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Abstract
Human related activities harm water quality. However, there is limited information on
the impact of socio-economic activities on water quality in River Chania. This study
focused on the determination of the effect of social and economic factors on the water
quality condition of a section along the River Chania. Data used in this study were
collected between October 2020 and January 2021. A survey employing cross-sectional
survey design was carried out. A sample size of 60 individuals was randomly selected in
study sites that were purposively sampled on the basis of human-related activities that
potentially pollute River Chania. These sites were: Karimenu, Chania Estate Bridge,
Ngoingwa Estate and Thika town. A semi-structured questionnaire was used to collect
data. Data analysis was done using descriptive statistics (e.g., frequencies and
percentages) in Statistical Package for Social Sciences (SPSS) to determine how the
different socio-economic factors affect water quality at a statistical significance of 5%
probability level. The study found that the education level of the respondents was a
positive and significant predictor of the ability of an individual to identify water quality
changes in River Chania. It is recommended that human-related perturbations should be
minimal to protect water quality from further deterioration.
!

1. Introduction
Water is a vital renewable resource for the sustenance of life. For example, water is required by humans
for purposes such as drinking, irrigation, and hydropower generation. Thus, humans are closely
connected to freshwater resources, and the utilization of these resources has played a critical role in the
development of societies and economies in the world [1-3]. The close association between humans and
freshwater environments has resulted in adverse effects through human-related factors such as
agriculture, pollution, urbanization, human population density, and invasive species [4-6]. Natural
factors such as topography and climatic variations also affect freshwater environments [7].
Several studies in Kenya have investigated the relationships between water quality and factors
such as land use, pollution, climate variations, and urbanization (e.g., [8-11]). For example, urbanization
has been reported to result in contamination of the environment with toxicants such as heavy metals.
Meanwhile, land-use practices such as small-scale agriculture have been found to contribute
significantly to nutrient loads (e.g., phosphorous) and pesticides in aquatic ecosystems [9,12]. However,
there is a scarcity of information on the relationship between socio-economic factors and water quality
conditions of freshwater ecosystems.
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Socio-economic factors such as the density of human population, education attainment, and
gross domestic product are typically utilized as indicators of the impact of human-related stressors in
freshwater ecosystems (e.g., [13-15]). Chen and Lu [16] reported that socio-economic factors such as
human population density explained a more significant percentage (45%) of the overall river water
quality variance than natural elements such as topography and some factors related to land use. The
study also found that human population density was a significant predictor for phosphorous
concentration, while gross domestic product mostly explained variability in electrical conductivity.
Another study also reported that the human population was a significant source of disturbance to coastal
wetlands and that it had a considerable influence on phosphorous and chloride concentrations [17].
Water quality has been declining in River Chania over the years, mostly as demand exceeds
supply [18]. The pollution problem is mainly driven by farming activities, industrialization, and
urbanization. These activities take place along the banks of the River. Pollution can also be attributed to
climate change, which could potentially impact the hydrological cycle and concentration of toxicants in
the aquatic environment. This could lead to increased human health risks, water scarcity, and pollution.
The current study aims to evaluate the relationship between socio-economic factors and water quality
status in the Chania River. It is hypothesized that socio-economic factors have an influence on
respondent’s perspectives on water quality status in the Chania River.
2. Materials and Methods
2.1. Description of the study area
River Chania, along with its tributaries, Thika, and Karimenu Rivers, originate from the slopes of
Mountain Kinangop in the Aberdare ranges, which is the second-largest water tower in Kenya [19].
River Chania's catchment covers Kiambu, Murang'a and Nyandarua counties and lies between latitude
0.753 oS and 1.04 oS and longitude 36.58 oE and 37.07 oE [20]. River Chania is the most critical River
flowing through this catchment. High levels of utilization demonstrate its significance for agricultural
purposes upstream, such as subsistence farming as well as growing of cash crops (coffee, tea, and
flowers) and as a significant water source for Thika town and its environs (Figure 1-Figure 3) [18].

