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Abstract

The Vital Dam shon s algal iiioassav gron th rates tad tltzal
growth potentials (.\GP) as high as 1,6 d~ and Lb mg (‘‘ re—
speetivelv using ,Ve/enoi/r,n,, raftiuvi nit/tt,,~ as test alga.. \ddi tim if

secondary treated senage effluents to \‘aal Dam nater inere;iae(l
the \G P In’ between 7,1- and I 1,2 mg/r’ lbr t’verv nile pet’ t’t’ttt

v/v) added_Nitrogen and phosphorus wert’ the important algal
growth—limiting ntltrients in the impoundment. Plant nntt-ients
adsorbed onto clay particles could ht’ importitnt in the entiophi—
cation of’ the impottndment, indicating the importance ni soil
conservation techniques in etitrophication control, ‘‘itt’ sig—

nilicanee of the impoundrient and the paticitv in know ledge of
its physical, chemical anti hiologieal characteristics snggt’st that
such studies shotild be undertaken itS a matter of ttt’gent’v.

Introduction

So ut Ii Africa is a semi— arid en ti it ry a ad. there Owe, the seater
quality of its impoundments is of extreme importance in niaii—
taming a favotirable balance bet “cell ‘Va ter supplY and tI eni and.
As iti many other countries, South Africa is plagued In the
existing kind potential threat of cultural eutrophication as a
water qual it)’ problem.

The Vaal Dam is the largest single source of ‘Ca ter tist’d far
potable and itidustrial purposes in the country, serving the
Pt’etoria—’tVitwatersratld’X’ereeniging ttrban—indttstrial coin—
plex. Some 1100 X [0 mid wits sttppiied to ahotit Ihur million

people in 1972 ( Rantl Water Board, 1972; Soutll AIl’icait Xluni—
cipal Yearbook, 1971/72). Yet very little is known about its pre—

sent eutrophication levcLds~pite the fact that~tJzal hluotps do
he,cttr ill the dam ii’om tulle to titne— )SteV’il. I 973)~

During the stininlers ni 191-2 and 9-LI- blooms ‘f the alga
.llwoun/ts (osovi (Stepitetts_ l9l9) ill the \‘aal Dkltll caused exten
sive losses ill livestock trottilci the itnpottntlment (Stevn, 1945)’
These hlottms were polbably caused In’ tile intttidation oflèrtile
;tgriettlttn’ktl land al’ter tilt’ etlilipletillil of the tlam with a resul—
(ant l’ele;tst’ ItI iltttrit’ilts it-nm decaving’piant matter (Stephens,
19 ict~ ,,‘tfti’r 9-15 tilt’ itlootiis were stitcessfuilyeradicated by the
applicati lii ol copper stilplltie ( Ltittw, 1950), l—{owcvei’, during
till’ past decade algal l,htonls in the iinpoutldment hitve been on

tile increase (SteVil. 973),

lIlt’ ptit’ptlse (If this stttdv Ss’it5 to detertnine the present cut—

rttphication level tti tilt’ \‘aai Dam; to detcrmnitle boss’ it might he

a fret ed in i 1cm-eased disch a rges of sectind ~trv treated sewage

effluents tlr rlisch~trgt’s (If Itiw- nutrient elfitients; anti to identify

thuse plant mttmtriemlts wilicil control tlit’ growtll of itlgae in the
i ma pt Itt 11(1 lIe lit’ A I gal Is oassa vs “crc tm s ed for this p Li rpose.

