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Abstract

A key aspect of climate change is its impact on river water quality. Most research focuses on the impact of physiochemical
parameters on water quality. However, the long-term shifts in temperatures and weather patterns coupled with anthropo-
genic activities play a significant role in river contamination. Metals are known to have toxic effects and environmental
persistence. This study evaluated the heavy metal content of the Kaap River, where mining and agriculture are the primary
land use. A 7-year study was conducted to investigate the seasonal relationship between heavy metals and physiochemical
parameters (EC and pH). Fe, Al, As, and Mn concentrations were analysed in a laboratory accredited by the South African
National Accreditation System (SANAS). The Python package Seaborn was used to generate heat maps for improved data
visualization. Seasonal and temporal fluctuations had a combinatorial impact on Mn, Fe, and Al levels of the river. However,
As levels were unaffected. The pH of the rivers was within the recommended range, despite flow regime, seasonal, and time-
dependent fluctuations. Seasonal and temporal variations were also observed for EC, with the highest value of 42.35 mS/m
being recorded during the winter of 2022, exceeding the recommended threshold of 30 mS/m. The correlation analysis
revealed positive and significant correlations for the EC/pH and Al/Fe combinations and a weak degree of association for
other parameters (P <0.05). A permanent monitoring of water quality is required to ensure sustainable livelihoods and the
safety of Kaap River water, which is subject to significant heavy metal fluctuations over time.

Keywords Kaap River - Heavy metals - Seasonal variations - Climate change - Physiochemical properties - Temporal
variability

Introduction

Climate change is anticipated to increase the frequency of
extreme weather events, which will have direct and indirect
effects on the dynamics of contaminants in aquatic ecosys-
tems. Changes in the physical and geochemical properties
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of the soil-contaminant water system are one example.
Several authors have investigated the influence of climate
change on river water quality (Fan and Shibata 2015; Xia
et al. 2015; Rostami et al. 2018). Some of these studies have
examined the impact of temperature on water quality, while
others have investigated the effects of surface runoff. These
studies suggest that climate change has both direct and indi-
rect effects on the quality of surface water. For instance, as
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a direct result of climate change, the rising temperatures
have caused deteriorations in quality freshwater ecological
status. Climate change may increase the risk of flooding,
which increases the likelihood that contaminants will be
remobilized in floodwater and that contaminated sediment
and water will reach freshwater and marine environments
(Ahmed et al. 2020). The qualitative effects of climate
change on heavy metal contamination in marine ecosystems
have been discussed (Schiedek et al. 2007). As a dynamic
component of the interaction between the lithosphere, bio-
sphere, and hydrosphere, dissolved organic matter (DOM)
has the potential to affect the global carbon cycle and climate
change (Marin-Spiotta et al. 2014; Pagano et al. 2014). As a
crucial redox-active transition metal, iron (Fe) can regulate
the geochemical cycle of trace elements (Bazzani et al. 2023;
Sunda 2012). Moreover, it is a key nutrient in the ocean
system that inhibits primary productivity in many ocean
regions and exacerbates issues caused by cyanobacterial
blooms (Sander et al. 2015).

