International Research Journal of Science and Technology Vol. 2, Issue. 2 (2021), 398-405

Available online at https://www.irjst.com/
International Research Journal of Science and Technology
ISSN: 2707-3955

DOI: https://doi.org/10.46378/irjst.2021.020205

Impacts of Urbanization on Seasonal Water Quality Dynamics in Mudi River in

Blantyre District, Malawi

Sylvester Richard Chikabvumbwa®, Singanan Malairajan?’, Sylvester William Chisale®

University of Malawi, The Polytechnic, Private Bag 303, Chichiri, Blantyre 3, Malawi.
*Presidency College (Autonomous), PG and Research Department of Chemistry, Chennai, Tamil Nadu. India.
*Malawi University of Science and Technology, Box 5196, Limbe, Malawi.

Paper Status

Received :  Jan 2020

Accepted :  Feb 2021

Published :  Mar 2021
Key Words

Mudi River

Public health

Sustainable management

Water quality

Water pollution

Abstract

This study investigated the status of water quality in the Mudi River due to
urbanization and increasing soil erosion levels. Water samples were collected
during dry (October 2019) and wet seasons (January 2020) from three selected
strategic places i.e. before the city limit, within the city, and out-skirt the city.
Physicochemical and biological parameters such as pH, temperature, electric
conductivity (EC), total dissolved solids (TDS), and fecal coliforms were
examined on the Mudi River water. Obtained data were analyzed using Statistical
Package for Social Scientists and ArcGIS 10.8. The results revealed that the
Mudi River has lower water quality as most parameters exceeded the
recommended limits thresholds, which may found that the Mudi River water was
polluted significantly. Even though, quality of the studied river water was found
as significantly better during the wet season than the dry season (p<0.05), which
may be due to the dilution effect of the rainfall. This study recommends to the
concerned body to increase the environmental awareness, integrate the solid
waste management in the city, proper drainage systems, rehabilitation of sewer
lines, and creating a buffer to protect river bank cultivation and continuous
monitoring of the river using Geographic Information Systems.
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1. Introduction

Poor water quality is detrimental to public health as it

Even though sustainable development goal (SDG) 6
promotes access to clean and safe water, sustainable
management of water, and sanitation for all, pollution
of water sources is still a common problem in Africa.
In developing countries like Malawi, pollution of
water sources arises from human activities, entreated
effluent from industries, insufficient untreated sewage,
vehicular emissions, and agricultural fields [1].

* Corresponding author: Singanan Malairajan
Presidency College (Autonomous), PG and Research Department
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Email : mssinganan@yahoo.co.in

can result in diseases such as cholera and diarrhea [2].
Water quality monitoring for surface and subsurface
sources is one of the planning strategies towards
sustainable water resources management [3, 4]. Water
quality monitoring of rivers aids water managers to
detect water quality problems in the rivers such as
pollution, sedimentation and to identify proper
solutions to such problems [5]. Understanding water
quality variations in rivers [6] is therefore critical for
decision making mainly if routine monitoring is not
properly followed. This involves frequent collection
and testing of water quality parameters (physical,
biological, chemical) from the rivers at strategic
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points. The absence of data makes it difficult to
identify degrees and trends of pollution in the river [7].

Considerable researches indicating the causes and
importance of water quality monitoring and trend
analysis in rivers has been conducted worldwide.
Groppo et al. [8] asserted that water quality
deteriorated in Brazil due to high population growth
and increases in discharge of untreated wastewater into
rivers. Uncontrolled effluent discharge from factories
and domestic houses led to the declining levels of
water quality in the Shiyang River was studied and
reported by Ma et al. [9]. The study [10] indicated that
high levels of some heavy metals in the rivers of
Blantyre could be attributed to uncontrolled effluent
discharge in rivers in Blantyre. Kannel et al. [11]
monitored the water quality variations along the
Bagmati River and found rising levels of nitrate and
phosphorus, and attributed these to agricultural
activities along the river. Kuyeli et al. [1] assessed the
water quality levels in the rivers in Blantyre and
concluded that the rivers were polluted especially in
terms of biological oxygen demand due to poor waste
management. In this context, in Malawi, lack of
knowledge about pollution patterns as well as in the
personal and infrastructural capacities to survey the
water quality is still diverse calling for the need for
surface water quality monitoring systems. The study
was further extended and analyzed the water quality of
Mudi River and attributed its declining levels due to
industrial activities taking place in the city [1].
However, the findings did not evaluate the impact of
land-use changes and soil erosion levels on the water
quality in the rivers.

