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Convened by 
Aquaculture 
Association of 
South Africa 

Venue and date 
The symposium will take place 

from 1 1-13 July 1990 at Stellenbosch 
University. 

Programme 
The programme will include speakers who will 

address the theme of the potential of aquaculture species. 

The following categories will serve as a framework for the 
symposium: 

candidate species and genetics 

production systems 

pathology and diseases 

economics, processing and marketing 

farm management 

conservation and regulatory aspects 

Workshop Sessions 
Short workshop sessions will be held to discuss topical 
issues on: 

Important species 

crocodiles, ornamental fish, catfish, tilapia, trout, 
prawns 

Other subjects 

Enquiries should be directed to: 
Mr CE Britz 

BUCE 

Carnegie University 

Stellenbosch University 

Stellenbosch 

7600 
Tel: (02231) 77-3078 
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WA STE WATER 

Dr SA Mitchell 

S A MITCHELL 

THE EFFECTIVE USE OF 
WATER BY MEANS OF AN 
ALGAL AQUACULTURE 
SYSTEM 

Ftnat Report to the 
WATER RESEARCH COMMtSSION 
by the UnO for Umnotogy 
UNIVERStTY OF THE ORANGE FREE STATE 

WC Rpo,I No 18211,ee 

Algal culture offers a method whereby 
nitrogen may be reclaimed from waste 
streams in a form which is acceptable 
as a protein supplement in the feed for 
livestock. 

A WRC sponsored research project car-
ried out by Dr SA Mitchell of the Unit for 
Limnology at the Unversity of the Or-
ange Free State demonstrated that the 
filamentous alga Spirulina can be used 
to reclaim usable nutrients from agricul-
tural waste. 

In another experiment he used fairy 
shrimps (Streptocephalus macrourus) to 
graze on microalgae algae and to 
convert them into animal protein which 
is easily harvested. 

Unfortunately production systems for 
both Spirulina and fairy shrimps are not 
economic under present conditions, 

The final report on this research project 
entitled The effective use of water by 
means of algal aquaculture system is 
now available from the Water Research 
Commission. 

rotein for inclusion 
in stockfeed comes 
from a variety of 

sources, but the major sources 
over the past decades have 
been soy-bean oilcake and fish-
meal. 

Soy-bean oilcake is a renew-
able resource, and as such the 
supply is predictable within the 
limits imposed by such factors 
as the vagaries of the weather. 

However, the fish from which 
fish-meal is made is a harvested 
resource. But many of the 
world's major known fish stocks 
are no longer large enough to 
give yields as high as they did 
during previous decades, and it 
has proved very difficult to im-
pose adequate legislation on 
nations fishing in international 
waters. 

On the other hand, the world is 
faced with an increasing popu-
lation, and most people prefer 
animal protein to plant protein. 
This increasing demand for 
animal protein has led, amongst 
others, to the development of 
intensive live stock production 
units. A requirement of such 
units is the provision of a totally 
balanced diet for the livestock. 
The bacterial digestive proc-
esses of ruminants such as 
cattle, sheep and goats enable 
these animals to utilise a variety 
of nitrogen sources, including 
urea, to supply the required 
protein. 

However, monogastric animals 
(primarily chickens and pigs) are 
not able to manufacture their 
own protein, and so must be fed 
a diet which contains balanced 
quantities of the amino acids. 
Some amino acids essential to 
animals are not found in any 
significant quantity in plant pro-
teins, therefore a certain amount 
of animal protein must be in-
cluded in their diet. Thus, the 
demand for a suitable source of 
animal protein (currently fish-
meal) will increase with the in-
creasing demand for meat. 

Algae produce 
stock feed 

supplements from 
waste waters 

rd 



WASTE W A T E R 

In South Africa there was con-
cern overthe protein availability 
in the country in the late 1960s,   
but it was thought that with 
continued attention to agricul-
ture and fishing, South Africa 
would be able to supply the 
protein necessary for the esti-
mated 42 million people by the 
year 2000 without having to 
resort to using single cell pro-
tein. However, South Af rica has 
since then become a net im-
porter of protein. 

Dr J Siertsema of the Protein 
Advisory Committee estimated 
that the total requirement of fish-
meal protein for the 1985/1986 
season would be 111 000 t(i.e. 
186 000 t fish-meal) and for 
oilcake protein 128 000 t (i.e. 
approximately 290 000 t oil-
cake). This makes a total pro-
tein requirement of 239 000 t. 
However, the protein availabe 
from local sources is 76 000 t of 
fish-meal and 72 000 t oil-
cake, giving a total shortfall of 
91 000 t which had to be im-
ported in 1985/1986. In Dr 
Siertsemas opinion, a good sea-
son could reduce the shortfall 
from 91 000tto approximately 
60 000 t. 

Projections from available data 
show that the shortfall of protein 
in South Africa could be in the 
order of 400 000 t by the end of 
the century. 

The projected shortfall of pro-
tein necessitates the inves-
tigation of alternate sources of 
protein for inclusion into stock 
feeds. One option is the indus-
trial scale production of SCP 
(single celled protein). How-
ever, it may take twenty years 
for the technology to develop to 
a point where it will make an 
impact on the demand. As an 
intermediate measure, there is 
a possibility of exploiting further 
fish stocks off the west coast of 
southern Africa. The estimated 
useful life of this stock is ap-
proximately twenty years. 
However, this source can only 
be relied on in the medium term 
and as long as there are no 
major political changes in the 
region. 

WASTES 

No provision has yet been made 
for reclaiming usable nutrients 
from wastes. Waste streams 
from human or animal sources 
are too dilute forthe economical 
production of yeast or bacteria, 
but they do contain nutrients 
which can be recycled. It is 
estimated that approximately 70 
per cent of the nitrogenous 
compounds fed to pigs was lost 
either through spillage or ex-
cretion, and that if approximately 
30 per cent of this could be 
recycled as algal protein, then 
some 20 per cent of the total 
protein requirement of the swine 
rations could be supplied by 
waste grown algae. This would 
reduce the units' dependence 
on outside sources of protein, 
much of which is obtained at an 
energy loss. 

For instance, the Japanese blue 

water fishing fleet runs at an 
overall efficiency of energy 
landed (whole fish) to energy 
expended (fossil fuel) of only 4 
per cent. This inefficient use of 
finite fossil fuel resources is jus-
tified by the return in terms of 
essential amino acids contained 
in the fish. 

If the algae grown in a waste-
water system was harvested by 
filter-feeding invertebrates, and 
these in turn were harvested for 
inclusion in stock feed, then not 

only would the dependance on 
the harvest of natural fish stocks 
be reduced, but the provision of 
the essential amino acids would 
be less dependant on the ineffi-
cient use of fossil fuel. In fact 
the harvesting of solar energy 
by the algae during photosyn-
thesis would render this proc-
ess much more energy efficient 
than fishing. 

ALGAL CULTURE 

The technology of algal mass 
culture has been much improved 
since the early 1950s when a 
production of 1 7,5 lb acre/a (Ca. 
11,5 g dry mass/m2/d) was the 
norm. Production estimates of 
between 15 and 25 g/m2/d are 
now general, with some figures 
exceeding this for limited peri-
ods. However, the reality of the 
situation is that, in spite of the 
high production rates, high pro- 

tein content and other apparent 
advantages of algae, the only 
currently commercially viable 
large-scale production units are 
used to supply the health food 
or tropical fish food markets, 
both of which are limited in size 
and command a high price. 
However, the general produc-
tion of algae in mass culture is 
still thwarted by high production 
costs and at present the great-
est potential is where algae are 
produced as by-products in 

industrial operations, waste 
treatment or fine chemical pro-
duction. 

UOFS 

The culture of filamentous al-
gae such as Spirulina began at 
the University of the Orange 
Free State in mid 1983 using a 
defined medium (Zarouk's 
medium) in facilities designed 
for the culture of unicellular 
microalgae such as Chlorella 
and Scenedesmus. ltwas found 
that Spirulina could be grown 
successfully when agitated by 
a paddle-wheel, but that due to 
filament breakage, it was de-
stroyed when agitated too vig-
orously. The algae was pro-
duced in blue plastic 'Portapools' 
of various diameters at a culture 
depth of ca. 1 m. These cul-
tures were not agitated, and 
were harvested once weekly by 

Female fairy shrimp, 
Streptocephalus 
macrourus (lenght 
approximately 17mm). 
Note the eggs in the 
egg sac. 
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A single filament of 
Spirulina (length 

approximately 150 
microns), 

Spirulina filaments. 

pumping the entire culture 
through a net of 112 I.Lm mesh 
size into an empty pond. Pro-
ducing Spirulina in this way was 
costly because the medium was 
priced at Ca. R16/m3 in 1983, 
and the cultures were prone to 
invasion by unicellular algae. 

During the search for an organ-
ism that could be used as a 
means to recover nutrients from 
waste waters, it was shown that 
Spirulina grew well in brack 
water to which animal wastes 
had been added. It was also 
shown that it was to the Spirul-
ma's advantage to be grown in 
polyculture with filterfeeding in-
vertebrates. These filter feed-
ing invertebrates consumed the 
competing microalgae, and al-
lowed the Spirulina to grow as 
a clean culture. Filter feeding 
invertebrates such as the brine 
shrimp Artemia and the water-
flea Moina micrura were able to 
live successfully in Spirulina 
cultures while the Spirulina 
density was low, but rotifers 
such as Brachionusplicatilisand 
Hexarthra fennica were the only 
organisms able to live success-
fully in dense Spirulina cultures. 
Therefore the development of 
a system for the recovery of 
wastes from intensive livestock 
units could, once the technol-
ogy has been adequately de-
veloped, enable the enterprise 
to produce a protein supple-
ment at a lower price than the 
conventional supplements. 

Researchers have shown that 
a system comprising Spirulina, 
(a filamentous algae), and filter-
feeding invertebrates (rotifers) 
was able to recover from heavy 
infestations of unicellular micro-
algae. 

When this system became in-
fected by microalgae the rotifer 
numbers increased rapidly to a 
point where the algae was con-
sumed faster than the repro-
duction rate of the algae. Roti-
fer breeding ceased at about 
the time the unicellular algae 
disappeared from the culture 
and their numbers fell to low 
values before building up again 
to the steady state (ca. 1 to 2 
individuals/me for Brachionus 
plicatilis). The Spirulina output 

lagged a little after the unicellu-
lar algal numbers had been 
reduced before it returned to a 
steady state. 

The nutrient requirements of the 
Spirulina grown in an agricul-
tural waste medium have been 
determined. Using full strength 
Zarouk medium as control, it 
was found that solid waste 
produced by the animals on 
intensive livestock units at 1 gte 
could replace all the nutrients in 
the Zarouk medium except for 
bicarbonate and nitrate. Under 
continuous light in the labora-
tory, addition of up to 2 gte so-
dium bicarbonate stimulated 
growth, but further additions had 
little effect. In the same way, 
increasing the quantity of so-
dium nitrate from 0 to 0,25 gte 
resulted in increased growth, 
but further increases had little 
effect. When these experiments 
were repeated in 0,5 m3  cul-
tures out of doors, the con-
centrations at which growth 
showed little further response 
were 0,5 gte sodium bicarbon-
ate and 0,05 gte sodium nitrate 
respectively. 

Research showed that if urine 
was used in conjunction with 
solid agricultural wastes, there 
was enough nitrogenous com-
pounds to support growth at a 
rate where further additions of 
nitrogen made little difference. 
Therefore, in afarming situation 
where all the waste produced 
by the animals would be avail-
able, the addition of further nitro-
gen sources would not be 
necessary. 

This project was therefore aimed 
at extending the technology of 
waste-water treatment by 
microalgae to produce an eas-
ily harvested end product which 
may be used as a protein supple-
mentin stock feed. While waste 
water may be effectively treated 
by microalgae to remove dis-
solved solids, the algae must 
be removed from the effluent 
before the effluent will conform 
to the required effluent stan-
dards for total suspended so-
lids. Harvesting the algae by 
flocculation, centrifugation or 
any other such method renders 
the process too expensive. This 

project investigated the possi-
bility of using organisms that 
were large enough to be har-
vested easily to treat the waste 
water. A dual approach was 
adopted: 
U 	In the first place the filamen- 

tous alga Spirulina was used 
in a single step treatment 
system. As this alga re-
quires brack water, its use is 
envisaged in areas of the 
country where there are 
sources of underground 
water which are too saline 
for conventional agriculture. 

U The second possibility in-
vestigated was treating the 
waste water with microal-
gae and then using filter-
feeding micro-organisms to 
graze on the microalgae to 
remove the total suspended 
solids and at the same time 
convert it into animal protein 
which is easily harvested. 

The micro-organism investi-
gated during this project was 
the fairy shrimp (Streptocepha-
lus macrourus), although oth-
ers such as rotifers or clado-
cerans will perform the same 
function. 

However, Streptocephalus 
macrourus(Anostraca), the fairy 
shrimp is the most efficient of 
all the organisms investigated 
because it can be kept in higher 
densities than the other organ-
isms and is capable of using the 
food more efficiently than the 
other organisms. Studies have 
shown that anostracans are able 
to survive and grow at higher 
densities than organisms from 
permanent waters, and this fac-
tor was to be a key to the suc-
cess of the fairy shrimp in mass 
culture. Organisms may be 
grown successfully at densities 
of 1 500/I, giving a mean daily 
production of approximately 120 
mg/ltd dry mass when fed only 
algae. This production is sub-
stantially higher than reported 
in the literature for other organ-
isms. 

RESULTS 

U Experimental work has indi-
cated that the small scale 
mass polyculture of Spirul-
ina/rotifers is technically fea- 
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sible, and will maintain pro-
duction with a minimum of 
skilled supervision provided 
certain management criteria 
are met. Currently, at the 
value of the harvest of a stock 
feed, the Spirulina produced 
by the unit would cover upto 
97 per cent of the running 
costs at a production of 15 g 
m2/d. Therefore under the 
current price structure the 
Spirulina production system 
is not viable, and will not 
become so until either the 
price of the product increases 
substantially or the culturing 
technology improves to a 
point where a higher produc-
tion may be predictably ob-
tained. 

U More than 95 per cent of 
the total phosphate contained 
in the waste is made avail- 
able to the algae by the 
anaerobic 	fermentation. 
However, nitrogen is rapidly 
lost from the system during 
the fermentation. 

U Aeration at the rate of 42,5 
eIm2Ih is sufficient to main- 
tain culture stability. 	The 
supply of this quantity of air 
requires a unit of approxi- 
mately 10 kW/ha. 

U Spirulina will grow well in 
water in which the dominant 
anion is sulphate, but the 
presence of even small quan- 
tities of calcium will depress 
growth at all concentrations 
of NaCl except the optimum 
(10 g/e). Low concentrations 
of 	calcium 	will 	stimulate 
growth slightly at ca. 10 g 
NaCl/e. 

U The optimum pH of 9,5 for 
the rotifer Brachionus plica- 
ti/is falls within the optimum 
pH range of Spirulina. 

U The fairy shrimp, Strepto- 
cephalus macrourus, were 
fed daily on rations estimated 
as a proportion of their own 
dry mass. Those fed at 0,11 
and 0,21 of their dry mass 
daily showed considerable 
mortality as a result of star- 
vation. Those fed at 0,32 of 
their dry mass daily showed 
little mortality, but also a very 
low growth rate. 	However, 

they did give a good growth 
efficiency. Organisms in the 
treatment fed at 0,47 of their 
dry mass daily gave a growth 
rate comparable to those re-
ceiving 0,7 of their dry mass 
daily, and a growth efficiency 
comparable to the treatment 
receiving 0,32 of their dry 
mass daily. However, in one 
experiment, the mortality of 
shrimps fed 0,7 was higher 
than that of organisms fed at 
lower rations, so too much 
food may be detrimental to 
survival. 

