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Toxic Cyanobacteria in Water – a Guide to Their 
Public Health Consequences, Monitoring and Man-
agement: the totally revised second edition is now 
available 

Ingrid Chorus and Martin Welker 

During the past 2-3 decades, across the globe toxic cyanobacteria have received in-
creasing attention. Among the chemicals regulated in water to which people are ex-
posed, cyanotoxins are probably the substances that occur most widely in concentra-
tions potentially relevant to human health. In consequence, an increasing number of 
countries has implemented cyanotoxin regulations, based upon WHO guidelines 
(Ibelings et al 2014; WHO 2017; WHO 2003), and recently the European Union has 
included Microcystin-LR in the parameters regulated for drinking-water (EU 2020). 
Experience with risk assessment and management has highlighted two overarching 
needs: 

beyond guideline values or standards based upon lifetime safe daily consumption of 2 
litres of water, other guideline values are important for assessing health risks 
from short-term exposure, and  

beyond the immediate focus on compliance to guideline values or standards, to be 
effective and sustainable in the longer term approaches to risk management re-
quire a sound understanding of the respective waterbody, its catchment and 
patterns as well as pathways of human exposure.   

Since publication of the first edition of “Toxic Cyanobacteria in Water” in 1999, pro-
gress regarding both of these points is substantial: WHO substantially expanded the 
cyanotoxin guideline values to now include all 
4 key groups of cyanotoxins (MCs, CYNs, ATXs 
and STXs), explicitly advising to use the guide-
line value derived for one toxin in each group 
as proxy for the sum of all congeners in a sam-
ple and differentiating between daily lifetime 
and short-term exposure through drinking-
water and recreational water use (WHO 
2020). Also, in 2004 WHO included the holistic 
concept of developing site-specific Water 
Safety Plans (WSPs), bringing together the 
expertise and stakeholders needed, in the 
WHO Guidelines for Drinking-water Quality. 
There is now experience with – and wide ac-
ceptance of this concept, and WHO is current-
ly integrating it into the revision of the WHO 
Guidelines for Safe Recreational Water Envi-
ronments.  
 

http://www.cyanocost.net/
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The new edition of “Toxic Cyanobacteria in Water” accounts for these developments by giving a substantial amount of 
background information (chapters 2-4). This is intended to empower users of this guidebook to understand human 
health risks from exposure to cyanotoxins as well as the waterbody conditions promoting blooms.  Assessing cyano-
toxin risks and developing effective management approaches is extremely interdisciplinary, requiring teamwork of a 
range of experts and stakeholders with very different training. We hope that this textbook-type introduction to the 
scientific background will provide a common ground and language for such teams to collaborate effectively.  

Where cyanobacteria already proliferate, short-term responses to blooms can be important to prevent hazardous hu-
man exposure. Chapter 5 gives guidance on assessing exposure risks as well as on planning short-term responses. For 
drinking-water the Alert Levels Framework (ALF) from the 1st edition of TCiW has now been adapted to incorporate 
the short-term guideline values, and for recreational exposure the three-tier Table 5.2 from the 1st edition has been 
developed into an ALF that offers two points of entry – one based on visual inspection and one based on toxin anal-
yses. For both ALFs, emphasis is on adapting these templates locally or regionally, including developing own biomass 
incicators that trigger warnings or responses. 

A focus of TCiW is guidance on long-term control of cyanobacterial proliferation and cyanotoxin occurrence. Chapters 
7-10 introduce users of this book into the quite different areas of estimating and managing nutrient loads from the 
catchment, of managing waterbodies, of positioning drinking-water abstraction or recreational sites away from areas 
of bloom accumulation, and of drinking-water treatment. These chapters include checklists of the information needed 
for risk assessment as well as tables with examples of measures to control nutrient loads, cyanobacterial growth or 
toxin breakthrough in water treatment. Key to ensuring their functioning of control measures is to monitor whether 
they are continuously effectively operating, and thus options for operational monitoring are given for each example of 
a control measure. These chapters are also intended as a practical guide for “beginners” or “non-experts” in the re-
spective subject area, including for managers and policy makers that need a basis for talking to the experts.  

