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Abstract

Rural communities in sub-Saharan Africa (SSA) are always faced with the
challenge of securing safe water for beneficial uses. Most communities lack a
centralized water supply system and, thus, each residence utilizes the treat-
ment method that they can afford. This study evaluated three treatment me-
thods for drinking water in the Njala University and Mokonde communities
in southern Sierra Leone. In the perceived natural treatment, residents in the
Mokonde community believe that groundwater has been purified by the soil
media and, hence, does not require further treatment. In the conventional
treatment, the Njala University Water Works use sand filtration and chlorine
disinfection to treat water from the Taia River. The third treatment method,
first flush diversion, was introduced by Njala University researchers in 2014.
We studied the populations of coliform bacteria and E. coli in untreated and
treated water samples to determine if each of the treatment methods sup-
ported the beneficial use of drinking. This study concludes that the natural
filtration does not remove pathogens in the well water. Even though the first
flush and conventional treatments were efficient in reducing microbial popu-
lations in the water, the World Health Organization’s 100% removal guide-
line was not achieved most of the time. Therefore, all three treatment me-
thods did not support the beneficial use of drinking. Further treatment was
needed to render the water potable.
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1. Introduction

A major challenge facing rural communities in sub-Saharan Africa (SSA) is to
ensure sustainable supply of safe water for beneficial uses such as domestic use
(drinking, bathing, food preparation, and cleaning), recreation, and irrigation.
Residents fetch water from diverse sources including hand-dug wells, rivers,
rainfall, springs, and streams [1] [2] [3]. In addition to these traditional sources,
package drinking water, especially sachet water, has become a major supply
source of drinking water in the region [4]. Each of these sources receives a dif-
ferent form of treatment. The two main treatment goals are to remove dirt and
to disinfect the water.

In Sierra Leone, most rural communities do not have a centralized water
supply system. Each household adopts treatment options that are customized to
their needs and income level. Unfortunately, there are no regulatory standards
that target those diverse treatment options to protect the health of the popula-
tions [5]. There is a need to evaluate drinking water treatment options and pro-
vide recommendations that may guide best practice thereby ensuring protection
of public health in rural communities in Sierra Leone. The treatment options
evaluated here include perceived natural treatment, first-flush diversion of rain-
water from roof tops, and conventional water treatment.

A major treatment option in rural Sierra Leone is perceived natural treatment.
Community members believe that groundwater is pure and, hence, does not re-
quire further treatment [6]. Unfortunately, groundwater is not protected from
fecal and chemical contamination [7] because of pathogen transport from con-
tiguous septic systems and the hydrogeological, geochemical, and physical cha-
racteristics of the Landscape [8]. A 2015 study in southern Sierra Leone asserted
that up to 48% of annual rainfall end up as groundwater [2] potentially trans-
porting fecal contamination from those contiguous pit latrines.

Rainwater harvesting simply involves the collection and storage of water from
surfaces on which rain falls. Normally, water is collected from rooftops of build-
ings and stored in containers and rainwater tanks. Sierra Leone has two main
seasons; the rainy season, which lasts from early May to late November, and the
dry season, which lasts from late November to end of April. With an annual
rainfall of about 2438 mm, rainwater is a major water source in the study area
[2].

The problem with rainwater is contamination from microbes and dust accu-
mulated on rooftops during the dry season [9]. First-flush diversion is one of the
cost-effective methods used to reduce contaminant loads in rainwater systems
[10]. In first-flush diversion, the initial rainfall that washes the roof is diverted as

wastewater before water is allowed into the storage tank.
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The literature does not provide a universal figure as to how much water
should be diverted, or whether such diversion should be based on volume,
depth, or rainfall intensity. The basic idea behind first-flush diverters is that the
dirt in a stream of water coming off a roof is also an indication that the roof is
becoming cleaner. Yaziz et al. (1989) estimated the volume of water diverted to
render rainwater safe for consumption. They found that 5 liters of the first rain-
water diverted allowed significant reduction in contamination [10]. Studies have
suggested that factors such as the roofing type [11], roof catchment areas, and
time [12] should also be considered in determining the first flush diversion. This
study utilized the results of a 2014 first flush diversion project carried out in the
Mokonde community, southern Sierra Leone [13].

