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The waters of the Zambezi: time to act

June 1, 2021 | Barbel Zierl
Topics: Water & Development | Pollutants | Climate Change & Energy | Wastewater

The Zambezi River Basin in southern Africa is a high-quality waterscape. But current rapid
development threatens the waters of the Zambezi, particularly its tributaries. The challenge will
be to ensure that mitigation measures keep up with population and economic growth to avoid
degradation of water quality degradation.

The Zambezi and Kafue Rivers in southern Africa still carry very clean water today. Only below dams
do they suffer from increased water temperatures, lack of oxygen and loss of sediments. Smaller
tributaries, however, are showing signs of pollution. These are the results of four field campaigns
conducted by the aquatic research institute Eawag in central and southern Zambia in 2018 and 2019 in
collaboration with the ETH Zurich and the University of Zambia. The results were published today in the
journal Environmental Science: Processes and Impacts.

Scott Winton, lead author of the study and postdoctoral researcher at Eawag and the ETH Zurich,
warns of the consequences of future development, for the catchment area of the two rivers is changing
rapidly. Population and cities are growing quickly, agriculture is spreading and intensifying, and
hydropower plants are being built. In the following interview, Scott Winton reports on the most important
findings of the field campaigns and where the challenges for the sustainable development of the
Zambezi River Basin lie.

Scott Winton, how did you experience the water landscape? Were you surprised by the
high water quality of the two main rivers Zambezi and Kafue?

Scott Winton: Yes, coming from the USA and living in Europe, where with few exceptions major rivers
show obvious chemical signatures of human pollution, it was a big surprise to see this huge river in
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Africa, the Zambezi, and find it so clean. People drink the river water without any treatment. And when
we brought samples back to the Eawag laboratories, the technicians were shocked. The river water
seemed to be even cleaner than the highly purified water used for laboratory processes.

What kind of pollution did you find in the tributaries?
In small tributaries draining from more densely populated areas, we found elevated nutrients and ions

such as sodium and chlorine — pollutants typical of urban wastewater. Close to some industrial
agricultural plots we found a stream with very high nitrate concentrations, indicative of fertiliser leaching.

Cristian Teodoru and Elisa Calamita, co-authors of the study, on Lake Kariba, a reservoir of
the zambezi.
(Photo: R. Scott Winton)

In the article, you assume that urbanisation, intensification of agriculture and the
development of hydropower will further deteriorate water quality. What changes exactly
do you expect?

Basically, we expect to find similar pollutants as mentioned before, but in higher
concentrations. Water quality impacts are additive, so the more sources you have on your
landscapes and along your rivers, the more pollutants you will find in surface waters. We
should expect water quality to deteriorate in sync with development.

Will the situation deteriorate mainly in the tributaries or are the main rivers Zambeazi
and Kafue also threatened?

The immense size of the Zambezi and Kafue Rivers and their watersheds mean that any
pollutants reaching these bodies become highly diluted by flows of hundreds or thousands of
cubic metres per second. The big rivers are largely the sum of their tributaries, so it will take a
lot of polluted tributaries before the big ones become compromised. A greater threat to the
major rivers is probably damming, which can create thermal pollution and leave downstream
waters without oxygen.

You also write that governments, managers and industry have the opportunity to
mitigate water degradation. What measures do you recommend?
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Each source has its own suite of mitigation options. For urban wastewater, it is mainly
treatment plants and wetlands; for agriculture it is riparian buffers and wetlands; for dams,
environmental flows and selective withdrawal systems. These practices are well known and in
Zambia many of these approaches are already being implemented. The key to avoid water
quality degradation will be to ensure that mitigation measures are able to scale with population
and economic growth. This will be a challenge because the pace of growth is so rapid and
there will be as is the case everywhere and always, pressure to cut short-term infrastructure
costs and forego environmental protection.

