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water supplies including turbidity, taste and odor, pathogen
concerns, and challenges in managing disinfection byproducts
[1]. Drought is a major concern for utilities and water
resource managers worldwide due to the far-reaching impacts
of constrained water supplies.
Increase in heat addition, causes drought increase over a
particular period of time, and thus causing tragic impacts in
many regions of the world [1,2]. In addition to the potential
for future changes to water quality, the trend towards
increasingly strict drinking water regulations is expected to
continue. The combination of decreased water quality with
lower maximum contaminant levels may result in
vulnerabilities for many utilities, requiring substantial
investment in updated treatment technology to maintain
compliance.
High temperatures, heat waves and drought conditions
experienced in 2016 [3] in South Africa have led to the
proliferation of cyanobacteria blooms [4]. The study of
Magonono et al. [5] on the quality of drinking water for
Musina Local Municipality indicates the presence of the
cyanobacteria species and harmful toxins. The nutrients,
nitrates and phosphates are readily available in water column
due to discharge of partially treated sewage effluent. The
objective of the study was to assess the water quality of raw
water supply and treated drinking water for Musina and
Beitbridge Towns during a drought year of 2016. The specific
objectives were to determine the physical-chemical (pH, EC,
turbidity, nitrates, phosphates), to determine the levels of trace
and heavy metals and to determine the presence/absence of
cyanobacteria genes expressing of toxicity.

Abstract— Drought is a natural feature of hydrology, which is
influenced by climate change, and has the ability to cause water quality
implications for drinking purpose, through proliferation of harmful
cyanobacterial blooms due to the occurrence of current high
temperatures and heat waves. The study assessed the 2016 drought on
drinking water quality for Musina town in South Africa and Beitbridge
town in Zimbabwe and their raw water supplies. The water samples
were collected from drinking water taps and raw water supply sources
for physical-chemical analysis and molecular analysis for the
determination of cyanobacteria genes expressing toxicity. The pH of
the water sources was in the range of 6.85 to 7.72. The electrical
conductivity was in the range of 591.67 to 1026 µS/cm. The water
temperature was in the range of 22.63 to 34.2 oC. The turbidity was in
the range of 0.00 to 2.04 NTU. The nitrate and soluble phosphates
levels were in the range of 1.2 to 11.7 mg/l and 0.5 to 3.5 mg/l. The
heavy metals were higher in the water samples during the month of
October in comparison with cooler month of July. The molecular
techniques showed the presence of toxic cyanobacteria genes, cyr, and
the cylindrospermopsin toxin in both Limpopo River (weir &
borehole) and Musina tap water samples during July and October
period. The Beitbridge tap water was free of genes expressing
cyanobacteria toxicity. The study showed the presence of genes
expressing toxicity for the cylindrospermopsin cyanotoxin in some of
the water samples. The cyanotoxin may be attributed to toxic
cyanobacteria which proliferate due to favourable environmental
weather conditions.
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I. INTRODUCTION
Drought, which is difficult to predict, is a natural feature of
the hydrology in most regions. Climate change has the
potential to increase the frequency and magnitude of future
drought. While the lack of water availability during droughtis
widely publicized, there are equally severe water quality
impacts that occur during and after drought events. Recent
drought has led to water quality implications for drinking

II. MATERIALS AND METHODS
A. The study area
The study areas are Musina & Beitbridge towns which are
situated in the Vhembe district of Limpopo province, South
Africa & Matabeleland South province in Zimbabwe
respectfully (Figure 1). Musina Local Municipality receives its
drinking water supply from 19 boreholes which are in the
Limpopo River. The raw water supply for Beitbridge town
comes from a weir constructed in the Limpopo River and for
Musina town comes from 22 boreholes of which 14 are drilled
along the Limpopo River and 8 boreholes are drilled inside the
Limpopo River [6]. Beitbridge town receives its drinking water
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For preparation of heavy metal analysis, a 0.45 um yellow
membrane filter was used for filtration of water samples
collected from different study areas. A 10 ml syringe was used
to collect each water samples through a stainless-steel filter
holder into a 10 ml tubes, and the tubes were labelled for
sample analysis. A new syringe and a new membrane filter was
used for each water sample; stainless steel filter holder was
washed with distilled water each time before use; a blunt was
used to place and remove a membrane filter into & from
stainless steel filter holder, to avoid contamination from one
water sample to another. After sample preparation, Samples
were sent for duplicate analysis at the ARC Institute of Soil,
Water & Climate, in Pretoria, where a Thermo electron X series
II Quadrupole Inductively Coupled Plasma Mass Spectrometer
(ICP-MS) was used for heavy metals analysis.

from Zimbabwe National Water Authority water treatment
plant which receives its raw water supply from weir built in the
Limpopo River [7].

