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Abstract

In recent years, microbes in ballast water destroy the ecosystem and cause damage to the economy. Currently, a
plankton treatment using chemicals have been carried out. However, a problem with this method is secondary
contamination by chemicals. We have investigated the method using pulsed intensity relativistic electron beam (PIREB).
Previous studies indicated that PIREB treats zooplanktons (Artemia). The used method for confirming only survival has
not been able to sufficiently evaluate the degree of inactivation of Artemia. We study to examine the degree of inactivation
by comparing Artemia irradiated with PIREB with those of unirradiated Artemia. As a method of evaluating the activity,
we photographed Artemia motions, and analyzed the video. For the evaluation of activity, the motion amount was
calculated by dividing the image taken by the smartphone camera into a grid and comparing the positions of Artemia for
each frame. A method examined to compare the degree of inactivation of irradiated and non-irradiated Artemia. It is the
method of comparing the grids with increased and decreased numbers of Artemia. Finally, we were able to visualize the
movement of Artemia by using a video analysis program to observe the degree.
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Figure 1: Appearance of ETIGO-III.
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Table 1: Design Values of ETIGO-III (1cell)

Input current 15 kA

Input voltage 670 kV

Output current 5kA

Output voltage 2 MV

Pulse width 50 ns (FWHM)
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Figure 2: Irradiation container.

Table 2: Irradiation Condition

Charge set voltage 26 kV
Gap switch pressure 1.2 kg/cm?
Main switch pressure 0.3 kg/cm?
Pre-pulse switch pressure 0.1 kg/cm?
Trigger Pulsar 6 kV
Capacitor charging voltage for 600 V

guide magnetic field

4 MV (cell2 BERERR)

Accumulated output voltage
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Figure 3: Clipped image of the captured video (right is
enlarged image).
3. EMEMFAEDRE
3.1 FHli T EEORES

AIFGETIL, TATIT OBEZE, HHXBEDOT VT
T O A —ERRIZ LI T 5L T, R T L 5E
L. £, BEAAEE DO REZOMEF RIS E
T5. WIZ, BRTHIA~DERFNOTVTITRT
VT IT DRI RS - DBE T N, DO —EREH
HBOATDEIEFNOT NVTITRTIVTIT DML
Tk DOEEIIT R, T 52 TTAVTIT O
B OFHM AR E L7z

R T VT IT DI U AE - LI LTk D3
EIET D IEERTIL. ZOFIETET ATIT R
HINUT K1 DB ET VT IT DI LTk 0D 7%
ERDHIET—IENLSBEL THRKROIEEE D &
WEFEHESI CLEIZEEBAS TENTED.
3.2 BYEMRATIRFOFRRLLEE LA AR

B LT BB OfFNT I 1T 2 VT To7-. )
BT 23 DB Yy — L O — 5y NT AV TIT)E
S ARSEIR VDTN D EE 72 o7z FRUEIZ L D2 —
b ) A XD R B DAL Fig. 4 1T
(1) (2)3)

1
T—%—%vt

=
AL

0 10 20 30 40 50 ®O 70 :SU 90 100
s H

Figure 4: Changes in the detection frequency by the
similarity.
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Figure 5: Typical image of video analysis result.

A ElHR S UT-BE 25 7 VT 7 ONLE O BN I
iPhone DWW AT TH /3 THHIENMER TETz., —
5, KEOK I UTNLEET VTIT NERDHZETHD
WL oo 22 bR E D /AR X DR 7 2R
FAELTT20, BT IE R OB FIEOUEEN VT
HOHTELMER TET.

4. HE&

K SCTIET T ITNENE BB L %8R
BZETRIE L DREEFAN T2 kAR5 L%
AEgE U7, B G EIR T AT I 7 D U786 LR
DU D& BT D HiEEmRTIL, 7ur/ 0%
HAWTHRE LB B O 21T o 7. &I\ o
B R ORI T LV TIT OB EARE LT 5280
T&z, — 0, =7y NEBIOREE R LD EER
1B R O I BN M B T LR T& 7=,

PASJ2020 THPP11

S5 3

[1] http://globallast.imo.org

[2] Yasutada SUZUKI, "/XTANKOLLER K OV AT F714", Bull.
Soc. Sea Water Sci., Jpn., 70, 20-27(2016).

[3] Hironobu KONDO, Hiroki TAKEHARA, Takashi
KIKUCHI, Toru SASAKI, Go IMADA and Nob. HARADA,
"Demonstration for Inactivation of Zooplankton by
Irradiation with a Pulsed Intense Relativistic Electron Beam",
Plasma Fusion Res. 5, 036 (2010).

[4] Takahiro Kazetoh, Kazumasa Takahashi, Toru Sasaki,
Takashi Kikuchi, Nob. Harada, Go Imada, “Incubation Rate
of Zooplankton Egg after Irradiation of Pulsed Intense
Relativistic Electron Beam”, IEEJ Transactions on
Fundamentals and Materials, Vol.135 No.6 pp.355-356
(2015).

[5] Kenta Shoji, Kazumasa Takahashi, Toru Sasaki, Takashi
Kikuchi, Nob. Harada, and Go Imada, “Hatchability of
Zooplankton Egg in Water after Irradiation with Pulsed
Intense Relativistic Electron Beam”, IEEJ Transactions on
Electrical and Electronic Engineering, Vol.12, No.S2 (2017)
pp-S127-S128.

[6] A. Tokuchi et al., Proc. 12th Intl'l Conf. High Power Particle
Beams, Vol.1 (1998) pp.175-178.

[7] http://plankton.image.coocan.jp/Crustaceal-2-011-1.html

[8] http://plankton.image.coocan.jp/Crustaceal-2-011.html

[9] https://www.classnk.or.jp/hp/pdf/activities/statutory/balla
stwater/unyo/seibutubunseki_rev2_2010.pdf

471 -



	1. 序論
	2. パルス大強度相対論的電子ビーム照射
	2.1 使用設備
	2.2 照射対象
	2.3 照射実験方法
	2.4 動画撮影

	3. 活性度解析方法の検討
	3.1 評価方法の検討
	3.2 動画解析時の類似度と検出頻度
	3.3 動画解析結果

	4. 結論
	参考文献