Many studies have explored the effect of urbanization
on water quality. For instance, Ren et al. [12] observed
that urbanization in Shanghai degraded the water
quality of the Huangpu River. Chang (2005)
highlighted that urbanization in Korea declined the
water quality regimes of the Han River. In Nepal [11],
urbanization increased the levels of phosphorus in the
Bagmati River due to urbanization. Rostami, Merga
et al. [13, 14] highlighted that hydro-meteorological
variations have a considerable impact on the water
quality in rivers. Using the Mudi River in Blantyre city
as a case study, this research investigated the water
quality changes in the river due to land changes and
soil erosion levels from 1990 to 2018.

2. Methodology

2.1 Study Area

Figure 1 shows the location of the study area (Blantyre
City), Limbe and Mudi rivers, and the sampling points

where physical, biological and chemical water quality
data was collected.
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Figure 1. Blantyre City Map

2.2 Data Collection

Temperature and rainfall data for the past 30 years
(1988-2018) was also collected from the
Meteorological Department in Blantyre which was
used to calculate the soil loss and determine erosion
levels in the district. Soil loss was calculated using
Gavrilovic’s method which uses the equation:

W = THnZ$ (1)

where = (0.1T, 4+ 0.1)%° ; W is soil loss (m¥km?yr);
To is mean annual temperature (°C); Z is soil erosion
coefficient; H is mean annual soil precipitation; « is
3.14. The coefficient Z has been estimated from the
FAO soil database. Gavrilovics Z defines erosion
levels as follows: 0.1 for slight, 0.3 for slight to
moderate, 0.5 for moderate, and 0.85 for moderate to
severe.

Purposive sampling techniques were used to collect
water samples from three sampling points (MSP1,
MSP2, and MSP3) along the Mudi River. MSP1 was
located before the city, MSP2 was within the city and
MSP3 was after the city. The study was conducted in
October 2019 (dry season) and January 2020 (rainy
season). Water quality parameters such as pH,
electrical conductivity, total dissolved solids, turbidity,
temperature, fecal coliforms, nitrates, sulfates, iron,
BODs, and phosphate were analyzed at the University
of Malawi by procedures according to APHA [15].

3. Results and Discussion

The results for the physical and chemical parameters
for the Mudi River were analyzed and compared with
the standards of the World Health Organization
(WHO) & Malawi Bureau of Standards (MBS). Table
1 highlights the status of water quality parameters
observed in dry season guidelines of WHO/MBS [16].
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Table 1. Mean Levels of Different Water Quality Parameters in the Dry Season (October 2019)

Water Quality Parameters MSP1 MSP2 MSP3 WHO MBS
pH 8.5 8.3 7.7 6.6-8.5 6.0-9.5
EC (mS/cm) 155.0 328.0 568.0 400.0 400.0
TDS (mg/l) 153.0 560.0 518.0 1000.0 1000.0
Turbidity (NTU) 12.6 16.5 1016.0 5.0 5.0
Temperature (°C) 24.6 27.2 25.1 - -
FC(count/100ml) 1320.0 3360.0 640.0 0.0 0.0
Nitrates (mg/l) 83.4 90.0 136.2 45.0 100.0
Sulphate (mg/l) 5.0 66.3 88.5 250.0 400
Iron (mg/l) 0.3 0.3 2.0 1.0 -
BOD;s (mg/l) 246.0 253.0 302.4 20 20.0
Pholsphate (mg/I) 1.6 3.5 5.6 0.5 0.5
Lead (mg/l) 0.6 0.9 0.8 0.05 0.05
Chromium (mg/l) 0.2 0.1 0.1 0.05 0.05
Zinc(mg/l) 0.1 0.2 0.2 15 15
Copper(mg/1) 0.05 0.14 0.09 1.5 2
Calcium(mg/l) 31.6 28.9 31.72 200 200

