creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

22 25518 o148 A FHEZFY
o154 47

20154 24



154 AT

mH

B

-
E!
1

gl

2

T

2015

ol

N
g

p—

Tor

o

]

20

2015



A Study of Mobility of Benthic
Dinoflagellates Using High-frequency

Ultrasound

Hansoo Kim

(Supervised by Professor Dong-Guk Paeng)

A Thesis submitted in partial fulfillment of the requirement

for degree of Master of Engineering

Department of Ocean System Engineering
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY

2015. 2



LIST OF FIGURES. .......ooi ittt iii
I IO = 7Y = I SR vi
B O e vii
ABSTRACT ...ttt ettt te e enea, viii
Al L A B, 9
L1 AT M7 e 9
1.2 92Ul Fall B2 o 12
1.3 71847 W & AUl 17
LA T A e, 19
A2 O HIZ e 20
2.1 AEZFTAEY B o, 20
2.2 THFZH T1H e 24
A3 BA HPH e, 28
3.1 T & TS S AE 28
311 AxFoR, AxA R g SRS 4 A3 28

312 tpefst wxo] mE FATAE S A 30

3.2 Wt o]l W2 WEE S A 32
3.3 Woll W o]lFA S A e, 33



35

Al 4%

35

.35

411 AZ2FR, A7 K u}

...38

40

43

NI
&o

A

4.2 S3} who] w2 W3l

44

€

IHo

4.3 o] mwE o]

44

431 AA ¢}

.46

53

.. 95



LIST OF FIGURES
Figure 1.1. The damaged dead fish in the aquaculture sites (upper photos) and aerial

photography of the red-tide occurrence in the Ocean (bottom photos) in Korea[22]

Figure 1.2. The red-tide occurrence regions in the South Sea and the East Sea of Korea (1994

— 2005)[22] ... 15
Figure 2.1. Microscopic photos of Cochlodinium polykrikoides[34].........cccovvvveeeiiiiiinnnee. 22
Figure 2.2. Microscopic photos of the Amphidinium carterae Hulburt[35] ............c.ccceveee 22

Figure 2.3. Characteristic details of each part of the Amphidinium carterae Hulburt (left)
epicone(skin of the cell), multilobed(lobulation of the shape Ileaf),
chloroplast(part of the photosynthesis), pyrenoid(Bodies in chlorophyll),
nucleus(authority to control in the all activities of the cells)[36], microscopic
view of Amphidinium carterae Hulburt (right) ..........cccooeiiiiiiii e, 23

Figure 2.4. Normalized backscattering cross section as a function of the normalized size, ka.
For the Amphidinium carterae Hulburt, 10 MHz : ka = 0.23, 35 MHz: ka = 0.8,
40 MHz: ka =0.9 (for the Rayleigh scattering, ka < 1.0) ...........ccccvvveeviiiinennn 27

Figure 3.1. Schematic diagram of the experimental system to measure the backscattering
signal using a high-frequency ultrasound transducer from the Amphidinium
CArErag HUIDUIT .......oooiiiiiee s 31

Figure 3.2. The photos of Amphidinium carterae Hulburt, 50,000 cells/ml (left), 30,000
cells/mi(center), culture medium O cells/mI (right)..........cccoooviiiiiiiiieeiee 31

Figure 3.3. Integrated backscattering power measured in the 250 ml flask containing
Amphidinium carterae Hulburt depending on the parameters of the pulser-
reciever. 1-6 data numbers of the x-axis: Energy 32uJ, Gain 26 dB, 7-12 data

numbers of the x-axis: Energy 8uJ, Gain 54 dB in the water, Amphidinium



carterae Hulburt and under Amphidinium carterae Hulburt.............................. 34
Figure 3.4. Experiments of the vertical (left) and horizontal (right) movement of the
Amphidinium carterae Hulburt in response to the presence or absence of light .. 34
Figure 4.1. Difference of the integrated backscattering power from the 30,000 cells/ml and
50,000 cells/ml of Amphidinium carterae Hulburt using 10, 35, 40 MHz high-
frequency ultrasound traNSAUCETS ........ceeeurrreeiiiiee e e s eee e ernee e 37
Figure 4.2. Integrated backscattering power measured as a function of concentrations of the
Amphidinium carterae Hulburt using a 40 MHz high-frequency ultrasound
transducer (ref. Vrms is freSh Water) ..........ccoeviiiiiiiiiiiiieee e 39
Figure 4.3. Variation of the ultrasound integrated backscattering power as time according to
the day (white background) and the night (dark background) of the Amphidinium
carterae Hulburt using a 40 MHz high-frequency ultrasound transducer (ref.
Vrms 1S frESNWALET) ...cooiiiiiiiie s 42
Figure 4.4. The result of the calculation according to the day (white background) and the
night (dark background) of the volume of the Amphidinium carterae Hulburt in
the 2 flasks USING & MICTOSCOPE ........vveiiiieiiiie et 43
Figure 4.5. The result of the backscattering signal according to the light position, and the day
(white background) and the night (dark background) in horizontal movement of
the Amphidinium carterae Hulburt (the yellow background representing the
opposite light position and the red line illustrating the curve fitting line)........... 45
Figure 4.6. M-mode images of the backscattering signal of the Amphidinium carterae
Hulburt consisting of 100,000 cells/ml using a 40 MHz ultrasound transducer.
Measurement time : 2 seconds in every 2 minutes. (x axis : measured time [s], y
axis : measured depth [MM]) ..o 48

