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Abstract: Communities in semi-arid lands use sand dams to enhance access water during the dry
seasons. However, there is limited information on the quality of water derived from these sand
dams, especially in degraded lands where storm surface runoff poses contamination risk. Thus, this
study aimed at assessing the spatial-temporal variations in water quality of sand dams in
Chepareria, West Pokot County in Kenya. Water samples were collected from scooping holes
across18 purposefully selected sand dams. Results obtained showed significant differences in water
quality based on sand-dams age and location of scooping holes, but the magnitude of these differ-
ences differed with specific properties. For instance, in recently constructed sand dams (< 1 year),
scooping holes near the sand dam wall had lower pH values (8.5) than holes scooped a distance
from the sand dam wall (9.2). For total dissolved solutes and microbial properties, sand dam age
had the greatest impact than the location of scooping holes. For example, water obtained from <1
year old sand dams had significantly higher TDS with an average value of 100.3 mg L. The ther-
motolerant coliforms (TTC) exceeded the maximum allowable levels recommended by World
Health Organization. Thus, water obtained from these sand dams should be treated before con-
sumption. Finally, sand dams meant for domestic water harvesting should be protected. Shallow
wells with appropriate aprons for effective protection against contamination should be installed to
enhance abstraction of safe water from sand dams.
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1. Introduction

Access to clean, safe and adequate water is a key developmental goal enshrined in
the sustainable development goals (SGD 6) and strongly influences health of many com-
munities [1]. Thus, it is one of the guaranteed human economic and social rights by the
majority of sovereign states in the world. Poor quality water is a major contributor to food
and waterborne diseases responsible for high mortality in developing countries, espe-
cially for children below 5 years [2, 3]. It has been associated with diseases such as diar-
rhea, cholera, dysentery, hepatitis A, typhoid and polio [4, 5]. The impact of inadequate
and poor water quality is mainly hard felt in the arid and semi-arid areas, which are on
the rise due to deforestation, land degradation and impact of climate change [6]. More
often, these areas face torrential rains, massive flooding, sand mining and harvesting lead-
ing to poor quality water while other times prolonged droughts, which cause inadequate
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water supply [7-9]. It is estimated that by 2025, more than half of the world’s population
will experience water stress driven mainly by the impacts of climate change [10].

Sand dams are frequently used technology for water harvesting and storage among
the agro-pastoralists in arid and semi-arid lands (ASALs) [11, 12]. It's also being suggested
as one of the means of enhancing adaptation of these regions to climate change [13]. A
sand dam is an impermeable physical barrier constructed across an ephemeral river to
retain sand, which in turn acts as storage for rainwater. Due to the high rate of evapotran-
spiration found in the ASALs, open water sources such as dams and water pans are not
reliable, making sand dams more suitable. Water can be obtained from the sand dams
either through scooping holes or shallow wells [14]. Being key water resources during the
dry seasons for the people and livestock in the ASALs of Kenya, it is critical to frequently
monitor their water quality to guarantee access to quality water as envisioned in SDGs as
well as informing water quality mitigation measures.

A number of studies have assessed various aspects of sand dams in Kenya, though
this is limited mainly to the eastern region, with majority looking at coliforms [15, 16],
pH, turbidity, heavy metals and electro-conductivity/salinity [16-19]. Additionally, there
are few studies which have evaluated hydrology of sand dams and their utilization [11,
13, 20]. Thus, despite most of the sand dams being prone to agro-based contamination,
especially with nitrates (NOs) and phosphates (PO4) from applied fertilizers, and animal
and human wastes, there is limited information on distribution of these pollutants in ex-
isting sand dams [21, 22]. Some of these pollutants, especially the two nutrients (NOsand
POu), could also lead to a microbial population explosion in drinking water, hence making
it unsuitable for direct consumption, or increase the cost of water treatment [23].

Particles such as sand, silt, clay and organic matter retained within the sand dam
influence both the quantity and quality of stored water [15, 20, 24]. Deposition and com-
position of these particles within the sand dams are expected to vary spatially and tem-
porary because of their size, height of spillway, water velocity and exposure time to deg-
radation. Although retained particles are expected to influence quality of water over space
and time, little is documented about it [15]. Therefore, this study aims at elucidating the
chemical and microbial water quality as influenced by age of sand dams and position of
scooping holes in degraded semi-arid environments. We hypothesized that i) quality of
water extracted from the sand dams (as measured by chemical and microbial properties
of water) will improve with increasing distance from the sand dam wall, and ii) quality of
water extracted from the sand dams will improve with increasing age of the sand dams.