D. Toxic cyanobacteria gene analysis
The extraction of the cyanobacteria genomic DNA, PCR
amplification and detection of genes expressing toxicity was
carried out as per procedure of Magonono et al. [5].
E. Data analysis
Microsoft excel 2020 was used to display the data in the
form of graphs. The data for heavy metals was log10
transformed to cater for large disparity in the levels of metal
concentrations.

Fig. 1: The location of Musina town and Beitbridge town and the raw
water supply sources. BH is the borehole inside the Limpopo River
providing raw water supply for Musina town and Ws is a weir on the
Limpopo River providing raw water supply for Beitbridge town.

III. RESULTS AND DISCUSSION
B. Water sampling points
To meet the objectives of the study, four sampling points
were selected, which includes the upstream Limpopo
boreholes (S1), Musina water tap (S2), downstream
Beitbridge town water tap (S3), and Limpopo weir (S4). Two
raw water samples were collected from each site, for the
purpose of results accuracy (in July and October 2016), giving
a total raw of 16 water samples. The water samples were
preserved in a refrigerator at 4 oC to slow down the chemical
reaction and to keep the water content in contact until analysis
were carried out.
Water samples were collected once using a new
high-density (HDPE) screw-capped containers (plastic
container of 175ml and a glass container of 375ml).

A. Physical-chemical quality of the water
The physical characteristics of the drinking water and raw
water sources are shown in Figure 2. The pH readings for both
water sources were within the range of 6 to 7 (Figure 2A).
During July and October, the pH for Musina tap water was
normal and within the SANS 241[9] standards (≥ 5 and ≤ 9.7).
During July and October, the pH for Limpopo borehole and
Limpopo weir was normal and within the DWAF (1996)
standards (6.0 - 9.0). During July and October, the pH for
Beitbridge town was normal and within the SAZ (2015) [10]
standard (6.5 to 8.5).
The electrical conductivity (EC) measurements of the
Limpopo borehole water, Musina tap water, and Beitbridge tap
water in October were lower than July measurements (Figure
2B). The decrease has been attributed to the drought conditions.
During October, there was decrease in EC for Musina tap,
which according to the SANS 241[9] standards the water is
visually,

C. Physical-chemical analysis
The determination of physical parameters
A multimeter instrument (H19829) was used to measure
on-site, pH, Electrical Conductivity, Total Dissolved Solids
and temperature of the collected water sample. A turbidity
meter (TRITON TR86) instrument was used for measuring
turbidity level in water. The instrument was calibrated prior to
the triplicate measurements as per manufacturer guidelines.
The determination of nutrients
The concentration of phosphate and nitrates were determined
using the Metrohm Ion Chromatographic Instrument as per the
procedure of Modika et al.[8].
The determination of heavy metals

https://doi.org/10.17758/EARES10.EAP1120268

103

18th JOHANNESBURG Int'l Conference on Science, Engineering, Technology & Waste Management (SETWM-20) Nov. 16-17, 2020 Johannesburg (SA)

to the drought conditions and exposure to high radiation and
heat waves during this period. These increase in temperature
together with presence of nutrients in water may encourage the
growth of cyanobacteria.
There was decrease in turbidity levels for Limpopo borehole
water and Musina & Beitbridge tap water in October (Figure
2D). The turbidity levels were within the SANS 241[9]
standards (≤ 1 and ≤ 5 NTU), DWAF [11] standards (0 – 1
NTU), and SAZ [10] guidelines (5) for drinking water
respectfully. There was increase turbidity in Limpopo weir
borehole water during October, which according to DWAF [11]
standards (1 – 5 NTU), the water has slight chance of adverse
aesthetic effects and infectious disease transmission. The
increase in turbidity has been attributed to rainfall that may
have occurred upstream of the study site. The Limpopo River
has number of tributaries in South Africa, Zimbabwe and
Botswana.

Fig. 3: The variation in (A soluble phosphates and (B) nitrates during
July and October 2016.

Fig. 2: The variation in (A) pH level; (B) electrical conductivity; (C)
water temperature and (D) turbidity during July and October 2016.