In the conventional drinking water treatment, the raw water pump is im-
mersed in a water source such as a river, lake, or well, which lifts water to a
treatment center. At the treatment center, the water passes through slow filters
comprising of graded layers of sand, gravel, and, in some cases, chemical ad-
sorption layers. The filtered water is then disinfected with either a chemical dis-
infectant or energy from heat or ultraviolet light. The treated water is usually
stored in a tank to await distribution by gravity flow to consumers. This study
utilized the results of a 2017 research that evaluated the safety of water supplied
from the Njala University Water Works, a conventional treatment system [1].

Coliform bacteria have several species that share common characteristics such
as shape, habitat, or behavior. Fecal coliforms, a subset of total coliform bacteria,
live in the intestines of people and animals. They are generally not harmful, but
they indicate the possible presence of harmful bacteria, viruses, and protozoans
that also live in human and animal digestive systems. Since it is expensive and
time consuming to test for all pathogens in water samples, most programs test
for fecal coliforms as an indicator of the presence of harmful microorganisms in
the water [14]. The World Health Organization (WHO) recommends that fecal
coliform in drinking water should be zero count per 100 mL of water sample
[15].

Escherichia coli (abbreviated as E. coli) are bacteria found in the environment,
foods, and intestines of people and animals. Most strains of E. coli can make
people and animals sick by causing diarrhea, urinary tract infections, respiratory
illness and pneumonia, and other illnesses [16]. The WHO recommends a zero
count of E. coliin drinking water [15].

We evaluate three drinking water treatment methods in Njala University,
Njala campus and neighboring Mokonde community, a community that pro-
vides diverse services to the majority of students and staff of the university. Two
of the treatment methods (perceived natural and conventional treatments) are
common practice while the third, first flush diversion, has been piloted by a
group of researchers in the area [13]. The objective is to determine if these
treatment methods support the beneficial use of drinking. Because bacterial

contamination is the major water quality issue in the area [1], we used Coliform
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bacteria and E. coli to evaluate each treatment method. This study also for-
warded options for improving those treatment methods that did not meet the
WHO drinking requirement. The outcome of this study may benefit drinking

water treatment in all rural communities across the nation.

2. Materials and Methods
2.1. Description of the Study Area

Njala University, Njala campus is located on the north side of adjacent Mokonde
community in Kori Chiefdom, Moyamba District. Figure 1 shows a map of the
study area.

The university gets its water supply from the Taia River on the west side of the
campus, a well with hand pump (Jarkie Body), and one open hand-dug well at
Florence Carew (a female hostel of the university). Mokonde gets its water
supply primarily from wells and rainfall. Water from a neighboring stream is
used mainly for laundry and bathing.

The Njala campus Water Works has the capacity to produce 25,000 gallons of

water per day. The two campus wells (Jarnkie Body and Florence Carew) also
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serve as a water source mainly for students. Sachet water is also a major source
of drinking water on campus [4]. The Water Works is 200 m away from the in-
take point in Taja River; raw water is pumped through a 6-inch diameter pipe to
the raw water tank (Tank-1). The raw water goes through sand filters of varying
particle size at a filtration rate of about 1.74 gallons per minute (GPM). The fil-
tered water flows through a 4-inch diameter pipe into a disinfection tank where
chlorine is manually added. The chlorine is diluted into predetermined concen-
trations and added to the filtered water. The treated water is stored in a finished
water tank (Tank-2) from where the water is distributed to campus.

The estimated population of Mokonde is 2879 [2] with an average of 2 wells
per every 20 households. The primary treatment method in the community is
perceived natural treatment. A preliminary survey indicates that more than 85%
of the population depend on perceived treatment. Perceived natural treatment in
this context is defined by the widely held perception that the soil media purifies

groundwater, and, as such, well water is consumed directly without any treatment.

2.2. Sampling and Analysis

This study used Coliform bacteria and E. coli to evaluate each of the treatment
options in the two study communities. To evaluate the perceived natural treat-
ment, we collected water samples from 2 wells located in Njala campus and 24
wells located in Mokonde. Figure 2 presents the locations of the sampled wells
in the study area.

Plastic containers were used to draw water from the well and then a 500-mL
sample bottle used to grab sample from the container. Three replicate samples
were collected from each container and all the samples were immediately trans-
ported to the lab for microbial analysis. A total of six samples were collected
from each well, three samples in the dry season (April 2020) and three sets in the
rainy season (June 20121).

