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Abstract

Cyanotoxins are chemical compounds produced by cyanobacterial mats grown
in aquatic ecosystems. These may threaten human health and aquatic organ-
isms. Extraction of these toxins is usually associated with many difficulties
due to their concentration in aquatic ecosystems. This study is designed to
provide suitable and effective extraction procedures that can effectively ex-
tract low concentration cyanotoxin from water and bacterial cells. The me-
thodology is based on collecting raw material of cyanobacterial mats from
naturally growing sites such as Wadi Gaza along with 16 liters of aquatic sur-
rounding media. The materials were left in the Lab for 24 - 48 h for stabiliza-
tion of the mats. The floating mats were collected using special funnel and al-
lowed to air drying. The aqueous phase was extracted by liquid/liquid extrac-
tion using solvent mixture (hexane + ethylacetate 10% w:w), and by liquid
solid extraction using several types of organoclays complexes. The solid phase
was extracted by acetone and ultrasonic device. Results showed some difficul-
ties were associated with liquid/liquid extraction whereas effective and easy
extraction procedures were obtained by liquid solid extraction using either
organoclay complex or activated charcoal. In contrast combination of both
solid materials did not show improvement in the extracted cyanotoxin. Thus
we recommend the use of organoclays or activated charcoal separately for ex-
tracting cyanotoxin. Further improvement of extraction can be tailored by
using a specific organoclay complex that has some similarity in the chemical
structure between the pre-adsorbed organic cation to the clay mineral and the
chemical structure of cyanotoxin.
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1. Introduction

Cyanotoxins are different types of metabolites produced by cyanobacterial mats
growing in naturally occurring ecosystems. These toxins are classified as either
exotoxins or endotoxins. For instance, microbial toxins are secreted as soluble
proteins and have to interact with a plasma membrane either to permeabilize the
cell (pore formation) or to enter the cytoplasm to express their enzymatic activi-
ty [1]. Some microbial toxins are extremely toxic, e.g. Botulinum neurotoxin is
the most effective toxin.

A previous study demonstrated significant impacts of cyanotoxins on drink-
ing water systems, recreational water, and public health [2]. Moreover, levels of
cyanotoxins in drinking water should not exceed 1 ug/L according to WHO
standards [3], whereas Environmental Protection Agency recommended an ac-
ceptable level is < 0.3 pg/L for children under 6 years of age [4] and < 1.6 pg/L
for adults [5]. Due to this big concern, there is a large need to develop an easy,
fast economically feasible, and environmentally friendly method to extract low
concentrations of cyanotoxins. Cyanotoxins can be extracted from different
types of cyanobacteria and their growth media [6]. For instance, LeBlanc et al,
[7] used liquid chromatography-high resolution tandem mass spectrometry
(LC-HRMS/MS) and 'H and "*C NMR-spectroscopy to isolate and characterize
[D-Leu'IMC-LY (1) ([M + H]* m/z 1044.5673, A 2.0 ppm). Their results indicate
that [D-Leu']-containing MCs may be more common in cyanobacterial blooms
than is generally appreciated but are easily overlooked with standard targeted
LC-MS/MS screening methods. Several attempts have been made for extraction
and re-concentration of toxins. For instance, Haque ef al, [8] described the ex-
traction procedure of cyanobacterial. Their extraction procedures included sol-
id/phase extraction, microwave treatment, sonication, solvent extraction, pulve-
rization and lyophilization. On the other hand, Bryans et a/, [9] described the
method used to extract bacterial endotoxins from aqueous media. Their method
is based on Limulus Amebocyte Lysate (LAL) assay that has been used to test
medical devices for bacterial endotoxins. Additionally, Mashile and Nomngongo
[10] used solid phase techniques for extraction and re-concentration of cyano-
toxins in environmental samples. They emphasized the sampling methodologies
and sample preparation techniques mainly that included solid phase extraction
and revealed cost effective and friendly features of their techniques. Further-
more, Chen ef al, [11] studied the effectiveness of Ethylenediaminetetraacetic
acid, EDTA-sodium pyrophosphate solution for extraction procedure for mi-
crocystins in soils and lake sediments. They emphasized the use of EDTA-sodium
pyrophosphate solution as an extraction solvent. The used procedure proved to
be highly efficient and achieved over 90% recovery. Zervou et al, [12] investi-
gated the use of SPE-LC-MS/MS method for determination of cyanobacterial
toxin. They emphasized the following extraction parameters (cartridge material,
injtial sample pH, sequence of the cartridges) in the SPE assembly as well as

composition and volume of the elution solvent.
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The above-mentioned methods used quite general technique to extract cya-
notoxins and were limited to certain type of the toxins. Additionally, the me-
thods did not use activated charcoal, clays and/or organoclays complexes, beside
the fact that they did not extract cyanotoxins for cyanobacteria and their growth
media. This study was designed to investigate the effectiveness of using activated
charcoal, clays and organo-clay complex to extract different types of cyano toxin.
The idea behind using activate charcoal for extraction procedure is that it has a
large surface area that can accommodate large concentrations of cyanotoxin
molecules. On the other, hand the use of clay mineral based on the fact that it
has a high adsorption capacity [13] [14] [15] and negatively charge surfaces that
can adsorb positively charged cyanotoxin, whereas the use of organoclays based

on the fact that it can adsorb highly hydrophobic/aromatic cyanotoxin.

