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Abstract 

Cyanobacteria blooms can complicate or even prevent the economical or 
recreational use of waters. Many of the bloom forming cyanobacteria species 
are also potential producers of harmful cyanotoxins. The most commonly 
used standard method for quantifying phytoplankton biomass is based on 
inverted microscopy. The method has relatively high accuracy and is the only 
one producing biomass results on taxonomic level, but it requires high 
expertise and is time-consuming, producing delay to the results. Since 2006, 
we have studied practical solutions of continuous on-line and in situ 
monitoring of cyanobacteria using phycocyanin fluorescence probes. In many 
published studies, phycocyanin concentration has been proven to be a useful 
proxy for the actual concentration of cyanobacteria cells or biovolume. Two 
eutrophic lakes were studied, Lake Littoistenjärvi (during the years 2006-
2011) and Lake Kuralanjärvi (2008) in southwestern Finland, using 
stationary monitoring stations equipped with TriOS microflu-blue probes and 
a temperature sensor. To assess the cyanobacteria biomass, the fluorescence 
station results were compared to independent composite water samples 
analyzed using the standard inverted microscopy method. The fluorescence 
results were positively correlated to cyanobacteria biomass in both lakes 
(R2=0.58, p<0.001 in Lake Littoistenjärvi and R2=0.83, p<0.001 in Lake 
Kuralanjärvi). However, the post-calibration coefficients to convert 
phycocyanin fluorescence into absolute biomass varied between the two 
lakes probably due to the different phytoplankton taxa composition. In Lake 
Kuralanjärvi, also cyanotoxin (microcystine) concentration was correlated to 
fluorescence results (R2=0.77, p<0.001). Using local site specific biomass 
post-calibrations, phycocyanin fluorescence can be used to estimate the 
absolute biomass of cyanobacteria and can also indicate the possible 
occurrence of microcystins. The fluorometer probe station techniques used in 
these studies are an applicable and relatively low-cost method to monitor 
short-term changes in cyanobacteria abundance. With nearly real-time data 
transfer possibilities, they can be used in the management and early warning 
applications to minimize the possibly harmful effects of cyanobacteria 
blooms. 
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1 Introduction 

 Background 

Eutrophication is raised as the major threat to good ecological state 

of surface waters in Finland (HELCOM 2009a, Ympäristöhallinto 

2013). The increased productivity resulted from increased nutrient 

loading from both anthropogenic and natural sources can cause 

negative environmental effects in waters. These include phytoplankton 

blooms, anoxic conditions and unwanted changes in the balance 

between trophic levels.  The European Union water framework 

directive (2000/60/EC) targets to good ecologic state of all surface 

waters by the end of 2015, but it is clear that this objective will not be 

reached. Surface waters are primarily classified using biological 

indicators such as biomass, the number of taxa and abundance of 

phytoplankton, macrophyte vegetation, benthic animals and fish, 

which are compared to the water system specific natural-like reference 

conditions, where anthropogenic influence is low (Ympäristöhallinto 

2013). In addition, chemical (e.g. nutrient concentrations, pH and 

water transparency) and hydromorphological (e.g. damming, water 

level regulation, migration barriers) features also affect the 

classification. In Finland, currently 85% of the lake surface area and 

65% of river length is classified as being in a good or excellent 

ecological condition (Ympäristöhallinto 2013). Major differences exist 
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regionally: the water systems in northern and eastern Finland are 

generally in a good or excellent condition but on the coastal area of 

southern and western Finland, the state of more than half of the 

surveyed surface freshwaters is satisfactory or worse 

(Ympäristöhallinto 2013). The southern Finnish Baltic Sea brackish 

water coastal area is mostly in a satisfactory to poor state. Compared to 

a previous classification (Ympäristöhallinto 2009, Vuori K.-M. et al 

2009) a slight improvement is reported but this could be partly due the 

developed classification criteria. 

 

Due to the eutrophication of water bodies, large and intense 

phytoplankton blooms, most commonly associated with cyanobacteria, 

have been increasingly reported in the recent decades. Phytoplankton 

has benefitted from the nutrient load from anthropogenic sources such 

as inhabitation, industry, forestry and agriculture. As many of the 

cyanobacteria species can fix N2 directly from the atmosphere, 

especially increased phosphorous load makes them competitive 

relative to other phytoplankton groups. The amount of phytoplankton, 

most often measured as chlorophyll-a concentration, can be used as an 

ecological indicator of eutrophication, as primary production has rapid 

response to changes in the amount of available nutrients. Nutrients and 

light are the main controlling factors of phytoplankton growth but also 

water temperature, meteorological factors, stratification and grazing 

can have a strong influence. Water transparency and concentration of 

phosphorus usually also correlates with phytoplankton biomass (e.g. 

Wetzel 2001, Reynolds 2006, Falconer et al 1999). 
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The studies of long term trends of cyanobacteria blooms in the 

Baltic Sea region suggest increased biomass in the Northern Baltic Sea 

since 1970s (Suikkanen et al. 2007), but also a decrease in the 2000s in 

southern areas have been reported (Jaanus et al. 2007). In the 2000s the 

annual variations in phytoplankton biomass have been high without 

clear trends (e.g. HELCOM 2009a and 2009b). In freshwaters the 

situation varies from one lake to another and general trends have not 

been found (Räike et al. 2003). According to scenarios with expected 

mean temperature rise, the climate change will most probably affect 

the frequency and intensity of phytoplankton mass blooms. Increased 

water temperature, nutrient flux and precipitation together with 

decreased period of ice cover are estimated to cause changes in 

phytoplankton communities and favor especially temperature 

dependent taxa such as cyanobacteria and Chlorophyceae, however, 

the exact processes depend also on many other factors and in some 

cases the effect may also be the opposite (BACC 2008, George (ed.) 

2010).  

 

During the growing season in Northern Europe (April to October), a 

typical succession of visible phytoplankton occurrence starts as a 

relatively short spring bloom, when the amount of light increases under 

the ice cover, usually consisting of diatoms and dinoflagellates. After 

the early summer “clear water phase”, cyanobacteria species usually 

dominate the late summer bloom from July to early September in 

eutrophic waters (e.g. Wetzel 2001). Relatively few species form mass 

blooms in boreal freshwaters and in the Baltic Sea area. These include 

species in Microcystis, Anabaena and Aphanizomenon genus and only 
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in the Baltic Sea brackish water, Nodularia spumigena. Cyanobacteria 

mass blooms are also possible outside the most typical season; a recent 

phenomenon observed in 2008 in Lake Pien-Saimaa in Eastern Finland 

was an exceptional blooming of cyanobacteria species Anabaena sp. in 

winter conditions, under a full ice cover (Kauppi & Saukkonen 2010). 

 

Large and intensive cyanobacteria blooms can cause negative 

socioeconomic effects or even pose a serious risk to human and animal 

health. Large biovolume of cyanobacteria can complicate e.g. water 

intake and aquaculture and decrease possibilities for recreational use 

such as swimming and fishing. In addition to mechanical and aesthetic 

effect, many of the bloom forming species are also potential producers 

of harmful cyanotoxins (Table 1). In Finland, cyanotoxins have been 

found in raw water intake facilities but mostly in low concentrations so 

restrictions of processed water usage have been rare (Rapala & Lahti 

2010). Human recreational exposures to cyanotoxins have caused, for 

example, acute pneumonia, hepatoenteritis, skin irritation and 

gastroenteritis (Falconer 1999, Chorus & Bartram (eds.) 1999). Cattle, 

dog and bird nodularin intoxications, also lethal, and negative effects 

on development, feeding and growth of zooplankton and fish have 

been reported from the Baltic Sea countries (referred in Karjalainen 

2005, Engström 2000, Engström 2001). Reviewed in Chorus & 

Bartram (ed. 1999), microcystins and saxitoxins commonly 

bioaccumulate in aquatic vertebrates and invertebrates (e.g. fish, 

mussels and zooplankton). Nodularin accumulation has also been 

detected in the Baltic Sea zooplankton, indicating possible transfer 

between trophic levels (Karjalainen et al. 2005). In a mouse bioassay 
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exposure study, Sivonen et al. (1990) found 44% of the tested 

cyanobacteria bloom samples lethally toxic. During the study years 

1985-1986 also cattle poisonings were reported in three different lakes 

and toxic cyanobacteria blooms were found more common than 

expected.  

 

Table 1: Cyanotoxins found in Finland, producing taxa and known 
health consequences (from Rapala & Lahti 2010 and Chorus & 
Bartram (eds.) 1999). 
Toxin Producing Acute Long-term  Occurrence 
  genus effects effects in Finland 

Microcystines  Anabaena Hepatotoxin Carcinogenic Common 
(>80 variants) Microcystis 

Planktothrix 
Nodularines Nodularia Hepatotoxin Carcinogenic Common, only in the 
 (7 variants)       Baltic Sea 
Saxitoxins Anabaena Neurotoxin Relatively common 
(approx. 30 variants) Aphanizomenon 
Anatoxin-a Anabaena Neurotoxin Not shown Relatively common 
  Aphanizomenon       
Anatoxin-a(S) Anabaena Neurotoxin Not shown Rare 

Aphanizomenon 
Cylindrospermopsin Cylindrospermopsis Cytotoxin Possibly Extremely rare 

  
Anabaena 

  
 
Carcinogenic   

  Aphanizomenon       

 

Safety limits for cyanotoxins exist but knowledge about the 

harmfulness of different toxins and variants is insufficient. The WHO 

(2004) has set a tolerable daily intake guideline value for drinking 

water concentration of microcystine LR-variant to 1µg L-1. The 

thresholds of possible harmful amount of cyanotoxins (microcystine 

LR-variant equivalent) for recreational use are based on the number of 

cyanobacteria cells in water volume or chlorophyll-a values (table 2). 

New alert level thresholds have also been suggested for phycocyanine 

concentration by Ahn et al 2007 and McQuaid et al 2011. In Finland, 
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Valvira (2010) has set guidelines for monitoring, technical measures 

and public information when toxic producing cyanobacteria has been 

detected in water intake facilities. In the guidelines, thresholds are set 

to cyanobacteria cell numbers, biomass and microcystine 

concentrations. According to the guidelines, a microcystine 

concentration of >10 µg L-1 leads to prohibition of water usage. 

 

Table 2: Cyanotoxin risk levels for recreational use of water, after 
Chorus & Bartram (ed. 1999). 
  Chlorophyll-a Cyanobacteria Possible microcystin Biomass 

Risk level µg L-1 cells L-1 concentration µg L-1 distribution 

Moderate 50 100 000 20
Mixed in top 
4m of water 
body 

High 5 000 10 000 000 2 000
Surface 
accumulation 
in top 4cm 

Very high 50 000 100 000 000 20 000
Wind driven 
concentrated 
shore scum 

 

In addition to health consequences, massive cyanobacteria blooms 

and dominance cause also ecological effects. Large biomass of 

cyanobacteria decreases water transparency and light penetration, 

making macrophyte vegetation less competitive to phytoplankton. This 

could cause a decrease in total primary production and biodiversity. 