Figure 4.7. (a) M-mode image of the backscattering signal (raw data) (b) The image of the



signal applied the AR spectrum (c) Maximum backscattering power(MBP) per
each signal data (d) The image using a median filter (e) Movement of
Amphidinium carterae Hulburt (f) Moving speed of the Amphidinium carterae
Hulburt (x axis : measured time [s], y axis : measured depth [mm]) .................. 49
Figure 4.8. The results of M-mode image applying the method described in Figure 4.6 to the
data in Figure 4.5 (x axis : measured time [s], y axis : measured depth [mm])....50
Figure 4.9. The results of M-mode image applying the method described in Figure 4.6 to the
backscattering signal of the Amphidinium carterae Hulburt consisting of 80,000
cells/ml under same measurement environments (X axis : measured time [s], y

axis : measured depth [MM]) ......oooiiiiiii 52



LIST OF TABLE
Table 1. Standard of occurrence of the watch appearance, the red-tide advisory and the red-
tide warning in the cells density according to species of the phytoplankton[22] .16
Table 2. The value of gradient according to the day and the night in Figure 4.8 (mm/s) ...... 51

Table 3. The value of gradient according to the day and the night in Figure 4.9 (mm/s) ...... 52

Vi



A5 A
AR Jzwo] gor

AL
o°
T

o
B

il

AR

B

Cochlodinium polykrikoides(C. polykrikoides)= <

—_
o

2

FZ Amphidinium carterae
oAM= AdA oA 40 MHz

=1 o

A

i

}

A4

[e)
57

ol ofddA A=/
Hulburt(A. carterae)”} =&

il

9l

3lo] A, carterae

°]-&

=
=

&3 EWHATFA

Fek} 9] (Integrated

A

5
T

o M=

cells/ml
Backscattering Power, IBP)7} °F 16.5 dB, 44,000 cells/ml o] A

A¥ 333000

85 dB =

ok
=l

| —
.

oy
™

)

_Z__l

]

Hlo
=

oA = 40 MHz

o} #2
oA HEXF A carterae 71 52

= A

g

=
n

0.1 mm/s =

ojy

<
oo
<

iy
o
%o

N

|

il
nf

<
o)

ojo

Vi



ABSTRACT

The importance of phytoplankton which has contributed more than 50 % of the global
amount of photosynthesis is highlighted for a long time, leading to lots of researches. The
red tide phenomenon referring to abnormal growth of phytoplankton in the marine
environment is known to cause damages of the ecosystem and aquaculture around the world.
In the coast of Korea, harmful red tide planktonic dinoflagellates Cochlodinium
polykrikoides (C. polykrikoides) are frequently appeared in summer. In addition, subtropical
toxic microalgae benthic dinoflagellates, Amphidinium carterae Hulburt (A. Carterae) has
been recently observed around Jeju island as the temperature increases due to global
warming. In this paper, the backscattering power from A. carterae was measured using a 40
MHz ultrasound transducer in the laboratory in order to investigate the effects of
concentration and the mobility of the dinoflagellates responding to the light. The integrated
backscattering power (IBP) from the concentration of 333,000 cells/ml was measured to
about 16.5 dB, while the one from 44,000 cells/ml was about 8.5 dB. An 8 dB decrease of
IBP was inferred from about 85% reduced concentration of A. Carterae. In addition, the
analysis of M-mode images from A. Carterae in respond to light showed the motion of A.
Carterae toward the light. The mobility of the dinoflagellates, A. carterae, in response to
light from the M-mode images was estimated to about 0.4 mm/s for the vertical movement in
a light environment, while it was to be about 0.1 mm/s in a dark environment. In this paper,
we measured the 40 MHz ultrasound backscatter power from dinoflagellates, A. carterae,
and showed the possibility of the estimation of their concentration by measurement of IBP in
the laboratory. The mobility of the dinoflagellates in response to light was also estimated by
M-mode ultrasound imaging. These results may be used as the basis of research on the

phytoplankton by using the ultrasound.

viii
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Figure 1.1. The damaged dead fish in the aquaculture sites (upper photos) and aerial
photography of the red-tide occurrence in the Ocean (bottom photos) in Korea[22]
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Figure 1.2. The red-tide occurrence regions in the South Sea and the East Sea of Korea (1994
—2005)[22]
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A1 %

Table 1. Standard of occurrence of the watch appearance, the red-tide advisory and the red-

tide warning in the cells density according to species of the phytoplankton[22]

T TR AZAYE LUX (cell/ml)

