The continued influence of organic pollution on the water
guality of the turbid Modder River

Nadene Koning* and JC Roos
Department of Botany and Genetics, University of the Orange Free State, PO Box 339, Bloemfontein 9300, South Africa

Abstract

TheModder Riverisarelatively small river which drainsan areaof 7960 km?, inthecentral region of the Free State Province, South
Africa, and has amean annual runoff of 184 x 10°m?. Botshabeloisacity which was developed in the catchment area of theriver
and treated sewage isreleased into the Klein Modder River. This study determined seasonal and spatial patternsin the system as
well as the continued influence that Botshabel o’ s treated sewage outflow has on the water quality of theriver. It was determined
that the Modder River and Klein Modder River follow distinctive seasonal patternsin terms of algal growth and physical factors.
Therewere periodswhen thewatersof theM odder River and Klein Modder River areof acceptablequality; however, outflowsfrom
Botshabel o have adetrimental effect on the water quality, in terms of nutrient concentrations and algal biomass. Theinflow of the
Klein Modder River into the Modder River caused on average, 112% increase in phosphate-phosphorus (PO,-P), 171% increase
in nitrate-nitrogen (NO,-N) and a 50% increase in chlorophyll-a concentration in the Modder River. The long-term detrimental
effect of Botshabelo on the system can clearly be seen by comparing predicted nutrient increases with measured values.

Introduction

South Africais well endowed with natural resources, except for
water. The total surface runoff in South Africais only 51 x 10°
m¥a(Kochetal., 1990). Only 11% of thetotal rainfall reachesthe
rivers. The remainder is lost to evaporation and groundwater
Sources.

Dueto ignorance by the major mines and factories, in spite of
effluent quality regulations pollution, is having a negative impact
on the quality of drinking water (Koch et al., 1990). Because the
demand for potable water is increasing in South Africa, more
research isneeded to determine the best possibleway to use, reuse
and conserve freshwater.

The Modder River isarelatively small river which drains an
areaof 7960 km2, in the central region of the Free State Province,
South Africa, and hasamean annual runoff of 184 x 10°m?. Water
from thisriver is stored in the Rustfontein, Mockes, Mazel spoort
and Krugersdrift Dams (Grobler and Toerien, 1986; Grobbelaar,
1992). About 60% of the potable water supply of Bloemfonteinis
provided by the Modder River. The rest is pumped from the
Caledon River which is about 150 km south-east of Bloemfontein
(Grobbelaar, 1992). TheModder Riverisalsoavery turbid system,
(modder means mud), for example the average sediment yield at
Sannaspos was calculated to be 304 t/km?-a (Rooseboom, 1978).
The Modder River can bedry for long periods, particularly during
the winter months and the impoundments are the only permanent
sources of water (Grobbelaar, 1991). However, theriver never ran
dry during the study period, although the water levels were some-
times very low.

Botshabelo was founded in the 1970s and developed in the
catchment of theM odder River, about 60 km east from Bloemfontein.
The total population in 1995 was 243 855 (Pretorius and Viljoen,
1997). Themajority of theresidentsresideininformal settlements
and sanitation servicesareminimal. The sewagetreatment facility
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at Botshabel o rel eases about 5 M/ treated effluent per day into the
Klein (meaning small) Modder River. Thismay add contaminant
concentrations of micro-organisms, minerals and nutrients to the
Modder River system.

Grobler and Toerien (1986) conducted a study to predict the
impact of Botshabelo's treated effluent on the river system by
means of asimulation model. They concluded that the discharge
of treated effluent into the Klein Modder River could result in
undesirable eutrophic conditions in Mockes Dam and the
Mazel spoort Barrage. Tocomply withthe 1 mg/¢ standard required
for 95% of thetime, an average concentration of 0.4 mg P/¢in the
effluent would be required (Grobler and Toerien, 1986). They
predicted that problems could arise before 1990, if a 1 mg/t P
standard for effluents was not enforced.

At present there is limited limnological information on the
Modder River. Grobbelaar (1985; 1989) reported on the primary
production and Jagal sand Grabow (1996) on the effect of pollution
on human health. Grobler and Toerien (1986) reported on some of
the chemical characteristics of theriver.

