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ABSTRACT : This study was carried out to assess the feasibility of the electron beam irradiation as a mean of red tide control
in coastal water. Prorocentrum minimum, Prorocentrum micans, Cochlodinium polykrikoides, Heterosigma akashiwo,
Alexnadrium catenella were selected and cultured for experiments, and red tide occurring in Tongyeong(2007. 8. 15) was also
tested under the same conditions. The irradiation dose were 1 kGy, 2 kGy, 4 kGy and 8 kGy. The result showed 50~65%
extinction in red tide cells was observed right after irradiation dose of 1 kGy and 86~97% within 1 day after irradiation,
compared with control. Chlorophyll-a concentration of red tide was reduced by 50~64% immediately and it was drastically
reduced up to 86~97% 1 day after irradiation. When the culture was irradiated at 1 kGy, 28~47% of s-protein was released
immediately, and 77~138% was released lday after irradiation. 77~212% of s-carbohydrate was excreted after 1 day while
16~45% of s-carbohydrate was excreted immediately. A transmission electron microscope(TEM) observation for the irradiated
red tide revealed that the cell was destroyed and intracellular biopolymeric substance was leached out from the damaged cell
as a result of electron beam irradiation. These results imply that electron beam irradiation is enable to control red tide by
flocculation with extracellular biopolymer. The paralytic shellfish poisoning(PSP) toxin contents produced by Alexandrium
catenella was decreased 48% by 1 kGy of electron beam irradiation compared with the unirradiated cells. As a result, electron
beam irradiation was effective for detoxication as well as destruction of red tide.
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1.M 2 SUald AR Aoyl PBE oF 600iFOR
T P3pARte sjFAP Ho A AlEdhe AR S 1995
Skt Ak oA sfjuitt WAk A2 A ol A 2005W7HA] -2jutete] E-A-daiet AgtoflA 10
ZAES] BYSAl mE W FY Akar AR AAE Wzt visHA| Sdsh= Az A7E EE (Prorocentrum
9] AL 735 slaL d|F o vl 7o) tiFF HAE 4o minimum, Prorocentrum micans, Heterosigma akashiwo,
#A AT o]B2xYe] &ALl e Tt 19954 HHAY Cochlodinium polykrikoides, Alexandrium catenella) 5
3 34 AZ(Harmful Algal Bloom; HAB):= 7649 949] %8 Agthy Az Agetairt” Ea & Aol A4
Fdf gafs dRen, 1 ool s o5d WA= Az7F ARt e 5 4oi2007. 8. 15)2] FHAIRE A
Fralld Aol o3t well= A& E ofgie), 2007 337 Foto] AA 2=AF ARS Al3YSHATL C. polykrokoides
o Hzsh wAstel 1159 Aol sk sz Qe L ol2A Seluet Azuslel 2o ABE vIF, Ao
AR oA A2=E FAISH] Hsl 71 wol ARg-skar Ui SR e A2E dov|= Fog dTA glon, o
OM= e FEAEolT: Teu FEAELE 2RAA & 99 ARk 22 B} kS He] WSk FOE 1 F A,
28 Z3A7]7] Y5 FAIZ Q] HHEe] FYER] ke catenella+= UH]A 3= (Paralytic Shellfish Poisoning,
Apejoln, AmE FEL W Austi AAYE £} PSP)S Aok BHS AW Hzoltk
AAE Wrlste] thAzZE el BHEe] ojs) AA ARl 2 AN P minimum, P, micanst= A&t Say
Aotz 4 Sl B0l BEE o2 WEAT gt o] AESol AR AT RIGton], H akashiwol:
of U AzksiNE Rgst % H2BAS Aolaty]) 91g RAskm nARFLANM, ¢ polykrikoidest
ch2bEel @k AAET Gl shed] A7, A AStelA, A catencllat P7he: 1&112200(@4
B, BEWALE, HRAAL Zeotlod) A, HIAAZH  BATHStE FAstuolA Zhz Boke o} A4 ol
A o, 1Bk AesTA| of, AEAEA =LY, vieFshiet, viFHS S5 GF/F(0.7 um) = 22} oL
AAEES o] &sh= WilEe] AEaL Qlok ARt A=
7HA] 7EhE A ZzA|o]7]4e] HREL ZFA|oo FEZAO Table 1. Recipe of /2—si media®”
= AU Qoo 0 F OE F4A0 BARES S| Y2 medum
S Z] pals AE];?)]O]E]'. Rz Al AxdALS 2 Quantity Compound Stock solution Molal;-colncen;anon "
Inal meadium
2} FoER o] TSR] QoA w2 T 4]A] 257 9l & 1 mL NaNOs 75 g/L” H:0 8.83x107 M
ZEPAS gyt o &2 AR 4= Q)= 7| o] A5 & 1mL  NaH:POsH.0 5 g/L”" H,0 3.63X107° M
:rLELTL %E}— L /2 tralce metal B _
solution
2 AT AL A RAF TS WA F 2o 3 Vs st
= 0.5 mL - -
U] ARG ZAFTe] 2z0] AEBS whalho 24 ° ™ solution
HAzE Z_sz_iii /\].tgj\]yé S 9\)1\_0_134 Extracellular f/2 trace metal solution
N Mol tration i
Biopolymer?] &= %%9] Bioflocculations =TS Quantity ~ Compound  Stock solution oa:'::ln;eend'ran:on "
I u
20 H2E 7t AT = QU o]2H HA] RAE F 315 g  FeClyBH:0 - 1x107 M
o 250) Z2Hol A5HQ ZRAA EHE B ¢ 43 NaEDTAO - 110 M
o meld B oATlolA AP 2Al] o3t Az 1 mL CuS045H,0 9.8 g/L7" H:0 4%x107% M
. ) N tmL NaMoOs2H0 6.3 g/L” H.0 3x10° M
Mechanism=r 7838k, HAH] AL SRS A Z2A40)7]= 1mL ZnSOs7TH:0  22.0 g/L” H:0 8x10° M
2R E9lsto] doksfd o]l AxAAS W=l aufAo g 1 mL CoCly6H:20 10.0 g/L”" H:0 5X107% M
AR &= Q= 7L el 7]2 AT E2lo] Q) 1 mL MnClz4H:0  180.0 g/L”" H:0 9X107 M
f/2 vitamin solution
Molar concentration in
Quantity Compound Stock solution . .
final medium
2 AEI§ IHE =] Ho“é" 1 mL vitamin By 1.0 g/L”" H0 1107 M
10 mL Biotin 0.1 g/L”" H0 2X107° M
200 mL Thiamine - HCI - 3x107 M
2.1, Heltfd Mg M 2 Y
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Table 2. Recipe of SW Il media