Materials and Methods

Vaal Dam

The V~taI Dam is sitttated ~tl tile Heilbron magisterial district
with it iatitttde of 26° 53’ south and a longittide of 28° 07’ east.
Tile lull stipplv level is I 484 ni above mean sea level. The
catch mcii t area occtm pies 37 100 km 2 and consists t,f highveld
grassland. The geology (If’ the catchment coiisists mainly of the
shales, mttdstotles, sandstones a ad hmestones of the Ecca and
Beaufort Set’ies of the Karroo system, with isolated areas of the
basalt, sandstones and s hales of the Stom’mherg Series ( Karoo
s\-s tem ) and andesi tic lavas of’ the X’en tersdorp System (do Toit,
1954), The catchinent covers large areas of the eastern Trans—
va~ti anti the northeastern Orange Free State. The average an—
ntial rainfall over the catch ment ranges from 650 to I 000 mm
(Department of Water Aflhsirs, [964).
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Identity oi the growth-limiting nutrientsTht itt cap.icitv tithe Vial Dim is 2 :330 x It)” in-. coverilig
of 2’) 260 hi at till supplr It’’ cI with i olean (1(1)111 of

7,9(3 ni Duraig the sampling period I 1972—05—13 to 1973—tI I—OH)
the inipootidment had an average capacitY of 2070 x 0” rn’1
ssth alt area ol 27970 ha and a mean depth of 7—12 in.

Sampling

Samples “crc t,tkco on loor occasiott- 0’ ti a period ol one rt’ar
0172—05—13. 972—07—09. 972—08—13 aid 1973—Ol—Olu and more

or less represented the four seasons of die rear. Owing to the
large size of the impoundment. sampling was restricted to he
s’ati-r at the dam wall. Samples svei’e taken at diflk’rcnt depths
surhice. If m, 20 ii and :30 m ) aod equal volumes i,Fthcse “crc

cooiposited__\ll samples ~seI’e obtained with a S (‘ v:ui Dorn
~,itnpliiig bottle.

Algal bioassays and experimental design

‘lii,- tec hntqucs u,d e\perimcnt:tl design of Stccn. Scott, be
rit’tt and \isscr 975,i and Steiio. Toerien aod \isscr 19751,)
‘‘dc used,

Nitrogen :tndl pliospliortis were t’ach srinlarr grow th—lirniung to

two occasions. nitrogen on 1972—05—IS and 1972—08—1:3 and
phosphorus (in l972—07—t19 and 1973—01—081 (Fig. U. \\‘licn nit
rogco was priiiLr~ grow di limiting, phosphorus ‘sis si’condar’
gi’ow tb—limiting and /0 ~tt a. Thest’ two nutrient-, arc, there
‘ole. die two niosl inloortant outricots regulating [[11411 growth ii
the \‘aal Dam.

\\‘lten nitrogen was the primtt’~ grow th limiting utitrient, rh
dissolved total tatrogco coneeotratioOs ol filtered ‘cater wet
rcspecti’ dr .7 and 1,0mg N r. ,\sstlmitlg a r ii’ld cocflicico
3’.) 1:30 for the glow th il .\,-/oootomi a/ito(iiuu(am. the hio~iss~i

orgaoism (Stecu ~-t qf.. 19751. I), C: Fociieo eta1.. l975’t), di
tIn,’ t’ clissul~ —cl niti’ogcn eottctaltratioOs totild stlpptitt mdv S
and 30 mg AGP (f—I wiulst 38 intl 82 nig .\Gl’ iseic actuall
rccorclt’d. ‘lids suggests that he rest (if the iotrogcn rcquirt
tlicnts must h’’ been satislicdl From nitrogen compounds at
sorbed onto cltr s ) it-moved hr Iilti’atioo) and which must ha~
amounted to ihiotit 2.9 intl 07 mg N (~ respectively.

Biostimulation by secondary effluents

Results

Eutrophication status

The jc,, aod .\GP valtics arc stimniarised iii ‘Fable I, ‘Flit’ \‘a,il
Dant has 4,, and .\OP aloes ,ts high as 1.6 d~ and I lb mg/
rcspecti dr. Totricti (975) suggested that ,\GP values in cs—
cess oibt) mg/ (< indie,itc ctttrtipliic cooditions tnidcr Sotoh .\1
rican conditions. ‘l’liis suggests that Itt’ \a,tl lion cotiltl lit’
ctassidercd highly eutrophic. w loch is further supported In die
occasionallr high nitrogen and phosphorts cotictIltrations iO

