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Abstract. A treatment of underwater shock wave was proposed to solve this problems which
the harm caused by cyanobacteria blooms. Underwater shock wave technology has the features
of energy saving, environmental protection, safe and efficient. The underwater shock wave
technology effective performance for the removal of cyanobacteria was investigated. The
results obtained from on-site algae water showed that the initial chlorophyll-a content of Taihu
Lake wild algae is 216.22 pg/L, after applying with the optimum working conditions treatment,
the chlorophyll-a of the treated group is only 3.84ug/L at the ninth day, while the concentration
of chlorophyll-a was 209.87ug/L in control group after 9 days of culture, the average removal
rate was 98.22%. The initial algal toxin level in the wild algae in Taihu Lake was 4.23 pg/L,
after treatment with underwater shock wave, the concentration of algae toxin in the treatment
group decrease below the limit of detection (0.1 pg/L) after 1 day of algae culture, meanwhile,
the control group increased to 4.36 pg/L. The contents of TN, TP and COD in the treatment
group were lower than the control group with the underwater shock wave treatment. The
results indicated that the underwater shock wave cannot only inactivated the wild
cyanobacteria, but also can improve water quality.

1. Introduction

Cyanobacteria are the most primitive and oldest algae in prokaryotes. They can adapt to different
environments, especially for high temperature and high salt, it has strong adaptability. In recent years,
cyanobacteria blooms have been reported in the world (including at least 108 countries) due to
eutrophication of water bodies [1]. The annual economic loss caused by cyanobacteria blooms is about
1.5 billion in the United States [2]. The occurrence of cyanobacterial blooms not only causes
deterioration of water quality, but also affects the ecological environment. What is more serious is that
some types of toxins can affect human health [3].

Underwater shock wave technology, the basic principle is that the power supply is charged for a
long time, the electric energy is stored in the capacitor, and released from the electrodes in a short time
(millisecond or microsecond), a pulse current of 10°-10° A is formed between the electrodes at the
moment of discharge, the energy density is as high as 10°-10°J/m’, cause high temperature of 10>-10°K
and high pressure of 10%-10°Pa. The high temperature and high pressure environment creates a dense
plasma between the discharge channels, forming a plasma channel, and the expansion of the plasma
channel generates shock waves [4]. There are a number of studies on shock wave propagation in fluids
and so its properties are well documented. Shock wave pressure can be calculated using the Hugoniot
equations [5].

P= PoUsUy (1)
us = A+ Bu, 2)

where P is the pressure of a shock wave, py is the density of water, uy is the shock wave velocity, u,, is
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the particle velocity, and A is 1.45 km/s (acoustic sound velocity in water), and B is 1.99[6]. Therefore,
P can be expressed as a function of measurable u; as

pP= pﬂus(us _A)/B (3)

So far, underwater shock wave technology has been widely used in wastewater treatment, food
processing, microbial inactivation, biomedical and other fields[7-11].

2. Materials and Methods

2.1 Study Site and Sampling

Cyanobacteria samples were obtained from Lake Taihu. Lake Taihu, which covers an area of 2300
km?2, is the third-largest shallow freshwater lake in China, and is one of the most severely eutrophic
lakes in China. Serious algal blooms have occurred annually during late spring and autumn. Here, the
cyanobacteria samples were collected using plastic drums and transported to the laboratory within 4 h.
All samples were treated within 24 h.

2.2 Experimental Setup and Procedure

Connect AC mains, AC voltage regulator, 5kV high voltage transformer, 0.5uF/30kV high voltage
non-inductive capacitor, 30kV/2A rectifier diode, current limiting resistor, 0-100kV high voltage
voltmeter, high voltage switch, needle electrode and high voltage wire are connected to form a
closable circuit. After the power is turned on, the current is temporarily stored in the high-voltage
non-inductive capacitor through the transformer, the rectifier diode, and the current limiting resistor.
When the electrical energy within the capacitor needs to be released, the high-voltage switch is closed
to release the electric energy stored in the capacitor to a pair of needle electrodes in the water
treatment reaction chamber.

R1 c
+V1 O 1 H} TL
K1
Juwe O é =
L f =
T° =g =
3 -

Q% “ < D *VE pa &

<
jI\Nl
(
I

Figure 1. Experimental device

250 ml of algae water obtained from Lake Taihu was poured into the water treatment reaction
chamber of the liquid electric device, and discharged 200 times with a discharge voltage of SkV(The
best parameters obtained in the previous experiments). The treated algae water was poured into a 250
ml Erlenmeyer flask at a temperature of 24 + 1°C, the irradiation time is 12 hours / 12 hours - light /
dark cycle with 2000lux light intensity. At the same time, an untreated control group under the same
experimental conditions was established, the samples are taken out for analysis at appropriate time
intervals. Observing the content of chlorophyll a and the level of algal toxin between the treatment
group and the control group. And the changes of total nitrogen, total phosphorus and COD values,
initially evaluated the inactivation effect of liquid electric effect on wild algae in Lake Taihu.