Chapter 6 ties these levels of management together by showing how to develop a site-specific Water Safety Plan 
(WSP). Using three worked examples on very different levels of size and sophistication (from a larger city to a farm 
using a dug-out as water source), this chapter shows how teams of stakeholders and experts can follow the WSP steps 
to develop the locally most effective management strategy.  

Chapters 11-14 give guidance on the technical level of planning monitoring programmes, i. e. site inspection and 
measurements done in the field, and laboratory analyses, providing an overview of the necessary resources and skills 
as well as reference to further sources giving the details.  

Many cyanobacterial blooms occur sporadically, as events for which the public authority and/or responsible site oper-
ators need to be prepared in order to be able to respond quickly, both with measures to prevent exposure and with 
appropriate communication to the public. Chapter 15 finalises “Toxic Cyanobacteria in Water” with providing guid-
ance on what to remember and to plan, including template worksheets and tables to pre-structure information lines 
and information to the public.  

As editors we hope that this second edition supports all those striving to assess cyanotoxin exposure risks realistically, 
i.e.  to protect human health without undue water use restrictions, and all those striving to improve water quality to 
the point where cyanotoxins are no longer a human health issue. We also hope it provides a useful information base 
for academics entering the exciting field of cyanotoxin research.  
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Aetokthonotoxin is a novel cyanotoxin causing Vacuolar Myelinopathy 
– a look behind the scenes 

Timo Niedermeyer  
Martin-Luther-University Halle-Wittenberg, Institute of Pharmacy, Department of Pharmaceutical Biology, Hoher 

Weg 8, 06120 Halle, Germany 

Recently, we have described a novel cyanotoxin, which we named 
aetokthonotoxin (AETX, greek for “poison that kills the eagle”; 
Breinlinger et al. 2021. Science, 371, eaax9050). I was invited to 
write about this discovery in CYANOnews. But as I do not need to 
stress the importance of cyanotoxins to the readers of CY-
ANOnews, and as the science concerning the discovery of AETX is 
already reported in the publication, I thought that maybe it would 
be interesting to rather give a brief look behind the scenes and 
share some thoughts on this project. 

In 2010, I was still quite new to cyanobacterial natural products 
and wanted to learn more about their toxins. Working in industry 
at that time, I didn’t have access to proper literature databases. 
Using Google, I came across a blog post discussing that a fatal and 
mysterious neurological disease of birds (Avian Vacuolar Myelino-
pathy, AVM), affecting e.g. the American bald eagle, might be 
caused by a cyanotoxin. I had loved bald eagles since I was a child, 
and the story was intriguing: The cyanobacterium (now known as 
Aetokthonos hydrillicola) grows on an invasive water plant 
(Hydrilla verticillata) which is consumed by waterfowl, which is in 
turn preyed upon by bald eagles – a transmission of the putative 
toxin through the food chain.  

I contacted the author of the study discussed in this blog post, Susan Wilde (University of Georgia, Athens, US), if 
she already knew which toxin was killing the bald eagles. She immediately answered that they did not know which 
toxin caused AVM, yet. I offered my help with the cultivation of the cyanobacterium and with the isolation and 
structure elucidation of the putative toxin, and Susan was happy to accept my support. She sent us Hydrilla leaves 
with the cyanobacterium growing on them, and we tried isolating it and taking it in culture. However, we found the 
strain to grow extremely slowly in BG11 medium. It took many months to find out which medium the strain pre-
ferred. In the end, we had still very slow, but at least perceivable growth in ES medium. 

Due to the slow growth of the strain, it took 18 months until we had accumulated a noteworthy amount of bio-
mass, which we sent to Susan’s laboratories for a chicken feeding trial. We expected to see the biomass causing 
AVM and thus to confirm that this cyanobacterium produced some AVM-inducing toxin. However, the assay turned 
out to be negative – our biomass was not toxic.  

