of herbicide ≥12 

times per year was higher than 1 (OR 1.827, 95 CI : .792 – 4.216, p = .157) for farmers 

who completed education at higher than secondary level. The results indicated that 

farmers who completed education at levels higher than secondary school were more 

likely to have used herbicide ≥12 times per year and potentially experience ESRD and 

Parkinson’s disease. Overall, the differences in the odds of use of herbicide ≥12 times per 

year between farmers who completed education at the primary and secondary level and 

farmers who completed their education at a level higher than secondary school was not 

statistically significant (p = .157). We, therefore, fail to reject the null hypothesis that 

there was no relationship between education and use of herbicide ≥12 times per year. 

Table 43 shows the variables in the equation for logistic regression analysis with level of 

completion of education and use of herbicide ≥12 times per year. 

Table 43 

Logistic Regression Analysis with Use of Herbicide ≥12 Times Per Year and Level of 

Completion of Education 

 

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 
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 Above primary and 

secondary school 

.603 .427 1.998 1 .157 1.827 .792 4.216 

Constant - .359 91.841 1 .000 .032   

 

 Markets.  The logistic regression model was not statistically significant, χ2(1, N 

620)  =  .047, p < .828). The model explained about <1.0% (Nagelkerke R2) of the 

variance in market presence and use of herbicide ≥12 times per year. The model correctly 

classified 95.5% of cases. No market presence was used as the reference group in further 

examination of the effect of market presence on use of herbicide ≥12 times per year. 

Compared to farmers who did not sell to market, the odds ratio was lower than 1 (OR 

.915, 95%CI: .406 – 2.058) for use of herbicide ≥12 times per year by farmers who sold 

to markets. The results indicated that farmers who sold produce to markets were less 

likely to have used herbicide at a level that can potentially cause farmers to experience 

ESRD and Parkinson’s disease over the respective lapse period. The difference in the 

odds ratio for use of herbicide ≥12 times per year between farmers without market 

presence and farmers with market presence was not statistically significant (p<.829). We, 

therefore, reject the null hypothesis that there was no relationship between market 

presence and use of herbicide ≥12 times per year. Table 44 shows the variables in the 

equation for logistic regression analysis with market presence and use of herbicide ≥12 

times per year. 

Table 44 

 Logistic Regression Analysis with Use of Herbicide ≥12 Times Per Year and Market 

Presence  

 B S.E. Wald df Sig. Exp(B) 95% C.I. for EXP(B) 
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Lower Upper 

 Sell to markets -.089 .414 .047 1 .829 .915 .406 2.058 

Constant -3.022 .235 165.424 1 .000 .049   

 

 Income from agriculture production.  The logistic regression model was 

statistically significant, χ2(4, N = 640)  =  9.490, p < .050). The model explained about 

4.9% (Nagelkerke R2) of the variance in income from agriculture production and use of 

herbicide ≥12 times per year. The model correctly classified 95.5.0% of cases. The 

highest category of earning from agriculture, all income, was used as the reference group 

in the investigation of the relationship between income from agriculture production and 

use of herbicide ≥12 times per year. Compared to the farmers who earned all income 

from agriculture, the odds of use of herbicide ≥12 times per year was at least 4 times 

more likely for farmers who did not earn income from agriculture production (OR 

11.200, 95 CI: 1.373 – 91.330, p = .024), half of their income (OR 4.148, 95CI: .478 – 

36.027, p = .197), earned about ¼ of income (OR 7.049, 95 CI: .880 – 56.464, p = 066), 

and earned less than ¼ of income (OR 4.590, 95 CI: .528 – 39.894, p = .167).  

  The difference in odds ratio was statistically significant between farmers who 

earned all income from farming and farmers who did not earn income from farming (p = 

.024). Compared to the reference group, the odds of use of herbicide ≥12 times per year 

was higher than11 for farmers who did not earn income from farming, indicating that the 

latter group was more likely to use herbicide at a level that can potentially cause farmers 

to experience ESRD and Parkinson’s disease over the respective lapse periods. Further, 

the odds of using herbicide at a level that can potentially increase risk for ESRD and 



131 

 

 

Parkinson’s disease was higher than 1 for farmers that earned less than all income from 

agriculture activities compared to farmers that earned all income from agriculture 

production. The overall difference in the odds ratio for use of herbicide ≥12 times per 

year between farmers who earned all income and farmers who earned a percentage of 

income of income from agriculture was not statistically significant (p = .126). We, 

therefore, fail to reject the null hypothesis that there was no relationship between income 

from agriculture and use of herbicide ≥12 times per year. Table 45 shows the variables in 

the equation for logistic regression analysis with income from agriculture production and 

use of herbicide ≥12 times per year. 

Table 45 

Logistic Regression Analysis with Use of Herbicide ≥12 Times Per Year and Income from 

Agriculture Production  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I.for 

EXP(B) 

Lower Upper 

 All income   7.194 4 .126    

No income 2.416 1.071 5.091 1 .024 11.200 1.373 91.330 

Half of 

income 

1.423 1.103 1.664 1 .197 4.148 .478 36.027 

¼ of income 1.953 1.062 3.384 1 .066 7.049 .880 56.464 

<1/4 of 

income 

1.524 1.103 1.908 1 .167 4.590 .528 39.894 

Constant -4.718 1.004 22.067 1 .000 .009   

 

 Membership in a farm organization. The logistic regression model was 

statistically significant, χ2(1, N = 620)  =  4.711, p  =  .30). The model explained 2.5% 

(Nagelkerke R2) of the variance in membership in a farm organization and use of 
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herbicide ≥12 times per year. The model correctly classified 95.5% of cases. Belonging 

to a farmers organization was used as the reference category to investigate the 

relationship between membership in a farm organization and use of herbicide ≥12 times 

per year. Compared to farmers who had membership in a farm organization, the odds 

ratio for use of herbicide ≥12 times per year was at least twice time higher for farmers 

who did not belong to a farm organization (OR 2.481, 95%CI: 1.039- 5.926). The results 

indicated farmers who did not belong to a farm organization were more likely to have 

used herbicide ≥12 times per year and experienced ESRD and Parkinson’s disease over 

the respective lapse period. The difference in the odds ratio for use of herbicide ≥12 times 

per year between farmers who had and did not have membership in a farm organization 

was statistically significant (p = .041). We, therefore, reject the null hypothesis that there 

was no relationship between membership in a farm organization and use of herbicide ≥12 

times per year. Table 46 shows the variables in the equation for logistic regression 

analysis with membership in farm organization and use of herbicide ≥12 times per year. 

Table 46 

Logistic Regression Analysis with Use of Herbicide ≥12 Times Per Year and Membership 

in Farm Organization  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for EXP(B) 

Lower Upper 

 Does not 

belong to farm 

organization 

.909 .444 4.187 1 .041 2.481 1.039 5.926 

Constant -3.645 .383 90.639 1 .000 .026   
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Receipt of technical assistance.  The logistic regression model was statistically 

significant, χ2(1, N = 620)  =  1.507, p = .220). The model was weak and explained 

<1.0% (Nagelkerke R2) of the variance in receipt of technical assistance by farmers and 

use of herbicide ≥12 times per year. The model correctly classified 95.5% of cases. 