the seater Table I,

The ‘saal l)~tm is t siltr itiipotoidineot containing ap1n’o\i—
matelr 45 nig ufstispcnded material per litre. Since the hight’si
.\GP values were Icgistci 1’d in stinititer, iii contrast to Riclvlei,
I-lartliecspoort intl Rottdcplaat Dams (Stecn i of.. I 975,t. 19751,
antI 1(176). s~hcn the highest billows of silt—laden water arc c’s—
pericuccdl. it can he postulated tli~tt the stispendt’cl clar ottist
contain adsurhecl plant nutrients available hr algal grtnsthi.
This suggests that agricultural practices rt’sultittg in soil ci’osit,n
could he t-,areniclr important in the eutrophication tiftlic \‘aah
Dam. How ever, tins postulate needs Further mvcstigittioli

,\clclition ‘tf’hunttts t,oik clilticot I I—Ilk) t,rs~ nthctie humus tat
clllucnt (SI-lIE) to Vaah [)~im wirer caused tlit ,\GP to increa
littearlv (p 0,Ol( on each sampling claw (Fig. 2 and 3),
cionl,iriatiuti il’ tliesc’ i-i—stilts indicated that:

.\GI’ (oig Q~1I 177,t) + 717 1% 11Th-:
\Vith r (I-HR intl n 60 attd

MW mg = 59.3 + 11,22% Sl—I’FE)
with r fl_H-I itid it = 30

l’hie ,\GP of the VatI Dam ~catcr will constqtientlv lie inercas’
I ir edIt I tcdl hr lit-i’’ (‘ti 713 a’ id I I .2 i rig! (‘ fbi’ c’vcrv per cent I
oltinic) increase or cIc’crcase ( respectively) oh’ litimus tat
-ill tic-nt clischargc’cl directly itito tlit- impottnclment_ These vititi

t-o,n1iarc lavt,tiralilv with the rc-spccti~ t’ valttcs ‘or Rietvlci Da
(817 and 1-1:3: Stcc-n it of,. 1975a). l-larthitcspoort Darn (7.
audI 13,0: Stc~n et of., 19751i) and Rttodcplaat Dam (7,17

2.4: StcVn it of,, 1975t3,

VatI Dam water with thc’ addition of ID per cent Iv!”) I—Il
was limited tlirottghotit hr tntrogi-n (Fig, 1)_This was also t

case hr Rictylci IStcS~u tt (if., 1975:6, Hartliccspoort (Ste5/n

TABLE I

THE ALGAL GROWTH RATE, BATCH 4,j. ALGAL GROWTH POTENTIAL (AGP) AND SOME
CHEMICAL CHARACTERISTICS OF WATER SAMPLES FROM VAAL DAM.

tiigl C’
At (cM) lot
Total dissolved N (mg/ t~—1
‘Pot a I ci i-sot vcch P ( mg/ e—

Sampling date 1972-05-15 1972-07.09 1972-08-13 1973-01-08

:38 Ii

1,6
0.5

1,2
1,5

<0,2

82
1,28

1,0

116
.03
1,8

<0,2 0,2
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700

a!., I975b~ancl Rriodepiaat(Strvnru/.. I 97h)D;tn~s.Sineeseeoii—
d ar> rca ted sewage eli Eu en ts (On non ill Ore ph os ph or us ian

nitrogen (in terms ol growth requirements) any impoundment
which receives substantial inputs of such eljinents will hecornt’
nitrogen t-owth~lirnited. Such irnpoondniet’ts will exhibit an
increased growth potential lbr n t roge n — lix i ng alga t’ ( \ \ a rns Icy
and Toerien, 1975).

Dilution with low nutrient water

Dilution of Vaal Darn water with low nutrient water (distilled
and deionized) resulted in significant (p = 0,01) lineardeereases
in the .-\GP of the darn ~vater (Fig. 4). Depending on the time of
the year, the AGP decreased by between 1,38 and I ,6$ mg/ ~
for each one per ceo t (v!v) of low nutrient ~va ter added. 1’he
eutrophication level of the darn ‘~ou Id conseq neil ti3 he de
creased if lo ‘v nutrient wit t e r were to enter the clam.