After the blooming season, decomposing cyanobacteria cells increase 

sedimentation and oxygen consumption, possibly leading to anoxia and 

inner loading of nutrients, accelerating eutrophication development of 

water body. To improve the ecological conditions in polluted and 

eutrophicated waters, various methods are used to minimize the 

negative effects caused by increased phytoplankton blooms and other 
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unwanted phenomena. The most common and accepted restoration 

methods are reducing the external nutrient and dissolved solids load to 

the waterway, biomanipulation in attempt to affect the grazing and 

predation dynamics in the food chain, aeration/oxygenation of anoxic 

bottom water conditions to prevent the resuspension of nutrients and 

chemical restoration to precipitate nutrients (mainly PO4) to sediment 

(Ulvi & Lakso (eds.) 2005). In addition to these “indirect” measures, 

several attempts have been made to control the growth or harvest 

phytoplankton from water systems. Ultrasonic radiation has been used, 

for example, in Lake Senba Japan (reviewed in Peczula 2012) where 

cyanobacteria biomass decreased in a two-year experiment. Algaecides 

(e.g. copper sulphate) and also pathogens have been tested to reduce 

phytoplankton biomass and found effective, but these methods could 

have uncontrollable effects on other aquatic organism and ecosystem 

so they are not widely used because of environmental risks. Shen et al 

(2004) reported harvesting of 460.83 t of dry cyanobacteria mass from 

4.3 ha Lake Dianchi, China during 2001-2002, using several 

techniques such as gravitational and rotating shaking and centrifuging, 

and concluded that mechanical removal can control algal blooms and 

reduce inner nutrient load.  Small vessels and structures have been 

used to filter or fence cyanobacteria biomass from lakes, for example, 

in the Czech Republic (Asio ltd.) and in Finland (Saloy ltd.). With 

these direct techniques phytoplankton biomass can be temporarily 

reduced, however, no long-term positive effects on cyanobacteria 

biomass or ecological conditions have yet been shown. 
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 Monitoring of phytoplankton and 
cyanobacteria occurrence 

Phytoplankton is a good indicator in estimating the ecological status 

and conditions of waters. The composition and biomass of 

phytoplankton communities reacts rapidly, for example, to changes in 

nutrient concentrations and acidity (e.g. Wetzel 2001 and Reynolds 

2006). The European Union water framework directive (2000/60/EC) 

and Marine Strategy Framework Directive (2008/56/EC) require the 

use of phytoplankton monitoring in ecological classification and 

estimation of changes and anthropogenic impacts on waters. The most 

commonly used proxy of total phytoplankton biomass is the pigment 

concentration of chlorophyll-a (Wetzel & Likens 2000). Chlorophyll-a 

is the primary photosynthetic pigment and is present in all 

phytoplankton (Wetzel 2001). Analyzing chlorophyll-a from field 

samples is relatively simple and cheap but information on species 

composition and species specific biomass cannot be produced using 

this method. To acquire good qualitative and quantitative data, the 

most accurate method is inverted microscopy technique based on 

Utermöhl (1958). The phytoplankton taxa is identified visually and 

biomass is derived from counted cell/colony numbers and unit wet 

weight biomass table values. With the traditional widely accepted 

standard methods the results are comparable, accurate and usually very 

reliable. The microscopy method, however, needs specialized expertise 

and is time-consuming and expensive. The most common methods 

used in toxicity analysis are the liquid chromatographic method 

(HPLC) and the immunological detection (ELISA) and bioassays in 
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different organisms. The HPLC and ELISA are the most applicable 

methods to quantify hepatotoxins (microcystine variants and 

nodularin). Analytics on various other cyanotoxins are still under 

development (Chorus & Bartram ed. 1999). Also rapid tests of 

cyanotoxin presence are being developed to be commercially released 

in the future. 

 

To minimize possible harmful effects of phytoplankton blooms on 

recreational use, municipality and governmental authorities need to 

monitor and report the bloom situations to the public. Because of the 

cost and time needed for laboratory analysis, the basic monitoring 

method since 1998 in Finland for up-to-date cyanobacteria bloom 

situation is based on trained observers who visually observe the 

amount of phytoplankton in >300 selected waterways in relative scale 

from 0 (no visible phytoplankton) to 3 (very high amount of 

phytoplankton). In offshore areas, cyanobacterial bloom intensity and 

distribution is also monitored using aerial surveys.  

 

In vivo fluorometry has been used for over 40 years (Lorenzen 

1966) in oceanographical and limnological studies. The method is 

based on the measurement of fluorescence of Chlorophyll-a or other 

photosynthetic pigments in living phytoplankton cells. In acetone, 

chlorophyll-a has absorption peaks at 430 and 662 nm and 

fluorescence emission main peak is centred at 668 nm (Wetzel 2001, 

Babin 2008). As Chlorophyll-a concentration indicates the total 

amount of phytoplankton the distinction of possibly harmful 

cyanobacteria presence is not possible. Phycocyanin is a 
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photosynthetic strongly fluorescent pigment belonging to the group of 

phycobiliproteins. It is found as a major pigment in cyanobacteria and 

Cryptophyceae and as a trace pigment in Rhodophyceae (Wetzel 

2001). It has an absorption peak at 620 nm and fluorescence emission 

peak at 647 nm (Bastien et al. 2011). In freshwaters cyanobacteria are 

the only organisms to produce significant quantities of phycocyanin 

(Wetzel 2001) which can be used as an indicator of cyanobacteria 

biomass (Gregor et al. 2007). In sea water another phycobilin pigment, 

phycoerythrin, is used in fluorescence applications for cyanobacteria 

detection. Currently there are several low-cost submersible 

fluorescence chlorophyll, phycocyanin and phycoerythrin sensors 

commercially available from different manufacturers and some of 

them can be attached to multiparameter measurement sondes together 

with other sensors measuring different water quality parameters. The 

modern field sensors can be used in several ways: operated handheld, 

deployed to stationary monitoring stations and buoy platforms, or 

attached to flow-through systems in moving research vessels as well as 

cargo and passenger ships for line transect and spatial survey studies 

(Ruokanen et al. 2003, Ghadouani & Smith 2005, Seppälä et al. 2007, 

Lepistö et al. 2008 and 2010, Huttula et al. 2009, Anttila et al. 2012). 

The performance of submersible field sensors in quantifying 

cyanobacteria biomass and abundance has been evaluated to be 

excellent at least for the TriOS MicroFlu-blue (Brient et al. 2008, 

Bastien et al. 2011) and for the YSI 6131 (Bastien et al. 2011). Also 

satellite-based remote sensing data has been successfully combined 

with fluorescence field measurements to create and validate models on 

spatial distribution of chlorophyll and cyanobacteria, for example, in 
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Lake Pyhäjärvi, Finland (Lepistö et al. 2008 and 2010). 

 Project background and objectives 

Since 2006, Turku University of Applied Sciences (TUAS) has 

implemented several R&D projects focusing on practical solutions of 

continuous on-line and in-situ monitoring of cyanobacteria.  TUAS 

has, for example, established an online warning system of 

cyanobacteria blooms for beaches and water intake facilities. A 

phycocyanin fluorescence sensor measuring cyanobacteria biomass 

and water temperature every hour is mounted in location and the 

results are transferred to the web page sinileva.natureit.net twice a day 

for the authorities and the public. Automatic alerts, for example, to the 

mobile phone of the person in charge can be set when the algae 

concentration increases to a possible harmful level. The main objective 

is to produce information about the up-to-date cyanobacteria bloom 

situation for the public and the recreational users of the waters, e.g. 

swimmers. 

 

For this work, studies and monitoring conducted in two lakes in SW 

Finland, Lake Littoistenjärvi and Lake Kuralanjärvi (Figure 1) were 

chosen. Both of them represent eutrophic (Chl-a concentration > 10 µg 

L-1 and total phosphorus (TP) concentration >20 µg L-1) to 

hypereutrophic (Chl-a > 50 µg L-1, TP > 100 µg L-1) small lakes in 

southern Finland with almost annual cyanobacteria mass occurrences 

during the summer months. Good background data is available for both 

of the lakes. The University of Turku has monitored Lake 
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Littoistenjärvi for a long period and therefore, good data sets and 

background information about the water quality and biological 

indicators including phytoplankton biomass exist (e.g Sarvala & 

Perttula 1994, Sarvala 2005 and Sarvala unpublished). Cyanobacteria 

monitoring with an automatic measuring station equipped with a 

phycocyanin fluorometer probe started in 2006 as a co-operational 

R&D project “Warning system for blue-green algae” by TUAS and the 

environmental office in the city of Kaarina. The monitoring is ongoing. 

In this work, the monitoring results from the years 2006-2011 are 

analyzed and discussed. 

 

 

Figure 1: Maps showing the study areas, Lake Kuralanjärvi and 

Lake Littoistenjärvi. 

 
Emphasis has also been placed on the study possibilities of 

mechanical removal and isolation techniques for cyanobacteria surface 

blooms with filter fabric applications. Lake Kuralanjärvi was originally 

chosen as a test site as it has almost certainly high amounts of 

cyanobacteria during the open water period. An engineering company 

Saloy Ltd. has developed and tested methods to filter cyanobacteria 

from water with filter fabric structures. The lake has been their test site 

for mechanical removal tests since 2006. During the years 2006 and 
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2007 TUAS cooperated with the Saloy Ltd. in pilot tests with filter 

fabric fences and seines. In these studies fluorescence measuring 

stations were used to quantify biomass differences between filtered and 

non-filtered water areas to evaluate the effectiveness of removal 

actions. At the start, the filtering methods changed often and developed 

but the results remained quite poor (Loisa 2008), only small areas were 

successfully cleaned. In 2008 the studies with developed filtering 

equipment continued and TUAS participated in these studies as well. 

Fluorescence measuring stations were again used, now together with 

water samples of phytoplankton. In this work, the results of 

fluorescence monitoring and phytoplankton biomasses from the studies 

of year 2008 are analyzed. 

 

The overall goal of this work was to test and evaluate the 

performance of easy-to-use fluorescence in-situ field probe used as a 

continuous on-line solution and as a practical tool for quantifying 

harmful cyanobacteria blooms. In more detail, the main objectives and 

research questions of this work are: 

 

1. Estimate the reliability and accuracy of phycocyanin 

fluorescence probes for in-situ cyanobacteria biomass 

estimation and quantification. In the studied sites, are the 

results of phycocyanin measurements comparable to biomass 

results of more classical and widely accepted cell count 

methods?  

 

2. Compare the differences of monitored lakes, sampling 
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locations, algae species diversity and composition to biomass 

estimation and discuss the sources of error in field 

measurements. How important are the local calibrations to 

reliable biomass estimation at different sites? How 

representative is fluorescence sampling in one location and 

constant depth? How are the biofouling of the sensors and other 

technical issues best controlled? 

 
3. Study the occurrence and succession of cyanotoxins 

(microcystines) and correlations with cyanobacteria biomass. 

Can the risk or possibility of cyanobacteria hepatotoxin 

precence be indicated by fluorescence measurement of 

phycocyanin? 

 
4. Estimate the effects of mechanical removal actions to 

cyanobacteria biomass and toxin concentrations. Are the Saloy 

Ltd methods effective enough to harvest and reduce the algae 

biomass from a eutrophic lake? 