Table 2, indicates the condition of water parameters in
the Mudi River during the rainy

season, and how the relationship with the set
thresholds of WHO and MBS.

Table 2. Mean Levels of Different Water Quality Parameters in the Wet Season (January, 2020)

Water Quality Parameters MSP1 MSP2 MSP3 WHO MBS
pH 7.6 7.4 7.2 6.6-8.5 6.0-9.5
EC (mS/cm) 134.0 213.0 307.3 400.0 400.0
TDS (mg/l) 153.0 560.0 518.0 1000.0 1000.0
Turbidity (NTU) 12.6 16.5 1016.0 5.0 5.0
Temperature(°C) 235 25.7 27.4 - -
FC/100ml 940.0 1217.0 1040.0 0.0 0.0
Nitrates (mg/I) 83.4 90.0 136.2 45.0 100.0
Sulphate (mg/I) 4.6 44.3 71.1 250.0 400
Iron (mg/l) 0.2 0.3 2.0 1.0 -
BODs (mg/l) 102.8 153.1 199.3 - 20.0
Pholsphate (mg/l) 0.8 2.0 3.4 0.5 -

Lead (mg/l) 0.4 0.5 0.6 0.05 0.05
Chromium (mg/l) 0.2 0.1 0.1 0.05 0.05
Zinc (mg/l) 0.1 0.2 0.1 15 15
Copper (mg/l) 0.04 0.12 0.08 15 2
Calcium (mg/l) 22.6 26.7 30.1 200 200

Table 1 and Table 2 indicate that the pH values in the
dry and wet seasons were within the ideal pH
requirement [17]. Even though there were reduced pH
values in the river probably due to industrial effluents,
there were no significant differences (P > 0.05) in the
pH levels of the river in the dry and wet seasons.
Temperature is an essential parameter as it is linked

with the biochemical reactions that take effect in water
bodies. Table 1 and Table 2 show that the temperature
varied from 24.6 to 27.2°C in the dry season and
ranged from 23.5 to 27.4°C in the wet season
respectively.
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Table 1 shows that the EC values in the river were
above the recommended EC values for water suitable
for irrigation or human consumption in the dry season.
The EC values seemingly increased after passing
through industrial areas (MSP2). These could be
attributed to the effluent discharge from industries and
wastewater leakages from sewer systems. However,
EC values in the wet season as shown in Table 2 were
lower than those in the dry season shown in Table 1.
This could be due to the effect of dilution that came
along with the rainfall.

The BODs values were extremely higher than the
recommended values given by WHO and MBS in the
river especially during the dry season. This could arise
due to the mix-up of sewage from blocked sewer lines
and solid waste which normally is dumped along the
banks of the river. The high levels of BODs indicated
deterioration of water quality in the river.

With regards to total dissolved solids and fecal
coliforms, Mudi River exhibited very high levels of
these parameters. Agricultural activities and domestic
water uses such as washing and bathing that take place
along the river could explain why these values were
high in the river. Turbidity measures the cloudiness of
water generally caused by clay, silt, and the presence
of organic matter. The results indicated that water in
the Mudi River was turbid with values above the
baseline of 5 NTU. Mudi River also registered higher
levels of nitrates especially in the dry season than the
optimal requirements of nitrates in surface water. This
could be attributed to the blocked sewer lines within
the vicinity of the river and agricultural activities that
take along the river banks. This finding supports the
assertion of Kumar and Bahadur [18] that nitrate
concentration in most water bodies is due to
uncontrolled agricultural activities.

