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Abstract. Cyanobacteria bloom has been recognized as a serious problem worldwide that
requires urgent monitoring and treatment. This study assessed the inactivation of cyanobacteria
Dolichospermum sp. cells using non-thermal dielectric barrier discharge plasma system under
different operational conditions of input wattage and contact time. Both instant and long-term
inactivation efficiencies (up to 92.6 %) of Dolichospermum sp. cells were obtained after plasma
treatment regardless of the conditions applied. Increased contact time resulted in enhanced
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inactivation efficiency, while the impact of input wattage was minor. Further investigation was
done by analyzing cell morphology, revealing severe deformation of the Dolichospermum sp.
cell surface due to plasma treatment. The results from this study confirmed the potential of non-
thermal plasma in cyanobacteria inactivation which shapes the direction for further studies.
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1. INTRODUCTION

Eutrophication has become a frequent phenomenon in both marine and fresh ecosystems
worldwide [1]. Eutrophication can cause a wide range of problems in aquatic ecosystems,
including excessive growth of phytoplankton, benthic algae and macrophytes, oxygen deficit,
fish mortality, and loss of biodiversity [2, 3]. Cyanobacteria is the most common phytoplankton
organism with a direct connection to eutrophication in freshwater systems, which has been
documented on a global scale [4, 5]. Massive growth of cyanobacteria or cyanobacteria blooms
has been observed with greater frequency and intensity in lakes and reservoirs in many
countries, largely due to anthropogenic eutrophication and global warming [6 - 8]. Microcystis,
Anabaena (Dolichospermum), Raphidiopsis (Cylindrospermopsis), Planktothrix, and
Aphanizomenon were identified among the most commonly bloom-forming unicellular and
multicellular cyanobacteria genera [9 - 11]. Dolichospermum is a common filamentous
diazotrophic genus that can be found all over the world. Globally, a variety of cyanotoxins,
including microcystins, anatoxin-a, cylindrospermopsin, guanitoxin/anatoxin-a(S), and
saxitoxin, have been found to be produced by species in this genus.

The occurrence of potential toxic cyanobacteria as a pathogenic agent requires regular
monitoring in water and establishing a provisional guideline value for both cyanobacteria with a
density of 10° cells/mL which requires immediate advanced treatment for bloom control, and for
microcystin-LR in drinking water with a threshold value of 1 pg/L [12]. In that context, serious
efforts are required to address the escalation of cyanobacteria harmful algal blooms
(CyanoHABS) the most widely accepted approaches include prevention and control [13]. While
the prevention approach involves reduction of excessive nutrient in water environment as well as
effective isolation of water contaminated by CyanoHABSs, the control approach focuses on
minimizing the hazardous impacts from the bloom on human, mainly via removal of
cyanobacteria cells and its toxins from water [14]. Advanced oxidation processes have been
suggested as potential technologies to effectively inactivate harmful algae and their toxins [15].
The processes involve the production of reactive species, of which hydroxyl radical (-OH) is the
most important, for rapidly and effectively oxidizing cells and organic compounds in water [16].
Among advanced oxidation processes, non-thermal plasma or cold plasma have attracted many
attentions due to their potential applications in water treatment [17], such as pharmaceutical or
volatile organic compound decomposition [18, 19] as well as microorganism inactivation [20].
In the process, free electrons receive most of the energy, hence being thermalized, while the
energy transmitted to heavy species such as ions or neutrals is minor. These escalated electrons,
in turns, play the main role in the production of reactive compounds, such as hydrogen peroxide
(H20,) or radical species including -OOH, -OH, and -H in water [21].

The application of plasma technology to inactivate cyanobacterial cells or removal biomass
of cyanobacterial and its toxin have been discussed in few previous published papers [22_25].
These studies focused on the inactivation of cyanobacterial cells, which was evident under the
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influence of some electrical parameters such as power and voltage and the mechanisms for the
decomposition of the toxin microcystin (MC). It was observed that there was a positive
correlation between discharge time and the inactivation effect [26]. Xu et al. using a dielectric
barrier discharge plasma system, reported an over 99.99 % reduction of Microcystis aeruginosa
after 10 minutes [27]. Both M. aeruginosa and microcystin-LR were effectively inactivated by a
self-cooling dielectric barrier discharge plasma with over 99 % cell removal and lower 1 pg/mL
of microcystin-LR achieved after 60 min [28]. Some other works showed cold plasma discharge
combining with hydrodynamic activation effectively reduced M. aeruginosa biomass without
cell lysis or cyanotoxins release. Howerver, little information is available to investigate the
variations of cyanobacteria cell structure after plasma treatment. Prior studies have mainly
examined the immediate and long-term growth inhibition of M. aeruginosa through non-thermal
plasma treatment. However, there has been limited research on the antimicrobial effects of non-
thermal plasma against Dolichospermum. Therefore, in this study, the inhibition effects of non-
thermal plasma to bloom-forming cyanobacteria Dolichospermum sp. strain were investigated.
The Field Emission Scanning Electron Microscopy (FESEM) were utilized to observe structure
changes of Dolichospermum sp. The inactivation efficiency of Dolichospermum cells by a
series of wattages and exposure time of plasma conditions was calculated.

