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Abstract: Considering the well-documented impacts of land-use change on water resources and the
rapid land-use conversions occurring throughout Africa, in this study, we conducted a spatiotemporal
analysis of surface water quality and its relation with the land use and land cover (LULC) pattern in
Mokopane, Limpopo province of South Africa. Various physico-chemical parameters were analyzed
for surface water samples collected from five sampling locations from 2016 to 2020. Time-series
analysis of key surface water quality parameters was performed to identify the essential hydrological
processes governing water quality. The analyzed water quality data were also used to calculate the
heavy metal pollution index (HPI), heavy metal evaluation index (HEI) and weighted water quality
index (WQI). Also, the spatial trend of water quality is compared with LULC changes from 2015 to
2020. Results revealed that the concentration of most of the physico-chemical parameters in the water
samples was beyond the World Health Organization (WHO) adopted permissible limit, except for
a few parameters in some locations. Based on the calculated values of HPI and HEI, water quality
samples were categorized as low to moderately polluted water bodies, whereas all water samples
fell under the poor category (>100) and beyond based on the calculated WQI. Looking precisely at
the water quality’s temporal trend, it is found that most of the sampling shows a deteriorating trend
from 2016 to 2019. However, the year 2020 shows a slightly improving trend on water quality, which
can be justified by lowering human activities during the lockdown period imposed by COVID-19.
Land use has a significant relationship with surface water quality, and it was evident that built-up
land had a more significant negative impact on water quality than the other land use classes. Both
natural processes (rock weathering) and anthropogenic activities (wastewater discharge, industrial
activities etc.) were found to be playing a vital role in water quality evolution. This study suggests
that continuous assessment and monitoring of the spatial and temporal variability of water quality
in Limpopo is important to control pollution and health safety in the future.
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1. Introduction

Water is an essential resource to sustain life on the Earth. Different key drivers of global
change viz. urbanization, population growth and extreme weather conditions induced
by climate change are severely affecting this finite resource, both in terms of quantity
and quality [1]. Indiscriminate exploitation of groundwater, resulting in the depletion of
groundwater levels and consequently greater dependency on surface water resources, is
occurring in many regions around the world. The diligent monitoring and analysis of
surface water quality are essential for sustainable management and use of surface water
resources [2,3]. It is also useful for assessing processes that govern hydro-geochemical
evolution of water resources [4].

South Africa has a population of over 51 million people, and out of that, 60% live
in urban environments [5]. Because of the uneven distribution of water resources, ap-
proximately 77% of South African people are dependent on surface water resources [5].
Approximately 40% of African people lack improved water supply and more than 60%
have no access to improved sanitation facilities [6,7]. There are valuable surface water re-
sources such as rivers, dams and streams that are priceless assets, irreplaceable and provide
important habitat for recreations, economic growth and nature conversation [8]. Preserving
and ensuring the sustainable use of surface water resources can contribute towards the
implementation of Sustainable Development Goals (SDGs 6) [9]. The increasing population,
economic growth, and change in lifestyle cause an increase in the requirement of fresh
water, which amplifies the pressure on limited water resources [10]. The surface water
resources are at risk of contamination because of rapid industrialization, urbanization,
extensive agriculture activities, mining and population growth [5,11].

Among different contaminants in water resources, heavy metal pollution is one of
the most serious, and it poses threats to human life even at minor concentrations [12,13].
The major sources of heavy metal pollution in water are both natural (such as chemical
weathering of minerals and soil leaching) and anthropogenic (such as industrial and
domestic effluents, landfill leachate, water runoff, urban storm, mining activities, etc.).
Several studies [14–16] have shown that heavy metal pollution of water can lead to various
diseases such as tumors, head congestion, muscular edema etc. To evaluate the pollution
load in water bodies, calculating the heavy metal pollution index is one of the most
common approaches, as it can decipher the source of heavy metals [17–19]. A study on
the distribution of heavy metals conducted by [18] showed how human activities could
have impacts on aquatic ecosystems as a result of discharged wastes. According to [20,21],
poorly planned industrialization and urbanization still exist in many developing countries
and that deteriorates the situation on environmental pollution. Untreated waste disposal
from refineries and various industries worsen the water quality. Therefore, monitoring
heavy metals in surface water is an essential need in order to ensure the safety of both
animal and human health. Villanueva et al., 2013 [22] reported that increased effluent from
industrial, urban and agricultural areas elevates heavy metal pollution in surface water
bodies. With the above background, in the absence of any significant work on surface
water quality and factors playing key roles in determining this quality in the Mokopane
area, Limpopo, South Africa, this study strives to quantify the spatio-temporal trend of
different physico-chemical parameters and their relationship with the land use and land
cover (LULC) pattern. In particular, the focus of this study is to quantify heavy metal
pollution in the study area because of nearby mining activities as well as the absence of
heavy metal pollution information in the Mokopane area.