Tile earlier results suggested that suspended silt particles
ota to which plant n itt ne nts a read sorbed rn it>’ be itn i rn1) n rta n
source of ntitrients to the dam, lo create low nutrient inflows the
development of better soil consen’-a tion techniq ties in the
ca tchment of the \‘aal Dam ni igh t he necessary.

V~~~ZtJ~zeve__
5 10 20 30

RYE added t%l

2
Wino/a/tm,o) //ti (i/r’il/ pifli//l/iii/i’titial il/ foa/ 1)011? rca/ti it’ home t,iah if//iwo?

(lIrE)

-;
S/,int,la/,o,i o[?hi’iili_1a15_’itizi th/ma/i’titta/oJ l’,ta/ /)0(11 u-a/il fit’ 9’ii?/leIIChitflhiuc Iatik

cfJIto’nl (-V117’E)

Addition without P

Addi lion without N

ElU Addition without Fe

A Sd, tor, wilt Out ,nicr Oeiements

C No odd,tion
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0

01972-05-t5 mQLa, 181,97+ 6,79 (%HTE)
nnt5 rrO,97

• 972-07-09 mgL’1’ 75,8 +8,80 t% HIE)
owlS rwo,99

oL9!2-08’13 m9CwlsI,43 + 0,24 t%HTE)
nut5 ru 0,97

A 973-01-08 mgC’ 188.09+ 3,37 (%HTEI
rt’15 r: 0,04

Combined mQC: 77,02 + 7,37 l%HTE I
nu 60 ro,88
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I’gel,’ /
f&n/i/ka/totr of thi g,or, //i /imi/mg oti/rhi’n/ it, I ‘an? Don aatii -, it/i rn a it/rite?

htmio i /otA i //ho’n/ (fl/k)

0972-05-iS mqL~ 93,52tt4,O3WwSHTEI
nntS ro,95

• 972-07-09 mgl”w 166,2246,83 (%SHTE)
nui5 rn094
mgU’wt64,74# 3,191% SH’O’EI
nwI5 r:0,97 0

973-01-03 mgf’~ 1t2 St + 0,81 t% 6H1’E I
awls races

Combined mgt’0t59,33 + it,22 (%SHT
an 60 r:0,84

B

0

0

3
0

0
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Biostimulation of Vaal Dam water by nitrogen and phos
phorus

Addition of different concentrations of nitrogen to Vaal Dam
water obtained on 1972-08-13 linearly increased the AGP (Fig.
5) according to:

AGP (n~g/r’ ) = 19 + 20,5 (mg N &‘) (3)
with r = 0,86 and n X 9.

Similar additions to \‘aal Dam ~va tee enriched with all nut
rients except nitrogen (to a concentration of ISO% PA:\P
medium) also linearly increased the AGP according to:

AGP (mg/P~) = 42,3 ± 18.2 (mg N e’)
with r 0,89 and n = 12.

The water in the above cases was nitrogen growth—li mi ted
(Fig. I) anti increased concentrations of nitrogen resulted in
higher ACP values, Addition of phosphoros to these waters did
not increase the AGP responses of -S. rapricornolurn. the bioassay
alga. \Valmsley and Toerien (1975) have shown that when nit
rogen is primary growth—limiting to .9. caprirornulurn, additions of
phosphorus will not alter the S. capricornulom response hut an
increased AGP for nitrogen-fixers is created. Therefore, although
the bioassay responses of this study did not indicate an increasetl
eutrophication level after the addition of phosphorus, it is possi
ble that an increased eutrophication level was created in terms of
an increased growth potential for nitrogen-fixing algae.

l’_ignt,
,Vitroge,, limo/alit,, of//ic a/’,,af ~,va ‘ii, /iotoiloi/ 0/ I ‘oaf f)ani tea/er ten/i or I, U/tout

tttttrn’,tl enr,tha,,-nt

creased by the discharges ol’ntitrit’nt rich eliluents into the dam.
At present little is known about the reasons fur the eutrophied
state of the dam although it appears that nutrients adsorbed
Onto silt max’ play an important nIt’.