U The best results for both pro-
duction and growth efficiency 
were obtained when the 
organisms were fed dry al-
gae (estimated mass) at 0,47 
of the estimated dry mass of 

the organisms daily. The 
nearest levels above and 
below this that were tested 
were 0,32to 0,70. Therefore 
a daily ration of dry alga of 
approximately 0,5 of the es-
timated dry body mass will 
give the best results in terms 
of growth efficiency, produc-
tion and survival. 

U Between densities of 10 to 
400/e, the production in-
creased linearly. Optimal 
production was achieved at 
1 000ie, although higher pro-
ductions were achieved by 
more dense cultures. How- 

ever, the mortality in the 
dense cultures was unaccep-
tably high, and at 4 000ie 
mortality was over 95 per 
cent so it is apparent that at 
this density the organisms 
do suffer density dependant 
mortality. The statementthat 
the organisms from tempo-
rary waters do not suffer 
density dependant mortality 
holds true to the point that 
these organisms can survive 
at densities which those from 
permanent waters could not, 
but there is a limit to the 
density that even these or-
ganisms can tolerate. How-
ever, these organisms are 
able to live in much higher 
densities than organisms 
from permanent water. 

U Fairy shrimps can produce 

at over 100 mg dry mass/l/d 
in mass culture underarange 
of culture densities and feed-
ing regimes. The mean maxi-
mum recorded productivity 
was 168 mg/e/d which came 
from the culture at a density 
of 4 000 organisms/e before 
the mortality began. How-
ever, in the batch culture 
treatments, organisms at a 
density of 400/i gave a mean 
daily productivity of 95 mg 
dry mass/e/d. This indicates 
a substantial reduction in 
productivity per individual at 
the higher densities. 

U The production of fairy 
shrimps as a protein supple-
ment for stock feed is not 
economic under present 
conditions. 

U A place where fairy shrimps 
or some other invertebrate 
production may be used is 
to clear algae and/or bac-
teria from a waste stream. 
Currently algal production is 
not used for the treatment of 
wastes because the cost of 
removing the algae. How-
ever, if the waste stream 
containing the algae and/or 
bacteria was passed through 
a reactor containing suitable 
invertebrates, these would 
remove the suspended so-
lids from the waste stream, 
which would then be fit for 
discharge into waterways. 

Mail fairy shrimp, 
Streptocephalus 
macrourus (length 
approximately 20 mm). 

Copies of this report, 
no 182/1/89 are avail-
able from the Water 
Research Commis-
sion. To order, please 
complete the post-
card in this Bulletin. 
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LINKS: Proefperse/e wat 
by die N/GB se Roode-
p/aat-proefterrein buite 
Pretoria volgens die 
gewaswaterstatus-
benadering besproei is, 

Besproeiingsmasjiene is gebruik 
om persele te besproei. Die 
masjiene is in staat om 
besproeiingswater bale akkuraat 
en eweredig toe te dien. 

Navorsers van die Na-
vorsingsinstituut vir Grond 
en Besproeiing (NIGB) te 
Pretoria hetonlangsn be-
sproeiingskedulerings-
tegniek getoets waar die 
waterstatus van koring 
gebruik is om te bepaal 
wanneer die koring be-
sproei moet word. 

Die navorsers, mnre AA 
Nel en FJ Dijkhuis, sê be-
sproeiingsbestuur of sked-
ulering gaan normaal-
weg om die beantwoor-
ding van twee vrae, 
naamlik, wanneer moet 
n gewas besproei word 
en hoeveel water moet 
toegedien word? 

Die meeste besproeiingskedulerings-
tegnieke wat tans gebruik word, is op n 
grondwaterbalans gebaseer aangesien dit 
n relatief eenvoudige wyse is om die grond-
waterstatus te beraam. Sodra die grond-
waterstatus n drumpelwaarde bereik, dui 
dit die nodigheid van 'n besproeiing aan. 
Die drumpelwaarde word gedefinieer as 
die grondwaterstatus net voor opbrengsver-
lagende waterstremming by die gewas in-
tree. 
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'n Duidelike verband tussen die grondwa-
terstatus en die gewaswaterstatus bestaan 
egter nie omdat atmosferiese toestande 
ook 'n invloed op die gewas se waterstatus 
het. Aangesien dit primer die gewas se 
waterstatus (of die minimum waterstatus 
wat bereik word,) is wat graanopbrengs 
beInvloed, is dit teoreties die geskikste 
parameter om die behoefte aan In be-
sproeiing aan te dui. 

Die waterstatus van 'n gewas toon In 
daaglikse sikius met 'n minimum wat 
gedurende die middag, gewoonhik tussen 
12:00 en 14:00, bereik word. Dit is gevoig-
uk ook die tyd wanneer die eerste sigbare 
tekens van waterstremming voorkom. 

Die bepaling van die waterstatus van 'n 
gewas soos deur die blaarwaterpotensiaal 
aangedui, is relatief moeilik en vereis 
gesofistikeerde instrumente, 'n mate van 
vaardigheid om metings te neem en 'n 
kundige om dit te interpreteer. Hierdie 
struikelblokke isdeelsdaarvoorverantwoor-
delik dat metodes van skedulering wat op 
die blaarwaterpotensiaal berus nog nie 
toepassing gevind het nie. 

VERGELYKING 

'n Eenvoudigelineêre vergelyking waarmee 
die blaarwaterpotensiaal van koring vanuit 
die grondwaterinhoud en weersverander-
likes beraam kan word, is vir die Roode-
plaat-navorsingspersele buite Pretoria deur 
mnr Nel en 'n voormalige navorser van die 
NIGB, mnr Pedro Berliner, ontwikkel. 

Gereelde beramings van die blaarwaterpo-
tensiaal deur middel van die vergelyking 
maak die moeitevolle meet van die gewas 
se blaarwaterpotensiaal gedurende die 
middag oorbodig. 

Met die ontwikkeling van die tegniek was dit 
egter nog onduidelik of daar 'n goeie ver-
band tussen die drumpelpotensiaalwaarde 
en graanopbrengs, waterverbruik of die 
spitswaterverbruik bestaan. Vervolgens is 
'n besproeiingsproef gedurende 1988 
uitgevoer waartydens die vergelyking ge-
bruik is om die blaarwaterpotensiaal van 
koring by Roodeplaat te beraam. Sewe 
besproeiingsbehandelings istoegepas deur 
te besproei sodra die beraamde blaarwa-
terpotensiaal vooraf gekose drumpelpoten-
siaalwaardes bereik het. Die drumpel-
waarde is so gekies dat 'n reeks blaar-
waterpotensiale wat wissel van geen strem-
ming tot baie stremming voordat besproei 
is, bereik is. Die seisoenale waterverbruik, 
spitswaterverbruik wat gedurende die sei-
soen voorgekom het, asook die graan-
opbrengs, is noukeurig bepaal. 

R ESU LTATE 

Verrassende resultate is verkry. Die verge-
lyking was geskik om die blaarwaterpoten-
siaal onder die Roodeplaatse klimaatstoe-
stande te beraam. Graanopbrengs, wa-
terverbruik en die spitswaterverbruik het 
almal hoogs betekenisvolle funksies van 
die drumpelpotensiaal wat toegepas is, 
getoon. Die implikasie hiervan, indien 
resultate hulself oor jare en kultivars sou 
herhaal, is dat daar vir 'n spesifieke graan-
opbrengs-waterverbruik-kombinasie be-
sproei kan word. So sal dit moontlik wees 
om besproeiings te skeduleer vir spesifieke 
doelwitte soos hoogste opbrengs, hoogste 
waterverbruiksdoeltreffendheid of die mees 
ekonomiese opbrengs wat tussen 
eersgenoemde twee punte gelee is. Met 
die proef is drumpelpotensiale vir die beste 
waterverbruiksdoeltreffendheid 	en 
maksimum opbrengs ook verkry. Voorts 
toon die resultate duidelik dat die graan-
opbrengs as funksie van waterverbruik 'n 

afplattingsfase bereik. Dit betekeri dat n te 
nat behandeling of te gereelde besproeiing 
nie 'n hoer opbrengs as 'n effens droër 
behandeling lewer nie, maar dat die wa-
terverbruik heelwat hoer is. 

Volgens die navorsers behoort hierdie 
metode van skedulering die Iaagste moont-
like besproeiingsfrekwensie te verseker. 
Dit het die teoretiese voordeel dat dit ver-
dampingsverliese vanaf die grondop-
pervlak, wat elke keer voorkom wanneer 
die grondopperviak deur besproeiing benat 
word, tot 'n minimum beperk. Die opbrengs-
waterverbruikverhouding van die proef stem 
ooreen met of oortref die beste historiese 
resultate van die Roodeplaat-proefterrein, 
wat die teorie ondersteun. 

WATERBALANSMODEL 

Die navorsers is van mening dat die verge-
lyking baie maklik by 'n waterbalansmodel 
geInkorporeer kan word. Sodoende sal die 
nuut ontwikkelde vergelyking In antwoord 
kan verskaf op die vraag: Wanneer moet 
besproei word? terwyl die waterbalans weer 
'n antwoord kan verskaf op die vraag: 
Hoeveel besproei moet word? 

'n Verdere voordeel van so 'n gekom-
bineerde model is dat dit slegs weersveran-
derlikes as insette nodig het en indien dit 
tydig vanaf 'n outomatiese weerstasie ver-
kry kan word, sal dit die behoefte aan 'n be-
sproeiing dadelik toon. 

Tot dusver is die werk nog net vir koring by 
Roodeplaat gedoen en moet ondersoeke 
na die toepasbaarheid van die benadering 
vir ander gewasse en lokaliteite nog 
uitgevoer word. 

Draadhokke is in die persele 
geplaas om n oesbare gedeelte 
van die koring teen moon tlike 
hoe!- of voëlskade te beskerm. 
Die oesbare gedeelte is gebruik 
om die opbrengs van die koring 
te bepaal. 
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SLUDGE 

Report released on the inorganic 
chemical characterization of SA's 

municipal sewage sludges 

The results of an investigation carried out by the Division 
of Water Technology (DWT) of the CSIR on the inorganic 

hemical contaminants and nutrients in South African 
sewage sludges have been released by the Water Re-
search Commission in the form of a final report. 

The project, which started in July 1982 and came under 
the sponsorship of the Water Research Commission in 
January 1986, had four aims, according to the research-
ers, R Smith and H Vasiloudis: 

U To carry out a literature study on the inorganic chemi-
cal contaminants and nutrients commonly found in 
sewage sludge, their beneficial and adverse effects 
apropos the use of sewage sludge as supplementary 
fertilizer for agricultural land, and the analytical meth-
ods used for their determination. 

U To investigate and test the most suitable of these meth-
ods for eventual incorporation in a laboratory manual 
for the determination of inorganic chemical con-
taminants and nutrients in sewage sludge. 

U To sample a countrywide range of South African mu-
nicipal sewage sludges on a four-times-per-year basis 
and to analyse them for the presence of the most com-
mon inorganic chemical contaminants and nutrients. 

U To use the analysis results, in conjunction with previous 
related work conducted by the DWT, and with refer-
ence to limits laid down by various overseas countries, 
to prepare a set of suggested guidelines for the appli-
cation of disinfected sewage sludge to agricultural 
land in this country. These results would also provide a 
fairly universal indication of the quality of South African 
sewage sludges with respect to their inorganic chemi-
cal contaminant and nutrient content. 



DO YOU HAVE PROBLEMS WITH THE PURIFICATION OF WATER? 

ARE YOU CONCERNED ABOUT THE QUALITY OF 

SOUTH AFRICA'S DRINKING WATER? 

Then you should attend the session 

BIOLOGY OF WATER PURIFICATION 

of the SASAS Congress, University of the Orange Free State, Bloemfontein 

to be held on Tuesday 3 July 1990 

All persons interested in water treatment and the quality of South Africa's drinking water are in-
vited to attend the congress. Come and enjoy the company of those who take water treatment se-
riously! Come and share your worries, woes and joys in water treatment with others! In this way 
we can all make a contribution towards a common and better understanding of one of our major 
national problems. 

As the quality of water becomes increasingly threatened due to population increase, urbanisation 
and industrialisation, water purification problems intensify. The Bloemfontein meeting will be an 
important and timely gathering of all persons involved with water treatment. 

The annual congress of the South African Society of Aquatic Scientists (SASAS), will be held in 
the Medical Faculty of the UOFS from 2 to 4 July, 1990. The program will include a number of ple-
nary sessions (of which the BIOLOGY OF WATER PURIFICATION will be one), as well as 
workshops and poster displays. Social functions will include a dinner and two or three less formal 
gatherings (e.g. braai or cocktail party). 

The following topics will be discussed in more than ten papers during the BIOLOGY OF WATER 
PURIFICATION session on Tuesday 3 July 1990. 

The stimulation, coordination and financial support of water purification research. 

Financial aspects of the treatment of algal and inorganic suspensoid-laden waters. 

Case studies of algae and water purification problems at different localities in the Transvaal, Na-
tal and Orange Free State. 

The effect of different oxidants, dissolved air flotation and slow sand filtration on the removal of 
algae and inorganic turbidity in raw water. 

Taste and odour problems, in potable water and impoundments. 

Problems associated with algal poisons in potable water sources. 

A workshop entitled MANAGEMENT REQUIREMENTS AND RESEARCH NEEDS FOR WATER 
PURIFICATION will follow on the paper session. 

Persons interested in attending this timely meeting should complete the post card in this bulletin 
and post it immediately to the organisers or contact Professor AJH Pieterse, Chairman: Local 
Organising Committee, Department of Botany, University of the Orange Free State, P0 Box 339, 
BLOEMFONTEIN, 9300. Tel: (051) 401-4241. Fax: (051) 401-2425. 
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WISA MINE WATER GROUP 

OPEN DAY AT RUSTENBURG PLATINUM MINE 

The WISA Mine Water Group will be holding an Open Day at the Rustenburg Platinum 
Mine under the auspices of the Water Institute of Southern Africa, the South African Indus-
trial Water Association, Rustenburg Platinum Mine and Rustenburg Base Metal Refinery. 

DATE: 8 June 1990 

VENUE: Rustenburg Platinum Mine Recreation Club 

COST: R50,00 per person 

Programme 

9:00 - 	9:30 "Overview of the Water Management at Rustenburg Mine" by Rustenburg 
Platinum Mine. 

9:30 - 11:00 SESSION ON SULPHATE REMOVAL FROM MINE WATER. 

9:40 - 	9:50 "Why Remove Sulphate from Mine Water?" by HNS Wiechers, COMRO. 

9:50 - 10:00 "Barium Sulphide Process" by D Bosman, Anglo American Corporation. 

10:00 - 10:10 "Barium Carbonate Process" by C Buckley, Pollution Research Group, 
University of Natal. 

10:10 - 10:20 "Biological Sulphate Removal Process" by J Maree, Division of Water 
Technology, CSIR. 

10:20-10:30 "Ion Exchange Process" by D Everett, JCI. 

10:30 - 10:40 "SPARRO Process" by RW Busby, COMRO. 

10:40-11:00 DISCUSSION. 

11:00-11:30 TEA. 

11:30 - 12:00 ''Water Manap 	mnn( 2t, Ihe Rustenbura 	iue Metai Refiners'' 
by J Gowlanft 

12:00-12:30 WISA MINE WATEH TECHNCAL DIVISION. 
"Background the need for Division" - 
HNS Wiechers, Chairman WISA Mine Water Group. 
"WISA Philosophy on Technical Divisions" - 
PE Odendaal, WISA President. 
Vote to form Division. 
Election of Committee. 

12:30 - 14:00 LUNCH. 

14:00 - 18:00 Visit to Rustenburg Base Metal Refinery to view Brine Concentrator Faci- 
lity. (Please note that a maximum of 50 delegates can be accommodated 
on this visit. 

Enquiries should be directed to the WISA Secretariat at Tel no: (011) 728-4303 
or Fax no: (011) 728-5444. 



