International Journal of Geography and Geology

2023 Vol. 12, No. 1, pp. 1-17.

ISSN(e): 2305-7041
ISSN(p): 2306-9872

DOI: 10.18488/10.v12i1.3318

© 2023 Conscientia Beam. All Rights Reserved.

check for
updates

Impact of soil erosion on water treatment cost: Case of Gihira water treatment plant, Rubavu,

Rwanda

Nsanzumukiza
Martin Vincent'*

Emmanuel
Niwenshuti?

Nzayinambaho
Justin?

Mukankusi
Athalie*

Sindikubwabo
Theoneste?®

Article History
Received: 15 March 2022
Revised: 17 January 2023
Accepted: 3 February 2023
Published: 10 March 2023

Keywords

Gihira water treatment plant
Sebeya catchment

Soil erosion

Turbidity.

“Department of Environmental Economics and Natural Resources
Management, University of Lay Adventist of Kigali, Rwanda.

'Email: nsanzumumartiv@gmail.com

*Email: emmaniwenshutil @gmail.com

*Unazversity of Lay Adventist of Kigali, Rwanda.

'Email: justinovic24@gmail.com

‘Email: athalie2010@outlook.com

"Water and Sanitation Corporation Limited, in Kigali, Rwanda.

‘Email: sinditheosir@yahoo.fr

(+ Corresponding author)

ABSTRACT

The study aimed to assess the impact of soil erosion on cost of Gihira Water Treatment
Plant (GWTP). Raw water and treated data were gathered from GWTP in different
seasons (rain and dry season). The parameters such as TSS, Turbidity and E.coli were
determined with standard methods. Documentary review was used to collect data
related to annual rainfall, elevation, soil texture, land use and vegetation cover. The
results revealed that heavy rainfall impacted negatively quantity of water produced at
GWTP with rate of 6.8%, 10.80% and 6.67% in March, April to May and1.57%, 1.73%
and 1.66% in June, July and August in 2017. In 2018, the rates of 12.09%, 5.57% and
4.76% in March, April and May and the rates of 1.81%, 1.09% and 1.93% in June, July
and August were recorded. The same situation was reproduced in 2019, where the rates
were 8.09%, 4.76% and 4.76% in rain season against of 1.38%, 0.85 and 0.55% of dry
season. The findings revealed that a high disturbance of the water treatment occurred
during the rainy season due to agriculture practices and high steep slope of the areas
which lead to high rate of soil erosion in the catchment and more chemicals were used
to treat potable water than in dry seasons.

Contribution/Originality: This study contributes to the assessment of the impact of soil erosion on cost of

Gihira Water Treatment Plant and characterize the main factors contributing to soil erosion in the Sebeya

catchment. This study lays the foundation for further research in this field and baseline for future academics and

researchers.

1. INTRODUCTION

One of the greatest difficulties faced by water treatment plants is the soil erosion on the watersheds of public

water sources. This erosion is due to the some approaches of land use (Garin & Forster, 1940). According to Issaka

and Ashraf (2017) the loss of soil was reported to be an old phenomenon due to humankind and associated activities,

it has heightened with human development and the quest for improved live by man. It is either caused by natural

agents or persuaded as a consequence of socioeconomic development over the years. Among the foremost reasons of
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soil erosion is rainwater, which disrupts soil, displaces it from its settings, and washes it then away as runoff. Land
use type also has an effect on the soil erosion process (Liu, 2016; Sun, Shao, Liu, & Zhai, 2014). The degradation of
soil is a major global problem, the effects of which may be felt most strongly in developing countries where large
proportions of the population gain their livings directly from the soil (Tully, Sullivan, Weil, & Sanchez, 2015).

Globally, soil erosion has been recognized as the foremost reasons of land degradation. The forestry, pastures
and unpaved roads are affected by erosion. Nevertheless, lands under farming activities are the furthermost affected
(Bizimana, 2017). According to Widomski (2011) above 80% of world’s farming land is suffered by soil erosion,
trom the level of moderate to severe which principally leads to the loss of around 0.5 to 400 tons per ha/ year by an
average loss of 3 tons per ha/year.

The soil degradation in sub-Saharan Africa (SSA), where increases in farming production have been related to
famine and poverty (Sanchez, 2002; Sanchez & Swaminathan, 2005). Although, the truth of famine in sub-Saharan
Africa is undisputable, the landscape and extent of soil degradation, and the part it plays in the vicious cycle of
deficiency or poverty, is still under discussion (Koning & Smaling, 2005). Across sub-Saharan Africa, 75% of the
population depended on survival farming at the end of the last century (Sanchez et al., 2007). Livings are expanding
(Barrett, Reardon, & Webb, 2001) and urbanization is on increase, but in the near-term, soils in sub-Sahara Africa
must now sustain a largely subsistence population (Tully et al., 2015).

In Rwanda, erosion and land degradation have been extensively presumed to be severe and a main reason for
the poverty and food diffidence, as the country is frequently characterized by very high rural population densities,
lush flora due to high precipitation, and steeply sloping highlands (Olson & Berry, 2003). The outcomes of
investigations conducted by the Rwanda Agricultural Research Institute (RARI) and by other scientists showed
that loss of soil due to erosion is severe, fluctuating from 385 to 246 tons/ha/year with most posts computing over
100 tons/ha/year. On five of the seven research stations where erosion was measured, erosion would remove the
productive topsoil within 30 years, if no anti-erosion methods were used (Konig, 1994). One estimation was that in
1990 erosion triggered the decrease of productivity equivalent to 8,000 ha/per year, enough to feed 40,000 people
(Gasana, 2002).

Expenses of soil degradation are difficulty to quantify, but estimations of the effect of declines in productivity
propose a loss of 8.5 per cent minimum of farming Goss domestic product (GDP). Variations in yields are ensuing
in decreasing food availability to rural families and a fundamental factor causative to the social conflict and civil war
in the regions (Olson & Berry, 2003). On other hand, the land use around the catchment has countless impacts on
the water quality of rivers (Huang, Zhan, Yan, Wu, & Deng, 2013).

