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Abstract ‘ sent cutrophication level.daspite the fact llmlqﬂgal bldoims do

The Vaal Dam shows algal hioassay growth rines and alual
arowth potentials (AGP) as high as 1.6 d™ and 115 mg/ 07" re-
spectively using Sefenastrim capricornntion as test alga. Addition of
secondary treated sewage effluents to Vaad Damwaterinereased
the AGP by between 7.4 and 11,2 mg/ €7 [or cvery one per cent
(v/vi added. Nitrogen and phosphorus were the important aleal
growth-Hmiting nurients in the impoundment. Plant nutrients
adsorbed onto clay particles could be important in the cavophi-
cation of the impoundment, indicating the importance of soil
conservation techniques in cuwrophication contrel. The sig-
nificance of the impoundment and the paucity in kaowledge of
its physical, chemical ang biological characteristics suggest tha
such studies should be undertaken as a matter of wrgeney.

Introduction

South Africa is a semi-arid country and, therefore, the water
quality of its impoundments is of extreme importance in main-
laining a favourable balance between water supply and demand.
As in many other countrics, South Africa is plagued by the
existing and potential threat of cullural cutrophication as a
water quality probiem.

The Vaal Dam is the largest single source of water used for
potable and industrial purposes in the country, serving the
Pretovia-Witwatersrand-Verceniging  urban-industrial
plex. Some 1100 X 10 m¥d~* was supplied w ahout four million
people in 1972 (Rand Water Board, 1972; South African Muni-
cipal Yearbaok, 1971/72). Yet very little is known ahout its pre-

com-
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During the summers of 1942 and 1%k blooms of the alga
Micrecystiy fovien (Stephens, 1991495 in the Vaal Dam caused exten-
sive Tasses in livestock around the impoundnsent (Steyn, 1945)°
These biooms were probably caused by the inundation of fertile
agricultural land alter the completion of the dam with a resul-
tant release of nuwrients from deceving plant matter {Stephens,
19197, Adier P33 e hlooms were successfully eradicated by the
application ol copper sulphate (Louw, 1930}, However, during
the past decade atgal Bluoms in the impoundment have been on
the increase (Stedn, BI73.

;

The purpose ol this study was to determine the present eut-
rophication level of the Yaal Dams: o determine how it might be
allected By increased discharges of secondary treated sewage
efluents or discharges of low nutrient effluents; and to identify
those plant nutrients which control the growth of algae in the
impoundment. Algal bioassayvs were used for this purposc.

Materials and Methods
Vaal Dam

The Vaal Dam is sitsated in the Heitbron magisterial district
with a latude of 26° 33’ south and a longitde of 28° 077 cast.
The tull supply level is 1484 m above mean sea level. The
catchment area oecupies 37 100 km® and consists of highveld
grassland, The geology of the catchment consists mainly of the
shales, mudstones, sandstones and limestones of the Ecca and
Beaulort Series of the Karroo system, with isolated arcas of the
hasalt, sandstones and shales of the Stormberg Series (Karoo
system) and andesitic lavas of the Ventersdorp System (du Toir,
1954). The catchment covers large arcas of the castern Trans-
vaal and the northeastern Orange Free State. The average an-
nual rainfall over the catchment ranges from 630 to 1 000 mm
{Department of Water Affairs, 1964),
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The net capacity of the Vaal Dam is 2 330 < 107 m®, covering
an area of 29 260 Ba at full supply Tevel with a mean depth of
7.6 nx. During the sampling period (1972-03-13 10 [973-01-08)
the impoundment had an average capacity of 2070 % 10% m*
with an area of 27 470 ha and a mean depth of 742 m.

Sampling

Samples were tiken on four vecasivns over a period of one year
LaTP05-15, 1072-07-09. 1972-08-13 and 1973-01-08) and more
or less represented the four seasons of the year, Owing 10 the
farge size of the impoundment. sampling was restricted o the
water at the dam wall, Samples were taken at different depths
csurfiree, 10 e 20 mand 30 my and equal volumes ol these were
composited. Al samples were obtained with a 5 ¢ van Dorn

sampling hottle,
Algal bioassays and experimental design

The technigues and experimental desien of Stedn, Scot Toc-
e and Vieser 197300 and Stevn, Toerien and Visser (1973h)

were used,

Results
Eutrophication status

The i, and AGE values are summarised in Table 1. The Vaal
D has f, and AGP values as highas Lo d ™ and L6 mys ¢
respeetively. Toerien (1973) sugaested that AGP values n -
cess oF B0 may 07! indicate euirophic conditions under South A=
rican conditions. This suegests that the Vaal Dam could be
comsidered highly cutrophic, which is further supported by the
occasionally high nitrogen and phosphorus concentrations in

the water (Table 1),

The Vaal Dam is a silty impoundment containing approxi-
mately 43 my ol suspended material per litre. Since the highest
AGT values were registered in sumnser, in contrast te Rielvled
Hartheespoort and Roodeplaat Dams (Stefnetal. 197 5. 19754
and 19767, when the highest inflows of silt-laden water are ex-
perfenced. it can be postulated that the suspended clay must
contain adsorbed plant nutrients available for algal growth.
This suggests that agricultaral practices resulting in soll erosion
could he extremely important in the cutrophication of the Vaul
Dam. However, this postulate needs [urther investigition.

