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Factors Associated with Fecal Coliform Contamination of Catha Edulis (Khat) Twigs Along the Value Chain in Igembe South Sub-County, Meru, Kenya.
ABSTRACT
Fecal contamination of food crops poses significant public health risks, yet little is known about its occurrence in Catha edulis (khat), a widely consumed stimulant in Kenya. This study aimed to determine the factors associated with fecal coliform contamination of khat twigs at different stages of the value chain in Igembe South Sub-County, Meru, Kenya. A cross-sectional descriptive design was applied with 328 respondents, including farmers, handlers, vendors, and consumers, while twig samples (300g) were collected aseptically at multiple stages for microbial analysis using MacConkey agar and EC broth with EC broth at 44.5°C. Data were analyzed using SPSS v23 with descriptive statistics, chi-square tests, t-tests, and ANOVA at a 0.05 significance level. The findings revealed significant associations between fecal coliform contamination and type of sanitation facility (p<0.01), educational status (p<0.05), water source (p<0.01), environmental cleanliness (p<0.05), and water storage practices (p<0.01). Khat handled by individuals with lower education and stored in unsanitary conditions showed higher contamination levels, while areas with inadequate sanitation facilities or open defecation recorded the greatest risks. The findings highlight the importance of improving sanitation infrastructure, ensuring safe water access, and promoting hygiene education to minimize contamination risks and safeguard consumer health. 
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1.0 INTRODUCTION
Fecal contamination of food crops is a pressing public health concern because it introduces pathogenic microorganisms that compromise food safety and consumer health. In Catha edulis (khat) twigs, the presence of fecal coliforms signals poor hygiene and unsanitary handling practices that can expose consumers to harmful enteric pathogens. Even though many studies have attributed fresh produce contamination to poor hygienic facilities, unsafe irrigation water, poor waste management, and poor handling, little has been done on khat, yet it is consumed extensively in East Africa and other regions.
Catha edulis is an important social, economic and medical species. Khat Chewing: Khat chewing is a symbol of hospitality, community building, and tradition in East Africa and the Arabian Peninsula. It is an important cash crop to thousands of farmers, traders and transporters in Ethiopia, Kenya and Yemen, in terms of economy. Historically, khat leaves have served as medicine to stimulate alertness and fight drowsiness and hunger, and its psychoactive compounds, cathinone and cathine, have drawn pharmacological attention (Mossie et al., 2020). However, despite the importance of this drug in social-economic terms, there has been little done to examine the microbial health risks associated with khat use, and most historic studies have focused on parasitic contamination such as Entamoeba histolytica and Giardia lamblia (Malasevskaia et al., 2020; Nthiga, 2022).
Microbial contamination signals that substandard sanitation, untreated water, open defecation, and unsanitary storage increase bacterial hazards in crops such as vegetables and fruits (Romanova and Lovell, 2021; Turner et al., 2020; Jung et al., 2021). However, these findings cannot be directly applied to those khat that are collected, packed and chewed in other ways and may have a different impact on contamination. In addition, other studies have stated that farmer and handlers’ hygiene behaviors are subject to education levels (Regassa and Regassa, 2021; Amare et al., 2023), but little is known of their interaction with the environment and how they influence khat microbial loads.
Moreover, the lack of water in khat-producing areas will also force farmers to use contaminated or uncontaminated sources of irrigation, which poses an additional risk of contamination (Dongzagla et al., 2021; Gizachew et al., 2020). These standards are introduced in relation with detection of fecal coliform and food safety monitoring based on the national and international standards such as the World Health Organization protocol (WHO, 2011) and the International Organization of Standards protocol (ISO 4832:2006). However, comparatively little is said about their application to khat introducing a methodological gap hindering evidence-based interventions.
In general, previous studies have already been able to show how the environment and behavioral factors affect microbial contamination of produce, but there is a lack of studies that specifically discuss the contamination of fecal coliform on khat in Kenya, and its value chain (farm to consumer). This creates a knowledge gap about the crucial control points where contamination takes place and the socio-demographic and environmental factors that cause it.
2.0 MATERIAL AND METHODS 
The study was carried out in Meru County particularly Igembe South Sub County where Khat plant is mostly grown. The study population included 430 khat farmers, 795 handlers, 318 vendors and 281 users from Igembe South Sub-County, Meru County, Kenya. This study adopted a cross-sectional descriptive study design involving one-time sampling of khat (C. edulis) at the pre-harvest stage, during harvesting, delivery, sale point and users. This study used Yamane’s formula, to determine the sample size of 328 respondents. The study employed stratified and simple random sampling techniques to select respondents and khat twig samples from Igembe South Sub-County. The sample size was 328 respondents, calculated using Yamane’s formula, and proportionally distributed among farmers, handlers, vendors, and customers across 25 locations. Each value chain stage was treated as a stratum to ensure proper representation.
For sample collection, 300 grams of khat twigs were aseptically collected per selected site using sterile Whirl-Pak bags. Samples were labeled, recorded on Sample Collection Forms, and stored in cool aerated conditions at 4°C for transportation to the laboratory within six hours. To prevent contamination, bag surfaces were sanitized with 70% alcohol before opening. A structured questionnaire was also administered to collect data on hygiene, water sources, sanitation, and environmental conditions, enabling the linkage of laboratory results with associated contamination factors.
3.0 RESULTS AND DISCUSSION
Out of 328 intended samples of Khat leaves 322 (98.2%) were collected.
[bookmark: _Toc170992677][bookmark: _Toc202858132]3.1 Descriptive results of factors associated with the fecal coliforms contamination of C. edulis twigs at different stages of value chain
The study conducted descriptive statistics for factors associated with the fecal coliform’s contamination of C. edulis twigs at different stages of value chain. The responses to these statements were gathered through a questionnaire, as outlined in the following narratives.
[bookmark: _Toc170992678][bookmark: _Toc202858133]3.1.1  Gender of the Respondents 
Based on the evidence presented in Table 1, it can be stated that the most significant number of participants, 255 (79.2) of them, were male, whereas, 67 (20.8) were women. 
[bookmark: _Toc202858216]Table 1. Gender of Respondents