The quality of surface water, especially rivers may be deteriorated because of the variations in the land cover
shapes or land utilization practices around the catchment as human activities rise (Huang et al., 2013; Sliva &
Williams, 2001) . This also impact on surface water treatment cost. Human activities such as farming practices and
urbanization generally change landscape features, alter run off volume, change water turbidity and generate
pollution, increase algal production and decrease concentrations of dissolved oxygen in water bodies (Uwacu,
Habanabakize, Adamowski, & Schwinghamer, 2021). Therefore, this study aims to assess the impact of soil erosion

on cost of Gihira Water Treatment Plant.

2. MATERIAL AND METHODS
2.1. Soil Erosion in Sebeya Catchment

The catchment area is roughly 860 km?, and its water drains into Lake Kivu. Sebeya catchment is the greatest
of the catchments in western part of Rwanda in the Nile Congo watershed, located in the upper part of the Congo
basin. The area of the catchment is about 365 km? (1.38% of the whole surface area of the country) (Omar, 2014), an
area that is considered by high elevation, abundant and heavy precipitation throughout the year and steep slopes.

The region is of the highly populated areas throughout the country where people around are accountable to the
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obliteration of natural reserves due to looking for of other option of living (Bizimana, 2017; Kisioh, 2015). The
environmental problems are at critical level such as soil erosion and land slide triggered by unsuitable mining and
agricultural activities, high exploitation of soil, alteration of forest land to cattle grazing areas, cutting trues
resulting in Siltation to streams, waterways (Ordway, 2015), ravines, decrease in soil efficiency, land deprivation,

obliteration of settlements in zones of high risk (Bizimana, 2017). Figure 1 illustrates the catchment of Sebeya and
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Figure 1. Description of hydrological network in the study area.

Naturally flooding in the catchment occurs in the middle level parts of the sheer portions shaped by rift
creation located mostly in area around Nyundo. Such subsequent effect acts as a normal retaining buffer for floods.
Although, Pfunda River is one of the main tributaries of Sebeya, with three sub-catchments: Nyaburaro,
Nyangirimbiri and Rwankuba. In the Pfunda catchment, all geologic sources appear to be similarly significant.
Among these three tributaries, the Nyangirimbiri river drains landscapes with high erosion risk, the Rwankuba
River receipts source from Gishwati forest, which is largely a protected area, but some unmaintainable mining and
farming activities take place at some places of this sub-catchment and making it also contributing to Pfunda’s
sedimentation level. The sub-catchment of Pfunda has also mining, agriculture and grazing activities all over
(Akayezu et al., 2020).

The Sebeya catchment has Pfunda, Bihongoro, Karimbo, Kagera, Yungwe and Gatare as main watercourses
that assemble and transport runoft to the confluents with Sebeya as core River toward intake of raw water of Gihira
water treatment plant. The catchment is considered by steep slopes and complex topography which sudden changes
of elevation on minor distances, which varies between 1,462 to 2,902 m (Akayezu et al., 2020; Habyarimana, 2018).
Figure 1 illustrates the Sebeya catchment slope. The catchment has a major river, Sebeya River of 48 km, flowing
and taking its source in the uplands of the Congo-Nile divide, with elevation of 2,660 m above the sea level (Uwacu

et al,, 2021) and is located geographically at 1.705783°S 29.26083°L.
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2.2. Gihira Water Treatment Plant Process

Gihira water treatment processes are conventional surface water treatment plant where typically several steps
such as collection or intake, screening and Straining, addition of chemical (coagulant), coagulation and flocculation,
sedimentation and clarification, filtration, disinfection, storage and finally distribution are considered.

The surface water sources like rivers, lakes and reservoirs may contain varying amounts of dissolved and
suspended materials. These water quality parameters include turbidity, color, odor, taste, microorganisms, plants,
fish, trees, trash, etc. They may be also organic or inorganic, dissolved or suspended, inert or biologically active,
and vary in size from colloidal to a tree trunk. So, the initial process in conventional water treatment is screening or
straining out these larger items.

When the pre-screened raw water is received into the plant, water treatment chemical (coagulant) is added to
aid make the suspended materials that are floating in the raw water to form a weightier and greater gelatinous
particle frequently called flocs. Once the coagulation process is done, the water then passes over the weir in the
flocculator tank and travels to the midpoint of the sedimentation basin or clarifier. As the water is moving towards
the weir, the big floc particles are permitted to settle out to the lowest point of the clarifier. The filtration process is
done when water enters the filters from the top. After filtration process, a disinfection process is followed to kill or

disactivate bacteria and viruses and water is distributed from storage tank or underground storage tank.

2.8. Data Collection and Analysis

This technique provided the required information on impact of soil erosion on the cost of potable water
treatment at GWTP and identifies other factors. The datasets related to raw water quality, treatment chemicals
used, water produced, annual rainfall, elevation, soil texture, land use and vegetation cover gathered from Gihira
WTP, Ministry of Environment and Rwanda meteorological Agency. To develop maps of the research area, the

field visits were done and the Geographical Information System (GIS) was employed.

3. RESULTS AND DISCUSSIONS
3.1. The Factors Influencing Sotl Erosion in Sebeya Catchment
3.1.1. Agriculture Actrvities in Sebeya Catchment

Sebeya catchment is situated in high density inhabited area where livelihoods depend typically on agriculture
activities. The main source of water quality pollution is due to the use of manure, fertilizers, insecticides and
sediment transportation in agriculture practices (Bizimana, 2017). The use of manures is not high due to the
tertility of soil compared to the use of pesticides or insecticides for the purpose of increasing land productivity. This
resulting to some change in water quality appearances by erosion as chemicals is soluble into surface water.

The well-known case in loss of land cover in Rwanda is the obliteration of Gishwati forestry. There is human
settlement and farming of this area which changed soil constancy and structure, and its resistant capacity to soil
erosion has been declined. This has caused the problem of flooding of all tributaries around the area with a

significant amount of sediments (Bizimana, 2017).

