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Abstract: β-N-Methylamino-L-alanine (BMAA) is a neurotoxic non-protein amino acid and causes neurodegenerative diseases. 

While the presence of BMAA toxin in phytoplankton communities and its bioaccumulation in aquatic food animals has been 

demonstrated worldwide, the detection of this toxin has not yet been explored in Egyptian freshwaters. Therefore, the present 

study determined BMAA levels in phytoplankton samples and edible muscles of tilapia fish sampled from an Egyptian fishpond. 

BMAA concentrations in phytoplankton samples were higher in summer (227.66 µg L-1) than in winter (0.15μg L-1), in 

association with the dominance of cyanobacteria in this fishpond. BMAA was detected in edible fish tissues at higher levels in 

summer (73.2 μg g-1) than in winter (1.16 μg g-1). Compared to the guideline values (GVs) derived during the present study (9.1 

and 2.3 μg g-1 for adults and children, respectively), BMAA levels detected in edible fish tissues during summer exceeded these 

GVs by a factor of 8 for adults and 32 for children, but it was below these limits in winter. This may represent a health risk to 

humans through fish consumption. Therefore, the study suggests monitoring toxic cyanobacteria and their cyanotoxins in 

fishponds and aquacultures. Additionally, fish edible tissues should be tested for cyanotoxins before marketing .  
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1. Introduction 

Cyanobacteria are prokaryotic autotrophic microorganisms 

that contribute largely to oxygen production in the Earth’s 

atmosphere [1]. They constitute the base of the food web as 

primary producers in aquatic ecosystems [2]. However, 

cyanobacteria can form massive growth (i.e., blooms) under the 

conditions of high temperatures (25°C or above) and light 

intensity as well as increased nutrient concentrations 

(particularly, phosphorous and nitrogen) [3,4]. In fishponds, 

the liberation of nutrients from fish feed into the water 

increases the growth of cyanobacteria, resulting in hypoxia and 

death of fish [5]. Nevertheless, cyanobacterial blooms are of 

great ecological significance due to their production of toxic 

secondary metabolites called cyanotoxins, which adversely 

affect animals, plants, and human health [6-10]. Cyanotoxins 

are commonly classified into four classes according to their 

toxicological target: neurotoxins (anatoxins, saxitoxins, and β-

Methylamino-L-Alanine–BMAA), hepatotoxins 

(cylindrospermopsins and microcystins), and dermatoxins 

(e.g., lipopolysaccharide and lyngbyatoxins) [11]. 

Fish can be exposed to cyanobacteria and cyanotoxins both 

actively and passively. Actively, while feeding on harmful 

cyanobacterial cells, and passively, when the gill epithelium 

comes into contact with dissolved toxins in the water [12]. 

These toxins can bioaccumulate in aquatic animals (e.g., fish).  

Since the majority of cyanotoxins are extremely stable and their 

toxicity is not decreased by cooking [13,14], humans may 

potentially be exposed to them by eating fish that have 

accumulated the toxins in their edible tissues. 

Among cyanotoxins, BMAA is produced by cyanobacteria, 

diatoms, and dinoflagellates [15]. BMAA is a polar basic 

amino acid (M.W.=118.1Da) with distinct pKa values (2.1, 

6.48, and 9.70, respectively) for the carboxyl group, main 

amino group, and secondary amino group [16].  

Neurodegenerative diseases like Amyotrophic Lateral 

Sclerosis (ALS), Parkinsonism Dementia Complex of Guam 

(ALS/PDC), and Alzheimer's disease (AD) have been linked to 

this neurotoxin, which has been found to cross the blood-brain 

barrier and incorporate into brain proteins, causing misfolding 

and aggregation [17-22]. This sparked worries about human 

exposure to this toxin via eating contaminated aquatic animals 

used as food e.g., fish [23]. 