2. Study Area
2.1. Site Description

The study area is located in Mokopane, Limpopo province of South Africa, approx-
imately 250 km from Johannesburg city and is situated at the latitude 24.1944◦ S and
longitude 29.0097◦ E (Figure 1). The total population of Mokopane is approximately
328,905 in 2016 [23]. It is one of the richest agricultural areas, producing wheat, cotton,
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maize, citrus fruits, etc. Recently, there have been mining industries introduced in the
area. The mean annual maximum and minimum temperature ranges from 23.4 ◦C and
13 ◦C, respectively (Figure 2). It is a steppe climate with a mean annual precipitation of
490 mm that normally occurs from December to April and less rainfall during the winter
season from June to September (Figure 2) [24]. The region is served with water mainly
by four rivers, the Dithokeng, Mogalakwena Deep pool (Ngwaditse), Rooisloot and the
Dorps Rivers, which supply water for various domestic and irrigation purposes [25]. Sahu
et al. [26] studied the impact of climatic variability on the streamflow of river; therefore,
the study area’s climatic data were analyzed to see the rainfall and temperature patterns.

Figure 1. Study area map with sampling location. The sampling sites are indicated through upstream to downstream.

Figure 2. Monthly average rainfall and temperature pattern of the study area [23].
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There are five sampling sites selected for this study—Mogalakwena Deep pool, Roois-
loot downstream and upstream, Dithokeng dam and Dorpsrivier, as shown in Figure 1.
Water samples for physico-chemical analysis were collected mid-stream directly into clean
polyethylene bottles. The most socially and economically important site is the Mogalak-
wena Deep pool, because all of the other streams are flowing into it. Many local people
rely on the Mogalakwena deep pool for their primary source of water, as well as for fishing.
It was found that there is no water in Rooisloot upstream during the dry seasons, hence
there is no water sampling done during that period.

2.2. LULC Classification

Land use/land cover (LULC) classification involves the extraction of thematic informa-
tion about various landscape features from satellite data. Landsat-8 OLI data were acquired
on 6th May, 2019 from the USGS Earth Explorer [27] in order to produce a LULC map of
the study area. Figure 3 illustrates the LULC map of the study area. LULC information
is useful for the management and planning of land resources [28]. Various classification
algorithms have been developed to classify satellite data. However, in this study, the
most common Maximum likelihood classification algorithm was performed using ENVI
5.2 software. We have noticed some misclassification in the built-up area using the MLC
algorithm; therefore, the built-up area was manually digitized to improve the accuracy
of the LULC map. The study area was classified into five classes, namely—agriculture,
bare land, built-up, mountain/vegetation and water bodies (Figure 3). Results showed
that most of the study area is covered by mountain/vegetation with 48.7%, followed by
agriculture (29.6%), built-up (19.8%), bare land (1.5%) and water body (0.36%), respectively.
The study area is one of the richest agricultural areas, producing wheat, cotton, maize,
citrus, etc., with the supply of water from the surrounding river system.