Using information from the literature, comparisons between
different lotic ecosystems (for example a turbid system like the
Barwon-Darling River in Australiaand a polluted system like the
Vaal Riverin South Africa) weremadeto put rel ationshipsbetween
environmental variablesand phytoplankton responsesmeasuredin
the Modder River into perspective and to determine whether
common characteristics could be found among the different sys-
tems. Because of limited availability, only some information
regarding the Orange and the Caledon Riverswas givento gain a
perspective on differences, if any, between rivers in the same
catchment area.

The present study servesto determinewhether Botshabelo has
a detrimental effect (eutrophication and/or salinisation) on the
water quality of the Modder River and what the self-purification
potential of the river is. It also elucidates seasonal and spatial
changesinthe physical, chemical and biological characteristics of
the water. The final objective is to contribute towards the
limnological knowledge and resource management of the Modder
River.
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Material and methods
Study site

The study was conducted in the upper part of the Modder River
which included the region of the Modder River from Rustfontein
Dam up to the Mazelspoort Barrage (Fig. 1), as well as the
confluence of the Klein Modder River with the Modder River just
before Sannaspos. Water samples were taken, fortnightly, from
February 1996 to December 1996 at ten sampling points, fiveinthe
Klein Modder (KM1 - KM5) and fivein the Modder River (GM1
- GM5) (Fig. 1). Itisimportant to note that KM2 isnot located in
the Klein Modder River, but at the outflow of the Botshabelo
treatment facility. Because GM 1 iswell abovethe popul ated area,
it was considered to bethe most unpolluted and used asareference
point.

Measurements

In situ measurements were made during sampling visits and sub-
surface samples (2 £) were taken and transported to the |aboratory
for chemical analyses. The analyses were done within 48 h and
were stored, in the dark, at about 4°C to limit chemical and
biological changes.

Physical parameters
Water temperature (°C) was measured in situ using a'Y SI Model
50B dissolved oxygen meter (5739 probe).

Turbidity was measured using an Aqualytic Turbidimeter
AL 1000 and expressed as NTUs.

Daily flow data for the Modder River (at GM2 - Sannaspos)
were obtained from the Department of Water Affairsand Forestry,
Pretoria.
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Wildebeesspruit

facility.

— KM3: Collective reference point (above Botshabelo
Dam) for the city’s total output/discharge of
surface water runoff.

KM4:  In the river beneath Botshabelo Dam.
KM5:  On a farm (Vadersgift) above a damwall.

Modder River

GM1: In the river near Palmietfontein Nature
Reserve, below Rustfontein Dam. This site
was used as an unpolluted reference point.
Sannaspos - just after the confluence of the
Modder and Klein Modder Rivers.

A site about 12 km downstream from GM2
with rocky banks.

A site below Mockes Dam.

In Mazelspoort Barrage.

GM2:
GMa3:

GMA4:
GM5:

Chemical parameters
Conductivity wasmeasured withaT and C Model 2001 conductiv-
ity meter as mS/m.

Nitrate-nitrogen (NO,-N) was determined with a method
described in Bausch and Lomb (1974). Phosphate-phosphorus
(PO,-P), total phosphorus (TP) and silica-silicon (SiO,-Si), were
determined by using the methods as described in Standard Meth-
ods (1995).

The dissolved oxygen concentration (mg/) and percentage
oxygen saturation (%) were measured in situ using a 'Y S| Model
50B dissolved oxygenmeter (5739 probe). ThepH wasdetermined
insituwithaHANNA HI 9073C MICROCOMPUTER pH meter.

Chlorophyll-a and algal identification

Chlorophyll-a concentration was measured by using a modified
ethanol extraction method similar tothat of Sartory and Grobbel aar
(1984) and expressed as ug/t.

Because algal species can serve as biological indicators of
water quality, the dominant algal species were identified using a
Zeisslight microscope. Sampleswereexamined after fixationwith
2% formaldehyde.

Results
Turbidity and flow

Theturbidity in both the Klein Modder and Modder Riversranged
between 10 and 900 NTUs (mean=60NTUSs). Itincreased during
the rainy season with increased flow (September to May) but was
low (<20) during the winter period (Juneto August). Once during
thewinter therewasanincreasein turbidity when snow andrainfall
occurred. During the rainy season, the flow in the Modder River
increased up to 10 m¥/s.