Nile tilapia is one of the most cultured fish and is widely 

consumed by people worldwide including Egypt. Tilapia fish 

may endure in lakes and aquacultures plagued with toxic 

cyanobacteria and consume a significant portion of their cells 

in its diet [24]. Previous studies reported the accumulation of 

cyanotoxins: microcystins [25] and cylindrospermopsin [24] 

toxins in the edible muscles of tilapia fish caught from fish 

farms containing cyanobacterial blooms. However, no study 

has been made on the detection of BMAA toxin in Egyptian 

freshwaters yet. Therefore, this study aimed to investigate 

BMAA toxin in water and edible tissues of tilapia fish of a 

tropical Egyptian fishpond with a history of toxic 

cyanobacterial blooms. The study also evaluated the potential 

risk to human health from BMAA amounts found in this fish's 

edible tissues. 

2. Materials and methods 

2.1. Sampling 

This study was conducted in an earthen fish pond situated 

in Sohag, southern Egypt  )26o 36ˋN and 31o 43ˋE). The 

fishpond is about 3 m in depth and receives water from the Nile 

River. Water samples were collected in triplicate from three 
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different sectors in the fishpond by polyethylene bottles at a 

depth of around 30 cm during September 2021 and January 

2022, where cyanobacterial bloom was present and not present, 

respectively in the pond. Meanwhile, triplicate samples of 

tilapia fish (Oreochromis niloticus) were collected from these 

fishpond sectors. All samples were taken between mid-

morning to early-afternoon.  

2.2. Environmental and phytoplankton analyses 

 Physical characteristics of fishpond waters (temperature, 

pH, conductivity, and dissolved oxygen-DO) were measured in 

situ using a multiparametric probe (HI 991300 pH/EC/TDS 

Temperature, HANNA, Italy) prior to water sampling. The 

Light intensity was measured at the water surface of fishponds 

using a Lumen Lux meter and then converted to μmol m−2 s −1. 

Nutrient concentrations including nitrate, ammonia, 

orthophosphate, and dissolved organic matter were assessed in 

filtered water samples (through GF/C glass fiber filter) 

following standard methods described in Mohamed and Bakr 

[25]. Algal species were identified and enumerated in 

phytoplankton samples preserved in Lugol’s iodine solution 

Algae and cyanobacteria were identified according to 

taxonomic keys based on cell or colony morphology [26,27]. 

Phytoplankton cell density (cells L-1) was determined using a 

Sedgwick–Rafter counting chamber following the method 

described by Mohamed and Bakr [25]. The most dominant 

species were photographed using Digital LCD Binocular 

Microscope, SKU NM-105-10x (N12 Industrial Park, Bartlett, 

Boksburg). 

2.3. Determination of BMAA in phytoplankton and water 

samples 

 Concentrations of BMAA within phytoplankton cells (free 

BMAA/ bounded BMAA) were determined according to the 

method described by Jiang et al. [23] with a minor 

modification. Briefly, one liter of phytoplankton samples was 

filtered through GF/C filters, and the filters with retained cells 

were extracted in 15 ml of 20 % methanol (methanol/water, 

v/v) with sonication for 3 min (70 % efficiency) in an ice water 

bath. The samples were centrifuged for 5 min (4100 x g, 4°C). 

The pellet was discarded, while the supernatant was mixed with 

two volumes of cold acetone. After overnight precipitation of 

the samples (−20°C), the solution was centrifuged again 

(10,000 x g, 4°C, 10 min). The resulting pellet containing the 

protein-bound BMAA fraction (i.e., bound BMAA) and the 

supernatant containing the free-BMAA fraction (i.e., free 

BMAA) were separated into new tubes. To allow the release of 

protein-bound BMAA, the protein pellet was hydrolyzed in 1.5 

ml of 6 mol L−1 HCl for 20 h at 110°C and centrifuged for 5 

min (10,000x g,4°C). The resulting supernatant corresponding 

to bound BMAA was subjected to sterilized air to evaporate the 

organic solvent. BMAA concentration was then determined in 

the remaining aqueous fraction by High-Performance Liquid 

Chromatography HPLC. Extracellular (i.e., dissolved) BMAA 

was determined in the filtrate of the same phytoplankton 

samples. All samples were kept at −20°C until used for HPLC 

analysis. 