Figure 3. Land use/land cover (LULC) map of the study area and pie chart shows percentage of various classes.
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3. Methodology

To get the insight of surface water quality, water samples were collected from five
monitoring sites—Dithokeng River, Rooisloot upstream, Rooisloot downstream, Mogalak-
wena deep pool and Dorps River. Sampling locations were selected in such a way that they
represent a significant stretch of rivers from upstream to downstream, as well as distance
from Mogalakwena and Ivanplats platinum mines. To analyze spatio-temporal variation in
river water quality, water samples were collected and analyzed four times a year (except
for year 2020) from March 2016 until November 2020 by the Environmental Department of
Ivanplats mine [29] in South Africa. Twenty samples were collected from each monitoring
point except Dithokeng Upstream, Rooisloot upstream regions because of non-accessibility
and non-availability of water, respectively, during some sampling periods. Field measure-
ments for pH, EC and temperature were done using an Orion Model Number, 01915. After
in situ analysis, water samples were filtered by 0.20 µm Millipore filter paper and then
collected in pre-rinsed uncontaminated polyethylene bottles. To prevent any fluctuation in
the concentration of trace metals, the collected samples for major cation and trace metal
analysis were acidified by 1% HNO3 at pH ~2. The concentration of HCO3

− was analyzed
by acid titration (using Metrohm Multi-Dosimat); while other anions Cl−, NO3

−, SO4
2−,

and PO4
3− were analyzed by DIONEX ICS-90 ion chromatograph. Inductively coupled

plasma-mass spectrometry (ICP-MS) was used to evaluate major cations and trace metals.
The summary of different techniques used for water quality parameter analysis is also
shown in Table 1. After obtaining all the analyzed water quality data for the aforemen-
tioned period from the Environmental Department of Ivanplats mine, different techniques
and software were used to deduce the factors responsible for spatio-temporal variation in
the water quality. Heavy metal pollution index (HPI) and Heavy metal evaluation index
(HEI) were calculated to provide overall quality of the water with regard to heavy metals.
In this study, the permission limits are taken from WHO, 2009 [29].

Table 1. Statistical summary for observed water quality parameters.

Parameters Condition of Sampled
Water Method of Analysis Precision Level Method of Validation

pH, EC, Temperature Natural condition
Multi parameter probe
(Orion Model Number,

01915)
<5% Repetition after each

five analysis

HCO3
− Natural condition

Acid titration using
Metrohm

Multi-Dosimat
<5% Repetition after each

five analysis

Cl−, SO4
2−, F−, NO3

−,
PO4

3− Natural condition

DIONEX ICS-90 ion
chromatography with a

detection limit of
10µg/L.

<2% Repetition after each
five analysis

Ca2+, Mg2+, Na+, K+,
Al, Cr, Cu, Fe, Mn, Sr,

Ti, Zn, Si

Acidic condition (by
addition of 1% HNO3)

Agilent 7500 Series
Inductively coupled

plasma-mass
spectrometry (ICP-MS)

<2% Repetition after each
five analysis

3.1. Heavy Metal Pollution Index (HPI) Calculation

Metal pollution is one of the most significant problems in water bodies, causing serious
health hazards to human beings. The HPI, based on the weighted arithmetic sum of water
quality parameters, is a powerful technique for the assessment of water quality based on
the heavy metal concentration and effect of individual trace metals on human health [30,31].
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The HPI model has been proposed in Equation (1) given by Mohan et al., 1996 [30]. Heavy
metal concentrations were compared with the drinking water standards set by the WHO.

HPI =
∑n

i=1 Qi × Wi

∑n
i=1 Wi

(1)

where, n and i are the number of parameters considered and denote ith parameter;

- Wi is the unit weight of ith parameter, Wi = K/Si in which K is constant of propor-

tionality, K = 1/
n
∑

i=1
(1/Si);

- Qi is the sub-index of the ith parameter,
n
∑

i=1
Qi = (Mi−Ii)

(Si−Ii)
× 100 in which Mi is

monitored values; and
- Ii is the ideal value, Si is suggested permissible values.

3.2. Heavy Metal Evaluation Index (HEI) Calculation

We also conducted HEI to interpret the water quality in response to heavy metals and
trace elements present in water, as proposed in Equation (2).

HEI =
n

∑
i=1

Mi
Si

(2)

where, Mi—monitored value of ith and Si—standard value of ith parameter.
The classifications of the HEI index is as follows—low heavy metal (less than 10),

moderate-heavy metal (between 10 and 20), and high heavy metal (more than 20).

3.3. Water Quality Index

Water quality index is one of the effective methods which has been applied in various
studies for both surface and groundwater [18,25,31–35].