Quantity Compound Stock Solution
1 mL KNOs3 72 g/L-dH.0
1 mL KH2PO4 4.5 g/1L-dH0

1.05 mL Naz—glycerophosphate 10.5 g/1L-dH.0
1 mL Fe—EDTA 0.5 g/1L-dH20
10 mL Vitamin MIX | -

19 Tris—HCI 19

10 mL Soil extract 10 mL

PH 7.8~8.0
Distilled water 100 mL
Thiamin HCI 1 mg
Vitamin MIX |
Biotin 10 ug
V12 2 g
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Aol kg 4 Qi FAS WEAES G2 F A
ol €8 H¥ ¥E 10 m/min®] £EE b [ o]
AP WS o83ttt AN Al ARE
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3 AT} AZA O] ZAAIZRE OF 50~80 mLL 120 ZA}
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ApdstA "o Axe ARt udEn g9e dEs
(Chlorophyl)E 7}A|aL Qlo] B3HdS & %
ZAR] ZAF A-29] Chlorophyll®] s H3lE E3) AAH]
A AtE IHdA o R o 4= Qlrk whEba] 2 AgtoA
= Az AMHaES B7ksh] Qg W
5 Ash= W Chlorophyll-a's =5 5745t %
Al o] JEA Aol ot A9 AFEES HrIske
Hs o]-8stleh, T3 AR 2AF £ A 20 P
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AR A o3t HzAjolo] Alxuties Hrlsh]
A3ked C polykrikoidesoll Wit HAR]S ZASIA] Q52
A 2ot AAE AR 25 o2 AR 2AF S
o] HzxAxze] FejHsE FHAFAR] % (Transmission
Electron Micoroscope, TEM, JEOL Ltd, JEM-1010
Model)& ©]-85to] THsERITt,
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= Al227F WS SHAY ArdEA o] EUshHA 1= <l
3l Extracellular Polymeric Substance(EPS)7} &H]%c},