Receiving technical assistance was used as the reference category in the analysis to 

investigate the relationship between farmers’ receipt of technical assistance and use of 

herbicide ≥12 times per year. Compared to farmers who received technical assistance, the 

odds ratio of used herbicide ≥12 times per year was higher than 1 for farmers who did not 

receive technical assistance (OR 1.733, 95%CI: .744- 4.037), indicating farmers who did 

not receive technical assistance were more likely to have ever used herbicide ≥12 times 

per year and to potentially experience ESRD and Parkinson’s disease over the respective 

lapse periods. The difference in the odds ratio for use of herbicide ≥12 times per year 

between farmers who received technical support and the farmers who did not receive 

technical support was not statistically significant (p = .202). We, therefore, fail to reject 

the null hypothesis that there was no relationship between receipt of technical assistance 

and use of herbicide ≥12 times per year. Table 47 shows the variables in the equation for 

logistic regression analysis with receipt of technical assistance and use of herbicide ≥12 

times per year. 

Table 47 

Logistic Regression Analysis with Use of Herbicide ≥12 Times Per Year and Receipt of 

Technical Assistance  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for EXP(B) 

Lower Upper 
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 Did not receive 

technical 

assistance 

.550 .431 1.626 1 .202 1.733 .744 4.037 

Constant -3.180 .228 194.191 1 .000 .042   

 

Access to credit.  The logistic regression model was statistically significant, χ2(1, 

N = 620)  =  5.086, p  =  .024). The model only explained 2.7% (Nagelkerke R2) of the 

variance in access to credit and use of herbicide ≥12 times per year. The model correctly 

classified 95.5% of cases. Having access to credit was used as the reference category in 

the analysis to investigate the relationship between access to credit and use of herbicide 

≥12 times per year. Compared to farmers who had access to credit, the odds of use of 

herbicide ≥12 times was at least 3 times for farmers who did not have access to credit 

(OR 3.804, 95%CI: 1.357-.10.663), indicating farmers who did not have access to credit 

were more likely to have used herbicide ≥12 times per year and potentially experience 

Parkinson’s disease and ESRD over the respective lapse period. The overall difference in 

the odds ratio for use of herbicide ≥12 times per year between farmers who access credit 

and farmers who did not access credit was statistically significant (p< = .011). We, 

therefore, reject the null hypothesis that there was no relationship between access to 

credit and use of herbicide ≥12 times per year. Table 48 shows the variables in the 

equation for logistic regression analysis with receipt of credit and herbicide ≥12 times per 

year. 
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Table 48 

Logistic Regression Analysis with Use of Herbicide ≥12 Times Per Year and Receipt of 

Credit  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 Did not receive 

technical 

assistance 

1.336 .526 6.456 1 .011 3.804 1.357 10.663 

Constant -3.192 .213 225.161 1 .000 .041   

 

  Legal status of land ownership.  The logistic regression model was statistically 

significant, χ2(2, N = 620)  =  6.098, p < .047). The model explained 3.2% (Nagelkerke 

R2) of the variance in receipt of legal status of ownership of land and use of herbicide ≥12 

times per year. The model correctly classified 95.5.% of cases. Individual ownership of 

land was used as the reference group in further examination of the effect of the categories 

of land ownership status and use of herbicide ≥12 times per year. Compared to farmers 

who had individual ownership of land, the odds ratio for use of herbicide ≥12 times per 

year was lower than 1 for farmers who had joint ownership with household (OR .248, 

95%CI: .087 – .704, p = .009) and nonhousehold members (OR .163, 95%CI: .030-.891, 

p = .03). The results indicated that farmers who had joint ownership of land were less 

likely to have used herbicide ≥12 times per year and potentially experienced Parkinson’ 

disease and ESRD over the lapse period. The overall difference in the odds ratio for use 

of herbicide ≥12 times per year between farmers who individual ownership of land and 

farmers who had joint ownership was statistically significant (p = .022). We, therefore, 

reject the null hypothesis that there was no relationship between land ownership status 
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and use of herbicide ≥12 times per year. Table 49 shows the variables in the equation for 

logistic regression analysis with legal status of land ownership and herbicide ≥12 times 

per year. 

Table 49 

Logistic Regression Analysis with Use of Herbicide ≥12 Times Per Year and Legal Status 

of Land Ownership 

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 Individual 

ownership 
  

7.643 2 .022 
   

Joint ownership with 

household members 

-1.396 .533 6.860 1 .009 .248 .087 .704 

Joint ownership with 

nonhousehold 

members 

-1.812 .865 4.385 1 .036 .163 .030 .891 

Constant -1.758 .484 13.178 1 .000 .172   

 

Keeping farm records.  The logistic regression model was statistically 

significant, χ2(1  = N =  620) = 3.836, p  = .050). The model explained <2.0% 

(Nagelkerke R2) of the variance in keeping farm records and use of herbicide ≥12 times 

per year. The model correctly classified 95.5% of cases. Keeping farm records was used 

as the reference group to investigate the effect of land keeping farm records on the use of 

herbicide ≥12 times per year. Compared to farmers who keep farm records, the odds ratio 

for use of herbicide ≥12 times per year was about two times for farmers who did not 

maintain farm records (OR 2.304, 95%CI: 1.036 – 5.125) indicating farmers who did not 

maintain farm records were more likely to have used herbicide ≥12 times per year and 

potentially experienced ESRD and Parkinson’s disease. The overall difference in the odds 

ratio for use of herbicide ≥12 times per year between farmers who maintained farm 



137 

 

 

records and farmers who did not maintain records was statistically significant (p = .041). 

We, therefore, reject the null hypothesis that there was no relationship between 

maintaining farm records and use of herbicide ≥12 times per year. Table 50 shows the 

variables in the equation for logistic regression analysis with keeping farm records and 

use of herbicide ≥12 times per year. 

Table 50 

Logistic Regression Analysis with Use of Herbicide ≥12 Times Per Year and Keeping 

Farm Records 

 
 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 Does not 

keep farm 

records 

.835 .408 4.189 1 .041 2.304 1.036 5.125 

Constant -3.277 .240 186.285 1 .000 .038   

 

 Farmers unpaid hours of work on the farm in the last week - The logistic 

regression model was statistically significant, χ2(1, N = 620)  = 3.755, p = .053). The 

model explained about 2.1% (Nagelkerke R2) of the variance in receipt of unpaid hours of 

work on the farm in the last week and use of herbicide ≥12 times per year. The model 

correctly classified 95.5% of cases. Working ≤ than 35 hours (indicating part time) on the 

farm was used as the reference group to investigate the effect of the categories of unpaid 

hours worked on the farm in the last week and use of herbicide ≥12 times per year. 

Compared to farmers who worked ≤ than 35 hours, the odds ratio for use of herbicide 

≥12 times per year was lower than 1 for farmers who worked ≥35 unpaid hours on the 
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farm (OR .419, 95%CI: .181 – .969), indicating farmers who worked ≥35 unpaid hours 

on the farm were also less likely to have experienced ESRD and Parkinson’s disease over 

the respective lapse period. The overall difference in the odds ratio for use of herbicide 

≥12 times per year between farmers who worked ≥35 unpaid hours and farmers who 

worked ≥35 unpaid hours on farms was statistically significant (p = .042). We, therefore, 

reject the null hypothesis that there was no relationship between number of unpaid hours 

of work on the farm and use of herbicide ≥12 times per year. Table 51 shows the 

variables in the equation for logistic regression analysis with farmers unpaid hours of 

work and use of herbicide ≥12 times per year. 

