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Abstract - This study aimed to investigate the effects of ultrasonic wave on colonial changes of
Microcystis sp. causing water-bloom. The effects of frequency change and exposure time of
ultrasonic wave on Microcystis sp. were also perceived by measuring the concentration of
chlorophyll-a. The concentrations of chlorophyll-a showed a decreasing tendency in all experi-
mental groups exposed to ultrasonic waves, especially the highest decrease at 70 kHz. Before
exposed to ultrasonic wave, single cells of Microcystis sp. were observed in a form of colonies which
wer e densely accumulated onto their mucilage layer. However, after one hour exposureto 70kHz
ultrasonic wave, the bonds of colonies were weakened and single cells were separated from the
colonies. Moreover, the single cells of the colony wer e destroyed with the 5 hour exposure time at
70kHz. As aresult, we proposed that the frequency strength and the exposur e time of ultrasonic
wave might have effects in decrease of biomass of blue-green algae by reducing the concentration
of chlorophyll-a, thereby changing and destroying forms of Microcystis sp. colonies.
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Pungcheonmyeun,
Andong city

Hahoe folk village

Fig. 1. Sampling site map for the survey of water quality and phytoplankton in the Sosan agricultural reservoir in Pungcheonmyeun, Andong

city, Gyeongsangbukdo.
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Fig. 2. A: The ultrasonic wave generating machine and the vibrant plates. The output power of the main body comesto 1.2W and each of the
four vibrant plate generates a frequency of 45kHz, 50kHz, 70kHz and 90kHz. B: Actual experimental view.
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Fig. 3. Fluctuation of Microcystis aeruginosa standing crop collect-
ed in Sosan agricultural reservoir from July to August in
2009.
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Fig. 4. Remaining efficiency of chlorophyll-a according to the exposure time and intensity of ultrasonic wave(control, 45kHz, 50kHz, 70kHz
and 90 kHz). The figures were provided as percentages by calculating the concentrations of chlorophyll-a before and after ultrasonic
wave exposure. Each value represents the mean S.D. of 5 experiments. *p< 0.05 indicate significant difference between the control

group and experimental group.
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Fig. 5. Disassembled Microcystis sp. colony by ultrasonic wave (70 kHz) on the basis of time. A: Small cells in Microcystis sp. colony are
distributed in the slime layer of gelatin for O hr (Control), B: Cellsin the colony are dispersed densely. The arrow in the cellsindicates
detached cells from the colony for 1 hr, C: Gas vesicles are destroyed and the colonies are shown in gray for 2hr, D: Gray cells which
are detached from the colony are shown in opague white for 3 hr. Scale bar=50 um.
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Fig. 6. The scanning electron microscopic observation of Microcy-
stis sp. colonies destroyed by 70 kHz ultrasonic wave. A:
Control group of Microcystis sp. Colony (arrow: normal
cells), B: Experimental group of Microcystis sp. colony ex-
posed to ultrasonic wave for 5 hr (arrow: destroyed cells by
exposed to ultrasonic wave), Scale bar=10.0 um.
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Fig. 7. The living phytoplankton and zooplankton around the destroyed cyanobacteria after applying 70 kHz ultrasonic wave are observed.
Square blocksin A and C are enlarged arrow parts. A: The arrow indicates Scenedesmus sp. of phytoplankton, B: The arrow indicates
Entosiphon sp. of zooplankton, C: The arrow indicates Trachelomonas sp. of phytoplankton, D: The arrow indicates Litonotus sp. of
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Effects of Low Powered Ultrasonic Wave Exposure on Microcystis sp. 119

cystissp.2] Ml Zoll = 7kAaszIb MEZ el Q13 ol
wretatel el o) ¢ TFEA ghow (Viswretal
2005) & A7 Bk 23948 24} AE Wl Ax
o] 53 glo] ZAE AAATAL, HelA7He] Ao
155 Az BHAA AZ W §71829) S50
Z7)alg . od#A ¢l (Tiehmet al. 2001). & o F-of| A
& 2&3} xg]= Microcystis sp.7} A 2 H-E] /H]i?—
AT Al ZEe] g2 Az W §71E830 4&

S7HAA 2719k Hello| WS §1387] o el %—g
A ﬂ"/}"i/l ol AAg 7hssiA & Aoz AAH
o 2538 AR A5 7 S 2ot FA A A&
o] oftre] FAZRE Helxq Ugtom, MEES 3
7F A AY AR f4de] HFH . aebA
3= =F 274 279 ©Ee] F2 dejun] A
o] Z¥gtel whet 7t deot: Aoz FlE .

J

L

[

S

4 2837} 78 5 - N84 SRAEA WAL 9%
],

237} Microcystis sp. ¢Jo] o2 43 n|AlAY B
e Fohur) Slste] T0kHz) 2398 5 -
A IR AR Bde A7 A3 AEA F
B9l =x%57F Scenedesmus sp.&} =8} Trache
lomonas sp. 2 24 Za+=E9) Entosiphon sp.¢} Lito-
notussp.2] efA W3 2 $EAo) oS nx|x| 9k
o} Microcystissp. £loll o+2 4% AP Eoll= A A
ol oJEFE —r?<1 *e Aoz vehdu(Fig. 7). 7189 o

2538 o 43 FxFeo AR A A

=3} chlorophyll-az} =e18}A ZHAsla,
P ET ¥ W] Meldo=z 7ZrA4aEvhy
alt}(Ahnetal 2003) Ko et al. (2006)-& 222
Fof| A 283} Ao W AEZgT
A A H wAE AR A3 GAFS 3~224,

mm

N il
TR
o g m
run .