EPSSH AlZ7} BATARY HejE Bo) MEShe ciAEE
2 FE OggRIE o|Fofd FFARE Polysaccharides,
Nucleic Acids, Protein 522 FLAEICH o] EPS+= A|3E7H
9] ol ATk 3O 2K Bacteria AZE 0]F0]Z] Floc
Sl 11 Bactreia A|ZE A2 BEXEE 3}o] Floc A
profolsl, HES Z7MA71E 2102 Qe oot 1Al
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3 WA 1A Asiet AbEE Hzold Hulme
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carbohydrate, SOCD 52 HA35}4cl S— carbohydrate
42 Anthron Method& AME-8F$al, S—protein £4-2
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2.5, ZIX{ ZAfol
2z0] ojgh offie] HA|TE e weke Sa
9] 0|5 obhr] B2 W2 AA} B opiet S5 4
zol offt FEAE 5 4 Atk FEAZAE] ANl
FFRTR] BAS o7l BABAS M4 ofsRol:
AL 4 gFort ol AT S FEAA 3
A= ot o] HEEN= vhhl/dullE(Paralytic Shellfish
Poisoning;PSP), A73A #W]%(Neurotoxic Shellfish
Poisoning;NSP), 7|9AMAIA] 3% (Amnesic Shellfish
Poisoning;ASP), AAM 3% (Diarrhetic Shellfish
Poisoning;DSP), A]Gtold|2H(Ciguatera)s= thAl 71| 27
7} Qitk, Y HAtol| M= E3| Alexandrium catenella$f
Alexandrium tamarense?t viB)/d 17535 dov|l= 5
£ A9l E= Fole uh olek” mhulguje et 84
) A= R 2R AUolA UEF Adel tiet ol

Asfisto] Aat Aol A At ] S48 4o
e Sobd 247 4FSAS W bk b g
Q1 S/ A ol A7 =2 mh] Bl Hu| e} e,
AL, A e e e8] o
oA "k olgdt whhlg wiEe
STX(Saxitoxin) SRFE-S F 31 Sle21e]y Toplo
2 F E4F o|FaL 207) oY sltEE FAE] Qlch
EAo] AAoE =2 Carbamate] E4[Gonyautoxin
(GTX;-4), Saxitoxin(STX), NeoSaxitoxin (neoSTX)]%} =
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T Eae Y8 =35 Oshimaw =2 HE A4k

on), BH REEL R Ao ANkt

E
o fo

—

Kl
]

