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Effects of Optical Characteristics on the Growth of Benthic Microalga,
Nitzschia sp. and Its Growth Kinetics of Phosphate for Bioremediation
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oAzl o3t WEA 848 shedS Agsl] AN Nitzschia sp AT SEAF)E o831,
Al WIXE 25 Y sge] ) ik A BEE A3E skt e wETo] 2= 0] 830 A
A(450 nm), 34590 nm), A (650 nm) T2 T BHEE o] L3 Brupgo|gint, HAubdelA Nitzschia sp.o]
e T E sgE; 9kot, 100 umol photons m? s 0|4 kel FANFLE BT Eulagela
5 2 33100 pmol photons m? s'olh)ellx] HdMEUE7} Zadhe d4to] vl MRt H4at
o] BAER1)l SFshs A 4-10 mol™, B2 we} sl ek 4 m)o] 53] Wsheh wEkA &
WS BY 7 AE 48 Ak 2oz narh, AEYs A uet 58 o AYAdses 9%
ARE, REESPIF(Kys 2 2ol7h §lSIc) K TR 254 uA|2F9) Hlaste] ok, & QAME 8¢l A8l Sl
o, AEdl 19 FHa o] w& AR BT uE A5 ST FAEHE B AT 5y
FARIC 23 Nitzschia sp.2] & FXAA Bgs @ A2 s anzom AAS & g 20z 1
o, ool w} WlAkA: FAE AT 4 9lo] MEA sl 443 i o= Azt

To suggest possible to bioremediation by benthic microalgae Nitzschia sp. isolated from the Jinhae Bay, the
studies investigated the effects of light quality and quantity on the growth of Nitzschia sp. and its growth kinet-
ics for phosphate investigated. The Nitzschia sp. was cultured under blue (450 nm), yellow (590 nm) and red
wavelength (650 nm) using light emitting diode (LED) and mixed wavelengths using a fluorescent lamp. The
maximum specific growth rate showed the Nizschia sp. under blue wavelength, although photoinhibition was
observed above 100 pmol m™ s, Mixed wavelengths were also observed by decreasing the maximum cell den-
sity from high irradiances (>100 pmol photons m? s™'). The compensation photon flux density (Iy) calculated
from the mixed wavelengths equated to a depth of 4-10 m in Jinhae Bay, and was lower in the summer season
than the depth due to suspended matter (ca. 4 m). Thus, the suitable depth for maximum growth of Nitzschia
sp. might be extremely limited. In the growth kinetics for phosphate, half-saturation constant (K¢) was similar
among different wavelengths, although the maximum growth rate was varied among different wavelengths.
Because the K, was high than that of the phytoplankton, Nitzschia sp. might have adapted to the high nutrient con-
centrations, and have effective nutrient storage in the cell quota. Thus, Nitzschia sp. may be a useful species for
bioremediation of the benthic layer in polluted inner bays by means of irradiated specific wavelength as blue.
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N 2 Z}A) 8 (Brotas and Catarino, 1995). F-3m|A|ZHFE thi-F-o]
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838 AR AFAAolMe FUAIAFL] 50% oS oA EEE] B vle|edES FAste] HE R AlE
*Corresponding author: yoonyh@chonnam.ac kr © AR A8-(Smith and Underwood, 1988; Paterson, 1989)