Figure 1: Map of Africa highlighting the study area country, Kenya
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Figure 2: Map of Kenya highlighting the study area

Figure 3: Map of River Chania water catchment

Rainfall distribution in the study area is bimodal. The long rains are experienced between mid-March to
May, while the short rains occur between mid-October to November. The average annual rainfall is a
function of altitude, where higher regions receive 2000 mm, and lower areas of Thika town receive as
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low as 600 mm. The overall average for the area is 1200 mm. Temperature ranges between 7 oC in the
upper highlands and 34 oC in the lower midland zones, with an average temperature of 26 oC [19].
2.2. Research design
A cross-sectional survey design was used during data collection. The data gathered assessed the human
activities that affect water quality in River Chania. The total length of River Chania where data was
collected is 10 km, and the study sites along the River include Karimenu, Chania Estate Bridge,
Ngoingwa Estate, and Thika town. These sites were purposively sampled based on the most common
human-related activities that potentially pollute River Chania. Sixty (60) individuals were randomly
selected from each site. The number of individuals chosen as respondents were in line with Mugenda
and Mugenda's [21] study that asserts that 30 and above respondents are representative enough of a
population.
2.3. Data collection and analytical procedures
Primary survey data was gathered using a semi-structured interview schedule (Supplementary data file).
The interview schedule was administered with the help of enumerators who were selected and trained.
They were equipped with knowledge about the subject matter to enable them to conduct the survey
successfully. A total of 60 sampled respondents were interviewed in all the sites. Before data collection,
the data collection instruments were tested both for validity and reliability using a sample of 10 interview
schedules administered to 10 randomly selected individuals. Questions found to be ambiguous and
inadequate were modified to enhance understanding by the respondents. The information collected
during the survey included social and economic demographics such as gender, age, education level,
household size, average monthly income, change in households' number, residence period, meter
connection, sources of households' drinking water, water quality, water quality satisfaction, and water
quality issues.
2.4. Data analysis
The socio-economic characteristics data of the respondents were entered and coded using Microsoft
excel. Consequently, the data were analyzed using descriptive statistics such as frequencies and
percentages. To express the degree of correspondence between two variables, Chi-Square was used at a
statistical significance level of 5% following Hassan and Nhemachena [22]. The Statistical Package for
Social Sciences (SPSS) version 23 was used to analyze data.
3. Results and discussion
3.1. Socio-economic characteristics of the respondents
The results showed that about two-thirds (65%) of the individuals interviewed were male while the rest
were female (35%). Out of this, 65% were youth aged between 18-35 years, 12% were middle-aged (3650 years), and the rest were aged over 51 years. All of the sampled respondents had acquired formal
education, and 53% of the sampled individuals had received tertiary education at either college or
university levels. A majority (57%) of the respondents earned between KSh. 10,000 and 20,000 per
month. It was also observed that about two thirds (67%) of the respondents had a meter connection to
piped water. In contrast, a third (33%) of the respondents were not connected to metered piped water by
local water authorities, Kiambu Water and Sewerage Company (KIWASCO). Out of the total number
of respondents, 85% had between 1 – 5 family members, while the rest had more than five family
members (Table 1).
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Table 1:!Socio-economic characteristics of respondents interviewed at sites located along Chania River, Kenya. !

Factor!
Gender!
Male
Female
Age (years)!
18-35
36-50
51-60
Over 60
Level of education!
Primary
Secondary
College
University
Residence period(years)!
0-5
6-10
11-20
Over 20
Household size!
1-5
Over 6
Household income per month (Kenya shillings)!
1000-10000
10000-20000
20000-30000
Over 30000
Meter connection!
No
Yes

Frequency!

Percentage!

39
21

65!
35!

39
12
8
1

65!
20!
13!
2!

11
17
20
12

18!
28!
33!
20!

19
12
17
12

32!
20!
28!
20!

51
9

85!
15!

13
34
8
5

22!
57!
13!
8!

20
40

33!
67!

30
17
13

50!
28!
22!

35
2
14
9

58!
3!
23!
15!

Major economic activity!
Farming
Entrepreneurship
Employment in local industries
Main household source of drinking water!
Private piped
Public piped
River Chania
Borehole

Thirty-two percent of those interviewed have resided in the study area for between 0-5 years.
The rest have stayed in the area for over six years. Half of the respondents (50%) perceived farming as
the main economic activity. In comparison, other respondents identified entrepreneurship and
employment in local industries (28% and 22%, respectively) as the main economic activity in the area.
It was noted that 23% of the respondents used water collected directly from River Chania to meet their
daily water requirements. In comparison, 15% used borehole water, while 3% bought water from
licensed water vendors, and 58% were connected to piped water by KIWASCO (Table 1).
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3.1.1. Effect of level of education
Results of Pearson's Chi-Squared test showed that the level of education had no significant impact on
income per month, water usage, or determination of causes of water quality degradation in River Chania
(Table 2). However, the level of education of respondents was significantly correlated (p=0.02) with the
identification of water quality changes in River Chania in the last decade (Table 2).
Table 2: Effect of level of education on household income per month (KSh), water usage, identification of water
quality changes in River Chania in the last decade and determination of causes of water quality degradation in
River Chania. p values in bold are significant.
Factor
Pearson Chi-Square p-value
Income per month (Shillings)
9.87
0.36
Water usage
1.33
0.96
Identification of water quality changes in River Chania in the last decade 9.53
0.02
Determination of causes of water quality degradation in River Chania
5.80
0.75