Erosion and deposition of rocks and soils are the sources
of heavy metals. Anthropogenic sources are another poten-
tial origin, such as discharges and pollutants from industry
and urbanization (Benamar et al. 1999). When heavy metal
concentrations in the river exceed normal levels, they can
have a significant negative impact on the ecosystem due
to their toxicity to microbes, plants, animals, and mankind
(Keshav Krishna et al. 2011). As a result, understanding
heavy metal content and distribution in sediments is critical.
Knowing the temporal variability and controls on manga-
nese (Mn) concentrations in runoff from upland catchments
enables the prediction of undesirable Mn concentrations in
water supplies and the identification of water supply catch-
ments at risk from elevated Mn levels. Although Mn is
abundant in the environment, it has rarely been the subject
of in-depth hydrological studies in catchments located in
mountainous regions. However, the accumulation of heavy
metals in the food chain is worrisome due to its potential
long-term impacts on human health (Raghunath et al. 1999;
Li et al. 2004). Fe is predominantly present in water as either
ferrous iron, which is soluble, or ferric iron, which is insolu-
ble. Water containing ferrous iron is transparent and colour-
less due to the iron’s complete dissolution. Heavy metals
like aluminium (Al) are toxic to living things and serve no
biological function (Siddiquee et al. 2015; Turpeinen et al.
2004). Al toxicity is significantly affected by pH (Jaishankar
et al. 2014), with acid rain-induced low pH enhancing its
toxicity (Gardner and Al-Hamdani 1997). On the other
hand, Al mining and processing raises its concentration in
the environment (Agency for Toxic Substances and Disease
Registry 2008). It has also been found to cause several ill-
nesses in people, animals, and plants (Barabasz et al. 2002).
Arsenic (As), due to its semimetallic characteristic, toxicity,
and carcinogenic qualities, creates both environmental and
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health concerns (Hughes et al. 1988; Singh et al. 2007). As is
primarily produced through pest management, mining, and
manufacturing processes (Bundschuh et al. 2011). About
130 million people around the world are exposed to As con-
centrations above 50 g/L. (WHO 2021), which is higher than
the recommended level of 10 g/L (Fatoki et al. 2013). Fur-
thermore, electrical conductivity (EC) and pH can classify
rivers (Rim-Rukeh et al. 2006). The percentage of dissolved
particles in water determines water’s electrical conductivity
(Anna 2018-124), whereas pH affects the toxicity (Gardner
and Al-Hamdani 1997) and bioavailability of heavy metals
(Adokpayi et al. 2014).

Several studies that have been carried out across the globe
have focused primarily on evaluations of the concentration
of heavy metals (Muhammad 2023), heavy metal and metal-
loid contamination in the sediments (Shafiq et al. 2011; Sal-
eem et al. 2019; Addo-Bediako et al. 2021), impact of heavy
metals on aquatic ecosystem (Wei et al. 2022; Rani et al.
2022; Afzaal et al. 2022; Inayat et al. 2023). Extensive litera-
ture about the accumulation of heavy metals has been widely
reported in countries such as in Pakistan, United states of
America (USA), Brazil, Italy, and Bangladesh (Ajima et al.
2015; Pal and Maiti 2018; Saleem et al. 2019; Gevorgyan
et al.2021; Lipy et al. 2021). It is important to acknowl-
edge that metals do not possess intrinsic toxic properties.
However, when metals are combined, especially in aque-
ous environments, they present a considerable problem and
are consistently detrimental in such circumstances. Metals
may be classified into four distinct categories according to
their inherent features as such this current study focused
on metals essential for metabolic processes. Throughout the
literature search of this study, it was noted that few studies
have looked at the long-term seasonal variation of heavy
metals in rivers, mostly look at a period of two to three years
particularly in the global south. It was further noted that
within the Sub-Saharan region, there is limited literature
that seeks to assess the interaction between temporal and
seasonal distribution of heavy metals and physiochemical
properties. Therefore, this study was carried over a period
of seven years from 2016 to 2022 at three strategic points,
downstream, midstream, and upstream, of the confluence of
Crocodile River and Kaap River.

The primary objective of the present study, which is the
first exhaustive investigation of the distribution of heavy
metals in the Kaap River, is to evaluate the seasonal impact
of heavy metal accumulation/contamination over a seven-
year period. This is a crucial study because the Kaap River is
classified as Class C, which is primarily used for agricultural
and public supply purposes. Consequently, Africa is one of
the largest continents, afflicted by numerous environmental
issues, such as water contamination and biodiversity loss
(Fernandez-Luqueno et al. 2013). The research also linked
the physiochemical characteristics (pH and EC) of the river
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with the occurrences of heavy metals. This study also seeks
to determine whether or not long-term changes in average
temperatures and weather patterns that affect micro- and
macroclimates on earth, in conjunction with human activi-
ties, play a significant role in the formation/accumulation of
metal contaminants in rivers.