	Gender
	Frequency 
	Percent 

	Males
	255
	79.2

	Females
	67
	20.8

	Total
	322
	100.0


[bookmark: _Toc170992679][bookmark: _Toc202858134]3.1.2 Age Bracket of the Respondents 
The majority of participants were aged 35–50 years, totaling 140 (43.5%), followed by 97 respondents (30.1%) who were above 50 years old.
[bookmark: _Toc202858217]Table 2. Age Bracket of the Respondents

	Age Bracket (Years)
	Frequency 
	Percentage 

	15 – 35 Years 	
	85
	26.4

	35 - 50 years
	140
	43.5

	50 years and above
	97
	30.1

	Total
	322
	100.0


3.1.3 [bookmark: _Toc170992680][bookmark: _Toc202858135] Sanitation Facility
Table 3 shows that 202 (62.7%) indicated that they had a sanitation facility in their respective locations while 120 (37.3%) indicated that they had no sanitation facility in their respective locations. Access to sanitation facilities is crucial for maintaining public health and well-being. Without proper sanitation, individuals are at a higher risk of contracting diseases, and communities may struggle with issues related to hygiene and environmental pollution.
[bookmark: _Toc202858218]Table 3. Sanitation Facility

	Response
	Frequency 
	Percent

	Yes
	202
	62.7

	No 
	120
	37.3

	Total 
	322
	100.0


[bookmark: _Toc170992681][bookmark: _Toc202858136]
3.1.4  Type of Sanitation Facility in Each Farm
Table 4 presents the distribution of sanitation facilities based on their types, with frequencies and corresponding percentages. The three categories listed are public, private, and open or sharing facilities. The data indicated that open or sharing facilities at 64.6%, followed closely by private facilities constituted the largest portion at 22.4%. Public facilities made up the smallest portion at 13%. 
[bookmark: _Toc202858219]Table 4. Type of Sanitation Facility