2. MATERIAL AND METHODS
2.1. Cyanobacteria cultures
The potential toxic cyanobacterial Dolichospermum sp. was used as the test organism in the
present study. This strain was isolated from Hoan Kiem Lake (Ha Noi, Viet Nam) using
micropipette under an inverted microscope and cultured in Z8 medium [29]. Dolichospermum
cells were maintained in Z8 medium in a culture room at 26 + 2 °C under illumination at 1000
lux and 12:12 light/dark regime.

2.2. Aparatus: Non-thermal plasma system
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Figure 1. Schematic configuration of the water plasma system.

The plasma system consists of an 1 L plasma reactor, a home-built power supply, and an
oxygen concentrator. The plasma reactor has two electrodes placed inside two quartz tubes and
is connected to the AC power supply. Both quartz tubes act as dielectrics in a dielectric barrier
discharge (DBD) plasma configuration and also as the gas pipes (Figure 1). Plasma of
concentrated oxygen (97 % in volume) is generated inside the quartz tubes, while its reactive
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products, such as ozone and radicals, are bubbled out and light is transmitted into the reaction
chamber. The combination reaction of all plasma species gives rise to a very effective
disinfection and depollution of the system.

2.3. Experimental set up

To evaluate the effect of plasma on growth of Dolichospermum sp. strain, cyanobacterial
suspension with exponential growth phase (7-10 days old) with an approximate concentration at
2.1 x10° cells mL™ was used and placed into the 1L reactor of the plasma chamber. To
understand the effect of discharge on inactivation rate of cells, different applied input powers
were respectively set at 35, 45, 55, 65 and 75 W at 60 seconds. Cyanobacterial plasma-
treatment assays were independently performed in three replicates. After plasma treatment, the
suspensions of Dolichospermum sp. were immediately collected in 250 mL glass bottles and re-
incubated for up to 168 hours under the same light and temperature conditions as mentioned
above. Cultures of Dolichospermum sp. was assessed for 0, 24, 72, 120 and 168 hours by the
measurement of absorbance at 680 nm with the spectrophotometer. Control samples without
plasma treatment were also exposed to the same conditions as the treated samples.

Furthermore, to examine the effect of discharge time on inactivation of Dolichospermum
sp. cells, the plasma exposure durations were set at 30, 60, 120, 180, and 300 seconds at
discharge power of 55 W. The re-growth experiment was performed right after the plasma
treatment. Dolichospermum sp. suspensions were quickly placed in 250 mL glass bottles and re-
incubated for a maximum of 168 hours using the same conditions adopted for growing the
cultures explained previously.

2.4. Analysis of cyanobacterial cells

The cell viability of the Dolichospermum sp. strain during the re-culturing period was
determined by measuring absorbance at 680 nm with a UV-Vis spectrophotometer (Shimadzu,
UV- 2450, Japan). The inactivation efficiency of Dolichospermum cells was calculated using the
following formula [30]:

Cyanobacterial inactivation efficiency (%) = [(Ac - At)/Ac] x 100 %,

where: Ac (control): the absorbance at 680 nm of the control sample; At (treatment): the
absorbance at 680 nm of the treated sample after t min plasma exposure or t day inoculation after
plasma exposure.

The impact of plasma treatment on the algal cell surface was also assessed. The surfaces of
Dolichospemum sp. cells (before and after plasma exposure) were observed by FESEM (SM-
IT800/Jeol, Japan), which was equipped with a Super Hybrid Lens (SHL), allowing high-
resolution observation and analysis. Cell pellets were washed with sterile water three times to
completely clear the reactive species and medium residue on the cell surface. Dolichospermum
cells were freeze-dried for 24 hours and observed by FESEM after spraying gold.

