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Abstract  10 

 11 

Background: Informal settlements across SSA have proliferated with increased urban population. 12 

Characterized by inadequate water supply, inhabitants resort to groundwater for domestic use. This 13 

happens oblivious of water contamination with emerging contaminants in form of antibiotics and 14 

their derivatives. Development of antibiotic resistant genes and antibiotic resistant bacteria, causes 15 

ill health, thus interventions that increase level of awareness of health effects of consuming water 16 

contaminated with antibiotics are requisite. This involves protecting human, animal and 17 

environmental in totality in a One-Health approach. This study sought to determine antibiotic use, 18 

disposal and level of awareness of health effects associated with consuming water contaminated 19 

with antibiotics. 20 

Methods: A cross-sectional study of a random sample of 447 households in selected informal 21 

settlements of Kisumu County, Kenya was conducted in September 2019. A structured 22 

questionnaire was generated based on research questions and administered to heads of households 23 

to assess, antibiotic use, disposal and level of awareness of health effects associated with 24 

consuming water contaminated with antibiotics. Data was entered and analyzed in SPSS version 25 

20.  26 
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Results: Level of awareness of health effects of consuming water contaminated with antibiotics 27 

was low, 35% (n=156), especially among households where a member had used an antibiotic 28 

within one month prior to the time of study; p=0.03. Groundwater was used by 99.8% (n=446) for 29 

various purposes, including drinking (9% (n=40)), cooking (18%(n=43)), washing utensils (79% 30 

(n=353)), clothes (96% (427)) and house (95% (421)). About half the households reported 31 

antibiotic use 43% (n=193). Among this, 74% (n=144) consulted a health worker in a healthcare 32 

facility for prescription. Respondents who had taken antibiotics did not always complete doses but 33 

reported to have kept the remainder for next time they would get sick (54%). About 32% disposed 34 

remainder of antibiotics in pit latrines, compost pits (10%) while 4% reported to have burnt them.  35 

Conclusion and recommendation: Groundwater is the major water source for domestic use in 36 

informal settlements. With low awareness of risks associated with consuming water contaminated 37 

with antibiotics, a looming public health concern due to antibiotic resistance necessitate attention 38 

to avert health effects that may lead to ill health.  39 

 40 

Key words:  human health effects, antibiotic use, antibiotic disposal, groundwater use, informal 41 

settlements  42 

 43 

 44 

Introduction  45 

Antibiotics are antimicrobial drugs used to kill or prevent bacteria growth and there are various 46 

classes of antibiotics used in humans and animals [1][2]. Antibiotic use is limited to persons 47 

confirmed to be suffering from a given infection and also is prescribed by a health worker in a 48 

health facility. Antibiotics have been classified as an emerging source of contaminants which need 49 

attention to prevent negative consequences to non-targeted humans, animals and ecosystems [3]. 50 

They can get into the environment through a various channels of entry including through; hospital 51 
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waste disposal, wastewater, sewage, animal waste and pit latrines adjacent groundwater sources 52 

[4][5][6]. 53 

 54 

Proliferation of informal settlements in cities in the SSA had led to increase  need for  housing [4]. 55 

This upsurge has led to increased demand for safe water for domestic use and sanitation [4]. While 56 

the quantity and quality of groundwater continue to be  explored as source to supplement  surface 57 

water sources used in most cities and towns, increased population and therefore human activity 58 

may lead to its contamination with a myriad of pollutants which include antibiotics [7][8].   59 

 60 

Antibiotics in the environments are a public health risk and an emerging global threat to health 61 

systems due to rising antibiotic resistance [9]. Health effects of  exposure to antibiotics have been 62 

documented in marine environments but  involuntary exposure among humans in any other  63 

environment that they may have day to day direct contact with [3].  Effect on microbes treated 64 

using the same antibiotics found in the environment have been found to be resistance [1], which 65 

results to inability to treat infections due to development of resistance, making research in the area 66 

is significant. Knowledge of health effects as a result of exposure to antibiotics through drinking 67 

water is limited in the general population [10]. Prioritizing human health should be synchronized 68 

with protection of animal health, as well as that of the environment since a complex interaction 69 

among the three occur in an interaction otherwise referred to as the One-Health triad [11]. A One-70 