Similar to nitrate levels in the river, phosphate levels
were extremely higher in the river. The levels
increased tremendously downstream of the river after
passing industrial areas. This suggested uncontrolled
discharge of organic effluents such as phosphoric acids
and phosphate detergents into the river. It is envisaged
that agricultural activities that take place along the
river also contribute to the high levels of phosphates as
most farmers apply phosphate fertilizers in their farms
and gardens. The metal load in the Mudi River was
also high as indicated by the presence of high levels of
lead, copper, chromium, zinc, and calcium. Apart from
the incomplete industrial effluent discharge into the
river, the increasing levels of metal concentration
could also be attributed to agricultural fertilizers
applied along the river. Traichaiyaporn and Chitmanat
[19] asserted that fertilizers also increase the levels of
heavy metals in water. The availability of heavy metals

demonstrates that the river receives wastewater
probably from sewage networks leakages and septic
tanks. This agrees with the findings of Phiri et al., [20]
whose study observed that the presence of heavy
metals is due to leaking sewer systems.

Figure 2, exhibits the digital elevation model of the
Blantyre district and its slopes.
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Figure 2. DEM and Slopes in Blantyre City

Figure 2 shows that the southeastern part of the district
is on a higher elevation (1396 m) with prevalent steep
(6-11%) and moderate (2-6%) slopes than the rest of
the region. Mudi River flows from these mountains
downstream through Blantyre commercial city which
has a lot of industries. The steep slopes dominated
with poor cultivation practices along the buffer zone of
the river, and high deforestation rates in the mountains
have contributed to the moderate erosion levels in the
catchment area as shown in Figure 4. This agrees with
the findings of Kidane and Adamu [21] that observed
that deforestation and hastens water erosion resulting
in land degradation upstream of a catchment and water
quality degradation in down streams. Figure 3 below
shows the land uses in the Blantyre district.
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Figure 3. Land uses in Blantyre
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Figure 4 depicts the soil erosion levels in the Blantyre
district. Soil erosion is pervasive predominantly on the
steep slopes. Figure 3 shows that the Mudi River
passes through Blantyre city which is increasing in
urbanization rates and population. The increasing level
of urbanization as seen in Figure 3 correlates with the
high erosion levels seen in Figure 4. This finding
concurs with the results of Mawenda et al., [22] that
observed that there has been an increase in built-up
area from 4.1% to 7% which has led to the loss of
vegetation. It is this loss of vegetation that leads to the
declining of ecological balances such as water quality
and flood mitigation.

Legend
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- None
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Figure 4. Erosion Levels in Blantyre City

The results further indicated that with an average of
1086 mm of rainfall and 20.7°C of temperature, the
Blantyre district has a medium annual soil loss of
825.4 m*km?yr and the slight annual loss of 158.9
m*/km?yr. Chichiri area which has a network of most
rivers understudy has a moderate annual soil loss of
807.6 m*/km?yr and a slight annual soil loss of 155.4
m*/km?yr whilst Chileka has a moderate annual soil
loss of 710.9 m*%km%yr and slight annual soil loss of
136.8 m¥/km?/yr.

Figure 5 displays the changes in land use patterns in
the Blantyre district from 1990 to 2010.
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Figure 5. Land Use Changes in Blantyre City
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Figure 6. Transitional changes in Land Use/Land
cover in Blantyre district

Figure 6 indicated that there was an increase in
cropland in the Blantyre district by 3%, a decrease in
forest land by 9% and an increase in settlement by
56%, and an increase in grassland by 5% from 1990 to
2010. These changes could be due to an increase in
population and urbanization in the city as seen in
Figure 5 above. These changes specifically an increase
in settlements, an increase in built-up land, and the
decrease in forest land suggested a decrease in
vegetation cover. These activities have numerous
effects on the surface water quality of rivers in the
district.