2. Materials and Methods
2.1. Study site description

The study was conducted in Chepareria, West Pokot County in Kenya. The area is
located between latitude 1°15’ N to 1°55’ N and longitude 35°7" E to 35°27" E. The area is
undulating, semi-arid with several hills, dominated by metamorphic rocks such as schist
(Fig 1), which makes the area very susceptible to erosion. The mean annual rainfall is
about 600 mm distributed across two rainy seasons, with the first season occurring be-
tween March and May, while the second season between August and November. In 2021,
the dry season begun in September and hence we conducted our study in mid-October
2021 which was the beginning of water scarcity in the area.
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Figure 1. Schist rocks adjacent to a sand dam in Chepareria, West Pokot.

2.2. Selection of sand dams to be used in the study

Sand dams were purposefully sampled based on water availability during the dry
season. A total of 18 sand dams were sampled. These were grouped into four categories;
less than a year old, 1-9 years old, 10-20 years old and above 20 years old sand dams. Key
informants interviews were conducted to identify areas considered by the communities
to have the observable differences in water quality. Two points were thus chosen. The first
point (hereafter referred to as A) was located 1 m from the sand dam wall, while the sec-
ond one (point B) was located a further 20 m from point A. Scooping holes were dug into
the sand and existing water was scooped out using sterilized containers and discarded to
let freshwater collect. This was to enable collection of clear water samples similar to what
the farmers fetch for their domestic use [15]. Water samples were aseptically sampled us-
ing pre-sterilized containers. Before sampling, the containers were thoroughly rinsed with
water from the scooping well.

2.3. Assessing quality of water abstracted from the scooping holes

Water quality parameters tested included; salinity, total dissolved solutes (TDS), pH,
thermotolerant and faecal coliforms, NOs, POs, water hardness and iron (Fe). Salinity,
TDS, and pH were done in-situ using a portable multi-parameter analyzer. The analyzer
was calibrated to three points using buffers 4, 7 and 10 for pH readings. Water samples
from each sampling point were sampled using sterilized bottles and stored in cooler ice
box before being transported to the laboratory within 48 hours for analysis. Two stage
analysis (presence-absence and multiple-tube methods) was used to confirm presence of
faecal coliforms and quantification of thermotolerant coliforms according to the World
Health Organization (WHO) guidelines [25]. In addition, NOs, POs, Fe, and water hard-
ness were analyzed according to American Public Health Association [26] laboratory man-
ual.
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2.4. Data analysis

All data was checked for normality using Shapiro-Wilk test (Royston, 1995). Data on
TTC was log transformed before analysis of variance. Chemical and microbial properties
data was subjected to Analyses of Variance (ANOVA) using R statistical software [27].
Thermotolerant coliform data was modelled using generalized linear mixed models as a
function of sand-dam age and location of scooping holes using the package Ime4 in R [28].
Negative binomial regression was chosen as an extension of the Poisson distribution when
analyzing coliform data. The best fitting models were chosen based on the lowest Akaike
Information Criterion (AIC). Where significant effects of sand dams and location of scoop-
ing holes were noted, means were separated using Tukey’s Honest Significant Difference
(HSD) test at p < 0.05.

3. Results

3.1. Chemical and microbial properties of water as influenced by sand dam age and location of
scooping holes

Generally, age of the sand dam and location of scooping holes had varied effect on
chemical properties of the water extracted from the sand dams (Fig 2). For instance, dif-
ferences in pH were only observed between scooping holes in recently constructed sand
dams (< 1 year), where scooping holes near (well A) the sand dam wall had lower pH
values (8.5) than holes scooped a distance (well B) from the sand dam wall (9.2). However,
the age of sand dams had no significant effect on pH of the water (Fig 2a). Similarly, the
content of NOs in water was only significant between the locations of scooping holes
within sand dams that were less than a year old. Here, water from scooping holes adjacent
to the sand dam wall had significantly higher NOs-N content (0.8 mg L) compared to
those located away from the dam wall (0.4 mg L-!). Age of sand dams had no significant
effect on the water NOs content (Fig 2b). On the other hand, differences in Fe content in
water were significant in two age groups; the relatively recent sand dams (1-9 years) and
the old ones (> 20 years). Inboth age groups, the content of Fe in the water was lower in
scooping holes near the sand dam wall than away, but the magnitude of differences dif-
fered greatly within and between these two age groups (Fig 2d). In 1-9-year-old sand
dams, water extracted from holes near the sand dam wall had an average value of 1.6 mg
L compared to holes away from the wall with values of 7.5 mg L-1. This translates to about
5 times lower Fe content in water near the sand dam wall than away from the dam wall.
In sand dams that were over 20 years old however, water extracted from the holes near
the dam walls had two times lower Fe content with an average of 0.5 mg LI, compared to
holes located away from the dam wall with an average of 1.0 mg L. Age of sand dams
and the location of scooping holes had no significant effect on the content of POs (Fig 2c¢).