Significance

Cyanobacteria inhabit a large area in Wadi Gaza, and may create many ecologi-
cal problems such as secretions of their toxins in the Wadi that can damage the
wildlife biota and the toxins can reach the Mediterranean Sea and cause death or
toxicity to fish. Furthermore, the toxins may leach down to the groundwater and
reach the human being causing serious health effects. Limited investigations
were done around the globe in the field of cyanotoxins activity against domestic
animals (Rabbit) whereas no investigations were carried out in Gaza. Therefore,
this research will generate useful data in the field of cyanotoxins that would be
helpful to the scientists around the world and it will help the decision makers in

the field of health and environment.

2. Materials and Methods

2.1. Collection of Cyanobacterial Mats

Cyanobacterial mats along with their aqueous media were collected from Wadi
Gaza during march 2019 according to method previously described [16] [17]
[18] [19]. The samples were transferred to the laboratory at the Islamic Univer-
sity of Gaza where the temperature was maintained at 22°C + 2°C during the
experimental work in the laboratory. The samples were transferred to a glass
aquarium 16 L capacity and left for 2 days in the laboratory condition to allow
the mats to reform again. Then the cyanobacterial mats were collected and
transferred to a glass plate and left in the laboratory for air-drying. The air-dried
materials were kept in plastic bottles for further analysis. Figure 1 shows the
collection procedure of cyanobacterial mats and their growth media from Wadi
Gaza. Moreover, detailed collection procedure is indicated by different letter in

photos.

2.2. Extraction of Cyanotoxins from Media by Activated
Charcoal (Adsorption Method)

The media (one litter cyanobacterial mats growth media) was filtered through
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Figure 1. Cyanobacterial mats and growth media collection. (a): Indicates exploring trial
of cyanobacterial mat growth community; (b)-(d): show collecting method of cyanobac-
terial mats and their growth media; (e): shows transferring of collected mats to a plastic
container 20 liters capacity; and (f): shows transferring the collected mats to the labora-

tory.

Whatman filter paper to remove suspended particulate matter. Series of two lit-
ter capacity (N = 8), quick fit round bottom flask were washed with distilled wa-
ter and subdivided into 4 groups. Group 1 containing 10 g of activated charcoal,
Group 2 containing 10 g of clay (bentonite), group 3 containing 10 g of clay-
HDTMA complex (Hexadecyltrimethylammonium bromide), and group 4 con-
tained 10 ml (hexane: ethylacetale mixture 9:1). One letter of filtered growth
media was added to each flask.

Then the flasks were kept under continuous magnetic stirring for 48 hours.
The magnetic stirrers were stopped to allow precipitation charcoal, clay, and
clay-HDTMA. Group 4 contents were transferred to a glass cylinder 4 L capaci-
ty. Then the cylinder was left for 2 hours to allow the organic layer to form.
Then the organic layer was collected and the organic solvent was removed by
gentle reduced pressure using rotary evaporation [20] [21] [22]. The content of
each flask was separated by filtration. Each supernatant was re-extracted again
by the same materials mentioned above. At the end of the extraction processes,
the solid materials were collected separately and allowed to air drying in the lab
for 24 hours. Then the collected solid materials were transferred to a glass flask
contained 20 ml solvent mixture (hexane: ethylacetale 9:1 v/v) and transferred to

ultrasonic device for a period of 15 minutes at high speed. The solvent mixture
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was separated by filtration and the extraction procedure was repeated again with
another 10 ml solvent mixture as mentioned above.

The collected solvent mixture was evaporated under gentle reduced pressure
to re-concentrate the cyanotoxin to allow the formation of cyanotoxin crystals.

The collected dried sediments (charcoal, clay, and clay-HDTMA) (bout 20 g)
was transferred to a 100 ml conical flask containing 50 ml absolute methanol
and put under sonication at high speed for 15 min. Then the content was filtered
and the charcoal was extracted again by the volume and procedure mentioned
above. The supernatant was collected and evaporated under reduced gentle pres-
sure using a rotary evaporator up to complete dryness. This allows the formation
of crude cyanotoxins crystals. This extraction procedure was repeated using
clays and organo-clays to extract the cyanotoxins.