Figure 7 presents the changes in land use patterns in
Blantyre city where the river passes through from 1994
to 2018. In the present study of the Mudi River located
in the urban Blantyre city, urbanization, deforestation,
and soil erosion have contributed to the pollution of
the river. The sharp increase in urbanization combined
with the high levels of erosion in the city correlates
significantly with the deterioration of the water quality
levels in the Mudi River. This concurs with the
findings of Pires et al., [23] that asserted that
urbanization increases sewage discharge into the rivers
leading to an imbalance in water quality parameters.
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Figure 7. Changes in land-use patterns in Blantyre city

The current findings suggest further deterioration of
the Mudi River due to high erosion levels upstream of
the catchment that is contributing to sediment overload
in the river thereby reducing its water quality. The
results also indicate increasing urbanization and
population growth that is further degrading the quality
of water in the river. The independent t-test at 99%
confidence interval highlighted that the mean levels of
most water quality parameters are extremely and
significantly higher in the dry season than the rainy
season (p < 0.001) considerably due to the rains that
have a dilution effect.

Figure 8 highlights the cause diagram of water quality
changes in the Mudi River. It traced some of the
causes of pollutant load variations in the Mudi River.
All the study (Figure 8) revealed that the river is
polluted due to anthropogenic activities taking place
along the river. Specifically, there are high rates of
deforestation upstream of the river that leads to soil
erosion which results in the decline of water quality.
The study further indicates that other pollutants
emerge from effluents from factories and industries,
blocked sewer lines and septic tanks, poor drainage
systems, agricultural activities, poor disposal of wastes
from the Blantyre market, and effluent from inefficient
wastewater treatment plants.

Water quality of Mudi
A

Pollutant load discharges

Poor drainage

systems WWTPs

\
\
\

\

|nto the river \

Waste to inefficient

Effluent from
industries

\

\ l | \
\
\

\

Soilerosion  Wastes from  Blocked sewer

\

\
Increase in cropland

X Blantyre market systems
yd / y f '
Deforestation - Agricuturel / /
\ Activities J Residential wastes
W ’ /
\ \ ~N /

Increase in infrastructure development

Figure 8. Cause diagram of water quality changes
in Mudi River
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The findings of this study concur with the study of Su
and Qin [23] that reported that water quality is better
in the wet season than in the dry season. This study
further observed that pollutant discharge in Mudi River
is a function of the difference between the total
pollutant load generated within Mudi River and the
pollutant load removed by wastewater infrastructure
within the city. Mathematically, it would be presented
as [25, 26]:
P,=PF—P,

Where Py is the pollutant total discharge into Mudi
river, Pt is the total pollutant load generated within
Mudi River and Pw is the pollutant load removed by
wastewater infrastructure within Blantyre city.

4. Conclusions

This study investigated the effect of soil erosion and
urbanization on the water quality levels in the Mudi
River. The results indicate that the Mudi River is
highly polluted due to agricultural activities taking
place along the river banks. These agricultural
activities further enhance soil erosion contributing to
the deposition of chemicals in the river. The study
further indicates that industrial discharges and blocked
sewer lines in the area are reducing the quality of
surface water in the river. The study also shows that
there are high levels of deforestation along the river
bank due to an increasing level of urbanization in the
city. This increases the levels of erosion in the city.

The high level of deterioration of the waters of the
Mudi river call for the proper management of solid and
liqguid wastes from communities and industries to
reduce the deposition of wastes into the river. This
study further recommends integrated solid waste
management in the city, proper drainage systems,
rehabilitation of sewer lines, and creating a buffer to
protect river bank cultivation. This study concurs with
earlier studies that suitable for water management
measures such as increasing capacities and/or
rehabilitating wastewater treatment plants, maintaining
urban drainage systems, river basin management
should always be included in the urbanization process
to mitigate and reduce the dropping levels of water
quality in rivers.

This study further recommends that the increased
environmental awareness and the continuous
monitoring of the river using Geographic information
systems to determine its status and the status of the
river downstream river water.
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