Available on website http://www.wr c.org.za



120

g 100 —— %
A T e
€ sl g
2 T o e T
2 60 T T 1 2
o i
3 1 || ¢ =
S ¥
20 + é
e z &
0 F | | | | |
KM1  KM2  KM3  KM4  KM5

Sampling points in the Klein Modder River

Figure 2
Box plot (data distribution) of conductivity (mS/m) in the Klein
Modder River during the study period (Feb. to Dec. 1996). The
box represents the 25th through to the 75th percentiles (thus 50%
of the data values). The solid line in the box represents the
median value and the dotted line the mean value.
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Figure 3
Box plot of conductivity (mS/m) downstream in the Modder River
during the study period (Feb. to Dec. 1996).

Equation for the Modder River:

Figure 4

Conductivity (mS/m)

y = 52.835 - 0.267x +0.0007x2 - 6.719e""x3
r=0.68,r2 =046
$=11.37

¢ n =96

The relationship between
turbidity and conductivity in
the Modder River (MR)
during the study period
(solid line). The dotted line
represents the relationship
between conductivity and
turbidity in the Vaal River
(VR): Turbidity =

conductivity(3.4 * 10*)*-169
\L and the broken line the
relationship between

conductivity and turbidity in
the Klein Modder River
(KMR): y = 1/(0.0151 +

e 0.00013x%9431),

300
Turbidity (NTU)

Conductivity

Theminimumvalueof conductivity intheKleinModder River was
12 mS/m and the maximum was 100 mS/m (mean = 52 mS/m)
(Fig. 2). Inthe Modder River it was 10 mS/m and the maximum
value was 60 mS/m (mean = 36 mS/m) (Fig. 3).

The mean conductivity at the sewage outflow, KM2 (72
mS/m), was higher than that of the sampling pointsin theriver but
it decreased from KM 3 to KM5 (Fig. 2).

The average conductivity at GM1, GM2 and GM3 was nearly
the same, being about 42 mS/m. However, there was a definite
decreasein conductivity at GM4 and GM 5when comparedtoGM 3

(Fig. 3).
Turbidity vs. conductivity

A statistically significant inverse correlation was demonstrated
between conductivity and turbidity in the Klein Modder and
Modder Rivers (Fig. 4). Forty-six per cent of the variation in
conductivity was associated with the variation in turbidity (r? =
0.46).
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Nitrate-nitrogen (NO,-N), phosphate-phosphorus
(PO,-P) and silica-silicon (SiO,-Si)

During the study period the NO,-N concentration in the Klein
Modder River displayed large variation with a mean of 860 g/,
excludingKM2. A maximum of morethan4571 pg/¢ wasrecorded
at KM2 following storm events when the sewer system received
large quantitiesof urban drainage with aprobableoverspill intothe
river. TheNO,-N concentration seemsto haveincreased following
rainfall at some of the sampling sites (Insert: Fig. 5). The NO,-N
concentration in the Modder River was on average 230 pg/t
(Fig. 5). The PO,-P concentration in the Modder averaged 66
po/t (Fig. 6) and inthe Klein Modder River it was 260 pg/t. There
was a definiteincrease in the NO,-N and PO,-P concentrations at
GM2, compared with GM 1 and were ascribed to inflow from the
Klein Modder River (Figs. 5, 6).

The SiO,-Si concentration in the rivers ranged between 2.6 to
5.4 mg/t with an average of 3 mg/¢ in the Modder River and 3.8
mg/tintheKlein Modder River. Thehighest mean concentrations
were at KM2 (6.4 mg/f) and GM1 (5.2 mg/).
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Oxygen, temperature and pH

Theaveragedissolved oxygen, at thedifferent sampling sitesinthe
Modder River, varied between 3 and 7 mg/t and in the Klein
Modder River between 5and 7 mg/¢. Themean percentage oxygen
saturation varied between 60 to 80% in both riversthroughout the
study period.

Thetemperaturein both the M odder and Klein Modder Rivers
followed the seasons being high (22 to 23°C) in the summer
(September to May) and low (10 to 11°C) in the winter (June to
August).

The pH in the Modder River (mean = 8.06) and the Klein
Modder River (mean = 8), indicates that the water was mainly
alkaline. Itisimportant, however, to notethat these measurements
were made at a given time and that it can change rapidly during a
diurnal period.