The study showed the presence of nitrates and phosphates in
water sources (Figure 3). There was an increase of phosphates
concentration in Limpopo borehole water and Musina tap water
during October (Figure 3A). This was probably due to drought
conditions, high temperatures and no river flows in the
Limpopo River. During October, the Limpopo River ceases to
flow on the surface, but subsurface flows continue to flow.
Then phosphate shows a decrease in Limpopo weir during
October. According to SANS 241[9] for Musina tap water,
DWAF [11] for Limpopo weir and borehole water, and SAZ
[10] for Beitbridge town tap water, their phosphates
concentration was within the water quality standards limits.
There was an increase in nitrate concentration in Limpopo
borehole, Musina tap, and Limpopo weir during October
(Figure 3B). This was due to the drought condition. Nitrate
shows a decrease in Beitbridge town tap water in October,
which was due to water treatment. During July and October,

aromatically or palatably unacceptable. During October,
according to the DWAF [11] standards (170), there was
decrease in EC for Limpopo borehole. During October,
according to DWAF [11], there was an increase in EC in
Limpopo weir. During October, according to SAZ [10]
standards (40), there was an increase in EC for Beitbridge town.
Increase in EC has been attributed to low number of dissolved
solids in water and low temperature and decrease in EC has
been attributed to high number of dissolved solids, since EC is
inversely proportional to temperature and dissolved solids.
There was an increase in water temperature in both Musina
tap water, Limpopo borehole, Limpopo weir, and Beitbridge
town tap water in October (Figure 2C). This has been attributed
https://doi.org/10.17758/EARES10.EAP1120268
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according to SANS 241 [9], Musina tap water is within the
water quality standard (≤ 11 ppm). During July and October,
according to the SAZ [10], Beitbridge town water is within the
standards. During July and October, according to DWAF [11],
Limpopo borehole and weir water are within the standards
limits, with no effects. The variation in levels of nitrates in the
riverbed has been attributed to denitrification process that
occurs during drought periods with high temperatures [12].
The presence of phosphates and nitrates in Limpopo weirand
borehole is probably due to the upstream catchment activities.
Limpopo River is a transboundary river shared by four
countries: South Africa, Botswana, Zimbabwe and
Mozambique (downstream). The studies of Magonono et al. [5]
have indicated that the nutrients, phosphates and nitrates, are
linked to commercial and subsistence irrigation and sewage
discharges occurring on the upstream catchment activities.
Increase in phosphates are observed in surface and bottom
water, thus aiding to the growth of phytoplankton (algae
blooms) and causing water quality deterioration.
B. The presence of heavy metals in the water sources
The study showed the presence of heavy metals in the water
sources. For Musina borehole, the results showed an increase in
heavy metals, V; Cr; Mn; Co; Cu; Zn; Se; Cd; Sb; Pb and Bi
concentration and a decrease in the levels of Ni; As; Ba; Hg and
U in the raw water in October (Figure 4A). For Musina water
tap, there was an increase in the concentration of the following
metals: V; Cr; Zn; As; Sb; Ba and U (Figure 4B). According to
DWAF [11] these metals were below the DWAF guidelines for
domestic uses.
For Beitbridge water tap, the results showed an increase in
heavy metals: B; V; Cr; Co; Cu; Sb; Hg and Pb concentration
and a decrease in the levels of Ni; As; Se and U in October
(Figure 4C). These metals are within the SAZ (2015) guidelines
for drinking water. For Limpopo weir, there was an increase in
the concentration of the following metals: Mn; Co; Zn; Se; Sb
and U (Figure 4C). The changes in the metal levels may be
attributed to the drought conditions.
The metals such as Copper (Cu) does not have health effects
and cause severe taste and staining problems since it falls below
the 2000ppb guideline. The mercury (Hg) levels were below
the 6ppb levels in drinking waters for the towns of Musina and
Beitbridge. There is no guideline value for vanadium (V) and
zinc (Zn) but the concentration was below 20ppb and 6ppb
respectfully for both drinking water for Musina and Beitbridge
towns.

Fig. 4: The variation of heavy metals in (A) Musina borehole; (B)
Musina water tap; (C) Beitbridge water tap and (D) Limpopo weir
during July and October 2016.