2.4. Determination of BMAA in edible fish tissues 

Tilapia fish caught from the fishpond during the present 

study were rinsed with tap and distilled water to get rid of any 

toxins possibly adhered to their surfaces. Edible muscles were 

excised, weighed (wet weight), and immediately frozen for 

BMAA determination. Fish muscles were ground in a pestle, 

extracted with 20 ml of 20% methanol, and then sonicated for 

3 minutes at 70% efficiency to lyse them. To avoid protein 

degradation, samples were placed in an ice water bath during 

the sonication process. The extracts were then centrifuged 

(4100 x g, 4°C) for 5 min. The pellet was discarded, while the 

supernatant was used for the determination of free and bound 

BMAA concentrations.  

HPLC analysis 

HPLC analysis was performed on an Agilent 1200 HPLC-

DAD coupled with a variable wavelength diode-array detector 

(Cox et al. 2003) (Agilent, USA). Separation was operated on 

A Zorbax – C18 (250 mm ×4.6 mm, 5μm) column (USA). The 

analytical column was equilibrated for two minutes and 

maintained at 25°C. A mobile phase pumped at 1 ml /min was 

used to elute the analytes from the column. The mobile phase 

consisted of acetonitrile: sodium acetate 140 mM with 0.5 % 

Triethyl amine (pH 5.7) (65:35v/v). A full spectral scan was 

performed from 190 to 450 nm, and the signal was recorded at 

a wavelength of 270 nm which provided better specificity 

compared to low-range UV wavelengths. BMAA identification 

was conducted by matching the peak retention times and 

spectra with that of pure BMAA standards. A calibration curve 

for standard BMAA (BMAA Hydrochloride, Sigma-Aldrich) 

was estimated too. The limits of detection (LOD) and limits of 

quantification (LOQ) were 10.0 ng, respectively. Additionally, 

a liquid chromatography-ion trap tandem mass spectrometer 

(LC-MS/MS) was used for confirmation and accurate 

quantification of BMAA in the samples following the method 

described in Faassen et al. [28]. 

2.5. Risk assessment and estimation of guideline value of 

BMAA  

 The noncarcinogenic human health risk of BMAA was 

assessed using the reference dose (RfD, 40µg -1 kg-1 d-1) of this 

toxin, which was previously calculated by Wu et al.  [29] for 

risk assessment of BMAA toxin in aquatic products to human 

health in China according to the following equation: 

RfD =
𝑁𝑂𝐴𝐸𝐿

𝑈𝐹
                                                    (1) 

Where NOAEL (no observed adverse effect level) is the 

highest dose that would not cause harmful health effects, which 

was determined to be 40 mg/kg bw/d according to the toxicity 

test data for male cynomolgus monkeys published in Karlsson 

et al. [30]; UF is the uncertainty factor, with its value set as 

1000.  Therefore, this RfD was used by Wu et al. [29] to 

estimate the guideline value (GV) of this toxin in aquaculture 

products according to the following equation: 

GV =
𝑅𝑓𝐷 𝑥 𝐵𝑊 𝑥 𝐴𝐹

𝐹𝐼𝑅
                                                            (2) 

 where GV is the recommended limit for BMAA (μg g-1), AF 

is the empirical coefficient, with a value set as 0.30, indicating 

that 30% of the total daily intake of BMAA in humans comes 

from aquatic products, BW is the average body weight (60 kg 

for adults and 15 kg for children) and FIR is the food intake 

rate, specifically the daily amount of aquatic product intake by 

human (100 g d-1).  