3.1.2. Mining Actrvities in Sebeya Catchment and their Effects on Sebeya River

The Rwanda subsoil is ironic in granite-related ore deposits that comprise minerals like wolframite, cassiterite,
gold, niobotantalite, amblygonite, beryl, monazite, spodumene, etc. Mining is considerable opponent producing the
degradation of environmental with respect to water quality pollution, depletion of resources etc. The mining
activities conducted around the country have, therefore, affected the soils of mountains and swamplands, where
erosion degree has been amplified to excess the wetlands and rivers (Bizimana, 2017). Sebeya river is one of the
rivers that are vulnerable to contamination or pollution due to mining activities around, especially in Ngororero

District (Akayezu et al., 2020).
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3.1.8. Contribution of Rainfall to Soil Erosion in Sebeya Catchment

The northwestern part of Rwanda including the area of Sebeya Catchment has a very high risk of erosion. Soil
erosion is high in Sebeya catchment; this is mainly because the rainfall dispersal in the catchment differs among
1,200 to 1,700 mm per year as illustrates on the Figure 2, signifying very wet conditions. These increases the
possible soil erosion in the catchment as rainfall is one of the foremost factors contributing to erosion. Sebeya

catchment annual average temperature ranges between 15°C and 17°C.
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Figure 2. Rainfall distribution in Sebeya catchment.
Source: MIDMAR (2015).

3.1.4. Land Cover/Land Use Variation and Contribution to Soil Erosion in Sebeya Catchment

The main land cover and land use classes along the catchment comprise livestock grazing, forest plantations
and agriculture. The several cases of unsustainable agriculture and mining activities are still happening alongside
the Sebeya River. Consequently, during heavy rainfall, deposits are washed into the river producing dreadful
sedimentation. The 11% of the total area is covered by the forests, and the wetland irrigation is not very significant.
Population lives on agriculture, mining and livestock. The Figure 3 shows that landscapes of land use in diverse
percentage of occupied area, comprise natural forest, planted forest, natural open land, agriculture in marshland,
rain fed agriculture, open water, built-up area, livestock area.

The land-living/use reflects the land cover, the disruption of soil texture and possible erosion (Phuong,
Shrestha, & Chuong, 2017). According to Tilahun (2018) the resistance of the soil depends of the land cover since

there is high decrease of energy of rain-drop imparting on the soil and speed of the runoff. Efficiency of flora cover
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depends on the method of management and the level of its accessibility through the year and season type (Telles,
Dechen, Souza, & Guimardes, 2013). Studies revealed a high disturbance of the plant cover in the greatest part of
Sebeya catchment that occurs throughout or closer to rainy season due to agriculture practices taking places in the

area, its mixture with rainfall giving high rate of soil erosion in the catchment (Akayezu et al., 2020).
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Figure 3. Sebeya land cover and District boundaries.
Source: MIDMAR (2015).

3.1.5. Topography and its Contribution to Soil Erosion in Sebeya Catchment

Sebeya catchment is considered by steep slopes and complex topography which sudden changes of elevation on
minor distances which varies between 1,462 to 2,902 m, as illustrates on Figure 4.

The severity of soil erosion depends also on the nature of the slopes/ hills; obviously, as the slope of the ground
is steeper the more the quantity of the soil is misplaced or lost by erosion. Furthermore, the length of the slope also

impacts on the erosion course (Telles et al., 2013).

3.2. Seasonal Variability of Raw Water Qualily of Sebeya River and Its Effects on Gihira WT'P Performance

According to Agency (2002) the slope in the sebeya catchment varies from 0 % to 42 % where the greatest part
of the catchment is categorized by the slope changing between 6% and 42 %. The nature of topography exposes the
sebeya catchment to soil erosion. Furthermore, the 4 districts of sebeya catchment which contribute to flow Sebeya
catchment area are amongst the 11 districts that are very extremely vulnerable to the hazards of land slide at

nationwide due to slope and slope extent accountable for speed and scrubbing of soil elements (MIDMAR, 2015).
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Figure 4. Administrative boundaries, topography, annual rainfall, and land use/land cover maps.

Source: MIDMAR (2015).

Table 1. Seasonal monthly averages for water quality of raw water, chemical quantity and produced water quantity.

Rainy season Dry season
Years | Parameters March April May June July August
2017 | Turbidity (NTU) 1653.66 225346 | 1776.6 895 869.92 898.26
TSS (mg/1) 1239 2305 995 765 324 644
E. coli (Cfu/100ml) 124:50 23870 1120 980 688 876
Chemicals (Kg) 166.1 163.44 180.15 | 114.85 114.21 129.29
Treated water (m?) 8605.73 8056.63 | 8945.04 | 9501.3 9269.11 9058.6
2018 | Turbidity (NTU) 1553.66 2353.46 1976.6 934 765 779
TSS (mg/1) 987 1764 1024 653 435 450.6
E. coli (Cfu/100ml) 10220 15700 11500 783 654 669
Chemicals (Kg) 166.1 163.44 180.15 | 144.85 | 109.08 (200) 106.23 (600)
Treated water (m?) 8605.73 8056.63 | 8945.04 | 9501.3 10263.86 9898.66
2019 | Turbidity (NTU) 1168.55 1317.63 943.6 | 642.16 444.39 504.18
TSS (mg/1) 967.34 897.5 703 824 230 356
E. coli (Cfu/100ml) 1325 1450 1080 456 350 408
Chemicals (Kg) 134.1 (500) 144.06 164.11 | 122.19 102.8 113.51
Treated water (m?) 8273.4 7822.73 | 8685.24 | 8321.13 9422.89 9004.08

Note: NTU: Nephlometric turbidity units, CFU: Colony forming unit , mg/L: milligram per liter, TSS: Total suspended solids, Kg: Kilogram.

The daily water quality and production reports filed by Gihira WTP operators include information on

observed turbidity, total suspended solids, E. coli levels of raw water and treated water, and the quantity in cubic

meter of water treated, type and amount of principal chemical(s)/ coagulants used. These reports were used to

compare seasonal (rain and dry) and monthly averages for each item. The final data set Table 1 consists of three

months (March, April and May) of rainy seasons and three months (June, July and August) of dry seasons from

2017 to 2019.

Comparing the month of April for rain seasons and July for dry seasons in year 2017, the data showed that the

average turbidity was decreased from 2253.46 NTU to 869.92NTU, while the average quantities of water treatment
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chemicals have decreased from 163.44Kg to 114.21Kg and the cubic meters of treated water have increased from
8056.63 m® to 9269.11 m?, equivalent to the increasing rate of 13.08% of produced water. The same situation was
observed in years 2018 and 2019, where the increasing rate calculated were 21.50% and 16.98% respectively.