2.5. Data treatment

The results of cyanobacteria Dolichospermum sp. cell density in terms of ODggq and the
inactivation efficiency in terms of percentage were reported as average with standard
deviation. Firstly, the normality of the data sets was assessed using Shapiro-Wilk test. For
comparing two normally distributed data sets, the Fisher—Snedecor test was used to evaluate
the homoscedasticity, the data sets then be compared by the student t-test or Welch test in
case of equal or unequal variances, respectively. In case of non-normal distribution, the
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Mann-Whitney—Wilcoxon test was used. For comparing multiple normally distributed data
sets, either Analysis of Variance (ANOVA) or ANOVA-Welch was used for equal or unequal
variances (determined by the Bartlett test), respectively, followed by pairwise t-test. In case
of non-normally distributed data sets, the Kruskal-Wallis test followed by the Pairwise
Wilcoxon Rank Sum Tests was used. For all significant tests, significant level (o value) of
0.05 was chosen. Data analysis and visualization were performed by using Microsoft Excel
version 2016 and Origin (OriginLab Corporation, version 2018).

3. RESULTS AND DISCUSSIONS

3.1. Morphology of Dolichospermum sp. strain

The strain Dolichospermum sp. was isolated from Hoan Kiem Lake. Trichomes were free-
floating, solitary, and straight (Figure 2). Terminal cells were round or conical, smaller than
others. Vegetative cells were spherical, compressed or barrel-shaped, with gas vesicles, 5-6-8
pm in diameter. Heterocytes were spherical, 8 - 9.8 um in diameter. Akinetes were shaerical, 8 —
11 um in diameter, adjacent to heterocytes, more or less bigger than vegetative cells (4.2 - 8 X 6
-9.5 um).

Figure 2. Morphology of Dolichospermum sp. strain.

3.2. Effect of plasma treatment on morphology and cell membrane integrity of the
Dolichospermum sp.

After plasma exposure, the morphological alterations on the Dolichospermum sp. cells
were examined using a light microscope. The effects of plasma exposure on solid cultures of
Dolichospermum sp. are shown in Figure 3 and Figure 4. The results showed that the
morphological characteristics of the treated Dolichospermum cells were distinct from those of
the control. In the control condition, normal cells of Dolichospermum were regular spherical
with abundant gas vesicles (black dots inside cells). Plasma exposure caused separation,
degeneration of the aggregations and cells, and a number of empty cells (without black dots
inside cells) (Figure 3 and Figure 4). These results seemed to be consistent with other work
reporting that cells of the cyanobacterial Microcystis aeruginosa auto-fluorescence significantly
changed as a result of discharge plasma oxidation. Indeed, with the production of reactive
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oxygen species (ROS) in greater quantities as a result of the discharge plasma, H,O, oxidation
and *OH attack were the main sources of oxidative stress that damaged M. aeruginosa cells [25].

Figure 3. Dolichospermum sp. cells under light microscope before and after plasma exposure: a) before
plasma exposure; b-f) after 30, 60, 120, 180 and 300 seconds of plasma exposure, respectively.

Figure 4. Dolichospermum sp. cells under fluorescence microscope before and after plasma exposure:
a) before plasma exposure; b-f) after 30, 60, 120, 180 and 300 seconds of plasma exposure, respectively.

FE-SEM examination confirmed that the extracellular structures of the healthy cells did not
show any visible distortion of cell structure and appeared to interconnect cells with a smooth
exterior (Figure 5a). However, under plasma exposure, a significant cell surface with a distorted
and massive shrinkage was observed (Figure 5b). A similar trend in cell surface destruction
using cold plasma treatment was observed by Kim et al. [31]. As reported by Wang et al., , the
damage of the cyanobacterial cells could occur from the exterior to the interior [28]. The plasma
process is known to cause a variety of oxidative and chemical species, such as radicals (e.g., H-,
O, and OH-) and molecules (e.g., H,0, and O,), shock waves, ultraviolet, and electrohydraulic

cavitation [32, 33].
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Figure 5. FE-SEM images of Dolichospermum sp. before (a) and after (b) plasma exposure.

The reactive chemicals produced by the plasma process can attack the cell membrane and
wall, disrupt membrane integrity, and lead to cyanobacterial and algal inactivation of the cells
[31]. According to Marsalek et al., plasma produces stress that is responsible for inhibiting
photosynthetic activity and halting cell metabolic activity in the cyanobacterial biomass [34].