Here in our study, we applied the same equation of Wu et 

al. [29], but we modified AF and FIR values as these 

parameters may vary according to the country’s traditions for 

the consumption of each comestible (e.g., fish). For African 

and Middle east countries, FIR is 100 g of fish per day. If fish 

constitutes 30% of human food in these countries and assuming 

the oral bioavailability of BMAA is 80% as reported by 

Duncan et al. [31], the total daily intake of BMAA in humans 

comes from fish would be 0.38 (i.e., AF= 0.3÷0.8). 
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Statistical analysis 

Variations in cyanobacterial densities, environmental 

parameters, and BMAA concentrations in water samples and 

fish tissues were estimated using ANOVA (P < 0.05) with 

SPSS17 software for Windows. The correlation between 

cyanobacterial density and concentrations of BMAA in 

phytoplankton and fish tissues was evaluated using Spearman 

rank correlation coefficients. 

3. Results 

3.1. Quality of fishpond water 

Table 1 presents the data on the physicochemical properties 

of the fishpond water obtained during the present study. The 

results revealed a significant difference in the temperature of 

fishpond water between summer and winter (P <0.05). It 

ranged from 30°C to 31°C in summer, and from 15°C to 18°C 

in winter. Light intensity at the water surface of this fishpond 

was higher in summer (2.2-3.4 mmol photons m-2s-1) than in 

winter (0.42-0.7mmol photons m-2s-1). The conductivity of 

fishpond water also showed higher values in summer (0.22-0.6 

mmos cm-1) than in winter (0.4–1.6 mmos cm-1). The pH of 

fishpond water was slightly alkaline (7.1–8.4) and it did not 

significantly change (P>0.05) between summer and winter 

seasons. Concentrations of nutrients (NO3, NH4, PO4
 dissolved 

organic matter) in the fishpond water changed markedly 

(P<0.05) between the two seasons, showing higher values in 

summer than in winter (Table 1). 

 

Table 1 Limnological characteristics of fishpond  

water during the present  

Variables  Winter Summer 

Temperature(°C) 15-18 30-31 

PH 7.4-8 7.1-8.4 

Conductivity (mS cm-1) 0.22-0.6 0.4-1.6 

Light intensity  

(m mol photons m-2 s-1) 

0.42-0.7 2.2-3.4 

DO (mg L-1) 7.8-12 7-11 

NO3 (mg L-1) 0.45-0.5 4-13 

NH4 (mg L-1) 0.25-2.4 7-25 

PO4 (mg L-1) 0.14-0.36 2-25 

Dissolved organic matter 

(mg L-1) 

0.05-0.06 0.1-0.34 

 

3.2. Phytoplankton composition in fishpond water 

The results showed that cyanobacteria were the dominant 

group in phytoplankton samples collected from the studied 

fishpond during the summer season representing 99.4% of the 

total phytoplankton (Fig.1).  

 
Fig. 1 Percentage distribution of phytoplankton groups in the 

Sohag fishpond during the present study.  

 

Cyanobacterial populations in this fishpond were dominated by 

potentially toxic species including Dolichospermum flos-aquae, 

Merismopedia glauca, Microcystis aeruginosa, Planktolyngbya 

contorta, Raphidiopsis raciborskii, Synechococcus elongatus 

(Table 2 and Fig.2).  

 
Fig. 2. Light microscope photographs of dominant cyanobacteria 

recorded in the studied fishpond during present study:(a) 

Dolichospermum flos-aquae, (b) Merismopedia glauca, (c) 

Microcystis aeruginosa, (d) Planktolyngbya contorta, (e) 

Raphidiopsis raciborskii, and (f) Synechococcus elongatus. 

Scale bar =10µm. 

 

The most abundant cyanobacterial species were 

Dolichospermum flos-aquae (2760000 cells L-1) and 

Planktolyngbya contorta (2260000 cells L-1). The highest cell 

density of cyanobacteria in the fishpond during summer 

correlated positively with temperature (r= 0.9), light intensity (r= 

0.85), conductivity (r= 0.8), NO3 (r=0.9), NH4 (r=0.9) and PO4 

(r= 0.8) concentrations (Table 1). Green algae and diatoms were 

also found in the fishpond during summer, but with low cell 

densities (0.22%, and 0.38%, respectively) (Fig.1). On the other 

hand, cyanobacteria showed lower abundance during the winter 

season (9.2%) and was represented only by two species 

(Dolichospermum flos-aquae and Synechococcus elongatus) 

(Table 2). However, phytoplankton samples collected from the 

fishpond during winter were dominated by diatoms and green 

algae (73.1%, and 17.7%, respectively). 