Figure 5 illustrates the average variability of raw water quality in different seasons. The improper land
management, heavy rainfall and human activities disturbing the soil texture are resulting in high risk of soil erosion
which was classified into six classes (very low, low, moderate, high, very high and extremely high) in tons/ha/year
where about 8000ha are under high risk, about 6000 ha under very high risk while 4000ha and tremendously high
risk of erosion (Bizimana, 2017). The stormwater is the main cause of water pollution. In this study, the quality of

raw water for the key parameters was worse in rain seasons compared to dry seasons.

« Turb. (NTU)
=TSS (mg/l)
# E. coli (Cfu/100ml)
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Thousands
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Rainy season Dry season

Seasons (2017-2019)
Figure 5. Average variability of raw water quality of Gihira WTP intake.

From Table 1, the average turbidities, total suspended solids (T'SS) and E. coli are plotted in the same graph as
illustrated Figure 5. The high values of the key parameters of water quality were observed in rain season compared

to the dry season.

3.2.1. Sediment Loads and Turbidity Fluctuation in Sebeya River

The Figure 5 shows that the high turbidities, total suspended solids, as well as the sediment loads are observed
in rain seasons compared to the dry seasons. This is the effect of soil erosion in uphill areas. In widest context, the
soil erosion is accountable for increasing the rate of sediment loading in a river with two main categories of
pollution correlated to the chemical and physical composition of the deposit/sediment (Ezugwu, 2013; Omar, 2014).
The Turbidity is related to the accessibility of clay, silty and sand from inorganic and organic and substances
(Omar, 2014).

Throughout rainy periods, both suspended solids and turbidity rise due to soil erosion and low preservation
measures in Sebeya catchment. All values of turbidities and total suspended solids in both seasons are above
allowable prescribe limit for potable drinking water requirements (Omar, 2014). This is the main challenge faced by
Gihira WTP in terms of excessive chemical costs such as coagulants used to treat high turbid raw water. This
research uses turbidity as an indicator of water quality (Moore & McCarl, 1987). Turbidity is determined in
Nephelometric Turbidity Units (NTUs), which indicate how the light from a tungsten lamp is scattered in water.
High turbidity levels make water unfitting for human drinking. In addition, chemical pollutants frequently find

their mean into surface water sources with high turbidity (Dearmont, McCarl, & Tolman, 1998).
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3.2.2. Escherichia Coli

E-coli are considered as indicator of fecal matter. These bacteria are very useful in giving us the levels of
contamination. From Figure 5, the contamination of raw water was very high in rain seasons compared to dry
seasons due to the soil erosion and rainwater runoft from the uphill areas. The pollution of water is enhanced by the
rainfall, which naturally burdened sediments and other wastes into water courses, and this in turn, eased to

increasing the water pollution probability (Haregeweyn et al., 2017).

3.2.8. Comparison Between Water Loss During the Rain and Dry Season

The results obtained from this study have revealed that the rainy season has influence on produced water.
Basing on our observations, from 2017 to 2019 the produced water decreased at the plant level in rainy season to
dry season. The decreasing ratio (%) of produced water in March, April and May in 2017 were 8.8%, 10.85 and
6.67% respectively in rain season comparing to 1.56%, 1.78% and 1.66% in dry season (June, July and August)
respectively. The same situation was reproduced in 2018 and 2019 respectively. The Figure 6 shows that lost water
has been decreased in dry season compared to rain season, hence increasing produced water (supplied water) under

the period of study.

Water lost 2019
=== Water lost 2018
s Water lost 2017

30.00 g0
25.00 476
20.00

15.00

Loss (%)

10.00

5.00

0.00

March April May ‘ June Tuly Aug ‘

Rainy season Dry season ‘
Figure 6. The seasonal water lost ratio (%) at Gihira WTP.

The Figure 6 is showing also that the supplied water is increasing in dry seasons compared to the rain seasons
as also lost water is decreased. The sediment loads in terms of high turbidity of raw water from intake of Gihira
WTP is changing over considered period. Sebeya river is also polluted by anthropogenic activities as other water
resources in Rwanda. The topsoil and soil nutrients are washed into rivers, lakes and water reservoirs by soil
erosion causing high turbidity. Once, the turbidity rises above some point, the desirable amount of coagulant rise,
and wen this reaches the maximum the raw water become untreatable; hence plant stops operating. This will be the

main reason why treated water will be less in heavy rainy season compared to the dry season.

3.3. Gihira Water Treatment and Treatment Chemical Costs in Different Seasons
3.8.1. Gihira Water Treatment Costs

Gihira water treatment plant functions mainly to take raw water quality to drinkable standards or
requirements. In satistying this role, treatment process charges/costs vary depending on the source and raw water
quality and the accessibility of treatment capitals. Among costs comprises opportunity costs of capturing raw water
from other usages to the domestic levels; storing and raw water transmission to the municipal area; raw water
treatment to drinking water requirement; delivery of finite water within the municipal area to the home and any
outstanding costs or compensations forced on others by the treated water. Gihira water treatment cost comprises

functioning and capital costs related with the purification of raw water by the plant and delivery costs involve all
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expenses experienced in distribution of the ended or treated potable water to the end-user. The operation and
maintenance cost includes all real cash process, costs of maintenance and administrative linking to the water
treatment. For instance, work, energy, treatment chemicals, consumables replacements etc. However, due to
present treatment process used at Gihira WTP, the only treatment chemicals cost especially coagulant used are
more varied according to the raw water quality and production volume, hence, other remaining costs are considered

as constants.

3.8.2. Water Treatment Chemicals Cost Per Unit

Generally, two types of treatment chemicals are used at Gihira WTP: Coagulants (Sudfloc 3870 or Aluminum
sulfate and disinfectants. Coagulants bind with impurities to form enough sized particles and mass which are easy to
eliminate by sedimentation and filtration and disinfectants is applied to kill bacteria and other organisms. The unit

costs (in USD) and the chemicals used at Gihira WTP are presented in Table 2.

Table 2. Water treatment chemical and costs per unit.

Chemical Cost/unit (USD) Use
Sudfloc 8870 2.29 Coagulant
Aluminium sulfate (Alum) 0.56 Coagulant
Sodium chlorite 0.42 Disinfectant
Calcium hypochlorite 2.56 Disinfectant

Sources: GWTP annual reports. USD: united states dollar, Alum: Aluminium

3.8.3. Effects of Soil Erosion on Gihira Water Treatment Chemical Consumption (Cost)

The management of natural resources in sustainability way is one of the serious problems that each country
must effectively address by observing at past events, having clear data of alteration in land use is very significant in
land and water resources management in each country (Nachtergaele, 2002). Soil erosion does not only touch on
agriculture productivity, but also off-site consequences are high significant as well in addressed; these consequences

are related to the materials that arrive in the watercourses from land surface (Bizimana, 2017).