3.3. Treatment performance of Dolichospermum sp. under different plasma exposure
conditions

Immediate and long-term inactivation of cyanobacteria Dolichospermum sp. using non-
thermal plasma was investigated. The impact of input power on Dolichospermum sp. removal
was studied by applying five power levels of 35, 45, 55, 65, and 75 W, which the respective cell
reductions in terms of optical density (OD) measurement at 680 nm and their corresponding
inactivation efficiencies were shown in Figure 6a. Effective inactivation was observed at all
power levels applied. No statistical difference was found among the inactivation results of
different power levels used in this study (p > 0.05). After 60 seconds of exposure, instant OD
reduction from 0.107 to a low level of 0.065 - 0.072 was achieved (Figure 6a), corresponding to
inactivation efficiency of 32.4 - 38.7 % (Figure 6b). Further reduction in the number of cells was
also recorded during the re-culture period. After 120 hours of re-culture, up to 79.3 - 87.7 % of
cells were inactivated, which slightly increased after another 48 hours (82.5 - 88.8 % achieved
after re-culture period of 168 hours).

The results suggest that, after plasma treatment, Dolichospermum sp. cells were no longer
viable, even though their general morphology remained. As a consequence, the number of
remaining cells was continuously reduced during the re-culture period, resulting in increased
treatment efficiency (Figure 6). Similar conclusion was made by Nisol et al., who applied non-
thermal dielectric barrier discharge plasma system to remove the cyanobacteria Dolichospermum
and the green algae Scenedesmus. The authors reported that only 13 % of total cells remained
after 360 s of plasma exposure duration, yet up to 80 % of them were non-viable [22]. As
indicated by Zhang et al., the main factor inhibiting cyanobacterial growth was ROS which
damaged the cell membrane, resulting in cell rupture as well as penetrated through the
membrane to attack intracellular components [25]. Consequently, even though the general
morphology of the cyanobacteria may appear intact, their growth was already inhibited due to
irreversible damages received by gene, photosynthetic pigments, proteins or carbohydrates [20].
Similarly, Xu et al. showed that around 82 % of the cyanobacteria M. aeruginosa cells remained
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intact after 60 seconds of plasma treatment at 31.8 W, while the total inactivated cells after 20
days of re-culturing was 55.3 % [27].
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Figure 6. The reduction in cell viability measured by OD (a) and the corresponding inactivation
efficiencies (b) of plasma at different power levels.

Enhanced inactivation performance of cyanobacteria M. aeruginosa using non-thermal
dielectric barrier discharge plasma system due to increasing power input was reported by Wang
et al., which is different from this study [28]. However, the power levels and contact times
applied in their study were much higher than in this study. Indeed, the authors showed that
higher input voltage, and consequently higher input power, resulted in superior treatment
efficiency, with 99.63 % of removal achieved at 21.0 kV (0.28 kW) compared to only 59.7 % at
14.3 kV (0.16 kW) after 100 minutes of treatment time [28]. Moreover, even though increasing
the input power of the plasma system could increase the amount of reactive oxygen species
generated [35] and consequently improve the treatment efficiency, these reactive species are
prone to being consumed by other substances in water, such as nutrients (nitrogen and
phosphorus) or organic compounds [36]. In this study, the cyanobacteria Dolichospermum sp.
was cultured in a nutrient rich solution while being exposed to plasma treatment. The
interference of these compounds on cell destruction could be significant. In addition, as a
consequence of cyanobacterial cell rupture due to membrane damage by ROS induced by
plasma, the intracellular materials are released and thus further scavenge the available ROS [25].
Wang et al. [37] detected a peak concentration of cyanobacterial intracellular organic matters
including chlorophyll, proteins, amino acids or peptides in water after 1 minute of plasma
treatment (at 4 — 7 kV and 7 kHz), followed by their reduction as the plasma treatment continued
(until 12 minutes). Wang et al. [38] reported a reduction of suspended organic matters with large
molecular weights (higher than 50 kDa) and, at the same time, an increase of smaller molecular
(less than 30 kDa) after plasma treatment. The results indicated effective hydrolysis of high
weight organic matters originated from water and/or released from damaged cyanobacterial cells
to smaller molecular by ROS, suggesting their role as active ROS scavengers. The impact of
treatment duration on the treatment performance of Dolichospermum sp. was also studied by
fixing an input power of 55 W, while varying the plasma treatment time. Five periods were
applied, including 30, 60, 120, 180, and 300 seconds, and the results were presented in Figure 7.
Similarly, effective inactivation was obtained at all times with long-term treatment effects during
7 hours of re-culture.
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Figure 7. The reduction in cell viability measured by OD: (a) and the corresponding inactivation
efficiencies, (b) of plasma at different exposure times.