T 

Table 2. Cell density (cells L-1) of common cyanobacteria 

recorded in the studied fishpond during winter and summer 

seasons 

Species 
Cell density 

Winter Summer 

Dolichospermum flos-

aquae 

1000±577 2760000 

±249800 

Merismopedia glauca - 256000 ± 24440 

Microcystis aeruginosa - 960000±64000 

Planktolyngbya contorta - 2260000±23352

4 

Raphidiopsis raciborskii - 216000±18000 

Synechococcus elongatus 1600±924 140000±8327 

3.3. BMAA concentrations in fishpond water 

In our study, BMAA toxin was detected by HPLC and 

confirmed by LC-MS/MS in phytoplankton samples in two 

forms: free and protein-bound BMAA (Fig.3). 

https://sjsci.journals.ekb.eg/
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Fig. 3. HPLC chromatograms of BMAA: (a) standard, (b) free 

BMAA, (c) protein-bound BMAA in phytoplankton samples 

collected from the fishpond during the present study. 

 

BMAA concentrations within phytoplankton cells showed 

a significant variation (P < 0.05) between winter and summer 

seasons and correlated markedly with the total cell density of 

cyanobacteria (r=0.85) rather than green algae and diatoms 

(r=0.2). The highest concentrations of total BMAA were 

obtained in phytoplankton samples collected during summer 

(227.66 µg L-1), while very low concentrations were recorded 

in phytoplankton samples collected in winter (0.1 µg L-1).   

In our study, free BMAA showed higher concentrations 

(180.5µg L-1) than protein-bound form (47.16µg L-1) (Fig.4). 

Concentrations of dissolved BMAA in cell-free fishpond water 

ranged from 0.1µg L-1 in winter to 1.34 µg L-1 in summer 

(Fig.4).  These concentrations had a strong correlation with 

BMAA concentrations within phytoplankton cells (r=0.9) and 

the cell density of cyanobacteria (r=0.8) recorded in the 

relevant samples.  

 

 
Fig. 4. Concentrations of free, protein-bound, dissolved, and 

total BMAA (µg L-1) in phytoplankton samples in 

phytoplankton samples collected from the fishpond during the 

present study.  

 

3.4. BMAA concentrations in tilapia fish tissues 

The results of HPLC analysis showed that edible tissues 

(i.e., muscles) of Tilapia fish caught from the fishpond during 

summer contained higher amounts of free BMAA (65.1µg g-1 

FW) than protein-bound BMAA (8.14µg g-1 FW) (Fig.5). 

Additionally, free and bound BMAA was also found in the 

edible tissues of fish collected during winter, but at a lesser 

concentration (1.07, 0.087 µg g-1 FW, respectively). 

Statistically, these BMAA concentrations had a strong 

correlation with their concentrations in phytoplankton cells 

(r=9) and the cell density of cyanobacteria (r=0.85) 

investigated in the fishpond.  

 

 
Fig. 5. Concentrations of free, protein-bound, and total BMAA  

(µg L-1) in edible tissues of tilapia fish collected from the 

fishpond during the present study.  

 