Materials and methods
Study area

Kaapmuiden is a small farming area located approximately
40 km east of Mbombela (formerly known as Nelspruit) at
the confluence of the Kaap River and the Crocodile River
in Mpumalanga, South Africa. The region has a subtropi-
cal climate and fertile farmlands where sugarcane and other
subtropical fruits and vegetables are grown. The Kaap River
(Fig. 1) is one of the largest tributaries of the Crocodile
River system, with a catchment area of 1640 km?. It flows
and drains through areas dominated by mining (active mines,

defunct mines, and decanting mines) and agricultural activi-
ties before joining the Crocodile River at Kaapmuiden.
Crocodile River water quality is generally characterized by
high metal contamination, particularly Mn and As, as well as
high sulphates resulting from mining activities in the Kaap
River sub-catchment. The sub-catchment plays a pivotal role
in the region primarily because it fosters socio-economic
development and is a part of the internationally significant
water resources flowing into Mozambique.

Data collection

To determine the influence of seasonal and temporal vari-
ations on heavy metals and physiochemical parameters,
three sampling stations were randomly selected from the
Kaap River (see Fig. 1). Sampling was conducted between
2016 and 2022 at three strategic points, downstream, mid-
stream, and upstream, of the confluence of Crocodile River
and Kaap River using the grab sampling technique. Before
treatment of the samples, pH and EC (us/cm) were measured
using a Hach multi-probe metre which was calibrated using
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buffers before use, potentiometric analytical method was
followed for analysing both parameters. For sample collec-
tion, polyethylene bottles were used, and sampling dates and
times were marked with a marker. To minimize precipitation
and adsorption on container walls, samples were prepared by
adding ultra-pure nitric acid to reduce the pH of the sample
to less than 2.0.

Analysis of parameters

Fe, Al, Mn, and As were analysed using an atomic absorp-
tion spectrophotometer. The analytical method is based on
the Beer Lambert’s law which states that absorbance of light
emitted by a light to a detector is directly proportional to the
concentration. A sample is aspired into a flame, enabling
the sample element to be changed into an atomic vapour of
that element that is analysed, absorbing the radiation of spe-
cific wavelength produced by a light source (hollow cathode
lamp) of that specific metal. The wavelength of radiation
given off by the light source is similar as that of absorbed by
the atoms in the flame, thus determining the concentration
of the metal in the solution.

Statistical data analysis

Since this current study dealt with large dataset, the Seaborn
software was used to do the statistical analysis. The Seaborn
uses a python which is a popular programming language
that offers numerous data analysis and visualization tools
and libraries. Water quality datasets were analysed using
Seaborn (Python), including plotting and analysing the dis-
tribution and correlation of variables with Matplotlib librar-
ies. The Python package Seaborn was used to generate the
required heat maps for improved data visualization. For cor-
relation studies, the correlations significance and confidence
intervals were calculated.

Results and discussion

In-depth study of the Fe and Mn concentrations
in the Kaap River

The concentration of Fe (0.90 mg/L) in the river water
was considerably (p <0.005) higher in Autumn of 2021
compared to other years and seasons (Fig. 2). The second
greatest Fe concentration (0.64 mg/L) was recorded during
the same season (Autumn) in 2017, suggesting that there
may be a potential anthropogenic source of Fe during the
Autumn season. It is also plausible that significant contami-
nation was caused by diminished river water flow during
the Autumn. The values observed here are much greater
than the 0.3 mg/L threshold suggested by the World Health
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Organization (WHO 2021), and may pose a health risk to
the neighbouring communities. On the other hand, signifi-
cantly reduced Fe concentrations were observed throughout
the Spring season across all years (2016-2022).

Arain et al. (2009) tested heavy metal ions in Indus River
water from the Kotri and Ghulam Muhammad dam for
one year. They discovered Fe and Mn concentrations that
exceeded WHO safety standards. Summer’s peak water vol-
umes decreased metal emissions, while winter’s precipita-
tion decreased contamination. Very high Fe concentrations
were discovered and according to their assessment, sources
of heavy metals include domestic discharge, industrial
waste, and mining activities. In a different but related study
(Reza and Singh 2010), water samples were collected from
twelve various locations along the river during the summer
and winter seasons to demonstrate the seasonal variations in
the river’s water quality in relation to heavy metal contami-
nation. The highest concentrations of Fe were discovered to
be 64,6 and 95,0 g/L during the summer and winter, respec-
tively. The authors acknowledged that these variations could
also be attributed to the soil-water interaction, particularly
in the winter months.