Table 51 

Logistic Regression Analysis with Use of Herbicide ≥12 Times Per Year and Farmers 

Unpaid Hours of Work in the Last Week 

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for EXP(B) 

Lower Upper 

 ≥36 unpaid 

hours 

-.869 .428 4.134 1 .042 .419 .181 .969 

Constant -2.357 .349 45.659 1 .000 .095   

 

  Size of farmer household - The logistic regression model was not statistically 

significant, χ2(1, N = 620), 1.173, p = .279). The model was weak and explained <.1% 

(Nagelkerke R2) of the variance in size of household and use of herbicide ≥12 times per 

year. The model correctly classified 95.5% of cases. The category with the smallest 

number of household members, 0-4, was used as the reference group to investigate the 

effect of the categories of household size on the use of herbicide ≥12 times per year. 

Compared to farmers who had 1-4 members in the household, the odds ratio for use of 
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herbicide ≥12 times per year was lower than 1 (OR .638, 95%CI: .288 – 1.413) for 

farmers who had 5 or more members in the household. The results indicated farmers with 

smaller households, 1-4 members, were more likely to have used herbicide ≥12 times per 

year and potentially experienced ESRD and Parkinson’s disease. The overall difference 

in the odds ratio for use of herbicide ≥12 times per year between farmers who had 1-4 

members in the household and farmers who had 5 or more members in the household was 

not statistically significant (p = .268).  We, therefore, fail to reject the null hypothesis that 

there was no relationship between size of household and use of herbicide ≥12 times per 

year. Table 52 shows the variables in the equation for logistic regression analysis with 

size of farmers’ household and frequency of use of herbicide ≥12 times per year. 

Table 52 

Logistic Regression Analysis with Use of Herbicide ≥12 Times Per Year and Size of 

Household 

 

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 ≥5 

household 

members 

-.449 .405 1.226 1 .268 .638 .288 1.413 

Constant  -2.741 .326 70.569 1 .000 .065   

 

Number of parcels of land operated - The logistic regression model was not 

statistically significant, χ2(1, N = 620), 5.296, p = .021).  The model explained 2.8% 

(Nagelkerke R2) of the variance in herbicide ≥12 times per year by parcels of land 

operating. The model correctly classified 95.5% of cases. The category with the smallest 
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number of parcels of land operated, 1-2, was used as the reference group to investigate 

the effect of the categories of parcels of land operating on the use of herbicide ≥12 times 

per year. Compared to farmers who operated 1-2 parcels of land, the odds ratio for use of 

herbicide ≥12 times per year was lower than 1 (OR .399, 95%CI: .185 – .857) for farmers 

who operated 3 or more parcels of land, indicating that farmers who operated smaller 

number of parcels of land operating were more likely to have used herbicide ≥12 times 

per year and potentially experience ESRD and Parkinson’s disease. The overall 

difference in the odds ratio for use of herbicide ≥12 times per year between farmers who 

operated 1-2 parcels of land and farmers who operated 3 or more parcels of land was 

statistically significant (p = .018). We, therefore, reject the null hypothesis that there was 

no relationship between parcels of land operated and use of herbicide ≥12 times per year. 

Table 53 shows the variables in the equation for logistic regression analysis with number 

of parcels of land operated and frequency of use of herbicide ≥12 times per year. 

Table 53 

Logistic Regression Analysis with Use of Herbicide ≥12 Times Per Year and Number of 

Parcels of Land Operated  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

 ≥ 3 parcels of 

land operated 

-.920 .390 5.550 1 .018 .399 .185 .857 

Constant -2.459 .289 72.410 1 .000 .086   

 

Number of paid workers on the farm in the last week - The logistic regression 

model was not statistically significant, χ2(1, N = 620), 4.424, p<.01). The model 
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explained <2.5% (Nagelkerke R2) of the variance in the number of paid workers on the 

farm in the last week and use of herbicide ≥12 times per year. The model correctly 

classified 95.5% of cases. The category with the smallest number of paid workers on the 

farm, zero workers, was used as the reference in investigating the relationship between 

number of paid workers on the farm and use of herbicide ≥12 times per year. Compared 

to farmers who did not have paid workers on the farm in the last week, the odds ratio for 

use of herbicide ≥12 times per year was lower than 1. The results indicated farmers with 

paid workers on the farm were less likely to have used herbicide ≥12 times per year and 

experience ESRD and Parkinson’s disease over the respective lapse period. The overall 

difference in the odds ratio for use of herbicide ≥12 times per year between farmers who 

did not had paid workers on the farm and farmers who had at least 1 paid worker on the 

farm was statistically significant (p<.029). We, therefore, reject the null hypothesis that 

there was no relationship between number of paid workers on the farm in the last 2 weeks 

before the interview and use of herbicide ≥12 times per year. Table 54 shows the 

variables in the equation for logistic regression analysis with number of paid workers on 

the farm in the past week before the interview and frequency of use of herbicide ≥12 

times per year included.  

Table 54 

Logistic Regression Analysis with Use of Herbicide ≥12 Times Per Year and Number of 

Paid Workers on the Farm 2 Weeks Before Interview  

 

B S.E. Wald df Sig. Exp(B) 

95% C.I. for EXP(B) 

Lower Upper 

 ≥1 paid worker -.879 .402 4.768 1 .029 .415 .189 .914 

Constant -2.246 .317 50.204 1 .000 .106   
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Additional Statistical Test Emerging from the Analysis of the Hypothesis for RQ2  

 Binomial regression analysis was conducted with the inclusion of the independent 

variables that were found to have a statistically significant relationship with the 

dependent variable in RQ2 – membership in a farm organization, receipt of credit from 

an institution, land ownership status, keeping farm records, farmers unpaid weekly hours 

of work on the farm, number of parcels of land operated by the farmer, and number of 

paid workers on the farm in the last week before the interview. The model was 

statistically significant, χ2(8, N = 464), 18.829, p = .016). The model explained <11.3% 

(Nagelkerke R2) of the variance in the use of herbicide ≥12 times per year by the 

independent variables. This result indicated that the model was weak in predicting the 

relationship between the group of independent variables and the dependent variable. 

Further, one independent variable, receipt of credit from a financial institution, was found 

to be statistically significant in the model. As such, the model was not suitable to predict 

the variance in the dependent variable by the group of independent variables.  

Summary of Results for RQ 1 

 Logistic regression analyses were performed to ascertain the relationship between 

each independent variable and the dependent variable, frequency of use of agrochemical. 

The results of the analyses showed there were statistically significant relationships 

between 16 independent variables and the dependent variable. The independent variables 

that had statistically significant relationship with the dependent variable were age, 

gender, parish of location of the farm, highest level of education completed, market 

presence, income from agriculture production, experienced production issues, 
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membership in farm organization,  receipt of technical assistance, receipt of credit, land 

ownership status, maintaining farm records, number of paid workers, number of 

nonhousehold members working on the farm, number of parcels of land operated by the 

farmer, and number of unpaid hours of work on the farm.  The size of the farmers’ 

household was the only independent variable that was not found to have a statistically 

significant relationship with the frequency of use of agrochemicals.  