This of course was a huge disappointment, and we did not know how to proceed. We tried altering cultivation con-
ditions – to no avail. All field study and feeding trial evidence pointed at the cyanobacterium being the “eagle kill-
er”, and we were still convinced that some cyanotoxin must be involved, but we could not get our lab strain to pro-
duce it. We were able to adapt the strain to BG11, and after a few years, it started to grow much faster. It also 
changed its macroscopic morphology: Initially, the strain grew in very compact and rigid small spherical colonies, 
today it grows in loose aggregates. 

Not knowing what to do, we thought about discontinuing this project. In 2013, I moved back to academia and ac-
cepted an assistant professorship at the University of Tübingen. I tried to secure funding for my “eagle killer pro-
ject”, but the three proposals I wrote did not convince the reviewers.  

In 2017, my group moved to the University of Halle-Wittenberg, and things changed: I suddenly had funding for a 
PhD student, and I had the opportunity to invest in some equipment. We established mass spectrometry imaging in 
our labs. MS imaging is a technique where a surface is scanned pixel by pixel, and the molecular masses of all ionis-
able compounds present in each pixel are recorded. I wondered if we could use this technique to analyse the eagle 
killer cyanobacterium in its real environment, growing epiphytically on the leaves of the plant.  

 



After some sample preparation, we placed a leaf with cyanobacteri-
al colonies on it in the instrument. We were happy to detect an in-
triguing metabolite that was only present in the cyanobacterium 
colonies, but not on the surface of uncolonised parts of the leaf. 
This metabolite seemed spectacular: The sum formula was un-
known for a natural product, and it contained five brome atoms. As 
some polyhalogenated compounds are known to elicit AVM-like 
brain lesions, we were optimistic that this was the toxin we were 
looking for. And we suddenly knew why this putative toxin was not 
produced in our BG11 lab cultures – there simply was no bromide 
available!  

Indeed, the addition of bromide salts to our cultures resulted in the 
production of this same compound. (Intriguingly, we later found 
that the plant Hydrilla enriches bromide from the environment, 
providing the cyanobacterium with this ion necessary for the pro-
duction of AETX.) After this discovery, things moved rapidly. Now 
knowing what we were looking for, we were able to detect this 
compound in Aetokthonos/Hydrilla biomass that caused AVM, but 
not in biomass that did not cause AVM. We found that there is a 
seasonal variation in the production of this toxin, which correlates 
with seasonal AVM occurrence. We could detect this compound in 
tissues of deceased birds.  

Motivated by all these results, we isolated the compound and eluci-
dated its structure. AETX is a pentabrominated biindole alkaloid, 
and really fascinating from a natural product chemistry point of 
view. The two indole moieties are connected in a way not observed 
in nature before, it contains a nitrile group that attached to an indole in this position has only been observed once 
before in nature, and it contains five bromine atoms, which is rather unusual for freshwater metabolites. 

At this stage, we were able to secure funding for this project and could continue with new energy. In a final feeding 
trial with the pure compound, Susan’s team showed that it indeed is the long-sought-after toxin causing AVM. We 
also studied the production of AETX by the cyanobacterium, and our Czech collaboration partners, led by Jan 
Mareš from the Biology Centre of the Czech Academy of Sciences, started characterizing its biosynthesis.  

Some of the take-home messages from this project for me: Databases are important, but googling can also help to 
come up with new projects. It can take years before cool projects take off. Getting funding even for the coolest 
projects can be difficult. Shared first and shared senior authorships are the way to go in true collaborations.  