Under the shortest exposure time of 30 s, a significant reduction of 24.7 + 2.1% was
instantly achieved (ODggo fell from 0.107 + 0.004 to 0.080 + 0.004) (Figures 7 b and a,
respectively). As the cell number continuously decreased during re-culture period, a high final
inactivation efficiency of 82.5 + 1.2 % was obtained after 168 hours. The best performance was
obtained with 300 s of exposure time. A sharp OD reduction from 0.107 + 0.004 to 0.037 %
0.002 was achieved, corresponding to 65.0 £ 2.2 % of inactivation efficiency right after
treatment completion. The inactivation efficiency went up to 92.6 + 1.4 %, the highest level
observed in the study, after 168 hours of re-culture. There is a statistically significant difference
between the two exposure times (30 s and 300 s) when comparing the OD value (p < 0.005) and
inactivation efficiency (p < 0.05). Besides, exposure times of 60, 120, and 180 seconds showed
similar inactivation results (p values > 0.05), with 34.6 - 39.3 % of cell reduction observed at
day 0 and 88.2 - 91.2 % inactivation efficiency achieved after 168 hours of re-culture. The
positive effect of contact time on treatment efficiency was also reported by other studies [27, 28,
36]. Xu et al. studied the treatment of cyanobacteria Microcystis aeruginosa using a non-thermal
dielectric barrier discharge plasma system at 31.8 W in 30, 60, 180, 300, and 600 seconds
showing 30.8 % reduction after 60 seconds, 90 % after 300 seconds and 99.99 % after 600
seconds of treatment [27]. Short term plasma treatment of 30 seconds and 60 seconds also
effectively ceased the growth of remaining cyanobacteria after 10 and 15 days of re-culture
period, resulting in a global reduction of 24.1% and 55.3%, respectively, compared to untreated
sample [27]. It was indicated that higher contact time enhanced treatment efficiency by allowing
the reactive oxygen species generated by the plasma to attack the cell membrane, resulting in
proper penetration and thus effective decomposition from inside the cell [28].

It was reported earlier that the amount of ROS produced by non-thermal plasma is
positively correlated with power level applied to the system [39]. Arjunan et al. observed
elevated concentrations of both intracellular and extracellular ROSs due to the increase in non-
thermal plasma power density [40]. However, due to their reactiveness, the ROSs have
extremely short lifetime, generally from few microseconds to few milliseconds, with the
exception of H,O, with longer lifetime of around 10 hours [41]. Therefore, in this study, even
though higher ROS concentrations could be achieved at higher power levels, these reactive
species might quickly be scavenged by organic matters in the solution and/or inactivated at the
end of their lifetime. On the other hand, an increase in plasma treatment time could result in
continuous ROS production and thus effectively enhance the treatment rate. Wang et al. [37]
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reported continuously increasing trends of ROSs including H,O, and Oz produced by non-
thermal plasma system at 7 kV. The concentration of H,O, increased from 5 mg/L at 1 min of
treatment time to around 40 mg/L after 12 min while Oz concentration after 1 min was around 15
mg/L which climbed to a high level of slightly above 55 mg/L after 12 minutes of plasma
operation. These results may shed light on understanding the positive impact of plasma
treatment time on Dolichospermum sp. cells inactivation obtained in this study.

Results of this study further confirm the potential of applying advanced oxidation processes
using non-thermal plasma system for cyanobacteria and cyanotoxins inactivation in water. It
should be noted that the initial cyanobacterial cell densities applied in this study ranged from
0.106 to 0.169 (ODggo Values) which corresponded to the values of 2.03 to 2.94 x 10° cells/mL,
respectively. These values were chosen to mimic the cell density values of cyanobacterial bloom
in real cases. Duong et al. reported the cyanobacterial density measured during bloom periods in
Nui Coc reservoir, North Viet Nam, ranging between 0.05 x 10* and 0.19 x 10* cells/mL [42]. In
the South of Viet Nam, Pham et al. measured the cell density of cyanobacterial bloom in Tri An
Reservoir, Dong Nai Province, with the values from 1.2 x 10* to 1.6 x 10" cells/mL [43]. In
addition, it was suggested that non-thermal plasma can be operated in combination with other
water treatment technologies such as adsorption, ultrafiltration, biodegradation or ultrasonication
for enhanced treatment time, energy saving and improved cost effectiveness [17]. Indeed,
effective microalgal cells removal of 98 - 99.5 % has been achieved by popular water treatment
processes such as coagulation/flocculation combined with sedimentation, air flotation and rapid
sand filtration, or microfiltration followed by ultrafiltration [15]. Zamyadi et al. [44] reported 1.5
x 10° - 11.4 x 10° cells/mL were successfully removed by the clarifier, resulting to a
microcystins concentration of 34.9 mg/L detected in the sludge at the bottom of the clarifier in a
drinking water treatment plant in Canada. Therefore, the application of non-thermal plasma
system in toxic cyanobacteria and cyanotoxins inactivation can be greatly beneficial from the
pretreatment processes.