 The results also show that the odds ratio was >1 and statistically significant for  

ever use of agrochemicals by farmers who were aged 25-35 years compared to youth 

farmers, aged 15-24 years; owned farms located in Carriacou compared to farmers who 

owned farms located in St. George’s; completed education at all levels above primary 

school compared to farmers who completed education at primary school; had market 

presence compared to farmers who did not have market presence; earned half of income 

from agriculture compared to farmers who earned all income from agriculture; had joint 

ownership of land compared to farmers who had individual ownership of land; worked 

full time unpaid hours on the farm compared to farmers who worked part time unpaid 

hours on the farm; had ≥1 unpaid nonhousehold members working on the farm in the 

week before the interview compared to farmers who did not have unpaid nonhousehold 

members working on the farm; operated ≥3 parcels of land compared to farmers who 

operated <3parcels of land; and had  ≥1 paid workers on the farm in the last week before 

the interview compared to farmers who did not have paid workers on the farm in the last 

week.   Consequently, there was a higher likelihood for the groups with higher odds ratio 

to experience allergic wheeze from exposure to carbaryl, both allergic and non-allergic 
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wheeze from exposure to glyhosate, sleep apnea from exposure to carbaryl, rheumatoid 

arthritis from the use and exposure to carbaryl, and decreased DNA methylation from 

exposure to paraquat and carbaryl related to ever use of the agrochemicals.  

 A fit was found in a model of the independent variables to be statistically 

significant predictors of the outcome of the dependent variable. The model included 

gender, farmers unpaid weekly hours of work on the farm, highest level of completion of 

education, market presence, income from agriculture, membership in a farm organization, 

receipt of technical assistance, receipt of credit from a financial institution, and the 

number of paid workers on the farm in the week before the interview. These factors, 

therefore, indicated the group of independent variables that were significant in predicting 

the outcome of use of agrochemicals in Grenada.  

Summary of Results for RQ 2 

 Logistic regression analyses were performed to ascertain the relationship between 

each independent variables and the dependent variable, frequency of use of herbicide ≥12 

times per year. The results of the analyses showed there were statistically significant 

relationships between eight independent variables and the dependent variable. The 

independent variables that had statistically significant relationship with the dependent 

variable, use of herbicide ≥12 times per year, were: age, membership in farm 

organization, receipt of credit, land ownership status, maintaining farm records, farmers 

unpaid hours of work on the farm, parcels of land operated, and number of paid workers 

on the farm in the last week before the interview. 
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 The results also show odds ratio was >1 but not statistically significant for use of 

herbicides  ≥12 times per year by farmers who were females compared to males;  25-35 

years and ≥45 years compared to youth farmers, aged 15-24 years; completed education 

above primary school compared to farmers who completed at primary school; earned no 

income or a part of income from agriculture compared to farmers who earned all income 

from agriculture; and compared to farmers who earned all income from agriculture.  

Further, the results show odds ratio was >1 and statistically significant for use of 

herbicides  ≥12 times per year by farmers who had membership in a farm organization 

compared to farmers who did not have membership in a farm organization; did not 

received credit in the past 12months compared to farmers who received credit; and didold 

not maintain farm records compared to farmers who maintained farm records.  

Consequently, there was a higher likelihood for the groups with higher odds ratio to 

experience ESRD over an 11 year lapse period and Parkinson’s disease over a three year 

lapse period from exposure to paraquat ≥12 times per year. A good fit was not found in a 

model of the independent variables to be significant predictors of the outcome of the 

dependent variable.  

  Sction 4 included a discussion on the application of this study to professional 

practice and implications for social change. The results of the descriptive and statistical 

analyses were interpreted and the signficance of the findings was discussed to explain the 

meaning of the findings within the context of the settings in Grenada. The discussion also 

included information on the difference in the study in Grenada and other studies 

published in the literature review. Lastly, recommendations were made for further 
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research and to address gaps in public health and to bring about social change towards 

improving health outcomes in Grenada.  
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Section 4: Application to Professional Practice and Implications for Social Change 

Introduction 

The purpose of this quantitative cross-sectional study was to investigate the 

relationships between the social and economic characteristics of farmers who participated 

in the 2012 agricultural census in Grenada and the use of agrochemicals at levels that 

pose risks for specific health problems. Exposure to the chemicals have been found to be 

associated with Parkinson’s disease (Tanner et al., 2011), ESRD (Lebov et al., 2016), 

sleep apnea (Baumert et al., 2018), rheumatoid arthritis (Meyer et al., 2017), decrease in 

LINE-I DNA methylation (Alexander et al., 2017), and allergic and non-allergic 

wheezing (Hoppin et al., 2017).  This research was an investigation of the potential of 

farmers in Grenada to experience these health problems based on the frequency of use of 

glyposate, paraquat, and carbaryl.    

This study was an investigation of the relationships between (a) age, (b) gender, 

(c) highest level at which education was completed, (d) size of household, and (e) 

membership in a farm organization. The economic factors that were identified for 

inclusion in this study were: (f) parish of location of the farm, (g) markets, (h) receipt of 

credit, (i) number of paid workers, (j) status of land ownership, (k) maintenance of farm 

records, (l) number of nonhousehold members working on the farm, (m) number of 

parcels of land operated by the farmer, (n) daily number of hours farmer worked on the 

farm, (o) receipt of technical assistance, (p) production issues, and (q) income from 

agriculture production and (r) the frequency of use of agrochemicals (dependent 

variables).  
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 Statistically significant relationships were found between 16 independent 

variables— age, gender, parish of location of the farm, highest level of education 

completed, market presence, income from agriculture production, experienced production 

issues, membership in farm organization,  receipt of technical assistance, receipt of credit, 

land ownership status, maintaining farm records, number of paid workers, number of 

nonhousehold members working on the farm, number of parcels of land operated by the 

farmer, and number of unpaid hours of work on the farm—and the frequency of use of 

agrochemicals.  Further, eight independent variables were found to be associated with the 

frequency of use of herbicide ≥ 12 times per year: namely, age, membership in farm 

organization, receipt of credit, land ownership status, maintaining farm records, farmers 

unpaid hours of work on the farm, parcels of land operated, and number of paid workers 

on the farm in the last week before the interview. 

Interpretation of the Findings  

Consistency of the Findings with the Literature 

 In this research in Grenada, about 12% of farmers reported that they used 

agrochemicals.  This finding may be suggestive of a relatively small number of farmers 

using the chemicals.  The proportion of farmers may be an underrepresentation of the 

population using agrochemicals, especially glyphosate, as the chemical is known to be 

very potent.  Consequently, farmers may not have used the chemical in the recent period 

before the interview or during the census year, however, the famers would also have been 

considered as having ever used the agrochemical.  As such, there may be underreporting 

in the 2012 agriculture census of the number of farmers in Grenada that ever used 
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agrochemicals.  The possibility of underreporting should be considered in comparing the 

prevalence of use of agrochemicals in Grenada and in other countries.    

 In the study in Grenada, a wider range of variables were included in the 

investigation of the relationship between socioeconomic characteristics and the frequency 

of use of agrochemicals.  The publications of the findings in the AHS and other studies 

primarily included information on a few socioeconomic variables, namely age, gender, 

education level, and number of years in agriculture activities.  A wider range of variables 

were included in the study in Grenada, thus contributing to the body of knowledge about 

other factors that have the potential to influence the use of agrochemicals at levels that 

may be hazardous for public health.  

 It was interesting to have found that females were more likely to use herbicides 

≥12 times per year than men, although the difference in odds ratio was not statistically 

significant. Based on the findings in the study in Grenada, females who used paraquat 

with the highest reported frequency, that is use of the herbicide ≥12 times per year over 

11 years, were at highest risk for experiencing low (insufficient) DNA methylation.  

