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Abstract
The detection of cyanotoxins in aquatic environment is paramount due to 
its negative impact on aquatic biota. Various types of analytical techniques 
have been employed to qualify and quantify the presences of cyanotoxins 
in aquatic environment but most of these methods are not easily accessible. 
This mini-review concisely summarized the emerging approaches used to 
uncover cyanotoxins in aquatic environment. The methods of quantifying 
cyanotoxins in aquatic environment including bio-analytical methods, 
molecular methods and bioassay methods was compare with the efficiency of 
the use of analytical methods in the quantification of cyanotoxins from aquatic 
environment. The mini-review shows that although, analytical methods are 
highly effective in the determination of cyanotoxins in aquatic environment, 
these require a high-level laboratory skills and expertise whereas  
bio-analytical methods, molecular methods and bioassay method are highly 
sensitive, easily accessible and effective in the quantification of cyanotoxins 
in aquatic environment. These emerging techniques are important tools that 
can be used to prevent the toxicity associated with algae blooms because 
these methods have the capacity to detect the presences of micro quantity 
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of these toxins in aquatic environment before algae blooms occur. These  
mini-review shows that bio-analytical methods, molecular methods and 
bioassay have limitations that make analytical methods the best option for 
the detection of cyanotoxins in aquatic environment despite the fact that 
high skills are needed to actualized the aim, it is thereby recommended that 
more research should be conducted to eradicate the challenges associated 
with the use of biological methods for the detection of cyanotoxins in aquatic 
environment. 

Introduction
The algal blooms produced by cyanobacteria have 
shading effect on the lower layers, resulting in 
more respiratory activities below the surface and 
suffocation of fauna 1,2. Some freshwater algae 
e.g. Microcystics, Chlorella, Trichodesmus and 
Phormidium are harmful as they produce biomass 
which generate bad smell, causing de-oxidation 
and damage to aquatic life.3 The excessive growth 
of some species microalgae especially those of 
Microcystics and Lyngbya lead to anoxia (lack of 
oxygen) in water. Phormidium bloom is known to 
spoil salt by imparting red colour and bad odour on 
brine, It also gelatinizes brine resulting to inability of 
brine solution to crystallize into salt .4 In agriculture, 
such water cannot be used for irrigation, drinking 
source for farm animals and crop processing.5,6  
The blooms also render the water useless for 
domestic use and recreation by imparting unpleasant 
odour by producing a substance known as geosmin.7 
The blue-green algae are often associated with  
off-flavour problems in fish because of the 
geosmin and methyl isoborneal (MIB) which impart 
undesirable flavours in fish.8,9 The blooms are also 
associated with the production of harmful small 
molecules known as cyanotoxins. Cyanotoxins 
bioaccumulate in the aquatic food chain and also 
pose serious threat to aquatic organisms across 
the trophic level.10 The exposure of man and other 
terrestrial organisms to cyanotoxins is as a result 
of ingestion of drinking water contaminated with 
these toxins although man can also be exposed to 
cyanotoxins after feeding on sea food that contain 
elevated amount of cyanotoxin accumulated in 
their tissues. Studies conducted by Hoagland  
et al., (2002) shows that the microtoxins produce 
by cyanobacteria can bio accumulate in sea food 
and subsequently causes poisoning in man when 
they eventually feed on the sea food.11,12 The studies 
further shows that different cyanobacteria produce 

different cyanotoxins that have different effect on 
human beings among which include Aphanizomenon 
flos-aquae which produce a cyanotoxin known as 
saxitoxin which is responsible for paralytic shellfish 
poisoning in humans.13,14 Anabaena flos-aquae 
produces a neuro toxin called anatoxin which 
affect the nerve synapses.15 Lyngby amajuscula 
produce a toxin known as debromaophysia toxin 
which is responsible for swimmer’s itch: a disease 
characterized by inflammation and swelling of 
the mucous membranes of the eyes and nose.15 
Some other toxins produced by cyanobacteria are 
of medical importance which include nodularins, 
microscystins, cylindrospermopsina, lyngbyatoxin, 
lipopolysaccharides and aphasiatoxins because 
their target organs in mammals include liver,  
gastro-intestinal tracts, skin and any exposed 
tissues.16-18