 

 Study area descriptions 

1.4.1 Lake Littoistenjärvi 

Lake Littoistenjärvi is situated in SW Finland (Figure 1) in the city 

of Kaarina and the municipality of Lieto. The surface area is 1.5 km2 

and the catchment area is 3.0 km2, mostly forest (Sarvala 2005). The 

inhabitation and constructed area is expanding and the southern and 
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western sides of the lake are quite densely populated. The output flows 

to Piikkiönlahti, Archipelago Sea. The average depth is 2.2 m and the 

maximum depth is ca. 3 m (Sarvala & Perttula 1994). The lake is 

normally ice covered in winter, typically 4-5 months between 

December and April. Lake Littoistenjärvi serves as an important 

recreational site for activities such as swimming and fishing. The lake 

has been a drinking water intake until 1998 and the water level is still 

regulated. The lake is naturally eutrophic and in the recent years the 

cyanobacteria mass occurrences have been common. The first studies 

conducted are from the early 1900s (Wahlberg 1913) when 

phytoplankton blooms and fish deaths were reported to be common. 

The University of Turku has monitored the ecological state of the lake 

since 1986. Water quality, fish populations and the structure and 

biomass of macrophytes, zooplankton and phytoplankton is monitored. 

Phytoplankton biomass results used in this study are collected and 

analyzed within the monitoring program. 

 

In the late 1900s the eutrophication level (trophic classifications 

after Wetzel 2001 and Oravainen 1999) of the lake has been moderate 

(mesotrophic to eutrophic) with the total phosphorus concentrations of 

20-50 µg L-1 and average chlorophyll-a concentrations usually below 

20 µg l-1. The total N concentrations have been in the level of 500 µg 

L-1. Significant changes in water quality and general conditions 

between years have been typical to the lake. Alien macrophyte species 

Canadian waterweed (Elodea canadensis) invaded Lake Littoistenjärvi 

in the 1960s and the biomasses increased highly in the 1980s. Also 

Hornwort (Ceratophyllum demersum) occurs in great amounts. The 
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changes in the biomass of macrophytes have had a key role in the 

dynamics of the lake ecosystem. The biomass and growth of Elodea 

has regulated the P and Chl-a concentrations of the lake and had also 

effects on pH and O2. In the 1990s the biomass has been extremely 

high and the plants have been mechanically collected from the lake 

with annual amounts of 300-700 tn per year.  The biomasses of these 

macrophytes have decreased in the 2000s. At the same time the 

eutrophication level has risen to eutrophic or hypereutrophic (TP 

concentrations 50-250 µg L-1). From the late 1990s to 2000s the 

biomass of phytoplankton, especially cyanobacteria, has also risen and 

mass occurrences have become more common. Currently the general 

usability of the lake can be classified as poor due to regular 

cyanobacterial blooms. The exact reason of the increased 

eutrophication development in the 2000s still remains unclear, but 

Sarvala (2005 and unpublished) suggests it is related to changes in fish 

populations, especially to increased biomass of Bream (Abramis 

brama). 

 

The poor state of the lake has decreased the possibilities of 

recreational use. Many restoration measures have been implemented: 

mechanical aeration/oxygenation, removal of macrophytes and fish 

population biomanipulation. Aeration with two aerator units deployed 

in the lake has started again in autumn 2012 and chemical restoration 

(precipitation of P with AlCl3) has been recommended but has not 

received enough support from the local residents. The ecology of the 

lake is complicated and it seems to be difficult to find any easy 

solutions to improve the state of the lake. 
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1.4.2. Lake Kuralanjärvi 

Lake Kuralanjärvi is a small lake with an area of ca. 13 ha located 

in Rymättylä archipelago, about 20 km southwest from Turku (Figures 

1 and 7). The catchment area is ca. 100 ha. The lake is shallow with 

the average water depth of less than 2 meters and the deepest points in 

approximately 2.5 meters. The ice conditions are similar to Lake 

Littoistenjärvi as ice typically covers the lake for 4-5 months. In both 

lakes, no noticeable stratification occurs during the summer and winter 

periods because of the shallowness. Monitored TP concentrations in 

the water have been in the range of 100–400 µg L-1 in the 2000s. The 

average summertime concentration of Chl-a has generally been 100-

300 µg L-1and in recent years even higher with 400–500 µg L-1. On the 

basis of these concentrations, the lake can be classified as 

hypereutrophic (Wetzel 2001, Oravainen 1999) and the general 

usability classification is poor (Vesi- ja ympäristöhallitus 1998, 

Ympäristohallinto 2013). Wintertime oxygen deficiency is common 

and fish deaths have occurred. The factors leading to the 

eutrophication development have been intense agriculture (primarily 

potato farming) and pig farming within the catchment area (Helminen, 

pers.). Internal loading is also currently remarkable. Because of the 

poor water quality Lake Kuralanjärvi is currently almost without any 

recreational use. No serious restoration measures have been recently 

implemented but the lake has served as an example and test site for 

several research projects connected with eutrophication issues. The 

lake was chosen for these experiments because of almost certain high 

phytoplankton, and mainly cyanobacteria biomass during the 
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summertime. 
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2 Material and methods  

 Continuous monitoring method 
using phycocyanin fluorescence 
probe 

The probe type used in these studies for fluorescence measurements 

was TriOS microFlue-blue (Figure 2). The probe is easy to use and 

relatively inexpensive. It is fully submersible and compact (diameter 

48mm, length 217mm, weight 0.7kg). The probe can be operated hand-

held or mounted to a data logger. The source red LED light uses peak 

wavelength at 620 nm. The detector is photodiodes with internal 

interference filter measuring peak the wavelength of 655 nm. 

According to the manufacturer the probe should be very sensitive and 

selective for phycocyanin fluorescence and insensitive to potential 

optical interference such as chlorophyll, turbidity and dissolved 

organic matter. Raw results are given as the concentration of 

phycocyanin and two optional measuring ranges are available (0-20 

µg/L and 0-200 µg/L). A more detailed description is available on the 

manufacturer’s website www.trios.de (cited 2013). The probe type has 

been on the market since 2004 and has been used in several published 

studies (e.g Brient et al 2007, Bastien et al 2011, Anttila et al 2012). 
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Figure 2: TriOs microFlu-blue probe (photo trios.de) 
 

In these studies the basic setup was one or several TriOS probes 

mounted on a monitoring station equipped with a data logger, GSM-

modem and temperature sensor. Monitoring stations are powered with 

12 VDC batteries. The measurement interval of the station was set to 

log the phycocyanin fluorescence and temperature results every hour. 

One fluorescence measurement is based on averaging 1000 readings 

taken during a 10 second period. Before every measurement there is a 

probe warm-up time of ca. 6 seconds. Fluorescence signal results are 

converted into wet weight biomass (mg L -1) with a fixed calibration in 

the data logger. The fixed linear calibration formula (cyanobacteria 

Bm(ww) = 8,5 x fluorescence mV - 0,08) used in all the stations as a 

default is based on a water quality mapping study (Kiirikki et al 2005) 

made in Lake Hiidenvesi, South Finland, by the probe supplier Luode 

Consulting Ltd. In the study the fluorescence signal of the TriOS probe 

was compared to microscopy analysed water samples (Figure 3, 
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R2=0.87, n=10). During the study the dominant cyanobacteria species 

present was Aphanizomenon flos-aquae. 

 

 

Figure 3: The fixed biomass calibration used in the dataloggers 
(Kiirikki et al 2005). 

 
The data logger stores and sends the results automatically in .csv 

format twice a day via the GSM modem to a server located in Turku. 

In the station, sampling interval and data transfer schedule are fully 

programmable. To avoid measurement errors caused by biofouling the 

probe was manually cleaned during the deployment periods from once 

to twice a week (supplier recommendation is twice a week). The more 

recent probe versions can be cleaned automatically and the data logger 

controlled with compressed air. 
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 Phytoplankton cell count method  

The phycocyanin fluorescence and the calculated biomass results 

produced by the TriOS fluorescence probe are compared to the results 

of laboratory cell counted samples. The phytoplankton cell count 

method used is based on the widely accepted standards based on 

Utermöhl (1958). The samples are usually taken as a composite water 

sample from the certain part of the vertical water column using a tube 

sampler. In Finland the Limnos type sampler (Figure 4) is most 

commonly used. The most common sampling depth in freshwater 

phytoplankton monitoring is 0-2 m and in long-term monitoring 

programs the sampling depth should be fixed. Usually 3-5 samples 

from different depths are taken and the part samples are then carefully 

mixed together. The combined sample is taken in a glass bottle and 

preserved in Lugol’s iodine, a standard solution used in phytoplankton 

sampling. The sample volume should be at least 200 ml and the 

amount of Lugol’s iodine used is 0.5-1 ml / 200ml sample. Sampling 

techniques and protocols in these studies follow the existing standards 

and instructions given by the Finnish governmental environmental 

authorities (e.g. Mäkelä 1992, SYKE 2011). 
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Figure 4: A Limnos tube sampler containing a phytoplankton 
sample in Lake Kuralanjärvi. 

 

The samples are then analyzed in a laboratory using the inverted 

microscopy Utermöhl-technique, applying the “comprehensive 

quantitative method” used in the Finnish Environmental Centre 

phytoplankton laboratory (latest version SYKE 2011). Phytoplankton 

is identified to species or to other applicable taxonomical level. The 

abundance of single cells and colonies is counted using different 

magnifications (100-600X). Cell counting results are converted into 

biomass using tables of species-specific biovolumes. The method and 

standards are described in detail in Utermöhl 1958, Olrik et al 1998, 

CEN-prEN 15204:2006 and in Finnish in Lepistö et al. 2006 and 

SYKE 2011. 
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 Lake specific methods 

2.3.1. Material and methods in Lake Littoistenjärvi 

The data for this study was collected from 2006-2011. In May 2006 

Turku University of Applied Sciences in co-operation with the city of 

Kaarina deployed a monitoring station equipped with the TriOS 

microflue blue phycocyanin fluorometer and a temperature sensor to a 

platform located in the northwestern shore (Figure 5) of the lake, with 

the purpose to monitor the cyanobacteria biomass and succession as 

well as to produce on-line information to the public about the current 

swimming conditions at the site.  The nearest beach is located 300 

meters north from the station. 

 

 

Figure 5: Map of Lake Littoistenjärvi and the location of 
monitoring station and the phytoplankton water sampling stations (A-
C). (Map: Maanmittauslaitos) 
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The deployment periods started in early summer between May 18 

and June 9 and ended in late autumn, between October 23 and 

November 18 before the lake freezes (Table 3). The monitoring station 

was deployed to the outer end of a small boat platform 20 meters off 

the shore (Figure 6). The water depth in the station was ca. 1.5 meters 

and the measuring probe and the temperature sensor were submersed 

in the depth of 0.5 meters from the water surface in order to produce 

results representing the “average” cyanobacteria situation in the water 

column and avoid measuring the thick surface scums formed by 

phytoplankton blooms. The readings of both phycocyanin fluorescence 

and water temperature were taken every hour and stored to the station 

data logger. The data logger default settings described before were 

used. The results were automatically sent twice a day via the GSM to a 

server located in TUAS laboratory, Turku. The sensors were manually 

cleaned by wiping them with soft tissue. The cleaning schedule was 

once a week but especially in the autumn after the busiest swimming 

season the cleaning interval was sometimes longer. 

 

Table 3: TriOs microflu fluoroprobe station deployment periods in 
Lake Littoistenjärvi 2006-2011. 

