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Abstract 
Microcystins (MCs) are hepatopancereatic toxins released from several cyanobacteria and all living organism can be exposed to 

the toxic effects of MCs mainly through consumption of contaminated surface water. Although the Nile River is the main source 

of fresh drinking water supply in Egypt, it is exposed to different anthropogenic pollution sources. Therefore, a total of  16 water 

samples were collected along river Nile in  Sohag Governorate and examined for MCs (MC-LR, MC-RR and MC-YR) using 

ultra-high performance liquid chromatography (UPLC). In addition, the removal efficiency of MCs in both acidified and neutral 

water by using activated charcoal (AC) was examined.  The results revealed the presence of MCs in all water samples were 

collected and 25 % of the samples had concentration exceeded the WHO guideline level. Furthermore, the high efficiency of 

activated charcoal was observed for removal of MCs reaching 89% in the acidified water (pH 4 ± 0.3) and 92.53 % in the neutral 

water (pH 7 ± 0.3). Extensive monitoring should be paid to the presence of MCs contamination source unless a potential public 

health hazard could be observed in Egypt due to utilization of river water. 

Keywords: Microcystins, River water, Removal, Activated charcoal. 

1

Introduction 

icrocystins are a group of 

hepatopancreatic toxins which are 

produced by several bloom forming 

cyanobacterial species in water and known for their 

toxic effects on aquatic organisms and humans 

(Juliette et al., 2009). More than one hundred 

different variants of microcystins possess a great 

threat to animals and humans, due to their potential 

carcinogenicity through the inhibition of protein 

phosphatase which lead to various cellular responses 

such as reduced DNA repair, apoptosis and tumor 

promotion (Buratti et al., 2017, Khomutovska et al., 

2020). 
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Microcystins were identified and measured in different 

water sources all over the world. In Egypt, MCs were 

detected from some drinking water treatment plants at 

concentrations ranging from9.08 to 12.28μg/l and 0.7 to 

341 μg /L according to Fedekar et al., (2015) and 

Mohamed, (2016), respectively. However, Masango et 

al., (2010) and Lee and Son, (2019) detected from rivers 

in South Africa and South Korea MCs concentrations 

ranged from 49.41- 103.16 μg /l and 1–7.2 μg/l, 

respectively. 

Cyanobacteria secrete toxins at all growth stages and 

these toxins generally remain in the cell and known as 

intracellular toxin, until aging or stress so the toxins are 

released and become extracellular toxin. The half-life of 

the toxin is 4-14 days in surface water depending on the 
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content of natural organic matter, the degree of sun light 

and presence of bacteria. Toxin production of 

cyanobacteria in water has been recently shown to be 

influenced by a variety of environmental factors 

including light (Walsby and Schanz, 2002), nutrients 

(Cantin et al., 2011), temperature (Cuypers et al., 2011) 

and depth (Holland and Kinnear, 2013). In tropical areas 

high temperatures and nutrient abundance enhance the 

cyanobacterial growth and microcystins production 

(Codd et al., 2016, Buratti et al., 2017). 

It was confirmed that about 80% of the daily consumed 

microcystins came from ingestion of contaminated water 

and the remaining 20% came from consumption of 

contaminated food and inhalation (Dietrich and Hoeger, 

2005). Moreover, human can be exposed to MCs through 

various routes as dermal, respiratory, body contact 

(during recreational activities), hemodialysis (He et al., 

2016; Ibelings et al., 2016). 

Microcystins were recognized for the first time in the 

serum (0.228 ng/ml MC-LR) of a chronically exposed 

human population (China) together with indication of 

hepatocellular damage (Deng, 2004). The extreme cases 

of human poisonings were manifested in Caruaru, Brazil 

in 1996 where 116 of 131 patients showed visual 

disturbances, nausea, vomiting and muscle weakness 

following routine dialysis with contaminated water then 

developed acute liver failure and more than 60 

hemodialysis patients died from these symptoms 

(Catherine et al., 2016). In addition, microcystins are 

reported to be globally toxic to domestic and wild 

animals, which reported to cause pet and cattle 

mortalities in both more and less economically developed 

nations (Briand et al., 2003, Qin et al., 2010). 