Chlorophyll-a concentration and algal species

Thechl-aconcentration of theKlein Modder River ranged between
1 and 180 pg/t (mean = 30 pg/Y) and that of the Modder River
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between 1 and 83 pg/¢ (mean = 15 pg/¢) (Figs. 7, 8). Therewasa
50% increasein the mean chl-a concentration in the Modder River
from GM1to GM2 (Fig. 8).

The seasonal changesin chl-aconcentration at GM2 and GM3
can be summarised asfollows (Fig. 9): During late autumn (May)
an increase in chl-a concentration occurred. However, in the
autumn, both day lengths and temperatures were dropping and the
chl-a peak dropped off rapidly. During the winter period and
especially during July and August the algal concentrations were
low (mean <20 ug/t) intheModder River. A springincreasebegan
to devel op during September and reached amaximum during mid-
September (GM2, GM3) and a second peak during November
(GM2, GM3). The maximum chl-a concentrations also occurred
at these two sites (80 pg/t) (Fig. 9).

Thealgal biomassinthesewagedischarge(KM2) wasvery low
throughout the study period. Attheother sitesintheKlein Modder
River, the chl-a concentration showed comparable patterns with
the Modder River.

Of al the algal species, Phacus, Chlorococcum, Coelastrum
and Chlamydomonaswereidentified most often. Therewasalsoan
abundance of pennate diatoms, mainly Navicula and Nitzschia.

Available on website http://www.wr c.org.za



160

Chlorophyll-a concentration (ug/l)

el O o
< 140 -+
Ed T
= 120 -
S 1
® 100 +
5 80l o
8 1
= + 0
8 60 T o T
(P 4+ T
s s o | L e
c 4+
&3 ]
g T
5 o7 7
I I [ I T I
KM1  KM2 KM3  KM4  KM5

Sampling points in the Klein Modder River

Figure 7
Box plot of chlorophyll-a concentration (ug/¢ downstream
in the Klein Modder River during the study period
(Feb. to Dec. 1996).
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Figure 8
Box plot of chlorophyll-a concentration in the Modder River
during the study period (Feb. to Dec. 1996). Note difference
in scale to Fig. 7.
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Figure 9
Seasonal variation in chlorophyll-a concentration (1g/¢) in the Modder River
(GM1 to GM5).

lowest in its catchment and, as it flows
along its course, it leaches ions from the
soils and also picks up organic material
from biota and its detritus (Ferrar, 1989).
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The average conductivity for the Klein Modder was 52 mS/m
and for the Modder River it was 36 mS/m. The average value of
typical, unpolluted riversisapproximately 35 mS/m. The conduc-
tivity of boththeM odder and KleinM odder Riverswasmuchlower
than for example that of the salinised Vaa River (Roos and
Pieterse, 1995) with an average of 76 mS/m. However, it iswell
within the target guideline range proposed by the South African
Water Quality Guidelines. No health, aesthetic or treatment effects
are associated within thisrange (0 to 70 mS/m). When compared
to the conductivity of the Barwon-Darling River, Australia, the
conductivity of these rivers was in the same range - below 80
mS/m(Bowling and Baker, 1996). Theaverageconductivity of the
Orange and Caledon Rivers was 13.3 mS/m and 16.8 mS/m
respectively (Keulder, 1979), much lower than the Modder River.
The mean conductivity at KM2 (70 mS/m), was higher than at the
other sampling points(Fig. 2) and can beascribed tothe salt content
in the sewage. Although the degree of salinisation is less extreme
than in mine effluents, treated sewage effluents contain much
higher concentrations of salts than found in domestic water sup-
plies (Ferrar, 1989). The conductivity decreased gradually down-
stream, probably dueto dilution of the sewage outflow, fromKM3
to KM5 (Fig. 2).

M ockesDam isbetween sampling point GM 3and GM4, where
a47% decrease in conductivity was observed (Fig. 3). Impound-
ments store water from peak floodsand thiswater isusually low in
conductivity. The lentic conditions in this reservoir could also
cause the salts to flocculate to the sediments, thus leading to a
decrease in dissolved salts and conductivity.