rkN

&l

¢

oft mp PN 1o 4r ap Hoo2 -
P ﬁ
¥
:{m
2
X
o
©
-
@
o
bt
lo
o,
o
3&
)
m{n fof =4

RGN
o Awna 2% ool W
o2 Az 138

3 2 A AH-E AEYE 259 AX 9 s 43
o] 717)elmz 43 FdLAA A AeA] MR
Zkeel] 4 e AAE AAEFAY HE AP =2F
2ptehS AX g F 4 le] AR5 dA|she] od 3t
o 71719 &4l m§ SdHE Aoz rYEd
wabr] 2 d3 A48k 70kHze] =-&3}= Microcystis

. 2] A A Az FeiH wske oplstel
AR AL AL 318 ol m2E 2
sl 279 A|A EEAHoz Aed oML A4

3z Qe

H 9

AT 257 Fued = 4
o o 7]= Microcystis sp.2] FAol| n]x|= 33}
Buak sielek 24 24 AH W] w2 e dx2A
(Cyanophyceae) 2l
99.5%% zHAIstdet. 2292 %01] Eﬁ}% =z 79
chlorophyll-a 355 BEAsE™H xZA|7to] Zo]z
et Gapgez zrasiglen, 538 70kHze| Fb4
FelAM =z AEe] AEzide T3 AEF] 7t
A et ¥ a4 Aoz FAE U 283}
»2%7] A Microcystis sp.= SHHZ7} HNA B4
zgaHA ge] gle 2A9 ez A= o 70kHz
285} x%% ¥ Microcystissp.2] 4] ZA&o] oF
3 Azrt ZA A "elA Whs Aoz vehg
o} wal 2o 2. ARA ZapmEe] A w3}
o}

SRR gl 4 £3 T gEls

g ARe] SEEAE

m[m

= 3isleh oty

MEE FIANA 2

H .
T v %5
Z%2-3}= Microcystis sp.2]
- ,
o
=

oz
Kl
Mo
rok

Ahn CY, MH Park, SH Joung, HS Kim, KY Jang and HM Oh.
2003. Growth inhibition of cyanobacteria by ultrasonic ra-
diation : laboratory and enclosure studies. Environ. Sci.
Technol. 37:3031-3037.

APHA. 2001. Standard methods for the examination of water
and wastewater, American public health association. 21st
eds., APHA-AWWA-WEF. Washington, DC.

Chang BK. 1993. Study on the removal of the algae by the shock



120 Young Mi Park, O Chang Kwon, Jung Won Park, Gyu Young Chung, Jong Eun Lee and Eul Won Seo

and ultrasonic waves. Donga University. Busan, Korea.

Choi IH, SG Kim, HC Kim and SH Kim. 2001. Removal char-
acteristics of microcystins by chlorination. J. of KSEE. 23:
903-910.

Guangming Z, P Zhang, B Wang and H Liu. 2006. Ultrasonic
frequency effects on the removal of Microcystis aeruginosa.
Ultrason. Sonochem. 13:446-450.

Holzinger A and C Liitz. 2006. Algae and UV irradiation :
effects on ultrastructure and related metabolic functions.
Micron 37:190-207.

Hung J, L Wang, N Ren, XL Liu, RF Sun and G Yang. 1997.
Disinfection effect of chlorine dioxide on viruses, algae and
animal planktonsin water. Wat. Res. 31:455-460.

Jeong J. 1993. lllustration of the freshwater algae of Korea. pp.
496. Academiy Publ. Co., Seoul.

Ko SR, CY Ahn, SH Joung, HS Kim and HM Oh. 2006. Change
of phytoplankton community by ultrasonication in eutrophic
ponds. Korean J. Environ. Biol. 24:221-229.

Lee CH, SH Lee and M Okada. 2004. Removal algae and cryp-
tosporidium in drinking water treatment by polysilicato-iron
coagulant. J. of KESS. 26:876-882.

Lee TJ, K Nakano and M Matsumura. 2001. Ultrasonic irradia-
tion for blue green algae bloom control. Environ. Technol.
22:83-390.

Lee YD, El Cho and BK Kang. 2008. Removal of algae in pond

water of golf course by ultrasound. J. Kor. Soc. W. Sci.
Technol. 16:65-72.

Linda EG, M Graham and LW Wilcox. 2009. Algae. pp. 115.
2th eds., Pearson Education. New Y ork.

MaB, Y Chen, H Hao, M Wu, B Wang, H Lv and G Zhang.
2005. Influence of ultrasonic field on microcystins produc-
ed by bloom-forming algae. Colloids and Surfaces B. Bio-
interfaces 41:197-201.

Park HK, SU Cheon, Sl Park, MH Lee and KJ Ryu. 1992. Sea
sonal succession of phytoplankton in some artificial lakes
of Korea. J. KSWPRC. 8:150-158.

Tiehm A, K Nickel, M Zellhorn and U Neis. 2001. Ultrasonic
waste activated sludge disintegration for improving anaer-
obic stahilization. Wat. Res. 35:2003-2009.

Visser PM, BW Idelings, LR Mur and AE Walsby. 2005. The
ecophysiology of the harmful cyanobacterium Microcystis.
Aquat. Ecol. Ser. 3:109-142.

XielL, P Xie, SLi, Htang and H Liu. 2002. The low TN : TP
ratio, a cause or a result of Microcystis blooms? Water
Res. 37:2073-2080.

Received: 3 December 2012
Revised: 29 May 2013
Revision accepted: 29 May 2013