Furthermore, food crops, vegetables and plants irrigated 

using water contaminated with MCs are negatively 

affected by MCs which affect their quality and can cause 

a reduction in their yields (Drobac et al., 2017). MCs can 

also cause oxidative stress and negatively influence 

photosynthetic activities in plants (Bittencourt-Oliveira 

et al., 2016). Plants in general are capable of 

accumulating MCs in their tissues as a result of their low 

concentration absorption capability (Yin et al., 2005). 

Therefore, consuming these contaminated crop yields 

and plants are considered a risk factor for human health. 

MCs cause illness and even death in aquatic life, wild 

animals, livestock, and even human beings (Cai et al., 

2019). They represent great threats to ecological health 

due to their adverse effects on metabolism of freshwater 

mussels (Gelinas et al., 2014). 

The Nile River in Egypt is the main source of freshwater 

for drinking water supply; additionally, the Nile River is 

exposed to pollution by many sources. Furthermore, the 

conventional water treatment methods including 

coagulation, flocculation, sedimentation and filtration are 

ineffective in removing MCs (Newcombe and Nicholson, 

2004). Activated carbon either powdered or granular is 

one of the most commonly filter material applied for MCs 

removal (Hassan and Youssef, 2014) due to its following 

advantages: extended surface area (Donati et al., 1994), 

microporous structure, high adsorption capacity and 

economic feasibility (Hassan and Youssef, 2014).  

The aim of the present study was to use activated charcoal 

as an adsorbent material for removal of the biological 

toxin produced by cyanobacteria to preserves the human 

and livestock health.  

Materials and methods: 

Sample collection 

A total of 16 river water samples were collected from 

different locations around Sohag Governorate at June and 

September 2022.  The samples were collected near to the 

sources of possible organic contaminants. Each sample 

was collected in amber glass bottle. The bottles were 

rinsed first with methanol followed by distilled water. At 

sampling sites, each bottle was washed several times by 

the water from each site before collecting 500 ml of water 

sample. Samples were transported in portable ice box to 

the laboratory and stored at -20 o C to prevent cyanotoxin 

degradation (Justin et al., 2019). 

Microcystin Extraction from water samples 

Preparation of water samples and extraction of 

microcystin were performed according to Elbert et al., 

(2012) with some modifications. Each sample (500 ml) 

was filtered by using Glass microfiber filter. Then 5 ml 

methanol and 4 ml of 10% trifluroacetic acid were added 

to the water sample to adjust the pH at 3. Both filter and 

filtrates were used for detection of intracellular and 

extracellular microcystins, respectively. 

Extracellular microcystin: 

The extracellular MCs were extracted using solid phase 

extraction (SPE) according to Chorus and Welker (1999) 

with some modifications. C18 cartridge was 

preconditioned by washing with 10 ml methanol 

followed by 10 ml distilled water. The filtrate was passed 

through the cartridge at a rate of 15 ml/minute 

continuously (without allowing the cartridge to dry).  
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Once the entire sample had passed through the cartilage, 

the cartridge was washed with 10 ml of 10%, then 20% 

and 30% methanol. The three washed solution were 

discarded. Air was allowed to pass through the cartridge 

then elution was performed using 3 ml of acidified 

methanol using 0.1% v/v TFA, this step was repeated 

twice.  The elutes were evaporated under 45oC using 

rotatory evaporator and reconstituted by 200 µl of 75 % 

methanol followed by shaking using vortex mixer, the 

reconstitution step was repeated 3 times. The 600 µl 

solution of reconstitution step were filtered and injected 

in ultra-high performance liquid chromatography 

(UPLC). 

Intracellular microcystins: 

The intracellular MCs were extracted using liquid phase 

extraction according to Rocio A-R et al., (2005). The 

GF/C filters (containing the cyanobacterial cells) were 

weighed before drying in hot air oven, till obtaining 2 

successive stable weights. The filters were frozen and 

thawed for destruction of cyanobacterial cells and release 

of intracellular microcystins (3 freezing and thawing 

cycles). The filter was dissolved in 20 ml methanol and 

centrifuged at 300 rpm for one hour & sonicated for 15 

minutes. The procedure was repeated three times. The 60 

ml methanol containing the destructed filter of each 

sample were filtered and evaporated using rotatory 

evaporator and reconstituted by 200 µl of 75 % methanol. 