REFERATE 
Word gevra oor enige aspek van die multidissiplinêre 
wetenskappe wat verband hou met die bestuur en be-
handeling van water en afvalwater insluitende: 

Drinkwaterbehandeling en -verspreiding 
Vastestof/vloeistof-skeidingstegnologie 
Nywerheids- en mynwaterbehandeling 
Bestuur van die wateromgewing 
Aerobiese/Anaerobiese behandelingstegnologie 
Opvoeding en opleiding 
Bestuur van riviere en waterbronne 

Sinopsis 
Seleksie van referate vir die konferensie sal gebaseer 
word op 'n sinopsis bestaande uit 'n titel en 'n kort oorsig 
(300 woorde) wat die Sekretaresse teen 31 Julie 1990 
moet bereik. Daar is geen beperking op die aantal titels/ 
sinopsisse wat voorgele mag word nie, maar elke outeur 
sal beperk word tot die aanbieding van slegs een referaat. 

Suksesvolle Outeurs 
Sal versoek word om teen 15 Februarie 1991 die vol-
gende in te lewer: 

Twee A4 bladsye (maks.) uitgebreide opsomming vir 
voorgeskrewe formaat. Dit sal opgeneem word in 'n 
gebinde volume wat voor die konferensie aan afge-
vaardigdes beskikbaar gestel sal word. 
'n Volledige referaat nie langer as 12 A4 bladsye nie in 
voorgeskrewe formaat. Die referate sal in 'n kongres-
handleiding opgeneem word wat na die konferensie te 
koop sal wees. 

PLAKKAATREFERATE 
Sal verwelkom word. 

TAAL 
Afrikaans of Engels kan gebruik word, maar daar sal 
geen vertaaldiens beskikbaar wees nie. 

REGISTRASIE 
Op- 

merking 
AFGEVAARDIGDES: WISA-lid R425 1 

Nie-lid 	R495 	2 

DAAGLIKSE TARIEF: 	WISA-lid R185 	2 
Nie-lid R215 	2 

AANBIEDERS VAN REFERATE 

Mits referate teen 
31 Januarie 1991 ontvang is R275 	1 

STUDENTEJAFGETREDE LEDE R225 	2 

METGESELLE R225 	3 

BAN KETGASTE R 80 

Opmerking: 

Sluit in: sinopsis van referate, banket, middagetes, tee, teg-
niese toere en toegang tot uitstallings. 
Sluit in: slegs sinopsis van referate, middagete/tee en toe-
gang tot uitstallings. Banket uitgesluit. 
Sluit toere en banket in. 
Gedrukte en gebinde eksemplare van die volledige stel refe-
rate sal na die konferensie teen Ri 10 stuk bestel kan word. 

Penalisering vir registrasie na 16 April 1991 - 20% 

KANSELLASIES 
'n Bedrag van 50% sal van toepassing wees op alle kan-
sellasies wat na 3 April 1990 ontvang word. 

PROGRAM VIR METGESELLE 
Sal gereel word indien genoegsame belangstelling dit 
regverdig. 

TEGNIESE TOERE 
'n Verskeidenheid toere na nabygelee installasies sal op 
Donderdag, 16 Mei 1991 onderneem kan word. 

DIE WATERINSTITUUT 
VAN SUIDER-AFRIKA 

TWEEDE 

TWEEJAARLIKSE KONFERENSIE! 

UTSTALLING 

13-16 MEl 1991 

WORLD TRADE CENTRE 

KEMPTON PARK 

EERSTE AANKONDIGING 
en 

UITNODIGING VIR REFERATE 

OORSESE BESOEKERS 
Die presidente van verskeie vooraanstande oorsese in-
stitute wat met water gemoeid is, is uitgenooi om die 
konferensie by te woon. 

UITSTALLING 
Die lokaal is spesiaal ingerig vir hierdie doel en alles 
moontlik sal gedoen word om die grootte, oppervlakte 
en die professionele aanbieding van die stalletjies te 
verhoog. 

SOSIALE GELEENTHEDE 
Maandag 13 Mei Aand Groet en Ontmoet 
Dinsdag 14 Mei Banket 
Woensdag 15 Mel Aand vry vir eie vermaak 
Donderdag 16 Mei Opsionele ná konferensie 

toere 

PARKERING 
'n Groot area vir gratis parkering is beskikbaar. 

HOTELLE 
Die Airport Holiday Inn, Airport Sun en City Lodge is 
maklik per motor bereikbaar. 

Posbus 1948, Parklands 2121 
Tel (011) 728-4303 

Byvoegsel tot SA Waterbulletin: Maart 1990 



PAPERS 
Are invited on any aspect of the multidisciplinary 
sciences associated with the management and treat-
ment of water and waste water including: 

Potable water treatment and distribution 
Solid/Liquid separation technology 
Industrial and mining water treatment 
Management of the aquatic environment 
Aerobic/anaerobic treatment technology 
Education and training 
Management of rivers and water resources 

Synopses 
Selection of conference papers will be based on syn-
opses comprising a title and a brief outline (300 words) 
which must reach the Secretary by July 31 1990. Any 
number of titles/synopses may be submitted but an indi-
vidual author will be limited to presenting only one 
paper. 

Successful Authors 
Will be requested to submit by February 15 1991: 

Two A4 (max.) page extended abstract in prescribed 
format. This will be included in a bound volume for pre-
sentation to delegates before the conference. 
A full paper not exceeding 12 A4 pages in a prescribed 
format for binding into conference manual which will be 
for sale after the conference. 

POSTER PAPERS 
Will be welcomed. 

LANGUAGE 
Either English or Afrikaans may be used but there will be 
no translation service. 

REGISTRATION 
Note 

DELEGATES: 	WISA member R425 1 
Non-member R495 1 

DAILY RATE: 	WISA member R185 2 
Non-member R215 2 

PRESENTERS OF PAPERS 

Provided papers received by 
January31 1991 R275 1 

STUDENTS/RETIRED MEMBERS R225 2 

ACCOMPANYING PERSONS R225 3 

BANQUET GUESTS R 80 

Note: 

Includes synopses of papers, banquet, lunches, teas, techni-
cal tours and entry to exhibition. 
Includes synopses of papers lunch/teas and entry to exhibi-
tions only. Banquet not included. 
Includes tours and banquet. 
Printed and bound copies of full set of papers will be avail-
able on order after the conference at a price of Ri 10. 

Penalty for registration after 16 April 1991 - 20% 

CANCELLATIONS 
A fee of 50% will apply to all cancellations received after 
3 April 1990. Substitutions can be made at any time. 

PROGRAMME FOR ACCOMPANYING PERSONS 
Will be arranged if the demand warrants. 

TECHNICAL TOURS 
A selection of tours to nearby installations will be avail-
able on Thursday 16 May 1991. 

THE WATER INSTITUTE 
OF SOUTHERN AFRICA 

2nd BIENNIAL CONFERENCE! 
EXHIBITION 

13-16 MAY 1991 

WORLD TRADE CENTRE 

KEMPTON PARK 

FIRST ANNOUNCEMENT 

and 
CALL FOR PAPERS 

OVERSEAS GUESTS 
The Presidents of several prominent overseas water re-
lated institutions have been invited to attend. 

SOCIAL EVENTS 

EXHIBITION 
The venue is custom designed for this purpose and 
every endeavour will be made to increase the size, 
scope and degree of professional presentation of the 
stands. 

Monday 13 May Evening Meet and Greet 
Tuesday 14 May Banquet 
Wednesday 15 May Evening free for private 

entertainment 
Thursday 16 May Optional Post Conference 

Tours 

PARKING 
An extensive area of free parking is available. 

HOTELS 
The Airport Holiday Inn, Airport Sun and City Lodge are 
readily accessible by car. 

P0 Box 1948, Parklands, 2121 
Tel (011) 728-4303 
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SLUDGE 

The treatment and disposal of sewage 
sludge is frequently the most costly phase 
of municipal waste-water treatment, and 
also presents environmental, health and 
aesthetic problems. The sludge may be 
disposed of by any of the following means: 

U Application, in raw or composted 
form, to agricultural land. 

U Burial in sanitary landfill sites. 

U Disposal at sea. 

U Incineration. 

Although the properly designed disposal of 
sewage sludge to sea is unlikely to have 
any direct effects on public health when 
adequate dilution is provided for, careful 
selection of the disposal site is advisable in 
order to avoid any detrimental effects on 
the marine environment, in particular on ac-
cumulator organisms such as mussels and 
oysters. 

Incineration will avoid many of the prob-
lems associated with the disposal of sludge 
to land or sea, but it requires considerable 

capital outlay, while operating costs are 
relatively high, and careful control is neces-
sary in the removal of the resulting ash, 
dust and scrubber water and on chimney 
emissions. 

The application of sewage sludge to agri-
cultural land, often being the least expen-
sive disposal alternative, has the added 
benefit of soil-conditioning properties, and 
valuable nutrients such as nitrogen and 
phosphorus, and to a lesser extent, potas-
sium, calcium, magnesium, and certain trace 
elements, are also utilized. In many over-
seas countries it is being used increasingly 
for this purpose. Burial in landfill sites, al-
though unproductive, often has economic 
advantages, and may avoid many of the 
risks associated with land application. Since 
many sludges will contain toxic substances 
in concentrations higher than those found 
in typical soils, their continued use could 
lead to adverse crop and food chain effects, 
due to plant uptake of certain trace metals 
and of other contaminants which may be 
present in the sludge, not only in organic 

and inorganic chemical form, but also in the 
form of pathogens. Contamination of ground 
water could also result from toxic substances 
leached from the sludge. 

It is therefore essential that sludges des-
tined for agricultural applications be ade-
quately monitored forthe presence of these 
contaminants. To this end, countries such 
as the UK, USA and Canada have carried 
out countrywide chemical analyses of their 
sewage sludges and based on the results 
obtained, have subsequently established 
suitable guidelines for the application of 
this material to agricultural land. 

Since the chemical nature of sewage sludge 
varies widely, and sludge in many parts of 
South Africa may not be contaminated with 
hazardous compounds to the same extent 
as in highly industrialised countries abroad, 
the National Institute for Water Research 
(NIWR), now the Division of Water Tech-
nology (DWT) of the CSIR proposed that 
a similar exercise be carried out in this 
country, rather than merely adapt existing 

Table 1: Maximum 
permissible con-
taminant concentra-
tions (mg/kg, dry 
basis) in sewage 
sludges for applica-
tion to agricultural 
land (overseas) 

Contaminant 

Country Cd Cr Cu Pb Ni Zn Hg As Se Mo 

Belgium 10 500 500 300 100 2000 10 10 25 - 
Denmark 8 - - 400 30 - 6 - - - 
Finland 30 1000 3000 1200 500 5000 25 - - - 
France 20 1000 2000 800 200 3000 10 - 100 - 
Germany 20 1200 1200 1200 200 3000 25 - - - 
Netherlands 10 500 600 500 100 2000 10 10 - - 
Norway 10 200 1500 300 100 3000 7 - - - 
Sweden 15 1000 3000 300 500 10000 8 - - - 
Switzerland 30 1000 1000 1000 200 3000 10 - - 20 
Canada* 20 - - 500 1 	180 1850 1 	5 75 14 20 

EEC-recommended 20 750 1000 750 300 2500 16 - - - 
EEC-mandatory 40 - 1500 1000 400 3000 - - - - 
Lowest recom- 
mended value 8 200 500 300 30 1850 5 10 14 20 

Highest recom- 
mended value 40 1200 3000 1200 500 10000 25 75 100 20 

Mean of recom- 
mended values 19 795 1430 690 235 3485 12 32 25 20 

Median recom- 
mended value 20 1000 1100 675 200 3000 10 10 46 20 

* Canada: Values apply to sludges and sludge-based commercial products containing <5% nitrogen 
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SLUDGE 

overseas guidelines. The analysis results 
obtained would also provide useful baseline' 
information on the concentrations of the 
various contaminants and nutrients pres-
ent in a wide range of South African sewage 
sludges, and would assist in assessing the 
suitability of individual municipal sludges 
for agricultural and horticultural use. 

In this regard, it should be noted that the 
Department of National Health and Popula-
tion Development in South Africa stipulates 
that sewage sludges destined for agricul-
tural and horticultural use be disinfected to 
remove pathogenic organisms. 

RESU LTS 

Twelve major inorganic chemical contami-
nants (cadmium, chromium, copper, lead, 
nickel, zinc, mercury, molybdenum, arse-
nic, selenium, boron, fluoride) were identi-
fied as being commonly present in sewage 
sludge and suitable analytical methods were 
developed and tested for their determina-
tion, as well as for the determination of the 
nutrients previously mentioned. Samples 
of air-dried sludge were collected from 77 
South African sewage works and analysed 
for both inorganic chemical contaminants 
and nutrient content. 

The results obtained, as well as providing 
valuable information on the chemical qual-
ity of South African sewage sludges, were 
used in conjunction with related work pre-
viously conducted by the National Institute 
for Water Research, and with reference to 
limits laid down by various overseas coun-
tries, to prepare a set of suggested guide-
lines for the application of disinfected sew-
age sludge to agricultural land in South 
Africa. 

GUIDELINES 

It is advisable that the application of sew-
age sludge to agricultural land should be 
strictly controlled in order to minimise the 
risks associated with this practice. Guide-
lines in existence in many overseas coun-
tries at the commencement of this project 
were reviewed (Table 1). It can be seen 
from this table that there are, in many 
cases, significant differences in the guide-
lines laid down by the various countries. 

In 1984, there were no guidelines in exis-
tence in South Africa for the application of 
sewage sludge to agricultural land and the 
National Institute for Water Research pre-
pared a set of suggested guidelines for the 

Department of National Health and Popula-
tion Development, based largely on results 
of a survey on the concentrations of heavy 
metals in sewage sludges in the Cape 
Province. Limits were suggested for cad-
mium, cobalt, chromium, copper, mercury, 
molybdenum, nickel, lead and zinc, in the 
case of 'Type D' sludge (i.e. pasteurised, 
heat-treated, irradiated, lime-stabilised, f u-
migated or composted sludge) produced 
for unlimited use on land at a maximum 
application rate of 8 dry tons/hectare/year 
(Table 2). 

In formulating the suggested guidelines 
listed in Table 3 cognisance was taken of 
the following: 

U Existing overseas guidelines (Table 1 - 
see page 10 please). 

TOP: Aerobic stabilisation of 
sewerage sludge before 
composting. 
80/TOM: Sludges of acceptable 
chemical content can be 
cam posted for agricultural use, 
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SLUDGE 

Table 2: 

Maximum metal content in Type D 
sewage sludge 

Metal Maximum metal 
content (mg/kg 

dry_sludge) 

Cadmium 20 

Cobalt Aiik 	 100 

Chromium 2750 

Copper 750 

Mercury 10 

Molybdenum 25 

Nickel 200 

Lead 250 

Zinc 2750 

U Research for the Department of Na-
tional Health and Population Develop-
ment (Table 2). 

U Results obtained from the analysis of 
sludges from the 77 South African sew-
age works co-operating in this project. 

In addition to those contaminants for which 
maximum limits were established for the 
Department of National Health and Popula-
tion Development (Table 2), maximum per-
missible concentrations were proposed for 
arsenic, selenium, boron and fluoride, while 
a recommended range was proposed for 
pH value. No criteria were suggested for 
cobalt as this metal is not generally in-
cluded in existing guidelines for sludge 
uitlization. 

Of the 77 sludges characterized, 45 were 
found to have met the suggested guide-
lines, while another 16 were over the sug-
gested maximum permissible concentra-
tions in the case of one contaminant only. 
The remaining 16 sludges exceeded the 
suggested maximum permissible concen-
trations for two or more contaminants. 

ORGANIC 

A parallel project, on the organic contami-
nants found in sewage sludges, was car-
ried out by the NIWR/DWT, under the 
sponsorship of the Foundation for Research 
and Development (FRD), between 1986 
and 1989. 