The Modder River can thus be viewed as atypical, unpolluted
river intermsof conductivity, whiletheKlein Modder River canbe
viewed as polluted.

Theconductivity of theupper Modder River wasrelatively low
(40 mS/m); however, it could increasein the near future dueto the
dissolved saltsin the sewage effluent of Botshabelo (KM2) being
high.

Conductivity vs. turbidity

Theturbidity (suspension of particulate material) of asystem also
depends on factors other than the rainfall, such as total dissolved
sdts (TDS), water flow, geological formations and vegetation
cover (Ferrar, 1989).

Conductivity was inversely related to turbidity in both the
Klein Modder and Modder Rivers (Fig. 4). Thisrelationship was
also demonstrated by Roos and Pieterse (1995b) who found that
salinity in the Vaal River displayed seasonal changes that were
strongly influenced by turbid conditionsfollowing rainfalls. Fifty-
six per cent of the variation in conductivity in the Vaal River was
associatedwiththevariationinturbidity. They alsostated that most
rivers exhibit decreasing conductivity with increasing flow. This
is aso in accordance with both the Orange and Caledon Rivers,
where higher values of conductivity were measured during dry
periods, when turbidity was low (Keulder, 1979).

Ferrar (1989) reported that immediately after the onset of a
storm, the conductivity levelsinriverswill increase sharply owing
to saltsbeing flushed down the system and as dilution occurs, they
then return rapidly to pre-flood, or even lower, levels. The
conductivity in the Modder River and Klein Modder Rivers de-
creased dramatically after rain (high flow conditions), while the
turbidity increased. Thesemeasurementswere, however, not taken
after the onset of the storm, but days after heavy rains occurred.
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Nitrate-nitrogen (NO,-N), phosphate-phosphorus
(PO,-P) and silica-silicon (SiO,-Si)

The average NO,-N concentration of the Modder River (230 ug/¢)
was much higher than the 100 pg/¢ for unpolluted world rivers
(Webb and Walling, 1992), but lower than the eutrophied Vaal
River (400 ug/t) (Roos and Pieterse, 1995a). However, the mean
NO,-N concentration in the Klein Modder River (860 ug/t) was
more than twice that of the Vaal River. In the Orange River, the
NO,-N concentration was 933 pg/¢ and in the Caledon River 875
po/t (Keulder, 1979).

Themean PO,-P concentrationintheKlein Modder River (260
Ha/¢) was much higher than in the eutrophied Vaal River (18 pglt)
(Roosand Pieterse, 1995a) aswell asinthe Barwon-Darling River
(9 pg/f) (Bowling and Baker, 1996). It was also higher than the
Orange River (59.8 pg/t) and the Caedon River (63.5 pg/t)
(Keulder, 1979). Thelow NO.-N:PO,-Pratioof <4intheModder
River system indicates that nitrogen could be limiting to algal
growth. Thehigher NO,-N and PO,-P concentrationsin the Klein
Modder River than in the Modder River, emphasise the effect of
nutrient enrichment due to runoff from Botshabel o on the system.

Grobler and Toerien (1986) made predictions of the possible
total phosphorus concentration in Mockes Dam assuming a P
limitation of 1 mg/¢ and runoff as0.2 timesthe mean annual runoff.
They predicted a TP concentration of 276 g/t in 1990 and 351
Mg/t in the year 2000. A mean value of 340 pg/¢ was observed
during 1996 at GM2 and GM3.

GM2 is the sampling point just below the confluence of the
Modder and Klein Modder Rivers. Theincreasein concentration
of NO,-N and PO,-P at this point, compared to GM 1 (Figs. 5, 6), is
adirect result of treated sewagewhich flowsinto the M odder River
viatheKlein Modder River. Therewasatendency for thenutrients
to decrease downstream, which is an indication of the self-purifi-
cation capacity of the system. At KM2 (the sewage plant) there
werea wayshigh nutrient concentrationsbut theal gal biomasswas
low. Thiscouldbeduetochlorineinthetreated water whichistoxic
to living organisms.