I am deeply grateful to everyone who supported us over the years, and who is acknowledged or part of the long list 

of authors – so many great colleagues contributed to this story! Overall, we worked more than 10 years on this 

publication – but it feels as if the great journey has just begun. Having identified this toxin causing AVM, we need 

to answer so many more questions that are important. Does the toxin affect mammals? If yes, we need to take 

care it does not enter our own food. How can we prevent wildlife deaths caused by AETX? Where does the bro-

mide, essential for the biosynthesis of the toxin, come from? There might be natural sources (geologic origin), but 

it might also come from human activities (e.g. coal-fired power plants, water treatment, gasoline additives, flame 

retardant industry). What are the other compounds produced by this cyanobacterium? What is the mode-of-action 

of AETX? Given the unusual structure of AETX, what functions do some of the biosynthesis enzymes have, and how 

is AETX biosynthesis regulated? We look forward to addressing all these questions in future projects and to contin-

uing to characterise this intriguing toxin. 
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CyanoMetDB, a comprehensive public database of secondary 
metabolites from cyanobacteria 
Elisabeth M.-L. Janssen 
Department of Environmental Chemistry, Swiss Federal Institute of Aquatic Science and Technology (Eawag), 
8600 Duebendorf, Switzerland 

 
 

One major challenge associated with studying cyanobacterial secondary metabolites is access to a comprehen-
sive publicly available list of known metabolites including information of their chemical structures. The co-authors 
of this work joint forces with the goal to facilitate dereplication studies and chemical profiling. The result is Cy-
anoMetDB, a highly curated, flat-file, openly-accessible database of more than 2000 cyanobacterial secondary me-
tabolites. Our efforts have nearly doubled the number of entries with complete literature metadata and structural 
composition information compared to previously available open access databases. 
While information from commercial databases of secondary metabolites is only accessible to paying customers, 
several open access databases exist but are often limited in terms of the number of cyanobacterial metabolites or 
parameters listed. The “Cyanomet mass” list contains 852 entries, of which 35 belong to the class of microcystins 
and nearly 500 compounds are listed with complete molecular formulae and literature references, but no further 
structural information is given (Le Manach et al., 2019). Building on the Handbook of Cyanobacterial Monitoring 
and Cyanotoxin Analysis from 2017, 286 microcystin and 10 nodularin variants were published in 2019 with molec-
ular formulae, references and a systematic naming system but without structural codes (Bouaicha et al., 2019; 
Spoof and Catherine, 2017). The Natural Products Atlas presents a repository maintained and actively updated by 
the Simon Fraser University in Canada and covers all microbially-derived natural products. As of December 2019, it 
contained 1006 cyanobacterial metabolites, including structural identifiers (van Santen et al., 2019). Recently, a 
new database unified 411,621 entries of natural products from various organisms using stereochemistry-free InChI 
key information from 50 open and accessible databases, termed COCONUT: COlleCtion of Open Natural ProdUcTs 
(Sorokina and Steinbeck, 2020). 

The work on CyanoMetDB was initiated at the 11th International Conference of Toxic Cyanobacteria (ICTC, 2019, 
Krakow, Poland) with the desire to have one comprehensive list of cyanobacterial metabolites to promote effective 
analysis and interchange of information. For over one year, we have manually collated and evaluated disparate re-
sources including 850 primary research articles published between 1967-2020. Publication trends in the field sug-
gest that the discovery of cyanobacterial metabolites is still on the rise with up to 100 new compounds identified 
every year. For each compound, we include the primary literature metadata, sample type and whether nuclear res-
onance spectroscopy was used. The metabolites span over a wide range of molecular weights, between 118 and 
2708 Da. We generated struc-
tural identifiers to represent the 
2D molecules and recommend 
to use the simplified molecular 
input line entry system (SMILES) 
strings. Particularly the structur-
al codes were often missing, 
incomplete or not standardized 
in previous sources and needed 
manual curation. One strong 
recommendation we like to 
make to the authors of future 
publications is to always publish 
a SMILES together with new 
structures that allows to import 
this information efficiently and 
with less chances of error. 
 Source: Jones et al. (2021a), Water Res 196, 117017 