Beca it se of the Pt uci tv in k n itvl edge of t lie p1 vs intl. tI i e ni ical
and hiolotrieal characteristics ol’\’aal Dam it is diflit ult to pie—
diet the future behaviour of this itnpotnttlment in terms of algal
glow t It. A gal 1~1i mm s ott-u r red in t hi’ tI a ii in t I it’ v eats loll owing
its completion (Stephens, 19-19), In December 1910 livestock
losses, at used by a toxic .1 Iitiorj to. occu ri-eel and in I 942, 98 Pc
cent of t lit’ wIt ole water 5 u rflt cc was cc, ‘-cit tI In a bloom of - I lie
rot-ri/li (Stephens, 1949). The apparent reason lbr this growth
was the decay and tel ease of pl a ‘it on t ri ti its lioni drowned vege
tation of the fertile valley inundated by “-alec (Stephens, 1919;
Steyn, 1919).

‘I lie algae occurred in the i m poti nd in en t in I inge t1 tot n t i ties
and ss-ei-e found to depths of 6 in or mm-c. On the sit i-face large
drifting masses accumtt lated and were blown and concentt-a ted
towards the edges by the wind. Decomposition of these accumu
lations resulted in a terrible stench which caused problems to
riparian owners (Steyn, 1949).

00 Control ofalgal growth through the dosing ofcoppersulphate

“as 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 d tie to algal growth decreased hot in
recent years an increase was noted. For instance, control with

300

to 200
a
0

a

C
a

C

I too

0
2 4 6
Nitrogen odd lion 1mg -t~ 1

Discussion

The AGP results of this study suggest that the Vaal Dam is
eotrophied and that the eutrophication level will he ftt rther in—

r~’ -
01972-06—15 mgI”: 1761 + 589 (%Oam water I

ro 0, 93
0972-07-09 mgC’ 24,49tt,38 (%Dam water)

n=9 r:0,987
- ~t9fl-oo-t3 mgt’:tO,7t+t 49 (%oom water)

nng r~0,95

At973-Ot-0$ mgf”030,29÷t,69 t%nan water I
,in8 rOO,90t

t200 ~----1-

a too
4

0

Figure 4
Effect ofdilution o’zll, low nutrient water on I/n’ algal grace//c potential of t~rn/ Dam

33,3 66,7

0cm water t0.’)

a a/er
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copfrr sulphate during the period 1963 to 1967 necessitated the 5. Addition of low nutrient water decreased the AGP of’ the darn
expenditure ofRi 000. but in the period 1968 to 1972 R37 000
“as needed (Collins, j. — personal communication).

DcvcIoprntnt is taking piac e ill he ate itment of 11w \aal
Darn. Towns like Standerton, Bethlehem and [-larrismith are
expanding the new .SASOL II complex ivifll he situated in the
catchment and increased agricultural production necessitates
increased fertiliser application. Consequently it can be expected
that the eutrophication level of the V~taI Darn will increase.

increase in n tttrien t inputs would resu It in increased algal
growth since the earlier experiences have indicated that the
natural turbidity of the water is not sufficient to prevent algal
blooms. It is possible tisa t such blooms may restrict the uses of
water from this impoundment. The importanceofthc \7aal Dam
as a water supply is such that impairment of its use cannot he
tolerated. Therefore studies on the physical, chemical and
biological characteristics of this impoundment in relation to eut
rophication and the sources of cutrophying elements must he
undertaken urgently.

water. Since nutrients might he associated with silt inputs,
soil conservation techniques may he 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 necessary to allow well planned
developments of the catchment for urban, industrial and ag
ricultural purposes.
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