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ABSTRACT
The occurrence of cyanobacteria genera in the Vaal Dam was analysed and the factors that influence its dominance in
the particular reservoir were also investigated. The study was motivated by the effects of the secondary metabolites of
cyanobacteria genera on potable water production. Cyanobacteria genera have been found to be potentially toxic and
capable of producing taste and odour secondary metabolites such as geosmin. Historical data from the Department of
Water and Sanitation on percentage composition of cyanobacteria genera in the Vaal Dam, were collected for the 2006,
2007, 2011 and 2012 years. The concentrations of NO,-N and NO,-N and total phosphorus as well as water temperature
data were collected from the same sampling point for the study period. This data, together with weather data, was
statistically analysed for trends and relatedness between variables. It was found that Microcystis and Anabaena were the
dominant cyanobacteria genera in Vaal Dam and they were jointly dominant over other phytoplankton genera during
February and March. It was also found that the dominance of cyanobacteria genera significantly correlated with air
and water temperature and concentration of NO,-N and NO,-N. It was concluded that the dominance of Microcystis

and Anabaena genera among the cyanobacteria genera has significant implications for potable water production as
the genera are associated with taste and odour metabolites and toxins. It was recommended that depth profiling be
employed in order to identify an abstraction depth in the multilevel intake of the reservoir with relatively low levels of
cyanobacteria cells. This would assist in minimising taste and odour events in potable water production.
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water treatment.

INTRODUCTION

The presence of cyanobacteria genera in raw water abstracted for
potable water production has been found to increase the cost of
treating that water and to impact on the quality of water pro-
duced (Wnorowski, 1992; Roux et al., 2010; Hoko and Makado,
2011). Wnorowski (1992) found that all impoundments studied
in South Africa (from 1990 to 1991) that were experiencing
odour problems had a dominant presence of cyanobacteria gen-
era and odour-free impoundments were dominated by diatom
genera. The Vaal Dam was among the impoundments experienc-
ing odour problems at the time of the study (Wnorowski, 1992).
Cyanobacteria genera have also been found to be potentially
toxic to animal and human health (Harding and Paxton, 2001).
Potentially toxic cyanobacteria genera which have been found in
South African impoundments in previous studies are Anabaena,
Cylindrospermopsis, Lyngbya, Microcystis and Oscillatoria
(Harding and Paxton, 2001; Downing and Van Ginkel, 2004).
The percentage population of the different genera of phy-
toplankton found in water supply reservoirs will differ from
reservoir to reservoir as well as from time to time because of
the variability of environmental conditions in the reservoirs
(Mhlanga et al., 2006; Mhlanga, 2008; Von Sperling et al., 2008;
Davis et al., 2009; Paerl and Paul, 2012). The dominant phyto-
plankton genera usually found in eutrophic and hyper eutrophic
freshwater are from the cyanobacterial group, especially in
temperate climates such as South Africa (Rae et al., 1999;
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Oberholster and Ashton, 2008). In other parts of Southern
Africa, studies have confirmed that the most abundant phy-
toplankton group is the cyanobacteria, for example, in Lake
Chivero, Zimbabwe (Mhlanga, 2008; Hoko and Makado, 2011).
According to Ho et al. (2012) as well as Paerl and Paul (2012),
‘cyanobacteria have evolved to adapt to almost every environ-
ment’ on earth; hence their widespread occurrence in water
bodies all over the world.

Factors affecting the dominance of cyanobacteria in water
supply reservoirs

Studies, for example, by Mhlanga (2008) and Paerl and Paul
(2012) among others, have revealed a number of factors that can
explain the dominance of cyanobacteria in water supply reser-
voirs. Factors such as occurrence at different depths of the water
column relate to the physiological nature of the cyanobacteria
and factors such as growth relate to the environmental condi-
tions in the reservoir.

The physiological nature of cyanobacteria gives them cer-
tain advantages over other phytoplankton genera, enabling
them to adapt to different environmental conditions in the
reservoir and hence maintain dominance. Cyanobacteria have
the ability to move up and down the water column for light
and nutrients, thereby out-numbering other immotile genera
during nutrient and light deficiency periods (Du Preez and
Van Baalen, 2006). This is due to their gas vesicles that enable
them to be buoyant and regulate their position in the water
column. This ability, however, is only effective when the water
column is stable and there is no mixing of the water (Mhlanga,
2008; Westrick et al., 2010). Once established, high prevalence
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of populations can be promoted by effective utilisation of these
physiological advantages in conducive environments.

Conducive environmental conditions can promote the
growth and dominance of cyanobacteria in freshwater bod-
ies (WHO, 1999). Growth of phytoplankton genera, in gen-
eral, is limited by several environment factors, such as light,
temperature, and nutrients. The dynamics and dominance
of phytoplankton genera at any one time depend on the
physical and chemical environment of the water column (Abd
El-Monem, 2008; Paerl and Paul, 2012). The most investigated
environmental conditions that favour the dominance of cyano-
bacteria in freshwater reservoirs are shown in Table 1.