Cover picture: R. Scott Winton

Original publication

.extbase-debugger-tree{position:relative}.extbase-debugger-tree input{position:absolute
limportant;float: none limportant;top:0;left:0;height:14px;width:14px;margin:0
limportant;cursor:pointer;opacity:0;z-index:2}.extbase-debugger-tree input~.extbase-debug-
content{display:none}.extbase-debugger-tree .extbase-debug-header:before{position:relative;t
op:3px;content:"";padding:0;line-height:10px; height:12px;width:12px;text-align:center;margin:0
3px 0 0;background-image:url(data:image/svg+xml;base64,PD94bWwgdmVyc2IvbjoiMS4wliBI
bmNvZGluzZz0idXRmLTgiPz48c3ZnIHZIcnNpb249ljEuMSIgaWQ9lkViZW5IXzEilHhtbG5zPSJ
0dHRwOIi8vd3d3LnczLm9yZy8yMDAwWL3N2ZylgeG1sbnM6eGxpbms9ImhOdHA6LY93d3cudz
Mub3JnLzE50TkveGxpbmsilHg9IjBweClgeTOIMHB41iB2aWV3Qm94PSIwIDAgMTIgMTIiIHN
0eWxIPSJIbmFibGUtYmFja2dyb3VuzZDpuzZXcgMCAwIDEYIDEyOylgeG1sOnNwYWNIPSJwc
mVzZXJ2ZS1+PHNOeWxIIHR5cGU9INRIeHQVY3Nzlj4uc3Qwe2ZpbGw61zg40Dg40ODtIPC9z
dHIsZT48cGF0aCBpzZD0iQm9yZGVyliBjbGFzcz0ic3QwIiIBKPSINMTESMTFIMFYwaDEXVjEXx
eiBNMTAsMUgxdjloOVYxeilvPjxnIGIkPSJJbmb5Icil+PHJIY3QgeDO0iMilge TOINSIgY 2xhc3M9In
NOMCIgd2lkdGg9ljcilGhlaWwdodDO0iMSIvPjxyZWNOIHg9IjUilHKIIjlIIGNSsYXNzPSJzdDAilHdpZ
HRoPSIxIiBoZWInaHQ9IljciLz48L2c+PC9zdmc+);display:inline-block}.extbase-debugger-tree
input:checked~.extbase-debug-content{display:inline}.extbase-debugger-tree input:checked~.
extbase-debug-header:before{background-image:url(data:image/svg+xml;base64,PD94bWwg
dmVyc2Ivbj0iMS4wliBIbmNvZGluZz0idXRmLTgiPz48c3ZnIHZIcnNpb2491jEuMSIgaWwQ9lkViz
W5IXzEilHhtbG5zPSJodHRwOIi8vd3d3LnczLm9yZy8yMDAWL3N2ZylgeG1lsbnM6eGxpbms9l
mhOdHAG6LYy93d3cudzMub3JnLzE50TkveGxpbmsilHg91jBweClge TOIMHB41iB2awWwV3Qm94P
SIWIDAgMTIgMTIIIHNOeWxXIPSJIbmFibGUtY mFja2dyb3VuzZDpuzZXcgMCAwIDEYIDEYyOylgeG
1sONNwWYWNIPSJwecmVzZXJ2ZSI+PHNOeWxIIHR5cGU9INRIeHQVY 3Nzlj4uc3Qwe2ZpbGw6
1zg40ODg40Dt9PC9zdHIsZT48cGF0aCBpZD0iQm9yZGVyIiBjbGFzcz0ic3QwIiBKPSINMTESM
TFIMFYwaDEXxVjExeiBNMTAsMUgxdjloOVYxeilvPjxnIGIkPSJJbmb5lcil+PHJIY3QgeDOiMilgeT
0INSIgY2xhc3M9INNOMCIgd2lkdGg9ljcilGhlaWwdodDOiMSIvPjwvZz48L3N2Zz4=)}.extbase-
debugger{display:block;text-align:left;background:#2a2a2a;border:1px solid #2a2a2a;box-
shadow:0 3px 0 rgba(0,0,0,.5);color:#000;margin:20px;overflow:hidden;border-radius:4px}.ext
base-debugger-floating{position:relative;z-index:999}.extbase-debugger-
top{background:#444;font-size:12px;font-family:monospace;color:#f1f1f1;padding:6px
15px}.extbase-debugger-center{padding:0 15px;margin:15px 0;background-image:repeating-
linear-gradient(to bottom,transparent 0,transparent 20px,#252525 20px,#252525
40px)}.extbase-debugger-center,.extbase-debugger-center .extbase-debug-string,.extbase-
debugger-center a,.extbase-debugger-center p,.extbase-debugger-center pre,.extbase-
debugger-center strong{font-size:12px;font-weight:400;font-family:monospace;line-
height:20px;color:#f1f1f1}.extbase-debugger-center pre{background-color:transparent;margin:
0;padding:0;border:0;word-wrap:break-word;color:#999}.extbase-debugger-center .extbase-