Health approach [12]to achieve optimal health for the humans, animals and the environment is key 71 

in addressing the looming global antibiotic resistance burden. This paper aims to explore antibiotic 72 

use and disposal among households as well as the level of awareness of health effects as a result 73 

of consuming water that is contaminated with antibiotics is also assessed among people living in 74 

informal settlements.  75 
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 76 

Materials and Methods 77 

A cross-sectional study of people living in selected informal settlements of Kisumu County in 78 

Kenya was conducted in the month of September 2019. The informal settlements were selected 79 

purposively since they fall within the mapped water points within the AFRIWATSAN project 80 

site[13]. The sample of households to be included into the study was randomly selected and 81 

determined based on the population[14] of each informal settlement. Proportionate allocation of 82 

households was employed to achieve the calculated sample size of 442 households. From each 83 

household, one head was selected to be included in the study and interviewed upon giving informed 84 

consent.  85 

Households were randomly selected around mapped water points  which acted as reference points 86 

and are within the AFRIWATSAN project site[13]. Every 5th household was selected and included 87 

in the sample until the determined sample size [15] of 442 households was achieved. The 442 88 

households were proportionately distributed among five (5) informal settlements in the study area, 89 

namely Manyatta A &B, Nyalenda A&B and Obunga, based on the total populations in each of 90 

the settlements. A structured questionnaire was administered to 448 household heads. Antibiotic 91 

use, disposal and awareness of health effects associated with consuming water that is contaminated 92 

with antibiotics was sought among the household heads. Data were entered in IBM* SPSS* 93 

Statistics version 20 and checked for errors. The dataset was cleaned and analyzed. Descriptive 94 

statistics were used to summarize continuous variables whereas relationships/ associations in 95 

categorical variables were assessed using chi-square tests.   96 

 97 

Results  98 
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A total of 447 of households were visited in the five informal settlements. The number of 99 

households in each informal settlement were as follows: Obunga 24 (5.4%), Manyatta A 143 100 

(32.1%), Manyatta B 89 (19.9%), Nyalenda A 96 (21.4%) and Nyalenda B (21.2%) There were 101 

more female (75% (n=337)) respondents than males, majority of whom were below the age of 45 102 

years (79% (n=354)).  103 

Ground water use 104 

Almost all (99.8% n=446) of the respondents used groundwater sources. Groundwater was used 105 

for various purposes in the households, including drinking (9% (n=40)), cooking (18%(n=43)), 106 

washing utensils (79% (n=353)), clothes (96% (427)) and house (95% (421)). Respondents 107 

reported to have used the groundwater sources for a period of time that extended to 32 years (94%). 108 

Others reported to have found the water in use since they were born and could have been in use 109 

for more than 32 years.  110 

Antibiotic use 111 

Antibiotic use among households in the past one month before the day of the interview was 112 

reported to be 43% (n=193). Antibiotics were taken following a recommendation from friends 113 

26% (n=13) and 76% (n=36) used antibiotics based on a previous experience. Among this 114 

consuming antibiotics, 26% (n=50) did not consult a doctor for the antibiotics prescription. The 115 

level of awareness of health effects of consuming water that is contaminated with antibiotics was 116 

found to be 35% (n=158), more so in households where antibiotic use was reported p=0.003. There 117 

was however no significant association between awareness of health effects associated with 118 

consuming antibiotic in water and groundwater use.     119 

  120 

Discussion  121 
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Antibiotic use among persons living in informal settlements of Kisumu County was found to be at 122 