Table 3: 

Proposed South African guidelines 
for maximum permissible concen-
trations of inorganic chemical con-
taminants in sewage sludges for land 
application 

Contaminant Maximum permissible 
concentration 

(mg/kg, dry basis) 
Cadmium 20 

Chromium 1 500 

Copper 1 000 

Lead 750 
Nickel 300 

Zinc 3000 
Mercury 10 

Arsenic 15 
Selenium 15 

Molybdenum  20 
Boron 80 

Fluoride 400 

pH (pH units) 5,8 - 7,8 

U Guidelines proposed by the National In- CONTAM I NANTS stitute for Water 

Dried sludge. 

Copies of this report, No. 180/1/89, are available from the Water Research Commission. To order, please 
complete the postcard in this Bulletin. 
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Product water (clear 
water) from high rate 

tube settler. 

COMRO improves 
high-rate 
underground 
settling 
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M I N E W A T ER 

Underground settling 
at rates up to thirty 
times that of conven-
tional underground 
settlers has been 
achieved in full-scale 
field trials of a newly 
developed settling 
tube technology. 

COMRO (Chamber of 
Mines Research Organization) 
has recently completed a 
120 e/s high-rate underground 
settling field trial successfully 
at a gold mine in the Carleton-
ville area. Settling rates of up 
to 100 m/h and settlers upflow 
rates of up to 60 m/h were 
obtained using settling tubes 
retrofitted to an existing 
underground settler. This is 
better than an order of magni-
tude improvement on stan-
dard underground settlers 
which operate at settling and 
settler upflow rates between 
land 10 m/h. The heartof 
this process is the use of 
settling tubes' which allow 
optimum flocculation under 
widely varying process 
conditions. 

Settled clear water with a sus-
pended solids level below 50 
mg/I was consistently pro-
duced as shown in the 
diagram. Under optimum 
operating conditions (good 
neutralisation and floccula-
tion), clear water suspended 
solids levels below 5 mg/e 
were obtained. This high 
quality water was produced 
under highly fluctuating flow 
conditions, i.e. upflow rates 
between 10 and llOe/s, and 
with the feed water sus-
pended solids varying 
between 200 and 40 000 
mg/e. This is unlike conven-
tional underground settlers 
which generally perform satis-
factorily only under reasona-
bly steady flow conditions. 

This newly developed settling 
technology has major ad-
vantages for the mining indus-
try. The settling tubes can 

easily be retrofitted to existing 
overloaded underground 
settlers. By using this 
technology when developing 
new underground settlers, in-
stallations and excavations 
are possible which are up to 
25 times smaller than for 
many conventional settlers, 
thereby resulting in significant 
cost savings. The ability of 
the high-rate settling tubes to 
accept widely fluctuating flow 
rates removes the need for 
expensive dirty water surge 
dams. 

The high-rate settling tube 
technology was originally 
developed by a local water 
treatment company - Water 
Renovation (Pty) Limited - 
for use in the purification of in-
dustrial effluents and process 
waters. COMRO, together 
with this company, evaluated, 
developed and modified the 
original technology to meet 

the specific requirements and 
conditions of the mining in-
dustry. 

The technology was first re-
fined in an 18 month pilot 
plant study at a Witwa-
tersrand gold mine. During 
the pilot plant phase, the 
settling tubes were closely 
observed and monitored while 
being subjected to a range of 
typical mining-environment 
conditions were necessary to 
overcome the problem. The 
performance of the settling 
tubes under different operat- 

ing conditions was evaluated 
and allowed the determina-
tion of the operating limits of 
the process. 

Upon completion of the pilot 
plant study, this technology 
was tested at full scale in a 
collaborative study between 
COMRO and a mine in the 
Carletonville area. Full-scale 
settling tubes were retrofitted 
to an existing underground 
settler for evaluation in a nine 
month field trial. The field 
trial was also closely moni-
tored and brought to light the 
need for further settling tube 
modifications in order to over-
come practical problems ex-
perienced with the original 
design. The need for 
adhering to simple, but 
essential principles, in the 
operation of underground 
settlers was also strongly 
highlighted during the field 
trial. 

The result of COMRO's 

extensive pilot plant studies 
and field trials, is a settling 
technology which has been 
extensively evaluated and 
specifically tailored to meet 
the difficult conditions 
encountered in underground 
settling. By using this tech-
nology and adopting a system 
approach to underground 
settler design, a reliable and 
efficient settling operation, 
capable of dealing with real 
underground conditions can 
be designed for any South 
African gold mine. 
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The Water Research Commission is presently supporting a 
structing the climatic history of the past 2000 years of the sur 

In order to improve the available knowledge of the annu 
attempts have been made in South Africa and abroad, to rel 
rings (dendrochronology) of trees that are several hundred 
had limited success. 
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Charcoal samples from 
archaeological excavations 
catalogued and kept in the 
reference collection of the SA 
Museum. 

HYDRO METEORO LOGY 

LEFT: Mr Scholtz looking at a cross-
section of charcoal, using a 
standard light microscope. 
BELOW: Charcoal from an 
archaeological excavation. 

ood anatomy, reflecting the cli-
mate underwhich itwas formed, 
shows a better correlation with 
climatic change than does tree 

growth rings. Acomparative analysis of the 
wood anatomy of fossil wood (charcoal) 
and fresh wood from selected sites will form 
the basis of this unusual project headed by 
Mr Anton Scholtz of the Palaeobotany 
section of the SA Museum in Cape Town. 

According to Mr Scholtz the research proj-
ect has two main aspects; one aspect 
entails the quantitative analysis of the wood 
anatomy of identified pieces of fossil wood 
(charcoal) from dated archaeological de-
posits. The other aspect comprises the 
analysis of the relationship between wood 
anatomy and climatic variables in the pres-
ent day environment. 
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CHARCOAL 

Charcoal is virtually always recovered from 
archaeological excavations. This charcoal 
is actually fossil wood preserved in this 
particularform and it holds information about 
the climatic conditions prevailing during the 
lifetime of the trees from which the wood 
came. 

In an archaeological excavation there are 
often a number of archaeological layers. In 
any one such a layer charcoal of a specific 
time period is found. Thus charcoal from 
these different layers represents fossil 
wood of different time periods from the 
same area. The charcoal in these layers 
can be studied for changes in the wood 
anatomy that will indicate changes in the 
climate of that particular area. 

Although the wood has undergone charring 

in a fire, the anatomical structure and inter-
nal proportions of the original wood have 
been retained. Through experimental firing 
of fresh wood it has been determined that 
the wood shrinks by approximately 25 per 
cent. 'But the internal proportions remain 
the same," says Mr Scholtz. 

For the actual study of the fossil wood 
anatomy a piece of charcoal is notched and 
then snapped to get a clean break and 
visual section. A section obtained in this 
manner will not be as flat as a microtomed 
section but a good image can nevertheless 
be obtained with a scanning electron micro-
scope (SEM), which has a greater depth of 
field than a light microscope. 

The photographic image obtained by means 
of the SEM is placed on a digitising tablet 
and a number of anatomical variables (e.g. 
vessel diameter, number of vessels per 

mm2) are measured by computer and fed 
directly into a databank in the computer. 
The data thus obtained and stored will be 
used to form the basis of the rainfall recon-
struction. 

To interpret this data obtained from the 
fossil wood in terms of rainfall and climate, 
it is necessary to turn to fresh wood and 
present day rainfall and climate records to 
find the correlations between wood ana-
tomy and climate. This aspect of the re-
search project requires extensive field and 
laboratory work as well as data capturing 
on computer. 

FRESH WOOD 

For the wood anatomy - climate relation-
ship analysis fresh wood had to be col-
lected from the summer rainfall area. Mr 
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Scholtz says that the initial idea was to 
identify wood from the archaeological rec-
ord and then to collect fresh wood samples 
of the species identified in the archaeologi-
cal record. However, with too many uniden-
tified pieces of charcoal in the archaeologi-
cal collection of the museum the research 
team had to set out and collect adequate 
samples of whatever fresh wood was com-
monly available at each site along a climatic 
gradient. 

CLIMATIC GRADIENT 
Fresh wood samples were collected from 
the vicinity of the archaeological sites as 
well as from other areas, along a climatic 

gradient, in the summer rainfall area. The 
climatic gradient ranges from wet to dry and 
hot to cold. Sites in the Drakensberg repre-
sent a cold and wet climate. The most 
northern site at the Limpopo river represent 
a warm, dry climate. The sites along the 
climatic gradient also range from Kimber-
ley, which is hot and dry, to the eastern 
Transvaal as well as northern and central 
Natal. Northern Natal represents a warm, 
subtropical climate. 

3 000 SAMPLES 

At each site least five different trees of a 
particular species were sampled. From 

each tree at least three different branches 
of varying diameter, ranging from small and 
thin to medium thick branches, were taken. 
In all some 3000 individual wood samples 
were collected in order to study the anat-
omy of the fresh wood, and to get an over-
view of species commonly found across the 
range of the climatic gradient. 

These samples are catalogued and cu-
rated for future reference. The museum 
keeps both a dry and a "wet" collection of 
the wood samples. The wet collection 
comprises a comprehensive collection of 
thin sections of each wood sample, pre-
served in a solution of a alcohol, glycerol 
and water. The samples in the wet collec-
tion retain the proportions and exact size of 
the fresh material. 

The thin sections necessary for studying 
wood anatomy, are obtained by cutting thin 
(15 - 25 l.Lm) cross-sections with a mi-
crotome. These thin sections are stained 
with saffranin, a biological stain, to accen-
tuate the anatomy of the wood. The stained 
and mounted sections can be studied and 
photographed under a standard light micro-
scope. The microscope image of the thin 
sections can be projected onto the digitis-
ing tablet of a small computer for measuring 
the dimensions and distribution of various 
plant cells. However, colour slides of the 
thin sections taken under the microscope 
and projected by an inverted slide projector 
give a brighter colour image on the digitis-
ing tablet. 

A cross-section of charcoal (Morph. type 1) under the scanning electron 
microscope (SEM). 
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A cross-section of fresh wood (Protea nitida) under a light microscope. 

Some of the fresh wood samples 
collected by the research team 
during a recent field trip in the 
summer rainfall area. 



HYDROMET'EOROLOGY 

Macaranga capensis (5X) 	 Rhus chirendensis (5X) 	 Maytenus acuminata (5X) 

Cross-sections of different tree species clearly showing variation in size and frequence of the vessels (V). 
Trees growing in warm, wet areas usually have few but large vessels, while trees growing under cold and/ 
or dry conditions have a large number of small vessels. 

Mr Anton Scholtz at the apparatus 
he constructed whereby colour 
slides of cross-sections are projected 
onto the digitising tablet from which 
measurements are relayed to the 
computer. 

VASCULAR SYSTEM 

The vessels are the main water transport-
ing elements in a plant and form the plant's 
vascular system, or "plumbing'. 

Most information regarding the correlations 
between wood anatomy and rainfall can be 
gleaned from measurements taken of the 
vessel system. Radial as well as tangenial 
vessel diameters of each vessel are meas-
ured. According to Mr Scholtz the radial 
vessel diameter appears to be particularly 
sensitive to ecological factors such as rain-
fall. 

Other wood variables being studied are 
maximum and minimum vessel sizes, size 
range and mean diameter of vessels, as 
well as total vessel area and the number of 
vessels per cm2, etc. If necessary meas-
urements of fibres and parenchyma cells 
are also taken. At least 50 vessels of each 
piece of wood are measured. Measure-
ments are relayed directly from the digitis-
ing tablet to the computer. 

CORRELATIONS 

The wood anatomy variables obtained by 
measurements are to be correlated with 

climatic variables, e.g. mean annual pre-
cipitation, mean precipitation of the wettest 
month, annual moisture index, etc. 

From these basic variables indices can be 
constructed and these may prove to corre-
late more closely with climatic variables 
than the wood anatomical variables them-
selves. Thus, for instance, an index called 
"vulnerability" which is obtained by dividing 
the mean vessel diameter by the number of 
vessels per mm2, is often used by ecologi-
cal wood anatomists and has proved to be 
a sensitive indicator of a plant's ability to 
withstand drought stress. 

Presently MrScholtz and his research team 
are busy with the mammoth task of analy-
sing the anatomy of wood samples col-
lected from sites distributed along the cli-
matic gradient in the summer rainfall area. 
The analysis is done by means of a digitiser 
linked toacomputer. Owing to the develop-
ment of an efficient data capturing system 
it has become feasible for them to attempt 
to obtain the number of observations re-
quired in order to achieve reliable correla-
tions between wood anatomy and climate. 
Once having acquired a knowledge of these 
correlations they hope to begin a recon-
struction of the climatic history of the sum-
mer rainfall area. 
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Chemical 
contaminants in 
SA's food and 
water studied 
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cations of chemical residues 
in food and water has been 
completed by a researcher 
from the faculty of Medicine 
at the University of Cape 
Town. 

In a final report on the study 
presented to the Water Re-
search Commission, Dr HO 
Fourie, says the objective of 
the project was to obtain es-
timates of the intake of pesti-
cide residues by South Afri-
cans via food and water con-
sumption and to correlate 
such data with acceptable 
daily intakes. 

20 	 SA Waterbulletin Maart 1990 



DRINKING WA TER 

Comparison of such results with the legal 
limits set for pesticide residues in food, says Dr 
Fourie will disclose whether the individual or 
population is subjected to chronic exposure 
and whether current regulatory practices 
are adequate to protect all consumers. 

According to the report it was found that the 
annual intake of pesticides in South Africa re-
sults in a dose of approximately 250 mg/m2  
which compares favourably with consump-
tion rates of other developed countries. 

Food intake data was calculated from 24-
hour dietary recall studies. Over a period of 
one year residues of only four compounds 
were present in 33 composite, ready-to-eat 
foods, consisting of 5538 foodstuffs sampled 
country-wide, and representing 142 differ-
ent food items categorised into eleven food 
groups. The residues found were well within 
acceptable levels and compared favoura-
bly with those found in the diets of deve-
loped countries. 

In this report Dr Fourie draws the conclusion 
that possible chronic exposure due to agri-
cultural chemical contaminants does not 
exist and emphasises a sound regulatory 
policy towards the use of these chemicals in 
South Africa. 

Copies of the report, WRC report no 173/1 / 
89, are available from the Water Research 
Commission. To order please complete the 
postcard in this Bulletin. 

Chemicals are indispensable substances for the survival of 
mankind and for the continuation of all forms of life. They make up 
the air we breathe, the food we eat and the energy we use. 
However, if not used correctly and responsibly, chemicals can 
have a very serious detrimental effect on man and the ecology. 

The effect of chemicals on the health of man depends on their 
chemical and physical properties, the duration and frequency of 
exposure, accumulation and metabolism and the ability of the 
human being to offer resistance. 

Poisoning due to the use of pesticides is to be expected in South 
Africa, as in most other countries in the world. In the handling of 
pesticides, statistics show South Africa to be vulnerable to an 
appreciable number of deaths and poisoning cases. There could 
be a number of reasons for this phenomenon, two of these 
probably being ignorance and negligence on the part of officers in 

charge of handling pesticides, and perhaps the most important, the 
use of unskilled labour in applying and handling pesticides. It is be-
lieved that the South African agricultural industry represents both 
the First and Third World and should thus be ideally suited for 
investigating acute intoxication due to chemicals used in the 
agricultural industry, as well as chronic exposure to residues of 
agricultural products in the diet of South Africans. 

Dietary intake studies provide the information needed to assess 
potential health problems and the exposure of a population to 
chemical residues in the diet and environmental pollutants. 

The consumption of "contaminated" food and beverages con-
stitutes only a variable part of total food and water consumption. 
Likewise, cooking and preparation of foods may change the 
concentration of contaminants. Individual food preparation habits 
and the choice of various foods and beverages are thus of the 
utmost importance. 