3. Zut &

3.1, X

z719] Az HAlee Ax T ST
o2 A2 A A T8 AFEES 55 BT vl
gh APEES HRIHh 1 kGyY WS 2ARE A9
50~60%2] APE-&2 VeI oY, 2 kGy FA} Al 60~68%,
4 kGy2} 8 kGy A} Al 242+ 69~78%, 73~88% AFESHRL
o Ad 599 I A= C polykrikoides ERE 27|
3,000 cell/mLof|A] 1 kGy2] HAPE ZAFFO 24 49%7}
Z7} APEBIAIL, 54%, 62%, T0%% ZAPAEER 22120
2 APEE0] F7FH3HE Chlorophyll-a®] F=5 #4151
23 Fig. 1.0 Yepd A} o] 27| Chlorophyll-a] &
T 1 kGy9] ARPHLE RARICEZH] AR AL FA|
50~65%7} 7445l 122~151 ug/Lof Al 49~69 ug/L HE
O] FE=E YERlH, 12]al 2 kGy o] MRS AR 7
Q= 58~T3%%] TAES HPOHW, 4 kGy RAF A=
62~81%, 8 kGy A} A] 69~89%2] A8 W) 5%
o] A% % 74 & Chlorophyll-a #4482 H3l F2 C
polykrikoides®, 73'g 42 AR A 1 kGy2] AR}
W ZAF A] 60%2] TAES HYA, 2 kGy RA} Al 63%,
4 kGy ZA} A] 75%, 8 kGy ZA} A] 83%2] 7hAe-L Kol
= C polykrikoides WY A| Hrh= WoL; 79| H|S=%t
Felg gavt AS & 5 Utk 53] O polykrikoidest=
AA fevEtolA Edste] B2 vsiE = FoidER
Al AR O] A2 A8 Al & aE 7E 5 QL
= Aos AlrErl 2Pl AR 2AR S AufeFeHA
A/ AR A %9] APEET} Chlorophyll-a®] %+ 1 kGy &
Al 2ARE Ao A9 1d A F AzAEESS

= =1
86~97%, Chlorophyll—a 7482 72~93%71%] Z7}519
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[ Cpolykrikoides
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Irradiation Dose
Fig. 1. Chlorophyll—a reduction in red tides immediately after
electron beam irradiation.
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Sh 212 ARoIL} 1 kGy olHfe] AANS Aol 19
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3.2, TXHY ZAtoll ofgt HME MZOtu|E= LIt

Mo A 24§50 42 Az FoE wu
Fig, 29] AR]E ZAWA] 9k& O polykrikoides(Control)
= AIZEE I e MlEario] F3lo] Al2E A
T glont BAME 2 o] A% ATHo] e
I uE A2 Fo' Ao EEEe] §EH, Al
2o Gog es] G AT Bl BagomA A
o) T Yk Aok

HAP S ZAFBIA 9 Az 2] pH7L 8,1~8,02 o

Qe Lrehiglont 1 kGyo] AAPIE 2ABLES )
pH 7.9~8 82 71459001, el oA A 2
o] Z7atel uel 7hashe A Lreiglot 1 Kol
Aok}, ol AR Aol whE o] wAlEale] ojg 1’
o] ofa Bl Azo] METR QT 4 Fejo] Al A

G50l I3t Ao w ArEH?, pHO| u|gh Wsk= ()
5] Febuo] ot HxAE A7 Ao Amet fAb
6]— pH ?— Mr’]‘.

SCODE %7] 6,8~8.8 mg/LolA] 1 kGy HAM] AL 3
103~137% S7VFRCH, A catenellaz= °F 209%7A] Z
7Fsk), 3 A 2Abo]| g A 29] S—protein®]
£ SIS BT A3 Fig, 304 Bz 21} 20 ZAMIY

2~
T
2

o] Z7}slof| Wt S—protein®] FE7} Z75H92S &
Ak, 1 kGyo] AARE 2R 20~47% 718194,

(a) Control
Fig. 2. TEM observation of C. polykrikoides.

(b) After electron beam irradiation
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kGy ZA} A| 58~T1%, 4 kGy ZA} A] 83~111%, 8 kGy %
AR Al 118~154%2] S7He2 HAom, A RS 451
kGy ZAF A] 41%, 2 kGy ZAF A] 88%, 4 kGy
159%, 8 kGy A} A] 197%7} =715}t S—carbohydrate
= 1 kGy9] AARE ZARICEN P minimumE
11,3 mg/LofA] 12,9 mg/LE, P micanse= %7] 11,9 mg/L
oA 15.9 mg/LE, H akashiwo= %7] 8.8 mg/LoJA]
10.4 mg/LE, C polykrikoides= 9.9 mg/Lo|A 14,2
mg/L=E, A catenella= 27| 7.4 mg/LolA] 9.7 mg/L=Z
Z7V8t0] 212} 16%, 33%, 17%, 45%, 31%2] 27182 Zn}