When compared to subsequent years, the average con-
centration of Mn in the river water was exceptionally high
in 2016 (Fig. 2). These 2016 observations and seasonal
phenomenon may also be attributable to the significantly
decreased precipitation observed during El Nio (drier sea-
sons and drought conditions) in South Africa (Gqomfa et al.
2023), resulting in elevated heavy metal concentrations due
to extremely limited water flow. Moreover, the most nota-
ble and consistent Mn average levels over the years have
been 0.01 mg/L, this trend was conspicuous because Mn
is a prevalent element in the earth’s crust and is found in a
variety of minerals in rocks and sediments (Essington 2015).
However, given that studies have shown that Mn in water at
a concentration of 0.1 mg/L can have detrimental impacts on
children’s health (Ying et al. 2017), these consistent values
(0.01 mg/L) are equally problematic and necessitate gov-
ernment and community intervention. In spite of the fact
that the present study did not measure precipitation over
the course of the study, it cannot draw any significant con-
clusions about the variation of heavy metal concentrations
based on variations in the flow rate of the river throughout
the study.

Additionally, the winter of 2021 saw an alarmingly rapid
increase in Mn concentrations of 0.05 mg/L. Kaap River is
one of the major tributaries of the Crocodile River system,
with a catchment area dominated by mining activities (active
mines, defunct mines, and decanting mines) and intensive
agricultural activities, which may have contributed to Mn
contamination in the river. This observation may not come
as a surprise, given that winter typically experiences little
precipitation, which may contribute to the concentration of
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Fig.2 Seasonal and temporal analysis of Fe?* (a, b) and Mn (c, d) concentrations in Kaap Rivers. The concentrations are expressed in mg/L

undiluted heavy metals (e.g. Mn) originating from anthro-
pogenic sources. The World Health Organization considers
Mn concentrations of 0.05 mg/L to be significantly higher,
so this poses severe safety concerns (WHO 2021). Else-
where, (Khallaf et al. 2021) demonstrated that winter Mn
concentrations are dependent on the season and are typically
higher during the winter. They examined the distribution
of Mn in the sediments of the Bahr Shebeen Nilotic Canal
(BSC) from September 2014 to December 2015 at various
sites. The concentrations of Mn followed the pattern of
winter > autumn > spring > summer. Siraj et al. (2016) also
discovered heavy metal contamination in the waters of the
River Kabul in Pakistan. The range of heavy metal concen-
trations (pg/L) found was Mn 16.7-38.5. Sources of heavy
metals discharged effluents from sewage, industrial sources,
and agricultural runoff. They also determined that Mn con-
centrations exceeded biologically permissible limits.
Seasonal changes impact heavy metal concentrations;
however, the rapid development of mining and agriculture
in South Africa and the resulting rise in the demand for
farm irrigation are the primary causes of the river metal

contamination crisis, with far-reaching consequences for
public health (FAO 2007; Wright and Welbourne 2002).
An analysis conducted by Saleem et al. (2019) has found
that there is a significant difference in the Zn and Mn con-
centrations in the River Jhelum at Muzaffargarh when com-
pared with both the US EPA and World Health Organization
standards for drinking water. Moreover, the study found that
under the low flow season, iron (Fe) concentrations were
extremely high and posed a potential risk to human health
(Saleem et al. 2019).

Comprehensive analysis of Al and As levels
in the Kaap River

The seven-year study period made it possible to compre-
hend seasonal variations in Al and As concentrations. Al and
As concentrations (Fig. 3) in the Kaap River were assessed
because controlling water quality requires monitoring its
chemical composition and identifying the presence of con-
taminants (Brindha et al. 2020).
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Fig.3 Seasonal and temporal analysis of Al (a, b) and As (¢, d) concentrations in Kaap Rivers. The concentrations are expressed in mg/L

The concentrations of Al varied significantly during the
course of the seasons and the time period (2016-2022). For
all seasons in 2021, Al concentrations were comparatively
and significantly higher. All the tested samples during the
seven years of study (2016-2022) have typically always con-
tained traces of Al due to the abundance of Al in the Earth’s
crust (Korium et al. 2006).