205



206 ©M7

ok ohel, A FUTAIL] AMFEAA FoF Ba
do] Foh(Decho, 1990). B&o] HTofl= A2 Hojokst W
a7 FAE i) fte] AN uAAzRFTE o83 A
2737 8H(bioremediation)E Al =3} QTHE. F, 2007; Yamamoto
et al., 2007). Rata o] ofy] 71A] FAHFA 7} 2SR
9] B, sHAlell WAtAS T 0 F ANAYEC] AL AEEY
ol 1d F719] &) EVFssith o] AMAEQ] ApEe-
718 Fsteh Ak 2H1E FXA)7)7] gl Wlibasal= o
% whaE]o], $73018k9] “negative - spiral”o] HAETH AMYE
9 AMAe HEES TTAA ALRE FEEI EA6) AEAH
£ B9 ES AR 98k gt e Wikt &)
AETHA AXRAES] AA o SR Be] B-9o] “potential
spiral” A3k 4= Qlvh(Yamamoto ef al., 2007). 347k g9k
9] 7, w8 478 9 A} 290 A= Vs]
1219, negative - spiralo|*] potential - spiralZ AEAZL 5 Q)
T 4349 873714 diFo] F o3 Ao}, o] sjdo A A
EAlS] 5] 5L ofe] 71R] o] QUAIAIRE, Ak AlAklo] JR|E
AsEs AUz dashe IE8EFQ AxEPgo] g asht,

FUA F2AuNZFHE o] F3 AEE BEF3}) BEsE A
TE 2 5(2007)°] HPTO| = (LED)E o]g-3to] Ao )%
= A o] A AvE REAAZRRE o] AMEH
WA olEE Ao ® AT £ 22008y AUl FU4A
T YT APE B3k, FRvARTIT el Bedk ook
HETH L YRS Aol FFaplel F-9d3td 848 &
HH o7 7PE = 3lS Ao Z 7dEt) 2. 5-(2009¥ Nitzschia
sp.8l 71 F-&Eo] agA A8A] 7] wlEe] AA NS 9
3 o= widst MEE AESAY, LA uke} AAo] &
o2 F2o] wpet FFFIAZ 47182 AEH] 23} @
ArR= Y AR el mRo) E Aow sy

U] i) B mAZRFL AFE EXU AAAAY,
2]3L HPLCE o183 M4 437 2 Aol =8 Hof ot
AEZ 34t dist 78498 F7Rs] Ysid A=Al &)
Aol wet Aot Al duk= Aol sixwt $-Euket
of|x] F-anjdzRe] Ak dole= 9o AFE AF B
IE AskaE AFs Ao}, ek B A= Nizschia
sp.2] =2 A4 o H89S Hrrl] e, RsfutelA
Telsh AFE ol gate] FT vgel whE AP 2 gk
of W& A 59& et}

e Zoof
2oz ol

WELET

H2N[MZESF Nitzschia sp.2| 2212 X[

Nitzschia spaz 20073 7€ 3T A5 A9H(35°'9.43N,
128°47'24.93"E)llA] AZE AAAZZ2E pasteur pipette(ca. ¢
50-100 pm)e ©| &3t 33t 2E HEEs Agas
(Sterivex-GS; 0.22 m filter unit, Millipore, MA US)|l 4-53] A
gk 3 WljoFR-E.(TB-2800, Tokyo, Japan)ol o128}l on, 213
€ WA= A 9 50km Q2] S o T & 2.8
(Guillard and Ryther, 1962)8i7] 2, selenium(H,Se05)2] HEE%
7} 0.001 pM =A 7o fAWSE A3 F23 GEe

Aol &3 27(20°C, 30 psu)lE 3I.0m, B oF 60
umol m? s’(12L:12D; cool-white fluorescent lamp)s F23}9}
Tk, Nitzschia spi= HIA& Wl we} 77385 5431510, 2
2 BESE 29E 8] Y5l EE AWTFE TS EE
(202 Kpa, 20 min) F=t= ZAZEHF(185°C, 1 hr)dlod ARS3I3AT)