4. Discussion 

4.1. BMAA concentrations in fishpond water 

The conditions favoring the growth of cyanobacteria in 

water sources include warm temperatures (15–30°C), pH6-9, 

nutrient enrichment (particularly, nitrogen and phosphorus), 

and calm stable water conditions [32,33]. These conditions 

occurred in the fishpond surveyed during the present study and 

caused the formation of cyanobacterial blooms in summer. The 

BMAA toxin was detected at high concentrations in 

phytoplankton samples from the fishpond which was mainly 

dominated by cyanobacterial species: Dolichospermum flos-

aquae, Merismopedia glauca, Microcystis aeruginosa, 

Planktolyngbya contorta, Raphidiopsis raciborskii, 

Synechococcus elongatus) during summer. Interestingly, 

BMAA toxin was also detected but with low concentrations in 

phytoplankton samples collected from the fishpond during 

winter when cyanobacteria accounted only for 9.2% of the total 

phytoplankton and represented only by Dolichospermum flos-

aquae and Synechococcus elongatus. This verifies the 

involvement of these cyanobacterial species in BMAA 

production. These results support the previously presented 

hypothesis that BMAA can be produced by diverse species 

belonging to all five known groups of cyanobacteria [34]. 

Recently, Błaszczyk et al. [35] detected BMAA toxin in 

environmental samples, dominated by cyanobacteria of the 

genera Dolichospermum, Planktothrix, and Limnothrix. 

However, further studies are required to verify the production 

of BMAA toxin in pure cultures of these species. 

 

In the present study, both free and protein-bound of the 

BMAA toxin were detected in phytoplankton samples, but the 

free form was found in higher concentrations. These results are 

thus in line with previous studies that reported both free and 

https://sjsci.journals.ekb.eg/
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protein-bound BMAA fractions in phytoplankton samples [35-

37].   

The highest concentration of total BMAA detected in 

phytoplankton samples collected from the fishpond reached 

227.66 µg L-1 (corresponding to 42.8µg g-1 dry mass). These 

values are several orders of magnitude higher than BMAA 

concentrations measured in cyanobacteria-rich phytoplankton 

samples (0.001- 0.015μg BMAA/g dry mass) from the Baltic 

Sea [38], Canada (2 μg L-1) [39] and South Africa (0.25 μg g-1) 

[40], but they can be compared to those recorded in the 

Netherlands [42 μg g-1) [36], and USA (39.6 μg L-1) [41]  On 

the other hand, our concentrations are lower to BMAA 

concentrations detected in phytoplankton samples in UK (276 

μg g-1) [42]. Such discrepancy may be due to the difference in 

the cell density of BMAA-producers in the environment and 

the varying capacity of BMAA production in different species 

and strains of producers [43]. 

4.2. Accumulation of BMAA in edible fish tissues 

The results showed that tilapia fish caught from the 

fishpond during the present study accumulated BMAA toxin in 

edible tissues (i.e., muscles). The results revealed a substantial 

accumulation of BMAA in edible fish muscles during summer,  

along with a high cell density of harmful cyanobacteria and 

high amounts of BMAA in phytoplankton samples collected in 

the fishpond. The detection of high concentrations of BMAA 

in fish tissues indicates that this toxin has been taken by tilapia 

fish in a dissolved form (i.e., found in cell-free fishpond water) 

through gills by direct diffusion or the digestive tract. Since the 

concentration of dissolved BMAA detected in fishpond water 

during our study was very low, the high toxin amount in fish 

was unlikely to happen via gills by direct diffusion. 

Alternatively, BMAA uptake most likely occurred via oral 

ingestion of toxin-containing phytoplankton, as Tilapi is 

considered an herbivorous fish, because of its feeding habit as 

a phytoplanktivorous filter feeder [44]. Once entering the 

digestive tract, BMAA may be transported to other tissues by 

the hemolymph [45]. A similar mechanism has been proposed 

for tilapia fish exposed to MC-producing cyanobacteria and 

microcystins (MC) [25]. In our study, edible tissue (i.e., 

muscles) of tilapia fish contained higher amounts of free 

BMAA (171.2 µg g-1 F.W) than protein-bound BMAA (21.4 

µg g-1 F.W). This is in accord with the findings of Al-Sammak 

et al.  [41] who found that some fish species such as Shed, 

Wiper, and Bluegil accumulated higher amounts of free 

BMAA than bound ones. Also, high levels of free BMAA were 

detected in mussels and scallops bought from grocery stores in 

Sweden [46].  The presence of bound BMAA in edible fish 

tissues may increase the burden of this toxin for consumers, as 

it can be released in the human digestive system [45, 47]. 