	Type of sanitation facility
	Frequency 
	Percentage 

	Public
	42
	13.0

	Private
	72
	22.4

	Open or sharing
	208
	64.6

	Total
	322
	100.0



3.1.5 [bookmark: _Toc170992682][bookmark: _Toc202858137] Education Level of the Respondents
Majority of the farmers had only very basic primary education recording 55.3%. This is detailed on Table 5 where 178 (55.3%) were found to have primary level of education, 124 (38.5%) had secondary level of education 15 (4.7%) had tertiary level of education and 5 (1.6) did not attend any. The fact that 55.3% of respondents surveyed had only primary education suggests that there might be limited access to higher levels of education or perhaps other factors influencing educational attainment within this demographic. The limited education impact farmers' ability to adopt modern farming techniques, understand complex agricultural practices, or engage with new technologies. It also affects their access to information, resources, and markets, which are crucial for improving agricultural productivity and livelihoods.
The findings concur with Siegner, Acey and Sowerwine (2020) that understanding the educational profile of farmers can inform policymaking and resource allocation, guiding efforts to support rural education and empower farming communities. Education, skills and development work towards a more sustainable and inclusive agricultural sector, benefiting both farmers and broader society.
[bookmark: _Toc202858220]Table 5. Education Level of the Farmers

	Education level
	Frequency 
	Percent

	Primary
	178
	55.3

	Secondary 
	124
	38.5

	Tertiary
	15
	4.7

	Did not attend any
	5
	1.6

	Total 
	322
	100.0



[bookmark: _Toc170992683][bookmark: _Toc202858138]3.2 Use of irrigation in the khat plantations
The data presented in table 6 suggests that irrigation practices varied among the farmers interviewed regarding their Khat plantations. 168 out of the 322 respondents interviewed (52.2%) indicated that they practiced irrigation in growing the Khat Plant. However, 154 (47.8%) of the respondent farmers indicated that they did not practice irrigation in their Khat Plantations. This indicates a significant portion of the farmers were actively utilizing irrigation methods to support the growth of Khat. On the other hand, 154 farmers, constituting about 52.2% of the respondents, stated that they did not employ irrigation techniques in their Khat plantations.
[bookmark: _Toc202858221]Table 6. Irrigation in the khat plantations

	
	Frequency 
	Percent

	Yes
	168
	52.2

	No 
	154
	47.8

	Total 
	322
	100.0


[bookmark: _Toc170992684][bookmark: _Toc202858139]
3.3 Type of Water Used for Irrigation 
Most of the farmers used river water, while others irrigated their land using water from wells. Only 16.5% used borehole water, with least recorded among farmers who used treated water sources for irrigating in their land as documented clearly on Table 7 
[bookmark: _Toc202858222]Table 7. Type of Water Used

	Type of water used
	Frequency 
	Percent

	River
	163
	50.6

	Borehole 
	53
	16.5

	Wells
	106
	32.9

	Total 
	322
	100.0



Firstly, it's notable that the majority of farmers rely on river water for irrigation. Findings by Srivastav et al., (2021) stated that farmers' preferences and practices regarding water sources is essential for promoting sustainable water use in agriculture and ensuring the resilience of agricultural systems in the face of environmental challenges.
[bookmark: _Toc202858140]3.4 Sources from which they access water
Table.8 shows that wells are the most common source of water, accounting for 70.2% of the responses. This could be due to several factors, such as geographic location, infrastructure availability, or cultural practices. Wells are often a traditional and reliable source of water in many regions, especially in rural areas where access to municipal water systems may be limited.
[bookmark: _Toc202858223]Table 8. Sources from which they access water