Year Deployment period Total days 

2006 June 9th - November 2nd 146 
2007 June 8th - October 29th 143 
2008 May 22nd - November 18th 180 
2009 May 19th - October 23rd 157 
2010 May 18th - November 1st 167 
2011 May 24th - November 11th 169 
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Figure 6: The monitoring station deployed in a boat platform in 

Lake Littoistenjärvi. 
 

Phytoplankton samples were taken as a part of the long-term 

sampling program from the three fixed sampling stations (A-C in 

Figure 5) by the University of Turku. The samples were taken with the 

interval of ca. two weeks during the open water periods, between April 

and October, with a total of 11-13 samples per year. The sampling 

protocol and the stations have been the same from 1992, except the 

size of the water sampler. The sampler used during these studies is a 

2.1-litre Limnos sampler (height 35cm) whereas earlier a larger 

version of 3.6 litres and 50cm of height was used. For the analysis, a 

combined sample from the depth of 0-2 meters was taken from four 

depths (sampler bottom in 0.5, 1.0, 1.5 and 2.0 meters), two samples 

from every depth. The total volume of the sample from a station was 

then 2 x 4 x 2.1L = 16.8L. From every station, a 250mL part sample 

was taken from the carefully mixed station sample and preserved in 

Lugol solution in the field. The part samples from three different 

stations were mixed in the laboratory before microscopy. 
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Phytoplankton was then analyzed using standard inverted microscopy 

“comprehensive quantitative method” as described before. The 

samples were analysed by the University of Turku. 

2.3.2. Methods in Lake Kuralanjärvi 

The field studies were conducted between May and October 2008. 

In late May, Saloy Ltd. established a filter cloth (Figures 8 and 9) 

fenced area of about 1000 m2, 40x25m. Fencing started from the 

shoreline and reached about 25 meters away from it. Filter cloth 

reached from the water surface to the bottom in order to prevent 

cyanobacteria blooms drifting inside and out from the fenced area. The 

top of the fence element was equipped with oil boom like flotation and 

the fencing was anchored to the bottom. The intention was to keep the 

cyanobacteria biomass inside the fenced area as low as possible. The 

methods used for this purpose were various e.g. water from the fenced 

area was pumped to filter cloth bags from where the cyanobacteria 

mass was then collected. The cyanobacteria mass was then placed to 

containers and removed from the lakeside. At the beginning of August, 

during the highest cyanobacteria concentrations, Saloy Ltd. decided to 

decrease the size of the fenced area to approximately 300m2. Due to 

problems in communication and cooperation between Turku 

University of Applied Sciences and Saloy Ltd., exact data about the 

algae removal measures, different methods and the amount of work is 

not available. Therefore, indicators such as cost efficiency and 

usability for lake restoration are not estimated for the removal 

methods. Because of this, also descriptions of some Saloy Ltd. actions 
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in this work may be partly incorrect. 

 

Figure 7: Map of Lake Kuralanjärvi and the study area 
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Figure 8: Saloy Ltd. filter cloth fence being deployed (Lake 
Pyhäjärvi, 2007). 

 

  
Figure 9: The filter cloth fence and the flotation boom deployed in 

Lake Kuralanjärvi 2008. 
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To quantify the effects of removal measures an automated 

measuring station was mounted on a floating platform near the fenced 

area (Figures 10 and 11). The station was equipped with two similar 

and intercalibrated TriOS microflu-blue phycocyanin fluorescence 

probes and a temperature sensor in order to compare the cyanobacteria 

biomass differences between these two areas. One of the probes was 

situated inside the fenced area and the other one outside it, about 5 

meters away from the flotation boom. The probes were adjusted with 

small flotation to 0.5 meters depth from the surface. The temperature 

sensor was under the station platform, also in the depth of 0.5 meters. 

The station automatically logged phycocyanin concentration and water 

temperature from the sensors every hour. The data was then sent twice 

a day to a server in Turku with a GSM-modem. Another station with a 

third fluorometer sensor was deployed in the middle of the lake to 

estimate the natural differences in cyanobacteria biomass in different 

parts of the lake. The 0.5m water depth for all sensors was again 

chosen to avoid the largest surface blooms which were not assumed to 

represent the cyanobacteria or phytoplankton biomass in the entire 

water column. 
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Figure 10: Experimental set-up of removal measures and sampling 
locations in Lake Kuralanjärvi 

 

 

Figure 11: The measuring station mounted to a floating platform in 
Lake Kuralanjärvi 2008. 

 

Water samples for phytoplankton species identification, biomass 

calculation and hepatotoxin analysis were taken every two weeks 

between 25 May and 24 September. On every sampling day there were 
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two composite samples were taken; one from the fenced area and one 

from the control area. The control area was chosen ca. 50 meters away 

from the fenced one to represent similar conditions and topographical 

properties such as position in relation to shoreline, bottom slope and 

water depth. The center of the control area for water samples was ca. 

50-60 meters away from the automated measuring station and the 

control area fluorescence sensor.  

 

The part samples were taken from a small rowing boat with 2.1L 

Limnos tube sampler (Figure 12). One composite sample consisted of 

part samples from two water depths, 0.0-0.4m and 1.0-1.4m, and 5 

sampling points. The total sample, 21 liters in volume, was then gently 

and carefully mixed to make it homogenous in a 50-liter bucket. The 

sample for phytoplankton species identification and biomass 

microscopy was taken first to a 250ml brown glass bottle and 

preserved in Lugol solution on the field.  
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Figure 12: Sampling at Lake Kuralanjärvi 2008. 
 

In order to investigate whether the algae cells discharged 

hepatotoxins to the surrounding water, 8 water samples were taken by 

careful reverse filtering with 10 µm plankton filter net. In mid-summer 

the amount of phytoplankton in the 21-liter composite sample was so 

high that the filtering with such small mesh size was very slow and 

difficult. The amount of filtered sample varied from 0.3 liters to one 

liter. These samples were only taken between August 12 and 

September 24. 

 

To analyze the total amount of hepatotoxins in the cyanobacteria 

cells, the phytoplankton biomass of the combined 21-liter sample was 

concentrated in a one-liter plastic bottle using 41 µm plankton filter 

net. Possible disturbance and mechanical breaking of phytoplankton 
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cells was minimized by gentle filtering of the material in the water. 

After the sampling all the hepatotoxin samples were frozen. 

 

Figure 13: Hepatotoxin samples 
 

The phytoplankton species and biomass samples (18) were analyzed 

by Lounais-Suomen vesi- ja ympäristötutkimus Ltd. The samples for 

hepatotoxin analysis, 16 concentrated algal biomass samples and 8 

filtered water samples, were analyzed in the laboratory of Åbo 

Akademi University by Jussi Meriluoto, PhD, and Lisa Spoof, PhD. 

All samples were analyzed using the immunological ELISA-method 

which indicates the total amount of hepatotoxins. From the biomass 

samples, 10 duplicate samples from the most intense blooming period 

(June 24 to August 27) were analyzed also using the liquid 

chromatographic HPLC method which indicates the amount of known 

microcystine variants.  
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 Other data, statistical methods and 
software  

The water quality and biological background data was downloaded 

from the Finnish governmental Oiva database (available at 

https://wwwp2.ymparisto.fi/scripts/oiva.asp). Weather data was used 

from the Finnish Meteorological Institute monitoring stations in Turku 

Artukainen and Rajakari. Microsoft Office Excel 2007 was used for 

data archiving and basic modifications. Statistical analysis (linear 

regression and paired T-test) was conducted using IBM SPSS Statistics 

21 software. If necessary, logarithmic conversion was used to 

normalize data sets. From the fluoroprobe station data, all over-scale 

(>42.4 mg L-1) values and clearly erroneous data caused by technical 

sources was removed. Graphs in this work were produced with MS 

Excel and Sigmaplot 12.  
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3 Results 

 Lake Littoistenjärvi 

At the beginning of the measurement season (the station deployed 

in late May-early June) the lake has usually been ice-free for ca. 1-1.5 

months and the water temperature has risen to 10-15 °C. The typical 

annual maximum water temperatures, 25-26 °C, usually exist in mid-

summer, July and early August (Figure 14). In the summertime (June-

August), the monthly mean air temperatures varied between 17-23 °C 

and water temperatures between 14-21 °C. The temperature and 

thermal succession differences between years were relatively small 

during the open water season with the monthly mean water 

temperatures varying usually 1-3 °C between the years. Winter climate 

is more variable; the mildest winter was during 2007-2008 when the 

monthly mean air temperature was above 0 °C throughout the winter. 

The lowest monthly mean air temperature recorded was -9.9 °C 

(January 2010), the coldest months usually being January and 

February. The measurement periods ended and the station was 

removed from the site from late October to early November when the 

water temperature is usually below 5 °C and phytoplankton production 

has significantly decreased. The ice cover usually forms in December, 

in some years even later. 
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Figure 14: Air and water temperature in 2006-2011. The air 
temperature was measured in Turku Artukainen meteorological station 
(Finnish Meteorological Institute). The water temperature readings 
are from Lake Littoistenjärvi cyanobacteria monitoring station (0.5m 
depth), only during the deployment periods. 

 

The main nutrient (N, P) concentrations varied between the years 

(Figure 15). The 2006-2011 values are generally higher than before the 

observed period (Sarvala 1994, 2005 and unpublished) and the long-

term trend for both TN and TP seems to be increasing. The average 

chlorophyll-a concentrations during the ice-free period varied between 

20-70 µg L-1. Generally these observed values indicate nearly 

hypereutrophic conditions. At the same time, measured water 

transparency (Secchi depth of 0.25 to 1.5 m) has a downward long-

term trend. 



 

38 

Figure 15: Concentrations of total N and P 2006-2011 in Lake 
Littoistenjärvi. The samples (11-13 per year) were collected during the 
open water periods (April to October) by the University of Turku. 

 

During the years 2006-2011, 11-13 phytoplankton samples were 

collected annually by the University of Turku monitoring program. 

The sampling started after the ice break in late April to early May and 

lasted to October. Phytoplankton was identified to reasonable 

taxonomical level, usually to species, and the biomasses were 

calculated using table values. In the sample results (Figures 16 and 17) 

the total biomass and the diversity of phytoplankton is high. Diatoms 

(Bacillariophyceae) are abundant throughout the seasons and usually 

dominate the spring bloom in April-May. Chlorophyta-group and 

Cryptophyta-species occur in varying numbers.  Cyanobacteria species 

typically dominated the mid-late summer bloom from July to 

September, in some years together with dinoflagellates. Cyanobacteria 

maximums usually occurred from August to September. The most 

common and abundant taxa were genera Microcystis (wesenbergii, 

aeruginosa) and Anabaena. Occasionally Aphanizomenon and 

Woronichinia occurred in relatively high numbers. Cyanobacteria 
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abundance and succession has significant variance between the years, 

while the biomass of other phytoplankton taxa fluctuates less. 
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Figure 16: Phytoplankton group abundance and biomass 

succession in Lake Littoistenjärvi 2006-2008 (N=13 per year). 
Note the different vertical scale in 2007. 
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Figure 17: Phytoplankton group abundance and biomass 

succession in Lake Littoistenjärvi 2009-2011 (N=13 in 2009 and N=11 
in both years 2010 and 2011).  
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The biomass results of the phytoplankton samples (a composite 

sample of three locations and entire water column) and the TriOS 

probe phycocyanin fluorescence results from the automated measuring 

station (NW corner of the lake, constant 0.5 m depth) were compared 

using linear regression (Figure 18). The best relationship (R2=0.58, 

p<0.001, N=57) between these two data sets was found between the 

biomass of cyanobacteria and daily mean value from the automated 

station, all sample pairs of years 2006-2011. However, using raw 

station data the absolute biomass values of sample pairs differed 

(t=3.477, df=56, p<0.01). The station results (12am result and daily 

mean) were also compared to the total phytoplankton biomass and 

other phytoplankton groups. No relationships were found between the 

station fluorescence results and other phytoplankton taxa. Due to the 

small annual number of sample pairs and small inter-annual biomass 

variation statistically significant linear yearly relationships were not 

found, except for year 2007 (R2=0.87, p<0.001) when also inter-annual 

variation was the highest. For Lake Littoistenjärvi specific biomass 

post-calibration formula, the best linear fit intercepting the origin, was 

used to fit better the low biomass situations. The fluorometer probes 

used were zero-calibrated prior to deployments. After the post-

calibration no statistically significant difference between the 

microscopy results and monitoring station data was found (t=0.819, 

df=56, p=0.416). 
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Figure 18: The relationship between phycocyanin fluorescence 
measured at automated station equipped with TriOS microflu-blue 
sensor and composite sample cyanobacteria biomass analysed by 
inverted microscopy. (R2=0.58, p<0.001, N=57). The dotted line is the 
best linear fit and the solid line, which is set to intercept origin, is used 
for biomass post calibration to fit better the low concentrations. 
 