Table 3. Seasonal characteristics of Gihira water treatment plant and treatment chemical cost.

Chemical Chemical
Raw Average Average Chemical cost per cost per
Average & monthly P P
Years | Season | Month water TSS monthly total cost 1000 m3 of | 1000 m3 of
turbidity o treated coagulants (2.29) treated WT per
(NTU) & water(ms3) use%i (Kg) USD water turbidity
& (USD) unit (USD)
Rain Mar:ch 1653.66 1239 8605.73 166.1 380.369 19.301 0.012
season |April 2253.46 2305 8056.63 16344 374.278 20.286 0.009
May 1776.6 995 8945.04 180.15 412.544 20.14 0.011
. June 895 765 9501.3 114.85 263.007 12.088 0.014
2017 | Dry Jul 869.92 324 9269.11 114.21 261.541 12.322 0.014
season LY - - : o - -
Aug 898.26 644 9058.6 129.29 296.074 14.273 0.016
Rai March 1553.66 987 8605.73 166.1 380.369 19.301 0.012
Sezl:(m April 2353.46 1764 8056.63 163.44 874.278 20.286 0.009
2018 May 1976.6 1024 894:5.04 180.15 412.544 20.14 0.011
D June 984 653 9501.3 144.85 331.707 15.245 0.016
Sezon July 765 435 10263.86 146 354.34 14.225 0.019
Aug 779 450.6 9898.66 142 325.18 14.345 0.018
Rai March 1163.55 967.5 8273 .4 164 375.56 19.823 0.017
2019 | (o [ April 1517.63 897.5 7822.75 144.06 529.897 15,416 0.014
May 943.6 708 8685.24 164.11 375.812 18.895 0.02
Dry June 642.16 324 8321.13 122.19 279.815 14.684 0.023
season  |2uly 444.39 230 9422.89 102.8 235412 10.91 0.025
Aug 504.18 356 9004.08 113.51 259.938 12.607 0.025

Note: NTU: Nephlometric turbidity units, mg/L: milligram per liter, TSS: Total suspended solids, Kg: Kilogram, WT: water treatment, USD: United states dollar.
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The soil erosion has a negative impact on water production of Gihira WTP. The data presented on Table 3,
comprises summary of average seasonal monthly water production (in cubic meter), raw water turbidity (NTU),
Average total suspended solids, chemical cost per 1000 cubic meter, and chemical cost per 1000 cubic meter per unit
of turbidity.

The data in Table 3, showed that the chemical cost (USD) per 1000 m? of treated water in rain season (April
2017) varied from 20.286 USD to 12.322 USD in dry season (July 2017), while the chemical cost per 1000 m? of
WT per unit of turbidity varied from 0.009 USD to 0.014 USD respectively. In 2018, the cost varied from 20.286
USD in April (rain season) to 14.225 USD in July (dry season), while the cost per unit of turbidity varied from 0.009
USD to 0.019 USD respectively. In 2019, the cost varied from 18.416 USD in rain season (April) to 10.910 USD in
dry season (July), while the cost per unit of turbidity changed from 0.014- USD in rain season to 0.025 USD in dry
season. The same trends are also observed on the remaining months of rain seasons and dry seasons in three years
under study.

Comparing the rain season periods for the three years (2017, 2018 and 2019) under study, the data in Table 3
shows that the chemical cost per 1000 m? of treated water has been similarly increased in 2017 and 2018 compared
to 2019. The chemical cost per 1000 m? of treated water was 19.301 USD, 20.286 USD and 20.14 USD and the
chemical cost per 1000 m® of treated water per turbidity unit was 0.012 USD, 0.009 USD and 0.011 USD
respectively in March, April and May (heavy rain season period of 2017).

GWTP spent the same amount for chemicals used to treat 1000 m® in March, April and May (heavy rain
season period of 2018); while the chemical cost per 1000 m? of treated water was 19.823 USD, 18.416 USD and
18.895 USD, and the chemical cost per 1000 m? of treated water per turbidity unit was 0.017 USD, 0.014 USD and
0.02 USD respectively in rain season of 2019 (March, April and May). During rain period of 2019, the costs for
treatment chemicals used were decreased in comparison with two previous years (2017 and 2018) and this was
anticipated with the decreasing of raw water turbidity (NTU).

The erosion of soil can raise the cost of urban water treatment through acquiring further investments for
basins settling, contaminants elimination, filtration, and elimination of numerous minerals from diverse source like
sites of mining (Holmes, 1988). According to Omar (2014), the difference in mass movement rates of bed load
sediments was found to be increasing during rainy season and diminished considerably during dry season. This is in
line with the findings in Table 3, where the concentration of turbidity increased during the rainy season and tends
to decrease in the dry season, this moves in line with higher demand of coagulants necessary for water treatment
during the rainy season.

One of the main challenges faced by Gihira WTP in terms of excessive chemical costs of coagulant is the high
turbidity of raw water. The very high turbidity and TSS values can be linked to unbalanced mining and poor
agricultural activities favoring soil erosion that outcomes in high loads of Sebeya river sedimentation (Omar, 2014).

The outcomes of this study have revealed that the cost of treatment chemicals have been increasing in rain
seasons compared to the dry seasons over the period under study. This is due to the increase of sediment loads or
suspended solids caused by soil erosion in rain seasons. The Figure 7 shows the trends of treatment chemical cost of
Gihira Water Treatment Plant in rain seasons against sediments loads in terms of suspended solids in sebeya river.

The results of this study have also shown that over the period of three years (2017-2019) increase in raw water
turbidities caused by soil erosion during rain seasons (March, April and May) will increase the amount of
coagulants used in the same season and a decrease of raw water turbidities during dry season (June, July and

August) will also decrease the amount of coagulants (chemicals) respectively in the same season.
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Chemical cost (USD) vs sediment loads
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329.89

== Av TSS mg/1 2019

—4¢— Chem cost USD 2018
Av. TSS mg/12018
375.56

375.81 —— Chem cost USD 2017

967 —— Av. TSS mg/1 2017

380.37

987 259.94
356
380.37
450.6
1239
644
324
March April May June Tuly Aug
Rainy season Dry season

Figure 7. Trends of average chemical cost and sediment loads in terms of suspended solids.