Identity of the growth-limiting nutrients

Nitrogen and phosphorus were each primany growth-limiting of
two oceasions, (nitrogen on 1972-03-153 and 1972-08-13 anc
phosphorus on 1972-07-09 and 14973-01-08) (Fig, 11 When nit
rogen was primary grow th limiting, phosphorus was secondar
grow th-limiting and cier ver. These two nutrienss are, there
fore, the Lwo mostimportant nnrients regulating algad growth is
the Vaal Dam.

When nitrogen was the primary grow th limiting nutrient, th
dissolved wtal nitrogen concentrations of liliered water we
respectively 17 and 10 my Ne7L Assuming a vield cocllicien
1 ¢i of 3 for the srowth of Nelorastrune capriconnmiin. the hivassa
organism (St ef ol 10730 b o Toerien o al.. 19754, th
above dissolved nitrogen coneentrations could supportonly 3
and 30 mg AGP €7 whilst 138 and 82 mg AGP were actuall
recarcded. This suggests that the rest of the nitrogen requir
ments must e heen satdstied from nitrogen compounds ac
sorhed onto clavs fremoved by filtrationy and which must han
amounted 1o about 2.8 and 1.7 me N 0! respectively.

Biostimulation by secondary effluents

Addition of humus tank etluent (HTEY or sy nthetic hamus ta
elfluent (SHTEY 1o Vaal Dam water caused the AGP o increa
lnearly {p = 0.01 on each sampling date (Fig. 2 and 3).
combination of these vesults indicated that

AGP tmg ¢ = 1770 + 737 " HTE ..o {
With r = (.88 and n = 60 and

AGP (mg €7 = 1593 + 1122 (% SHTE)
with r = 0.8+ and n = 60

The AGP of the Vaal Dam water will consequently be increas
ar recuced By between 7.3 and 11,.2me/ €7 for every per cent (!
velume) inerease or decrease (respectivelyy of humus
effluent discharged diveetly into the impoundment. These valu
comprare fivourably with the respective values for Rictviel Da
18.37 and 1-h3: Swetn ¢ al.. 1973a), Hartheespoort Dam {7.
and 13.0; Ste¥n o of.. 1973h) and Roodeplaat Dam (7,17 a
12,4 Stevn of af 1 5c).

Vaal Dam water with the addition of 10 per cent {(v/v) H
was limitee throughout by nitrogen (Fig. 1), This was also 1
case for Rictvlel (8te¥n of of.. 1973a), Hartheespoort {Stetn

TABLE 1

THE ALGAL GROWTH RATE, BATCH rj,). ALGAL GROWTH POTENTIAL (AGP) AND SOME
CHEMICAL CHARACTERISTICS OF WATER SAMPLES FROM VAAL DAM.

Sampling date 1972-05-15 1972-07-09 1972-08-13 1973-01-08
AGP tmef € Y) 138 A a2 146
g, 1d™") 1.61 1.2 1,28 1,03
Total dissolved N {me/ 079 1,6 1.5 1.0 1,8
Total dissolved P tmg/ 04 0.5 <(),2 <0,2 0,2
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al. . 1975b} and Roodeplaat{Stedneral, . 1976) Dams. Sincesceon-
dary treated sewage cffluents contin more phosphorus than
nitrogen (in terms of growth requirements). any impoundment
which receives substantial inpuits of such effluents witl hecome
nitrogen growth-limited. Sucl. impoundmenrss will exhibit an
increased growth potential for nitrogen-fixing algac {Walmsley
and Toerien, 1975).

Dilution with low nutrient water

Dilution of Vaal Dam water with low nutrient water (distilled
and deionized) resulted in significant {p =0,01) linear decreasces

in the AGP of the dam water (Fig. 4). Depending on the time of

the vear, the AGP decreased by hetween 1,38 and 1,68 mg/ ¢!
for cach one per cent {v/v) of Jow nutrient water added. The
cutrophication level of the dam would consequently be de-
creased if low nutrient water were o enter the dam,

The carlier results suggested that suspended silt particles
onto which plant nutrients are adsorbed may be an important
source of nuerienis to the dam. To ereate low nutrient inflows the
development of better soil conservation techniques in the
catchment of the Vaal Dam might be necessary.
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Biostimulation of Vaal Dam water by nitrogen and phos-
phorus

Addivion of different concentrations of nitrogen to Vaal Dam
water ohrained on 1972-08-13 linearly increased the AGP {Fig.
5) according to:

AGP (mg/ €™} =19 + 20,5 (mg N ¢
withr = 0,86 and n x 9.