The results from the automated monitoring station are presented in 

Figures 19 and 20. During the years 2006-2011 the monitoring station 

collected 143-180 days and 3400-4300 observations annually. During 

the period, there were no major technical problems with the measuring 

station and the data sets were almost complete. In 2007, a few over-

scale (TriOS value > 42.4) measurements were recorded. Three 

different fluorometers were used in the station but no clear differences 

in the results can be found. In the late seasons, from late September 

onwards the planned cleaning schedule was not followed accurately 

enough and the cleaning intervals were sometimes too long. The 

fluorometer probe measurement lens became dirty and the effect of 
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biofouling in the station results is clearly visible as too high values, 

especially in 2009 and 2011 results. Also free ranging macrophyte 

growths (Waterweed and Hornworth) occurred in high amounts at the 

monitoring station site and occasionally entangled to the structures of 

the measuring station and the probe, probably causing too high 

readings in some periods. 

 

The cyanobacteria succession and abundance in Lake Littoistenjärvi 

were very different between the observed years. The lowest biomass 

concentrations were recorded in 2006 and 2009, the peak year being 

2007 when cyanobacteria biomass reached the level of 30 mg L-1 in 

late August.  The amount of cyanobacteria usually increases in June 

and normally drops in mid-September and peaks can occur once or 

several times during the season. Great short-term (from hours to few 

days) changes in the results were more common during the highest 

biomasses. In these times the cyanobacteria mass forms surface scums 

in calm and warm conditions and mixes to the water column again in 

more windy conditions. The annual variations are not easily explained 

by environmental factors, but in general high water temperature seems 

to favor and accelerate the growth and in high season for cyanobacteria 

the availability of nutrients, especially phosphorus, must be sufficient. 

In any case, the realized annual cyanobacteria situation is a complex 

combination of nutrient availability, climate variables and competition 

and is not analyzed further in this work. In many years, notable 

cyanobacteria growth was observed also outside the typical late 

summer blooming period, in cold water conditions after the ice melting 

and in late autumn.  
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When the post-calibrated automated station data is viewed together 

with the independent composite sample results, the applied calibration 

seems quite accurate. Automatic station curve and sample results fit 

generally well, even if the monitoring locations are far away from each 

other. Absolute accuracy, or comparability, is weaker in low biomass 

situations but the general succession of cyanobacteria growth is 

recorded very similarly by both monitoring methods.  
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Figure 19: Cyanobacteria biomass results and temperatures from 

Lake Littoistenjärvi automated measuring station 2006-2008. The 
grey curve represents automated station raw values and the black 
dotted line is biomass calibrated value (Bm = 0.6297 x raw value), 
based on laboratory analyzed samples. The measurement interval was 
set to 1 hour in the station data logger with the annual number of 
individual readings 3444-4319. The sensors were deployed to 0.5 
meter water depth. The air temperature readings are from Turku 
Artukainen (15km west from Littoistenjärvi) meteorological station. 
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Figure 20: Cyanobacteria biomass results and temperatures 

from Lake Littoistenjärvi automated measuring station 2009-2011. 
The grey curve represents automated station raw values and the 
black dotted line is biomass calibrated value (Bm = 0.6297 x raw 
value), based on laboratory analyzed samples. The measurement 
interval was set to 1 hour in the station data logger with the annual 
number of individual readings 3901-4055. The sensors were 
deployed to 0.5 meter water depth. The air temperature readings 
are from Turku Artukainen (15km west from Littoistenjärvi) 
meteorological station. 
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 Lake Kuralanjärvi 

Cyanobacteria removal experiments in Lake Kuralanjärvi were 

conducted between the last half of May and early October 2008. A 

filter clothed fenced area was deployed in late May and the removal 

filtering measures inside the area were started in mid-June. The winter 

and the spring of 2007-2008 were a little warmer than on average, the 

summertime climate being close to the average of recent years (Figure 

14). Late summer from August to September was slightly colder 

(Figure 14). The background data of water quality monitoring results 

indicated hypereutrophic conditions as the summertime nutrient and 

chlorophyll concentrations were high (TP 160-520 µgL-1, TN 1500-

5500 µg L-1 and Chl-a summertime mean >200 µg L-1). Occasionally 

high concentrations of NH4 were also observed.  Phytoplankton bloom 

was clearly visible, pH was high (7.1-9.6) and oxygen oversaturation 

was recorded. The water of the lake was turbid and observed Secchi 

depths were between 0.15-0.5 meters (Oiva database). 

 

Phytoplankton species and biomass (Figure 21) were analyzed from 

the total of 18 samples (9 from fenced and 9 from the control area) 

taken every two weeks between May 27 and September 24. The 

samples were analyzed by Lounais-Suomen vesi- ja ympäristötutkimus 

Ltd. using the inverted microscopy method described before. The total 

biomass of phytoplankton in the analyzed samples was very high (in 
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midsummer reaching up to 80 mg L-1), which corresponds to the water 

quality background data. Cyanobacteria species dominated the 

phytoplankton community in the lake. After the early season, when 

also diatoms, Cryptophyta- and Chlorophyta-species were abundant, 

cyanobacteria species formed 80-90% of the total phytoplankton 

biomass. The diversity of species was high with the total of 20 

identified cyanobacteria taxa, 8-14 per sample. The most abundant 

ones were species in Microcystis-, Planktothrix-, Anabaena- and 

Aphanizomenon genus. Many of the species are potential producers of 

hepatotoxins (in freshwater mainly different variants of microcystines). 

The species composition in summer 2007 in the lake was quite similar. 

In these samples, only relative scale abundance of the most abundant 

species was estimated using a “semi-quantitative” method so accurate 

comparison is not possible. No major differences in the phytoplankton 

taxa composition was observed between fenced and the control area, 

however, dinoflagellates and Cryptophyta-species were more abundant 

inside the fenced area during the most intense removal measures and 

the highest total phytoplankton biomass was in July-August. 
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Figure 21: Phytoplankton group abundance and biomass 

succession in Lake Kuralanjärvi 2008. Mechanical cyanobacteria 
removal experiments were conducted inside the fenced area. The 
samples (9 from fenced area and 9 from control area) were analyzed 
by Lounais-Suomen vesi- ja ympäristötutkimus Ltd. 

 

Also in Lake Kuralanjärvi, the fluorescence results of a TriOS 

probe equipped monitoring station were strongly related to the biomass 

of cyanobacteria results of composite water samples measured by the 

inverted microscopy method. A strong relationship (R2=0.8345, 

p<0.001) was found between the TriOS probe daily mean value and 

the laboratory analyzed cyanobacteria biomass (Figure 22). Similar to 

Lake Littoistenjärvi, the absolute biomass values between the sample 

pairs differ (t=-3.051, df=24, p<0.01). Fluorescence results (reading of 

the time of sampling and the daily mean) were also compared to other 

Fenced

Jun  Jul  Aug  Sep  

b
io

m
a

ss
 m

g
 L

-1

0

20

40

60

80

Other Phytoplankton 
Chlorophyta 
Chrysophyta 

Dinophyta 
Cryptophyta 

Cyanophyta 

Control

Jun  Jul  Aug  Sep  

b
io

m
a

ss
 m

g
 L

-1

0

20

40

60

80



 

51 

groups and the total phytoplankton biomass. Because of high 

cyanobacteria dominance in the lake, the statistical relationship 

between the TriOS daily mean and the total phytoplankton biomass 

was actually even stronger (R2=0.8622, p<0.001) but fitted poorly to 

the early season results when non-cyanobacteria species were more 

abundant and the cyanobacteria biomass was low. As predicted, no 

relationship was established between fluorescence results and the 

biomass of other phytoplankton groups. The fluorescence reading was 

also measured with a handheld fluorometer from the lake during the 

sampling and from the 50 L bucket, where the composite sample was 

collected. These readings also corresponded well to both the laboratory 

biomass and data logger station results, however, this data is deficient 

because of some fluorometer over-scale (TriOS value >42.4) readings 

and missing results. Based on coarse field dilutions, the highest 

observed cyanobacteria biomasses, in late July, were ~100 mg L-1. 

With the handheld fluorometer, it was also observed that the 

cyanobacteria distribution in the water column was homogenous, 

except the surface scum layer during calm conditions. As fluorometers 

were zero-tested prior to deployments, for further biomass 

postcalibration to Lake Kuralanjärvi results, linear formula Bm = 

1.8269 x TriOS value was chosen (intercept set to origin to fit better 

the low biomass conditions) (Figure 22). After the post-calibration the 

absolute biomass values are similar and have no statistical difference 

(t=-0.212, df=24, p=0.834). 
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Figure 22: The relationship of TriOS fluorometer probe station 
results (daily mean) and the biomass of cyanobacteria in the composite 
water samples measured by inverted microscopy (R2=0.8288, 
p<0.001, N=18). The dotted line is the best linear fit and the solid line, 
which is set to intercept origin, is used for biomass post calibration to 
fit better the low concentrations. 
 

All fluoroprobe measurement stations recorded high cyanobacteria 

concentrations, reaching frequently over 50 mg L-1 in July-August. 

Also over-scale readings (fluoroprobe raw value >42.4, calibrated 

value >77.5 mg L-1) were recorded during that period. At the start of 

the study period in late May, the water temperature was 15°C and the 

phytoplankton bloom was already clearly visible. Cyanobacteria 

biomass maximum (~80-100 mg L-1) was reached in late July. In early 

August the water temperature dropped below 15°C and cyanobacteria 

biomass began to decrease. 

The fenced area concentrations were lower compared to the control 

area in early (May-early July) season and late (September-October) 
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season (Figure 23). The early season cyanobacteria growth was slower 

inside the fenced area as well as before the mechanical removal 

experiments which started in late June. The average concentration was 

7.2 mg L-1 lower compared to that of the control area. During the 

highest concentrations (late July-August) no clear difference between 

the fenced removal experiment area and control area was observed 

(average 0.4 mg L-1 lower inside the fenced area). 