WATER 

Water must always be included in the dietary intake study. Not only 
is water perse consumed, but it is used for cooking and for making 
beverages. It is used in the reconstitution of dehydrated foods and 
in the cooking of food which is typical of that used by the population 
group under study. As an example, in a typical USA total diet, 
beverages including water (but excluding water used for cooking 
and with evaporated milk powder, as well as beer, wine, ale etc.), 
forms 22,5 per cent of the total diet. When carbonated and non-
carbonated soft drinks, beer, ale and orange juice are included 
(but cooking excluded), water forms 40 per cent of their diet. 

Intake of drinking water varies significantly between communities 
and amongst individuals. Should the intake of water per se be cal-
culated from the literature, it would amount to approximately an av-
erage of 1,2 litres per day (0, ito 9,8) for adults, and 800 mI/day for 
babies and small children. For healthy people the water intake 
from all sources closely matches the amount lost by the urine, 
faeces, etc., maintaining a state of equilibrium. Amongst individu-
als this varies widely, but on average amounts to 2,5 litres per day. 

All food derived from living or dead material contains water. 
Foods, such as fruit and vegetables, can be regarded as living or-
ganisms until cooked. For many fresh foods derived from animals 
(milk, meat, fish, eggs) the water content ranges from about 65 to 
87 per cent, the highest content being in meat, poultry, fish, fruit, 
leafy brassicas, potatoes. However, in meat and fish the water 
content depends greatly on the fat content, e.g. herring (fatty) 
holds more water than cod or haddock. Water makes up from two 
to nearly seven times the quantity by weight of dry solids present 
and in fruit and vegetables, 75 to 98 per cent is water. Some foods 
(sugar, chocolate and cooking oil) contain less than 1 per cent 
water; starches, flour and biscuits contain from 5 to 15 per cent. 
The water content of foods which come directly from animals, such 
as milk and eggs, is fairly constant because the functioning of these 
products in their natural state requires close control of this compo-
nent. In others, e.g., fruit and vegetables, there is less close 
biological control; thus much depends on various factors, such as 
weather and species. The water content of apples varies from 75 
to 85 per cent, of potatoes from 65 to 85 per cent, of spinach from 
85 to 95 per cent. The water content of plant tissues changes after 
harvesting because of physical water losses and metabolic changes. 
Water losses in foods stored in contact with air, such as fruit, 
potatoes and eggs, depends on storage temperature, humidity and 
air movement. 
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ORGANIC CONTAMINANTS 

The significance of trace concentrations of organic contaminants 
in drinking water to public health is largely inconclusive and 
controversial, since there is a general paucity of information 
concerning human health effects from which to draw conclusions. 
Exposure to such toxic organic compounds in drinking water is only 
a small percentage of the total exposure to these substances. 
Other routes of intake include food and air. A survey of pesticide 
levels in water in the United Kingdom revealed that even in the 
worst case the human intake of organochlorine insecticides from 
drinking water would not exceed 0,5 per cent of the total dietary 
intake of such substances. Polynuclear aromatic hydrocarbons 
(PAH) ingested from drinking water may only amount to 0,1 per 
cent of the intake from food sources. Many medical preparations 
contain a relatively large proportion of chloroform; a few spoonsful 
of such medicines is equivalent to a lifetime ingestion of chloroform 
from drinking water. The toxicity of a compound could depend 
upon its mode of ingestion (whether food or water, etc.) and also 
on whether or not it is adsorbed on particles. Perspective is 
therefore required in evaluating the problems posed by trace 
amounts of organic compounds in water. 

METHODS 
It was not the object of this study to make food intake assessments. 
It was the aim of this project to derive intakes of contaminants, and 
therefore all available data on food consumption patterns in the 
Republic of South Africa have been used to develop a sampling 
program. 
Food intake data were calculated from 24-hour dietary recall 
studies which had been undertaken in the Cape Peninsula and 
three rural towns. 
Normally, the 24-hour recall method is only suitable when several 
24-hour recalls per person are undertaken. However, it has been 
established that a single 24- hour recall within a large population 
does reflect reliable average long-term intakes since the group 
mean values obtained by this approach do not vary significantly on 
a day-to-day basis. 
Three approaches, based on food consumption data were avail-
able for the estimation of the daily intake of a contaminant: 

U Total diet ("Market Basket") studies; 

U selective studies of individual foodstuffs; and 

U duplication portion studies. 

Only one of these approaches (total diet or "Market Basket") was 
used. 

The market basket approach entails table-ready prepared foods of 
a defined total diet consumption. Food commodities are combined 
in food group composites in proportions based on consumption 
data, and each group analyzed separately for the different con-
taminants selected. Such analyses allow calculations for each 
composite group - which will reflect the distribution of contami-
nants amongst composite groups - as well as for the diet as a 
whole. 

A standard shopping list was developed describing the food item 
and quantity to be supplied. The 142 food items were arranged 
according to the following 11 food classes: 

Food class 	 Number of items 

 Vegetables 13 

 Fruit 8 

 Meat, meat products and poultry 24 

 Cereals 33 

 Eggs 1 

6 Fish 6 

7. Soup 7 

8 Fat and oils 3 

 Milk and milk products 18 

 Sugars and sweets 12 

 Beverages 17 

r—
TOTAL 142 

Sampling was done on the same day at the 13 locations and 
samples were transported by air, under refrigerated conditions, to 
the analyzing laboratories in Cape Town. Thus for each sampling, 
1 846 food items from the 13 locations were sampled, which 
totalled 5 538 food items for the three calendar periods. 

One of the laboratories was established as a kitchen facility. On 
receipt of each batch of 1 846 samples, samples were categorized 
and prepared for consumption. Samples to be prepared as ready-
to-consume foods, were processed according to a pre-prepared 
cookbookto standardise all methods used, which consisted of typi-
cal, normal household recipes consistent with cultural habits. 
Mixing, blending and homogenization of samples were done 
carefully to obtain representative samples. Although all possible 
care was taken not to contaminate any samples, equipment and 
containers used were those typical of a South African kitchen so 
that normal contamination or loss of contaminants, if any, would be 
reflected in the analytical results. Prepared samples were frozen 
in large mouth glass containers until analysis could be done. 

Analyses were done at the Chemical Health Laboratories of the 
Department of National Health and Population Development in 
Cape Town. After food preparation and composition into the 11 
groups, each group was analyzed separately by multi-residue 
procedures, covering a wide range of contaminants. All samples, 
composite and individual, were analyzed for organochlorine, or-
ganophosphate and polychlorinated biphenyl (PCB) residues, 
cadmium and lead. 

RESU LTS 

Residues were found in eight (73 per cent) of the diet groups, with 
no residues found in soups, sugars and beverages. DDT, dieldrin 
and dicloran were present in seven groups, while the organo-
phosphate mercaptothion was only present in cereals. it is 

Sampling sites chosen were representative of all the geographi- somewhat surprising to find residues of mercaptothion in grains 
cally important cultural regions within the country. These were the and not in fruit and vegetables as this compound is extensively 
major cities from the four provinces including six rural towns. 	used on the latter, although the maximum residue levels allowed 
Sampling was done during the months of July, October and in fruit and vegetables are much lower (2 to 4 mg/kg) than in grain 
January/February, from supermarkets and butcheries normally (8 mg/kg). It is also surprising to find mercaptothion residues at a 
available to the public, 	 concentration of 0,05 mg/kg in ready-to-eat cereals. 
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FACTS ABOUT THE INTERNATIONAL ASSOCIATION OF 
HYDROLOGICAL SCIENCES 

(Largely from the IAHS Yearbook 1987-91) 

The International Association of Hydrological Sciences (IAHS) is 
the oldest and foremost of the international non-governmental 
organisations dealing with hydrology and water resources includ-
ing glaciology. It was established in 1922 to bring together 
individual hydrologists to promote the science that involves them. 
It is one of the more active of the seven associations which together 
form the International Union of Geodesy and Geophysics (IUGG). 

IUGG, which was setup in 1919 to promote and 
coordinate physical, chemical and mathemati-
cal studies of the Earth and its immediate 
spatial environment, meets in General Assem-
bly once every four years. At General Assem-
blies the Union's scientific and business activi-
ties are conducted and the President and other 
Officers of the Union are elected. The present 
President and Secretary General are Profes-
sor VI Keilis-Borok (USSR) and Professor 
P Melchior (Belgium). 

IUGG is itself one of the 20 scientific unions 
which are grouped within the International Council of Scientific 
Unions (ICSU), the international non-governmental scientific or-
ganisation which was set up in 1931 to encourage international 
scientific activity for the benefit of mankind. ICSU meets once 
every two years in General Assembly to conduct its scientific and 
business activities and to elect its officers, a past Secretary-
General being Professor JCI Dooge (Ireland), one of the Past-
Presidents of IAHS. 

AIMS 

The aims of IAHS include the promotion of the study of hydrology, 
the provision of means for discussion, comparison and publication 
of results of research, and the initiation and coordination of 
research that requires international cooperation. To fulfil these 
aims the Association organises general assemblies, symposia 
and workshops in various parts of the world, publishes the pro-
ceedings of these meetings (the well-known red cover hydrologi-
cal publication), and special monographs. It also publishes the 
Hydrological Sciences Journal, contributes to a wide range of 
international initiatives and generally fosters activities and col-
laboration in hydrology and water resources. 

ASSEMBLIES AND SYMPOSIA 

The IAHS meets once every four years in General Assemblies. 
The last one has been in Vancouver (1987) and the next one will 
be held in Vienna in August 1991. At the General Assemblies the 
Association holds symposia, considers its past and future pro-
grammes, the regulation of the Association and elects its office 
bearers. 

The Association held its First Scientific Assembly at Exeter, UK in 
1982 and in May 1989 Baltimore was the site of the Third Scientific 
Assembly. At these assemblies a pattern of several symposia, 
workshops and working group meetings has established itself. 

In the years between assemblies, the Association organises 
specialised symposia, it co-sponsors symposia in partnership with 
other bodies and it supports the symposia other bodies organise 
which are concerned with hydrology and water resources. The 
symposia the Association organises itself are usually by one of the 
Association's Commissions. 

THE STRUCTURE OF IAHS 

The Association is headed by a President 
(presently Dr V Klemes of Canada), who is 
supported by a Secretary-General (presently 
Mr JJ Colenbrander of the Netherlands) and a 
number of other office-bearers. It does its work 
through its Assemblies, its National Commit-
tees and its Scientific Commissions. 

There are six Scientific Commissions within 
the Association, each dealing with a specific 
area in hydrology. 

Most countries which are members of IUGG 
have a National Committee for the IAHS. In 

South Africa as in many other countries the National Committee is 
made up of representatives on the different Scientific Commis-
sions. Present chairman of the SA National Committee (SAN-
CIAHS) and national representative is Mr E Braune. 

THE INTERNATIONAL COMMISSIONS OF THE IAHS 

International Commission on Present President SA Representative 

Surface Water (ICSW) Prof HJ Liebscher, 

Federal Republic 

of Germany 

Prof RE Schuize 

Ground Water (ICGW) Dr SM Gorelick, USA Dr BD Bredenkamp 

Continental Erosion (ICCE) Prof DE Walling, UK Dr A Rooseboom 

Snow and Ice (ICSI) Prof V Kotlyakoir, 

USSR 

Prof DC Midgley 

Water Quality (ICWQ) Dr RA Gras, France Prof D Hughes 

Water Resources Systems 

(ICWRS) 

Prof U Shamir, 

Israel 

Prof WJR Alexander 

Remote Sensing and Data 

Transmission (ICRSDT) 

Mr JW Trevett, UK Mr H Maaren 

The Association also has individual members who are named by 
National Committees of the member countries from amongst those 
hydrologists with established reputations who have played or are 
playing a substantial part in IAHS activities. To date South Africa 
has five such individual members. Otherwise, affiliation of IAHS is 
by country through payment of a national annual subscription to 
IUGG, which is made in our case through the ICSU secretariat 
within the CSIR. 

SANC 
IAHS 
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NUUSBROKKIES 

On the occasion of a recent overseas visit, 
Mr Charles Chapman, research manager 
at the Water Research Commission, had 
the rare opportunity to attend a one day 
symposium on 'Sediment transport by wind 
and water'. What made the occasion spe-
cial was the presence of the guest speaker, 
93 year old Brigadier Ralph Bagnold well-
known author, explorer and pioneer. Those 
who have studied the phenomenon of 
sediment transport will readily recognise 
the name. 

In this article, based on a paper: THE LIFE 
AND SCIENCE OF R.A. BAGNOLD*, Mr 
Chapman reveals more about this interest-
ing scientist. 

It is said that, "old soldiers never die, they 
simply fade away". What the eventual fate 
of scientists may be, is uncertain, for, as 
long as there are questions to be answered, 
it is unlikely that they will find the time to 
even consider retirement. 

Such a scientist is the inimitable Brigadier 
Ralph Bagnold who for 60 years has been 
making significant practical and theoretical 
contributions to the sciences of fluid me-
chanics, hydraulics and the physics of 
sediment transport. Now, almost 94, he is 
probably best known for his pioneering 
work describing the physics of wind blown 
sands. 

Between stints in the army, he completed 
an honours degree at Cambridge before 
being stationed in Egypt where he and 
fellow officers explored the vast unmapped 
depths of the desert using the Model T Ford 
for transport. 

It was out of necessity that they invented 
the recondensing radiator system, as the 
Model T could not carry sufficient topping-
up water for the radiators in use at the time 
which expelled steam directly to atmos-
phere. Another ingenious invention was 
the very dependable 'sun compass' which 
later became standard issue to Egyptian 
survey geologists and geographers. 

After retiring from the army for the first time 
in 1935 he published an exciting chronicle 
of his desert explorations called Libyan 
Sands (Bagnold 1935) and followed this in 
1941 with his second book entitled The 
Physics of Blown Sand and Desert Dunes 
which is considered a classic still today. 

His desert experience was put to good use 
after re-enlisting in 1939 when he estab-
lished the exclusive, self-contained, Long 
Range Desert Group (LRDG) whose ex-
ploits are legendary. These exploits, which 
created frequent havoc for enemy supplies 

and aircraft up to 1300 km inside hostile 
territory, were the subject of an official 
dispatch by General Wavell in 1941. 

Bagnold retired with the rank of Brigadier in 
1944 and spent a few years as Director of 
Research for Shell Oil. Thereafter he de-
voted his efforts to tackling the physics of 
the movement of all granular materials in 
any fluid. His goal was to derive an explana-
tion based on the physical principles of hy-
draulics, fluid mechanics and particle phys-
ics and thus eliminate the empiricism domi-
nating the difficult problem of describing the 
transport of solids in water. 

A series of papers were published on the 
topic by the U.S. Geological Survey the 
most significant being An Approach to the 
Sediment Transport Problem from General 
Physics (Bagnold, 1966). In the field of 
oceanography, he studied the motion of 
sand on beaches and in the nearshore 
zone (Bagnold, 1963). The Brigadier also 
described the hydraulics of submarine 
density currents (Bagnold, 1962), while in 
geography, his desert explorations through-
out Libya and the Sinai earned him the 
Founder's Gold Medal from the Royal 
Geographical Society. 

Brigadier Bagnold enjoyed a distinguished 
international scientific stature as evidenced 
by his election to Fellowship of the Royal 
Society of London in 1944, and to the Im-
perial College of London in 1971. He re-
ceived the G.K. Warren Prize from the U.S. 
Academy of Sciences in 1969, the Penrose 
Medal from the Geological Society of 
America in 1970, the Wollaston Medal from 
the Geological Society of London in 1971, 
an honorary DSc from the University of 
East Anglia in 1972, the Sorby Medal from 
the International Association of Sedimen-
tologists in 1978, and the David Linton 
Award from the British Geomorphological 
Research Group in 1981. He was also 
decorated by the Throne for his invaluable 
service to his country. 