The incessant discharge of pollutants into aquatic 
environment as a result of continuous adoption of 
industry-based lifestyle is leading to eutrophication 
thus encouraging the growth of cyanobacteria 
into inland water which are the important sources 
of drinking water on a global scale.14,19 The 
continuous awareness on the effect of cyanotoxins 
in recreational and drinking water has led to so 
many studies on the development of an effective 
method for the detection of cyanotoxins in aquatic 
environment.20-22 Numerous methods are available 
for the uncovering of cyanotoxins in aquatic 
environment but most of the methods are not easily 
accessible and require sophisticated laboratory 
expertise for usage.22 Quite a number of biological 
are available for the uncovering of cyanotoxins from 
aquatic environment but most of these methods have 
limitations for the effective detection of cyanotoxins 
from aquatic environment.23,24 This mini-review is 
aimed at summarizing the emerging approach use 
to uncover cyanotoxins in aquatic environment and 
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how effective the method is in the performances of 
the task.

Bio-analytical Method of Cyanotoxin Detection 
in Aquatic Environment
Bioanalytical methods in cyanobacteria are referred 
to as the methods used to collect, store, process or 
analyses material from cyanobacteria.25 This method 
is used in the detection of cyanotoxins in aquatic 
environment.25  The two major bioanalytical methods 
used for the detection of cyanotoxins are enzyme 
linked immunosorbent assay (ELISA) and protein 
phosphate inhibition assay (PPIA). The enzyme 
linked immunosorbent assay comprises of the use 
of antibodies to identify cyanotoxins in aquatic 
environment.26 This method is easily accessible and 
do not involve the use of sophisticated laboratory 
equipment and is effective in the detection of 
cyanotoxins in the environment. ELISA can be used 
to detect a very low concentration of cyanotoxins 
(µ/l) in the environment. The principle of cyanotoxin 
detection using ELISA involves the mixing of the 
water sample containing cyanotoxin with liquid 
reagent in a reaction chamber refers to as well  
(Fig 1). The well contain the reactant and prevent the 
spill over resulting from the biochemical reactions 
between the reactant which produce a signal 
which is used to determine the concentration of the 
cyanotoxins in the sample collected from aquatic 
bodies using a spectrophotometer at a wavelength 

of 450 nm after series of incubating and washing.27 

The limitation of the use of ELISA in the detection of 
cyanotoxins in aquatic bodies is the inability of the 
method to recognize the type of cyanotoxin in aquatic 
bodies and the inability of ELISA to determine the 
precise level of toxicity pose by cyanotoxin in aquatic 
environment. The protein phosphate inhibition 
assay is a biological investigating procedure 
that was developed to study the potentiality of 
microcystin to bind protein phosphate 1 (PP1) and 
protein phosphate 2A (PP2A) but now useful in the 
detection of the effect of microcytins and nodularin 
in the environment sample.28 The PPIA method of 
cyanotoxins detection in aquatic environment is 
effective and can detect cynotoxin concentration as 
low as 0.1µg/l, the method has been shown to be very 
fast and easy due to the sensitivity of the method but 
there is no available kit for PPIA.29 The PPIA method 
is highly effective and can detect the presences 
of toxins beyond the detection limit of ELISA and 
liquid chromatography-mass spectrometry (LC-MS/
MS).29 The data on cyanotoxin detection using PPIA 
have shown positive correlation with the usage of  
high-performance liquid chromatography (HPLC). 
The limitation of the use of PPIA to identify 
cyanotoxins is the inability of some variant to 
react with protein phosphate enzymes leading to 
the overestimation of toxin concentration in the 
environmental sample or sometimes the inability to 
detect the present of such a variant.30

