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The Effects of Pulsed Streamerlike Discharge
on Cyanobacteria Cells

Zi Li, Member, IEEE, Shunsuke Sakai, Chiemi Yamada, Douyan Wang, Member, IEEE, Sungjin Chung, Xiaofei Lin,
Takao Namihira, Senior Member, IEEE, Sunao Katsuki, Member, IEEE, and Hidenori Akiyama, Fellow, IEEE

Abstract—Recently, cyanobacteria blooms (or water blooms)
occurred on the surface of water bodies frequently and extensively
due to eutrophia of the water. That has posed more and more
serious environmental problems worldwide. In this paper, the
effects of pulsed streamerlike discharge on M. aeruginosa cells
are reported, which are one genus of cyanobacteria and ease to
form water blooms. A stainless needle with a diameter of 30 µm
was employed as a point discharge electrode, which is 15-cm apart
from the cylinder cathode, and a 2-µs 160-kV pulse was applied.
A pulsed streamerlike discharge was obtained in the water filled
with cyanobacteria cells (named as sample water in this paper).
From the experimental result, it can be found that the discharge
collapsed the intracellular-structure gas vesicles in the M. aerugi-
nosa cells, and the colonies of the cells sank to the bottom of the
discharge chamber and rotten gradually.

Index Terms—Cyanobacteria, M. aeruginosa, pulse-forming
network, streamerlike discharge.

I. INTRODUCTION

CYANOBACTERIA (often referred to as blue-green algae)
are members of a group known as eubacteria or true bacte-

ria [1]. They are a frequent component of many freshwater and
marine ecosystems. Under certain conditions, especially where
waters are rich in nutrients and exposed to sunlight, cyanobacte-
ria may multiply to high densities—a condition referred to as a
water bloom [8]. Large blooms of cyanobacteria can clog intake
pipes and filter lines and are aesthetically unappealing. When a
bloom dies in a pond or shallow lake, severe oxygen depletion
can produce objectionable odors and even cause fish kills. Some
cyanobacteria produce substances which are extremely toxic
and are capable of causing serious illness or even death if
consumed [1]. Recently, cyanobacteria outgrow rapidly and can
easily form blooms in lakes and agricultural ponds because
of the eutrophication. Therefore, cyanobacteria blooms have
posed a serious environmental problem all over the world.

Some treatment options of cyanobacteria blooms have been
researched and developed. Chemical compounds [1], ultrasonic
[2], microwave [3], and mollusk were applied to eliminate
cyanobacteria cells in the water. The use of streamerlike dis-
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charge in the gas to realize bacterial decontamination is a firmly
established method. The application of this kind of discharge in
liquids has been developed [7]. In this paper, we report the ef-
fects of streamerlike discharge in water on cyanobacteria cells.

A Blumlein-type pulse-forming network (B-PFN) was
employed to provide a 2-µs 160-kV pulsed voltage to a point-
to-cylinder electrode geometry and generate a tremendously
high electric field and formed streamerlike discharge in a
sample water, which was collected from Hikawa Dam in
Kumamoto, Japan.

II. EXPERIMENTAL APPARATUSES

A. Sample Water From Hikawa Dam

Fig. 1 shows the landscape [Fig. 1(a)] of the Hikawa Dam
and the state of the lake surface [Fig. 1(b)] in August 2005.
It can be found that the lake is green in color, and many
small green particles were floating on the surface of the water.
From the microscopical observation, it was confirmed that
the small green particles were the colonies of cyanobacteria
cells, and the major genus was M. aeruginosa. M. aeruginosa,
which is 3.2–6.6 µm in diameter, is a typical genus of toxic
cyanobacteria [4]. Fig. 2(a) and (b) shows the bright field photo-
micrographs [Fig. 2(a) with ×400 magnification and Fig. 2(b)
with ×1000 magnification] of M. aeruginosa taken by the
microscope system (BX60; Olympus, Japan) equipped with a
digital camera (DXM1200; Nikon, Japan). It can be observed
from Fig. 2(a) that M. aeruginosa in the sample water appeared
black in color. Numerous M. aeruginosa cells gathered together
and formed the colonies, and the colonies appeared to be small
green particles and floated in the water. Fig. 2(b) shows a single
cell of M. aeruginosa with 1000 times of magnification. It can
be seen that the mucilaginous sheath (MS) surrounded the cells
and the gas vesicles (GVs) showed blackish appearance due to
the refraction of background light. GVs are the special intracel-
lular structure of the bloom-forming cyanobacteria genus [4].
GVs are filled with gas. Therefore, cyanobacteria cells can
float toward the water surface to position in optimal sunlight
condition for growth [5]. The electrical conductivity of the
sample water was 11.6 mS/m.