The conception and production of a variety 
of practical scientific instruments have been 
entirely incidental to his various exploits. 
The "desert-sun compass," the "instant-
reading, multi-tube manometer," and the 
"piezo-electric pressure gauge," are but a 
few examples of his creativity (Bagnold, 
1953). 

Indeed it was a great priviledge for me to 
personally meet with such a grand scientific 
personality. 

* Robert C. MacArthur, MauriceJ Kenn,Colin A. Thorne, 
Jeffrey B. Bradley. 
Hydraulic Engineering: Proceedings 1988 

National Conference of the Hydraulic Division of the 
American Society of Civil Engineers, held at Colorado 
Springs, 8- 12 April 1988. 

Dr Sue Walker of the Soil and 
Irrigation Research Institute. 

The DF Retief floating trophy for the best 
paper in the category scientists under the 
age of 40 was awarded to Dr Sue Walker of 
the Soil and Irrigation Research Institute at 
the recent South African Crop Production 
Congress. Dr Walker reported on herWRC 
supported research work on the determina-
tion of water requirements of certain sea-
sonal crops at Roodeplaat as a function of 
soil, plant and atmospheric factors. This 
research commenced in 1976 and Dr Walker 
is the fifth scientist awarded the trophy for a 
paper based on this research. 

Pilot tests for water contaminated with heavy 
metals are planned for a new magnetic 
waste-water treatment process developed 
by Smit Transformatoren B.V. (Nymegen, 
The 'Netherlands). It meets phosphate 
emission standards for Switzerland, FRG, 
The Netherlands, and Denmark which 
become effective in 1995. According to 
International Water Report (12487) a com-
pany official said the high-gradient mag-
netic separation technique lowers phos-
phate levels to under 1 milligram per litre, 
compared to 1 to 2 mg/e for conventional 
chemical precipitation. In trials of the tech-
nique, loadings of 6 mg/e were cut to 0.4 
mg/e. 
Chemical Engineering (6/89) reports that 
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Mrs Tineke van der Schyff 
do Water Research Commission 
P0 Box 824 
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BOOK ORDER 
Complete and return to the Water Research Commission, P0 Box 824, Pretoria 0001. 

copy/copies of: The effective use of water by means of an algal aquaculture system by S A 

Mitchell. (WRC Report no. 182/1/89). 

copy/copies of: Inorganic chemical characterization of South African municipal sewage 

sludges by R Smith and H Vasiloudis. (WRC Report no. 180/1/89). 

copy/copies of: An estimation of the health implications of chemical contaminants in food and 
water - a total diet (Market Basket") study by H 0 Fourie. (WRC Report no. 173/1/89). 

Name.................................................................................................................................................. 

Address.............................................................................................................................................. 

Telephone............................................................................Postal Code ....................................... 

Signature..............................................................................Date .................................................. 



BIOLOGY OF WATER PURIFICATION 
1990 Congress 

Southern African Society of Aquatic Scientists 

REPLY FORM 
If you are interested in attending the congress or the session on the Biology of Water Purification 
and would like to receive further information, please complete and return at your earliest 
convenience to: The Organiser, SASAS Congress, P0 Box 4345, BLOEMFONTEIN 9300. 

Surname......................................Title ..............................................Initials ..................................... 

Postal Address 

.....................................................................................Postal Code ....................................... 

Telephone......................................Institution ................................................................................ 

I intend attending the entire congress: Registration R160* the Water Purification Session: 
Registration R70*.  

I intend to stay in Bloemfontein for . . . day(s) from . . . to . . . July and would/would not* 
like to provisionally reserve a room for me at the City Lodge (R83 single; R58 sharing)* or 
Stanville R56 single; R38 sharing)*.  

* Kindly encircle your choice. 
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Potable Water Purification 

Waste Water Purification 

Water Analysis 

Water Quality Management 

Laboratory Management 

Cooling and Boiler Water 
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NATURAL SCIENCES 



SHORT COURSES 
2002 

REGISTRATION FORM 
FAX TO: Ms Zicki Joubert 

Technikon Pretoria 
Department of Water Care 
Fax: 	(012) 318 6233 

CONTACT DETAILS Tel: 	(012) 318 6232/5 
E-mail: zicki@techpta.ac.za  

NAME OF SHORT COURSE 

DATE OF SHORT COURSE 

FIRST NAME 

SURNAME 

COMPANY 

OCCUPATION 

TELEPHONE NUMBER (W) 

(H) 

CELL NUMBER 

FAX NUMBER 

E-MAIL 

POSTAL ADDRESS 

POSTAL CODE  

PLEASE COMPLETE ONE REGISTRATION FORM FOR EVERY SHORT COURSE YOU REGISTER FOR. 

Parking could be available at the old Van Aswegens Building. Enter from either Church or Pretorius Streets, halfway 

between Du Toit Street and Mandela Avenue 



GENERAL INFORMATION 

ALL COURSES WILL BE PRESENTED AT THE ARCADIA CAMPUS OF TECHNIKON PRETORIA 
(175 NELSON MAN DELA DRIVE). 

Course fees include course notes, practical material, refreshments, as well as lunch. 

Courses will only be offered if ten or more persons register for a course. Please contact 
the department THREE weeks in advance to confirm if a course will be presented. 

All cheques must be made payable to Technikon Pretoria. 

For speedy registration, please photocopy and fax the registration form to: 
(012)3186233 for attention: Ms Zicki Joubert. 

Mail registration form and cheques/postal orders to: 
Ms Zicki Joubert 
Technikon Pretoria 
Faculty of Natural Sciences 
Department of Water Care 
Private Bag X 680 
PRETORIA, 0001 

Cancellations will be accepted up to one (1) week before the presentation of a course. 
In this case 10% of the course fee will be retained for administrative purposes. In the 
case of non-attendance after registration, 20% of the course fee will be retained for 
administrative purposes. 

Candidates from the same company may be replaced by other employees without 
forfeiting the deposit. 

Pay early and qualify for a discount - see cost srtucture for each short 
course. 

Group discounts for ten or more persons from one company can be negotiated. 

Accommodaon can be arranged at Kosmos Guest Hostel or Nzasni Guest House (lechnikon 
Pretoria). Contact Ms C Rabie at (012)341-08490/341-3977 or e-mail: 
jwuurenl@techpta.ac.za  as soon as possible. 

Accommodation at Kosmos Guest Hostel and Nzasm Guest House must be 
paid seperately. 

AN OFFICIAL TECHNIKON CERTIFICATE WILL BE AWARDED TO ALL SUCCESSFUL CANDIDATES. 



OPTIMIZATION OF POTABLE 
WATER PURIFICATION PLANTS 

Cost 
R 3 600 per candidate (113 300 if paid by 31 May 2002) 

Dates 
10-14 June 2002 

Course contents: 
Optimization of the following unit processes: 

Pretreatment 
Chemical dosing 
Coagulation 
Flocculation 
Settling 
Filtration 
Disinfection 
Stabilization 

OPERATION OF ACTIVATED SLUDGE PLANTS 

Cost 
R 3 600 per candidate (113 300 if paid by 25 October 2002) 

Dates 
4 - 8 November 2002 

Course contents 
Sources of wastewater 
Composition of wastewater 
Process description and microbiology 
Types of activated sludge processes (conventional, extended aeration, nutrient removal, etc.) 
Operational aspects: 

Control of dissolved oxygen 
Sludge age, etc. 

Operational problems: 
Bulking 
Scum 
Rising sludge 
Sludge 

Laboratory support 
Disinfection 



WATER QUALITY 
MANAGEMENT IN THE NEW 

MILLENNIUM-QUO VADIS 

Cost 

R 5000 per candidate (114 600 if paid by 24 May 2002 and 1 November 2002 respectively) 

Dates 

4 - 1 June 2002 

12- 15 November 2002 

Course contents 

Pollution Control versus Water Quality Management 

What a Water Quality Manager needs to know about the: 

National Water Act 
National Environmental Act 

Minerals Act 
Licensing Procedure 
Reserve Determination 
Integrated Water Resource Management 
Catchment Management Agencies 
Background to Catchment Management 
Basic Water Quality Chemistry 
Discussion on a selection of water quality related matters. (Students to submit a relevant topic 

when they register for the short course i.e. water quality problems experienced in the workplace,...) 

Case Study 

Target Group 

Industries managing effluent and or waste 

Local Councils 
Environmentalists 
Water Quality Managers 
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BASIC 
CHEMICAL ANALYSIS 
OF POTABLE WATER 

Cost 

R 4200 per candidate (R3 800 if paid by 31 May 2002) 

Dates 

10- 14 June 2002 

Course contents 

Review of chemical terms and principles 
Introduction to laboratory techniques 
Sampling 
Data processing 
Chemical calculations 
Determination of physical parameters 

pH 
Temperature 
Conductivity 
Turbidity 
TDS 

Principles of titration 
Alkalinity (OW; C032 ; HCO3 ) 
Chloride (Mohr) 
Sulphate 
Hardness (Ca2 , Mg2 , total) 
Basics of colorimetry/spectrophotometry 
Phosphorous (P043;  Total phosphate) 
Fluoride 
Nitrate 
Colour 
Chlorophyll A 

Chlorine (Free chlorine, total chlorine) 
Basics of atomic absorption spectrometry 
Determination of trace elements 
Basics of ion-chromatography 
Laboratory flocculation tests (Jar tests) 
Interpretation of results 
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BOILER AND 
COOLING 

WATER TECHNOLOGY 

Cost 

R 3800 per candidate (R3 400 if paid by 10 May 2002 and 4 October 2002 respectively) 

Dates 

20-24 May 2002 
14- 18 October 2002 

Course contents 

Pretreatment processes 
Boiler water systems 
Boiler water treatment 

Plant layout 
Dissolved oxygen 
Basic boiler water analysis 
Inhibitors 
Boiler corrosion 
Boiler water carry-over 
External treatment 
Steam pressure classifications 
Steam sampling and analysis 

Cooling water systems 
Cooling tower designs 
Cleaning and passivating 
Basic cooling water analysis 
Calculations 

Corrosion control 
Corrosion concepts 
Influencing factors 
Passivation 
Construction materials 
Inhibitors 
Measurement 
Bacteria 
Micro-organisms 
Polymers 

Target group: Plant operators, Laboratory supervisors, Chemical analysts, Chemical technicians 
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DEPARTMENT OF CHEMISTRY AND PHYSICS 
FACULTY OF NATURAL SCIENCES 

SHORT COURSES 2002 



DEPARTMENT OF CHEMISTRY AND PHYSICS 
DEPARTEMENT CHEMIE EN FISIKA 

SHORT COURSES / KORTKURSUSSE : 2002 

Short course Date Cost before Cost after 

Korikz,rsus Datum discount discount 
Kosle voor Kosle p,a 
korting korling 

Atomic Absorption Spectroscopy * 20 - 24 May R33 50.00 R2680.00 

Atoomabsorpsiespe/CtTOSkOPiC 	* 20- 24 Me, 

2 Advanced Atomic Absorption As arranged RI I 00.00/day On site on 

Spectroscopy 	 * request 

Gevo,'derde Atoon:absorpsic - Soos gereêl R1100. 00."dag Op peiweel 

spektroskopie 	 * op aanvraag 

 Chemical Principle Level 1 	#* 27- 31 May R1600.00 1280.00 

Chemiese beguisels V/ak 1 	# * 27 - 31 Mc: 

 Chemical Principles Level 3 	#* 27 - 31 May R800.00 R640.00 

Chemiese Beginsels V/ak 3 	# * 27 - 31 Me,  

 Basic Gaschromatography 	* 3 - 7 June R.3350.00 R2680.00 

- Basiese Gaschromaiogrqfie 	* 3 - 7 J,inie 

6 I.C.P. - O.E S 	 * 10 - 14 June R3840.00 R3200.00 

1G.!'. -O.E.S. 	 * Jo 	14Junie  

7. Statistical Quality Management 	* 17 - 21 June 111600.00 R1280.00 

Slatisliese Kwalileilsbcsluur 	* 17 - 21 mute 

8 Basic H.P.L.0 	 * 4-8 R3350.00 R2680.00 

Basiese H.P.LC 	 * November  

9. Chemical Method Validation 	* II - 12 R950.00 R760.00 

Chemiese Melode Va/ida sic 	* November 

10 Chemical Principles Level 2 	#' 11 - 15 R1600.00 R1280.00 

Chen,iese Beginsels V/ak 2 	II * November 

II Chemical Principles Level 3 	# 11 	- 15 R800.00 R640.00 

Chemiese Beginsels V/ak 3 	* November ____________- 



VERY IMPORTANT 	BAlE BELANGRIK 

DUE DATE FOR DISCOUNT 
The due date for discount is before or on the day the short course starts. No exception will be 
made, therefore apply timeously so that all documentation can be completed in time. IT IS TO 

YOUR ADVANTAGE. 

KEERDA TUM VIR KOR TING. 

Die keerdaftim is voor a/op die dag waarop die korikursus n aanvang neem. Geeii 
nitsonderings sal geniaak word izie. Doen des vroegiydig aansoek sodat al die nodige 
dokumenlasie betyds aJgehande/ lam word. DITIS TOT U VOORDEEL. 

#41 	Only when you have passed Chemical Principles Level I you can enroll for Chemical 
Principles Levels 2 & 3 simultaneously. The cost for levels 2 & 3 will then be RI 800.00 
provided Dayment of your fees is before or on the due date for Level 2. If not, cost will 
then be R2400.00. You are still free to enroll for each level separately as shown on the 

table. 

#1/ 	Slegs na U Chemiese Beginsel V/ak I geslaag he!, kan it gelyklydig inskryf vir Chemiese 
Beginsels Vlakke 2 & 3. Die koste sal dan R1800. 00 wees vir k7akke 2 & 3 indien die 
jnskrywingsgeld voor die keerdatum van V/ak 2 inbetaa! is. Na die keerdalum sal die 
kosie R2400. 00 bekxp. U kan iog steeds vir el/ce v/ak afsonderlik :nskryfsoos 

uileengesit in bosiaande tabe!. 

** 	Notes only in English 
* * 	Notes slegs in Engel.s. 

Enquiries I Navrae Alicia de Lange, 
Tel. :(012) 318-6282 
Fax :(012) 318-6286 



SHORT COU1:SES 2002 

APPLICATION FORM 

FAX TO: 	 Mrs. AM de Lange,Tecnikon Pretoria, 	 I 
Department Chemistry and Physics. 
Fax:- 012- 318- 6286 

Name of Short Course  

Date of Short Course  

First Names 

Surname 

Company 

Company Address 

Occupation 

Tel No. (W) 

(H) 

Cell Number 

E - Mail 

Postal Address 

Postal Code 

VehicleReg. No. 

Contact Person / 
Supervisor. 