However, the 2017 (0.59 mg/L) and 2021 (1.10 mg/L)
autumn samples had the highest Al concentrations. These
winter observations may be attributed to domestic discharge
and agricultural effluent (Wu et al. 2008). Other factors that
may have contributed to elevated Al levels in the river is
contamination from nearby mining activity, the decomposi-
tion of organic materials, agricultural waste, fertilizers, and
pesticides. These concentrations exceeded threefold the
World Health Organization-recommended safe consumption
limit of 0.2 mg/L (WHO 2021), which has the potential to
cause Alzheimer’s disease, brain damage, and other health
complications in humans (Edokpayi et al. 2014; Afzaal et al.
2022). A different study Senze et al. 2021a conducted on
sediments collected from the Nysa Szalona, Strzegomka,
and Bystrzyca rivers (Poland) also found that autumn sedi-
ments contain more Al than spring sediments.

* @ Springer

The summer of 2016 (0.26 mg/L/), 2019 (0.23 mg/L/),
2020 (0.23 mg/L/), 2021 (0.23 mg/L/), and 2022
(0.44 mg/L/) also showed slightly higher Al concentrations,
which coincided with rainy weather because the summer
months in most parts of South Africa are characterized by
precipitation or rain. Prior research has shown that precipi-
tation from the atmosphere is the primary source of metal
contamination in surface waters (Wong et al. 2003; Wu et al.
2008), and thus, these moderately elevated Al concentrations
can be attributed to the rainy seasons in summer.

Heavy metal contamination is severe in South African
rivers, and environmental intervention is evident. Jackson
et al. (2009) reported significantly higher Al concentrations
in the Plankenburg (13.6 mg/l) and Diep rivers (4 mg/L).
These levels were considerably higher than the Department
of Water Affairs and Forestry’s recommended water quality
threshold.

Senze et al. 2021b conducted a four-year study to gain a
comprehensive understanding of river Al concentrations.
Al concentrations in the water of the Nysa Szalona and
Strzegomka rivers increased during spring and autumn.
In the autumn, however, the Nysa and its tributaries had
slightly higher levels, implying a larger influence from
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agriculture and runoff. The authors asserted that spring
river waters in Strzegomka and Bystrzyca convey Al-rich
post-winter thaws, most likely due to intense surface dis-
charge and terrain slope.

The amount of As in the Kaap Rivers was also exam-
ined as part of this study, along with its seasonal effects
throughout a seven-year cycle. Despite mining and agri-
cultural activities taking place close to the Kaap River,
measurements of the As levels in the water showed that
they were within the permitted range of 0.01 mg/L in the
samples (see Fig. 3). Due to its effect on human health, As
is becoming a global problem, and a great deal of research
has been conducted worldwide to ascertain the level of
contamination in water (Fatoki et al. 2013); therefore,
there is a need for extensive monitoring of As contamina-
tion in Africa as well. According to Ahoulé et al. 2015,
As concentrations in groundwater and surface water in
Africa are exceedingly high. For example, 566 g/L of As
was detected in the surface water of Ethiopia (Rango et al.
2013) and up to 8250 g/L in the surface waters of Ghana
(Serfor-Armah et al. 2006), both of which are attributed
to human activities (Kusimi and Kusimi 2012). However,
As mitigation activities cannot be effectively implemented
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or maintained without the support of the local community
(Tet Nay Tun 2003).