Similar additions w0 Vaal Dam water enriched with all nur
rients except nirrogen (to a concentration of 150% PAAP.
medium) also linearly increased the AGP according 1o:

AGP (mg/@7'y =423 + 182 (mg N ¢ ..., ... . ... (4}
withr = 0,89 and n = 12,

The water in the above cases was nitrogen growth-limited
(Fig. 1) and increased concentrations of nitrogen resulted in
higher AGP values. Addition of phosphorus to these waters did
not increase the AGP responses of S. capricornutum, the bioassay
alga. Walmsley and Toerien (1975} have shown that when nit-
rogen is primary growth-limiting to $. capricornutum, additions of
phosphorus will not alter the S, capricormutym response but an
increased AGP for nitrogen-fixers is created. Therefore, aithough
the bioassay responses of this study did notindieate an increased
eutrophication level after the addition of phosphorus, it is possi-

ble that an increased cutrophication tevel was created in terms of

an increased growth potential for nitrogen-lixing algac.

Discussion

The AGP results of this study suggest that the Vaal Dam is
cutrophied and that the eutrophication level will be further in-
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creased by the discharges of murtrient rieh clifuents into the dam.
At present litde is known about the reasons for the cutrophied
state of the dam although it appears that nutricnts adsorbed
onto silt may play an important role.

Because of the paucity in knowledue of the pliysical, chemical
and biological characteristics of Vaal Dam it s diflic ull o pre-
dict the future hehaviour of this impaoundment in terms of algal
growth, Algal blooms occurred in the dan in the vears following
s completion (Stephens, 1949). In December 1940 livestock
losses, caused by a 1oxic Microeritis. occurred and in 1042, 98 per
cent of the whole water surface was covered by a bloom of Afie-
racystis (Stephens, 1949), The apparent reason for this growth
was the decay and release of plant nutrients from drowned vege-
1ation of the fertle valley inundated by water {Stephens, 1949;
Steyn, 1949).

The algae occurred in the impoundment in large quantities
and were found 10 depths of 6 m or more. On the surface large
drifting masses accumulated and were blown and concentrated
towards the edges by the wind. Decomposition of these accumu-
lations resulted in a tervible stench which caused problems to
riparian owners (Steyn, 1949).

Control of algal growth through the dosing of capper sulphate
was initiated in 1942 and this control method was maintained
through the years. However, it appears that in the late forties
and the fifties the problems due to algal growth decreased but in
recent years an increase was noted. For instance, control with



copher sulphate during the period 1963 to 1967 necessitated the
expenditure of Rt 000, but in the period 1968 o 1972 R37 600
was needed (Collins, J. - personal communication?,

Development is taking place in the catchment of the Vaal
Dam. Towns like Standerton, Bethlehem and Harrismith are
expanding, the new SASOL II complex will be situated in the
catchment and increased agricultural preduction necessirates
increased fertiliser application. Consequently it can be expected
that the cutrophication level of the Vaal Dam will increase.

An increase in nutrient inputs would result in increased algal
groweh since the earlier experiences have indicated that the
natural trbidity of the water is not sufficient to prevent algal
biooms. It is possible that such blooms may restrict the uses of
waler from this impoundment. The importance of the Vaal Dam
as a water supply is such that impairment of its use cannot be
tolerated. Fherefore, studies on the physical, chemical and
hiclogical characteristics of this impoundment in relation 10 eut-
rophication and the sources of eutrophying efements must be
undertiken urgently.

Conclusions

. The Vaal Dam has fy and AGP values as high as 1,6 d='and
146 mg ™' respectively {recorded with $. capricornutum). In
view of a suggestion by Toerien (1973) that AGP values in
excess of 60 my/¢" indicates cutrophic conditions under
South African conditions, the Vaal Dam could be considered
highly eutrophic,

2. Part ol the nutrients available for algal growth appears to be
adsorbed onio silt particles which causes high AGP values in

summer when the summer rainfall reselts in silt-laden
inflows. Agricultural practices resulting in soil erosion could
be extremely important in the cutrophication of this dam.

3. Nirogen and phosphorus are the most important algal
growth-limiting nutrients in the impoundment. For a better
understanding of the reasons why the dam is eutrophied the
sources of these nutrients along with their quantitative con-
tributions should he determined.

4. The addition of secondary-treated sewage effluents 1w the
Vaal Dam water increased the AGP by between 7,4 and (1,2
mg AGP ¢ for every one per cent (v/v) of effluent added.
Should substantial inflows of such effuents enter into the
dam, nitrogen could become the sole primary growth-
timiting nutrient leading to an increased growth potential for
nitrogen-fixing algae,

3. Additien oflow nutrient water decreased the AGP of the dam
water. Since nutrients might be associated with silt inputs,
soil conservation techniques may be important in the crea-
tion of low nutrient inflows.

6. The deterniination of the physical, chemical and biological
characteristics, and the tolerance of the impoundment for
nitrogen and phosphorus is neeessary to allow well planned
developments of the catchment for urban, industrial and ag-
ricultural purposes.
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