Water quality index (WQI) is used in this study, which has been considered as one
of the most reliable tools for classifying water pollution levels for both groundwater and
surface water [24,32,33]. The following steps were taken in order to calculate WQI:

1. Calculating relative weight: It was calculated using Equation (3).

Wi =
wi

∑n
i wi

(3)

where Wi represents the relative weight of each parameter sampled, wi represents the
weight of each parameter, and n represents the total number of parameters.

2. Calculating Q value: It was calculated using Equation (4).

Qi =
Ci × 100

Si
(4)

where Qi = quality rating, Ci = Concentration of each parameter (mg/L), and Si is
derived from the WHO water quality standard.

3. Finally, the Water quality Index (WQI) was calculated using Equation (5).

WQI = ∑ Wi × Qi (5)

Water Quality assessment in terms of the WQI is shown in Table 2.
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Table 2. Water quality classification based on Water quality Index (WQI) values [24].

Ranking Water Quality

<50 Excellent

50–100 Good water

100–200 Poor water

200–300 Very poor water

>300 Likely not suitable for drinking

4. Results and Discussion
4.1. General Water Chemistry

A statistical summary of the analyzed river water quality is shown in Table 3. The
pH values of the water samples varied from 6.63 to 9.43, with an average value of 8.12,
depicting the alkaline nature of the water due to high soil–water interaction during the
flow course of the drainage system [35]. The electrical conductivity values varied from
91.19–2686.6 µS/cm, with an average value of 1022.17µS/cm, indicating high ionic activity
in the area. Furthermore, the arid/semiarid climate, with relatively low rainfall and high
evaporation, supports high mineral concentration in the water bodies. Looking into the
ionic abundance, Na+ > Mg2+ > Ca2+ > K+ was the order among cations, whereas the order
among anions was HCO3

− > Cl− > SO4
2− > PO4

3− > NO3
− > F−. For cations, Na+ >

Mg2+ > Ca2+ > K+ and the average milli-equivalent ratio of Mg2+ + Ca2+/Na+ + K+ was
found to be 1.23, indicating the ascendency of carbonaceous weathering in the study area.
The dominance of Na+ in the water sample might be because of its conservative nature.
Excess of both Mg2+ and Ca2+ can be explained by the presence of a common source of
minerals like dolomite. The highest average concentration of HCO3

− among the anions is
due to the weathering of the carbonaceous sandstones in the watershed and the weathering
of the carbonaceous minerals through runoff. Higher Cl− and SO4

2− concentration in
the river water witnessed the anthropogenic inputs coming along surface runoff in the
watershed area. In particular, higher concentrations of SO4

2− can be due to leaching of
organic matter and agricultural runoff carrying unused SO4

2−. This organic matter can
range from landfills area with piles of organic wastes or leaching from organic matter-rich
sediment present in the study area like peat or clay. The concentration of PO4

3−, NO3
− and

F- are not a concern as they are well below the permissible limits of WHO for all surface
water samples. The time series value for EC and Ti is shown in Figure 4a,b, respectively.
Here, it is found that the EC value has an increasing tendency towards downstream. It
can be supported by higher values of major cations and anions, a strong indicator of
inputs from both anthropogenic (runoff carrying pollutants) and natural sources (mineral
weathering). Among different trace metals, the concentration of Ti is of major concern
for this study area, especially in Rooisloot Upstream as compared to Downstream from
2016–2017. A lot of animals such as cows and pigs were observed during field surveying
and grazing-led sedimentation can exaggerate the water quality deterioration. Ti is among
the most abundant chemical elements on the earth’s crust, ranking ninth of all the elements
and among transition metals, it follows second after iron [36–38]. Human activities are
among the factors that cause Ti to enter water, especially in its nanoparticle form and
this affects aquatic life. The migration mobility of Ti is generally low. To analyze the
spatio-temporal variation of water quality, time series evaluation of key water quality
parameters is plotted and shown in Figure 4. Looking at the spatial trend, EC displays
an increasing trend when moving from the upstream region towards the downstream
region. This can be justified because of the transportation and continuous accumulation
of contaminants from different point and non-point sources throughout the stretch of the
river. On the other hand, the spatial trend of Ti shows some different patterns. Here, the
result shows a higher concentration in the upstream region, which is decreasing when
going towards the downstream region. Hence, after their release in the river body through
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surface runoff or leachate, the concentration gradually decreases because of the dilution
effect. Looking at the temporal variation, in general, the concentration of water quality
parameters shows higher concentration during dry periods compared to the wet periods.
The possible reason behind this is that because of the reduction in river discharge, these
parameters attenuate and hence the concentration increased. Looking at the year 2018,
Mokopane received an increase of rainfall (Figure 5), which might have caused a sudden
decrease in Ti found in water. The high concentration of EC in Rooisloot Downstream
could result from domestic effluents and affected by Rooisloot Upstream as it recharges this
stream. To further support the increasing causes of water quality deterioration, the land
use land cover map was prepared for the years 2015 and 2020 as shown in Figure 6. Here,
it is found that built-up areas are significantly increased, especially in the upstream region,
at the expense of bare land and water bodies. This increase in built-up areas represents the
source of both point and non-point sources of water pollution. Based on the above findings,
a conceptual diagram is developed as shown in Figure 7, which is depicting the processes
governing water quality evolution in the study area.