Post the Application Form to: 	Mrs. A.M. de Lange 
Department of Chemistry and Physics 
Techriikon Pretoria 
Private Bag X680 
Pretoria 
0001 

Or alternatively E - mail: 	jlangeantechptas 

Should you wish to be on our mailing list kindly complete the above form omitting the short 
course and date. For further information you could visit our Website at 

http://www.techpta-ac.za  



IMPLEMENTATION OF 
A LABORATORY 

QUALITY SYSTEM 

Cost 

R 5200 per candidate (R4 800 if paid by 17 May 2002 and 11 October 2002 respectively) 

Dates 

27-31 May2002 
21-25 October2002 

Course contents 

The need for a quality system 

Basic Quality Principles 

ISO Laboratory Quality Systems: 
Overview of SABS 0259: 1990 

- 	Overview of ISO 17025: 1999 

Quality Policy Statement 

Quality Documentation 
Quality Manual 
Standard Operating Procedures 

Implementation of the Quality System 

Management Responsibility 

Reviews and Assessment 

Continuous Improvement 

Target group: Quality control technicians, Quality control scientists, Quality co-ordinators, Quality 
managers, Laboratory supervisors, Chemical analysts, Chemical technicians 
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BASIC 
CHEMICAL ANALYSIS OF 

WASTEWATER AND INDUSTRIAL EFFLUENTS 

Cost 

R6 000 per candidate (115 500 if paid by 1 November 2002) 

Dates 

11 - 20 November 2002 (1 1/2  weeks) 

Course contents 

Review of chemical terms and principles 
Introduction to laboratory techniques 
Sampling 
Data processing 
Chemical calculations 
Determination of physical parameters 

pH 
Temperature 
Conductivity 
Turbidity 
TDS 

Principles of titration 
Alkalinity procedures 
Chloride (Mohr) 
Sulphate 
COD 
OA 
Settleable solids / suspended solids / total solids 
SVI (MESS) 
Phosphorous (P043 ; Total phosphate) 
Nitrite-nitrogen 
Chlorine (Free chlorine, total chlorine) 
Kjeldahl digestions 
NH3 (NH4) 
TKN 



FUNDAMENTALS OF 
COAL ANALYSIS 

Cost 

R3 000 per candidate 

Dates 

6 - 8 November 2002 

Course contents 

Introduction 

The uses of coal 
steam coals 
coking coals 

Proximate parameters of coal 

Analytical methods 

Basic quality control 

Reporting of results 

Target group 

Coal analysts, graduates-in-training, coal plant operators. 



CHAUCTERUPTInIll  

Cost 

R2 400 per candidate 

Dates 

25-26 June 2002 

Course contents 

Introduction 

South African coal fielth 

The modern coal data base 

Quality control in the coal 

Important properties of coal 

Coal utilization 

Target group 

Coal analysts, supervisors, coal technicians. 
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OPERATION OF 
BIOLOGICAL FILTERS 

Cost 

R4 300 per candidate 

Dates 

3 - 7 June 2002 

Course contents 

Sources of wastewater 

Composition of wastewater 

Process description and microbiology 

Types of biological filters 

Operational aspects: (oading rates, recycle rates, etc.) 

Operational problems 

Disinfection 

Anaerobic digestion of waste sludge 
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ACCOMMODATION 

HOTELS 

Acton & Mcintosh 

1010 Dashing Centre, Hildastreet, Hatfield 	 (012) 342-8297 

Arcadia Hotel 

515 Proes Street, Arcadia 	 (012)326-9311 

Orange Court 

540 Vermeulen Street, Arcadia 	 (012)326-6346 

Cresta Pretoria Hotel 

230 Hamilton Street, Pretoria 	 (012)341-3473 

Holiday Inn 

Beatrix Street, Arcadia 	 (012) 341-1 571 

Protea Hotel Capital 

Van der Walt Street 390 	 (012) 322-7795 

GUEST HOUSES 

Kosmos Guest Hostel and NZASM Guest House 

Rissik Street, Pretoria 	 (012) 341-0890/3977 

La Maison 

235 Hilda Street 	 (012) 4304341 

Meintjieskop Guest House 

145 Eastwood Street, Arcadia 	 (012) 342-0738 
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The Meinecke large-bore turbine flow meter. 

NEWS SNIPPETS 
	

NUUSBROK'KIES' 

mechanically and biologically pretreated 
waste water is treated further with lime, a 
flocculant polymer, and magnetite. Phos-
phates precipitate and the particles are 
attracted by an electromagnetic field to a 
stainless steel mesh until the magnet is 
shut off and the unit is backwashed. The 
lime-phosphate product is expected to be 
recyclable. 

The sulphate concentration of waters has 
been found to be an important variable 
controlling phosphorus release from sedi-
ments, which in turn affects the health of 
aquatic systems according to researchers 
working in collaboration with the Institute of 
Ecosystem Studies at the New York Bo-
tanical Garden, reporting on their study of 
23 different aquatic systems. 

Their data showed that relative phosphorus 
release (APR) and sulphate concentration 
of water are related, independently of 
whether bottom waters are oxygenated or 
not. Although the mechanisms are not yet 
known, evidence indicates that sulphate 
additions can inhibit P binding by sedi-
ments. 
In addition, while aquatic systems with low 
sulphate concentrations have low APR, 
systems with only slightly elevated sulphate 
concentrations have significantly elevated 
RPR, particularly under anoxic conditions. 
This finding could alter the current scientific 
view of lakes affected by acidic deposition. 
If changing atmospheric sulfur inputs can 
alter the sulphate concentration in surface 
waters independent of how the watershed 
neutralises acid, the P cycle of even so-
called 'insensitive' lakes may be affected. 

Water Newsletter 3121 161189 

The advantage the turbine meter has over 
many other types is its repeatable accuracy 
over a wide flow range. The Meinecke WP 
turbine water meter, from Liquid Meters, 
can be supplied for up to 800 mm diameter 
pipework and will meter flow rates between 
320 and 6 000 m3/h to ± 2 per cent, error. 
Intermittent flow rates of up to 12 000 m3/h 
are possible. 

The 800 mm WP will start to register at a 
flowrate of 60 m3/h. Standard meters are 
rated for a maximum temperature of 50 °C 
and 16 bar pressure. Hot water meters for 
temperatures up to 130 °C, and higher 
pressures are also available. An outstand-
ing feature of this meter range is its corn- 

pact design. The face-to-face dimensions 
of the 800mm WP is only 600 mm, with the 
actual turbine rotor located in the meter 
body. 

Very few meter users are aware that it is 
possible to transmit analog signals from a 
mechanical meter. It is possible to connect 
pulser sensor units to standard WP meter 
registers, without any modification to the 
meter head. Thus, remote readouts can be 
obtained for totalisation, rate-of-flow indi-
cation, analog output for chart recording or 
telemetry, and data-logging. 

Enquiries: Liquid Meters, P0 Box 758, 
Isando. 1600. Tel: (011)975-1171(021) 
73-3048, (031)29-1112. 

A self-contained pH controller, with aselec-
tion of pH sensors, is now available from 
Action Instruments. The Signet MK 710A 
controller, with an MK 712 pH sensor will 
monitor and control pH values from 0 to 14 
pH to an accuracy of 0,1 pH (or 10 mV). 
Temperature compensation is automatic, 
from 0 up to 100 00.  The instrument can be 
used for a variety of applications, from pulp 
and paper manufacture through to the treat-
ment of industrial and municipal waste. 

The controller is microprocessor based, 
provided with dual alarm contacts (SPDT 
3A at 250 VAC), proportional control, and is 
easy to calibrate. Isolated, or non-isolated 
4-20 mA outputs can be specified. 

The MK 712 sensor is fitted with 316 stain-
less steel guards to protect the glass elec-
trodes from the process flow, and a unique 
earthing system protects against electrical 
noise interference. Titanium or Hastelloy C 
guards are also available. The sensor is 

also available with built-in, or remote 
preamp, depending on the application. 
Other compatible sensors are the stainless 
steel wet-type MK 718 series with CPVC 
double junction electrodes, and the new Mz 
2700 series for in-line or submersible ap-
plictions. 

Enquiries: Charley Lai, Action Instruments 
SA (Pty) Ltd, P0 Box 62313, Marshalltown, 
2107. Tel: (011) 493-7056. 
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The Environmental ProtectionAgency (EPA) 
in the United States of America has pro-
posed new biological measurements and 
test procedures for analysing pollutant dis-
charges into navigable waters. Until re-
cently, agency programs for controlling toxic 
discharges were based largely on effluent 
limitations for individual chemicals. Be-
cause data on the toxicity of substances to 
aquatic organisms are available for only a 
limited number of compounds, effluent 
limitations on specific substances do not 
necessarily provide adequate protection 
for aquatic life. In such situations, it is often 
more feasible to examine the whole effluent 
toxicity and instream impacts using biologi-
cal methods. 

Under the proposal of the EPA, the Clean 
Water Act List of Approved Biological Test 
Methods" would be adding methods for 
measuring mutagenicity and the toxicity of 
pollutants in effluents and receiving waters, 
for monitoring viruses in wastewaters and 
sludges; and updating citations to micro-
biological methods. 

Water Newsletter 301289 

[611 
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The Computing Centre for Water Research 
(CCWR) is compiling a list of software which 
may find application in the field of water. 
The perception of the need for such a list 
has arisen out of requests to the CCWR to 
develop a catalogue of computer programs 
and models available to researchers in 
South Africa. 

If you have appropriate software which is in 
either the public or commercial domain and 
which you would like listed by the CCWR 
please write to: 

The Manager 
Computing Centre for Water Research 
do University of Natal 
P0 Box 375 
PIETERMARITZBURG 
3200 

Kindly supply a one line description of the 
software, the location of the software itself 
and the location of the reference containing 
a fuller description of the software. 

Dr James Barnard, die bekende Pretoriase 
ingenieur wat internasionale roem verwerf 
het met sy revolusionêre proses om stikstof 
en fosfor biologies te verwyder uit riool-
afloop, is einde verlede jaar saam met die 
Ministervan Nasionale Gesondheid en Bev-
olkingsontwikkeling, dr Rina Venter, as Pre-
torianer van die Jaar bekroon. 

Die toekenning word jaarliks deur die Pre-
toriase dagblad, die Transvaleren Volkskas 
Bank aan 'n Pretorianer gedoen wat 'n 
uitsonderlike bydrae tot die vooruitgang en 
verryking van die gemeenskap gelewer het. 

On Tuesday 20 February 1990, Richard 
Farrell, product manager at Liquid Meters, 
a company in the Fluid Group, became an 
instant millionaire by winning the jackpot of 
R2 623 746,35 at Sun City. 

Earlierthat day Richard set out for Bospoort 
Dam to have a look at one of the Company's 
Meinecke magnetic flowmeters used for 
monitoring the water flow for Rustenburg 
Municipality. He dropped in at Sun City for 
lunch and like all good engineers interested 
in electronic devices could not resist adding 
a few coins to the Dream Machine. 

"When the winning 'sevens in a line' came 
up, I simply couldn't believe it," he said. "I 
was about to pull the handle again, but the 
chap next to me yelled: 'You've won - 
you've got it!". 

From that point on, life for Richard became 
rather confused. A chopper was sent to his 
home in Henley on Klip to fetch his wife 
Carmen, and they were invited to spend a 

them over to Mauritius for a few days holi-
day, to keep out of the way of the press. 

Richard, age 49, has no intention of quit-
ting Liquid Meters. "There's too much to 
do," he said. 

couple of nights as guests of Sun City to He has five children ages from seven 
help them adjust to the idea of being million- through to 24. His wife, Carmen, is a sales 
aires twice over. Sun City also offered to fly manager for a photo-copying company. 

Richard Farrell, product 
manager. counting Meinecke 
induction flow meters in the 
stores at Liquid Meters, Now, he's 
counting money. 
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NEWS SNIPPETS 
	

NUU SB ROKKI ES 

In November and December 1989 aquatic 
scientists in Grahamstown and Cape Town 
were fortunate in having Dr Koen Martens 
from the Royal Belgian Institute of Natural 
Sciences, Brussels, for an extended visit. 
Dr Martens, or Koen as everyone who met 
him was soon on a first name basis, is a 
world specialist on African inland water 
Ostracoda which are commonly known as 
seed or mussel shrimps. They are small 
Crustacea (from less than 1 mm up to 8mm 
long) commonly found in temporary bodies 
of water such as rain filled pools, puddles 
and pans but are found in all types of inland 
water bodies such as rivers and lakes as 
well as in the sea. 

Research on Ostracoda serves several 
purposes. Ostracoda form an important 
component of pond ecosystems, they serve 
as fish food and from their abundance and 
species composition give a good indication 
of the potential of economic fish production 
in lakes. In lake and marine sediments, 
fossil seedshrimps are the major indicators 
of palaeoclimatic conditions. Fossilised 
marine species are used by the oil industry 
to date layers of sediments on the sea bed 
and thus make predictions of exploitable oil 
deposits possible. One of the fundamental 
bases of scientific research is, however, to 
protect nature and the environment. Here 
again ostracods form an important compo-
nent of the fresh and brackish inland water 
ecosystems in that they are an essential 
part of the biological successions of spe-
cies, part of the food chain and are impor-
tant indicators of the conservation status of 
water bodies. 

At present Dr Martens is writing a book on 
the 500 or more species of Ostracoda known 
from the inland waters of the African conti-
nent. During his visit to the Albany Museum 
he examined the holdings of the National 
Freshwater Invertebrate Collection naming 
all unnamed material and selecting mate-
rial to take back to Belgium for more in 
depth study. He made some very interest-
ing discoveries finding the unknown males 
of Scierocypris tube rculata, the females of 
which were described from Lake Chrissie 
by Methuen in 1910. As there had been 
very good rains around Grahamstown in 
October and early November 1989 there 

were many temporary pools of water pres-
ent and impoundments were full again after 
several years of less than average rain. 
These conditions were ideal for collecting 
ostracods and from a number a collecting 
trips, conducted jointly with Albany Mu-
seum staff around the eastern Cape and 
with the University of Cape Town staff 
around the western Cape, some very inter-
esting ostracod material, including several 
new species were collected. In all there are 
more than 150 known species in southern 
Africa and Dr Martens considers these to 
represent only slightly more than 50 per 
cent of the ostracod fauna of this region. 

During Koen's visit a one day mini work-
shop on the collection, preservation, iden-
tification and study of Ostracoda was run at 
the Albany Museum. The workshop was 
attended by researchers from the Institute 
for Freshwater Studies of Rhodes Univer-
sity, the JLB Smith Institute of Ichthyology 
and the Departments of Freshwater Inver-
tebrates and Ichthyology of the Albany 
Museums. The morning session consisted 
of an introductory lecture followed by an 
excursion to Thomas Baines Nature Re-
serve where samples of benthic in-
vertebrates were collected from a large 
temporary pool. Material collected was 
taken back to the Museum where Dr Mar-
tens demonstrated the sorting of ostracods 
from the composite samples taken and 

then showed everyone the intricacies of 
dissecting the 1 mm long creatures to enable 
exposure of important features for identifi-
cation. 

The visit by Dr Martens was an extremely 
valuable one and besides making the Na-
tional Collection available for international 
research it allowed a number of people to 
become familiarwith one of the many groups 
of freshwater invertebrate animals. 

MAYFLI ES 

From September to December this year 
Professor WP McCafferty, a world expert 
on Ephemeroptera (Mayflies) from Purdue 
University, Indiana, USA, will be visiting 
various research institutes, universities and 
museums. 

He will be conducting research, teaching 
and do some collecting with museum staff. 
He will be stationed at the Albany Museum 
and we are hoping to put together a work-
shop on the collection, rearing, preparation 
and identification of mayflies at the Albany 
Museum. We would be interested to hear 
from any people who may like to learn some 
more about this ecologically important but 
much neglected group of insects. Anyone 
interested should write to: Dr FC de Moor, 
Curator of Freshwater Invertebrates, Al-
bany Museum, Somerset Street, Grahams-
town. 6140. 

Dr Koen Martens, world 
specialist on African inland 
water Ostracoda, collecting 
specimens. 
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'BOOKS 	BOEKE 
	

REPORTS 'VER'SLA E' 

WNK - NAVORSINGSPROJEKTE 1986 - 1988 

	 4) 
Saamgestel deur Drinie van Rensburg 	 GROUND WATER '89 

Hierdie publikasie gee 'n oorsig van die 
navorsingsprojekte wat die WNK geduren-
de die tydperk 1986 tot 1988 finansieel on-
dersteun het en toon terselfdertyd die wye 
spektrum van wateraangeleenthede waar-
by die WNK betrokke was deur die koör-
dinering, bevordering en selektiewe finan-
siering van waternavorsing in Suid-Afrika. 