On August 6, the size of the fenced area was decreased to ca. 300 

m2 by Saloy Ltd. After the natural succession of cyanobacteria the 

biomass decreased in early August, the removal measures achieved 

better results from September onwards; the average cyanobacteria 

biomass was 3.0 mg L-1 lower compared to that of the control area. 

The third station which was deployed in the center of the lake recorded 

similar or slightly lower results than the control area station closer to 

the fenced area (Figure 24). 

 

Figure 23: Cyanobacteria biomass inside the removal experiment 
fenced area (black) and in the control area (grey). The lines are post-
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calibrated results from the automated monitoring station (0.5-meter 
depth, 1-hour interval) and the dot markers are the composite sample 
results measured by inverted microscopy. The water temperature (red) 
was measured at the monitoring station in the depth of 0.5 meters. 

 

 
Figure 24: Cyanobacteria biomass (daily mean) in two control 

areas, “Control” near the fenced area and “Control 2” in the middle 
of the lake, ca. 100m from the fenced area. 

 
The concentration of microcystine toxins in the phytoplankton 

biomass (Figure 25) was analyzed from a total of 16 samples, 8 from 

the fenced area and 8 from the control area. The tolerable daily intake 

(TDI) threshold for microcystine LR (WHO 2004) of 1 µg L-1 was 

exceeded in all samples, except the first and the last sampling day. In 

all sample pairs, the fenced area microcystine concentration was lower 

compared to control area (t=3.120, df=8 p<0.05). The highest 

concentrations (>70 µg L-1) were observed on July 29 and on August 

12. 10 duplicate samples were analyzed using the HPLC-UV method. 

These results corresponded with the ELISA method (R2=0.97, 
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p<0.001) but were generally lower (~20%). Compared to the total 

toxin concentration results of the ELISA method, the HPLC method 

produces results of only the known variants of microcystines 

(Meriluoto pers.). The main Microcystine variants found were LR, YR, 

RR and dmLR. 

 

   

Figure 25: The concentrations and succession of microcystines (left 
Y-axis) and cyanobacteria biomass (right Y-axis) in Lake 
Kuralanjärvi, inside the fenced removal experiment area and the 
control area. 

 

In August-September 8 samples reverse filtered through 10 μm 

mesh size sieve were taken to estimate the extracellular microcystine 

concentration in the lake water. In 3 out of 4 sample pairs, the 

concentration inside the fenced area was slightly higher (Figures 26 

and 27). However, compared to the results of microcystine 

concentrations in cyanobacteria biomass, the observed concentrations 

in these samples were very low (0.22-0.61 μg L-1), all below the 

tolerable daily intake (TDI) threshold.  
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The occurrence of hepatotoxins followed the growth succession of 

cyanobacteria biomass and the microcystine concentration was the 

highest following the cyanobacteria biomass maximum. In Lake 

Kuralanjärvi, a strong relationship was found between cyanobacteria 

biomass and microcystine concentration (Figure 28, R2=0.77, 

p<0.001).  

 

 

Figure 26: Extracellural microcystine (MC) concentrations in 
reverse filtered water samples (10 µm sieve) in lake Kuralanjärvi, with 
cyanobacteria biomass mg L-1 (fig. 26 on the left) and with 
microcystine concentrations analyzed from the phytoplankton biomass 
(41um filtered) on the right. 

 

 

Figure 27: The relationship between microcystine concentration 
(μg L-1) and cyanobacteria biomass measured by fluoroprobe 
monitoring station (post-calibrated daily mean mg L-1) in Lake 
Kuralanjärvi 2008. 
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4 Discussion  

In both of the studied lakes, the phycocyanin fluorescence 

measurement results converted into cyanobacteria biomass 

corresponded well with the inverted microscopy results. Strong 

significant relationships (Lake Littoistenjärvi R2=0.58 and Lake 

Kuralanjärvi R2=0.83) were observed between the daily mean readings 

from fluoroprobe station and the cell count results from independent 

water samples. After the postcalibration the absolute biomass 

difference was small and the observed succession patterns were similar 

by both methods. Lake-specific calibration coefficient, however, 

varied between the lakes and also in relation to the original biomass 

conversion. The probable reasons for this could be different 

phytoplankton composition and cell biovolume compared to 

phycocyanin pigment concentration, representativeness and 

comparability of the sampling sites or other factors interfering with the 

optical measurements. 

 

Fluorescence measurements versus cell count results were relatively 

scattered. It is not known how much of the scattering is caused by the 

presence of different phytoplankton groups and varying pigment 

concentrations between species. Observed reasons for erroneous 

estimation of cyanobacteria presence and abundance, include high 

turbidity, the occurrence of other phytoplankton taxa containing 
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phycocyanin pigmentation (mainly Cryptophyceae), presence of 

picocyanobacteria and extracellural phycocyanin presence in the water 

after the seasonal succession collapse (Bastien et al. 2011, McQuaid et 

al 2011, Zamyadi et al 2012). These can cause both underestimates and 

raise detection threshold as well as overestimates when the actual 

phycocyanin concentration in the water is higher than expected due to 

the living cyanobacteria cells present. According to manufacturers 

(YSI, TriOS), calibrations with a primary standard are not practical for 

field use to obtain absolute biomass results. The standard calibrations 

are usually conducted using pure cultures of certain cyanobacteria 

species (most often Microcystis spp) or extracted phycocyanin, and in 

many cases they do not reflect the variation of species and 

phycocyanin presence at the monitored site. The calibrations should be 

conducted by comparing the fluorescence signal to water sample 

results from the deployment site. In this study, the local calibrations 

were found necessary to assess the absolute biomass of cyanobacteria.  

To estimate the total phytoplankton abundance, the best solution in 

waters frequently populated by cyanobacteria is the combined use of 

chlorophyll-a and phycocyanin fluorescence sensors. It has been 

shown that in cyanobacteria dominance, the fluorescence measurement 

of chlorophyll-a only, is not sufficient but phycocyanin also has to be 

monitored (e.g. Seppälä et al 2007). However, the absolute biomass 

estimation monitoring fluorescence only is criticized in some studies 

(Kruskopf & Flynn 2006) and may not always be applicable even if 

most cases show high linear response of measured fluorescence 

pigment concentrations to phytoplankton biovolume. 
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The temporal representativeness of in situ measurements is high. In 

this study, hourly measurement gave accurate information on temporal 

variation in cyanobacteria dynamics. Anttila et al. 2012 concluded in a 

study conducted in Lake Vesijärvi, Finland that manual sampling 

monthly or at lower intervals can create high errors in seasonal 

phytoplankton statistics and the sample intervals and timing of 

sampling in monitoring programmes should be designed using better 

knowledge of temporal variation. This can be obtained from the high 

temporal interval data produced by in situ monitoring and also be used 

in estimating the reliability and usefulness of existing data sets. 

 

In stationary monitoring the spatial coverage and representativeness 

can be a problem. A fixed sampling depth and position can produce a 

bias to estimating the cyanobacteria biomass on a wider scale. In Lake 

Littoistenjärvi the comparability between sampling locations was good 

on a relative scale but the absolute biomass values of different methods 

varied. Part of the difference can probably be explained by natural 

spatial variation in regional and vertical distribution. The vertical 

distribution of phytoplankton in the water column is affected by 

meteorological factors and vertical migration of cells (Wetzel 2001). 

Preliminary results from recent follow-up studies in Lake 

Littoistenjärvi 2013 suggest predicted variation in spatial 

cyanobacteria distribution; biomass is higher near the shoreline at the 

monitoring station and closer to the water surface compared to 

sampling locations in the middle of the lake and at greater depths, 

respectively. In Lake Kuralanjärvi, the two control stations recorded 

similar values and also surveys with handheld fluorometer indicated 
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that the biomass of cyanobacteria was distributed homogenously to the 

water body during the study. 

 

Together with carefully selected sensors and representative 

sampling location, biofouling and other mechanical disturbance to 

sensors is one of the most critical technical issues when automated 

monitoring stations and instruments are deployed to field conditions 

(Lehaitre 2008, Huttula et al 2009). In warm water and good light 

conditions biofouling can develop on sensor surfaces in hours. In the 

studied lakes, the effect of biofouling on the results was the most 

obvious in Lake Littoistenjärvi during the late seasons, from late 

September to the end of the monitoring periods, when the cleaning 

interval of the sensors was longer than recommended. In Lake 

Kuralanjärvi, visually observed biofouling formation was very rapid 

during the midsummer warm water cyanobacteria high season. It can 

be very labor-intensive to maintain sufficient cleaning interval 

manually so the automatic and self-sustaining applications such as 

automated cleaning by compressed air or anti-fouling copper tapes and 

paints are recommendable. Free-ranging macrophyte vegetation caused 

problems in the Lake Littoistenjärvi monitoring station, entangling to 

the station structures and probe holder causing too high readings. Also 

other wind and current driven material can cause similar mechanical 

interference to the field deployed sensors. To ensure good data quality, 

effective cleaning and sufficient maintenance interval should be 

realized during the deployment period. Automated data transfer makes 

remote controlling of error sources and malfunctions easier and faster. 

Other technical problems were rarely encountered, except the 
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occasional exceeded measurement scale of the probe. The technical 

performance of the TriOS probe and the data logger station used was 

very reliable and there was only very minor data loss during the 

deployment periods. In comparison studies with multiple measuring 

stations the probes should be intercalibrated prior to and after the field 

deployments. In these studies the probes were shifted between the 

sampling areas in Lake Kuralanjärvi to search for possible differences 

between individual equipment. No difference was observed and also 

postcalibration conducted by the probe supplier did not reveal major 

differences between the probes used in these studies so the factory 

calibration can be assumed stable enough to provide usable raw data. 

The fluoroprobes were not cross-tested between the lakes. 

 

Mechanical methods can be used to harvest phytoplankton biomass 

from a eutrophic lake during high intensity blooms (e.g. Shen et al 

2004). If the removed biomass can be cost-effectively utilized, for 

example in energy production, the profitability can be better. 

Otherwise the disposal of the removed possibly toxic material can be 

problematic and expensive. A benefit in the removal of phytoplankton 

biomass is that also nutrients contained in algae cells are removed. 

Possibly due to the developed methods, the achieved results in Lake 

Kuralanjärvi during the season 2008 presented in this work were 

slightly better compared to those of 2006-2007 (Loisa 2008). The 

cyanobacteria biomass and hepatotoxin concentrations were lower 

inside the removal experiment area. Surface scums were observed to 

concentrate to fence float booms indicating that cyanobacteria drifting 

can be limited using these techniques, however, in some cases intense 
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phytoplankton production inside the fenced area was also observed to 

concentrate more biomass inside the fences compared to the 

surrounding area. The results of the hepatotoxin samples taken during 

the latter half of the experiment season showed low concentrations of 

extra-cellular microcystines in the water body and no significant 

difference between the removal experiment area and control area. 

Cost-effectiveness of Saloy methods is not discussed further because 

of the lack of data on the work effort. A planned attempt to harvest 

cyanobacteria biomass on a lake-wide scale was not conducted due to 

the technical challenges realized in smaller experimental areas. In Lake 

Kuralanjärvi, the experiments temporarily decreased the cyanobacteria 

biomass in the test areas. However, the effect was relatively small, 

suggesting that long-term effects on the ecology and water quality of 

the lake cannot be expected. The published experiments of 

cyanobacteria removal have not clearly shown any permanent positive 

effects (reviewed in Peczula 2012) so it is possible that more 

commonly used restoration methods such as reducing the load of 

nutrients and biomanipulation by removing zooplanktivorous fish 

biomass can be more cost-effective to improve the water quality and 

economical and recreational usability of waters, at least if the removed 

phytoplankton biomass is not easily utilized.  