43%. The antibiotics were either prescribed by a healthcare worker in a health facility, bought 123 

based on previous experience or advice from a friend.  A prescription from qualified medical 124 

personnel is required for anyone to get access to antibiotics. Predictors of antibiotic use and misuse 125 

in a given family have been prescribed by [16] as perceived behavioral control, social norms, 126 

interaction between attitudes, beliefs and knowledge as well as the presence of a healthcare 127 

practitioner in the household.  Self-medication using antibiotics is a factor in development of drug 128 

resistance, more often the practice is due to convenience of the user, leading to misuse of 129 

antibiotics [17]. The Ministry of Health acknowledges lack of information on antibiotic use and/or 130 

misuse in the population [10]. To this effect, the ministry indicates that a robust data collection 131 

system on surveillance on antibiotic use and awareness of health effects as a result of exposure to 132 

the antibiotics using a One-Health approach.   133 

 134 

An estimated 60% of Kisumu residents live in the informal settlements, and suffer inadequacies 135 

like lack of water and proper sanitation facilities [14]. Contamination of groundwater sources have 136 

been found to be higher in areas where population density is high [18]. Antibiotics get into 137 

groundwater through various ways that include direct dumping with garbage, excreted through 138 

feces and urine, from hospital and industrial waste[1][19] and some of the antibiotics have been 139 

detected in water [20]. Some respondents reported to have kept the remainder of antibiotics not 140 

utilized for future use whereas others disposed in a pit latrine, compost pit or burned.  141 

 142 

Antibiotics pose a threat to human and animal health as the effect as a result of involuntary 143 

exposure are not clear. This interaction of the humans, animals in the environment comprise a 144 

complex interact otherwise referred to as the One-Health triad [11]. Any pollutant that may be 145 
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present in the environment require attention to ensure protection of the components of both humans 146 

and animals.  147 

Level of awareness on the health effects of consuming water that is contaminated with antibiotics 148 

was low (43%) among residents of the informal settlements of Kisumu County. Antibiotic use in 149 

Kenya has not been quantified making it difficult to implement guidelines [10] on use and 150 

resistance. The situational analysis further recommends intervention by increasing awareness of 151 

antibiotic use through public forums that target the providers and consumers of antibiotics. 152 

Conversely, an assessment of awareness of human health risk associated with antibiotic use among 153 

livestock keepers in Tanzania and knowledge of the antibiotic resistance concept show revealed 154 

that farmers were not aware of antibiotic resistance [21]. Some farmers did not know diseases 155 

treatable with antibiotics and that antibiotic use among livestock had health effects among humans. 156 

Customers in a pharmacy in Norway reported a high level of knowledge of antibiotic resistance 157 

[22]. There were however, knowledge gaps on the type of infections that are treatable with 158 

antibiotics, recommending campaigns to increase level of knowledge among persons in 159 

occupations who are not familiar with the health field [22].  160 

 161 

 162 

 163 

Conclusion and recommendations  164 

This study explored antibiotic use, disposal and level of awareness of health effects associated 165 

with consuming water contaminated with antibiotics among people living in informal settlements. 166 

Level of awareness of health effects was generally low even with the continued use of antibiotics, 167 

bringing to perspective efforts by the World Health Organization and government of Kenya the 168 

effectiveness of the awareness creation through the ‘World Antibiotic Awareness week. This is an 169 
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annual event aimed at improving awareness and understanding of antimicrobial resistance and 170 

strengthen knowledge through surveillance and research among antibiotic providers and users. To 171 

effectively provide safe water for this population that is free of contamination especially with 172 

antibiotics, efforts should be geared towards awareness creation and implementation of the Global 173 

Action Plan that guarantees prevention and treatment of infections with safe and effective 174 

antibiotics which is couples with safe disposal of the antibiotics to reduce environmental 175 

contamination which results to antibiotic resistance. The realization of this goal is possible in a 176 

multidisciplinary teams instituted in the One-Health Approach.  177 

 178 
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