Alexander et al. (2017) reported significant negative inverse relationship was found 

between use of carbaryl and paraquat and lower Line 1 DNA methylation among 

pesticide applicators in the AHS. Without specifying the number of days, Alexander et al. 

(2017) also noted that farmers with the highest lifetime days of exposure to 

agrochemicals in the AHS experienced the strongest negative association with DNA 

methylation. 



150 

 

 

  van der Plaat et al. (2018), however, reported that low level of exposure to 

agrochemicals influenced DNA changes at two sites in the same direction as for high 

exposure in women and that methylation of the NKAIN3 gene was significantly higher in 

women compared to men.  Based on the findings reported by van der Plaat et al. (2018) 

and Alexander et al. (2017), there may be an indication that females were more likely to 

experience some DNA effects from exposure to agrochemicals than males.  Albeit, 

different to the findings by  Alexander et al. (2017), the findings in the study published 

by van der Plaat et al. (2018) were indicative that women in Grenada who used paraquat 

for ≥12 times per year, over 11 years, were more likely to experience hypermethylation.  

Tanner (2011) also reported the odds of experiencing Parkinson’s disease was 2.5 times 

higher among male applicators that used paraquat for >25 days as compared to 

applicators who did not use the herbicide and that the results did not, generally, differ for 

males and females.  The results reported by Tanner (2011) may have also highlighted a 

risk for women in Grenada to experience health problems associated with the use of 

paraquat >25 days over a lapse period of about two years.  

 Meyer et al. (2017) found rheumatoid arthritis was associated with odds ratio 

higher than 1 for male applicators in the AHS who ever used carbaryl.  In the study in 

Grenada, males were more likely to have ever used agrochemicals, including carbaryl and 

may, therefore, also be at higher risk for experiencing rheumatoid arthritis from exposure 

to carbaryl. Baumert et al. (2018) also found male applicators in the AHS was 1.11 times 

more likely to experience sleep apnea as a result of ever use of carbaryl as compared to 

two other carbamates, although the difference in the outcome between the group which 
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used and did not used carbaryl was not statistically significant. The findings of the studies 

by Meyer et al. (2017) and Baumert et al. (2018) may indicate the possibility of higher 

incidences of sleep apnea and rheumatoid arthritis among male farmers in Grenada who 

ever used carbaryl.  

  In the study in Grenada, odds ratio lower than 1 was found for ever use of 

agrochemicals and use of herbicide ≥ 12 times per year by older farmers in Grenada as 

compared to younger farmers in the youth age group (15-24). Koureas et al. (2017) 

reported age was a strong interfering variable influencing the relationship between 

exposure to agrochemicals, including paraquat, and health problems. Hoppin et al. (2017) 

found an association between ever use of glyphosate in the AHS and allergic and non-

allergic wheeze and between ever use of carbaryl and allergic wheeze with younger 

farmers, under 50 years, more likely to wheeze. Goldman et al., (2012) also reported that, 

although the difference between the groups was not significant, males who were exposed 

to paraquat were diagnosed with Parkinson’s disease at average younger age, 58.7 years, 

compared to men who were not exposed to the chemical (62.2 years). Furlong et al. 

(2015) also reported that the use of paraquat by male applicators, 40-60 years, and low 

use of protective equipment was associated with higher odds of Parkinson’s disease 

compared to male applicators who never used the chemicals. The findings in the study in 

Grenada were, therefore, generally consistent with the trends in the literature indicating 

that younger farmers were more likely to be exposed to agrochemicals and were also 

more likley to experience  sleep apnea, Parkinson’s disease, and allergic and non-allergic 
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wheezing compared to younger farmers aged 15-34 years.  None of the studies reported 

on the likelihood of the health outcomes in youth versus adult farmers.       

 One study was found in the literature on an investigation of education and the use 

of agrochemicals and health outcomes. O’Donnell et al. (2011) reported on cases of low 

glomerular filtration rate (eGFR) <60 mL/min/1.73 m2, an indicator of renal problems, 

were less likely to have attended school (76% vs. 88%; P ¼ 0.009), and were also less 

literate than controls (73% vs. 90%; p < 0.001) in the study in Nicaragua. Pesticide 

exposure was positively associated with being a case of low glomerular filtration rate 

(eGFR) <60 mL/min/1.73 m2 (OR 1.85, 95% CI ¼ 0.84–4.07). Although O’Donnell et 

al. (2011) did not indicate the specific chemical to which the participants were exposed, 

the results provided useful insights into a potential factor – education—that may 

predispose farmers to renal disease as a consequence of exposure to agrochemicals. The 

findings in the research in Grenada, however, were contradictory to the findings by 

O’Donnell et al. (2011). In the study in Grenada, the odds of using agrochemicals and, 

therefore, potential for health problems realted to the use of agrochemicals was higher 

among farmers who completed education above primary school level, including at 

university level. Additionally, a higher odds ratio was found for use of herbicide ≥12 

times per year for farmers who completed education above primary and secondary 

school. Further studies may be necessary to identify other factors that may also interact 

with education and influence the frequency of use of agrochemicals in different settings.  

 Ganpat et al. (2014) assessed compliance with good agriculture practices (GAP), 

including use of agrochemicals, by farmers in Trinidad and Tobago, the republic state 
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which is located immediately south of Grenada. The type of agrochemicals used in the 

country was not specified. Ganpat et al. (2014), however, reported males were more 

likely to be compliant with GAP than females. This finding in the study in Grenada may 

reflect a contrary pattern to practices in Trinidad.  In the study in Grenada, it was found 

that males were, generally, more likely to have used agrochemicals.  The use of 

agrochemicals may be more prevalent in situations where GAP is least practiced.  As 

such, the results in Grenada may be indicative of females being more compliant with 

GAP than males.  With regard to education and use of agrochemicals, the findings in the 

study in Grenada were not consistent with findings by Ganpat et al. (2014) that show 

farmers with primary, secondary, and tertiary education were more likely to be consistent 

with GAP. In the study in Grenada, farmers who completed education at institutions 

higher than primary school were more likely to use agrochemicals which may be an 

indication of inconsistency with GAP. Ganpat et al. (2014) also found that farmers who 

were visited by extension officers 1-4 times per month practiced GAP more consistently 

than farmers who were visited by officers 5 or more times per month. This is an 

interesting finding as it is expected that farmers who received more technical support 

would also be more inclined or knowledgeable about GAP and use less agrochemicals.  

Similarly, the results from the study in Grenada show that farmers who received less 

technical support also had a lower tendency to have ever used agrochemical. The findings 

in Grenada and Trinidad may indicate that receipt of technical support is in direct 

correlation with production issues, possibly as a result of inconsistency with GAP, hence 

the higher odds of having ever used agrochemicals. From another perspective, glyphosate 
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and paraquat may be used to control weeds on larger farms (rather than use of manual 

labor). The size of the farm, level of production, and type of crop may also indicate the 

demand for technical support. Further studies can be conducted to understand how these 

variables may impact the use of agrochemicals.  

 Ganpat et al. (2014) also found that farmers in Trinidad and Tobago who exported 

produce were more likely to practice GAP and possibly used less agrochemicals. The 

results from the study in Grenada show that presence in markets was associated with 

higher odds of using agrochemicals which may indicate less consistency with GAP. On 

the other hand, farmers who had access to markets were also less likely to use herbicide ≥ 

12 times per year. Several factors may account for the difference including type of 

market and market quality standards. These factors should be investigated in future 

studies.  