A total of 600 µl solution of reconstitution step were 

filtered and injected in UPLC.  

The microcystins concentrations in the collected samples 

were measured using UPLC at the Central Lab, Faculty 

of Veterinary Medicine, Assiut University, Egypt. AC 

Quity UPLC BEH C18   1.7 µm (WatersTM, Milford, 

USA) analytical column at 238 nm was used. The flow 

rate and temperature were 0.4 ml min1 and 35 °C, 

respectively. The total run time for each injection was 10 

min. The sample injection volume was 20 ul.  

Characterization of activated charcoal   

- pH: Measured using pH meter according to (Ekpete 

and Horsfall, 2011). Moisture content :Determined 

using hot air oven according to (Ekpete and Horsfall, 

2011). 

- Iodine number: Determined according to (Ahmedna 

et al., 1997).  

- Methylene blue removal efficiency: Measured using 

spectrophotometer according to (Dhuha et al., 2019).  

- Removal of MC from the water sample using shaking 

method: The removal experiment using activated 

charcoal was performed according to Yasmin et al., 

(2019) with some modifications.  

Adsorption experiment by shaking was conducted in 

triplicate using neutral water (pH 7 ± 0.3) and the other 

using acidified water (pH 4 ± 0.3). Four grams of 

activated charcoal were weighed and placed in a flask and 

200 ml of the water sample containing ( MC-LR, -RR and 

-YR at concentration of 7 μg/L) was added and shaking 

at a rate of 200 rpm for 10 min. The mixture filtered by 

using double rings filter paper to remove the course 

particles from the water. The supernatant was filtered 

with Glass microfiber filter 0.47 to separate the 

extracellular and intracellular microsystin in water 

sample. 

The filtrate was extracted by solid phase extraction using 

C18 cartridge (Strata C18-E (55μm, 70A), 500mg/ 6ml, 

tubes, Reorder part No. 8B-S001-HCH) and the filter was 

freezed and thawed three times for destruction of 

cyanobacterial cells and release of intracellular 

microcystins, centrifugation at 300 rpm for one hour, 

three times and sonicated for 15 minutes, three times. The 

elutes of the filtrates and filters were evaporated and 

reconstituted in 600 μl of 75% methanol which were 

injected in UPLC to detect the concentration of MCs after 

the removal process. 

Statistical analysis 

The obtained data was statistically analyzed with SPSS 

version 16.0 for Windows. The data are reachable as 

means and standard deviation. The microcystins levels in 

the collected samples were compared by One-Way of 

Variance (ANOVA) and when P<0.05, the difference in 

mean was believed as statistically significant. When the 

differences between the means were significant the 

means were separated by Duncan's post hoc test. 

Differences with P < 0.05 or P < 0.01 were considered 

statistically significant.  

Results: 

The concentrations of MCs (intracellular, extracellular 

and total) were shown in table 1. The highest 

concentration of both intracellular and extracellular MCs 

was found in river water samples collected from Mishta 

with mean value 1.56± 0.449 and 2.34±0.255, 

respectively. However, the lowest concentration was 

reported from Elmaragha river water samples with mean 

0.39 ± 0.064 and 0.005 ± 0.0029, respectively 

The result concerning the characterization of activated 

charcoal exhibited in figures 2 and 3. The data presented 
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Figure 2. PH and moisture content % of the activated 

charcoal (AC). 
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Figure 3. Percentage of iodine removal and methylene 

blue (MB) removal of activated charcoal (AC). 

in figure 2 revealed the pH value and the moisture content 

% of the activated charcoal, with mean value 5.37 ± 0.47 

and 6.28 ± 0.2, respectively. Moreover, the mean values 

concerning the iodine number and dye Methylene blue 

(MB) removal percentage  of the examined activated 

charcoal during the experiment were 9.2 ± 1.1 and 

90.95% ± 1.2, respectively (figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The removal efficiency of total MCs using the activated 

charcoal from neutral and acidified river water samples 

were presented in table 4. It was observed that the 

removal efficiency was 92.5% in neutral water sample 

while in acidified water samples the efficiency 

percentage was 89.1%. 