Table 3. Statistical summary for observed water quality parameters.

Parameters Minimum Maximum Average St. Dev.

pH 6.6300 9.4300 8.1246 0.6962
EC (µs/cm) 91.9000 2686.0000 1094.1306 389.5242

HCO3
- (mg/L) 37.5000 738.8000 316.1714 190.3866

Cl−(mg/L) 1.4300 609.4300 109.2615 147.8633
SO4

2− (mg/L) 0.2500 467.3300 38.0170 78.9900
F− (mg/L) 0.1500 19.4000 1.2675 2.6694

NO3
- (mg/L) 0.0600 53.4400 3.5649 8.5746

PO4
3− (mg/L) 0.0900 15.1500 3.8751 4.1173

Ca2+ (mg/L) 4.0400 112.7200 35.9860 20.1310
Mg2+ (mg/L) 1.3560 143.0800 57.7536 38.6605

K+ (mg/L) 0.4200 13.6410 4.0060 2.5411
Na+ (mg/L) 1.5270 477.1500 113.0088 98.2543
Al (mg/L) 0.0040 1.1770 0.1310 0.2708
Cr (mg/L) 0.0054 0.0120 0.0081 0.0016
Cu (mg/L) 0.0050 0.0323 0.0121 0.0091
Fe (mg/L) 0.0069 1.8700 0.1501 0.3563

Mn (mg/L) 0.0060 1.0655 0.3187 0.2675
Sr (mg/L) 0.0210 0.2480 0.1179 0.0521
Ti (mg/L) 0.0010 0.0800 0.0165 0.0190
Zn (mg/L) 0.0050 0.0320 0.0133 0.0101
Si (mg/L) 0.0320 12.1400 5.7580 3.9085
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Figure 4. Time series concentration values for (a) EC and (b) Ti for water samples at five sampling locations.

Figure 5. Comparison of rainfall accumulation between 2017 and 2018.
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Figure 6. Land-use map of the study area for year 2015 and 2020.

Figure 7. Conceptual diagram showing processes involved in water quality evolution.

4.2. Heavy Metal Evaluation Index (HEI)

To calculate the heavy metal evaluation index, first of all the unit weight for different
metals at the individual levels was calculated, which was used further as an input to
calculate the heavy metal pollution index and the heavy metal evaluation index for different
water samples at a different time period. Results for heavy metal unit weight are shown in
Table 4.

The results for HPI and HEI are shown in Tables 5 and 6, respectively. These values
represent the cumulative value of different heavy metals. It was found that sampling
locations in the upstream region, namely the Dithokeng upstream and Rooisloot upstream
locations, have low concentrations of heavy metals. On the other hand, both the Rooisloot
downstream and Mogalakwena sites had moderate heavy metal content. Finally, Dorp-
sriver has low-to-moderate heavy metal content, which can be explained by a dilution
effect on heavy metal concentration by river discharge. Here, the main attribute for heavy
metal contamination in the water samples can be related to the land use pattern as shown
in Figure 3. In this area, the spatial distribution of built-up areas that are dominant in the
southern side of the study area is significantly correlated with the heavy metal composition
of the water samples. Built-up areas may act as a non-point source of heavy metal due
to different activities like small-scale industries (leather, textile, etc.), human settlements;
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where wastewater and effluent discharge bring different heavy metals like Fe, Zn, Mn, etc.
into the river water bodies. On the other hand, mining sand, natural factors such as rock
weathering and other domestic effluents near Rooisloot upstream region also exaggerate
the concentration of heavy metals like Ti, Cu, Cr, Ni [25] etc. An uncontrolled flow of
sewage into Dorps River (the downstream sampling locations) was also observed during
the field survey. Looking at the result, it is found that both HPI and HEI are showing
lower values, especially for the year 2020. This can be justified with lower anthropogenic
activities like mining, industrial activities during COVID-19-induced lockdown.