 The results show farmers who had joint ownership with members in the same 

household were more likely to ever use agrochemicals indicating higher risk for 

experiencing health problems in RQ1 than farmers who had individual ownership status. 

This result is important as it shows family members may be exposed to hazardous 

chemicals, apart from the farmer. Further research is needed to understand risk from 

agricultural practice for household and community members in Grenada. Studies 

conducted in other countries show household members were at risk for health problems 

from assisting on farms and poor hygienic practices by farmers (Alavanja, Ross, & 

Bonner, 2013; Henry & Feola, 2013; Issa, Sham’a, Nijem, Bjertness, & Kristensen, 

2010).  



155 

 

 

 The literature review did not include information on the influence of membership 

in an organization, size of household, keeping farm records, location of farms, income 

from agriculture, receipt of credit, land ownership status, keeping farm records, size of 

household, number of parcels of land, and workers on farmers, respectively, and 

frequency of use of agrochemicals. As such, including those factors in this study and 

indicating their significance in the use of agrochemicals and health outcomes was 

informative and provided information for consideration to improve risk assessment 

studies.   

Interpretation of the Findings in the Context of the Theoretical Framework 

  Within the context of the SCT, five constructs—knowledge, outcome 

expectations, observational learning, social support, and reinforcement and punishment – 

were most commonly used to explain the differences in the frequency of use of 

agrochemicals by farmers with individual socioeconomic characteristics. While 

contemporary norms, knowledge of technologies, and outcome expectation from 

knowledge of technologies may have been strong influences in younger farmers’ 

decisions to use agrochemicals, older farmers may have favored traditional practices, 

favoring organic foods and reducing the use of chemicals to protect the health of 

consumers. In the settings of low-income countries, lower level of knowledge about new 

and emerging technologies including, agrochemicals, many also limit older farmers’ use 

of agrochemicals.  

 Observational learning may be the key construct that could be referenced to 

explain higher odds of males ever using agrochemicals compared to females. 
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Traditionally, agriculture was the mainstay in Grenada and several other Caribbean 

countries (World Bank, International Center for Tropical Agriculture & Tropical 

Agricultural Research and Higher Education Center, 2014). Although there was a shift to 

tourism in several islands, agriculture was promoted as a livelihood for young people and 

regional governments have invested resources to attract residents to return to or remain in 

employment in the sector. The sector was male-dominated and this pattern of gender 

divide continued into contemporary times. The tradition was also reflected in the results 

of this study with 71.5% male participants.  Paraquat and other agrochemicals were 

commonly used in the agriculture sector for over a decade; however, the use of PPE was 

not used regularly. As such, observational learning was a plausible explanation for the 

higher odds of men ever using agrochemicals. Further, observational learning, may also 

explain why males may be less likely to use PPE and potentially experience health 

problems, such as sleep apnea, rheumatoid arthritis, and allergic and non- allergic 

wheezing.  

 Protection of agriculture investments by the use of agrochemicals may have been 

a reinforcement resulting in the higher odds of farmers with market presence having ever 

used agro-chemicals.  Controlled markets generally require produce that are safe for 

consumers and may discourage the frequent use of agrochemicals.  However, 

agrochemicals use is increasing to protect agriculture investment (Lewis et al., 2016). As 

such, the construct of expected outcome was plausible to explain why farmers with 

market presence may have used agrochemicals more frequently than farmers without 

market presence.  Further, the harsh, dry conditions in Carriacou may have also 
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contributed t encourage farmers to use agrochemicals to increase production and protect 

crops, especially for markets.    

 The proximity of the farm/farmers’ residence to agrochemical suppliers may have 

also played a role in influencing farmers to use agrochemicals. In Grenada, the two major 

agriculture shops were located in St. George’s (town) and, therefore, there may be more 

ready access to agrochemicals by farmers who resided or worked in the urban parish. The 

odds of having ever used agrochemicals was >1 for farmers with farms located in the 

rural parishes (except Carriacou) compared to farmers with farms located in St. George 

(urban parish).  Consequently, there may also be a higher risk of experiencing health 

problems by farmers who reside and own farms in the St. George. Over the years, the 

pattern of use of agrochemicals in the urban area may have also been transferred through 

social learning and support from older farmers in the area.  While farmers who resided 

and worked in the urban parish may have had ready access to the chemicals, information 

about the risk from use of the products may not have been readily disseminated to the 

farmers.  

 The findings show that presence of a production issue was significantly associated 

with the use of agrochemicals in generals as well as the use of herbicide ≥12 times per 

year. An interesting difference, however, was noted in the direction of the relationship. 

Farmers who had production issue were also less likely to use agro chemicals. The 

expected outcome of use of the chemicals and observational learning may explain the 

findings. As such, the results may indicate that agrochemical use was not primarily to 

address the production problems identified in this study.   
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 Social learning may be the most relevant tenet of the SCT theory to explain the 

findings related to belonging to an organization and using agrochemicals. Association in 

farm organizations may have been a key channel through which information was 

disseminated and through which farmers learned and were influenced to use 

agrochemicals. Application of the tenets of the HBM may have helped to provide a better 

understanding about intuition versus mental processing as influence on the use of 

agrochemicals.  

 Farmers who worked ≥35 hours per week on the farm may be considered as 

fulltime workers with lower odds of having ever used agrochemicals. The longer hours of 

work may have enabled farmers to provide better care for crops and reduce the demand 

for agrochemicals. At the same time, compared to the results of number of parcels of land 

operated by farmers, those who operated larger number of farms may not have dedicated 

as much time to each parcel of land and as such, may tend to use agrochemicals to 

increase and maintain productivity. The drive to increase or maintain production, despite 

shorter work hours and tending to a larger number of farms may have influenced the use 

of agrochemicals by the farmers. Large scale farmers, may work shorter hours in each 

plot but be more reliant on the use of agrochemicals in production.  

 The HBM was a commonly used theoretical framework for research on the 

subject and different tenets of the model have been referenced to develop research 

instruments and explain research findings. For example, Khan, Husnain, Mahmood, and 

Akram (2013) argued that perceived benefits and perceived barriers were the most critical 

factors that defined perception of risk and have influence on behavior change. And Jin, 
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Wang, He, and Gong (2016) examined how the level of knowledge by farmers in China 

influenced pesticide safety decisions in agricultural practice. Bay and Heshmati (2016) 

also assessed the level of influence on pesticide safety behavior by factors that were 

aligned with each tenet of the HBM.  

  In future research, tenets of the HBM may be very useful for a comprehensive 

assessment of risk for health problems from use of and exposure to agrochemicals among 

agriculture workers and other stakeholders. In the absence of information about 

perception, the SCT was the more suitable model to explain the behaviors of farmers in 

this initial study in Grenada. Albeit, a further understanding of perception of 

susceptibility is fundamental knowledge but can also contextualize and explain findings 

of baseline studies to provide deeper insights about the relationship between 

agrochemical use and potential health outcomes. Several programs have been developed 

and implemented to address farmers’ perception of susceptibility as the first level of 

intervention towards changing behaviors which may be instructive to address health and 

safety challenges in the agriculture sector.  