Comprehensive analysis of pH and EC in the Kaap
River

Figure 4 shows the physicochemical parameters (pH and
EC) in samples taken from the Kaap River over the course
of a seven-year cycle in the winter, summer, autumn, and
spring. The water samples’ average pH ranged from 7.67
(summer 2022) to 8.43 (winter 2021). The pH levels from
2016 to 2022 were within the legal range of 6.5-8.5 (WHO
2021) throughout the entire seven-year cycle and in all sea-
sons. However, it was also evident that seasonal changes had
significantly impacted (directly or indirectly) the water’s pH.
According to the pH results, autumn river samples in the
study area were slightly more acidic than samples collected
in spring, winter, and summer. The pH levels of samples col-
lected during the seasons of 2022 were also relatively lower
(slightly acidic) compared to the other years. In addition,
the winters of 2017 (pH=8.26), 2019 (pH=28.22), and 2021
(pH=28.43) had the highest pH levels. However, pH val-
ues were also consistently higher in the spring and summer
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during the same time period. The observed increase in pH
can contribute to the build-up of algal growth in the rivers
(Edokpayi et al. 2014) and may lessen the toxicity of heavy
metals (Aktar et al. 2010). In a separate study, Edokpayi
et al. (2014) analysed the water quality of the Dzindi River
in Limpopo Province (South Africa) and found that the pH
of the samples varied between 7.47 and 7.53. According to
the authors, maintaining the correct pH of the river water is
crucial because pH can influence plant growth and the bio-
availability of heavy metals. The presence of heavy metals
in water is contingent upon the pH level of the water. The
solubility of heavy metal ions in water is contingent upon
the pH level of the solution (Mitra et al. 2022). Typically,
heavy metal ions exhibit a high degree of solubility in aque-
ous systems when subjected to low pH conditions due to
their presence in the cationic form (Hama Aziz et al. 2023).
Nevertheless, as the pH level rises, specifically above a value
of 7.00, the solubility of metal ions experiences a decline as
a result of the creation of hydroxide complexes.

The range of EC concentration in the sampled water was
16.30 (autumn 2022) to 42.35 mS/m (winter 2022). The EC
of both the spring and winter seasons between 2016 and
2022 was higher than the recommended threshold of 30
mS/m for water resources (Fig. 4). Given that measuring
the EC of water provides an approximation of the quantity
of multiple ions (such as carbonate, sulphate, sodium, mag-
nesium, and so on), all of which bear an electrical charge
(DWAF 1996), the existence of numerous ions is plausible
in these samples. More research is therefore needed to con-
firm the presence of these ions in the Kaap River during
the spring and winter, quantify their levels, and assess their
impact on the ecosystem and human health.

Correlation studies: analysis of Seasonal
and Temporal variabilty

Figure 5 shows the correlation heat maps and linear graphs
for the relationship between heavy metals and the physi-
ochemical characteristics (EC and pH) of the water.

The motivation for studying the relationship between pH
and heavy metals stemmed from the fact that high acidity
improves the solubility of certain chemical substances, rais-
ing their concentrations in the environment (Embrapa 2006).
Aprile et al. (2005) discovered that the harmful effect of
heavy metals is greatly reliant on environmental factors such
as pH, among other things, and that long-term exposure to
heavy metals may produce physiological changes (mutagen-
esis and carcinogenesis). EC is also useful in understanding
the relationship between dissolved chemicals and their effect
on water salinity. That is, pH and EC can help to understand
the behaviour of heavy metals investigated here.

The concentrations of Al and Fe (r=0.88) were
strongly positively correlated (Fig. 5). The most significant
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association, though, was established throughout the summer
and autumn seasons. It is possible that the high concentra-
tions of Al and Fe in the river occurred at the same time
for the same reason: both metals originated from the same
anthropogenic source. Additionally, it is possible that the
high concentrations of Al and Fe in the river were influ-
enced by precipitations in the summer season that promote
transference of the metals from the nearby farms and mines.
According to Shafi et al. (2018), there has been no compari-
son of metal composition in diverse components of an urban
aquaculture pond during multiple seasons and its location
in the vicinity of a coal mining city. The enduring exist-
ence of heavy metals in the environment presents substantial
hazards to both human well-being and ecological systems.
The build-up of heavy metals in organisms resulting from
water pollution by these metals has emerged as a significant
issue, mostly owing to the potential damage they represent
to human beings.