Overall, the concentration of total BMAA found in edible 

tissues of tilapia fish during the present study (192.6 µg g-1 

F.W) is higher than BMAA concentrations reported for fish 

(35.91 μg/g DW) in Lake Taihu, China [48] and for mussels 

and oyster (1.6-9.7 µg g-1 DW) in Mediterranean sites 

[37,49,50].  Whereas our BMAA concentrations are considered 

low compared to those detected in puffer fish (1907 µg g-1 FW) 

and white perch (1806 µg g-1 FW) collected in South Florida, 

USA [51,52].   

4.3. Potential health hazards of BMAA toxin in fish tissues 

Recognizing that BMAA is chemically stable that is 

difficult to break down [29] and 80% of orally ingested BMAA 

are absorbed from the gut into the bloodstream [31] and then 

crosses the blood-brain barrier by large neutral amino acid 

carriers [31], its accumulation in fish tissues poses a risk to 

human health when eating such contaminated fish [53,54]. In 

our study, we used the data of BMAA concentrations detected 

in fish edible tissues as a data source to evaluate the extent to 

which these toxin concentrations could pose a risk to humans 

eating contaminated fish.  

Based on Egyptian conditions of fish consumption, the GVs 

for the BMAA proposed and calculated by Eq. (2) in this study 

were 9.1 µg g-1 for adults and 2.3µg g-1 for children.  

These GV values of consumption of fish contaminated with 

BMAA can be compared with those (7.2 and 1.8 µg g-1 for 

adults and children, respectively) reported by Wu et al. [29] 

during the evaluation of the health risk of BMAA in edible 

tissues of freshwater aquaculture products including mollusks 

and fish Chinese aquaculture ponds. Compared to these GVs, 

BMAA concentrations detected in edible fish muscles during 

summer (73.2 µg g-1) in our study surpassed these GVs by a 

factor of 8 for adults and 32 for children. On the other hand, 

BMAA concentrations detected in fish muscles during winter 

(1.16 µg g-1) were below these GVs. Our study, therefore, 

reflects that tilapia fish collected in summer during the 

prevalence of cyanobacterial blooms in the fishpond is not safe 

for human consumption, while fish collected during winter is 

safe and might not constitute a severe health risk.  

5. Conclusions and recommendations 

The present study demonstrated the occurrence of toxic 

cyanobacterial blooms in an Egyptian fishpond used as an 

aquaculture of tilapia fish.  Cyanobacteria dominated 

phytoplankton populations in this fishpond during summer, but 

not in winter. As a result, there were higher concentrations of 

free and bound BMAA toxin in fishpond waters in the summer 

and lower concentrations in the winter. The study also 

demonstrated that tilapia fish grown in this fishpond can 

accumulate this toxin in their edible tissues. Concentrations of 

BMAA in fish edible tissues were higher in summer and lower 

in winter, in association with its concentrations within 

phytoplankton cells and the cell density of cyanobacteria in the 

fishpond water. 

BMAA levels detected in edible tissues of tilapia fish 

collected during winter were lower than the derived GVs (9.1 

and 2.3µg g-1 for adults and children, respectively) proposed 

safe for human consumption. Conversely, concentrations of 

this toxin detected in edible tissues of fish collected in summer 

exceeded these GV values by several folds. This suggests that 

BMAA in edible tissues of tilapia fish from this pond could 

constitute a potential risk to the health of humans who consume 

such contaminated fish. Therefore, aquacultures and fishponds 

should be monitored for the presence of toxic cyanobacteria 

and their cyanotoxins, particularly the regions expected to be 

impacted by climate change, which would favor the occurrence 

of cyanobacterial blooms (even in winter) and help to spread 

some toxin-producing species to latitudes outside of their usual 

range. Additionally, strict restrictions must be implemented in 

aquaculture systems, and cyanotoxins should be tested in 

edible fish tissues taken from eutrophic waters before being 

sold in order to protect people from exposure to such potent 

toxins. 
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