Limitations of the Study 

 Given that secondary data were used in the analyses in this study, there were 

several limitations to the study in Grenada. First, a limitation of this study was the lack of 

data on the specific agrochemicals used by farmers in the country. As such, an 

assumption was made that farmers used at least one of the most commonly used 

agrochemicals in the country at the time of the study. This limitation may negatively 

affect the effectiveness of efforts to address public health challenges related to the use of 
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specific agrochemicals. The findings of this research provided an initial indication of the 

potential public health problems that may exist or arise as a consequence of exposure to 

agrochemicals and may be used as baseline to inform further studies to provide more data 

that are specific for answering the research questions.  

 Another limitation of the study was gaps in the collection of data on the use of 

PPE. This data were essential for calculating the cumulative intensity risk exposure score. 

In the literature, there was indication of sparse use of PPE in Grenada, except for rubber 

boots (Semple, 2005). There was no mention of the use of chemical resistant gloves, 

respirators, overalls, and other PPE for protection against exposure to agrochemicals. 

 This study was conducted to determine which socioeconomic characteristic may 

be associated with the use of agrochemicals at levels that pose risk for health. The study 

drew on the findings of the AHS. In most of the publications, the number of social and 

economic factors that were investigated was limited to one or two factors. This also 

limited comparison of the findings in the study in Grenada with the AHS and other 

studies in the literature review.  

 Most of the AHS studies were conducted with White male applicators while the 

census in Grenada was conducted with Black male and female farmers. The differences 

in how agrochemicals may affect racial and gender groups were not considered in this 

study. This study did not focus on the pathways for the development or transmission of 

the health problems. The study was limited to investigating the association between the 

health problem and socioeconomic factors. An assumption was made that men and 

women were affected in similar ways from exposure to a specific agrochemical. Other 
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studies, however, may provide critical information to enhance understanding about the 

adverse outcome pathways for the diseases.  

Recommendations for Future Research 

 This research was the first to be conducted in Grenada to investigate the 

relationship between individual characteristics of farmers and the frequency of use of 

agrochemicals at levels that may pose risk for health. In this research, secondary data 

were used from the 2012 agriculture census. In conducting the census, a limited amount 

of information was collected on the use of agrochemicals and factors that may affect the 

use of the chemicals. As such, in conducting assessments to determine what health risk 

may exists for farmers related to the use of agrochemicals, a more comprehensive survey 

is required. This study may be used as a baseline to compare the results of future studies. 

However, given the public health significance of the issue in this study, future agriculture 

censuses should include questions on a wider set of factors for comprehensive and in 

depth assessment of the potential health risk for farmers in Grenada. While censuses 

capture information from a larger population, other studies may be conducted with 

selected groups of farmers to collect in-depth information which may also service to 

inform the scope of larger studies.  

 Future studies may also target a broader cross-section of the public, in particular, 

members of farmers’ households and farm workers, to determine the level of exposure of 

the groups and factors that influence exposure to agrochemicals. Such inclusive studies 

may be used to provide a more comprehensive understanding about the interplay between 
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the factors at each level in the ecology and to inform the most critical cross cutting 

strategies to address identified public health challenges.  

 There may be some ambiguity with regard to the farm location as the unit of 

analysis. The parish of residence of the farmer may be more critical to assess social and 

economic characteristics of farmers. In small island settings, such as in Grenada, farmers 

can readily operate farms in other parishes in which the social and economic conditions 

are not synonymous to the parish in which the farmer reside. At the same time, the 

location of the farm is less likely to be impacted by everyday social and economic 

conditions in the parish. As such, further studies in Grenada and in other countries should 

also deliberately investigate differences in the frequency of use of agrochemical based on 

farmers place or parish of residence.  

 Although farmers reported on the highest level of completion of education in the 

2012 agriculture census, there were gaps in the data, limiting the assessment of 

knowledge and consistency with good agricultural practices, agriculture hygiene, 

chemicals use in production, stewardship in use, application, handling, and disposal of 

chemicals, and use of PPE. These are critical information to facilitate comprehensive 

public health risk assessment which is also necessary to inform policy development to 

protect public health. Importantly, risk assessment underscores an evidenced-based 

approach in the targeting and delivery of public health interventions. A recommendation 

is for the modification of the census data collection instrument to optimize the 

opportunity to collect the broadest range of information that can contribute to 
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significantly improving the risk assessment mechanisms, surveillance, and the 

information machinery for evidence-based decision making.  

 Presence of agriculture issue and the relationship with use of agrochemicals was 

not investigated in the AHS. However, this research in Grenada shows that there is a 

potential for presence of agriculture issue to be associated with frequency of use of 

agrochemical and, potentially, cause health problems. This factor should, therefore, be 

considered for investigation in future studies relating to socioeconomic characteristics 

and the use of agrochemicals. Pest and disease should have been an important 

determinant of the outcome in Grenada, however, the results indicated the contrary. It can 

be considered that use of agrochemicals may not necessarily be on the basis of production 

issues, but the chemicals may be used arbitrarily. At the same time, the list of issues that 

farmers were required to choose from may not have included the major factors that 

influenced the use of the chemicals. As such, further research is needed, possibly using a 

focus group design to collect information on a wider range of factors that may inference 

the outcome.  

 In Jamaica, it was found that having attended training in the past 5 years was 

associated with the use of PPE by farmers in coffee production (Henry & Feola, 2013) 

however, in another study, only 25% of 359 farmers reported receiving training (Ncube, 

Fogo, Bessler, Jolly, & Jolly, 2011). Glyphosate, paraquat, and carbamate were found to 

be among the most commonly used agro-chemicals in the Dominican Republic (Hutter et 

al., 2018). The Dominican Republic is located in the northern part of the Caribbean. 

Between 4-5% of farmers reported use of PPE during application of agro-chemicals. 
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Further, the results of the study also show odds ratio higher than 1 (OR 3.1, 95% 

confidence interval: 1.3 – 7.4) for frequency of presence of all biomarkers of toxic oral or 

respiratory exposures among exposed farmers. Agricultural practice were not investigated 

in the agriculture census, however, the findings from the study in Trinidad, Jamaica and 

the Dominican Republic highlights the usefulness of collecting and analyzing information 

on consistency with GAP and use of PPE in occupational risk assessment. Detailed risk 

assessment studies provide the overall benefit of guiding decision makers in streamlining 

interventions and policies to improve effectiveness. 

Implications for Professional Practice and Social Change 

  The study produced results about the relationship between social-economic 

characteristics of farmers in Grenada and the frequency of use of agro-chemicals at levels 

that can potentially cause farmers to experience sleep apnea, rheumatoid arthritis, 

decrease in LINE-I DNA methylation, and allergic and non-allergic wheeze, ESRD, and 

Parkinson’s disease. The results show social-economic characteristics have different 

influence on the farmers’ use of agro-chemicals in general and the frequency of use of 

herbicides specifically. Identification of these characteristics of farmers can provide a 

basis for monitoring the use of the chemicals among specific sub-population groups. The 

information that is provided about the factors that may influence the use of agro-

chemicals and the possible health outcomes can serve to direct strategies by the Ministry 

of Health and the Ministry of Agriculture to address gaps in knowledge, practice, and 

systems to improve and maintain the health and well-being of citizens in Grenada.  
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 This study was the first to provide specific information on the relationship 

between the use of agrochemicals and health in the agriculture sector. Consequently, 

there is an opportunity for the Ministry of Health, Ministry of Agriculture and other 

stakeholders to collaborate to address apparent gaps in knowledge and practice that 

increase health risk. More importantly, the results from this study can be used to improve 

targeting and the effectiveness of interventions. The farmers that were identified to be at 

higher risk based on previous higher use of the chemicals should be given priority in 

interventions to eliminate, minimize and control the onset of health problems. 