Fig. 1: Schematic Representation of Cyanotoxin Detection 
Method in Aquatic Environment Using ELISA method
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Molecular Method of Cyanotoxin Detection in 
Aquatic Environment
Molecular method is the type of method that 
involves the examination and manipulation of 
deoxyribonucleic acid (DNA), ribonucleic acid (RNA), 
protein and lipids of cyanobacteria. This mwthod 
of cyanotoxins detection in aquatic environment 
is based on hybridization and polymerase chain 
reaction (PCR). Hybridization method involves the 
measurement of the genetic similarities that exist 
between the DNA sequences of cyanobacterial 
cells forming a bloom. This method is effective in the 
distinguishing of the different varieties of cyanotoxins 
in produce by cyanobacteria but have not been 
used worldwide due to the fact it is time consuming 
and difficult to implement under simple laboratory 
condition. Polymerase chain reaction is another 
molecular method that is used in the detection of 
cyanotoxins in aquatic environment, this method is 
very sensitive because it involves the amplification 
of DNA sequences to generate many copies of 
the DNA segment. This method is effective in the 
investigation of the amount of cyanotoxins in water 
sample long before the occurrences of blooms. 
The limitation of molecular method of cyanotoxins 
detection is that it could give a misleading result 
particularly when the DNA of the cyanobacteria is 
slightly contaminated. The enzyme used for the PCR 
reaction are also prone to error and this can cause 
mutation in the PCR fragment which also contribute 
to the misleading result.31-33

Biological Assays of Cyanotoxin Detection in 
Aquatic Environment
Biological assay method is a type of cyanotoxin 
detection method that involves the use of living cell or 
tissue to determine the concentration of cyanotoxin 
in aquatic environment. The assay is based on 
the qualitative and quantitative determination 
of the effect of cyanotoxin on a biological tissue 
including invertebrate animal, vertebrate animal, 
plants and microorganisms. Biological assay can 
be used to differentiate between hepatotoxins and 
neurotoxin by the determination of the LD50 values 
of the cyanotoxins.34 These methods can be used to 
determine the toxicity level of an unknown cyanotoxin 
as such enormous number of cyanotoxins have 
been established for the finding of cyanotoxins in 
aquatic environment although the bioactivity of the 
toxins (potent hepatotoxicity, cytotoxicity, enzymatic 

activity as well as immunological interactions) is not 
well document due to the structural variants of toxins 
produce by cyanobacteria. The bioassay methods 
used for the detection of cyanotoxins in aquatic 
environment include the use of microorganisms, 
invertebrate animals, vertebrate animals and plant 
extracts.35

Bioassay Using Invertebrate Animals
However, using different experimentation techniques 
such as survival, feeding inhibition, population 
growth rate etc. the toxicity of cyanobacteria 
can be assigned. It is very important to break 
colonies or large filaments of cyanobacteria 
before using in daphnids based bioassay, as large 
colonies and filaments can present mechanical 
interference and feeding inadequacy to daphnids, 
and the mortality may not reflect the toxicity of 
cyanobacteria.36 Moreover, when six microcystin 
congeners (including MC-LR) were tested for acute 
toxicity and protein phosphatase inhibition with 
Thamnocephalus platyurus, no correlation was 
found between the two activities. The toxicity was 
highest for [D-Asp3, (E)-Dhb7] MC-RR but the 
protein phosphatase activity was much weaker. 
The study indicates that the devices other than 
the inhibition of protein phosphatase play in MC 
induced toxicity to Thamnocephalus platyurus. 
The consumption of mosquito adults as well as 
larvae has also been studied as probable bioassay 
systems counter to cyanobacterial toxins. Larvae of 
Aedes aegyptii have been found to be affected by 
neurotoxins and hepatotoxins from cyanobacteria. 
Adults of Culex pipens were found to be sensitive 
towards MC-LR when injected. The two mosquitoes 
were comparatively subtle but have not been 
broadly implemented owing to the complications of 
handling this organism. Similarly, adult houseflies  
(Musca sp.), diamond-backed moth (Plutella sp.) 
and cotton leaf worm (Spodoptera sp.) were found 
sensitive towards MC-LR when inserted with 
decontaminated toxins and natural samples gave 
positive results that were similar with mouse toxicity 
results and various insecticides. Though, the flies 
are problematic to handle and need microinjection, 
which is hard to administer.37