3.1.2. Effect of gender
Pearson's Chi-Squared test explored whether or not the gender of an individual was significantly related
to the household income per month (KSh), water usage, identification of water quality changes in River
Chania in the last decade, and determination of the causes of water quality degradation in River Chania.
The results revealed no significant relationship (all p> 0.05) between gender and household income per
month, water usage, identification of water quality changes in River Chania in the last decade, or
determination of causes of water quality degradation in River Chania (Table 3).
Table 3: Effect of gender on household income per month (KSh), water usage, identification of water quality
changes in River Chania in the last decade and causes of water quality degradation in River Chania.
Factor
Pearson Chi-Square p-value
Income per month (Shillings)
1.89
0.59
Water usage
0.50
0.77
Identification of water quality changes in River Chania in the last decade
0.39
0.52
Determination of causes of water quality degradation in River Chania

1.12

0.77

3.1.3. Effect of age
Pearson’s Chi-Squared test showed that the age of the respondents had no significant effect (all p>0.05)
on income per month, water usage, or determination of the causes of water quality degradation in River
Chania. However, the identification of water quality changes in River Chania in the last decade was
almost significantly correlated to age (p=0.06) (Table 4).
Table 4: Effect of age on household income per month (KSh), water usage, identification of water quality changes
in River Chania in the last decade and determination of the causes of water quality degradation in River Chania.
Factor!
Pearson Chi-Square! p-value!
Income per month (Shillings)
14.72!
0.25!
Water usage
5.29!
0.72!
Identification of water quality changes in River Chania in the last decade
9.01!
0.06!
Determination of causes of water quality degradation in River Chania
5.17!
0.52!

3.1.4. Source and treatment
It was found out that more than half of the sampled respondents (53%) identified that their primary
source of drinking water had no smell, while the rest pointed out that their primary source had at least a
mild odor (Table 5).
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Table 5: Water quality characteristics based on views of respondents.!
Factor!
Frequency!
Water smell!
No smell
32
Mild smell
21
Foul smell
7
Taste!
Tasteless
40
Has a taste
20
Water quality satisfaction!
Dissatisfied
22
Fairly satisfied
18
Satisfied
20
Reason for dissatisfaction!
Poor quality
19
Health concerns
19
Turbid water
2
Degradation solution by
households!
Treating or boiling the water
28
before use
Buying bottled water
16
Buying treated water from
14
other sources
Demand that the service
2
provider provides treated
water
Potential outcome of water
quality decline in River
Chania!
Increase in water borne
38
diseases
Reduced use of the river for
8
water users
Change in micro-climate in
7
riparian land
Change in biodiversity
7
Expectation of water quality
of River Chania to improve!
Yes
39
No
21

Percentage!
53!
35!
12!
67!
33!
37!
30!
33!
48!
48!
5!
47!
27!
23!
3!

63!
13!
12!
12!
65!
35!