	Water Source
	[bookmark: _GoBack]Frequency 
	Percent

	Municipal taps
	81
	25.2

	Well
	226
	70.2

	Water vendors
	15
	4.7

	Total 
	322
	100.0



[bookmark: _Toc170992685][bookmark: _Toc202858141]3.5 Cleanliness in their Local Environment
According to the respondents, the local environment where the Khat plants were placed after harvesting ranged from good (clean environment), to satisfactory which means just preliminary cleaning to bad (very dirty environments). Chances of fecal coliform for the latter two could not be ruled out. Table 9 presents the study results of environmental cleanliness after harvesting of the Khat by the farmers. 
Table 4. presents data on the perceived cleanness of the local environment, categorized into three groups: Good, satisfactory, and Bad. These categories represent varying degrees of cleanliness as perceived by respondents or observers. Firstly, the majority, 91.5%, rated the cleanness of their local environment as " satisfactory," followed by 5.9% who rated it as "Good," and a smaller portion, 2.8%, who rated it as "Bad." The distribution suggests that a significant portion of respondents view their local environment as merely acceptable ("satisfactory "), while a smaller but notable portion view it positively ("Good"). However, there is still a concerning minority who perceive their environment as unclean or "Bad."
The finding by Truong et al., (2017) critique that individuals' perceptions of cleanliness in their local environment are influenced by various factors including aesthetic quality, safety, and maintenance.
[bookmark: _Toc202858224]Table 9. Cleanliness in their Local Environment

	Cleanliness
	Frequency 
	Percent

	Good
	19
	5.9

	Satisfactory
	294
	91.3

	Bad
	9
	2.8

	Total 
	322
	100.0


[bookmark: _Toc170992686][bookmark: _Toc202858142]
3.6 Type of Waste
The data presented in Table 10 provides valuable insights into the perceptions of respondents regarding the types of waste found in the environment. It appears that stagnating water is overwhelmingly perceived as a prevalent type of waste, with 41.9% of respondents identifying it as such. This high percentage likely reflects the widespread concern over stagnant water's role as a breeding ground for various contaminants and disease vectors.
[bookmark: _Toc202858225]Table 10. Kind of Waste

	Kind of waste 
	Frequency 
	Percent

	Human feces
	22
	6.8

	Stagnation of water
	135
	41.9

	Animal feces
	161
	50.0

	All of the above
	4
	1.2

	Total 
	322
	100.0


Animal feces are acknowledged by a significant portion of respondents, with 36.4% citing them as a form of environmental waste. This finding underscores the recognition of animal presence and their contribution to environmental sanitation challenges.
The findings from this study also concur with the findings from Magnini and Zehrer (2021) that different nature of environmental waste need interventions to address the various sources of pollution effectively. Efforts to raise awareness and educate communities about the impacts of different types of waste on environmental health and well-being could play a crucial role in mitigating environmental pollution.
[bookmark: _Toc170992688][bookmark: _Toc202858143]3.7 Water storage
[bookmark: _Toc202858226]Table 11. Water Storage
	Water storage
	Frequency 
	Percent

	Open environment
	163
	50.6

	Protected environment
	78
	24.2

	Not applicable
	81
	25.2

	Total 
	322
	100.0


The findings in table 11 showed that, a significant portion of farmers (about 50.6%) were storing their water openly, without any form of covering. This practice poses a considerable risk of contamination, as open water is vulnerable to various pollutants such as dirt, debris, and even biological contaminants like bacteria and algae. Contaminated water can lead to health issues for both humans and animals, as well as potentially affecting crop growth and livestock health.
[bookmark: _Toc202858227]3.8. Association between fecal coliforms in Catha edulis (khat) twigs and Demographic characteristics of farmers



This section explores the association between the presence of fecal coliforms in C. edulis twigs and the demographic characteristics of the farmers involved in its cultivation. By examining factors such as age, education level, and hygiene practices, the analysis aims to identify potential links between farmer demographics and microbial contamination levels in khat twigs.
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Table 11 (a) Association between fecal coliforms in Catha edulis (khat) twigs and Demographic characteristics of farmers.