The total microcystine concentrations observed in Lake 

Kuralanjärvi were high and mostly exceeded the safety threshold 

values recommended by the WHO (2004).  The 2008 results analysed 

by the ELISA method were clearly higher than the concentrations 

observed in the previous year (HPLC analysis, Loisa 2008). The 

microcystine succession followed the biomass succession and the toxin 
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concentration was statistically positively related (R2=0.77) to the 

biomass. The elevated microcystine concentrations occurred in 

cyanobacteria biomasses above 7 mg L-1. In other studies, the 

cyanotoxin concentrations do not always correlate to the 

cyanobacterial biomass even if the bloom consists of possible 

cyanotoxin producing species (Bastien et al 2011, Zamyadi et al 2012), 

but in the suggested alert level thresholds cyanobacteria biomass (e.g. 

WHO 2004) and phycocyanin concentration (McQuaid et al 2011, 

Marion et al 2012) are included as indicators of potentially harmful 

toxin concentrations. 
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5 Conclusions 

The application value of in situ phycocyanin online monitoring 

systems is high. In Littoistenjärvi and Kuralanjärvi cases, automated 

monitoring stations equipped with fluorescence phycocyanin probe 

produced reliable and good quality up-to-date data on cyanobacteria 

biomass occurrence and also performed well in biomass comparison 

set-up. High phycocyanin fluorescence can be used as an alert 

indicator of possibly harmful toxic containing cyanobacterial bloom. 

The water samples and inverted microscopy cell count results, 

however, are not in any case completely replaceable by the online 

fluorescence sensors as they can provide the only accurate qualitative 

information on phytoplankton community structure. In studies with 

fluoresce probes as a primary method they also perform as a good 

quality control method. It must be stated that laboratory standard 

method results, even if carried out in accredited or otherwise 

trustworthy laboratories, are not free of errors caused by incorrect 

sampling procedures, technical reasons or human errors. For example, 

in Lake Kuralanjärvi samples four abnormally scattered microscopy 

biomass results revealed as simple but significant dilution errors. Vice 

versa, continuous in situ monitoring data can also be used as a quality 

control method for traditional sampling data sets. If sensor technology 

is carefully tested and approved to be reliable, continuous monitoring 

of an environmental parameter in the interval of seconds to hours gives 
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more accurate information on short-term changes compared to the 

normal monitoring programs with the sample interval of days to 

months (Huttula et al 2009). The equipment for online in situ 

monitoring has developed to be more reliable and easy to use, and the 

cost of the device has decreased. Futhermore, website based 

dissemination of almost real-time results to the public is easy and it 

can be provided with understandable thresholds and recommendations. 

To rapidly minimize the negative effects of possibly harmful and toxic 

cyanobacteria blooms, automated monitoring stations measuring 

phycocyanin fluorescence should be considered as a cost-effective and 

valuable tool when up-to-date information is needed in sensitive 

locations, as in water intake facilities and public recreational sites such 

as beaches. 
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From phycocyanin fluorescence to absolute 

cyanobacteria biomass: An application using in-situ 
fluorometer probes in the monitoring of potentially 
harmful cyanobacteria blooms 
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(E-mail: jouni.saario@kaarina.fi) 
 
 
Abstract 
Cyanobacteria blooms can complicate the economical or 

recreational use of waters. Many of the bloom forming species 
are also potential producers of harmful cyanotoxins. The 
standard method for quantifying phytoplankton biomass, based 
on inverted microscopy, has high accuracy and is the only one 
producing biomass results on taxonomic level, but it requires 
specialized expertise and is time-consuming. Phycocyanin (PC) 
pigment concentration has been proven as a useful proxy for the 
concentration of cyanobacteria. Since 2006, we have studied 
practical solutions of in-situ monitoring of cyanobacteria using 
PC fluorescence probes. We have studied two eutrophic lakes, 
Lake Littoistenjärvi and Lake Kuralanjärvi in southwestern 
Finland using stationary monitoring stations equipped with PC 
probes. The fluorescence results were compared to independent 
water samples analyzed using standard methods. The PC 
fluorescence was positively correlated to cyanobacteria biomass 



 

81 

in both lakes. Using site-specific post-calibrations of biomass, 
PC fluorescence can be used to estimate the absolute biomass of 
cyanobacteria. The monitoring techniques used in these studies 
are an applicable and relatively low-cost method to monitor 
cyanobacteria abundance. With nearly real-time data transfer 
possibilities, they can be used in management and early warning 
applications to minimize the harmful effects of cyanobacteria 
blooms. 

 
Keywords 
Cyanobacteria; environmental monitoring; harmful algae; phycocyanin 

fluorescence 
 
 
INTRODUCTION 
Eutrophication is currently recognized as the major threat to good 

ecological state of Finnish freshwaters and the Baltic Sea. Large and 
intense phytoplankton blooms, most commonly associated to 
cyanobacteria, have been increasingly reported during the recent 
decades. Cyanobacteria blooms can complicate or even stop the 
economical or recreational use of waters. Many of the bloom forming 
cyanobacteria species are also potential producers of harmful 
cyanotoxins. Managing authorities need to actively monitor current 
bloom situation so that possible harmful effects to human and animal 
health can be minimized. The most commonly used standard method to 
quantify phytoplankton biomass is based on inverted microscopy 
(Utermöhl-method). With the traditional widely accepted standard 
methods the results are comparable, accurate and usually reliable. The 
microscopy method however needs specialized expertise and is time 
consuming and expensive. Phycocyanin (PC) is a photosynthetic and 
strongly fluorescent pigment which is found as major pigment in 
cyanobacteria and Cryptophyceae and as a trace pigment in 
Rhodophyceae (Wetzel, 2001). It has an absorption peak at 620 nm 
and fluorescence emission peak at 647 nm (Bastien et al., 2011). In 
freshwaters cyanobacteria are the only organisms to produce 
significant quantities of PC (Wetzel, 2001). PC concentration has been 
proven to indicate the actual concentration of cyanobacteria cells and it 
can be used as an indicator cyanobacteria biomass (Gregor et al., 
2007). Since 2006, we have studied practical solutions for continuous 
on-line and in situ monitoring of cyanobacteria using PC fluorescence 
probes suitable for field use. 
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METHODS 
We have studied two eutrophic lakes, Lake Littoistenjärvi 

(60°27.2N 22°23.5E) during years 2006-2012 and Lake Kuralanjärvi 
(60°23.6N 21°52.2E) in 2008 in southwestern Finland, using stationary 
monitoring stations equipped with TriOS microflu-blue probes. The 
probe is fully submersible and compact sized. The source red LED 
light uses peak wavelength at 620 nm and the detector is photodiodes 
with internal interference filter measuring peak wavelength of 655 nm. 
According to manufacturer (trios.de) the probe should be sensitive and 
selective for PC fluorescence and insensitive to potential optical 
interferences like chlorophyll, turbidity and dissolved organics. The 
probe type has been on market since 2004 and has been used in several 
published studies (e.g Brient et al., 2007; Bastien et al., 2011). In our 
studies, the basic setup was a TriOS microflu-blue probe mounted to a 
12 VDC battery powered monitoring station equipped with a 
datalogger and a GSM-modem. The measurement interval was set to 
log the PC fluorescence every hour. One fluorescence measurement 
was based on average of 1000 readings taken during a 10 second 
period. Fluorescence signal results were converted to wet weight 
biomass in the datalogger using manufacturer’s fixed calibration. The 
station deployment periods have started in early summer (May-June) 
and ended in late autumn (October-November), before water freezes. 
The monitoring stations were deployed to floating platforms and the 
PC fluorescence probe was submersed in 0.5 meters water depth. 
During the years 2006-2012 the Lake Littoistenjärvi monitoring station 
collected 143-180 days and 3400-4300 observations annually. To 
assess the absolute cyanobacteria biomass, the fluorescence station 
results were compared to independent composite water samples 
analyzed using the standard inverted microscopy method. In Lake 
Littoistenjärvi, the samples were taken as part of a long-term 
monitoring program at ca. two week intervals during the open water 
period between April and October (11-13 samples per year). In Lake 
Kuralanjärvi, PC fluorescence data and water samples from two 
sampling stations were collected during a cyanobacteria removal 
experiment in May-October 2008. 
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RESULTS AND DISCUSSION 
The biomass results of the phytoplankton samples and the PC 

fluorescence results (12am and daily mean) from the automated 
measuring stations were compared using linear regression. In both 
lakes studied, the PC fluorescence measurement results corresponded 
well to the independent water sample microscopy results. Best 
relationships (Lake Littoistenjärvi R2=0.59, p<0.001, N=57 and Lake 
Kuralanjärvi R2=0.83, p<0.001, N=18) were observed between the 
daily mean reading from fluoroprobe station and the water sample 
cyanobacteria biomass (figure 1). No relationships were established 
between the fluorescence results and the biomass of other 
phytoplankton groups. Because of cyanobacteria dominance in both 
lakes, the statistical relationship between PC fluorescence daily mean 
and total phytoplankton biomass was stronger in some cases, but fitted 
poorly to the early season results, when non-cyanobacteria species 
were more abundant and cyanobacteria biomass was low. 

 
Fluorescence station raw results were post-calibrated using the 

coefficients of regression curves in figure 1. After the post-calibration 
the absolute biomass difference was small and no statistically 
significant difference (paired t-test) was found between the sample 
pairs (Littoistenjärvi t=0.819, df=56, p=0.416 and Kuralanjärvi t=-
0.212, df=24, p=0.834). The observed succession patterns were similar 
by both methods (Lake Littoistenjärvi example in figure 2). However, 
the lake specific coefficients were different. This can probably be 
explained by different phytoplankton composition (e.g. varying 
pigment concentrations of different species) and the effect of sampling 
locations. According to manufacturers (e.g. TriOS and YSI), 
calibrations with a primary standard (cyanobacteria cultures or 
extracted PC) are not practical for field use to obtain absolute biomass 
results and the calibrations should be done by comparing the 
fluorescence signal to water sample results from the deployment site. 
Observed reasons for erroneous estimation of cyanobacteria presence 
and abundance include high turbidity, the occurrence of other 
phytoplankton taxa containing PC pigmentation (mainly 
Cryptophyceae), presence of picocyanobacteria and extracellular PC 
presence in the water after the seasonal succession collapse (Bastien et 
al., 2011; McQuaid et al., 2011; Zamyadi et al., 2012). These reasons 
can cause elevated detection threshold and under/overestimates. 
Biofouling and other mechanical disturbance to optical sensors is one 
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of the most critical technical issues when automated monitoring 
stations and instruments are deployed to field conditions. To ensure 
good data quality, effective anti-fouling and cleaning measures and 
sufficient maintenance interval should be applied during the 
deployment period. Automated data transfer makes remote controlling 
of error sources and technical malfunctions easier and faster. The 
technical performance of the TriOS probe and the datalogger station 
used was very reliable and there was only very minor data loss during 
the deployment periods. 

