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Cyanobacterial blooms, which mainly occur in water bodies 
overenriched in phosphorus and nitrogen (eutrophic water 
bodies), disturb the production of drinking water and 
represent a potential risk for human health due to their 
ability to produce harmful toxins. Consequently, they require 
adaptations in the treatment processes to properly eliminate 
cyanobacterial cells and cyanotoxins from the drinking water 
knowing that the WHO guideline values for drinking water are 
1 µg/L for microcystins, 0.7 µg/L for cylindrospermopsin, and 
3 µg/L for saxitoxins.

Conventional water treatment can generally remove intact 
cyanobacterial cells and low levels of cyanotoxins from 
source waters. However, water systems may face challenges 
in providing drinking water during severe bloom events. These 
challenges concern all treatment phases, from raw water 
pumping to its final refinement before distribution. Among 
them, the greatest is to remove, as much as possible, intact 
cyanobacterial cells from the water to avoid the release of 
their toxins if these cells are broken during the treatment 
process.

Introduction

What constraints 
in drinking water 
production from lakes 
experiencing severe 
cyanobacterial blooms?

The key points for the production of drinking water from 
freshwater ecosystems experiencing severe bloom events 
deal with the following:

(i) The choice of the location and technology for water 
abstraction
(ii) The issue of the preoxidation treatment applied at 
the beginning of the water treatment process and the 
efficiency of the flocculation-clarification stage,
(iii) The filtration step,
(iv) The final removal of dissolved cyanotoxins.

II. 
Key points for 
the production of 
drinking water in 
freshwater ecosystems 
experiencing 
cyanobacterial blooms

II.  

Cyanobacteria display several characteristics, which are very 
important to consider with the view of producing drinking 
water.

First, cyanobacteria have a great flotation capacity due 
to (i) the fact that many planktonic species contain gas 
vesicles, allowing them to control their buoyancy and/or (ii) 
the organization in the colony for some of them.

Second, many cyanobacterial species can produce various 
metabolites that are harmful to humans and animals 
(cyanotoxins). Most of these toxins are intracellular, meaning 
that they are released mainly upon the lysis of the cells. 
Some cyanobacteria are also able to produce compounds 
with unpleasant odors and tastes (“off-flavors”).

Third, during their blooms in freshwater ecosystems, 
cyanobacteria produce a large quantity of soluble (for 
example, soluble extracellular polymeric substances) and 
particulate (dead or living cells) organic matter.

Fourth, the spatial distribution of cyanobacteria during 
their blooms is very heterogeneous, both at the horizontal 
and vertical (water column) scales. Moreover, this spatial 
distribution can change very quickly under the influence of 
wind and/or currents.

I. 
Some characteristics of 
cyanobacteria that are 
important to consider 
for drinking water 
production

These variations in cyanobacterial biomass can have a great 
influence on cyanobacterial contamination of the raw water 
in the treatment plants and consequently on the efficiency of 
the water treatment processes.

Consequently, the choice of the location of the water 
offtake is very important. As a general rule, it is widely agreed 
that it is better (i) to avoid installing water intakes in closed 
bays where cyanobacteria can preferentially develop and/or 
accumulate and (ii) to move the water offtake away from the 
shores of water bodies where cyanobacteria can accumulate 
under the effect of winds.

Selection of offtake depth can also be important in reducing 
contamination by avoiding surface or subsurface maxima of 
cell numbers for species such as Microcystis. Water offtake 
towers providing multiple offtake depths are recommended in 
freshwater ecosystems experiencing recurrent cyanobacterial 
blooms.

Finally, riverbank filtration can also be effective not only 
for cyanobacterial cells but also for extracellular cyanotoxins 
and malodorous compounds. This method is not costly and 
is fairly easy to apply, even where resources are limited. 
Abstraction through riverbank filtration is possible where 
the underground is not rocky but consists of sufficiently 
permeable sediment.

III. 
Management of raw 
water abstraction

It is well known that during blooms, the 
horizontal and vertical distributions of 
cyanobacteria can display great variations in 
freshwater ecosystems.
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In Africa and many developing countries, preoxidation  
treatment is frequently used at the beginning of the 
water treatment process to enhance coagulation and 
sometimes to remove iron and manganese. However, in 
freshwater ecosystems experiencing cyanobacterial blooms, 
preoxidation should be avoided because it often results 
in cell lysis triggering the release of cyanotoxins into the 
water. Moreover, preoxidation results in the formation 
of disinfection byproducts such as trihalomethanes and 
haloacetic acids, which are known to increase cancer risks 
and cause reproductive defects.