3. Results and Discussion

3.1 Variation in Concentrations of Chl-a
Studies have shown that within 24 h after the pulse discharge system inactivates Microcystis
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aeruginosa, the content of chlorophyll a increases, then decreases with the increase of culture time, and
decreases to 0 on the fifth day [12]. The results of this experiment are shown in Fig.2. That the
chlorophyll a content immediately after treatment increased to 1.53 times before treatment, about
2989.97 ng / L, and the chlorophyll a content reached the highest at 24 h after treatment, about
3701.01 pg / L. After 24 h, the chlorophyll a content gradually decreased, the average level of
chlorophyll a was only 56.46 pg/L on the 9th day after treatment. Indicating that the underwater shock
wave destroyed the photosynthesis system of algae cells, and chlorophyll a is released, when the
number of damaged algae cells reaches a certain level, the release of chlorophyll a content reaches the
highest, when the culture time continues to extend, chlorophyll a is gradually reduced.
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Figure 2. Chl-a content in the control and treatment groups

3.2 Variation in Concentrations of Algal Toxin

The underwater shock wave can cause cell rupture and disintegration to release algal toxins in the
algae cells. So the level of algal toxin in the algae solution increases immediately after the treatment,
the amount of damaged cells reaches the highest and the level of the content released by the cells
reaches the maximum when cultured for one day after the treatment. Studies have shown that
high-pressure discharge can remove various organic substances in aqueous solution, such as interface
glow discharge can oxidatively degrade microcystins in water [13]. The results of this experiment are
shown in Fig.3. That the initial algal toxin level of the algae was 4.12ug/L, and the concentration of
algal toxin in the control group increased slightly after 1 day, which was 4.24pug/L. In contrast, the
level of algal toxin in the experimental group increased significantly to 5.20pg/L immediately after
treatment, while the concentration of algal toxin in the treatment group decreased below the detection
limit (0.1 pg/L) after 1 day of treatment, and then it was undetected. That is, the underwater shock
wave technique has a significant degradation effect on the algal toxin in wild algae water of Lake
Taihu.
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Figure 3. The concentration of algal toxin in the control and treatment groups
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3.3 Variation in Concentrations of Total Nitrogen, Total Phosphorus and COD

As shown in Fig. 4, the initial total nitrogen content in the algae water was 3.56 mg/L, and the level of
total nitrogen in the control group was 3.69 mg/L after 5 days of culture, which remained basically
unchanged. The total nitrogen content of the treatment group increased to 4.89mg/L. immediately after
the underwater shock wave treatment. the level of total nitrogen decreased to 1.46 mg/L on the first
day after treatment, and the level of total nitrogen is 0.96 mg/L on the 5th day after the culture.
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Figure 4. Variation in concentrations of total nitrogen in water

As shown in Fig. 5, the initial total phosphorus content in the algae water was 0.46 mg/L, and the
level of total phosphorus in the control group was 0.41 mg/L after 5 days of culture, which remained
basically unchanged. The total phosphorus content of the treatment group decreased to 0.28 mg/L
immediately after the underwater shock wave treatment, the level of total phosphorus increased to 0.42
mg/L on the first day after treatment, then gradually decreased. And the level of total phosphorus
decreased to 0.14 mg/L on the 5th day after the culture.
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Figure 5. Variation in concentrations of total phosphorus in water.

As shown in Fig.6, the initial COD content in the algae water was 12.87 mg/L, and the level of
COD in the control group was 13.52 mg/L after 5 days of culture. The COD content of the treatment
group decreased to 8.58 mg/L immediately after the underwater shock wave treatment, the level of
COD increased to 11.23 mg/L on the first day after treatment, and the level of COD decreased to 6.59
mg/L on the 5th day after the culture.
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Figure 6. Variation in concentrations of COD in water

The total nitrogen content in the water increased sharply and the total phosphorus also increased
after the underwater shock wave treatment. However, the levels of total nitrogen, total phosphorus and
COD in the water were lower than those without treatment after treatment for several days. This may
be due to the high heat, high pressure, strong electric field, plasma, etc. in the liquid discharge process.
The plasma generated in water mainly includes hydrogen atoms, oxygen atoms, free radicals, Oz, H,O,,
etc. in different excited states. Among these particles, -OH, -O, H,0,, O; are essential for the
occurrence of chemical reactions, and -OH plays an important role in the inactivation of
microorganisms and the degradation of organic matter [14]. At present, plasma generated by
high-voltage pulse discharge shock wave technology is widely used to degrade p-chlorophenol,
pyridine organics, algae toxins, etc. [15,16].