The effects of water temperature on cyanobacteria growth
are very well supported by studies such as Davis et al. (2009)
and Tian et al. (2012), among others. Paerl and Paul (2012)
suggest that an increase in global temperatures will promote
more dominance of cyanobacteria in the future. This implies
that higher water temperatures caused by continued global
warming could lead to excessive cyanobacteria blooms and
greater concentrations of its secondary metabolites (taste and
odour compounds and toxins).

The effects of a low (total nitrogen) TN:TP (total phos-
phorus) ratio are still debateable as some studies have shown
that the dominance of cyanobacteria in water reservoirs
is not always linked to low TN:TP ratio (Mhlanga, 2008;

Von Sperling et al., 2008). Mhlanga (2008) found that there was
a low TN:TP ratio in Lake Chivero, Zimbabwe, at the time of
her study but cyanobacteria was not persistently dominant over
the period. On the other hand, in Vargem das Flores Reservoir,
Brazil, the TN:TP ratio was very high and cyanobacteria were
still dominant (Von Sperling et al., 2008). Kosten et al. (2012)
argue that total nitrogen concentration or total phosphorus
concentration are better predictors of cyanobacteria dominance
than the TN:TP ratio. Cyanobacteria are effective users of phos-
phorus and can survive in phosphorus-limited environments.
The high pH and low light energy requirements are also linked
to their physiological nature which enables them to survive
under these conditions and hence influences their spatial and
temporal distribution in the water column.

Cyanobacteria occurrence in South Africa

The focus of phytoplankton research in South Africa has shifted
towards expanding knowledge of driving forces behind cyano-
bacteria blooms and toxins (Mitchell, 2006). Cyanobacteria
genera have been found in water supply reservoirs such as
Hartbeespoort, Rietvlei and Mockes dams (Wnorowski, 1992;
Downing and Van Ginkel 2004; Mohale, 2011). The Vaal Dam
(also found on the Vaal River system) is one of the reservoirs
in South Africa with eutrophication problems resulting in the
occurrence of cyanobacteria. Studies by Downing and Van
Ginkel (2004) and Mamba et al. (2007) have indicated the pres-
ence of cyanobacteria in the reservoir. Harding (2008) classified
the Vaal Dam reservoir as eutrophic based on the total in-lake
phosphorus and chlorophyll-a (chl-a) content (Harding, 2008).
There is therefore a need to establish the extent of occur-
rence of cyanobacteria genera in Vaal Dam in order to
inform sustainable management strategies to reduce the
risk of the effects of cyanobacteria genera on potable water
production. The objective of this study was to analyse the
occurrence of cyanobacteria genera in the Vaal Dam and to
investigate the factors that influence its dominance in this
particular reservoir.
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TABLE 1
Most investigated environmental conditions favouring
cyanobacteria dominance

Effect on growth and

Condition .,
dominance

High water temperatures (ideal
temperatures: 15-25°C) (Von
Sperling et al., 2008; Davis et al.,
2009; Kosten et al., 2012).

Enhance growth of cells.

Nitrogen scarcity as depicted by
low TN: TP ratio (< 30) (Davis
et al., 2009; Paerl and Paul, 2012;
Tian et al., 2012).

Cyanobacteria can fix own
nitrogen from the atmosphere
whilst other genera cannot.

Low light energy requirements
(depths of up to 12 m) (Du Preez
and Van Baalen, 2006; Mhlanga,
2008; Kosten et al., 2012)

Can survive at lower depths
of the water column as well as
move up and down the column.

Study area

The reservoir under study was the Vaal Dam situated on the
Vaal River. The Vaal River system is one of the most highly
impounded river systems in South Africa and about 12 million
people (23% of the total population) rely on it for their domestic
water supply (Government of South Africa, 2013). The river
system is valued as an important basin in the country because
industries in the Gauteng Province and adjacent provinces of the
Free State and Mpumalanga are supplied from it (Mckenzie and
Wegelin, 2009). The Vaal River basin is subdivided administra-
tively into Upper, Middle and Lower Water Management Areas
(WMA) in accordance with the water resources management
policy of South Africa (Karodia and Weston, 2001). The Vaal
Dam is found in the Upper Vaal WMA which is located towards
the north-eastern side of the country as shown in Fig 1.