ZAF A

%z7]

o tha AolE WY T 2 kGye] AAE A
A= P minimum, P micans, H akashiwo, A,

catenella 4&2] 7<% 32~72%2] Z71&-S B Y| v C
A0 119%0] 2 Z/18S HYon 4
kGy ZA} A] 158%, 8 kGy RA} A] 184%2] 27188 Ko
5% & 7P & 7S UEdth @A IEE= 1 kGy
ZA} A 42%, 2 kGy RAF Al 93%, 4 kGy RAMA] 120%, 8
kGy A} A] 145% F7V8F9t}. S—carbohydrate?] 5=

polykrikoides®| 73

200

O P.minimum
OP.micans

160 r ©H. akashiwo
140 | ® C.polykrikoides

180

B A catanella

120w polykrikoides(Tongyeong)

100
80

S-protein release (%)
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Fig. 3. S—protein release(%) of red tides immediately after

electron beam irradiation.
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Fig. 4. S—carbohydrate release(%) of red tides immediately after

electron beam irradiation.

3= Fig. 49} 2t} o|2§t S—protein®} S—carbohydrate
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Extracellular Biopolymer?] ‘&= WH3}E AujE- o 24 Z
Al ZA} & A2 9] Bioflocculation 7]12F §-&= 2 10of w}
£ Az Ao A9 7S BRISk3A Table 3.
oA H= A} o] 1 kGy 2] AAbe AR A5 147F
eSS AL A= 86~9T%7F ASHE AL, 2 kGy
9} 4 kGyE ZAISE 75;].’](_-‘:- 97~100%%2 RE A z7} APEstH
P2 ¢ 4 Uk EZ Chlorophyll-a F%E9] 79 G4
1 kGy 9] AR 2ARE A2 72~93%9] ads B3
. 2 kGy, 4 kGyo AL
76~96%, 84~100%2] A& YE o] 1 kGye A
2% 285 Hxo) Abo] FEE o 4 9tk
ESEEPSS] 7%, S—protein 1 kGy RA} A] 1Y A3}
B 77~138%, 2 kGy A} A] 139~200%, 4 kGy AL Al
146~290% Z7F5FH 01, S—carbohydratew= 1 kGy XA}
AL 77~212%, 2 kGy, 4 kGy A} Al 2+ 113~233%,
228~286%2] =712 HYtt ol=Z4 AxUQ] Extracellular
Biopolymer2] €=9] 23t % %9] Bioflocculation®]] 2]t
Az A7kauts JAE 4= 9lom AlA| AzHIL ZAFSH
£ Jar Testerol| A wykshy 53k A1t Floco] 4]

Z %
2%
| Bge wEd 4 SiHh

X Z29]| Bioflocculation0l| O|X|

oo

=]
=

SRS

u

z}\}@]— 14 % 7k

]
S

1%

3.4, TXHL ZAtofl 2|8t Biotoxin H3t 4

i s} =(PSP)S UO7|&= A catenella®l 1 kGy, 2
KGy, 8 KGy®] HAWS ZASI0] WAL ZAIGA) %
Hze) Stk AP 2ARE 420 BHS E

A48 9 S AR AR vt L AT Fig.5

_% il r{o

Table 3. Temporal variation of parameters for irradiated red tides

Chlorophyli-a S—protein Increase S-—carbohydrate

Extinction Rate )
Irradiation Reduction Rate Rate Increase Rate
Dose  Right Right Right Right
ay ay 1day
after after after

1 kGy 42-52 86-97 42-60 72-93 33-38 77-138 49-86 77-212
2 kGy 46-67 97-99 50-71 76-96 49-89 139-200 90-145 113-233
4 kGy 65-76 99-100 60-87 84-100 57-147 146-290 158-223 228-286
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mol%= 77%, 8 kGyS

Taxe contents (malL)

Y
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. Change in the toxin contents of Alexanarium catenella by

electron beam irradiation.
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