B. Pulsed Streamerlike Discharge System

Fig. 3 shows the schematic diagram of the pulsed power
generator used in this paper. The generator is consist of a
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Fig. 1. (a) Landscape and (b) surface of Hikawa Dam.

positive dc source (E, HDV-50K3US; Pulse Electronic Engi-
neering Co., Japan), the B-PFN, and a pulse transformer (PT).
A triggered spark gap switch was used as a closing switch
of B-PFN. B-PFN had 15 stages of LC ladder, which were
composed of 20 nF of capacitor and 0.2 µH of inductor.
The characteristic impedance (2

√
L/C) and the pulsewidth

(2N
√

LC) of B-PFN, calculated from capacitance (C) and
inductance (L) of the LC ladder, and number (N) of LC ladder
stages, were approximately 6 Ω and 1.9 µs, respectively. The
FINEMET (FT-3H; Hitachi Metals, Japan) was utilized as the
core material of PT. PT had five of the winding ratio (windings:
secondary windings = 1 : 5). Therefore, the total characteristic
impedance of the generator was computed at 150 Ω (6 Ω × 52).

Fig. 4 shows the configuration of the discharge chamber used
in this paper. The needle-to-cylinder electrode was utilized as
the discharge chamber. The needle electrode with 30 µm in
tip curvature was put concentrically into the cylinder electrode
with 300 mm in inner diameter and 180 mm in length. To
enhance the electric field at the tip of needle electrode, the
needle was covered with polyethylene insulator, except the tip
part. In this paper, the discharge chamber was filled with the
sample water from Hikawa Dam. The output from the pulsed
power generator was connected to the needle electrode, and the
cylinder electrode of the discharge chamber was grounded. The

Fig. 2. M. aeruginosa sampled from Hikawa dam. (a) Colonies of the cells.
(b) Single cell, where 1: MS and 2: GVs.

Fig. 3. Schematic diagram of the pulsed power generator.

charging voltage into B-PFN was fixed at +25 kV. In this case,
the positive polarity of the pulsed voltage was applied to the
needle electrode. For the utilization of the maximum flux swing
of the PT core, the reset current of 2 A was flown near the PT
core. The applied voltage to and the discharge current through
the discharge chamber were measured using a voltage divider
(EP-100 K; Pulse Electronic Engineering Co., Japan), which
was connected between the needle and the cylinder electrodes,
and a current monitor (Model 110 A; Pearson Electronics,
USA), which can be located upon returning to the ground.
The signals from the voltage divider and the current monitor
were recorded in a digitizing oscilloscope (54512 B; Hewlett
Packard, USA) with a 200-MHz bandwidth.
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Fig. 4. Configuration of the discharge chamber, where (a) is the front view
and (b) is the side view of the chamber.

III. EXPERIMENTAL RESULTS AND DISCUSSIONS

A. Discharge in the Sample Water

Fig. 5 shows the photograph of the discharge chamber soon
after it was filled with the sample water from Hikawa dam. It
can be seen that the colonies of M. aeruginosa were suspended
in the entire discharge chamber. The colonies gradually float
up to the upper side of the chamber when it is kept still for
about 30 min. It should be noted that the pulsed streamerlike
discharge was applied to the sample water at the very moment
when it was filled in the chamber in this experiment. Fig. 6
shows the waveforms of the applied voltage to and discharge
current through the discharge chamber with 160-kV and 500-A
peak values, respectively. The input energy into the discharge
chamber was calculated at 83 J/pulse. Fig. 7 shows the appear-

Fig. 5. Discharge chamber appearance soon after the sample water is filled in.

Fig. 6. Applied voltage to and discharge current through the chamber.