CyanoMetDB can enhance the frequency with which compound annotations are assigned and facilitates com-
munication, comparison and interpretation of results. Our intention is that CyanoMetDB aids the cyanobacteria 
community to improve identification of known and novel cyanobacterial metabolites and biosynthesis pathways 
and to study their ecological role and behaviour in environmental and engineered systems. The current and future 
versions of CyanoMetDB are and will be available on Zenodo and the NORMAN Suspect List Exchange (No S075). 
We recommend citing the repository on Zenodo along with the Water Research article published open access in 
April 2021 when CyanoMetDB content is used (Jones et al., 2021a; b). CyanoMetDB is available as a database in 
MetFrag making in silico predicted fragmentation mass spectra available for these metabolites (https://msbi.ipb-
halle.de/MetFragBeta/). We collaborated with The Natural Products Atlas team to include CyanoMetDB in their 
content as well as PubChem, who also added annotation content such as natural product taxonomy and chemical 
classes from CyanoMetDB. 

Moving forward, we will continue the curation of CyanoMetDB and we envision that CyanoMetDB serves as a 
framework for connecting and collating various data sources associated with cyanobacterial metabolites, e.g., their 
tandem mass spectrometry product ion spectra, toxicity data, biosynthesis pathways, etc. Our team welcomes par-
ticipation of the cyanobacteria research community for future editions of CyanoMetDB. 
 
CyanoMetDB team 
Martin R. Jones,1 Ernani Pinto,2 Mariana A. Torres,3 Fabiane Dörr,3 Hanna Mazur-Marzec,4 Karolina Szubert,4 Luciana 
Tartaglione,5 Carmela Dell'Aversano,5 Christopher O. Miles,6 Daniel G. Beach,6 Pearse McCarron, 6 Kaarina Sivonen,7 
David P. Fewer,7 Jouni Jokela,7 Elisabeth M.-L. Janssen1 

1 Department of Environmental Chemistry, Swiss Federal Institute of Aquatic Science and Technology (Eawag), 8600 
Duebendorf, Switzerland; 2Centre for Nuclear Energy in Agriculture, University of São Paulo, CEP 13418-260 Pi-
racicaba, SP, Brazil; 3School of Pharmaceutical Sciences, University of São Paulo, CEP 05508-900, São Paulo - SP, Bra-
zil; 4Division of Marine Biotechnology, University of Gdansk, Al. Marszałka Piłsudskiego 46, 81-378, Gdynia, Poland; 
5Department of Pharmacy, School of Medicine and Surgery, University of Napoli Federico II, Via D. Montesano 49, 
80131 Napoli, Italy; 6Biotoxin Metrology, National Research Council Canada, 1411 Oxford Street, Halifax, Nova Sco-
tia, B3H 3Z1, Canada; 7Department of Microbiology, University of Helsinki, 00014 Helsinki, Finland 
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Cyanobacteria affect gut microbiome, tiny organisms that should not 
be overlooked  

Ondřej Adamovský  
Masaryk University, Faculty of Science - RECETOX, Kamenice 753/5, 625 00 Brno, Czech Republic 
 
The microbiome has emerged as a central theme in environmental and human toxicology due to interaction with 
the host immune system in addition to its role in gut homeostasis and chemical detoxification. Cyanotoxins have 
long been recognized as exerting their effects mainly through the liver but health problems associated with cyano-
bacteria contaminated drinking water also include  gastroenteritis and gut distress where gut microbiome play a 
key role. Incidents of human health problems associated with exposure to untreated or poorly treated drinking wa-
ter from sources contaminated with cyanobacteria have been well documented for decades, specifically in the less 
developed tropical regions, where extensive cyanobacterial blooms were found in the vast majority of the freshwa-
ter lakes (Ndlela et al., 2016).  These observations are supported by medical reports in Africa where children living 
in an area supplied with drinking water from a particular water reservoir developed gastroenteritis each year at the 
time when a natural bloom of Microcystis sp. was decaying (Svircev et al., 2017). However, while humans are ex-
posed to cyanobacteria in the localities of gastroenteritis and environmental enteropathy epidemic, the role of cy-
anotoxins remains a critical, largely unexplored issue.  