   

 
Figure 1. The relationships between PC fluorescence station raw 

cyanobacteria biomass and water sample biomass in Lake 
Littoistenjärvi 2006-2012 (N=57) and Lake Kuralanjärvi 2008 (N=18). 

 
 
 

y = 0,6329x
R² = 0.58

0

20

0 10 20 30

W
at

er
 s

am
pl

e 
m

g 
L

-1

TriOS raw biomass mg L-1

Lake Littoistenjärvi

y = 1.8269x
R² = 0.83

0

20

40

60

80

0 20 40 60

W
at

er
 s

am
pl

e 
m

g 
L

-1

TriOS raw biomass mg L-1

Lake Kuralanjärvi



 

85 

 
 

 
 
Figure 2. Post-calibrated biomass (daily mean) from the PC 

fluorescence probe station and water sample cyanobacteria biomass 
from Lake Littoistenjärvi 2006-2012. 

 
In stationary monitoring the spatial coverage and representativeness 

can be a problem. A fixed sampling depth and position can produce a 
bias to estimating the cyanobacteria biomass in a wider scale. In Lake 
Littoistenjärvi the comparability between the sampling locations 
(distance ca. 1 km) was good on relative scale but the absolute biomass 
values of different methods varied. Part of the difference can probably 
be explained by natural variation in regional and vertical distribution 
of cyanobacteria, as the distribution of phytoplankton in the water 
column is affected by meteorological factors and vertical migration of 
cells (Wetzel 2001). Temporal representativeness of in situ data is 
high. Anttila et al. (2012) concluded in a study conducted in Lake 
Vesijärvi, Finland that manual sampling e.g. monthly can create errors 
in seasonal phytoplankton statistics and the sample intervals and the 
timing of sampling in monitoring programs should be designed using 
better knowledge of temporal variation. High temporal interval data 
produced by in situ monitoring can be used for this purpose and it also 
supports the evaluation of usefulness of the existing datasets. 

 
 
CONCLUSIONS 
Application value of in situ PC online monitoring systems is high. 

Using local site specific biomass calibrations, PC fluorescence can be 
used to estimate the absolute biomass of cyanobacteria. The 
fluorometer probe station techniques used in these studies are an 
applicable and relatively low-cost method to monitor seasonal 
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succession and short-term changes in cyanobacteria abundance. The 
equipment for online in situ monitoring has developed more reliable 
and easy to use and also the cost of the device has decreased. With 
nearly real-time data transfer possibilities, they can be used in 
management and early warning applications. To rapidly minimize the 
negative effects of possibly harmful and toxic cyanobacteria blooms, 
automated monitoring stations measuring PC fluorescence should be 
considered as a cost-effective and valuable tool when up-to-date 
information is needed in sensitive locations, as in water intake facilities 
and public recreational sites.  
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Abstract 
Due to the eutrophication of water bodies, large and intense 

phytoplankton blooms, most commonly associated to 
cyanobacteria, have been increasingly reported. Cyanobacteria 
blooms can cause negative socioeconomic effects or even pose 
a serious risk to human and animal health. To minimize 
possible harmful effects, the authorities need to monitor and 
report the bloom situations to the public. The standard 
laboratory methods for quantifying phytoplankton biomass are 
accurate, but have flaws in practical management use: 
specialized expertise is required, and they are time-consuming. 
We have tested practical solutions to monitor cyanobacteria 
nearly real-time by using probes measuring phycocyanin 
fluorescence, which can be used as a proxy for cyanobacteria 
biomass. In the basic application, a fluorescence probe is 
mounted in a datalogger monitoring station in the field and the 
results calibrated to cyanobacteria concentration are transferred 
via GSM to a web page available to the authorities and the 
public. To indicate the risk levels of cyanobacteria 
concentration to the public we have used a 3-scale “traffic light” 
system. The automated monitoring station applications used in 
our studies, with nearly real-time web results, are an applicable 
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and relatively low-cost method to monitor sensitive sites like 
water intakes, aquaculture and recreational areas. 

 
Keywords 
Environmental monitoring; cyanobacteria; harmful algae; 

phycocyanin fluorescence; real-time monitoring 
 
 
INTRODUCTION 
Due to the eutrophication of water bodies, large and intense 

phytoplankton blooms, most commonly associated to cyanobacteria, 
have been increasingly reported. Large and intensive cyanobacteria 
blooms can cause negative socioeconomic effects or even pose a 
serious risk to human and animal health as many of the bloom forming 
species are also potential producers of harmful cyanotoxins (Chorus 
and Bartram (eds.), 1999). Large biovolume of cyanobacteria can 
complicate water intake and aquaculture and decrease possibilities for 
recreational use of waters. Guidelines and thresholds have been set e.g. 
for cyanobacteria cell concentration, biovolume and cyanotoxins 
concentration (Chorus and Bartram (eds.), 1999; WHO, 2004). 

 
To minimize the possible harmful effects, the municipality and 

governmental authorities need to monitor and report the bloom 
situations to the public. The standard laboratory method for 
quantifying phytoplankton biomass (Utermöhl-inverted microscopy 
technique) is accurate, but has flaws in practical management use: 
specialized expertise is required, and it is time-consuming. Because of 
the cost and time needed for laboratory analysis, the basic monitoring 
method since 1998 in Finland for up-to-date cyanobacteria bloom 
situation is based on trained observers who visually observe the 
amount of phytoplankton in >300 selected waterways in relative scale 
from 0 (no visible phytoplankton) to 3 (very high amount of 
phytoplankton). However being a rather subjective and inaccurate 
method, it is still a cost-effective tool for large spatial coverage. In 
offshore areas, cyanobacteria bloom intensity and distribution is also 
monitored using aerial surveys. 

 
Phycocyanin (PC) is an accessory pigment found in cyanobacteria 

and the PC concentration has been proven to be a useful proxy for 
cyanobacteria cell density and biovolume (Brient et al., 2008).  
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Currently there are several low cost PC probes commercially available 
from different manufacturers. The technical performance of the in situ 
PC probes has been evaluated good for quantifying cyanobacteria 
abundance (Bastien et al., 2011). The modern field probes can be used 
several ways: operated handheld, deployed to autonomous 
multiparameter monitoring stations and buoy platforms or attached to 
flow-through systems in moving research vessels and cargo and 
passenger ships for line transect and spatial survey studies (Seppälä et 
al., 2007; Lepistö et al., 2010; Anttila et al., 2012).  

 
 

METHODS 
Since 2006, we have used practical solutions to monitor 

cyanobacteria abundance nearly real-time by using autonomous PC 
probe monitoring stations in several locations in small freshwater lakes 
(lakes Littoistenjärvi, Kuralanjärvi and Kakskerranjärvi) and coastal 
brackish water areas in Baltic Sea in SW Finland. The main objective 
of the monitoring is to produce information about the up-to-date 
cyanobacteria bloom situation. In the basic application, one or several 
PC fluorescence probes and a temperature sensor are mounted in a 
stationary monitoring station in a location (e.g. beach) and the results 
are transferred via GSM network to a web page (available at 
sinileva.natureit.net/ and http://www.luodedata.fi/littoinen) available 
for the authorities and the public. To indicate the risk levels to the 
public we have used a 3-scale “traffic light” system based on 
cyanobacteria concentration (green light/low risk <3 mg L-1, yellow 
light/moderate risk 3-10 mg L-1 and red light/high risk >10 mg L-1). If 
needed, automatic alerts of risen concentrations can be programmed to 
send for example SMS to mobile phones.  

 
The monitoring stations are powered with 12 VDC batteries. The 

measurement interval of the station is set to log the PC fluorescence 
and temperature every hour. One fluorescence measurement is based 
on average of 1000 readings taken during a 10 second period. 
Fluorescence signal results are converted to wet weight biomass (mg L 
-1) with a standard calibration coefficient provided by the supplier 
(Luode Consulting Ltd.) in the datalogger. The datalogger stores and 
sends the results automatically via a GSM modem to a server in .csv 
format twice a day. The sampling interval and data transfer schedule 
are fully programmable. To avoid measurement errors caused by 
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biofouling probes were manually cleaned during deployment periods 
once or twice a week. The current probe versions can be cleaned 
automatically and datalogger controlled with compressed air or 
brushes. In Lake Littoistenjärvi and Lake Kuralanjärvi, the PC 
fluorescence results were compared to cyanobacteria biomass of water 
samples analyzed using the standard inverted microscopy method. 

 
 
 
RESULTS AND DISCUSSION 
The automated monitoring stations equipped with PC fluorescence 

probe produced reliable and good quality up-to-date data on 
cyanobacteria abundance. In lakes Littoistenjärvi and Kuralanjärvi 
there was a significant relationship between the PC fluorescence and 
the water sample cyanobacteria biomass (R2=0.59, p<0.001, N=57 and 
Lake Kuralanjärvi R2=0.83, p<0.001, N=18) (Loisa et al., submitted). 
In these lakes, we were also able to apply site specific biomass 
calibrations. PC fluorescence probes have also been used in the 
cyanobacteria monitoring in drinking water sources (e.g. McQuaid et 
al., 2011). Monitoring station data provides high temporal coverage 
and it can be used in planning of monitoring programs and as a quality 
control method of existing dataset (Anttila et al., 2012). In situ 
fluorescence data is also valuable for creating and validating models 
on spatial phytoplankton distribution based on remote sensing data 
(Lepistö et al., 2010). The equipment for online in situ monitoring has 
developed more reliable and easy to use and the cost of the device has 
decreased. If sensor technology is carefully tested and approved to be 
reliable, continuous monitoring of an environmental parameter in 
seconds to hours interval gives more accurate information on short 
time changes compared to normal monitoring programs were sample 
interval could be days to months. The water samples and inverted 
microscopy cell count results however are not in any case totally 
replaceable by the in situ fluorescence sensors as they can provide 
accurate quantitative and qualitative information on phytoplankton 
community structure on a taxonomical level. 

 
For public dissemination purposes, we opened a web-based on-line 

service in July 2006. The actual cyanobacteria concentration and the 
water temperature are presented as figures (example from Lake 
Littoistenjärvi in figure 1.) which are updated twice a day. The public 
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feedback on the system has been almost entirely positive and the 
annual number of website visitors has been several thousands, e.g. 
6500 individual visitors in 2007. The temperature monitoring has also 
been important for the local recreational site users, especially 
swimmers. The results have been an important management tool for 
the authorities responsible of the sites and the on-line dissemination 
and interpretation of the results can be used as an easy platform to 
communicate science to the public and the media.  

 
           

 
 
 
Figure 1. An example of cyanobacteria concentration data from 

Lake Littoistenjärvi (60°27.2N 22°23.5E, area 147 ha, average depth 
2.0 m) monitoring station in June 2014. The background colors 
indicate the possible risk level based on cyanobacteria concentration. 
Available online at http://www.luodedata.fi/littoinen 

 
 
CONCLUSIONS 
The automated monitoring station applications used in our studies, 

with nearly real-time web results, are an applicable and relatively low-
cost method to monitor cyanobacteria abundance in sensitive locations, 
as in water intake facilities and public recreational sites. Website based 
dissemination of the results to the public is easy and it can be provided 
with understandable thresholds and recommendations. In situ 
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phycocyanin fluorescence monitoring is a valuable tool for 
management purposes to minimize the effects of potentially toxic 
cyanobacteria blooms. 
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