Two-thirds (67%) of the sampled individuals confirmed that their primary source of water had no taste
while the rest (33%) perceived taste in the water. Most respondents (63%) were at least reasonably
satisfied by the quality of water from their primary sources. In comparison, the rest (37%) were not
satisfied, with 96% citing poor quality and health concerns or turbidity (5%). The majority of sampled
individuals (47%) identified treating or boiling water before use as their main strategy of dealing with a
decline in water quality. On the other hand, 50% identified buying bottled water or buying treated water
from other sources as a solution for water quality degradation (Table 5).
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3.1.5. Potential outcome of water quality decline
Most respondents (63%) stated that the potential outcome of water quality decline in River Chania would
be increased waterborne diseases. At the same time, fewer (<15) indicated that the possible result of the
decline in water quality is reduced usage of the River, change in micro-climate in the riparian zones, and
change in biodiversity (Table 5). However, most respondents (65%) expected the water quality of the
Chania River to improve in the future.
3.1.6. Demographic changes and water quality
Most respondents (90%) stated that the number of households had increased in the area and that this
increase was the leading cause of water quality reduction in River Chania (Table 6). Most respondents
(57%) identified a reduction in the number of households as a way of improving water quality in River
Chania (Table 6).
Table 6: Effect of demographic change on River Chania as assessed by the respondents.
Factor!
Frequency!
Percentage!
Change in household number
!
!
in the study area!
Decrease
5
8!
Cannot tell
1
2!
Increase
54
90!
How does increase in the
!
!
number of households affect
water quality in River Chania!
Reduction of water quality
44
73!
No change
22
22!
Cannot tell
5
5!
How does decrease in the
!
!
number of households affect
water quality in River Chania!
No change
18
30!
Cannot tell
8
13!
Improved water quality
34
57!
3.2. Relationship between socio-economic factors and water quality
Results of Pearson's Chi-Squared test in Table 2 show that the level of education had no significant
impact on income per month, water usage, and determination of causes of water quality degradation in
the River Chania. This could be attributed to perhaps all respondents having a formal education and
being involved in almost the same tasks and their monthly incomes being virtually at par. Water usage
per capita per day could be the same despite the disparity in the level of education due to the respondents
leaving their homes in the morning for their different occupations and coming back in the evening. This
means that the water used by different individuals will not be significantly different because water usage
is primarily restricted to the hours when the respondents are at home.
Despite the level of education, determination of the causes of water quality decline in River
Chania was difficult, perhaps due to the diffuse sources of pollution in the River and, therefore, difficulty
in pinpointing an actual source of contamination in the study area. Likewise, Ellis and Mitchell [23] and
Varekar et al. [24] assert that diffuse sources of pollution are in nature challenging to define and are
mainly associated with an overland flow from rainfall. This rainfall then carries away anthropogenic and
natural contaminants, finally depositing them into water bodies. It also causes atmospheric deposition
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of pollutants and habitat alterations such as riparian vegetation removal and hydrologic modification.
However, Pearson's Chi-Squared test revealed that there was a significant correlation between the level
of education and ability to identify water quality changes in River Chania in the last ten years. This
implies that the more educated an individual is, the more likely to be knowledgeable about water quality
issues and the easier to comprehend and identify any water quality issues in the past decade in River
Chania. The literacy rate was generally high (Table 1), implying that more than half of the interviewed
individuals were capable of identifying changes in water quality in River Chania that had taken place in
the last ten years.
There was no significant relationship between gender and household income per month, water
usage, identification of water quality changes in River Chania in the last decade, or determination of
causes of water quality degradation in River Chania (Table 3). This could be attributed to both men and
women having access to similar opportunities in terms of education and employment [25]. Therefore,
they may have no significant disparities in income per month. Thus, their water usage, ability to identify
water quality changes in River Chania over time, and determination of the causes of water quality
deterioration in River Chania are almost similar. Similarly, Montanari and Bergh [26] reported that
equality and expansion of education opportunities for both men and women not only stimulates
productivity but also extensively grows participation in income-generating activities for both genders
and spurs environmental awareness.
There was no significant relationship between the age of respondents and household income per
month, water usage, or determination of the causes of water quality degradation in River Chania (Table
4). However, identification of water quality changes in River Chania over the last decade was almost
significantly correlated to age, suggesting that older individuals could have gained more informal
experience about the identification of environmental changes over time. Lack of relationship between
age and household income could be since people of the same age group that has access to almost similar
opportunities in life end up with few disparities in income generation [27].
The residence time was found to have a positive effect on the identification of water quality
changes in River Chania in the last ten years. This implies that the more the residency time of an
individual, the more likely the individual will perceive changes in water quality in River Chania.
Likewise, the least the amount of time spent in a particular location, the least likelihood an individual
will identify changes in water quality. This is in line with Armstrong and Stedman [28], who observed
a positive influence of the residency time of an individual on their ability to identify changes in the
physical environment. Additionally, Hoekstra and Chapagain [29] stress similar results by stating that