The sample bottles were prepared according to Borsuah ef a/ (2014). Samples
were collected in non-reactive, sterile bottles that were first washed with soap
using tap water. The bottles were later rinsed with boiled water after which they
were stored in household bleach with a dilution of 3%, for 30 minutes to disin-
fect the bottles. The sample bottles were emptied, properly rinsed with boiled
water, and then stored dried in the Lab.

The membrane filtration method with the HACH Field filtration Lab Kit was
used to test rainwater samples for microbial contamination. The method is used
to indicate the presence of coliform bacteria and E. coli. The M-coli Blue 24
broth has the ability to differentiate between total coliform and E Coli on the
sterile petri dishes with absorbent pads.

The metal filter sand was first sterilized with a flame of fire for about 5
seconds; the tweezers were tipped in 70% isopropyl alcohol and then disinfected
with the fire flame for the same time. A filter was gently placed on the filter stand
using the tweezers and the disposable filter cup assembled. A 10-mL disposable
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Figure 2. Map showing Kori Chiefdom in Moyamba District (top right) and locations of
wells sampled (left).

pipette was used to pipette 10 mL of sample and poured in the cup. A 140-mL
syringe was used to strain the water sample through the 45-pm filter paper. The
M-coli Blue 24 broth reagent was then poured in the petri dish and then the fil-
ter placed in the petri dish slowly. The prepared samples were placed in the
Darwin chamber NQ series incubator and temperature regulated at 34°C to
36°C + 2°C for 24 hours after which Total Coliform and E. coli were counted.

To evaluate the first flush diversion, we utilized the results of Borsuah et al
(2014). The researchers harvested rainwater using an experimental setup with

sample bottles of varying volumes and determined the populations of two mi-
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crobes, Total Coliform and E. coli, in each sample. Two years of data
(2012-2014) were collected from two buildings at the UMC Primary School
Mokonde. The two buildings were described “Mokonde Old (MO)” and “Mo-
konde New (MN)”, by virtue of the age of the roofs on which the study was
done.

Five bottles of different volumes were installed. At MN, there was one 1.5-L
and four 0.5-L sampling bottles, deployed in ascending order of volume. The
MO setup had two 1.5-L sample bottles and three 0.5-L bottles, also in ascending
order of volume. This setup was used to collect sample at the beginning and end
of the rainy season and the arrangement was reversed in alternate rainy seasons.
This study evaluated results of three sample sets collected on October 10, 2012;
December 1, 2012, and May 1, 2013.

The clean and empty sample bottles were deployed before the start of each
rain event. The setup allowed rainwater to fill the bottles one after the other until
all the sampling bottles were filled. The sample bottles were connected using
half-inch PVC pipes with 90" elbows, tee points and threaded male adaptors. All
threaded connections were wrapped with white Teflon tape to prevent leaks; the
elbows were affixed with PVC gauge. The slope was tilted at 5% following Yaziz
et al. (1989).

To evaluate the conventional treatment method, we used the results of a 2017
water safety study conducted by Mansaray ef al (2017). The authors measured
Fecal Coliform counts in river water before and after treatment at the university
water treatment center. The authors collected water samples during the rainy
and dry seasons. Plastic bottles were washed clean, boiled and labeled accor-
dingly. Each sample bottle was rinsed thrice with the sample to be collected be-
fore the actual sample was collected and closed tightly with the cover. All sam-
ples were transported to the laboratory within 30 minutes of collection. Samples
were stored in a cooler with ice in order to approximate the prevailing condi-
tions under which they were collected.

Mansaray et al (2017) used the Oxfam Delagua Water Testing Kit for the mi-
crobial analysis. The kit has petri dishes, absorbent pads, membrane filters, a
vacuum pump and grease. In order to prevent any form of contamination, the
equipment and all other accessories were sterilized. Each sample was gently shaken
for a minute to make sure there was an even distribution of micro-organisms
present. 50 mL of the water sample was measured using a standard sterilized
measuring cylinder and gently poured into the filtration assembly. With the ap-
plication of the vacuum pump, the water sample was allowed to flow through the
membrane filter of pore size 0.45 microns. The membrane filter was incubated
for 18 - 22 hours at 44°C in order to form suitable colonies of characteristic
shape and color. Yellow Colonies were formed for the fecal coliform and other
colors for the non-fecal coliform bacteria. The coliform bacteria were computed
as counts per 100 ml of water sample as follows: [Number of colony forming

unit/Volume of water sample filtered (50 mL)] x 100.
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3. Results and Discussion

3.1. Perceived Natural Treatment

Figure 3 presents the microbial counts per 100 mL of sample from the 26 wells
covered in this study. The bottom of the bar represents dry season numbers
while the top of the bars represent rainy season counts.