The Figure 8 illustrates the chemical costs against sediment loads in terms raw water turbidities.

Chemical cost (USD) vs raw water turbidity (NTU)

Chem cost (2019)
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Figure 8. Trends of average chemical cost and average raw water turbidities.

The costs for chemicals and sediment elimination were valued to be USD 20.00 per million gallons and
consideration of the effects of high turbidity on nonchemical prices would increase damage estimations (Dearmont
et al., 1998). According to Omar (2014), the high turbidity due to high river deposit loads is much more in rainy
season than in dry season and if the turbidity of raw water rises, the coagulants consumption will also rise for the
same amount of water being treated.

High turbidity can meaningfully diminish the appealing quality of watercourses and lakes, having a damaging
influence on recreation and tourism. It can harm aquatic life like fish and others by dropping water food provisions,
demeaning depositing beds of lakes and rivers and touching the gill function of fishes (Ezugwu, 2013). As before
specified, the cost of water treatment increases when water pollution is present in surface water. Once the raw

water quality is remarkably good, numerous treatment processes such as coagulation/flocculation, sedimentation,
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etc. can be abandoned. For instance, sedimentation procedures are abandoned in direct water filtration treatment
(Lintern et al., 2018). This will decrease the cost for treatment. Contrariwise, the quality of the raw water regulates
the cost of chemical usage in a water treatment plant. Consequently, raw water quality is a foremost reason of
dissimilarity in treatment costs. This was reinforced by the outcomes of Dearmont et al. (1998); Holmes (1988),

which state that roughly each 1% rise in turbidity rises the chemical cost by 0.27%.

3.8.4. Effect of Soil Erosion on Treated Water Production of Gthira WTP

In Rwanda throughout rainy season’s water treatment plants which treats surface water are forced to
temporarily stop treatment process due to higher quantity of soil sediments transported by the water flow. This
also affects the amount of supplied water to the consumers. However, the soil erosion has a negative impact on
production of Gihira WTP. The data presented on Table 4, have shown that over the period of three years (2017-
2019) increase in raw water turbidities caused by soil erosion during rain seasons (March, April and May) will
decrease the amount of water produced in the same season and a decrease of raw water turbidities during dry season
(June, July and August) will increase the amount of water production respectively in the same season.

The fact that, the turbidity is highly increased during heavy rainfall, the water treatment operators are obliged
to reduce incoming raw water at the plant or even to stop treatment operations; this in turn will decrease the

amount working hours per day, hence decreasing water produced.

Table 4. Amount of water produced at different turbidities per seasons.

Years Parameters Rainy season Dry season
March | April May June July Aug
2017 | Av. Raw water turbidity (NTU) 1653.66 | 2253.46 | 1776.6 895 869.92 898.26
Av. Monthly products (m3) 8605.73 | 8056.63 | 8945.04 | 9501.3 | 9269.11 | 9058.6
2018 | Av. Raw water turbidity (NTU) 1553.66 | 2353.46 | 1976.6 934 765 779
Av. Monthly products (m3) 8605.73 | 8056.63 | 8945.04 | 9501.3 10263.86 | 9898.66
2019 | Av. Raw water turbidity (NTU) 1163.55 | 1817.63 943.6 642.16 444.39 504.18
Av. Monthly products (m3) 8273.4 | 7822.73 | 8685.24 | 8321.13 | 9422.89 | 9004.08
Note: NTU: Nephlometric turbidity units, Av.: average.

However, during the rain seasons, the turbidities do not increase on the same rate of decreasing of potable
water produced. Figure 9 presents the relationship between decreasing potable water produced and increasing of

raw water turbidities according to the seasons.

Water produced (m®) vs sediment loads in terms raw water turdities (NTU)

12000
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=t Av. NTU (2017)
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e Av. NTU (2018)
6000 et Av. Prod. W. (2018)
4000 et Av. NTU (2019)
i Av. Prod. W. (2019)
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March April May June July Aug
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Figure 9. The impact of soil erosion on water production.
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According to Bank (1999) the turbidity may be encompassed of inorganic and /or organic substances and it
disturbs all water life by blocking sunlight diffusion. The water Plants require also light for photosynthesis. If
suspended subsatances block light, photosynthesis and oxygen production and other water life will be lessened. The
high turbidity of raw water at intake of Gihira WTP is generally caused by soil erosion which is worldwide known
as main among other factors of degradation of environment; the effects of soil erosion comprise: water pollution,
decrease of land efficiency, disruption of environmental functions, damage of life (Bizimana, 2017; Tilahun, 2013).

The level of sedimentation reflects the water courses management practices, buildup of deposits in rivers
causes the undesirable effects downstream like loss of rivers discharging capacity, reduction of storage reservoir
necessary for irrigation and flooding, rise of the cost of producing potable water, deficiency of hydro turbines in

hydroelectricity projects (Bizimana, 2017; Burton, 2014:).

3.4. Correlation between Factors Influencing Soil Erosion and Water Treatment Cost

Rivers are facing deteriorating water quality, for instance, with changed stages or levels of sediments, salts, and
nutrients. Effective management of raw water quality being treated necessitates a comprehensive thoughtful of how
and why the quality of water varies crossways space, both inside and among river catchments (Ezugwu, 2013).

Land use, land cover, land administration or management, geology and soil type, atmospheric deposition,
weather, landscape, and catchment hydrology are the main features of a catchment that touch on the quantity of
suspended sediment, nutrient, and salt concentrations in catchments, the enlistment and the distribution of these
ingredients to receiving waters (Ezugwu, 2013) considered as raw water reserved for treatment of potable water.
There are, however, complicities in the association between these characteristics and raw water quality.

Deterioration of the raw water quality resulting from farming activities runoft can fallouts in a diversity of
economic costs. Nutrients, sediments and other water quality problems can seriously affect marine ecosystems,
dropping commercial and recreational activities (Holmes, 1988). Sediment loads rises the cost of Gihira municipal
water treatment plant by imposing investment in sedimentation basins, increasing water treatment chemical
consumption and filtration costs and in several cases special treatments in screening and removing suspended
solids. Pathogenic bacteria load also linked with soil erosion from human activities contribute to the need of

disinfectants used for potable water supplies (Holmes, 1988; Lintern et al., 2018).