Hoewel daar in die Kommissie se jaarver-
slae oor WN K-projekte gerapporteer word, 
word elke individuele projek nie afsonderlik 
toegelig nie. In hierdie publikasie word 
meer tegniese besonderhede oor 140 
navorsingsprojekte gegee en bestaande 
sowel as afgehandelde projekte is ingesluit. 
Die inligting is in sewentien hoofstukke 
vervat wat elk oor 'n afsonderlike navor-
singsveld handel, naamlik, hidrometeor- 

ologie, oppervlakhidrologie, grondwater, be-
sproeiing, versouting, eutrofikasie, munisi-
pale afvalwaterbehandeling, rioolslyk, 
seestorting van uitvloeisels, nywerheids-
uitvloeisels, waterbehandeling en -herwin-
ning, drinkwatergehalte en gesondheidsas-
pekte , ontsouting, landelike en stedelike 
watervoorsiening, waterbesparing by krag-
sentrales, sosio-ekonomiese gevolge van 
waterbeperkings en navorsingsteundien-
ste. 

Elke projekinskrywing bestaan uit die titel 
van die projek gevolg deur die projeknom-
mer, die kontraktant, die navorsingsperiode, 
die doel van die projek, 'n bondige beskry- 

wing en verslag oor die projek asook 'n lys 
	

GROUND WATER & MINING 
van die publikasies wat uit die navorsing 
voortgespruit het. 

Die verslag is die derde een in die reeks wat 
verskyn en is gratis by die Waterna- 
vorsingskommissie verkrygbaar. 	Ek- 
semplare kan bestel word van die Biblio-
tekaresse, mev Tineke van der Schyff, die 
WNK, Posbus 824, Pretoria. 0001. Tele-
foon (012) 330-0340. 

This publication is also available in Eng-  
lish. To order, please write to the Librar- 
ian, Mrs Tineke van derSchyff, WAC, P0  
Box 824, Pretoria. 0001. Telephone  
(012) 330-0340. 	

GROUND WATER '89 

WATER AND SANITATION 	GROUND WATER AND MINING 

DIRECTORY FOR KWAZULU 	Proceedings of the 5th biennial symposium 
of the Ground Water Division of the Geo- 

by PA/cock 
One of the major problems involving up-
grading work in KwaZulu as well as black 
areas in Natal and especially the rural and 
pen-urban areas, is the lack of knowledge 
of other individuals or organisations also 
active in planning, research and project im-
plementation. This directory is an attempt 
to bridge such a gap by providing details of 
31 aid agencies and government bodies, 
as well as two small engineering consulting 
firms, who are in some way concerned with 
domestic water and sanitation mainly in 
non-urban black areas. Firms manufactur-
ing items of water or sanitation equipment 
are not listed. None of the major engineer-
ing consulting firms (largely involved with 
contract work in urban KwaZulu) are listed. 

The degree of practical involvement of the 
various organisations outlined in the direc-
tory varies, with some bodies such as the 
Department of National Health and Popula-
tion Development providing an advisory 
service only. The KwaZulu Department of 
Agriculture and Forestry by contrast, un-
dertakes numerous water projects in non-
urban areas of KwaZulu. The people listed 
within each organisation serve as points of 
contact and the list of names is not claimed 
to be exhaustive for a specific agency. The 
overall aim of the directory is to encourage 
contact between different bodies some of 
whom may not be aware of each other's ex-
istence. 

Copies are available from the compiler, P 
Alcock, Development Studies Research 
Group, Department of Economics, Univer-
sity of Natal, Pietermaritzburg. 3201. 

logical Society of South Africa. 

Copies of the proceedings are available 
from the Treasurer, Ground Water Division, 
P0 Box 7015, Pretoria. 0001. Cost: R35,00 
each. 

IRRI-INFO BEHAAL SUKSES 

rn-Info is 'n publikasie waarin alle deelne-
mende besproeiingsfirmas se name en hulle 
onderskeie werksaamhede aangeteken 
word. Hierdie publikasie word deur die 
Direktoraat: Besproeiingsingenieurswese 
voorberei en gratis versprei met die doel om 
inligting en gegewens aangaande die be-
trokke firmas op 'n kompakte en gerief like 
wyse aan persone en instansies betrokke 
by besproeiing, beskikbaar te stel. Hierdie 
is dus 'n publikasie vir firmas, besproeiers 
en handelaars wat meer omtrent be-
sproeiingtoerusting en -dienste te wete wil 
kom. 

Die publikasie verskyn jaarliks, word ge-
reeld bygewerk en is aan alle belangstellen-
des op aanvraag gratis beskikbaar. Meer 
as 370 firmas se aktiwiteite word reeds 
hierin uiteengesit en met die betrokkenheid 
van ander firmas kan hierdie getal opgeskuif 
word. Twee uitgawes het reeds verskyn en 
die derde word tans voorberei. 

Indien u in Irri-Info gelys wil word, of bloot 'n 
uitgawe verlang, kan u mej I du Toit kontak 
by: Direktoraat: Besproeiingsingenieurs-
wese, Privaatsak X515, Silverton. 0127. 
Tel: (012) 804-1540 x 268. Faks: (012) 
804-0753. 
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CO NF ERENCES 
	

S YMPOSIA 

GROUNDWATER 
A short course entitled An introduction to 
Ground Water will be held at the Schonland 
Research Centre, University of the Witwa-
tersrand, Johannesburg, from 21 to 23 
May 1990. 

Enquiries: Mr AG Reinders (012) 330-
0340, Mr R Meyer (012) 841-2440 or 
Mr AC Johnstone (011) 803-5726. 

WASTE LOAD ALLOCATION 
A short course on waste load allocation is 
to be held from 13 to 15 June 1990, in 
Pretoria, at the WRC. Lectures will be 
given by Dr Ray Whittemore from Tufts 
University, Massachusetts, USA, as well 
as Drs DirkGroblerand Jane Harris. Topics 
will include water quality management, waste 
load allocation, water quality modelling 
required for waste load allocation investi-
gations and some applicable case studies 
of waste load allocation in RSA. 

Enquiries: Ms H Joubert, Water Research 
Commission, P0 Box 824, Pretoria. 0001. 
Tel: (012) 330-0340. 

WATER SUPPLY 
A seminar on water supply and sanitation 
will be held in Transkei from 26 to 27 June 
1990. 

Enquiries: The Conference Co-ordinators 
C 126, CSIR, P0 Box 395, Pretoria. 0001. 

SASAS 
The annual congress of the Southern Afri-
can Society of Aquatic Scientists (SASAS) 
will be held from 2 to 4 July 1990 at the 
University of the Orange Free State, 
P0 Box 339, Bloemfontein. 9300. 

Enquiries: Prof AJH Pieterse, Chairman, 
Local Organising Committee, Department 
of Botany, UOFS, P0 Box 339, Bloem-
fontein. 9300. 

AQUACULTURE 1990 
A symposium convened by the Aquacul-
ture Association of South Africa will be held 
from 11 to 13 July 1990 at Stellenbosch 
University. The theme of the programme 
will be: The potential of aquaculture spe-
cies. 

Enquiries: Mr CE Britz, BUCE, Carnegie 
Building, Stellenbosch University, Stellen-
bosch. 7600. 

WATER QUALITY 
A short course on the design of water 
quality monitoring systems will be held 
from 13 to 17 August 1990 at the CSIR 
Conference Centre in Pretoria. 

Enquiries: Miss Helene Joubert, Water 
Research Commission, P0 Box 824, Pre-
toria. 0001. Tel (012) 330-0340. 

IRRIGATION 
A South African Irrigation Symposium will 
be held from 4 to 6 June 1991, at the 
Elangeni Hotel in Durban. 

Enquiries: The Organising Committee: 
Irrigation Symposium, P0 Box 824, Preto-
ria. 0001. 

WATER DEVELOPMENT 
An international symposium on the devel-
opment of small scale water resources in 
rural areas will be held in Khon Kaen, 
Thailand, from 21 to 25 May 1990. 

Enquiries: SITRA Co, Ltd, 158 Emmanual 
Building, Rachdapisek Road, Bangkok 
10310, Thailand. 

WASTE DISPOSAL 
The IFAT 90 International Trade Fair for 
V1Vaste Disposal will be held in Munich, 
FRG, from 22 to 26 May 1990. 

Enquiries: Munchener Messe - und Ausstel-
lungsgesellschaft, mbH, Messeglaude, 
Postfach 12 10 09, D-8000 Munchen 12, 
FRG. 

WASTE WAlE RS 
The 3rd Symposium on forest industry 
wastewaters will be held in Tampere, Fin-
land, from 6 to 8 June 1990. 

Enquiries: Prof M Viitasaari, Tampere 
University of Technology, P0 Box 527, 
SF33101, Tampere, Finland. 

WATER RESOURCES 
The 8th international conference on com-
putational methods in water resources will 
be held in Venice, Italy, from 11 to 15 June 
1990. 

Enquiries: Prof G Gamlolati, Dipartimento 
di Metodi e Modelli Matematici, Universita 
degli Studi, Via Belzoni 7, 35 131 Padova, 
Italy. 

SEWAGE COLLECTION 

A conference on innovative cost-effective 
sewage collection and treatment systems 
will be held from 11 to 13 June 1990 in Sao 
Paulo, Brazil. 

Enquiries: Dr SAS Almeida, Multiserre, Av 
President Wilson 210, 9th Floor, 20030 
Rio de Janeiro, RJ Brazil. 

WATER RESOURCE SYSTEMS 
A symposium on water resource systems 
application will be held in Winnipeg, Can-
ada, from 12 to 15 June 1990. 

Enquiries: International Symposium on 
Water Resources Application, Civil Engi-
neering Department, University of Mani-
toba, Winnipeg, Manitoba R3T 2N2, Can-
ada. 

ACTIVATED SLUDGE 
A short course on activated sludge proc-
ess control will be presented at Colorado 
State University, Fort Collins, Colorado, 
from 25 to 28 June 1990. 

Enquiries: Thomas G Sanders, Program 
Leader, Environmental Engineering, De-
partment of Civil Engineering, Colorado 
State University, Fort Collins, Colorado 
80523. Fax (303) 491- 7727. Tel (303) 
491-6222. 

URBAN STORM DRAINAGE 
The 5th international conference on urban 
storm drainage will be held from 23 to 27 
July 1990 in Osaka, Japan. 

Enquiries: Prof T Sueishi, Department of 
Environmental Engineering, Osaka Uni-
versity, 2-1 Yamada-oka, Suite 565, Ja-
pan. 

IAWPRC 
The IAWPRCs Biennial '90 international 
conference and exhibition on water pollu-
tion control will be held in Kyoto, Japan, 
from 29 July to 3 August 1990. 

Enquiries: IAWPRC Biennial '90, 1 Queen 
Anne's Gate, London SW 1 H 9 BT, Eng-
land. 

REMOTE SENSING 
A conference on remote sensing and 
water resources will be held in Enschede, 
the Netherlands from 20 to 24 August 
1990. 

Enquiries: Convention Bureau Twente, 
P0 Box 1003, 75 00 BA Enschede, The 
Netherlands. 
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NNIM"W""M Call for papers 

Southern African 
irrigation symposium 

4to6iune 1991 
Elangeni Hotel, Durban 

THEME 
Irrigation research and develop-
ment in Southern Africa: past 
progress, present standing and 
future challenges. 

CALL FOR PAPERS 
Intending contributors are invited 
to submit abstracts of papers or 
posters on any topic relevant to the 
theme of the symposium. 
Abstracts will be used for selection 
purposes only and should be 200 - 
300 words long. To facilitate 

selection, the abstract should 
concisely state the rationale, aims, 
methodology as well as the main 
results and/or conclusions of the 
work reported. 

DEADLINES 
For receipt of 200 - 300 word 
Abstracts: 30 June 1990 

For receipt of Extended Abstracts: 
31 December 1990 

For receipt of full-length 
manuscripts: 30 April 1991 

C ORRESPONDENCE 

AND ENQUIRIES 
All correspondence and enquiries 
should be addressed to: 

The Organising Committee 
Southern African Irrigation 
Symposium 
P0 Box 824 
PRETORIA 
0001 
RSA 
Tel: (012) 330-0340. 
Fax: (012) 70-5925 



An introduction 
to Ground water 

Avoid disappointment 
by registering early as 
numbers will be limited lL au,wua_k,a.1jn.. 

DATES: 

21 to 23 May 1990 

ORGANISED BY: 

Ground Water Division of 
the Geological Society 
of South Africa. 

WHO SHOULD 
A1TEND: 

U Civil engineers 

U Mining engineers 

U Geologists and engi-
neering geologists 

U Water supply engi-
neers 

U Contractors in water 
supply and dewater-
ing 

U Geotechnical engi-
neers 

The course is an intro-
duction to ground water 
and will cover ground 
water terminology, 
ground water flow and 
occurence, aquifer 
definition, drilling and 
borehole construction, 
test pumping and 
evaluation, ground 
water chemistry and 
tracers, water resources 

U Mr JR Vegter, 

U Prof BTL Verhagen, 

U Mr RJ Connely, 

U Miss KL Morton. 

CONTACT FOR 
FURTHER 
INFORMATION: 

U AG Reynders 
Tel: (012) 330-040 

U R Meyer 
Tel: (012) 841-2440 

U AC Johnstone 
Tel: (011) 803-5726 

WHERE: 	 COURSE 
_ _j OBJECTIVE: 

Schonland Research 
Centre, University of the 
Witwatersrand, Johan-
nesburg. 

I 
COST: 

and dewatering. 

P500, includes teas, COURSE 
lunches, course notes 

PRESENTERS: and cocktail function. 



1= IAWPRC 
INTERNATIONAL ASSOCIATION ON 
WATER POLLUTION 
RESEARCH AND CONTROL 

The first IAWPRC specialised conference on 
Alternative Waste Treatment Systems was 
held at Massey University, Palmerston North, 
New Zealand in May 1988. The conference 
was attended by some 140 researchers and 
practitioners with interest in cost effective on-
site waste treatment systems. Following the 
discussions on appropriate waste manage-
ment technology with emphasis on resource 
recovery, it was suggested that an interna-
tional network be established to promote de-
velopment of appropriate waste manage-
ment technologies for application in particu-
lar in developing countries. The concept was 
discussed at a meeting of the IAWPRCs rep-
resentatives from developing countries dur-
ing Brighton Conference in July 1988 and it 
was agreed that a new specialist technical 
group within IAWPRC would be developed. 
The structure, objectives and membership of 
this specialist technical group are outlined 
below. 

NAME OF THE GROUP 
Specialist Technical Group on Appropriate Waste 
Management Technologies for Developing Coun-

tries. 

SUBJECT AREAS 
i Low-cost and on-site treatment systems: 

U Research and Development. 
U Design, Operation and Control. 

J Resource recovery from wastes: 
U Production of food, fodder and other useful 

products. 
U Nutrient recycling. 

D Waste minimisation and waste exchange. 

TERMS OF REFERENCE 

Promote the concept of appropriate technology 
approach to waste management. 

Establish a link between institutions, practitioners 
and research groups with expertise in low-cost 
on-site treatment and waste recycling systems, and 
develop collaborative research and development. 

Establish information exchange through a news-
letter, which may be upgraded to a journal. 
Organise the specialised conference series initiated 

in 1988. 

Develop links with multilateral agencies to identify, 
develop and implement projects in developing 

countries. 

WORKPLAN 
Based on the discussions at the Alternative Waste 
Treatment Conference in May 1988 and the Brighton 
Conference in July 1988, the following work plan is 
proposed: 

Collect information on the status of appropriate waste 
management technologies in various countries through 
a questionnaire. 

Establish a data base of experts, institutions, facilities 
and projects relating to low-cost on-site treatment 
and resource recovery. 

Organise the second specialised conference in 1991. 

The next meeting of the group is proposed to be held 
at the Kyoto Conference later this year. 

For further Information and application 
for membership, please contact the 
chairman, Dr Rao Shamidimarri, 
Massey University, Palmerston North, 
New Zealand. 
Tel: 64-63-69- 099, 
Fax: 64-63-505612. 