Studies with rodents 
and fish indicate that 
cyanobacterial toxins 
may interfere with host-
microbiome-immune 
axis. Specifically, micro-
cystins contribute to gut 
distress (Gehringer et 
al., 2004), impact im-
mune system 
(Adamovsky et al., 2015, 
Christen et al., 2013;) 
and importantly deregulate intestinal microbiome (reviewed in Sehnal et al., 2021) which leads to complex gastro-
intestinal dysfunction. MCs can significantly impact the composition, richness and diversity of intestinal microbi-
ome differently in different part of the gut (Chen et al., 2015). Importantly, study with MC and rats clarified that MC 
can not only impact microbiome but most importantly functional content of the microbiome (Lin et al., 2015) which 
has a direct implication on host health (feed efficiency, metabolism, immunity, pathogen susceptibility, or protec-
tive functions of the gut).  In comparison, fish core microbiome is considered more resistant to microcystins 
(Duperron et al., 2019; Li et al., 2019). In contrary, the pilot study with extract of Microcystis aeruginosa indicate, 
that complex cyanobacteria biomass has more profound effects on fish gut microbiome with increase of pathogen-
related bacteria (Duperron et al., 2019). The extrapolation of findings from one species to another could be chal-
lenging as each organism has unique microbiome which could also explain differences in susceptibility of microbi-
ome of organisms to cyanobacterial blooms and cyanotoxins (Macke et al., 2017). 

From a public health perspective, gastroenteritis associated with cyanobacteria may be major contributor to mal-
nutrition and lesser quality of life in affected regions and we need to more studies to understand how cyanobacte-
ria impact bidirectional relationship between microbiome and the host. The insight into disruptive mechanism of 
cyanotoxins on gut microbiome may lead to the development of novel therapeutic interventions. 
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CYANOjobs  

Cluster hire of multiple postdoc and PhD positions to 

work on the Blue-Green Biodiversity (BGB2021-2024)research initia-

tive of Eawag and WSL. Link 

Postdoc or staff scientist position at Martin Luther University Halle-Wittenberg  

We are looking for a postdoc or staff scientist with expertise in natural product chemistry (e.g. isolation, MS, MS-
imaging, NMR) or mode-of-action studies (e.g. microscopy, micro-/cell biology, -omics). Full-time position. Initial 
contract for 2 years, option for extension.  

For more information, please contact Prof. Timo Niedermeyer at timo.niedermeyer@pharmazie.uni-halle.de 

https://drive.switch.ch/index.php/s/b8NsBCIiduJkPup
https://drive.switch.ch/index.php/s/b8NsBCIiduJkPup
mailto:timo.niedermeyer@pharmazie.uni-halle.de
https://ag-bioarznei.pharmazie.uni-halle.de/mitarbeiter/timo_niedermeyer/?lang=en


Free download of the TCiW Book 

Free registration to a “Virtual Book Launch 
Event” (12 May 2021, 14:00-16:00 CEST). 

The abstract deadline for the virtual 
ICHA2021 conference has been extended 
to Friday, 4 June 2021. Link to ICHA2021 

https://www.ifhabworkshop.com/ 

Environmental Sciences Europe (Springer) - Article Collection 
“Natural Toxins – Environmental Fate and Safe Water Supply” 
(includes both cyanobacterial metabolites and plant toxins) 
https://www.springeropen.com/collections/natural-toxins  

Toxins (MDPI) - Special Issue 
"Cyanotoxins in Bloom: Ever-Increasing Occurrence and Global 
Distribution of Freshwater Cyanotoxins from Planktic and Ben-
thic Cyanobacteria“ (Open till 31 Dec 2021) 