Table 4. Unit weight calculation of the heavy metal evaluation index (HEI).

Parameters WHO Standards (mg/L)-Si The Ideal Values 1/Si K Wi

Ag 0.05 0.005 20 0.0015 0.029

Al 0.9 0.2 1 0.0015 0.002

As 0.01 0.001 100 0.0015 0.146

B 2.4 0.01 0 0.0015 0.001

Ba 0.7 0.002 1 0.0015 0.002

Cd 0.003 0.0001 33 0.0015 0.049

Co 0.05 - 20 0.0015 0.029

Cr 0.05 0.0002 20 0.0015 0.029

Cu 2 0.0005 167 0.0015 0.243

Fe 0.3 - 33 0.0015 0.049

Hg 0.01 0.006 20 0.0015 0.029

Mn 0.1 - 10 0.0015 0.015

Mo 0.01 - 100 0.0015 0.146

Ni 0.07 0.001 14 0.0015 0.021

Pb 0.01 - 20 0.0015 0.029

Se 0.04 0.0005 25 0.0015 0.036

Ti 0.03 0.007 30 0.0015 0.037

Zn 3 0.01 100 0.0015 0.146

Table 5. Heavy metal pollution index (HPI) calculation.

Year
Classification (HPI) from Upstream to Downstream Location

Dithokeng
Dam

Rooisloot
Upstream

Rooisloot
Downstream

Mogalakwena
Deep Pool Dorps River

2016 Good
(49)

Bad
(51)

Bad
(51)

Bad
(51)

Good
(49)

2017 Good
(50)

Bad
(53)

Good
(50)

Bad
(50)

Bad
(69)

2018 Good
(49)

Good
(50)

Bad
(60)

Bad
(65)

Bad
(51)

2019 Good
(50)

Bad
(54)

Bad
(51)

Bad
(56)

Good
(49)

2020 Good
(49)

Good
(50)

Good
(48)

Good
(48)

Good
(49)
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Table 6. Heavy metal evaluation index (HEI) calculation.

Year
Classification (HEI) from Upstream to Downstream Location

Dithokeng
Dam

Rooisloot
Upstream

Rooisloot
Downstream

Mogalakwena
Deep Pool Dorps River

2016 Low
heavy metal (9)

Low
heavy metal

(10)

Low
heavy metal (10)

Low
heavy metal (10)

Low
heavy metal

(9)

2017 Low
heavy metal (9)

Low
heavy metal (11)

Moderate heavy
metal (17)

Moderate heavy
metal (14)

Low
heavy metal

(10)

2018 Low
heavy metal (10)

Low
heavy metal (10)

Moderate heavy
metal (15)

Moderate heavy
metal (16)

Low
heavy metal

(9)

2019 Low
heavy metal (10)

Low
heavy metal (10)

Low
heavy metal (10)

Low
heavy metal (9)

Moderate
heavy metal

(13)

2020 Low
heavy metal (10)

Low
heavy metal (10)

Low
heavy metal (9)

Low
heavy metal (9)

Low
heavy metal

(9)

4.3. Water Quality Index (WQI)

The result for the water quality index calculated for the four-year time period is shown
in Table 7. Calculated WQI values ranged from 120.71 to 4643.71, which indicates that the
water in all of these locations falls under the “very poor water” and “likely not suitable for
drinking purposes” categories. The highest values were mainly found near the downstream,
i.e., Dorpsriver, which shows the accumulative effects of different contaminants along
with the river flow course. One of the major concerns regarding poor WQI is heavy metal
contamination. Values for the year 2018 were relatively on the higher end because of high
rainfall, which results in high sedimentation and ionic activities. Lower values for the
year 2019 are only because of the giving input of incomplete datasets for the year 2019.
The temporal variations of WQI showed that surface water quality at five sampling sites
has not improved much over the 2016–2019 period. All sampling sites were considered
as “poor water quality” to “likely not suitable for drinking”. The reason behind this was
inefficient water resource management practices during that time. In this regard, it shows
that the water quality did not improve in the period from 2016–2019. However, for the year
2020, water quality is relatively improved because of lower environmental perturbances
due to COVID-19-induced lockdown period, as discussed earlier.