The bacterial counts were higher in the rainy season probably because infiltra-
tion transported the microorganisms from septic systems into the wells [8]. Be-
cause all the wells had microbial counts that exceeded the WHO recommended
value, this meant that the perceived natural treatment would not support the bene-
ficial use of drinking. Further treatment was required to render the water potable.

The major issue appears to be lack of education about the quality of ground-
water. Even though several studies have proven that groundwater can be conta-
minated from anthropogenic sources [17] [18] [19], members of the community
still believe that groundwater is the safest water source and does not require fur-
ther treatment. Additionally, the community does not have the resources to in-
stitute a centralized water treatment system. A possible solution could be the
improvement and expansion of the Njala University water treatment and supply
program to provide safe drinking water for both the university and the Mokonde

community.

3.2. First Flush Diversion

Figure 4 presents the microbial counts per 100 mL of rainwater samples from
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Figure 3. E. coli (Panel (a)) & Total Coliform (Panel (b)) counts/100mL sample from wells in Mokonde (M) and

Njala Campus (NU).
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Figure 4. Total Coliform (Panel (a)), its % reduction (Panel (b)), E. coli (Panel (c)) & its % reduc-
tion (Panel (d)) in the rainwater samples.

the rooftops of the study area. The expectation was that the first sample bottle
(MO1 and MN1) would hold the highest number of microbial colonies because
it receives the first rainwater that washes the rooftop when it has the most con-
tamination; the number is expected to reduce as filling progresses because the
rooftop is expected to be clean after several minutes of continuous rainfall. The
percentage reduction was calculated on the basis of the microbial counts in the
first sample bottle. For example, the percent reduction from the first to subsequent
sample bottles at the older rooftop would be ((MO1 - Mo1)/MO1)*100, where i =
2, 3, 4, and 5. Negative percentages indicate an increase in microbial counts.

For the newer rooftop (MN1 - MNS5), the average coliform counts dropped
from 267 in the 1% sample bottle to 100 in the 2™ sample bottle, a 62.5% reduction.
More coliform bacteria were received in the 3 sample bottle (225 counts/100mL)
than the 2™ sample bottle, which dropped the percent reduction to 15.75%. The
percent reduction increased to 59% in the 4™ sample bottle and 88.75% in the 5
sample bottle. The E. coli results on the newer rooftop dropped significantly
from the 1% to the 2" sample bottle (100% reduction) and, even though a slight in-
crease took place between the 2™ and the 3™ sample bottles (0 to 2 counts/100mL),
there was a 100% reduction in the 5™ sample bottle.

The older roof had more microbial counts suggesting its tendency to provide a
more thriving habitat for the microorganisms. The average number of Total Co-
liform colonies that needed to be removed was 2436 counts/100mL. The reduc-
tion was at 55% in the 2™ bottle and 90% reduction was achieved in the 5" bot-
tle. For E. coli, there was an increase in microbial counts from the first to the

second sample bottle (from 36 to 63 counts/100mL). The E. coli counts were re-
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duced by 66% between the 1* and 5™ sample bottles.

Based on the first flush experiment carried out by Borsuah et al (2014), the
minimum treatment efficiency of diverting the firs 3500 - 4500 mL of rainwater
from rooftops in the study area is 66%. Thus, the treatment method is effective
at removing microorganisms from rainwater. However, further treatment is
needed to achieve a 100% reduction and render the rainwater potable in the
community.

First flush diversion provides the opportunity to significantly reduce the dis-
infection demand and hence the cost of securing chemicals such as chlorine.
Borsuah et al (2014) recommended the coupling of biosand filters with first
flush diversion to achieve maximum treatment efficacy with no cost to the
household. Other studies have also suggested that first flush diversion alone may
not be enough to completely remove contaminants from diverse sources such as
sediments, bird droppings, spiders, insects, mosquito eggs and debris [20]. Other
reasons why the first flush diversion needs to be coupled with other forms of
treatment include its lack of residual disinfection and the possibility of wasting

large volumes of diverted water [21].

