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International Agency for
Research on Cancer
2006: Microcystin-LR is
possibly carcinogenic to
humans (Group 2B).



Cyanobacterial toxins need to be
acknowledged as hazard and monitored
because they have many of the following properties:
• High prevalence (environment, drinking water, food,

etc)
• High toxicity; acute and chronic effects
• Likely routes of exposure with possibility of both acute

and chronic exposure
• Chemical stability
• Uncertain removal in drinking water treatment
• Bioaccumulation capacity
• Possible potentiation of effects by mixtures
• Uncertainty due to lack of knowledge.



WHO Facts and Figures on Water Quality and Health
http://www.who.int/water_sanitation_health/facts_figures/en/index.html

• Diarrhoeal disease: 2 million annual deaths attributable to
unsafe water, sanitation and hygiene

• Cholera: more than 50 countries still report cholera to WHO
• Cancer and tooth/skeletal damage: millions exposed to

unsafe levels of naturally-occurring arsenic and fluoride
• Schistosomiasis: an estimated 260 million infected
• Emerging challenges: increasing use of wastewater in

agriculture is important for livelihood opportunities, but also
associated with serious public health risks

Toxic cyanobacteria are only one problem among others
but taken seriously in Finland.



Finnish waters
-- dream or nightmare for monitoring?
Finland is quite special in the context
of toxic cyanobacteria due to two
things:
a) close to 190,000 lakes (mostly
shallow), i.e. natural “bioreactors”
with diverse trophic and other
conditions, and a broad variety of
cyanotoxins
b) the eutrophic, brackish-water
Baltic Sea supports annual massive
blooms of toxic Nodularia
spumigena



The rise and fall of monitoring
• The monitoring of cyanobacterial blooms in Finland started in the

mid-1980s as academic projects at University of Helsinki and Åbo
Akademi University. Finnish Institute of Marine Research and
Finnish Environment Institute have also been active in the field.

• There is no specific Finnish legislation about cyanobacterial toxins
in drinking water, foodstuffs and bathing waters but there are
general protective regulations. The EU Bathing Water Directive
2006/7/EC includes specific regulations about cyanobacterial risks
(appropriate monitoring, warnings).

• Current cyanotoxin monitoring in Finland is patchy and mostly
replaced by bloom monitoring. It is often easier to assume that any
cyanobacterial bloom is toxic.

• Two main strategies possible to protect the health of water users:
a) frequent monitoring and restrictions of use
b) control/mitigation of blooms
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Decision for further action based on
visual inspection

Rapala et al. (2012) in Current approaches to Cyanotoxin risk assessment, risk management and regulations in
different countries ed. I. Chorus, publ. Federal Environment Agency, Germany



Example of bloom intensity; www.jarviwiki.fi



Water quality problems on Åland
Islands, SW Finland

• Lake Östra Kyrksundet, giving raw
water to a local simple
waterworks with only rapid sand
filtering and chlorination, was
contaminated by a persistent
metalimnetic population of
Planktothrix agardhii for years
(Lindholm et al. 1989, Lindholm &
Meriluoto 1991). The case lead to
restrictions of water use.
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Photo by Tijana Jevtić

Cf. Užice SRB 2013: Planktothrix rubescens



Microcystin prevalence:
survey of 93 Åland Islands waterbodies, 2001
• MC or Nodln > 0.2 µg/L, 15% of the waterbodies (1999: 7%, 2000: 10%)
• MC > 10 µg/L; 4% of the waterbodies
• Highest microcystin concentration 42 µg/L (consisting of MC-RR, -LR, -YR)
• Correlation HPLC-DAD vs. LC-MS-SIR results, R2 = 0.92; HPLC-DAD vs.

ELISA, R2 = 0.94; LC-MS-SIR vs. ELISA, R2 = 0.81

1

1

2

3

7

13

14

17

24

1

1

2

2

16

5

13

19

0 5 10 15 20 25 30

MCYST-LY

MCYST-LF

NODLN

Didm-MCYST-RR

Dm-MCYST-RR

MCYST-RR

Dm-MCYST-LR

MCYST-YR

MCYST-LR

HPLC-UV/DAD

LC-MS-SIR

Spoof, L., P. Vesterkvist, T. Lindholm & J. Meriluoto (2003) Screening for
cyanobacterial hepatotoxins, microcystins and nodularin, in environmental water
samples by reversed-phase liquid chromatography–electrospray ionisation mass
spectrometry - Journal of Chromatography A 1020: 105-119



Cyanotoxin accumulation first observed in Finland but
first reported in Slovenia

• The first evidence of a cyanobacterial
peptide toxin bioaccumulation was reported
in a microbial ecology conference in
Slovenia in 1986. Eriksson, J., Meriluoto, J., Lindholm, T.
Can cyanobacterial peptide toxins accumulate in aquatic food
chains?, Proceedings of the IV International Symposium on
Microbial Ecology (Megusar, F., Gantar, M., Eds.), Ljubljana:
Slovene Society for Microbiology (1986) pp. 655-658.

• Lab. experiments later verified by
environmental studies.



Spoof, L., K. A. Berg, J. Rapala, K. Lahti, L. Lepistö, J.
S. Metcalf, G. A. Codd & J. Meriluoto (2006) First
observation of cylindrospermopsin in Anabaena
lapponica isolated from the boreal environment
(Finland) - Environmental Toxicology 21: 552-560.

First observation of
cylindrospermopsin in a
boreal cyanobacterium,
Anabaena lapponica

Further verification by sub-2 ppm TOF-MS data and ELISA



Summary: prevalence of cyanotoxins in Finland
(red = work from others)

• Sivonen et al., 1985-1986, ca 200 Finnish
cyanobacterial bloom samples, mouse bioassay: 44%
of samples toxic, hepatotoxins (microcystins) >>
neurotoxins (anatoxin-a)

• Sivonen et al., Meriluoto et al., Baltic Sea Nodularia
spumigena practically always toxic

• Meriluoto et al. 1989- Presence of microcystins and
nodularin in fauna

• Spoof et al., 2001, Åland Islands, 15% of 93 non-
selected waterbodies microcystin-positive > 0.2 µg/L by
three techniques, highest microcystin level in a
dispersed bloom 42 µg/L (Planktothrix agardhii),
continued 2007-2009 with similar results

• Rapala et al., 2002-2004, Finnish cb bloom samples (up
to 123 per year), microcystin-positive (>0.1 µg/L) 55-
80%, anatoxin-a & related (>0.5 µg/L) 37% (2003),
saxitoxins 11-16%

• Hautala, Spoof et al. 2010-2012 saxitoxins in some
Åland Islands samples, no cylindrospermopsin in Åland
Islands samples



Method standardization efforts

2000                                                                           2005



ISO 20179:2005 for microcystins



32 Chapters on cyanobacteria,
cyanotoxins, methodology, etc

29 Standard Operating
Procedures (SOPs)

3 Appendices: cyanobacterial
nomenclature, toxic species,
MC/NOD lists

Est. 592 pages

112 authors, 29 countries

4 years, available in Dec. 2016

1 liter blood
4 liter sweat
3 liter tears
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