the residency time of an individual increases his ability to perceive changes and actively engage in the
conservation and rehabilitation of the physical environment.
From the findings, the majority of the respondents identified farming as the main economic
activity of the study area. Farming played a significant role in water quality decline in River Chania.
Madhav et al. [30] asserted that farms discharge substantial quantities of agrochemicals, organic matter,
drug residues, and sediments into water bodies. According to Abhilash et al. [31], in most developed
countries and many developing nations, agricultural pollution has surpassed contamination from
industries and human settlements as the prime factor in water quality decline of inland and coastal
waters. Indeed, globally, nitrate from agricultural practices is currently the most rampant chemical
contaminant in surface waters [32, 33]. Eutrophication as a result of the accumulation of nutrients such
as nitrates and phosphates in rivers weighs heavily on biodiversity, and high concentrations of nitrates
in water can lead to "blue baby syndrome," a potentially fatal disease in babies [34]. According to the
findings, the majority of the respondents were males who were the main participants in farming
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activities. This could explain the influence of male farmers on the degradation of River Chania. This is
in line with Zimmerman et al. [35], who argue that approximately 70 to 90 percent of formal farmland
owners are men in many Latin American countries, and similar trends are observed in sub-Saharan
Africa, including Kenya [36]. This implies that males have a major role to play in farming activities and
hence contribute significant pollutants in River Chania.
The more substantial part of the respondents was youths who could be the primary users of River
Chania. Youths are involved in several activities within and around the River that negatively affects the
quality of its water. The youths wash utensils and carry out laundry washing in the stream as well as
washing of cars and motorcycles. The washing of cars and motorcycles could result in oil and grease
spillage, which has adverse effects on the river ecosystem [37-39]. The most immediate effects of these
compounds are toxic and mass mortality and contamination of fish and other aquatic species [40]. Long
term ecological effects of these compounds include interruption of the food chain in the ecosystems,
such that species populations may change or disappear entirely [41]. Detergents discharged into the
River during washing have severe effects on aquatic life [42, 43]. If soaps are in sufficient quantities,
they may cause the breeding ability of aquatic organisms to decrease. Also, soap lowers the surface
tension of water; thus, fish absorb toxins such as pesticides and phenols more easily [44].
Most respondents indicated that they were dissatisfied with the water of the Chania River due to
factors such as poor quality and health concerns (Table 5). Thus, the area residents could still be
contributing to declining water quality in River Chania, possibly due to a lack of awareness about
environmental matters. This agrees with Sun et al. [45] who argued that a population that is not aware
of or concerned about the environment and its associated problems and which has limited knowledge,
poor attitudes, low motivation, non-commitment, and inadequate skills to work individually and
collectively towards solutions of current pollution problems and the prevention of new ones is at risk of
exacerbating environmental challenges such as global warming, climate change, air pollution, water
scarcity, and water pollution.
Respondents who obtained water from the Chania River created foot pathways as they ferried
water from the River. The abstraction of water from River Chania along with other anthropogenic
activities such as washing clothes, animals trampling within the stream area causes the removal of
riparian vegetation. This vegetation protects water bodies from sedimentation and pollution by slowing
down runoff and thereby allowing sediments and pollutants to deposit in the fringing zone [46, 47].
Removal of riparian vegetation through activities such as grazing, human settlements, the abstraction of
water, weed invasion and land clearing for agriculture has led to the degradation of numerous waterways
[47, 48].
A large number of respondents identified an increase in the number of households in the study
area (Table 6). This implies an increase in the population occasioned by immigration, reduced mortality
rate, and rural to urban migration into the cosmopolitan Thika town. An increase in the number of
individuals could be a massive player in the decline of water quality in River Chania. This corroborates
Halder and Islam [49], who stated that population growth and economic advancement are contributing
to significant environmental calamities. These include water quality deterioration, land degradation,
ecosystem interference, loss of biodiversity, and heavy pressure on land [50]. Migration into cities and
towns causes physical disturbance of land due to the construction of human settlements, industries,
roads, etc. Moreover, it causes inadequate sewage treatment, increases in the number of pesticides,
fertilizers, and other agrochemicals to grow food, all of which lead to a negative impact on river
ecosystems in the long run [51].
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Conclusion
Education level was found out to be a positive and significant predictor of the ability of an individual to
identify water quality changes in River Chania in the last ten years. Thus the more educated a respondent
was, the higher the likelihood to identify the changes in water quality and re-adjust accordingly. This
finding is in agreement with the study hypothesis that socio-economic characteristics of respondents
have an effect on respondents’ perspectives on water quality status in the River Chania. Therefore, more
emphasis should be put on education and awareness creation of the adverse effects of pollution of river
ecosystems by the relevant agencies to halt the current pollution on rivers and streams. Information on
water quality decline and the strategies to cope and combat the menace should be mainstreamed and
made more available to the local population. The current study was limited by the amount of time
available and area sampled and a future study focusing on socio-economics and water quality should
focus on larger spatial and temporal scales.
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