Increase in metals are attributed to drought conditions since
there are lot of sediments runoff that occur in the river, but the
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water treatment processes. In Beitbridge town, the water
treatment process follows the normal conventional water
treatment train, coagulation and flocculation using coagulant
such as iron sulphate and aluminum chloride [15].

variation in decrease and increase in metals during drought was
due to varying adsorption capacities of metals to suspended
solids in water [13].
C. The presence of toxic cyanobacteria in the water source
The presence of genes expressing toxicity were found in some
of the water sources. The genes expressing toxicity were
positive for cylindrospermopsin (Figure 5). The cyanobacteria
species, Aphanizomenon ovalisporum, Anabaena, Umezakia
natans Lyngbya wollei, Raphidiopsis, Oscillatoria,
Dolichospermum mendotae, Chrysosporum ovalisporum and
Cylindrospermopsis,
are
known
producers
of
cylindrospermopsin, a potent cyclic guanine alkaloid toxin
[14-16]. The toxic cyanobacteria were found in the Limpopo
River (the weir and the borehole) and then in the Musina water
tap. The origin of the cyanobacteria in the Limpopo River has
been attributed to upstream catchment activities (Magonono et
al. 2018) and favourable environmental weather factors (heat
and solar radiation, nutrients, (this study). Thus, the drought
conditions prevailing during the study have worsened the
situation. The switch to toxic cyanobacteria such as Anabaena
circinalis and Cylindrospermopsis raciborkii has been
observed in other parts of the world such as in the
Darling-Barwon river basin, Australia, Portuguese reservoirs
[13] and Oliphants river basin respectfully [4].

Fig. 6: An Agarose gel electrophoresis of PCR products from
fragments of 487 bp using all six set of primers. M= 100 bp ladder. C1
and C2= positive controls. Lane 1-12, shows water samples of
Beitbridge during July and October using all set of primers.
1=Beitbridge town in July and 2= Beitbridge town in October using
27F and 809R primers. 3=Beitbridge town in July and 4=Beitbridge
town in October using 740F and 1494R primers. 5=Beitbridge town in
July and 6=Beitbridge town in October using mcyA-Cd F and
mcyA-Cd R primers. 7=Beitbridge town in July and 8=Beitbridge
town in October using HEPF and HEPR primers. 9=Beitbridge town in
July and 10=Beitbridge town in October using PKS M4 and PKS M5
primers. 11=Beitbridge town in July and 12=Beitbridge town in
October using M13 and M14.

These coagulants can remove the entire cyanobacteria cell
without losing the cyanobacterial cell wall and this may imply
the absence of toxic cyanobacteria cells in the drinking water.
In the rapid sand filtration, the cyanobacteria cells are also
trapped by sand bed and then removed as entire cyanobacterial
cells [17]. In the case of Musina town, the borehole water is
simply chlorinated, and this implies that the toxic cyanobacteria
cells are lysed, and DNA material is present in the drinking
water [18]. Hence the positive detection of genes expressing
toxicity in the drinking water using the molecular techniques.
Fig. 5: An Agarose gel electrophoresis of PCR products from fragment
of 487 bp using M13 and M14 primers, which are cylindrospermopsin
peptide synthetase toxins. M= 100 bp ladder. C1 and C2 =positive
controls. 1=Musina borehole water and 2=Musina tap water in July;
3=Musina borehole water and 4=Musina tap water in October;
5=Limpopo weir in July; and 6= Limpopo weir in October.

IV. CONCLUSION
The study showed the presence of genes expressing toxicity
for the cylindrospermopsin cyanotoxin in some of the water
samples. The cyanotoxin has been attributed to toxic
cyanobacteria which proliferate due to favourable
environmental weather conditions. The pH was alkaline for all
the water samples. The water temperature, high electrical
conductivity was above 25 oC and 500 µS/cm respectfully
during October. The nutrients, phosphates and nitrates were
high in the raw water supplies (Limpopo borehole and weir)
during the October period. The concentrations of heavy metals
were higher in October than in July. The drought conditions,
heat waves, and solar radiation probably contributed to the
increased levels of metals and nutrients in the water sources.
Further research is required to determine the level of
cyanotoxins in the drinking water and to identify cyanobacteria
species in raw water supply and drinking water. It is further
recommended that the Musina town should adopt water

The presence of cylindrospermopsin in the tap water is
worrisome issue in terms of human poisonings [16]. The
cylindrospermopsin are cyanotoxins which can cause human
health implications such as stomach cramps, vomiting,
diarrhea, fever, headache, pains in muscles and joints, body
weakness, abdominal pains, nausea, sore throat, dry cough,
blistering at the mouth, kidney dysfunction and liver failure ,
and can thus lead to death.
The genes expressing toxicity were negative for
cylindrospermopsin and microcystin (Figure 6). Hence this
shows no presence of toxic cyanobacteria in the Beitbridge tap
water. The reason for the absence of toxic genes in Beitbridge
tap water but present in Musina tap water may be attributed to
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treatment methods that removes or flocculates the entire
cyanobacteria cells without losing the cells.
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