2 0| 2 BEN|MZER Nigschia sp 2| MEEE HE}

B} spgdol| W Nitzschia sp.8] AFEEE AvAE o1&
3t 24 77°] o1d, in vivo chlorophyll 833t A¥42] #
AZ Brretlet. ole FFFEANA A S40] 7hssh wik
FHEE o]&3p|o) Alxde] 1S % wiokREL] AHH7L glo
Z7] MFEHE AL 7R & 5 3o, di#Fe] 22E 249
=g & = 9l o] ArkBrand et al., 1981). Nitzschia sp.=
2 20°C, EF 30 psu 1 FH 60 umol photons m? s’
(12L:12D; cool-white fluorescent lamp; FL400, Kum-Ho, Seoul,
Korea)?] 2714 T3] (exponential growth phase)7}4] Bl
o F 5371 S B9 e 74 AT 2Ason,
3445 A|(Model 10-AU-005, Turner Designs, USA)E in vivo
chlorophyll ¥ gt& S48tk S4& AT 37 kS 47
AsliA oF si Bk dbdeld WAE & S THBrand et
al., 1981). 12| AU T SHE AFEFE o]8sto] Al
TEo} 3 3te] AHRAE LotRSkth. 1 A Nitzschia sp.
2] A3ES9 in vivo chlorophyll 333 3t Alel] A= Fig. 1
I} 8- @AlAo) JHE ).

T2 20°C, G 30 psu 223 F% 60 umol photons m? s!
(12L:12D; cool-white fluorescent lamp; FL400, Kum-Ho, Seoul,
Korea)®] 27164 FX] w4 3 Nitzschia sp.5 9 ml W|FHE
(10x100 mm)ell £72-Si iR 5 miZ FY3o], HEF AFUEE= o
1x10? cells mI' H S5 HEA. F 271& 73 93 F o]
FARN 4 sPgEIA, B4, AN, BEaphg Adste] Fa
g ARG AT A2 450 nm, 4L 590 nm, 2]
AL 650 nm, 12|11 FFeL STl gditt olE s
dhr}o] @ E(light emitting diode; LED)S} 3335-8 o] 4-8}o]
Abstelom, Bl TR At BEE olgete] ke
10, 25, 50, 75, 100, 150, 300, 400 umol photons m? s'(QSL-2100,
Biospherical Instrument Inc., CA USA)?] & 8 W], A ul3ta) 34
s a8 g2 10, 20, 50, 75, 100, 200, 300 wmol
photons m?¢] & 7 WAlNA 2@k 12T Wid 13 93
10410l BFFSAZ in vivo chlorophyll 83 3k 73} c}.
AREEE de8ds Hole 713 599 AlXTE o]}
A (el 2Jsf Axtsiict.

LN
v M
No, Nio 58371614 2719} t1]7k(day) 32 AZE(cells mI™Y)
At: 878 719] v kR (day)

2¥2re] Bz AP triplicate® 33315101, AAE L= o]
£ Hatoz JePAthe, triplicates HW3] 272 I3
e Al A, S FEe] BAlE Lederman and
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p: SN (specific growth rate; day™')

ty: HHBFEE (maximum specific growth rate; day™)

I: ¥ (irradiance; pmol photons m? s7)

Iy: 27383 (compensation photon flux density (PFD); wmol photons
m-Z S—l)

K MEE 33 (half-saturation light intensity; umol photons m?s™)

SRR A O] AU R (day i A AR w2
TR el 2Esie] oLy, 11 olde] Hgelie AAEE
7h SoplE 4 AsE el dohkz A glek. ol gt s
Fdo] & 79 Steele(1962)213) 41 (3)% ol4-510] AXTBISIT

1 1z
p= um[—exp(k 7 )

opt op

€)

p: SN (specific growth rate; day')

ty: Ho S5 (maximum specific growth rate; day™)
I % (irradiance; pmol photons m”s™)

I AAE % (optimum PFD; pmol photons m?s™)

t: 0 S (maximum specific growth rate; day™)
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MIMZR Nitzschia sp.2] ZZZH0| 2 Q1A AYE}
3

&3 sl W Nitzschia sp.2] F¥D AEEE B4
sefsl7] 91l B A7 2o in vivo chlorophyll 3% gkt
AEF] AR B7IEII AEEe= B k2 okl §5

ol

o 1l
]

and in vivo chlorophyll fluorescence of
Nitzschia sp.