The Upper Vaal WMA is characterised by urban and indus-
trial areas in the northern and western parts of the WMA, with
extensive coal and gold mining activities also taking place in the
WMA (Braune and Rogers, 1987). The Upper Vaal WMA is eco-
nomically important to South Africa, contributing nearly 20%
of the gross domestic product of the country, which in 2009 wa
the second-largest contribution to the national wealth amongst
the then 19 WMAs in the country (Herold, 2009). These activi-
ties are generating substantial return flow volumes in the form
of treated effluent from industry, mines and urban areas which is
discharged into the Vaal River system. These discharges contrib-
ute to the deterioration of the water quality in the river system.
The potential for future economic growth in this WMA remains
strong and hence the effects of these discharges are also expected
to increase.

Vaal Dam has a full supply level of approximately 1 484 m
amsl with a catchment area of 37 100 km?. The capacity of the
dam is 2 330 x 10°m? at a mean depth of 22.5 m and surface
area of 321.07 km?, with a hydraulic retention time of 2.1 years
(Braune and Rogers, 1987).

The reservoir is fed from two major rivers; the Vaal River
from the north east and the Wilge River from the south east, as
indicated in Fig. 2.

The Vaal Dam reservoir supplies 80% of the water that
is treated at Zuikerbosh Water Treatment Plant for potable
use (Van Wyk, 2000; Bamuza-Pemu and Chirwa, 2010; Rand
Water, 2011). Water abstracted from the Vaal Dam for treatment
undergoes the conventional processes of coagulation, floc-
culation, sedimentation, rapid sand filtration and chlorination
(Ewerts et al., 2013).
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Figure 1
Location of Vaal Dam in Upper Vaal Water Management Area in South Africa (Modified from DWA, 2010)

METHODS
Data collection

In order to analyse the occurrence of cyanobacteria in Vaal Dam,
information on the phytoplankton genera found in the reservoir
and their percentage composition was necessary. Information on
environmental factors such as weather parameters, water tem-
perature, nitrogen and phosphorus compounds was also required
to explain dominance of cyanobacteria over other genera.

Historical data from a sampling point close to the dam wall
and the raw water intake point (Fig. 3) was obtained from the
Department of Water and Sanitation (DWS), for percentage
composition of the phytoplankton, total phosphorus, NO,-N and
NO,-N, and water temperature, for the years 2006, 2007, 2011
and 2012.

The years studied were chosenbased on the availability of
continuous data for the selected parameters. The sampling point
was a monitoring point for the DWS and was deemed suitable
for the study because of its proximity to the raw water intake
point and also the avalaibility of historical monitoring data.
Water quality monitoring using depth-integrated sampling was
carried out twice a month yielding 24 datasets for each param-
eter for each year.

The percentage composistion of the phytoplankton was
determined in the DWA water quality laboratory by the phyto-
plankton identification and percentage representation inverted
microscope method (Truter, 1987). Phytoplankton colonies were
identified under the inverted microscope and the percentage rep-
resentation was estimated in relation to all other phytoplankton
present. Total phosphorus and NO,-N and NO,-N concentra-
tions were determined in the DWA laboratory using the ‘auto-
mated determination of total phosphorus as phosphomolybdate;
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Figure 2
Vaal Dam

automated determination of dissolved nitrate by cadmium
reduction; automated determination of dissolved nitrite’ analysis
methods and water temperature was measured in the field with a
multimeter (Van Niekerk, 2004).

Historical weather data were obtained from the South
African Weather Service (SAWS). Monthly averages of air tem-
perature, rainfall, and wind speed for the years 2006, 2007 and
2011 were collected from a station in Vereeniging, a town near
the Vaal Dam (34 km away; there was no weather station at the
reservoir) were used in the study.
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Data analysis

Statistical analysis was used to analyse the data using STATA V10
and SPSS 16.0. Pearson correlation coeflicients were calculated to
test for relatedness of a pair of continuous variables at a signifi-
cance level of 0.05. Time-series analysis was performed to inves-
tigate the temporal variations of the dominance of cyanobacteria
genera over the study period. The temporal trends were analysed
from month to month to establish seasonal differences, as well

as from year to year to establish annual differences. Seasonal dif-
ferences were analysed over the years 2006, 2007, 2011 and 2012,
as the monthly data over these years were consistent and con-
tinuous. Annual differences were analysed over the years 2006,
2007, 2011 and 2012 by comparing annual means of percentage
dominance of cyanobacteria genera.

RESULTS
Occurrence of cyanobacteria in the Vaal Dam

Cyanobacteria genera have been identified among the phyto-
plankton genera found in the Vaal Dam. Five genera of cyano-
bacteria have been identified. The cyanobacteria genera found
were Anabaena, Merismopedia, Microcystis, Nodularia and
Oscillatoria. Anabaena and Microcystis occurred more frequently
than the other genera (more than 90% of the dataset) and were
therefore used in the analysis of dominance.

Dominance of cyanobacteria genera in the Vaal Dam

Results of a statistical analysis of the mean percentage domi-
nance of the cyanobacteria in Vaal Dam in the different months
for 4 years are shown in Table 2.