Bioassay Using Vertebrate Animals
Mouse bioassay has been intensively used during 
last two decades, and still is most preferred bioassay 
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as far as tests for microcystins are concerned. Male 
Swiss albino mouse remain the most used strains 
for the determination of the toxicity of cyanotoxins. 
Toxicity is tested by intra peritoneal injection of 
cell lysate of cyanobacteria. Samples prepared in 
physiological saline solution are preferred if the 
amount to be injected is 0.5 ml or greater. Mice 
were pragmatic for 24 h then formerly sacrificed by 
cervical dislocation. A postmortem of liver tissue 
at the end of the observation period is necessary 
as hepatotoxins show characteristic symptoms 
of liver damage. These hepatotoxins are known 
to induce signs of hepatotoxicity characterized 
by degeneration and vacuolation of the hepatic 
parenchyma, congestion and hemorrhaging, and 
hepatic vacuolation. Additionally, the leakage 
of key hepatic enzymes i.e. glutamate pyruvate 
transaminase (GPT), glutamate oxalloacetate 
transaminase (GOT), alkaline phosphatase (ALP) 
and lactate dehydrogenase (LDH) in serum can 
be investigated in cases of lack of symptoms, or 
if mouse survives even after the observational 
period. For this, blood is collected from retro 
orbital plexus before sacrificing the mouse and 
the hepatic enzymes can be investigated in serum 
using commercially available diagnostic kits.38 
Cylindrospermopsin shows protracted symptoms 
resulted from gradual organ failure, especially in 
organs such as liver and kidneys, which necessitates 
longer observation period. Studies have linked acute 
hepatotoxicity with serious liver, kidney, and thymus 
damage with the Australian cylindrospermopsin-
producing strain. Histological examination of the 
liver revealed only moderate and multifocal necrosis.  
The mouse toxicity is stated as LD50 mg dry weight 
of toxin or cyanobacteria per kg mouse body weight 
and a LD50 of <1000 mg dry weight is considered 
the cyanobacteria as non-toxic.39 The first major 
drawback in using mouse assay is the need of an 
animal house facility for rearing the animals for 
routine experiments. Secondly, the use of animals 
in toxicity studies is against scientific ethics and is 
actually banned in most of the countries. Moreover, 
where there are more than one kind of cyanotoxin 
present in the environment, the more rapid-acting 
toxin (i.e. microcystin-LR) may mask other symptoms. 
But the overall toxicity due to cyanobacteria can 
be estimated in drinking water supplies using 
mouse bioassays. Fishes are also affected by 
cyanobacterial toxins in the ways of liver damage, 

disturbed ionic regulation, behavioral changes and 
mortality. Young brown trout, Tilapia and Carp are 
the fishes reported to be most sensitive, and can be 
used as a test system against cyanobacteria. Unlike 
mouse bioassay, fish bioassays may not prove to be 
easy and sensitive. Injecting cyanobacterial extracts 
to fishes is a difficult task, and immersion in media 
containing cyanobacterial extracts might need more 
amounts of cyanobacterial extracts in order to get 
lethal effects and the oral toxicity can be subsided 
by the detoxification of toxin in various ways. Similar 
to mouse bioassay, locusts are tranquil to handle 
and samples can be administered by injecting low 
volumes (10 µl). The results, characterized by the 
paralytic stroke, are obtained within 90 minutes.40 
The LD50 for pure saxitoxin was found to be 8 µg g-1 
locust body weight, but the bioassay was not found 
sensitive to microcystin-LR or anatoxin-a. Moreover, 
relative toxicities of selected saxitoxin analogues 
differed from those reported in mammalian systems. 
Authors discussed the use of locusts as simple, 
ethically acceptable, broad-specificity functional 
bioassay, for the monitoring of saxitoxins and other 
paralytic shell fish toxins.41