4. CONCLUSION

The inactivation of cyanobacterial cells using non-thermal dielectric barrier discharge
plasma system was investigated. The results revealed that under the plasma conditions tested, the
plasma demonstrated a high inactivation efficiency of cyanobacterial cells (up to 92.6%) not
only right after plasma treatment but also during re-culturing period of up to 168 hours. Longer
contact time enhanced inactivation efficiency, while increasing input wattage showed a minor
effect which could be due to the interference of other substances in the mixture. Morphological
analyses indicated that the decomposition and inactivation of Dolichospermum sp. cells were
due to severe deformation of the cell surface. The obtained results showed the possibility of non-
thermal plasma devices in the anti-cyanobacterial purification of supply water.

Acknowledgments. This research is funded by Vietnam Academy of Science and Technology (VAST)
under grant number: KHCBHH.01/23-25.

CRediT authorship contribution statement. Nguyen Thi My, Nguyen Khanh Toan, Hoang Thi Quynh,
Ngo Thi Dien My, Nguyen Thi Anh Nguyet, Pham Phuong Thao, Nghiem Viet Hai, Doan Thi Oanh:
Methodology, Investigation, Formal analysis, Original draft. Pham Le Anh, Do Hoang Tung, Nguyen
Truong Son, Nguyen Thi Thu Lien, Le Thi Phuong Quynh: Methodology, Data curation,
Conceptualization, Validation, Original draft, Writing -review & Editing. Duong Thi Thuy: Methodology,
Supervision, Funding acquisition, Validation, Writing -Original draft, Writing -Review & Editing.

Declaration of competing interest. The authors declare that there are no conflicts of interest.

1155



Nghiem Viet Hai, Duong Thi Thuy, et al.

10.

REFERENCES

Smith V. H. - Eutrophication of freshwater and coastal marine ecosystems a global
problem, Environmental Science and Pollution Research 10 (2003) 126-139.

Akinnawo S. O. - Eutrophication: Causes, consequences, physical, chemical and
biological techniques for mitigation strategies, Environmental Challenges 12 (2023)
100733.

Huisman J., Codd G. A., Paerl H. W., Ibelings B. W., Verspagen J. M. H., Visser P. M. -
Cyanobacterial blooms, Nature Reviews Microbiology 16 (2018) 471-483.

Hou X., Feng L., Dai Y., Hu C., Gibson L., Tang J., Lee Z., Wang Y., Cai X., Liu J.,
Zheng Y., Zheng C. - Global mapping reveals increase in lacustrine algal blooms over the
past decade, Nature Geoscience 15 (2022) 130-134.

Paerl H. W., Otten T. G., Kudela R. - Mitigating the expansion of harmful algal blooms
across the freshwater-to-marine continuum, Environmental Science & Technology 52
(2018) 5519-5529.

Carmichael W. W., Boyer G. L. - Health impacts from cyanobacteria harmful algae
blooms: Implications for the North American Great Lakes, Harmful algae 54 (2016) 194-
212.

Vybernaite-Lubiene 1., Zilius M., Giordani G., Petkuviene J., Vaiciute D., Bukaveckas P.
A., Bartoli M. - Effect of algal blooms on retention of N, Si and P in Europe's largest
coastal lagoon, Estuarine, Coastal and Shelf Science 194 (2017) 217-228.

Gobler C. J. - Climate change and harmful algal blooms: Insights and perspective,
Harmful algae 91 (2020) 101731.

Buratti F. M., Manganelli M., Vichi S., Stefanelli M., Scardala S., Testai E., Funari E. -
Cyanotoxins: producing organisms, occurrence, toxicity, mechanism of action and human
health toxicological risk evaluation, Archives of toxicology 91 (2017) 1049-1130.

Xiao M., Li M., Duan P., Qu Z., Wu H. - Insights into the relationship between colony
formation and extracellular polymeric substances (EPS) composition of the
cyanobacterium Microcystis spp, Harmful algae 83 (2019) 34-41..

11. Ngo T.D. M, Ton T. P., Duong T. T., Le T. P. Q, Nguyen T. T. Lien - Cyanobacterium

12.