 

 

 

 

 

 

 

 

  

Figure 1. Map of the sampling sites. Palasfora (P1,P2,P3,P4), Sohag 

(S1,S2,S3,S4), Elmaragha (E1,E2,E3,E4), Mishta (M1,M2,M3,M4). 
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Table 1. Microcystins concentrations (µg/L) in River water samples from Sohag Governorate 

Collection sites Microcystine in River water 

Palasfora Intracellular Extracellular Total 

P1 0.38 0.23  

P2 0.36 0.15  

P3 0.4 0.24  

P4 0.3 0.3  

Mean ± SD 0.36±0.04 0.23±0.06 0.59±0.1 

Sohag    

S1 0.39 0.2  

S2 0.33 0.25  

S3 0.3 0.1  

S4 0.38 0.29  

Mean ± SD 0.35± 0.02 0.21±0.08 0.56±0.12 

Elmaragha    

E1 0.39 0.005  

E2 0.48 0.008  

E3 0.36 0.001  

E4 0.33 0.006  

Mean ± SD 0.39±0.06 0.005±0.002 0.39±0.06 

Mishta    

M1 1.57 2.35  

M2 1.3 2.12  

M3 2.2 2.7  

M4 1.2 2.2  

Mean ± SD 1.6± 0.4 2.34±0.2 3.91±0.7* 

(*) Means that the detected concentration of MCs was higher than the maximum limit established by WHO (1 µg/l) (WHO, 2017). S, P, E and M are 

the codes of the sampling locations where S1, S2, S3, S4 (Sohag), P1,P2,P3,P4 (Palasfora), E1, E2, E3, E4 (Elmaragha) and M1, M2, M3, M4 

(Mishta). 
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Table 2. Removal efficiency % of MCs using Activated Charcoal (AC) from neutral river water 

 

 

 

 

Table 3. Removal efficiency % of MCs using Activated Charcoal (AC) from acidified water 

 

 

Table 4.Removal efficiency of total MCs from acidified and neutral water 

 

 

 

 

 

 

 

 

 

Material Intracellular mcs Extracellular  mcs Total 

Activated charcoal 

99.9 

91.9 

95.9 

95.9±4 

87.38 

93.68 

90.53 

90.53±3.15 

 

89.13 

95.93 

92.53 

92.53±3.40 

Material Intracellular Extracellular Total 

Activated charcoal 

79.31 

70.41 

74.86 

74.86±4.45 

95.71 

98.81 

97.26 

97.26±1.55 

89.5 

89.11 

88.71 

89.11±0.40 

Material Acidified Neutral 

Activated charcoal 

89.5 

89.11 

88.71 

89.11±0.40 

89.13 

95.93 

92.53 

92.53±3.40 
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Discussion: 

Microcystins have become one of the greatest water pollution 

problems for public health worldwide, as they blamed for water 

quality and treatment problems and have a lot of side effects on 

animals and human health. Exposure of MCs is mainly through 

drinking contaminated water (Dietrich and Hoeger, 2005). 

Concentration of MCs in the collected river water samples: The 

detected concentration of total MCs in river water ranged from 

0.39 to 3.93 (1.37 ±1.7) μg/L depending upon variation in 

sampling location characteristics, environmental factors and 

concentration of nutritional factors. The concentration of total 

MCs from 25% of the collected samples (Mishta) was higher 

than the provisional guideline established by WHO (1µg/l).  

Highest level of total MCs concentration (3.93μg/L) was from 

Mishta village which was nearly four folds higher than the 

WHO guideline because it was near to Mishta’s abattoir at a 

distance of 8 meters and subjected to contamination from public 

human activities.  