Uberlandstrasse 133 T +41 58 765 55 11 info@eawag.ch eawag
[eXe]e}

CH-8600 Dubendorf F +41 58 765 50 28 www.eawag.ch aquatic research



Page4/5

debug-string{color:#ce9178;white-space:normal}.extbase-debugger-center .extbase-debug-
type{color:#569CD6;padding-right:4px}.extbase-debugger-center .extbase-debug-
unregistered{background-color:#dcele8}.extbase-debugger-center .extbase-debug-
filtered,.extbase-debugger-center .extbase-debug-proxy,.extbase-debugger-center .extbase-
debug-ptype,.extbase-debugger-center .extbase-debug-visibility,.extbase-debugger-center
.extbase-debug-scope{color:#fff;font-size: 10px;line-height:12px;padding:2px 4px;margin-
right:2px;position:relative;top:-1px}.extbase-debugger-center .extbase-debug-
scope{background-color:#497AA2}.extbase-debugger-center .extbase-debug-
ptype{background-color:#698747}.extbase-debugger-center .extbase-debug-
visibility{background-color:#698747}.extbase-debugger-center .extbase-debug-
dirty{background-color:#FFFFB6}.extbase-debugger-center .extbase-debug-
filtered{background-color:#4F4F4F}.extbase-debugger-center .extbase-debug-seeabove{text-
decoration:none;font-style:italic}.extbase-debugger-center .extbase-debug-
property{color:#f1f1fl}.extbase-debugger-center .extbase-debug-
closure{color:#9BA223;}Extbase Variable Dumparray(2 items) publications =>'23281' (5
chars) libraryUrl => " (0 chars) Extbase Variable Dumparray(1 item) 0 =>
Snowflake\Publications\Domain\Model\Publicationprototypepersistent entity (uid=23281,
pid=124) originalld => protected23281 (integer) authors =>
protected'Winton,&nbsp;R.&nbsp;S.; Teodoru,&nbsp;C.&nbsp;R.; Calamita,&nbsp;E.; Kleins

chroth,&nbsp;F.; Banda,&nbsp;K.; Nyambe,&nbsp;l.; Wehrli,&nbsp;B."' (141 chars) title
=> protected'Anthropogenic influences on Zambian water quality: hydropower and land-use ¢

hange' (81 chars) journal => protected'Environmental Science: Processes and Impacts'
(44 chars) year => protected2021 (integer) volume => protected23 (integer) issue =>
protected'7' (1 chars) startpage => protected'981' (3 chars) otherpage => protected'994' (3
chars) categories => protected" (0 chars) description => protected'The Zambezi River Basin in
Southern Africa is undergoing rapid development a

nd population growth. Agricultural intensification, urbanization and future

development of hydropower dams will likely lead to a degradation of surface

water quality, but there have been few formal assessments of where, how and

why these changes impact specific water quality parameters based on <em>in s

itu</em> data spanning a large region. We sampled a large suite of biogeoche

mical water quality parameters at 14 locations in four field campaigns in ce

ntral and southern Zambia in 2018 and 2019 to characterize seasonal changes

in water quality in response to large hydropower dams and human landscape tr

ansformations. We find that the major rivers (Zambezi and Kafue) are very cl

ean with extremely low concentrations of solutes, but suffer from thermal ch

anges, hypoxia and loss of suspended sediment below dams. Smaller tributarie

s with a relatively large anthropogenic landcover footprint in their catchme

nts show signs of pollution in the form of higher concentrations of nutrient

s and dissolved ions. We find significant relationships between crop and urb

an land cover metrics and selected water quality metrics (<em>i.e</em>. cond

uctivity, phosphorus and nitrogen) across our data set. These results reflec

t a very high-quality waterscape exhibiting some hotspots of degradation ass

ociated with specific human activities. We anticipate that as agricultural i

ntensification, urbanization and future hydropower development continue to a

ccelerate in the basin, the number and extent of these hotspots of water qua

lity degradation will grow in response. There is an opportunity for governme

nts, managers and industry to mitigate water quality degradation <em>via</em

Uberlandstrasse 133 T +41 58 765 55 11 info@eawag.ch eawag
[eXe]e}

CH-8600 Dubendorf F +41 58 765 50 28 www.eawag.ch aquatic research



Page5/5

> investment in sustainable infrastructure and practice, such as wastewater

treatment, environmental dam operations, or riparian protection zones.' (1894 chars)
serialnumber => protected'2050-7887' (9 chars) doi => protected'10.1039/d1em00006¢' (18
chars) uid => protected23281 (integer) _localizedUid => protected23281 (integer)modified
_languageUid => protectedNULL _versionedUid => protected23281 (integer)modified pid =>
protected124 (integer) Winton, R. S.; Teodoru, C. R.; Calamita, E.; Kleinschroth, F.;
Banda, K.; Nyambe, I.; Wehrli, B. (2021) Anthropogenic influences on Zambian water quality:
hydropower and land-use change, Environmental Science: Processes and Impacts, 23(7),
981-994, doi:10.1039/d1em00006c, Institutional Repository

Contact

Barbel Zierl
Science editor
Tel. +41 58 765 6840

baerbel.zierl@eawag.ch

https://www.eawag.ch/en/info/portal/news/news-archive/archive-detail/the-waters-of-the-zambezi-time-
to-act

Uberlandstrasse 133 T +41 58 765 55 11 info@eawag.ch awag
CH-8600 Dubendorf F +41 58 765 50 28 www.eawag.ch aquatic research


http://doi.org/10.1039/d1em00006c
http://doi.org/10.1039/d1em00006c
https://www.dora.lib4ri.ch/eawag/islandora/object/eawag:23281
mailto:baerbel.zierl@eawag.ch
https://www.eawag.ch/en/info/portal/news/news-archive/archive-detail/the-waters-of-the-zambezi-time-to-act
https://www.eawag.ch/en/info/portal/news/news-archive/archive-detail/the-waters-of-the-zambezi-time-to-act
http://www.tcpdf.org