4. CONCLUSION

The present study highlighted the impact of soil erosion on surface water treatment cost. Water treatment is
required before drinking or use to eliminate impurities. Through increasing guidelines and precautionary measures,
treatment is becoming severe and costly. It is very significant that the residents of Sebeya catchment recognize the
reality of soil erosion and its impacts on livelihoods. Also, the companies running business which are disposed on
soil erosion or transport of sediment loads recognize all experienced losses caused by erosion happening in sebeya
catchment. The description of the sebeya catchment revealed that the high potential of soil erosion caused by
agriculture activities, rainfall, land cover and land use variation, soil categories and steep slopes end of increasing
the cost of Gihira potable water production.

The eroded deposits/sediments conveyed in Sebeya River is negatively impacting on surface water treatment
for domestic use in the ways of increasing the unit cost of water treatment especially water treatment chemical
costs and decreasing the amount of cleaned water per month during the raining season. This is described by the fact
that, the cost of water treatment at Gihira WTP in terms of chemical consumption is more increased in rain seasons
compared to the dray seasons. Although, the average water treatment chemical costs were varied respectively from
380.369 USD, 374.278 USD and 412.544 USD in rain season (March, April and May) in year 2017 compared to
263.007 USD, 261.541 USD and 296.074 USD in dry season (June, July and August). The same decrease situation

was observed from rain seasons to dry seasons in other two remaining years (2018 and 2019)
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The soil erosion affects the quality of raw water by increasing its turbidity and numerous measures composed
to land management practices still being needed to impact on the reduction of cost of potable water production.
Especially in months of heavy rain (March. April and May). To moderate the soil erosion effects, it is imperative
that all shareholders collaborate and contribute to governing erosion in the Sebeya catchment. The impact of soil
erosion on the cost of surface water treatment and found that this is increased in the periods of rain seasons
compared to dry seasons. Any extenuation degree considering the soil erosion control in the catchment would
alleviate the contrary effects of Sebeya river sediment loads by decreasing the volume of sediment that is
transported to the intake of Gihira WTP, hence reducing the costs on chemicals used by GWTP. However, basing
on the results of this study, the following recommendations should be considered by decision makers:

e Instruct the individuals in terms of capacity building on the current laws of environment and imposed them
to guarantee an appropriate control of soil erosion.

e Capitalize in several improvements toward lessening soil erosion in the catchment for instance educating
resident people how to improve farming activities and shaped human settlements, etc.

e  Corporates in knowledgeable and applying new skills that will contribute to soil erosion control.

e Reinforce all actions connected to the catchment management in terms of preserving the storage of rainwater
by issuing reservoirs for runoff retaining and this will benefit also to normalize the highest flow in case of
high heavy rainfall based on additional investigations.

e Increase the application of soil erosion control actions counting terraces, tillage conservation of forests,
numerous measures of slopes stabilization, cover crops and plants, stabilize riverbanks with revetment of

stones, regulate buffer zones.

Funding: This study received no specific financial support.
Competing Interests: The authors declare that they have no competing interests.
Authors’ Contributions: All authors contributed equally to the conception and design of the study.

REFERENCES

Agency, U. E. P. (2002). Escherichia coli (E. coli) in water by membrane filtration using modified membrane-thermotolerant
Escherichia coli agar (Modified mTEC).

Akayezu, P., Musinguzi, L., Natugonza, V., Ogutu-Ohwayo, R., Mwathe, K., Dutton, C., & Manyifika, M. (2020). Using sediment
fingerprinting to identify erosion hotspots in a sub-catchment of Lake Kivu, Rwanda. Environmental Monitoring and
Assessment, 192(12), 1-15. https://doi.org/10.1007/51066 1-020-08774-5

Bank, A. D. (1999). Handbook for the economic analysis of water supply projects. In (pp. 361). Metro Manila Philippines: Asian
Development Bank.

Barrett, C. B., Reardon, T., & Webb, P. (2001). Nonfarm income diversification and household livelihood strategies in rural
Africa: Concepts, dynamics, and policy implications. Food Policy, 26(4), 315-331. https://doi.org/10.1016/s0306-
9192(01)00014-8

Bizimana, A. (2017). Assessment of soil erosion potential and its impacts on hydroelectricity generation and potable water yreatment in
Sebeya catchment. Master's Thesis Rwanda.

Burton, L. D. (2014). Agriscience: Fundamentals and applications (6th edition ed. Vol. 6). Cengage learning: NY, USA.

Dearmont, D., McCarl, B. A, & Tolman, D. A. (1998). Costs of water treatment due to diminished water quality: A case study in
Texas. Water Resources Research, 34(4), 849-853. https://doi.org/10.1029/98wr00213

Ezugwu, C. (2018). Sediment deposition in Nigeria reservoirs: Impacts and control measures. Innovative Systems Design and
Engineering, 4(15), 54-62.

Garin, A. N, & Forster, G. W. (1940). Effect of soil erosion on the costs of public water supply in the North Carolina Piedmont.

Gasana, J. (2002). Remember Rwanda? World Watch, 15(5), 24-33.

Habyarimana, J. D. D. (2018). Study of extreme rainfall events in Sebeya Catchment. Western Province: University of Rwanda.

15
© 2023 Conscientia Beam. All Rights Reserved.


https://doi.org/10.1007/s10661-020-08774-5
https://doi.org/10.1016/s0306-9192(01)00014-8
https://doi.org/10.1016/s0306-9192(01)00014-8
https://doi.org/10.1029/98wr00213

International Journal of Geography and Geology, 2023, 12(1): 1-17

Haregeweyn, N., Tsunekawa, A., Poesen, J., Tsubo, M., Meshesha, D. T, Fenta, A. A,, . . . Adgo, E. (2017). Comprehensive
assessment of soil erosion risk for better land use planning in river basins: Case study of the Upper Blue Nile River.
Science of the Total Environment, 574, 95-108. https://doi.org/10.1016/].scitotenv.2016.09.019

Holmes, T. P. (1988). The offsite impact of soil erosion on the water treatment industry. Land Economics, 644), 356-366.
https://doi.org/10.2307/3146308

Huang, J., Zhan, J,, Yan, H., Wu, F., & Deng, X. (2013). Evaluation of the impacts of land use on water quality: A case study in
the Chaohu Lake Basin. The Scientific World Journal, 329187-329187.