Our results concerning the concentration of the total MCs in the 

collected river water samples from Sohag governorate agreed 

with those recorded by Kann (2007) and Lee and Son, (2019) 

who found that MCs concentrations in Klamath River and Han 

River (South Korea) were 0.32 μg/L and 1–7.2 μg/L, 

respectively. 

Our results were lower than those found by Mohamed (2016) 

who revealed that, in Egypt, MCs were detected in the source 

water of some drinking water treatment plants at concentrations 

ranging from 0.7 to 341 μg /L in summer season and also they 

are lower than those revealed by Masango et al., (2010) who 

found that there was an increase of microcystins from an 

average of 49.41 µg /L in February during summer blooming of 

the cyanobacteria, to 103.16 µg /L in June in the dam water 

found in the Kruger National Park. 

Our findings concerning the MCs concentration in the collected 

river water samples were higher than the concentration found in 

the samples collected from the Nile River water at Sohag City, 

Egypt and the Huai River Basin of China where the 

concentration of microcystins was56.1-87.1 ng/L with 

maximum value of 0.4-0.78 µg/L and 0.741 ± 0.623 µg/L with 

maximum of 1.846 µg/L, respectively. (Mohamed and 

Carmichael, 2000, Dajun et al., 2013) 

Removal efficiency experiment: In the present study, the pH 

value of the activated charcoal and the result was (6.28 ± 0.2 

largely agreed with those (pH 7) found by Ekpete and Horsfall 

(2011). However, our results are lower than the results of Ariany 

et al., (2018) who they measured that pH values of activated 

carbon derived from bio-char waste of bio-oil pyrolysis were in 

the range of 9.56-10.5. 

The moisture content of the activated charcoal was 5.37% ± 

0.47which was lower than those found by Ekpete and Horsfall 

(2011) who demonstrated that the moisture contents of Fluted 

Activated Carbon (FAC) and Commercial Activated Carbon 

(CAC) were 19.50 ± 0.02 and 16.67 ± 0.07, respectively. 

Furthermore, the moisture content of activated charcoal were 

lower than the moisture content of the activated carbon 

measured by Ariany et al., (2018) where it was 0 – 13.06 %. 

According to Ariany et al., (2018), the lower the moisture 

content of the adsorbent the greater the adsorption capacity. 

The percent of iodine removal (PIR) of the AC was 9.2% ± 1.19. 

A higher degree of iodine adsorption indicates a higher surface 

area and largely microporous structure (Gergova et al., 1993). 

The percentage of methylene blue (MB) removal using 

activated charcoal was 90.95% ± 1.19 which was closely agree 

with the results of Ariany et al., (2018) as dye removal 

efficiency was ranged from 96.75 – 98.19%. Our results 

regarding dye removal using activated charcoal were higher 

than those found by Zahanggir et al., (2022) who revealed that 

the percentage of dye removal with charcoal was 42.46 ± 1.4 to 

59.96 ± 1.1. 

The adsorption capacity of activated charcoal increased with 

increasing the percentage of methylene blue removal so that, 

depending on our results concerning MB removal activated 

charcoal is a good adsorbent material. 

The results showed that the adsorption capacity of activated 

charcoal for MCs from the acidified water and neutral water 

were up to 89.5% (89.11 ± 0.40) and 95.9% (92.53 ± 3.40), 

respectively. Moreover, the activated charcoal is an efficient 

adsorbent material for removal of microcystins from water 

samples with non-significance differences between acidified 

and neutral water samples. 

Our results concerning the efficiency of activated charcoal for 

MCs removal were closely related to those found by Wael et al., 

(2015) who collected samples from raw water, treated water, 

and distribution system of different DWTPs from the Nile River 

and the branches in Dakhalia Governorate. 

Conclusion: 

Microcystins were detected intracellularly and extracellularly in 

all collected river water samples from Sohag and about 25% of 

the samples had concentrations higher than the maximum limit 

of WHO (1 µg /l) (WHO, 2017), may result from high 

anthropogenic activity. Removal of MCs from river water using 
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activated charcoal as an adsorbent material showed high 

efficiency for both neutral and acidified water which could 

preserve public and livestock health from high potential health 

hazard of cyanobacterial toxins. 
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