Figure 2 shows the extraction procedure of cyanotoxins from aqueous media
(growth media) and bacterial mats (sediment) using different adsorbing mate-
rials (solid phase extraction). More detailed steps of extraction methods are de-
noted by different letters in Figure 2. A, B and Care extraction of cyanotoxin by
activated charcoal, clay and Organo-clay HDTMA complex respectively. Photos
D and E show the separation techniques using centrifugation. Photos F and G

denote clean growth media after extraction.

2.3. Extraction of Cyanotoxin from Bacteria

Floating cyanobacterial mats were collected from the aquarium on the laborato-
ry by filtration using a vacuum pump. The collected cyanobacteria were left on
the laboratory at room temperature for air evaporation. Ten grams of air-dried
cyanobacteria mat raw materials were transferred to 100 ml distilled water con-
taining 24 g NaCl. Then, the system was left under contentious magnetic stirring
for 48 hour. Then the system transferred to a round bottom flask and kept under
ultra-sonication at a high speed for 15 min. Then the supernatant was separated
by centrifugation and used to extract cyanotoxin by 10 ml solvent mixture men-
tioned above. The remaining sediments were collected and re-extracted again

using the same procedure mentioned above.

2.4. Fluorescence Spectroscopy of Cyanotoxins

Three-dimensional excitation emission matrices 3D EEMs of fluorescence of
cyanotoxins were measured using a 1-cm quartz cuvette in Hitachi F-4500 spec-
trofluorometer with PMT voltage of 700 V at 25°C through excitation wave-
lengths (Ex) from 200 nm to 400 nm at 5 nm-increment and emission wave-
lengths (Em) from 220 to 420 nm at 5 nm-intervals with scan speed of 2400
nm-min~" as recently described [23] [24] [25]. Slit width of excitation and emis-
sion was set at 5 nm. Matlab 2013a software was used to produce the excitation
emission matrix fluorescence landscape. Fluorescence of ultrapure Perkin Elmer
deionized water cell blank was subtracted from EEMs of cyanotoxins to get rid

of Raman and Reyleigh scattering.
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Figure 2. Extraction method of cyanotoxins using different adsorbing materials. (a)-(c):
Extraction of cyanotoxin by activated charcoal, clay and organo-clay HDTMA complex
respectively; (d)-(e): show the separation techniques using centrifugation; (f)-(g): show
clean growth media.

2.5. Statistical Analysis

The average weight and standard deviation (SD) of each extraction method was
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calculated and compared to the control group. Moreover, standard error of the

Jsb

mean was calculated ( SE = T) where Nis the number of individuals in each

treatment, in our case V= 2. P-value below 0.05 indicates significant differences
[26].

3. Results and Discussion
3.1. Collection of Cyanobacterial Mats

The Photos in Figure 1 clearly demonstrate the steps required to collect cyano-
bacterial growth media and mats for extraction of cyanotoxin. It is obvious that
our team collected the floating cyanobacterial mats and collected water from the
surrounding location. The reason behind collecting water (cyanobacterial growth
media) for the same location of collecting the cyanobacterial mats is that the
concentration of excyanotoxin is nearly high closing to the cluster of cyanobac-
terial community and tends to decease far away. Additionally, the cluster of
cyanobacterial community may have released fresh cyanotoxin that are not ex-

posed to sunlight and undergo photochemical degradation.

3.2. Extraction of Cyanotoxin

Moreover, Figure 2 clearly shows four types of extraction procedures so that it
would be easy for young scientists and researchers to follow our steps to collect
the same results. Meanwhile visualizing the procedure by clear photos makes it
easy applicable.

Extracted amounts of cyanotoxins are shown in Figure 3. It is obvious that

Liquid/Liquid extracted the lowest amount of cyanotoxin whereas solid liquid

Solid liquid extraction

18

1 (

c
g |
14
12
1
b
a I

Liquid/Liquid clay Activated Charcoal clay-HDTM

extracted amounts mg
o

o N B O o

Type of extraction

Figure 3. Extraction of cyanotoxin by different methods. Liquid/Liguid, and solid liquid
extraction using, clay, activated charcoal and organo-clay (clay-HDTMA). Different let-
ters donate significant differences.
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extraction using clay showed slightly increased extracted amounts. However,
using activated charcoal and/or clay-HDTMA extracted two folds of cyanotoxin
more than those extracted by clay or liquid/liquid extraction.