Contrary to chemical properties of the water, age of sand dam had significantly
greater effect on water physical quality than the location of the scooping holes (Fig 3).
Generally, both TDS and TTC decreased with increasing age of the sand dams. For exam-
ple, water from recently constructed sand dams had significantly high total dissolvable
solutes (TDS) with an average value of 100.3 mg L-!, which was 28.2 mg L more than what
was obtained in water extracted from sand dams aged between 1-9 years, 25.9 mg L for
sand dames aged between 10-20 years and 26.6 mg L-! in water extracted from sand dams
that were more than 20 years old. However, there were no significant difference either
between the three age groups (1-9 years, 10-20 years and > 20 years) or between the loca-
tion of scooping holes (Fig 3 a). Similar differences were observed for water salinity and
water hardness (Figs 3 b and ¢, respectively). On the contrary, age of the sand dam had
little influence on thermotolerant coliforms; only location of scooping well had significant
effect. However, significant differences were observed only in sand dams aged between
1-9 years. Thermotolerant coliforms in water obtained from scooping holes adjacent to
sand dam wall (well A) was greater than that reported in well B by more than 2,500 CFU
100 ml! of the water (Fig 3 d).
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Figure 3. Chemical and microbial properties of water as affected by sand dam age and location of
scooping holes.

4. Discussion

4.1. Chemical and microbial properties of water as influenced by sand dam age and location of
scooping holes

Generally, the pH of water abstracted from scooping holes in all the age groups of
the sand dams was high and exceeded the maximum recommended levels by World
Health Organization of 8.5 [29]. The pH values observed in our study were higher than
what has been reported in other semi-arid environments in Kenya such as Kitui [18] and
Makueni [19]. In both regions, Ndekezi et al. [18] and Ndunge et al. [19] reported the water
obtained from scooping holes to have an average pH of 7.6 which was almost 1 pH unit
lower than that observed in our study. In our study, the high pH can be attributed to schist
rocks which have been observed in the study area (Fig. 1). Schist contain appreciable
amounts of carbonates and hydrogen carbonates of calcium, magnesium and sodium
which can contributes to the high pH [30, 31]. Water with high pH and rich in calcium
bicarbonate has been reported to reduce bone resorption, a critical process involved in
transfer of calcium from bone tissue to the blood [32]. Alkaline water also favors copper-
pitting corrosion through cathodic reaction [33] while reducing efficiency of water treat-
ment through favoring formation of scum [5, 34]. Lack of significant influence of age of
sand dams on water pH reported in this study, confirms the influence of rock as the key
determinants of pH.

Nitrates and phosphates contents were low in scooping holes across all the age
groups of the sand dams compared to the recommended levels by World Health Organi-
zation and Kenya Bureau of Standards of 10 and 2.2 mg L, respectively [29, 35]. The con-
tents reported in this study was similar to those obtained by Ndunge et al.[19], where
nitrates ranged between 0.2 and 2.6 mg L' while phosphates was reported to be below 0.2
mg L. The major source of these two nutrients in water is through sediments eroded from
agricultural farms or from sewage effluents [36]. Nonetheless, the low contents could be
attributed to possible pollution from fecal materials mainly from livestock and organic
materials retained within the sand dam. In addition, formation of CaPOswhich precipi-
tates out of the water as insoluble solids could further reduce the contents of phosphates.
The nitrates also decreased with the age of sand dam, which could be an indication that
the stabilization of the dam could have been contributing to better quality water. This
could be attributed to N uptake by the vegetation regeneration in the sand dams over
time. Regeneration of vegetation around the sand dams could reduce the nitrate content.
For instance, water extracted from scooping holes adjacent to sand dam walls had higher
nitrate content than that from scooping holes away from the dam wall. The mode of sand
dam natural stabilization usually starts from the far end and the sides towards the center
of the sand dam. Thus, the vegetation growth around the sand dam could contribute to
the observed spatial differences in nitrate content. Besides, the higher amounts of sedi-
ments deposited adjacent to the sand dam wall during the initial stages of sand dam fill-
ing, which may lead to accumulation of more organic materials near the dam wall than
away.

Generally, Fe contents in water abstracted from scooping holes across all age groups
of sand dams exceeded WHO recommendations of 0.3 mg L [29]. High content of Fe in
drinking water could lead to conditions such as fibrosis [37, 38]. However, pathogenesis
of Fe-induced fibrosis is not well understood nor has the critical Fe content in drinking
water that could damage cells been established. In addition, high Fe content in drinking
water reduces the aesthetic water quality by affecting its taste, smell and formation of
microfilms in pipes and containers [5]. Similar amounts of Fe to those reported in this
study were reported in Kitui [18] and in Makueni County [19]. In Kitui, Ndekezi et al. [18]
reported an average Fe content of 1.9 mg L' from water samples obtained from scooping
holes. This was 0.6 mg L' lower than what was reported in this study. Ndunge et al. [19]
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on the other hand, reported an average Fe content of 1.5 mg L. In our study, Fe content
decreased with sand dam age, an indication of stabilizing of the sand dams and the im-
proving water quality with age.