Due to the fluctuating concentrations of the heavy metals
detected in the water samples over the course of the study,
no additional direct correlations between heavy metals and
physiochemical parameters (EC and pH) were found. This,
however, contradicts some of the discoveries made by other
environmental scientists. Elsewhere, a correlation has been
discovered between the amount of Al in the sediment and the
pH of both the sediment and the water (Senze et al. 2021a).
This correlation has been found in a number of different
environments. According to the researchers (Barabasz et al.
2002; Kabata-Pendias 2010), bottom sediments often absorb
Al in the form of metastable compounds. Al is released into
the water when the acidity of the water increases, to the
point where Al concentrations of up to 5 mg dm? can be
attained. Another study discovered a link between pH, Mn,
and Fe levels in borehole water (Moyosore et al. 2014). They
identified an inverse correlation between Mn concentrations
and pH in low density areas as well as an increase in Fe
concentrations when the pH was lower in high density areas.
These findings are not surprising given that the chemical
activity of heavy metals like Fe is mediated by pH and redox
potential (Khan et al. 2017). The concentrations of dissolved
Fe and Mn in groundwater were also shown to be controlled
by redox conditions and pH, with Fe and Mn becoming more
soluble under acidic environments (Zhai et al. 2021). On the
other hand, Fatoki et al. 2013 reported that, among heavy
metalloids, As is particularly sensitive to mobilization (pH
6.5-8.5).

During the study period, there was a positive correlation
between pH and EC of the water in all seasons. Exploring the
link that exists between pH and conductivity was critical since
the existence of any hydrogen ions influence the pH, as well
as the levels of conductivity. The association between EC and
pH in rivers is seen in Fig. 5. The correlation coefficient (r)
was higher across all seasons, showing that pH may have had
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Fig.5 Correlation heat maps (a) and linear correlations (b, ¢) of heavy metals and physiochemical properties of the Kaap River samples ana-

lysed at various seasons over a seven-year period

a major impact on river conductivity. There was, however, no
positive correlation between EC and heavy metal concentra-
tions. Recently, the relationship between EC and Fe >* was
evaluated by Erebho (2022), who found that EC was strongly
related to Fe?* in the Ikpoba river but only moderately related
in the Ogba river.

Conclusion

Autumn samples contained the highest concentrations
of Al exceeding the World Health Organization’s safe
consumption limit. Despite the presence of mining and

* @ Springer
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agricultural activities near the Kaap River, As levels in the
water were measured to be within the prescribed limit. In
Autumn of 2021, the Fe concentration was substantially
higher than the permissible limit, posing a health risk to
the surrounding communities. The Mn concentrations fol-
lowed the order of winter > autumn > spring > summer. In
2016, the average concentration of Mn in river water was
exceptionally high, which could lead to adverse health
effects necessitating urgent environmental intervention.
Temporal and seasonal variations significantly affected
physiochemical parameters. Strong and weak correlations
between heavy metals and physiochemical parameters
were established during the seven-year period of study.
Overall, this study’s findings could be attributed to both
anthropogenic activities and substantial contamination
brought on by the seasonal changes in river flow.

Recommendations

It is recommended that the Kaap Rivers be routinely ana-
lysed for heavy metals, pH, and EC to determine the con-
tamination risk and protect river-using community members.
It is also advised that river sediment analysis be performed
to ensure the safe levels. Given that heavy metals in water
concentrations above the prescribed limit have negative
effects on the environment and humans, a collaborative
effort between business, government, and the community
is imminent to remedy the situation in the Kaap River. The
proliferation of heavy metal ions, which pose significant
risks to human health, is a direct consequence of contem-
porary industrial mining, agricultural practices, and several
other anthropogenic activities. Therefore, the effective eradi-
cation of a particular phenomenon is of utmost importance
for both the well-being of human beings and the preservation
of the natural environment in which they inhabit. Further
investigation is required in order to fully comprehend the
mechanisms and principles behind the degradation of heavy
metal complexes and the subsequent recovery of heavy metal
ions via the implementation of advanced oxidation processes
(AOPs).
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