The average silicaconcentration in the Modder River (3 mg/¢)
and the Klein Modder River (3.8 mg/¢), is much lower than the
world average of 9 mg/¢ in rivers (Horne and Goldman, 1995) but
comparableto other river systems, likethe Vaal River (3mg/¢). At
some of the sites the silica concentration decreased when algal
growth (chl-a) increased. It can be assumed that the silica was
incorporated into the cell wallsof diatoms, because of the presence
of diatom species throughout the year. Silica concentrations are
also dependent on temperature, having lower values at low tem-
peratures (in thewinter). Thisisdemonstrated by the fact that the
lowest SiO,-Si values occurred in June in both the Klein Modder
and the Modder Rivers.

In terms of the nutrient concentrations in the water of the
Modder and Klein Modder Rivers, this section (the study site) of
the systems can be classified as eutrophic (Mason, 1991).

Oxygen, temperature and pH

Themean percentage of oxygen saturationintheModder andKlein
Modder Rivers (which varied from 60 to 80%) showed that the
water is of an acceptable quality. The highest dissolved oxygen
concentrationscoincided with maximum chl-aconcentrations. For
example, duringthespringincreaseat GM 2 and GM 3in September
(80 pg/t chl-a), the dissolved oxygen concentrations were 15 and
9mg/¢ respectively. Thisrelationship wasalso found by Roosand
Pieterse (1995a; 1996) in the Vaal River.
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The different optimum temperatures for the speciesidentified
intheModder River, were: Nitzschia sp. (pennatediatom); 27.5°C,
Chlamydomonas sp.; 23°C and Euglena sp.; below 23°C
(Kozitskaya, 1989). Thus, the low temperatures (10 to 15°C)
duringthewinter could bealimiting factor for algal growth, despite
therelatively high light availability (low turbidity). Algal growth
also occurred when temperatures became more favourable e.g.
during the spring increase.

Changesin pH influencetheavailability and toxicity of impor-
tant plant nutrients, such as phosphate, ammonium, iron and trace
elements. For example, ammonium is only toxic at very high
concentrations or at elevated pH values (Horne and Goldman,
1995). Theakalinewater of the Modder (8.06) and Klein Modder
(8.0) Rivers is within the range of the prescribed water quality
guidelines for recreational use (DWAF, 1993). High pH values
concurredwith high chl-aconcentrations, thushigh photosynthetic
activity.

ThepH of boththe M odder and KleinM odder Riverscompares
well with the mean pH of theVVaal River which varied between 6.3
and 9.2 (mean 8.1) and the pH of the Barwon-Darling River which
exceeded 8.5 at al sites except two (Roos and Pieterse, 1995;
Bowling and Baker, 1996).

Chlorophyll-a concentration and algal species

Algae are abundant in aguatic environments as primary producers
and are an important part of water bodies, providing food for fish
and other agquatic organisms. Excess algae or undesirable algal
types can, however, become anuisance and interfere with the uses
of awater body. They can also cause taste and odour problems as
well as gastro-enteritis and skin irritations (Bowling and Baker,
1996).

The predicted average chl-a concentration for Mockes Dam by
Grobler and Toerien (1986) was 38 ug/¢ in 1990 and 46 ug/t for the
year 2000. The measured value at GM 3 (closest to Mockes Dam)
in 1996 was 24 ug/¢. Thus, the predictionwasan overestimation of
the average measured concentration. However, at GM2 (just after
the confluence of the two rivers) the average chl-a concentration
was 32 pg/t, much higher than at Mockes Dam.

The 100% higher mean chl-a concentration, in the Klein
Modder River, canbeascribedtothehigher nutrient concentrations
and more favourable light conditions. High flow was associated
with low chlorophyll-a concentrations.

The increase in chl-a at GM2 and GM 3, compared to GM1
(Fig. 8), can be ascribed to the nutrient-rich water that flows from
the Klein Modder River into the Modder River. Thefact that two
chl-apeaksoccurred at GM2 and GM 3, in September and Novem-
ber (Fig. 9), gives an indication of the degree to which the Klein
Modder River enriches the Modder River with nutrients. There
were sufficient nutrients for two algal blooms to occur. The
dominant algae which caused these blooms were mostly diatoms.
This was followed by a gradual decrease in chl-a from GM3 to
GMS5, probably due to dilution of the nutrients (Fig. 8).

GM5 showed atotally different seasonal pattern from any of
the other pointsin the Modder River (Fig. 9). Thiscould bedueto
thefact that thispoint wasthe M azel spoort Damwhichislenticand
a deep water-column.