The coagulation phase can be strongly impacted by the 
presence of cyanobacteria, and its effectiveness will depend 
on both the type and dose of coagulant used and the species 
of cyanobacteria present, some of which have a high floating 
capacity. The use of polyaluminum chloride is recommended 
during blooms of Microcystis and Dolichospermum (which 
are among the most common bloom-forming cyanobacteria).

The type of clarifier or decanter used is also important for 
its efficiency in removing cyanobacteria cells. For example, 
sludge blanket clarifiers allow the removal of up to 90% of 
cyanobacterial cells. Moreover, it is important to point out 
that the residence time of the sludge in the settling tanks 
is a parameter that must be considered to avoid cell lysis 
and the release of cyanotoxins. Finally, recycling to the head 
of the plant supernatant from sludge thickening or drying 
should be avoided until the bloom is over or all toxins in the 
sludge have degraded.

When possible, dissolved air flotation, consisting of the 
replacement of the clarification process by the release of 
compressed air into the water to float flocs to the surface, is 
often more effective than clarification in removing cells from 
cyanobacteria-rich waters.

During cyanobacterial blooms, there will be an increase 
in the production of sludge in drinking water plants due to 
the high quantities of organic matter produced by blooming 
cyanobacteria. As a consequence, it will be necessary to 
consider these increasing sludge volumes during blooms 
in the design of water plants. Moreover, it is known that in 
many developing countries, most drinking water sludge is 
discharged directly into drainage systems or surrounding 
natural waters directly or disposed of as waste to a landfill 
site after being dewatered. These practices can be harmful 
for local populations because cyanobacteria cells are able 
to survive several days and/or to release their toxins into the 
sludge, with a potential risk of exposure to these toxins for 
human populations.

IV. 
Flocculation and 
clarification

IV. Flocculation and clarification V.

The efficiency of the filtration step is also affected by 
cyanobacterial blooms.

First, the use of high doses of coagulants and the residual 
presence of larger-sized cyanobacteria (such as Microcystis) 
can clog filters, increasing the need for backwashing 
and potentially leading to the release of cyanotoxins and 
malodorous compounds due to cell damage.

Second, small cyanobacteria (such as Synechococcus) 
and filamentous genera (such as Aphanizomenon and 
Planktothrix) are sometimes poorly retained on filters.

Third, if the plant is equipped with recycled filter wash 
water, it is necessary to verify that this wash water does 
not contain significant amounts of cyanobacteria and/or 
dissolved cyanotoxins. If so, a specific treatment of this 
water should be considered, or recycling should be stopped.

V. 
Filtration

Nanofiltration and reverse osmosis studies generally report >90% 
microcystin and anatoxin removal in water. It should be recalled 
that cyanobacteria must be eliminated by previous treatments 
to avoid immediate clogging of these membranes.

However, because of its lower cost compared with other 
approaches, the adsorption of cyanotoxins on activated carbon 
remains the solution that seems best suited for developing 
countries. This adsorption can be carried out on grain-activated 
carbon, knowing that wood-based charcoals seem to be more 
efficient than those based on hard coal.

Likewise, powder activated carbon may also be used, but the 
dosing used must consider the type of cyanotoxin targeted and 
their concentrations.

Finally, oxidation treatments can also be used for cyanotoxin 
removal knowing that the most effective oxidant is ozone, which 
is efficient against all cyanotoxins, followed by permanganate 
(efficient against anatoxin and microcystins but not on 
cylindropsermopsin and saxitoxins) and chlorine (efficient against 
microcystins, nodularins, saxitoxins and cylindrospermopsin 
but not on anatoxins). It should be noted that the use of these 
products can lead to the formation of disinfection byproducts 
that are potentially dangerous for human health.

VI. 
Extracellular 
cyanotoxin removal

Various approaches based on physical or 
chemical removal are very efficient in eliminating 
dissolved toxins from water.
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Multiple technical solutions have been developed in the past 
20 years for the treatment of cyanobacteria and their toxins 
in drinking water plants. The choices made in the treatment 
processes will depend on the raw water quality and on the 
human and financial resources associated with these choices. 
They will have an impact on the water quality and its price. 
In developing countries, the price of water is key because as 
this price increases, local populations tend to use alternative 
water resources that are not safe for their health.

Among the most frequent recommendations available in 
the literature, prechlorination treatments, which are widely 
used in developing countries, should be avoided for water 
resources experiencing recurrent cyanobacterial blooms 
because of their impact on the release of free cyanotoxins in 
water and on the formation of harmful byproducts.

Finally, the main challenge for drinking water production is 
to protect and/or restore the water quality in the abstracted 
water resources.

VII. 
Conclusions

VII. Conclusions
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