Furthermore, the institutions may refer to the finding of this study to determine whether 

there is a need to address the type of agrochemicals that are used in Grenada, whether 

there is a need to address agricultural practices related to personal protection, and 

whether there is a need to modify the surveillance system to monitor occupational-related 

diseases. Further research is, however, needed to provide more in-depth knowledge about 

the frequency of use of the specific agrochemicals. This study was premised on the 

general frequency of use observed in sale of the product at agricultural stores.  

 The results showed farmers who had joint ownership with members in the same 

household were more likely to ever use agrochemicals indicating higher risk for 

experiencing health problems in RQ1 than farmers who has individual ownership status. 

Further research is needed to understand the scope of the risk from agricultural practice 

regarding use of chemicals. Meanwhile this result indicated the need for intervention to 

extend to the family and not be restricted to monitoring and addressing farmers.  
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  The results indicated that market presence was associated with higher use of 

herbicides but not other agrochemicals. Generally, high agrochemical use is regarded as a 

risk for both farmers and consumers and many markets tend to monitor and discourage 

high level of use of agrochemicals. Markets can be encouraged to incorporate monitoring 

systems for vendors. Inadvertently the risk for farmers can also be reduced they are also 

likely not to invest in PPE. The Ministry of Agriculture, may therefore need to develop a 

comprehensive program to also promote safe use among all residents who may produce 

crops for use but not necessarily sell to markets through which monitoring and 

information may be provided.  

 Membership in a farm organization may be an important factor associated with 

the frequency of use of agrochemicals. Farmers in an association were more likely to use 

agrochemical in general and herbicide overall with odds above 1. The indication of the 

importance of this channel was useful to help in targeting interventions to increase risk 

communication and to receive feedback on behaviors among farmers. Targeting farmers 

at the individual level can be challenging and may frustrate the efforts of authorities and 

threaten sustainability. Farm organizations can be equipped as vehicles for change. A 

specific program should be developed for broad based stakeholder collaboration to 

address the public health challenges rather than individual effort of the MOH.  

 Monitoring of agrochemicals use in Carriacou is also recommended given that the 

results show there was a higher odds of farmers on the island using agrochemicals.   

Extension programs should be developed to engage farmers in education programs and 

monitoring the frequency of use of agrochemicals in field practice.  The extension 
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officers in the Ministry of agriculture should Provision of technical support to adopt good 

agricultural practices, including alternative and safer technologies should also be highly 

underscored in the agriculture sector in Grenada.  

 Although this information may be considered as baseline, while systems are being 

developed to address health risk, the MOH can reference the findings of this study to 

conduct retrospective studies on patterns of the diseases. A retrospective health study 

may be necessary to assess the prevalence of symptoms of the diseases specified in this 

study among the farming population, following which systems can be established for 

both active and passive monitoring of symptoms among farmers.  Collection and use of 

data on occupational health and practices is also a prudent action to enhance monitoring 

and implementation of preventive measures in clinical practice. The current health system 

does not require doctors to document occupational history and make linkages to clinical 

issues. New policies should be developed to address this gap.  Proper medical care and 

screening can be extremely useful in preventive care. Additionally the Pesticides and 

Toxic Chemical Control Bill, which is currently under review in Grenada, should be 

modified to influence stricter control of procurement, use, and monitoring of 

agrochemicals in all sectors.   

Conclusion 

 This study was the first of its kind in Grenada to provide information on the 

relationships that existed between the socioeconomic characteristics of farmers in 

Grenada and the frequency of use of agro chemicals at levels that were hazardous to 

human health. In this study, it was found that there was statistically significant 
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relationships between age, gender, parish of location of the farm, highest level of 

education completed, market presence, income from agriculture production, experienced 

production issues, membership in farm organization,  receipt of technical assistance, 

receipt of credit, land ownership status, maintaining farm records, number of paid 

workers, number of nonhousehold members working on the farm, number of parcels of 

land operated by the farmer, and number of unpaid hours of work on the farm, 

respectively and the frequency of use of agrochemicals.   The results of the analyses also 

showed there were statistically significant relationships between age, membership in farm 

organization, receipt of credit, land ownership status, maintaining farm records, farmers 

unpaid hours of work on the farm, parcels of land operated, and number of paid workers 

on the farm in the last week before the interview, respectively and the use of herbicides 

≥12 times per year. These significant relationships were also indicative of a greater 

likelihood for the farmers to experience health problems that were found in the AHS to 

be associated with the use of and exposure to agrochemicals.      

 The conduct of this study may be an advantage for public health in Grenada. The 

results of this study may be used as a reference to make projections about health 

problems that may arise in the local farming community. As such, health planners, policy 

makers, community members, and other stakeholder can take a proactive approach to 

address the aspect of use of agrochemical to reduce the risk for diseases in the farming 

population. The health status of farmers has implications for production, food security, 

and nutrition in Grenada. Despite an aging farming population, the proposal of the WHO 

is pivotal for sustainability of the local agriculture sector.  The WHO urged public health 
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practitioners and health care authorities to identify and address upstream determinants of 

health as one of three critical steps to achieve equity in health and to improve the social 

conditions. As such, based on the results in this study, the following should be considered 

by public health practitioners: 

1. Whether there is a need to address the type of agrochemicals that are used in 

Grenada;  

2. Whether there is a need to address agricultural practices related to personal 

protection;  

3. Whether there is a need to modify the surveillance system to monitor 

occupational-related diseases.  

An affirmative approach is needed to address the higher odds of experiencing 

health problems by farmers in Grenada. The outcome of the Dewayne Johnson case in 

California in August 2018 is a sterling example of the health consequences that workers 

may face stemming either from a lack of information or failing to act on information to 

protect public health. An increase in the incidence of the diseases identified in this study 

can be treacherous for the framers household as well as the local health care system that 

is typical of low income and developing countries.  

 Two measures may be most critical to respond to the findings in this study. First, 

the underpinning principle of public health practice, prevention, should be adopted. 

Prevention of health problems should be the main aim of any policy or intervention 

related to the use of agrochemicals in Grenada. Second, the precautionary principle 

should be promoted in the immediate period to create awareness of the issue and to 
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encourage farmers to be cautions and take responsibility for their health. Personal 

responsibility for prevention can be an effective strategy to reduce exposures to harmful 

agrochemicals in the short term while other long term interventions are developed.  

Highlighting the characteristics of farmers that predispose the population to 

environmental and occupational health risk is a benefit to inform effective targeting and 

delivery of programs to reduce public health problems. An additional benefit of this study 

is the wider range of variables investigated to substantiate evidence of the problem in 

Grenada. Research is costly and few population based studies were conducted in Grenada 

to assess population risk. This study, therefore, may be regarded as valuable to inform 

local and regional strategies to improve public health. The findings of this study may be 

extrapolated to generate similar knowledge in other countries in the Caribbean region to 

address the current gap in knowledge about the use of agrochemicals and the potential 

health risks.  
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Appendix A: Grenada 2012 Agriculture Census Farm Questionnaire  
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Appendix B: Grenada 2012 Agriculture Census Explanatory Notes  
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Appendix C: Grenada 2012 Agriculture Census Field Manual  
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