It was found that cyanobacteria genera were collectively
dominant (mean of 50% and above) in February and March.
Even though the means for January and April were below 50%,
(43% and 47% respectively), they represented a substantial domi-
nance of one taxon versus all the other taxa found in the reser-
voir. The cyanobacterial genera contributing to this dominance
were mostly Anabaena and Microcystis. A comparison with
mean water temperature measured in the same period showed
that dominance of cyanobacteria genera was when mean water
temperatures were above 20°C.

Factors affecting dominance of cyanobacteria in Vaal Dam
reservoir

Correlations of cyanobacterial dominance with environmental
conditions (for parameters where data was continuously avail-
able) in and around the reservoir, are shown in Table 3.

Cyanobacteria dominance was significantly positively cor-
related to air and water temperatures and negatively correlated to
NO,-N and NO,-N concentrations, as also established by previ-
ous studies such as Mhlanga (2008), Von Sperling et al. (2008)
and Davis et al. (2009). Total phosphorus was not significantly
correlated to cyanobacteria dominance. A study by Toerien et al.
(1975) found that the primary phytoplankton growth-limiting
nutrient for Vaal Dam was nitrogen.

DISCUSSION

Cyanobacterial genera have been observed in the reservoir in
all months of the year over the study period, in varying degrees
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Figure 3
Location of sampling point on Vaal Dam

TABLE 2
Monthly mean percentage phytoplankton genera domi-
nance in Vaal Dam (for the years 2006, 2007, 2011 and 2012)

Months | Other Ana- | Micro- Total Surface
phylum | baena | cystis | cyano- Water
bacteria | Tempera-
ture
Jan 57 30 13 43 22.1
Feb 41 38 21 59 23.3
Mar 47 23 30 53 22.0
Apr 53 20 27 47 20.0
May 59 6 35 41 16.5
Jun 76 0 24 24 12.9
Jul 91 7 3 9 9.6
Aug 61 39 0 39 9.5
Sept 77 8 15 23 13.7
Oct 82 8 10 18 15.5
Nov 57 37 7 43 18.4
Dec 83 17 0 17 19.5
TABLE 3

Correlation of environmental factors with cyanobacteria
dominance in Vaal Dam for the years 2006, 2007 and 2011

Variable Sample size (N) | Correlation (r) P
Air temperature 48 0.4361 <0.001
Water temperature 48 0.460 0.001
NO,-N and NO,-N 48 -0.70 0.01
Rainfall 48 0.114 0.046
Wind speed 48 -0.13 0.32
Total phosphorus 48 -0.018 0.91

of dominance. A marked seasonal trend was observed for
dominance of cyanobacteria genera, with this occurring in the
warm months of the year, namely February and March. These
months are characterised by relatively high air temperatures
which translate to high water temperatures. According to several
studies, dominance of cyanobacteria genera is favoured by water
temperatures of between 15°C and 25°C (Mhlanga et al., 2006;
Davis et al., 2009; Paerl and Paul, 2012). A study by Gyedu-
Ababio (2004) on the Vaal Dam found that toxins from phyto-
plankton blooms were usually found during the warmer months
of the year, confirming the influence of temperature on growth
and dominance of cyanobacteria in the reservoir.

418



The prevalence of cyanobacteria genera over the years has
increased and two major genera of Anabaena and Microcystis
have dominated the other genera. According to Janse van
Vuuren et al. (2006), Microcystis genera usually dominate a
habitat and exclude almost all other genera of cyanobacteria.
This would seem to be the case in this reservoir as all other
genera of cyanobacteria were excluded, with the exception of
Anabaena. Downing and Van Ginkel (2004) found Anabaena
and Microcystis to be the dominant cyanobacteria genera for
the period 1990 to 2000 in Vaal Dam and 15 other dams studied
during the same period. The dominant cyanobacteria genera
found in impoundments that were experiencing odour problems
(including Vaal Dam) in a study by Wnorowski (1992) were
Anabaena and Microcystis.

CONCLUSION

o In general, cyanobacteria genera dominated in the warm
months of January and February.

o Anabaena and Microcystis, which are associated with
taste and odour problems and are capable of producing
cyanotoxins, were dominant over all the periods that were
investigated.

» Temperature and NO,-N and NO,-N were found to influence
dominance of cyanobacteria in the Vaal Dam.

It was recommended that depth profiling of the occurrence
of cyanobacteria be done in order to identify an abstraction
depth in the multilevel intake of the reservoir that has relatively
low levels of cyanobacteria cells. The uptake of cyanobacteria
cells would be minimised by selective withdrawal of water at
depths with relatively low levels of the cells. This would assist in
minimising taste and odour events in potable water production.
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