Bioassay Using Cell Cultures
Since most of the vertebrate animals including 
mammals are affected by toxic cyanobacteria in 
various ways, bioassays using cultured mammalian 
cells instead of using animals have emerged as 
appropriate substitutes for animal bioassays. The 
establishment of the fact that microcystins is the 
reason for the acute liver damage has encouraged 
studies using hepatocytes (liver cells).42 The toxicity 
is determined by leakage of a key hepatic enzyme, 
lactate dehydrogenase (LDH) from hepatocytes.43 
Typically, isolated rat hepatocytes are incubated with 
pure toxin or bloom extracts for a specified time and 
then the practicality of the cells is measured using the 
(3, 4, 5-dimethylthiazol-2yl)-2, 5-diphenyltetrazolium 
bromide (MTT) test. The bioassay provided the first 
authenticated report for comparison of toxicities with 
the change in structure of microcystin and showed 
that MC-LR is most toxic and MC-RR is at least 100 
times less toxic as compared to MC-LR.39

Bioassay Using Plants and Plant Extracts
Secondary metabolites including microcystins 
produced by cyanobacteria and microalgae have 
been shown to possess algicidal or herbicidal 
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properties. Bioassay using Anacystis, Phormidium, 
Plectonema and Chlorella has been used to 
investigate algicidal effects posed by Oscillatoria. 
Although, scanty or no literature exist for the cost 
effectivity and sensitive plant-based bioassay for 
the detection of cyanotoxins in drinking water. Pan 
et al., (2002) examined the effect of a microcystin-
LR extract on the growth of Lepidium sativum 
over 6 days. Exposure to 10µg L-1 microcystin-LR 
concentration give rise to a substantial reduction 
in root and leaf lengths as well as fresh weights of 
seedlings when linked to the controls.37 Glutathione 
S-transferase and glutathione peroxidase activities 
were also significantly high in plants examined.  
The study shows that of Lepidium sativum bioassay 
can be use against microcystins, though the 
effect of microcystins other than MC-LR and other 
cyanobacterial toxins have not been included in 
the study. The use of this bioassay needs vast 
exploration. Cylindrospermopsin was shown to have 
negative effects on the germination of pollen from 
tobacco (Nicotiana tabacumcv Samsun NN). Pollen 
germination was inhibited by cylindrospermopsin 
between 5 and 1000 µg ml−1. The inhibition of 
tobacco pollen germination may be open for 
utilization as a bioassay for cylindrospermopsin, 
though the method needs a pre-concentration 
step for the checking the samples from aquatic 
environment.44

Enzyme Bioassay
Microcystins and nodularins are reported to inhibit 
protein phosphates (PP) 1 and 2A. In this way, the 
protein phosphatase inhibition assay has proved to 
be a subtle screening method for microcystins and 
nodularins. Microcystins bind equally well with PP1 
and 2A. Earlier versions of PP1 and 2A bioassay 
were based on thequantitation of 32P-phosphate 
released from a radio labelled substrate. This 
bioassay was sensitive to subnano gram levels 
of microcystin and nodularin. The technique has 
also been used successfully for quantitation of 
microcystins in environmental samples such 
as drinking water formerly and afterward water 
treatment. Being sensitive enough, this method was 
not used widely because of the use of radioactive 
substrate, which necessitates specialized laboratory 
equipment and regulations.45

Determination of Cyanotoxins using Analytical 
Methods
The most reliable methods of detecting cyanotoxins 
in aquatic environment is by the usage of high 
enactment liquid chromatography (HPLC), this 
method permits the characterization of the toxins 
into toxins kinds and variants.46 The limitation of 
the HPLC method in cyanotoxin detection is the 
fact that it is expensive and difficult to access.47 The 
concentration of cyanotoxin in the tissues of animals 
is usually determine using the high-performance 
liquid chromatographic (HPLC, LC) technique 
attached with UV, photodiode array (PDA) and/or 
mass spectrometer (MS) detectors was applied.48 
These process permits further detailed identification 
according to retention time but possess further 
limitations which include prolonged examination 
time resulting from purification, concentration and 
scarcity of commercially cyanotoxins standards.49 
This method is not the best method for the quick 
determination of cyanotoxin with low concentration 
and continuous sample investigation. The use of 
HPLC-MS/MS analysis with direct aqueous injection 
can be used for the fast detection of the different 
form of cyanotoxins in aquatic environment because 
the method those not involve purification of sample 
before analysis50,51. Studies on the solid-phase 
extraction (SPE) –liquid chromatography (LC) – 
mass spectrometry (MS) technique was used to 
distillate and detect nine cyanotoxins concurrently, 
the studies was effective in the monitoring of 
cyanotoxin in aquatic environment.52