Water from scooping holes across all age groups of sand dams had TDS within the
acceptable range of <1000 mg/L based on WHO standards [29]. The values we obtained
from our study were also lower than what has been reported in other similar studies. For
example, in their study, Ndekezi et al. [18] reported an average TDS value of about 500
mg L1 which was 400 mg L' higher than the highest average readings obtained in the
current study. In another study within the same region, Kitheka [17] reported TDS values
of up to 3,320 mg L-! for the water scooped from sand dams in river Thua in Kitui County.
However, the author did not separate the TDS readings of dry season from wet season,
despite alluding to influence of seasons in that study. Thus the high TDS in that study
could have been as a result of taking readings during extremely dry periods since the
dissolved inorganic and organic substances tend to increase during the dry season as more
water is lost through evapotranspiration [39, 40]. The TDS values also decreased with age
of the sand dam, an indication of sand dam stabilization. Reduction in TDS in the water
with stabilization of the sand dams could be of significance in protecting the community
in the study area since TDS levels greater than 1000 mg L-! could contribute to cardiovas-
cular diseases, diarrhea, and abdominal pain [4].

Salinity levels were low in our study area, being less than 1% in all the sand dam:s.
This was more than 10 times lower than what was reported by Kitheka [17] in Kitui
County. Water hardness levels were within the allowable range of 100 — 300 mg L-! based
on WHO standards  [29]. Both salinity and hardness of the water reduced with age of
the sand dam.

Based on thermotolerant coliforms, the water abstracted from all the sand dams was
not fit for human consumption without any form of treatment since no coliforms should
be traced according to KEBS standards [35]. The presence of coliforms could be attributed
to contamination with faecal matter from both animals and humans, since Escherichia coli
was found in all the water samples. During collection of water samples, cattle and goats
were observed drinking water from the old scooping holes that were made by the com-
munity members. Besides, the open nature of sand dams could exacerbate contamination
of the water with faecal materials as noted by Quinn et al. [15]. Several other studies have
reported similarly high thermotolerant coliforms in water abstracted from scooping holes
within semi-arid regions [15, 16, 19]. For example, Quinn et al. [15] observed TTC in ma-
jority of water samples abstracted from scooping holes, from Machakos and Makueni
Counties, with approximately 20% of the samples containing more than 1000 CFU 100 ml-
1. In a more comprehensive study that covered three counties of Eastern Kenya
(Machakos, Kitui and Makueni) across the rainy and dry seasons, Neufeld et al. [16] re-
ported high TTC with an average of 800 CFU 100 ml" in water samples obtained from
scooping holes. Presence of high faecal coliforms pose a health risk in case of outbreak of
diseases such as dysentery, diarrhea, hepatitis A, trachoma and skin infections [25].
Though sand dam age did not have significant effect on TTC, location of scooping holes
had significant effect on TTC t age 1-9 years indicating possible peak of decomposition of
trapped organic materials and hence proliferation of coliforms. Stabilization of sand dams
though encroaching vegetation could attract predators such as protozoa and bacterio-
phages which have been shown to prey on gram negative bacteria such as E. coli as sug-
gested by McCambridge and McMeekin [41] and Hobley et al. [42].

5. Conclusion

This study elucidated the effect of age of sand dam and location of scooping holes on
the water chemical and microbial properties. Age of sand dam only influenced water
physical qualities while position of scooping holes significantly influenced the chemical
and microbial properties only (pH, nitrates, Fe and thermotolerant coliforms). Some of the
physico-chemical water parameters such as water hardness, Fe and pH exceeded the
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maximum allowable levels which reduces water aesthetic quality. Additionally, water
from the sampled sand dams was biologically unfit for direct consumption. To manage
high population of faecal coliforms, water from the sand dams should be treated through
locally available methods such as boiling and chlorination before drinking. Protecting wa-
ter abstraction points through establishment of shallow wells with appropriate aprons has
been shown to reduce microbial contamination through filtering underground water
while providing a physical protection against surface contaminants.
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Appendix A

The appendix is an optional section that can contain details and data supplemental
to the main text—for example, explanations of experimental details that would disrupt
the flow of the main text, but nonetheless remain crucial to understanding and reproduc-
ing the research shown; figures of replicates for experiments of which representative data
is shown in the main text can be added here if brief, or as Supplementary data. Mathemat-
ical proofs of results not central to the paper can be added as an appendix.

Appendix B

All appendix sections must be cited in the main text. In the appendices, Figures, Ta-
bles, etc. should be labeled starting with “A”—e.g., Figure A1, Figure A2, etc.
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