3.3. Conventional Treatment Option

Figure 5 presents the fecal coliform counts in untreated and treaded water at
Njala Campus. The lower ends of the bars in the left panel represent the dry
season counts while the upper ends represent the rainy season counts. The left
panel represents Fecal Coliform counts per 100 mL of sample while the right

panel represents the percent reductions in Fecal Coliform populations after

(a) (b)
¥ & o
& &S %Q Agﬂ Ag& &§§ &ﬁg S &ﬁk Aj&

1 1 1 1 1 1

Fecal Coliform Reduction (%)

540-
480
420
360
300
240
180
120
60-
0

95 1

1 : -
754

65

55

45

351

25

154

B | |

Counts/100 mL (Panel A) and % Reduction (Panel B)

N

T

N

y > X
& &ﬁ & S &@ @Q @Q &

S

Sample location
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treatment. The percent reduction is given as ((71 — 77)/71) *100; where 71 is
Tank-1 and 77represents Tank-2 and Tap-1 to Tap-8.

In the dry season, there was a 76.5% reduction in Fecal Coliform count when
water was moved from the untreated water tank (Tank 1) through the filtration
and disinfection setup to the treated water tank (Tank 2). The rainy season re-
duction was 95.6%. At Tap-1, the dry season reduction was 47.1%; in the rainy
season, however, the bacterial count at this tap grew to the original amount in
the raw water tank, bringing it to 0.0% reduction. Similar results as those in tap 1
were recorded at Tap-2 (88.2% reduction in the dry season and 0.0% reduction
in the rainy season), Tap-5 (47.1% reduction in the dry season and 0.0% reduc-
tion in the rainy season), Tap-6 (35.3% reduction in the dry season and 0.0%
reduction in the rainy season), and Tap-7 (88.2% reduction in the dry season
and 0.0% reduction in the rainy season). Tap-8 was the only supply point where
a zero bacterial count was observed in the dry season and a 91.4% reduction in
the rainy season. These results suggest that Tap-8 is less susceptible to reconta-
mination compared to the other supply points.

Because Fecal Coliform bacteria were still in the treated water, it meant that
the chlorine demand was higher than the amount added for disinfection, which
may have resulted in zero residual disinfection. The initial population either re-
mained the same or increased significantly in the water samples collected at the
various taps on campus. Mansaray et al (2017) asserted that reintroduction of
pathogens along the supply network was a strong possibility. Even though con-
ventional water treatment is a universally acceptable treatment method, the Nja-
la University treatment setup did not support the beneficial use of drinking at
this time. There was the need to improve on the treatment setup at the Water
Works [1].

4. Conclusions

The goal of water treatment is to render water safe for direct human consump-
tion. Different treatment methods have been advanced to remove physical, bio-
logical, and chemical contaminants. These methods must satisfy regulatory or
recommended standards that have been developed by agencies and organiza-
tions [15] [22] [23]. This study evaluated three treatment methods for drinking
water in the Njala University and Mokonde communities in southern Sierra
Leone namely, first flush diversion, perceived natural treatment, and the con-
ventional method. Two of the treatment methods, perceived natural and con-
ventional treatments, are common in the area. In 2012, a rainwater treatment
method called first flush diversion was introduced by Borsuah ef al, to minimize
the burden of treatment costs.

In the perceived natural treatment, residents in the Mokonde community be-
lieve that groundwater has been purified by the soil media and, hence, do not
require further treatment. Most of the population drink water from wells. In the

conventional treatment, the Njala University Water Works pumps water from
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neighboring Taia River, pass it through sand filtration, and then apply chlorine
to disinfect the water before supplying to campus. In the first flush diversion
method, the initial rainwater falling on rooftops is diverted until the water is
clean enough to be harvested and stored into storage tanks.

This study used coliform bacteria and E. coli to determine if each of the
treatment methods supports the beneficial use of drinking. Our evaluation con-
cludes that none of the three methods support the beneficial use of drinking be-
cause there were microbes present in the water that was considered as treated,
which violated the WHO recommended guideline.

Even though the first flush diversion and conventional treatments proved effi-
cient in terms of the percent reduction in microbial populations, further treat-
ment was required to render the water potable. Borsuah e al (2014) recom-
mended further treatment of harvested rainwater with the use of a biosand fil-
tration system while Mansaray et al. (2017) recommended improvement in the
setup at Njala University to bring the Chlorine demand to zero and increase re-
sidual disinfection to recommended guidelines.
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