13.

14.

15.

16.

1156

Raphidiopsis raciborskii and its toxin in Buon Phong reservoir, Dak Lak province,
Vietnam, Vietnam Journal of Earth sciences 44 (2) (2022) 257-272.

Chorus I. and Welker M. (Eds.) - Toxic Cyanobacteria in Water: A guide to their public
health consequences, Monitoring and Management (2nd ed.). CRC Press, 2021.

Gallardo J., Astuya A., Llanos-Rivera A., Avello-Fontalba V., Ulloa V. - A critical review
on control methods for harmful algal blooms, Reviews in Aquaculture 11 (2017)

Sha J., Xiong H., Li C., Lu Z., Zhang J., Zhong H., Zhang W., Yan B. - Harmful algal
blooms and their eco-environmental indication, Chemosphere 274 (2021) 129912.
Westrick J. A., Szlag D. C., Southwell B. J., Sinclair J. - A review of cyanobacteria and
cyanotoxins removal/inactivation in drinking water treatment, Analytical and
Bioanalytical Chemistry 397 (2010) 1705-1714.

Schneider M., Blaha L. - Advanced oxidation processes for the removal of cyanobacterial
toxins from drinking water, Environmental Sciences Europe 32 (2020) 94.



Investigating the efficacy of non-thermal plasma in the inactivation of cyanobacteria ...

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Murugesan P., V E. M., Moses J. A., Anandharamakrishnan C. - Water decontamination
using non-thermal plasma: Concepts, applications, and prospects. Journal of
Environmental Chemical Engineering 8 (2020) 104377.

Magureanu M., Mandache N. B., Parvulescu V. I|. - Degradation of pharmaceutical
compounds in water by non-thermal plasma treatment. Water Research 81 (2015) 124-
136.

Karatum O., Deshusses M. A. - A comparative study of dilute VOCs treatment in a non-
thermal plasma reactor, Chemical Engineering Journal 294 (2016) 308-315.

Liao X., Liu D., Xiang Q., Ahn J., Chen S., Ye X., Ding T. - Inactivation mechanisms of
non-thermal plasma on microbes: A review, Food Control 75 (2017) 83-91.

Gorbanev Y., O'Connell D., Chechik V. - Non-thermal plasma in contact with water: The
origin of species, Chemistry (Weinheim an der Bergstrasse, Germany) 22 (2016) 3496-
3505.

Nisol B., Watson S., Leblanc Y., Moradinejad S., Zamyadi A. - Cold plasma oxidation of
harmful algae and associated metabolite BMAA toxin in aqueous suspension, Plasma
Processes and Polymers 16 (2018)

Beyrer M., Pina-Perez M. C., Martinet D., Andlauer W. - Cold plasma processing of
powdered Spirulina algae for spore inactivation and preservation of bioactive compounds,
Food Control 118 (2020) 107378.

Cech J., Stahel P., Réhel J., Prokes L., Rudolf P., Marsalkova E., Marsalek B. - Mass
production of plasma activated water: Case studies of its biocidal effect on algae and
cyanobacteria, Water 12 (2020) 3167.

Zhang H., Yang L., Yu Z., Huang Q. - Inactivation of Microcystis aeruginosa by DC glow
discharge plasma: Impacts on cell integrity, pigment contents and microcystins
degradation, Journal of Hazardous Materials 268 (2014) 33-42.

Pu S., Chen J., Wang G., Li X., Ma Y. - Inactivation of Microcystis aeruginosa using
dielectric barrier discharge low-temperature plasma, Applied Physics Letters 102 (2013)
194105.

Xu Z., Zhu B., Xue X., Hu S., Cheng C. - Study on immediate and long-term growth
inhibition of Microcystis aeruginosa by non-thermal plasma, Chemical Engineering
Journal 429 (2022) 132397.

Wang H., Qu G., Gan Y., Zhang Z., Li R, Wang T. - Elimination of Microcystis
aeruginosa in water via dielectric barrier discharge plasma: Efficacy, mechanism and
toxin release, Journal of hazardous materials 422 (2022) 126956.

Kotai J. - Instructions for preparation of modified nutrient solution Z8 for algae,
Norwegian Institute for Water Research, Blindern, Norway, Publication 8 (1972) 11169
Jin X. L., Xia Q., Wang X. Y., Yue J. J, Wei D. B. - Inactivation of Microcystis
aeruginosa with Contact Glow Discharge Electrolysis, Plasma Chemistry and Plasma
Processing 31 (2011) 697-705.