	
Factors associated with fecal contamination
	Low Contamination
	Moderate Contamination
	High Contamination
	Total
	Value
	df
	Asymp. Sig. (2-sided)

	Sex
	Male
	55(17.1%)
	75(23.3%)
	125(38.8%)
	255 (79.2%)
	29.762a
	2
	.000

	
	Female
	3(.9%)
	43(13.4%)
	21(6.5%)
	67 (20.8%)
	
	 
	 

	Age
	15-35
	38(11.8%)
	18(5.6%)
	29(9.0%)
	85 (26.4%)
	60.671a
	4
	.000

	
	35-50
	12(3.7%)
	66(20.5%)
	62(19.3%)
	140 (43.5%)
	
	 
	 

	
	50 and Above
	8(2.5%)
	34(10.6%)
	55(17.1%)
	97 (30.1%)
	
	 
	 

	Sanitation
facilities
	Yes
	46(14.3%)
	52(16.1%)
	104(32.3%)
	202 (62.7%)
	28.914a
	2
	.000

	
	No
	12(3.7%)

	66(20.5%)

	42(13.0%)

	120 (37.3%)

	

	 
 
	 
 

	Type of sanitation facility
	Public
	22(6.8%)
	9(2.8%)
	11(3.4%)
	42 (13.0%)
	47.001a
	4
	.000

	
	Private
	8(2.5%)
	38(11.8%)
	26(8.1%)
	72 (22.4%)
	
	 
	 

	
	Open/Sharing
	28(8.7%)
	71(22.0%)
	109(33.9%)
	208 (64.6%)
	
	 
	 

	Level of
Education
	Primary
	41(12.7%)
	51(15.8%)
	86(26.7%)
	178 (55.3%)
	27.052a
	6
	.000

	
	Secondary
	13(4.0%)
	65(20.2%)
	46(14.3%)
	124 (38.5%)
	
	 
	 

	
	Tertiary
	3(.9%)
	1(.3%)
	11(3.4%)
	15 (4.7%)
	
	 
	 

	
	Did not Attend Any
	1(.3%)
	1(.3%)
	3(.9%)
	5 (1.6%)
	
	 
	 

	Irrigate khat plant
	Yes
	33(10.2%)
	55(17.1%)
	73(22.7%)
	161 (50.0%)
	1.646a
	2
	0.439

	
	No
	25(7.8%)
	63(19.6%)
	73(22.7%)
	161 (50.0%)
	
	 
	 

	Type of  water used
	River
	48(14.9%)
	52(16.1%)
	63(19.6%)
	163 (50.6%)
	84.304a
	4
	.000

	
	Borehole
	3(.9%)
	42(13.0%)
	8(2.5%)
	53 (16.5%)
	
	 
	 

	
	Wells
	7(2.2%)
	24(7.5%)
	75(23.3%)
	106 (32.9%)
	
	 
	 

	Farmers feeling
	Good
	14(4.3%)
	1(.3%)
	4(1.2%)
	19 (5.9%)
	44.339a
	4
	.000

	
	Ok
	43(13.4%)
	115(35.7%)
	136(42.2%)
	294 (91.3%)
	
	 
	 

	
	Bad
	1(.3%)
	2(.6%)
	6(1.9%)
	9(2.8%)
	
	 
	 

	Total
	58(18.0%)
	118(36.6%)
	146(45.3%)
	322(100.0%)
	
	
	
	



[bookmark: _Toc202858228]Table 11 (b) Association between fecal coliforms in Catha edulis (khat) twigs and Demographic characteristics of farmers

	Factors associated with fecal contamination
	Low Contamination
	Moderate Contamination
	High Contamination
	Total
	Value
	df
	Asymp. Sig. (2-sided)

	Kind of waste
	Human feaces
	21(6.5%)
	0(0.0%)
	1(.3%)
	22 (6.8%)
	97.690a
	6
	.000