The explanation of these results is that Liquid/Liquid extraction procedure use
solvent mixture highly hydrophobic which consists of hexane and ethyl acetate
at a ratio of 9:1 v/v. Under this condition, cyanotoxin which is an organic com-
pound but not highly hydrophobic. It has a hydrophilic and hydrophobic cha-
racter that enable the molecule to move through the system. However, using low
amount of extraction volume (9 ml Hexane +1 ml ethyl acetate) in 1 letter of
growth media of cyanotoxin seems not suitable extraction mixture. It may be
better to use solvent mixture contain (5 ml Hexane +5 ml ethyl acetate) than the
above mentioned one. This probably is because increasing the volume of ethyl
acetate increase the capacity of the mixture to extract more molecules of cyano-
toxin. However, for highly hydrophobic molecules such as pesticides, the solvent
mixture (9 ml hexane + 1 ml ethyl acetate) gave highly extracted amounts from
different materials [27]. Meanwhile, the use of clay slightly increased the ex-
tracted cyanotoxin, probably due the fact that clay has surface active sites and
high adsorption capacity. However, the slightly increased extraction probably
because cyanotoxin is a hydrophobic molecules and clay surfaces are hydrophilic
and negatively charged. This suggests that only positively charged cyanotoxin
such as Lipopolysaccharides and/or cyclic peptides. This phenomenon has pre-
viously been observed [28]. Furthermore, changing the clay surfaces from hy-
drophilic to hydrophobic by pre-adsorbing an organic cation on the surfaces at a
certain loadings tremendously increased the extracted cyanotoxin. Additionally,
using activated charcoal tremendously increased the extracted amount of toxin
due to the surface area, Nano-porous size and hydrophobicity of the surfaces.
The explanation of these results is in accordance with the data in Figure 3 and

Figure 4.

3.3. Fluorescence Spectroscopy of Cyanotoxins

The data in Figure 4 clearly demonstrate the excitation emission matrices mea-
surements of cyanotoxins. It is obvious that two types of cyanotoxin fluores-
cence have recorded during measurements. One of them has high optical density
in the UV-absorption range (Figure 4(a)), namely in the excitation range of 240 -
270 nm (Y-axis) and in the emission wave length range of 340 - 370 nm (X-axis).
This indicates the presence of aromatic structure of cyanotoxins. On the other
hand, Figure 4(b), shows very low intensity of fluorescence in the excitation
wavelength range of 280 - 300 nm (Y-axis) and in the emission wavelength range
of 350 - 400 nm (X-axis). This suggests very low concentrations of aromatic
structure compounds and suggest the non-aromatic character of the measured
cyanotoxins. These observations are in accordance with recent published studies
[23] [24] which showed the presence of aromatic compounds in Gapeau river

water in France that contain cyanobacteria. Additionally, previous reports.
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Figure 4. Excitation emission matrices of cyanotoxin. (a) and (b) represent
aromatic like and not aromatic cyanotoxin respectively. Red color represent
the optical density of cyanotoxin florescence.

Indicated the presence of alkaloid compounds of cyanotoxin such as Cylin-
drospermopsin [29], Saxitoxin [30], and Anatoxins [31]. This type of cyanotoxin
is nearly aromatic compounds as indicated above by fluorescence emission
(Figure 4(a)). In the other hand, the non-aromatic compounds include cyclic
hepta-peptides consisting of seven amino acids, such as Microcystin [32], or a

cyclic penta peptide such as Nodularin [33], and Lipopolysaccharides [34] [35].

3.4. Health Relevance of Cyanotoxins

The health relevance of cyanotoxins emerged from the fact that these com-
pounds are water soluble and have a wide range of Log P value that enable the
toxins to penetrate the biological barriers and accumulate of fat bodies of aquatic

organisms. This behavior of cyanotoxin may result in bioaccumulation and
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movement throughout the food chain and cause sever health consequences. This
is in accordance with El-Nahhal and El-Nahhal [36] and Ibelings and Chorus
[37] who found an accumulation and bioconcentration of cyanotoxin in aquatic
organisms. Similarly, previous reports [38] [39] showed various concentrations
of cyanotoxins (e.g. saxitoxins and microcystins) in fish samples collected from
different lakes having blooms of blue green algae and in water. It has been

shown that it caused human health risk to population [40] [41].

4. Conclusions

Collection of growth media and cyanobacterial mat for cyanotoxins extraction is
a critical point and has a rule in the extracted amount of cyanotoxins. Liq-
uid/Liquid extraction is the fast tool of extraction but it needs further improve-
ment to maximize the extracted toxin.

Activated charcoal and clay-HDTMA tremendously increased the extracted
amount of toxin indicating optimal extraction. Excitation emission matrices mea-
surements provide additional scientific evidence of the presence of cyanotoxin.

It can be concluded that using activated charcoal and organoclays are poten-
tial candidates for extracting cyanotoxin. Additionally, attention to health safety
and personal care measures have to be considered during the extraction and

other organoclays complexes can be used during the extraction process.
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