Issaka, S., & Ashraf, M. A. (2017). Impact of soil erosion and degradation on water quality: A review. Geology, Ecology, and
Landscapes, 1(1), 1-11. https://doi.org/10.1080/24749508.2017.1301053

Kisioh, H. (2015). Gishwati Forest Reserve Three Years Interim Management Plan 2015-2018. Forest of Hope Association (FHA),
, 25, 2020.

Konig, D. (1994). Soil degradation and Erosion in Rwanda. Overseas Notebooks, 47(185), 35-48.

Koning, N., & Smaling, E. (2005). Environmental crisis or ‘lie of the land’? The debate on soil degradation in Africa. Land Use
Policy, 22(1), 3-11. https://doi.org/10.1016/j.Jandusepol.2003.08.003

Lintern, A., Webb, J,, Ryu, D., Liu, S., Bende-Michl, U., Waters, D., . . . Western, A. (2018). Key factors influencing difterences in
stream  water  quality  across  space. Wiley  Interdisciplinary — Reviews: ~ Water,  5(1),  e1260.
https://doi.org/10.1002/wat2.1260

Liu, Y. (2016). Landscape connectivity in Soil Erosion Research: concepts, implication, quantification. Geographical Research, 1,
195-202.

MIDMAR. (2015). The national risk Atlas of Rwanda: Government of Rwanda publication. Ministry in charge of emergency
management Rwanda. Retrieved from:
https://www.gtdrr.org/sites/default/files/publication/National_Risk_Atlas_of_Rwanda_01.pdf.

MIDMAR. (2015). The National Risk Atlas of Rwanda: Government of Rwanda Publication. Retrieved from Ministry in Charge of
Emergency Management.

Moore, W. B,, & McCarl, B. A. (1987). Off-site costs of soil erosion: A case study in the Willamette Valley. Western Journal of
Agricultural Economics, 12(1), 42-49.

Nachtergaele, F. O. (2002). Land degradation assessment in drylands: The LADA project. Land Degradation, 74.

Olson, J., & Berry, L. (2003). Land degradation in Rwanda: Its extent and impact, Technical report. In (pp. 1-21). Kigali: World
Bank.

Omar, M. (2014). Hydrological study on Sebeya river catchment. Kigali: Rwanda Natural Resources Authority (RNRA).

Ordway, E. M. (2015). Political shifts and changing forests: Effects of armed conflict on forest conservation in Rwanda. Global
Ecology and Conservation, 3, 448-460. https://doi.org/10.1016/).gecc0.2015.01.013

Phuong, T. T., Shrestha, R. P., & Chuong, H. V. (2017). Simulation of soil erosion risk in the upstream area of Bo River
watershed. Redefining Diversity & Dynamics of Natural Resources Management in Asia. Elsevier, 3, 87-99.

Sanchez, P. A. (2002). Soil fertility and hunger in Africa. Science, 295(5562), 2019-2020.

Sanchez, P. A., Palm, C, Sachs, J., Denning, G., Flor, R., Harawa, R, . . . Kozar, R. (2007). The African millennium villages.
Proceedings of the National Academy of Sciences, 104(43), 16775-16780.

Sanchez, P. A., & Swaminathan, M. S. (2005). Hunger in Africa: The link between unhealthy people and unhealthy soils. T%e
Lancet, 365(94:57), 442-444. https://doi.org/10.1016/50140-6736(05)17834-9

Sliva, L., & Williams, D. D. (2001). Buffer zone versus whole catchment approaches to studying land use impact on river water
quality. Water Research, 35(14), 3462-34772. https://doi.org/10.1016/5004:3-1354(01)00062-8

Sun, W., Shao, Q., Liu, J., & Zhai, J. (2014). Assessing the effects of land use and topography on soil erosion on the Loess Plateau
in China. Catena, 121, 151-163. https://doi.org/10.1016/j.catena.2014.05.009

Telles, T. S., Dechen, S. C. F., Souza, L. G. A. D., & Guimaries, M. D. F. (2013). Valuation and assessment of soil erosion costs.

Scientia Agricola, 70(3), 209-216. https://doi.org/10.1590/50103-90162013000300010

16
© 2023 Conscientia Beam. All Rights Reserved.


https://doi.org/10.1016/j.scitotenv.2016.09.019
https://doi.org/10.2307/3146308
https://doi.org/10.1080/24749508.2017.1301053
https://doi.org/10.1016/j.landusepol.2003.08.003
https://doi.org/10.1002/wat2.1260
https://www.gfdrr.org/sites/default/files/publication/National_Risk_Atlas_of_Rwanda_01.pdf
https://doi.org/10.1016/j.gecco.2015.01.013
https://doi.org/10.1016/s0140-6736(05)17834-9
https://doi.org/10.1016/s0043-1354(01)00062-8
https://doi.org/10.1016/j.catena.2014.05.009
https://doi.org/10.1590/s0103-90162013000300010

International Journal of Geography and Geology, 2023, 12(1): 1-17

Tilahun, B. (2018). Valuing the economic benefits of controlling off-site effects of soil erosion: Empirical evidence from the eastern highlands
of Ethiopia (Maters). Addis Ababa: Addis Ababa University.

Tully, K., Sullivan, C., Weil, R., & Sanchez, P. (2015). The state of soil degradation in Sub-Saharan Africa: Baselines, trajectories,
and solutions. Sustainability, 7(6), 6528-6552. https://doi.org/10.3390/su7066523

Uwacu, R. A, Habanabakize, E., Adamowski, J., & Schwinghamer, T. D. (2021). Using radical terraces for erosion control and
water quality improvement in Rwanda: A case study in Sebeya catchment. Environmental Development, 89, 100649.
https://doi.org/10.1016/j.envdev.2021.100649

Widomski, M. K. (2011). Terracing as a measure of soil erosion control and its effect on improvement of infiltration in eroded

environment. Sozl Erosion Issues in Agriculture, 314-335.

Views and opinions expressed in this article are the views and opinions of the author(s), International Journal of Geography and Geology shall not be
responsible or answerable for any loss, damage or liability etc. caused in relation to/arising out of the use of the content.

17
© 2023 Conscientia Beam. All Rights Reserved.


https://doi.org/10.3390/su7066523
https://doi.org/10.1016/j.envdev.2021.100649