Phacus, Euglenaand Chlamydomonaswereoccasionally iden-
tified as dominant. These species are associated with polluted
water and with water in which organic material is suspended
(Canter-Lund and Lund, 1995).

Available on website http://www.wr c.org.za

Conclusion

The Modder River and Klein Modder River showed seasonal
patternsintermsof algal growth and temperature and have periods
where the water is of acceptable quality.

The nutrient concentrations in the Klein Modder River were
consistently higher than in the Modder River, due to the nutrient-
richtreated sewage effluent from Botshabel o, aswell asfrom other
sources, such as contaminated surface runoff and possible seepage
of contaminated ground water and pit latrines. The nutrient
concentration was the highest at GM2 and lower at GM5. This
decrease could be dueto dilution and/or self-purification through
assimilation/sedimentation of pollutants. Theimpoundmentscould
also makeasmall contribution towardsthe downstream “purifica
tion” of the system.

Algal blooms were caused by these high nutrient concentra-
tions at some of the sampling sites during the spring and summer
period. The chl-a concentration sometimes reached typically
eutrophic levelsin the Klein Modder River (> 100 pg/¢) and could
cause aesthetic or environmental health problems. Algal growthin
the Modder River is probably limited by light during the late
summer (high flow, high turbidity), but the decrease in turbidity
during the winter period improved the underwater light climate,
thereby lifting the light limitation and permitting algal growth.
Accordingly, the light penetration increases and causes more
favourable light conditions for photosynthesis which stimulates
primary productivity and leads to algal blooms (Toerien et a.,
1983; Roos and Pieterse, 1995bh).

From the results, it can be seen that temperature, nutrient
concentrations and turbidity (all of which that are caused by
seasonal changes) are the most important factors controlling algal
growthintheKlein Modder and Modder Rivers. Thisisconfirmed
in the Barwon-Dowling River, Australia, where warm water tem-
peratures, elevated pH, reduced turbidity and improved water
transparency contributed to increased algal growth during spring
(Bowling and Baker, 1996)

The negative influence of Botshabelo on the water quality of
theModder River isconsiderable. Theinflow of theKlein Modder
RiverintotheModder River caused 112%increasein PO,-P, 171%
increasein NO,-N and 50% increasein chl-a in the Modder River
from GM1 to GM2. Itisimportant to remember that the dilution
effect, observed during this study, could be ascribed to an above-
average rainfall and high flush-out rate. However, given the hot,
dry summer climate, the potential for drought and low flows, and
the high nutrient concentrations of itswaters, future bloomsin the
Modder River remain highly probable.

The long-term effect of Botshabel o on the system can be seen
by comparing the observed val ueswith those predicted by Grobler
and Toerien (1986). The total phosphorus reached the predicted
values, however, the chl-a concentration was lower than the
predicted value. Though, it isimportant to note that higher chl-a
values were measured upstream from Mockes Dam. Thus, the
eutrophication of the system occurs not only in the reservoirs, but
alsointheriver itself. Comparing the values obtained with those
of 10 or 20 years ago, a definite increase can be seen. With
increasing population numbers, the nutrient load to the Modder
River systemwill continueto increase and the quality of thewater
will continueto deteriorate. Thorough integrated management of
the system, like strict control over nutrient content in effluent as
well aseffluentvolume, isnecessary tocontrol further eutrophication
of the system that could lead to severe problems, such as noxious
cyanobacterial blooms.

ISSN 0378-4738 = Water SA Vol. 25 No. 3July 1999 291



Acknowledgements

Wewould liketo thank the University of the Orange Free Statefor
making this study possible. We are grateful to the Free State
Technikon for providing the transport as well as for their co-
operation in the fieldwork and laboratory analyses. Our sincere
thanks to Neil Barnard for his assistance in the laboratory and to
Prof JU Grobbelaar for his useful commentsin the preparation of
this manuscript.

References

BAUSCH and LOMB (1974) Bausch and Lomb Analytical Systems
Division. Bausch and Lomb Inc. New Y ork.

BOWLINGLCand BAKERPD (1996) Major cyanobacterial bloominthe
Barwon-DarlingRiver, Australia, in 1991, and underlyinglimnol ogical
conditions. Mar. Freshwater. Res. 47 643-657

CARTER-LUND H and LUND JWG (1995) Freshwater Algae - Their
Microscopic World Explored. Biopress Ltd. 360 pp.