https://www.mdpi.com/journal/toxins/special_issues/Cyanotoxins_Bloom  

CYANOevents and publications 

https://www.who.int/publications/m/item/toxic-cyanobacteria-in-water---second-edition
https://www.who.int/publications/m/item/toxic-cyanobacteria-in-water---second-edition
https://zoom.us/webinar/register/9216177778362/WN_ljIHaJuyQHqGf__qd98h-Q
http://www.icha2021.com/Secciones/inicio
http://www.icha2021.com/Secciones/inicio
https://www.ifhabworkshop.com/
https://www.ifhabworkshop.com/
https://www.ifhabworkshop.com/
https://www.springeropen.com/collections/natural-toxins
https://www.springeropen.com/collections/natural-toxins
https://www.mdpi.com/journal/toxins/special_issues/Cyanotoxins_Bloom
https://www.mdpi.com/journal/toxins/special_issues/Cyanotoxins_Bloom


www.cyanocost.net  

You are invited to distribute 
CYANOnews to anyone who 
may be interested. You can 
subscribe/unsubscribe by 
using the Contact form in the 
webpage. 

Send your contributions to 
CYANOnews, or posts for the 
website, facebook and twitter 
by e-mail to Tri Kaloudis. 

Send your papers that 
acknowledge CYANOCOST by 
e-mail to Tri Kaloudis. You 
can acknowledge CYANO-
COST in the future if you think 
that the network had a posi-
tive contribution to your 
work. CYANOCOST papers will 
be disseminated through all 
CYANOCOST media.  
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A dear colleague and pioneer in 
research on the ecology and toxi-
cological impacts of cyanobacteria 
died on January 15, at the age of 
90. Olav Magnus Skulberg worked 
as a researcher at the Norwegian 
Institute for Water Research 
(NIVA) in Oslo from shortly after its 
establishment in 1958 and played 
an important role in the design and 
development of the institute. He 
formally retired in 2000 but 
worked at NIVA until the autumn 
of 2019.  

In 1978, cattle deaths at a lake in 
Rogaland, western Norway, containing scums of microcystin-producing Microcystis ae-
ruginosa, were investigated by Olav and colleagues. These, together with further cattle 
and sheep deaths in 1982, were clearly attributed to cyanotoxins.   

Olav came from Spydeberg southeast of Oslo, Norway, and he was especially fond of 
the nature around the beautiful lowland watercourses in his home areas. He studied 
biology in Norway and Switzerland and was fundamentally concerned with nature and 
always emphasized a holistic thinking in his research. 

In the 1960s and 70s, eutrophication was a major problem in many of Norway’s lowland 
lakes, to which Olav largely devoted his work. He made major contributions to mitiga-
tion programmes to improve water quality in Norwegian lakes and watercourses. In 
addition to his expertise in established methods, he was also very curious about new 
technologies and how they can contribute to solving environmental challenges. Olav 
was early to apply the use of satellite data in environmental monitoring. 

In addition to primary research and publication throughout his career (he published his 
last scientific paper in 2019) Olav was an early and consistent advocate of interdisipli-
nary collaboration and communication. This included work with veterinary colleagues 
on the effects of cyanotoxins in animals, in extensive popular science dissemination, in 
communication with politicians, in schools and in risk communication and management 
with local water authorities.  

Together with his wife Randi, who also worked at NIVA for several decades, Olav estab-
lished NIVA's algal culture collection in 1964. Today, over 50 years later, NIVA's culture 
collection of cyanobacteria and algae is a recognized supplier of strains for research and 
teaching and to biotechnology companies around the world. 

Olav was a most generous and friendly character, with a warm presence and a great 
modesty regarding his own exceptional merits. He retained his curiosity, work ethic and 
love of reading and writing until his last days.To the many generations of researchers at 
NIVA who enjoyed working with and learning from him are added numerous friends 
and international colleagues including from the USA and throughout Europe. Our 
thoughts go to Randi and to Olav and Randi's children and grandchildren. 

 

Sigrid Haande, Norwegian Institute for Water Research, N-0349 Oslo, Norway.          

Geoffrey A. Codd, School of Natural Sciences, University of Stirling, Stirling FKP 4LA, UK. 

OBITUARY:  Olav Magnus Skulberg  
(3 August 1930 – 15 January 2021) 
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