HEZERF
Wb 2~5km | chattonellaspp. 2,500 ©] %
olu el <=1l | cochlodinium polykrikoides 100 °]4
e A LS | Gymnodiumsp. 500 ©]%¢
ToIH oIl &7k | Karenia mikimotoi 1,000 ©]%F
o2 o 71 et HEXRH 30,000 ¢4
TR 50,000 ©]7¢
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Figure 2.1. Microscopic photos of Cochlodinium polykrikoides[34]

http://dinos.anesc. u-tokyo.ac. jp/atlas_ver1_5/main/gymnodiniales. html

Ventral view

Right lateral view 1 Right lateral view 2

Figure 2.2. Microscopic photos of the Amphidinium carterae Hulburt[35]
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epicone
multilobed
chloroplast

pyrenoid

nucleus

Figure 2.3. Characteristic details of each part of the Amphidinium carterae Hulburt (left)

epicone(skin of the cell), multilobed(lobulation of the shape leaf), chloroplast(part of the
photosynthesis), pyrenoid(Bodies in chlorophyll), nucleus(authority to control in the all
activities of the cells)[36], microscopic view of Amphidinium carterae Hulburt (right)
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Figure 2.4. Normalized backscattering cross section as a function of the normalized size, ka.
For the Amphidinium carterae Hulburt, 10 MHz : ka = 0.23, 35 MHz: ka = 0.8, 40 MHz:
ka = 0.9 (for the Rayleigh scattering, ka < 1.0)
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Figure 3.1. Schematic diagram of the experimental system to measure the backscattering
signal using a high-frequency ultrasound transducer from the Amphidinium carterae Hulburt

Figure 3.2. The photos of Amphidinium carterae Hulburt, 50,000 cells/ml (left), 30,000

cells/mi(center), culture medium 0 cells/ml (right)
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Phytoplankton Backscattering Signal
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Figure 3.3. Integrated backscattering power measured in the 250 ml flask containing

Amphidinium carterae Hulburt depending on the parameters of the pulser-reciever. 1-6 data

numbers of the x-axis: Energy 32uJ, Gain 26 dB, 7-12 data numbers of the x-axis: Energy

8uJ, Gain 54 dB in the water, Amphidinium carterae Hulburt and under Amphidinium

carterae Hulburt

Figure 3.4. Experiments of the vertical (left) and horizontal (right) movement of the

Amphidinium carterae Hulburt in response to the presence or absence of light
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A. carterae IBP of 10, 35, 40 MHz
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Figure 4.1. Difference of the integrated backscattering power from the 30,000 cells/ml and
50,000 cells/ml of Amphidinium carterae Hulburt using 10, 35, 40 MHz high-frequency

ultrasound transducers
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Figure 4.2. Integrated backscattering power measured as a function of concentrations of the
Amphidinium carterae Hulburt using a 40 MHz high-frequency ultrasound transducer

(ref. Vs is fresh water)
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Phytoplankton Backscattering Signal
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Figure 4.3. Variation of the ultrasound integrated backscattering power as time according to
the day (white background) and the night (dark background) of the Amphidinium carterae
Hulburt using a 40 MHz high-frequency ultrasound transducer (ref. V,.,s is fresh water)
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Phytoplankton Backscattering Signal
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Figure 4.5. The result of the backscattering signal according to the light position, and the day
(white background) and the night (dark background) in horizontal movement of the
Amphidinium carterae Hulburt (the yellow background representing the opposite light
position and the red line illustrating the curve fitting line)
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Figure 4.6. M-mode images of the backscattering signal of the Amphidinium carterae
Hulburt consisting of 100,000 cells/ml using a 40 MHz ultrasound transducer. Measurement
time : 2 seconds in every 2 minutes. (x axis : measured time [s], y axis : measured depth
[mm])
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Figure 4.7. (a) M-mode image of the backscattering signal (raw data) (b) The image of the

signal applied the AR spectrum (c) Maximum backscattering power(MBP) per each signal

data (d) The image using a median filter (e) Movement of Amphidinium carterae Hulburt (f)

Moving speed of the Amphidinium carterae Hulburt (x axis : measured time [s], y axis :

measured depth [mm])
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Figure 4.8. The results of M-mode image applying the method described in Figure 4.6 to the
data in Figure 4.5 (x axis : measured time [s], y axis : measured depth [mm])
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28T | 4EF | 6EF | 8EF | 10EF B
olS 374 | -0.086 -0.121 -0.068 -0.105 -0.176 -0.111
| LT | 0.067 0.849 0.364 0.613 0.520 0.483
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Figure 4.9. The results of M-mode image applying the method described in Figure 4.6 to the
backscattering signal of the Amphidinium carterae Hulburt consisting of 80,000 cells/ml
under same measurement environments (x axis : measured time [s], y axis : measured depth

[mm])

Table 3. The value of gradient according to the day and the night in Figure 4.9 (mm/s)

2EF 4EF 6 &% B
ol 37 -0.184 -0.123 -0.111 -0.139
W 374 0.247 0.397 0.549 0.398
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