DEPARTMENT OF WATER AFFAIRSAND FORESTRY (1993) South
African Water Quality Guidelines. Volume 1. Domestic use.

DEPARTMENT OF WATER AFFAIRSAND FORESTRY (1993) South
African Water Quality Guidelines. Volume 2. Recreational use.

FERRAR AA (1989) Ecological Flow Requirements for South African
Rivers. South AfricanNational Scientific Programmes, Reportno.162.

GROBBELAAR JU (1985) Phytoplankton productivity in turbid waters.
J. of Plankton Res. 7(5) 653-663.

GROBBELAAR JU (1989) The contribution of phytoplankton productiv-
ity in turbid freshwaters to their trophic status. Hydrobiol. 173
127-133.

GROBBELAAR JU (1991) Primary production and water quality of the
polluted Modder River, South Africa, beforeand after flooding. Verh.
Int. Verein. Limnol. 24 1460-1463.

GROBBELAAR JU (1992) Nutrients versus physical factorsin determin-
ing the primary productivity of waters with high inorganic turbidity.
Hydrobiol. 238 177-182.

GROBLER DC and TOERIEN DF (1986) The need to consider water
quality inthe planning of new urban development: A simulation study.
Water SA 12(1) 27-30.

HORNE AJand GOLDMAN CR (1995) Limnology. McGraw Hill. 576 pp.

JAGALS P and GRABOW WOK (1996) An evaluation of sorbitol-
fermenting bifidobacteriaas specificindicators of human faecal pollu-
tion of environmental water. Water SA 22 (3) 235-238.

KEULDER PC (1979) Hydrochemistry of the upper Orange River catch-
ment. J. Limnol. Soc. South. Afr. 5 (1)36-46.

KOCH E, COOPER D and COETZEE H (1990) Water, Wasteand Wildlife
- The Politics of Ecology in South Africa. Penguin Forum series.
Penguin Books.

KOZITSKAY A VN (1989) Effect of illumination and temperatureon agal
growth: A Survey. Hydrobiol. J. 25 (6) 53-67.

MASON CF (1991) Biology of Freshwater Pollution (2nd edn.). Longman
Singapore Publishers.

PRETORIUSCJandVILJOEN MF(1997) Projektering vanwaterbehoeftes
in stedelike gebiede (Deel 4): Struktuuranalise as makro-projeksie-
model. Water SA 23 (1) 31-44.

ROOSJC and PIETERSE AJH (1995a) Nutrients, dissolved gasesand pH
inthe Vaal River at Balkfontein, South Africa. Arch. Hydrobiol. 133
(2) 173-196.

ROOS JC and PIETERSE AJH (1995b) Sdlinity and dissolved substances
inthe Vaal River at Balkfontein, South Africa. Hydrobiol. 306 41-51.

ROOSJC and PIETERSE AJH (1996) Seasonal variation of phytoplankton
biomass in the Middle Vaal River, South Africa. Water SA 22 (1)
33-42.

ROOSEBOOM A (1978) Sedimentafvoer in Suider-Afrikaanse Riviere.
Water SA 4 (1) 14-17.

SARTORY DPand Grobbelaar JU (1984) Extraction of chlorophyll-afrom
freshwater phytoplanktonfor spectrophotometricanalysis. Hydrobiol.
114 177-187.

STANDARD METHODS (1995) Standard Methods for the Examination
of Water and Waste Water (16th edn.). American Public Health
Association. American Water Works Association. Water Environ-
ment Federation.

TOERIEN DF,BARNARD JH and PIETERSE AJH (1983) Waterkwaliteit
in Die Modderrivier Opvanggebied: ‘n Sintese. Report, University of
the Orange Free State, Bloemfontein, RSA. 120 pp.

WEBB BW and WALLING DE (1992) Water quality I1. Chemical charac-
teristics. In: Calow P and GE Petts (eds) The Rivers Handbook.
Volume . Blackwell Scientific Publications, Oxford, UK. 73-100.

292 ISSN 0378-4738 = Water SA Vol. 25 No. 3 July 1999

Available on website http://www.wr c.org.za