Kim H. J.,, Nam G. S,, Jang J. S., Won C. H., Kim H. W. - Cold plasma treatment for
efficient control over algal bloom products in surface water, Water 11 (2019) 1513.

Kim H. J., Won C. H., Kim H. W. - Pathogen deactivation of glow discharge cold plasma
while treating organic and inorganic pollutants of slaughterhouse wastewater, Water, Air,
& Soil Pollution 229 (2018) 237.

1157


https://www.researchgate.net/journal/Applied-Physics-Letters-0003-6951?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

Nghiem Viet Hai, Duong Thi Thuy, et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

1158

Kim H. J., Won C. H., Kim H. W. - Optimized pretreatment of non-thermal plasma for
advanced sewage oxidation, Int. J. Environ Res. Public. Health 17 (2020)

Marsilek B., MarSalkova E., Odehnalova K., Pochyly F., Rudolf P., Stahel P., Rahel J.,
Cech J., Fialova S., Zezulka S. - Removal of Microcystis aeruginosa through the
combined effect of plasma discharge and hydrodynamic cavitation, Water 12 (2020) 8.

Qu G. Z, Lu N, LiJ, Wu Y, Li G. F.,, Li D. - Simulataneous pentachlorophenol
decomposition and granular activated carbon regeneration assisted by dielectric barrier
discharge plasma, Journal of hazardous materials 172 (2009) 472-478.

Zhang H., Huang Q., Ke Z., Yang L., Wang X., Yu Z. - Degradation of microcystin-LR in
water by glow discharge plasma oxidation at the gas—solution interface and its safety
evaluation, Water Research 46 (2012) 6554-6562.

Wang R., Wang T., Qu G., Zhang Y., Guo X., Jia H., Zhu L. - Insights into the underlying
mechanisms for integrated inactivation of A. spiroides and depression of disinfection
byproducts by plasma oxidation. Water Research 196 (2021) 117027

Wang J., Cheng G., Zhang J., Lu M., Shangguan., Liu X. - Mechanism of dielectric barrier
discharge plasma coupled with calcium peroxide to improve the quantity and quality of
short chain fatty acids in anaerobic fermentation of cyanobacteria, Chemical Engineering
Journal 445 (2023)140618

Jiang W. X., Han J. G.,, Guo H. - Highlight the plasma-generated reactive oxygen
species (ROSs) dominant to degradation of emerging contaminants based on experiment
and density functional theory, Separation and Purification Technology 330 (2024)
125309.

Arjunan K. P., Friedman G., Fridman A., Clyne A. M. - Non-thermal dielectric barrier
discharge plasma induces angiogenesis through reactive oxygen species, Journal of The
Royal Society Interface 9 (66) (2012) 147-157.

Burns J. M., Cooper W. J., Ferry J. L., King D. W., DiMento B. P., McNeill K., Miller C.
J., Miller W. L., Peake B. M., Rusak S. A., Rose A. L., Waite T. D. - Methods for reactive
oxygen species (ROS) detection in aqueous environments, Aquatic Sciences 74 (4) (2012)
683-734.

Duong T. T., Ja"hnichen S., Le T.P. Q.,Ho T. C., Hoang T. K., Nguyen T. K., VuT. N,,
Dinh Kim Dang D. K. - The occurrence of cyanobacteria and microcystins in the Hoan
Kiem Lake and the Nui Coc reservoir (North Viet Nam), Environmental Earth Sciences
71 (2014) 2419-2427.

Pham T.L,Doan N. T., Tran T.H. Y., Tran T. T., Le T. L., Tran N. D, Ngo X. Q. - Long-
term variations of the water quality and cyanobacterial community in Tri An Reservoir,
Dong Nai province, Science & Technology Development Journal — Natural Sciences 6 (1)
(2021) 1742-1751.

Zamyadi A., Dorner S., Sauvé S., Ellis D., Bolduc A., Bastien C., Prévost M. - Species-
dependence of cyanobacteria removal efficiency by different drinking water treatment
processes, Water Research 47 (2013) 2689-2700.


https://pubmed.ncbi.nlm.nih.gov/?term=Arjunan+KP&cauthor_id=21653568
https://pubmed.ncbi.nlm.nih.gov/?term=Friedman+G&cauthor_id=21653568
https://pubmed.ncbi.nlm.nih.gov/?term=Fridman+A&cauthor_id=21653568
https://pubmed.ncbi.nlm.nih.gov/?term=Clyne+AM&cauthor_id=21653568
https://link.springer.com/journal/12665
https://www.sciencedirect.com/journal/water-research