Fig. 7. Discharge appearance in the chamber.

ance of a single discharge in the tap water, with a conductivity
of 11.6 mS/m. It was confirmed that the streamerlike discharges
spread from the positive needle electrode toward the ground
cylinder electrode and did not shift to an arc discharge. The
diameter of the discharge area was about 100 mm. Fig. 8 shows
the time dependence of the appearances of the sample water
after a single discharge application. It can be seen that the
colonies of M. aeruginosa cells gradually sank to the bottom
of the discharge chamber. Most of the M. aeruginosa colonies
arrived at the bottom after about 2 h. The temperature of the
sample water did not change during the experiment.
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Fig. 8. Time dependence of the sample water after applying discharge.
(a) 30 min. after discharge; (b) 60 min. after discharge; (c) 120 min. after
discharge; (d) 120 min. after discharge.

Fig. 9. M. aeruginosa cells appearances after applying discharge. (a) Color
appearance of the cells; (b) Single cell appearance.

Fig. 10. Cultured M. aeruginosa cells with and without applying discharge.
(a) and (b) Appearances of the cultured cells at the very moment when the cells
were put in the medium. (c) and (d) Appearances of the cultured cells after
one week, where “A” means after applying discharge and “B” means without
applying discharge.

B. Diagnosis of M. aeruginosa

In order to diagnose, a part of the discharge-treated M. aerug-
inosa cells were collected from the bottom of the discharge
chamber, and the microscopical observation was carried out.
Fig. 9 shows the bright-vision photomicrographs [Fig. 9(a) with
×400 magnification and Fig. 9(b) with ×1000 magnification].
In the result of the comparison of Fig. 3 with Fig. 9, it can be
seen that the GVs in the M. aeruginosa cells disappeared after
applying discharge because GVs were collapsed by the pulsed
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streamer discharge. At the same time, the M. aeruginosa cells
with and without applying discharge were cultured in 24 ◦C
BG-11 medium, with shaking and 24-h fluorescent shining,
respectively. Fig. 10(a) and (b) shows the appearances of the
discharge chamber at the very moment when the cells were put
in the cultured medium. Fig. 10(c) and (d) shows the appear-
ances of the cultured cells after one week, where “A” means
with applying discharge and “B” means without applying dis-
charge. It was observed that M. aeruginosa cells, after applying
discharge, have changed color from green to yellow after one
week. It can be said that the cells were killed and became rotten.
In contrast, the cells, without applying discharge, were still
living after one week. There are two possible reasons of the
death of the M. aeruginosa cells after discharge. One is the
streamer discharge, which led to the death of the cells. The
other one is the discharge which weakened the cells, and the
cells were catabolized by other bacteria or plankton in the
sample water.

C. Discussion

It is well known that the pulsed streamerlike discharge in
water can cause four physical phenomena such as the intense
discharge current from the needle electrode to the ground, the
free radical formation in the plasma, the ultraviolet radiation,
and the shockwave generation [6]. The main impact factors in
the M. aeruginosa treatment experiment should be considered.
In this paper, a single streamer discharge was applied to the
discharge chamber filled with sample water. It is obvious from
Fig. 7 that the discharge did not spread to the entire space
of the discharge chamber. The free radicals formation, such
as OH−, H−, O−, and HO−

2 , were considered to cause effect
insignificantly. Because these radicals are formed by high-
energy state electrons in the streamer head, at the same time,
they can form product molecules H2 and H2O2 or reform water.
Therefore, these radicals cannot diffuse far away in the water
column, and the UV radiation did not seem to play a role
either. As a matter of fact, the method using UV radiation to
eliminate bacteria from algal cultures has been reported [9].
Therefore, free radicals formation and ultraviolet radiation was
not considered as the main factors in this paper. As a conclu-
sion, the shockwave and discharge current due to the pulsed
streamerlike discharge in water are the effective factors for the
GVs collapsed, and the M. aeruginosa cells sank to the bottom
of the discharge chamber.

IV. CONCLUSION

The effects of the pulsed streamerlike discharge in water on
M. aeruginosa cells from the Hikawa Dam, Kumamoto, Japan
were described in this paper. The following conclusions have
been deduced.

1) After applying a single discharge, almost all the M.
aeruginosa cells sank to the bottom of the discharge
chamber since the GVs of the cells collapsed.

2) By comparison of the M. aeruginosa cells with and with-
out applying discharge, which were cultured in BG-11

medium, respectively, the death of the cells after applying
discharge was observed.

3) There exists a possibility that the pulsed streamerlike dis-
charge will become one of effective options for cyanobac-
teria blooms treatment.
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