4. Conclusions

In order to observe the effect of underwater shock wave on inactivation of wild algae in Lake Taihu,
the wild algae in Taihu Lake were treated with the best discharge parameters in the experimental study.
The results show that the efficiency of inactivation of wild algae in Lake Taihu can reach 96.4% by
underwater shock wave, although the level of algal toxin in the water increased immediately after
treatment, the algae toxin was degraded after 1 day of static culture. The levels of total nitrogen, total
phosphorus and COD in the water were also lower than those without treatment. Therefore, the
underwater shock wave technology can be used as an effective environmentally friendly algae-killing
method when cyanobacteria blooms.

5. References

[1] Qin B Q, Yang G J, Ma J R, et al. Dynamics of variability and mechanism of harmful
cyanobacteria bloom in Lake Taihu, China. Chinese Science Bulletin. Vol.61 (2016), p.759—70.

[2]  Eckersley Evan, Berger Bryan W. An engineered polysaccharide lyase to combat harmful algal
blooms. Biochemical Engineering Journal. Vol. 132 (2018) No. 7, p. 225-32.

[3] Ding Y, Gan N Q. Survival, recovery and microcystin release of Microcystis aeruginosa in cold
or dark condition [J]. Chinese Journal of Oceanology and Limnology. Vol.35 (2017) No.2, p.
313—23.

[4] LiN., Huang J. G., Lei K. Z., et al. The characteristic of the bubble generated by underwater
high-voltage discharge. Journal Of Electrostatics. Vol.69 (2011) No.4,p. 291-95.

[5] Katsuki S, Tanaka K, Fudamoto T, Namihira T, Akiyama H and Bluhm H. Shock waves due to
pulsed streamer discharges in water Japan. Japanese Journal of Applied Physics. Vol. 45 (2006),
p- 239-42.

[6] Nagayama K, Mori Y, Shimada K and Nakahara M . Shock Hugoniot compression curve for
water up to 1GPa by wusing a compressed gas gun. Journal of Applied Physics.
Vol.91(2002)No.4,p. 476.

[71 Kuraya, E, Nakada, S, Touyama, A. Improving the antioxidant functionality of Citrus junos
Tanaka (yuzu) fruit juice by underwater shockwave pretreatment. Food Chem. Vol. 216 (2017)
No.4, p. 123-29.



5th Annual International Workshop on Materials Science and Engineering IOP Publishing

IOP Conf. Series: Materials Science and Engineering 585 (2019) 012046 doi:10.1088/1757-899X/585/1/012046

[13]

[14]
[15]

[16]

Ren Fei, Ge Lei,Rufford Thomas E, et al. Permeability enhancement of coal by chemical-free
fracturing using high-voltage electrohydraulic discharge. Journal of Natural Gas Science and
Engineering. Vol. 57 (2018) No.4, p. 1-10.

Lukes P., Fernandez F.,Gutiérrez-Aceves J., et al. Tandem shock waves in medicine and biology:
a review of potential applications and successes. Shock Waves. Vol. 26 (2016) No. 1,p. 1-23.

Sun Bing, Xin Yanbin. Effects of shock waves, ultraviolet light, and electric fields from pulsed
discharges in water on inactivation of Escherichia coli. Bioelectrochemistry. Vol. 120 (2018),p.
112-19.

Zou L., Ma C., Liu J., et al. Pretreatment of food waste with high voltage pulse discharge
towards methane production enhancement. Bioresource Technology. Vol. 222 (2016), p. 82-88.
Wang Cui-Hua, Li Guo-Feng,Wu Yan, et al. Role of Bipolar Pulsed DBD on the Growth of
Microcystis aeruginosa in Three-Phase Discharge Plasma Reactor. Plasma Chemistry and
Plasma Processing. Vol. 27(2007) No. 1,p. 65-83.

Zhang H, Huang Q,Ke Z. Degradation of microcystin-LR in water by glow discharge plasma
oxidation at the gas-solution interface and its safety evaluation. Water Research. Vol.46 (2012)
No. 19, p. 6554-62.

Vandenbroucke A. M., Morent R.,De Geyter N., et al. Non-thermal plasmas for non-catalytic
and catalytic VOC abatement. J Hazard Mater. Vol. 195 (2011), p. 30-54.

Li Y., Yi R, Yi C,, et al. Research on the degradation mechanism of pyridine in drinking water
by dielectric barrier discharge. J Environ Sci (China). Vol. 53 (2017), p. 238-47.

Xin Q., Zhang Y., Li Z., et al. Mn/Ti-doped carbon xerogel for efficient catalysis of
microcystin-LR degradation in the water surface discharge plasma reactor. Environ Sci Pollut
Res. (2015)No.22,p. 17202-08.