Table 7. Water quality index (WQI) results for the period 2016–2019.

Year
Classification (WQI) from Upstream to Downstream Location

Dithokeng
Dam

Rooisloot
Upstream

Rooisloot
Downstream

Mogalakwena
Deep Pool Dorps River

2016
Likely not suitable

for drinking
(318.33)

Likely not suitable
for drinking

(975.02)

Likely not suitable
for drinking

(1536.39)

Likely not suitable
for drinking

(1829.67)

Likely not suitable
for drinking

(1930.49)

2017
Very

poor water
(245.4)

Very
poor water

(265.46)

Likely not suitable
for drinking

(1219.11)

Likely not suitable
for drinking

(1032.61)

Likely not suitable
for drinking

(1082.92)

2018
Likely not suitable

for drinking
(318.55)

Likely not suitable
for drinking

(786.67)

Likely not suitable
for drinking

(1110.04)

Likely not suitable
for drinking

(1920.07)

Likely not suitable
for drinking

(4643.71)
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Table 7. Cont.

Year
Classification (WQI) from Upstream to Downstream Location

Dithokeng
Dam

Rooisloot
Upstream

Rooisloot
Downstream

Mogalakwena
Deep Pool Dorps River

2019
Likely not suitable

for drinking
(1566.46)

Likely not suitable
for drinking

(950.5)

Poor water
(120.71)

Likely not suitable
for drinking

(751.13)

Likely not suitable
for drinking

(681.05)

2020
Likely not suitable

for drinking
(408.12)

Very
poor water

(223.09)

Poor water
(175.57)

Likely not suitable
for drinking

(440.24)

Very
poor water

(205.85)

5. Conclusions and Recommendation

This study strived to quantify spatio-temporal water quality in the Mokopane area
of South Africa and identify the processes which governed water quality changes. The
results indicated that the concentration of most of physico-chemical species in the water
samples was within permissible limits, except for a few parameters and a few locations.
There was a trend showing water quality deterioration towards the downstream, as con-
taminants accumulated with the river flow. The water quality for the streams was found to
be worsened or unchanged over the four-year period. For example, the Dorps River and
Dithokeng dam showed no significant change from the 2016–2019 periods as the water
quality fell under “likely not suitable for drinking”. However, for the year 2020, water qual-
ity shows an improvement in terms of WQI, HPI, HEI owing to the suspension of different
human activities like mining, industrial, agricultural, etc., due to the lockdown imposed
by COVID-19. This means without proper management that ensures good water quality
in these areas, the water will continue to not being fit for humans, animals and plants for
their survival. Focusing on spatio-temporal variation, water quality concentration showed
an increasing trend from upstream to downstream as pollutants get accumulated. Also,
temporally, rainfall has a significant impact on water quality parameters by dilution and
attenuation during wet and dry seasons, respectively. Land use has a significant relation
with water quality, and we found that built-up areas had a bad impact on water quality in
the study site. Looking into the processes, both natural processes (rock weathering) and
anthropogenic activities (household wastewater discharge, industrial especially mining
activities etc.) were playing a major role in governing water quality. In the absence of any
previous credible scientific study or reports, this study sheds light on issues regarding
water resource management. The sampling location and number of water samples in this
study are less due to lack of financial support. Detailed coverage of the river stretch with
the inclusion of more sampling locations for the time-series analysis of water quality data
along with analyzing both point and non-point sources of pollutants is recommended as a
future study. A participatory approach for watershed management and making land use
climate-resilient might be investigated in the future to plan the best suitable adaptation
and mitigation measures for water resource management. A comparative study of surface
water quality in the study site and nearby Doorndraai dam is necessary considering the
impacts of LULC change.
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