	
	Stagnation of waste
	15(4.7%)
	56(17.4%)
	64(19.9%)
	135 (41.9%)
	
	 
	 

	
	Animal feaces
	22(6.8%)
	61(18.9%)
	78(24.2%)
	161 (50.0%)
	
	 
	 

	
	All of these
	0(0.0%)
	1(.3%)
	3(.9%)
	4 (1.2%)
	
	 
	 

	Water source
	Municipal taps
	33(10.2%)
	23(7.1%)
	25(7.8%)
	81 (25.2%)
	40.124a
	4
	.000

	
	Well
	25(7.8%)
	90(28.0%)
	111(34.5%)
	226 (70.2%)
	
	 
	 

	
	Water vendors
	0(0.0%)
	5(1.6%)
	10(3.1%)
	15 (4.7%)
	
	 
	 

	Water storage
	Open Environment
	43(13.4%)
	45(14.0%)
	75(23.3%)
	163 (50.6%)
	42.843a
	4
	.000

	
	Protected environment
	8(2.5%)
	49(15.2%)
	21(6.5%)
	78 (24.2%)
	
	 
	 

	
	Not applicable
	7(2.2%)
	24(7.5%)
	50(15.5%)
	81 (25.2%)
	
	 
	 

	Total
	58(18.0%)
	118(36.6%)
	146(45.3%)
	322(100.0%)
	
	
	
	