The matrix assisted laser desorption/ionization-
time of flight mass spectrometry (MALDI-TOF-MS) 
technique permits the rapid recognition of particular 
microcystin variants. The technique consumes lesser 
time owing to omission of purification progressions 
and needs lesser amounts (microgram vs. milligram) 
of the sample if compare with HPLC or bioassays 38. 
Gas chromatographic (GC) technique is founded on 
oxidation of microcystins, which splits the Adda ((2S, 
3S, 8S, 9S)-3-amino-9-methoxy-2, 6, 8-trimethyl-10-
pheny1deca-4, 6-dienoic acid) side chain to produce 
3-methoxy-2-methyl-4-phenyl butyric acid(MMPB), 
which is then detected by using either GC,GC/MS 
or by HPLC/fluorescence.53 Studies by Kaya and 
Sano (1998) found detection limit of this method to 
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be about 0.4µg of total microcystin concentration 
expressed in microcystin-LR, but uncovering 
limit hinge on the concentration water. Capillary 
electrophoresis (CE) is employed in the segregation 
and quantification of the biological mixtures 
including cyanotoxins, though, the sensitivity of 
these method is low if compared with HPLC.54 
Vasas et al., (2004) had shown the application of 
CE for the analysis of complex matrices. The study 
suggested that the method ought to be combined 
with other analytical methods like micellar electro 
kinetic chromatography. Microcystins can also be 
detected using using thin layer chromatography 
(TLC) in way that similar to PDA detection in HPLC 
based on their characteristic of UV spectra.46 With 
appropriate detection systems; UV spectra of the 
detached components can be recorded. Different 
TLC techniques for the segregation of microcystins 
have been reported by.55 TLC can give quantifiable 
outcomes of toxin, but this method ought to be 
regarded as a screening technique pending the 
addition of extra development. The toxin gene in 
a aquatic environment have been quantify using 
the Quantitative real-time PCR.56,57 established a 
quick and precise method used simultaneously as 
qualitative and molecular technique which can be 
used in the detection of numerous species inside the 
detrimental algae bloom community. The method was 
designed for 14 species-specific probes and 4 sets 
of specific primers. Multiple-simultaneous detection 
was attained with a bead array method using a flow 
cytometer and color-coded microspheres, which 
are conjugated to the developed probes. Following 
a parallel double PCR amplification, which engaged 
universal primers in a single reaction and a set of 
species-specific primers in multiplex detection, was 
implemented in a cost-effective and highly specific 
analysis. This multi-format requisited less than 4 h to 
complete sample collection and up to 100 dissimilar 
species can be identified simultaneously in a single 
sample.55

Conclusion
The methods of quantifying cyanotoxins in aquatic 
environment including bio-analytical methods, 
molecular methods and bioassay methods were 
compared with the efficiency of the use of analytical 
methods in the quantification of cyanotoxins 
from aquatic environment. Although, analytical 
methods are highly effective in the determination of 
cyanotoxins in aquatic environment these methods 
require high level laboratory skills and expertise 
whereas bio-analytical methods, molecular methods 
and bioassay method are highly sensitive, easily 
accessible and effective in the quantification of 
cyanotoxins in aquatic environment. These emerging 
techniques are important tools that can be used to 
prevent the toxicity associated with algae blooms 
because they have the capacity to detect the 
presences of micro-toxins in aquatic environment 
before algae blooms occur. These study also show 
that biological method of cyanotoxins detection in 
aquatic environment have limitations that make 
analytical methods the best option for the detection of 
cyanotoxins in aquatic environment despite the fact 
that high skills are needed to actualized the aim, it is 
thereby recommended that more research should be 
conducted to eradicated the challenges associated 
with the use of biological method for the detection 
of cyanotoxins in aquatic environment.  
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