The study findings in Table 11 revealed that there was a statistically significant association between assessment of fecal coliforms in C. edulis  twigs and sex χ2 (2, N = 322) =29.762, P < .001). This P-value falling below the conventional threshold of .05 suggests a significant association between the two variables.  Despite the statistical significance, it is essential to recognize that correlation does not imply causation. These findings shows the importance of considering sex as a factor in studies involving fecal coliform assessment in khat twigs. It also disagrees with the study of Syomiti et al. (2022) who indicated that there is no significant association between assessment of fecal coliforms in C. edulis  twigs and sex. Moreover, the study of Walker (2018) noted that there is neither significant association between assessment of fecal coliforms in catha edulis (khat) twigs and sanitation facility.
The study findings also reveals that there was a statistically significant association between assessment of fecal coliforms in C. edulis  twigs and age χ2 (4, N = 322) =60.671, P < .001. The results revealed a statistically significant association, as indicated by a Chi-square value of 60.671 and a corresponding P-value of 0.000 (or P < 0.001). This implies a very low probability that the observed association between fecal coliform assessment and age occurred by chance alone. In essence, there appears to be a meaningful relationship between these variables, warranting further investigation and consideration. The findings disagrees with the study done by Zerbe (2022) that stated that there is not an association between assessment of fecal coliforms in catha edulis (khat) twigs and age.
Further, the study findings revealed that assessment of fecal coliforms in C. edulis  twigs is statistically significant associated with type of sanitation facility χ2 (4, N = 322) = 47.001, P < .001, this suggests that the choice of sanitation facility directly impacts the levels of fecal coliform contamination observed in khat twigs. Thus, variations in sanitation practices may serve as crucial determinants of microbial contamination, highlighting the importance of adequate sanitation infrastructure in mitigating contamination risks within khat production and consumption contexts. This finding resonates with research conducted by Mensah and Enu-Kwesi (2023), which emphasized the impact of sanitation facilities on environmental contamination. 
The finding on level of education, χ2 (6, N = 322) = 27.052, P < .001, suggests that there is a meaningful relationship between the level of education and the degree of fecal coliform contamination observed in khat twigs. Individuals with different levels of education may have varying knowledge, attitudes, and practices regarding hygiene, agricultural techniques, and food safety measures. Consequently, these factors could influence their exposure to and management of fecal coliform contamination in khat cultivation and consumption. Sapbamrer and Thammachai (2020) alluded that higher levels of education among farmers are associated with better hygiene practices.
The findings on irrigate khat plant χ2 (2 N = 322) = 1.646, P = .439, suggests that the method of irrigation employed in khat cultivation does not play a pivotal role in determining the extent of fecal coliform contamination present in harvested twigs. Different irrigation techniques, including the quality and source of water used, frequency of irrigation, and irrigation management practices, are likely contributing factors to this association. The identification of such a relationship emphasizes the importance of implementing proper agricultural practices to mitigate contamination risks in khat production. Alegbeleye and Sant’Ana (2020) emphasized the importance of using clean irrigation water to minimize the risk of fecal coliform contamination in crops.
The findings on type of water used χ2 (4, N = 322) = 84.304, P < .001, suggests that the choice of water source for irrigation and other agricultural practices influences the levels of fecal coliform contamination found in khat twigs. Different types of water sources, such as surface water, groundwater, or treated water, may vary in their susceptibility to fecal contamination, depending on factors such as proximity to human or animal waste sources, water treatment methods, and environmental conditions. Banach and Van Der Fels-Klerx (2020) stated that using untreated or contaminated water for irrigation can introduce fecal coliforms into crops, 
The association on farmers feeling χ2(4, N = 322) = 44.669, P < .001 suggests that farmers' emotional states play a meaningful role in shaping their experiences and practices within khat cultivation. It implies that factors such as job satisfaction, stress levels, and overall emotional well-being significantly influence how farmers engage with their work and manage their farms. Positive emotions may correlate with effective farming practices, while negative emotions could potentially hinder productivity and decision-making processes. The findings concur with McGunnigle et al., (2023) that addressing farmers' emotional needs and fostering a supportive environment, policymakers, agricultural agencies, and community stakeholders can contribute to the resilience and sustainability of khat cultivation practices.
The findings on the association on the kind of waste χ2(6, N = 322) = 97.690, P < .001, suggest that the nature of waste generated and managed within these agricultural settings plays a pivotal role in influencing contamination levels and environmental health outcomes. Different categories of waste, such as organic, inorganic, liquid, or solid waste, may pose varying risks of contamination, highlighting the importance of tailored waste management strategies to address specific challenges in khat cultivation regions. Zacharia et al. (2019) highlighted the importance of proper waste disposal methods to prevent fecal coliform, 
The findings on the association of water source χ2(4, N = 322) = 40.124, P < .001) suggests that the choice of water source for irrigation and other agricultural activities significantly impacts the levels of fecal coliform contamination observed in khat cultivation. Different water sources, such as rivers, wells, or untreated sources, vary in their susceptibility to contamination, posing varying risks to crop safety and human health. Jofre et al. (2021) concurred by stating that there is need for regular monitoring and treatment of water sources to mitigate the risk of fecal coliform.
The findings on the water storage χ2(4, N = 322) = 42.843, P < .001) suggests that how water is stored significantly impacts contamination levels in khat cultivation. Different storage methods, such as storing water in covered containers versus open reservoirs, can influence the risk of microbial contamination, with improper storage practices potentially compromising water quality and posing risks to agricultural productivity and public health. This agrees with the study done by Holcomb et al. (2020) that noted the importance of proper water storage hygiene to prevent fecal coliform contamination.
[bookmark: _Toc167115427]4.0 CONCLUSIONS
The study concluded that the determinants of fecal coliform contamination along the khat value chain within Igembe south Sub-County include sanitation facilities, level of education, type of water, and water storage practices. The adulterations in farmers were quite low but risks of the product to many of the choices were very high in the handlers, vendors and consumers exposed the weakness of the product in many cases. These finding suggest the following measures that should be undertaken such as good sanitation, water supply, improved storage facilities and close monitoring of hygienic conditions to preserve the quality and health of the population. The research enlightens these hot spots that the policy is feasible and the people are sensitized to an extent that production and consumption of khat can be directed by the food safety convention. It is suggested that future studies should be conducted to gain additional knowledge about the microbial processes and social-demographic factors such as gender dynamics that may be implicit in the contamination pattern along the khat value chain.
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