N
ries

|22 o= s Fo| g w5l SJESARE, Ao
& poots 7HE A5 1 poole] =710l whet GepitHEppley
1, 1969). webx] AlEU Q11& TZA7)7] Hste], 42 20 °C,
30 psu 22|32 & 60 umol photons m? s(12L: 12D; cool-
white fluorescent lamp; FL400, Kum-Ho, Seoul, Korea)®] #710]]
A A BlokS 8 Nitzschia sp & AENFAKE viEe s 3t
¢l At LR oA 79 B2t Ak (pre-culture)S AT}
(Keller et al., 1987; Guillard and Hargraves, 1993). 712]3L A3
Aol AR wizkA] vk FRsiglon, 1akele] 1, 2, 5, 10,
12, 15, 20 pME ZA1E L1 ¥iAE 9 ml #HH2E.(10x100 mm)
o smlE 4381993, 1de] AA | Nitzschia sp& AF HX
ST} oF 1x10° cells mI'7} |55 7282} AEsisict. 4 24
A s 2 AR a7 39?1 E393H (Fluorescent lamp),
A 3kH(450 nm), (590 nm), 2 3650 nm)efl A AA]
sFsle, B2 207} 100 umol photons m? s8] & F w4
A AAIBIIe). el vl 13] @3 1049 FFETAR in vivo
chlorophyll 3% gk SAsI8lom, WEEEE t83-S 2o

[e)

8 o rr
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Table 1. Comparison of growth kinetic parameters for phosphate of
Nitzschia sp.

Wavelength Irradiance Mmax K,

(nm) (pmol photons m?s)  (day™) (M)
Fluorescent lamp 0.26 0.94
Blue(450 nm) 20 0.37 1.14
Yellow(590 nm) 0.05 0.94
Red(650 nm) 0.21 0.51
Fluorescent lamp 0.60 0.90
Blue(450 nm) 100 0.80 0.89
Yellow(590 nm) 0.22 1.17
Red(650 nm) 0.60 0.90
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= 7R %9 BF gk o183l A (1ol <) Ak

AAEEoL JUE Y BAE Monod Aol thdel] 55 ¢
A AFHoR I tH(Dugdale, 1967). 18] W<
T84 AR A @yl tigste] vAg R IR HO 2 A
31ITHAbe, 1985).

2 o iy

K= Mimax (4)

K,+S
e F T A& T (maximum specific growth rate; day™)
K,: ¥ 3P3<=(half-saturation constant; uM)
S: %Y F%(nutrient concentration; uM)

2 3

AT 2 E2NMZER Nitzschia sp 2| MELT HiS}

B4 9pgollA Nitzschia sp.2] HEE 5= 10 pumol photons m?
st 27 AEIT8} fAISE oF 2x10° cells mI'2 W37} ¢
2.2, 100 pmol photons m? s7HR]E F3ko] F7)5k)| wla} &
QAT EE S8l tHFig. 2). 39 O & Feko= &
o Tt wet AdAEUEE AAdhs AEE Uehltt
(Fig. 2). AL S5 10 pmol photons m? 512} 3 274 A
°] 0.07 day'® mlefailom, o ¥& F TN FH 5
7ol whet 4ot S7FklTHFig. 3). B 24 o8 59
Ao w2} p,2 0.60 day!, Ti= 5.59 umol photons m? s,
Kr= 55.4 umol photons m? s'2 EPTHFig. 3).

100 100

]
&)

A A Nitzschia sp.2] AU EE 10 umol photons m™
stollAl 271 AEEe} AL AR oF 0.3x107 cells mI"Z HE}
7} 9229, 200 umol photons m? sk o] S5t o
2} £715151tHFig. 2). 3125 300 pmol photons m? s™el| X &
A ZE T} ok 5%10° cells mI'E VERY Hashs AEe B3
HFig. 2). AF<EEE 100 pmol photons m? s 7FA| F&2] 57}
of wheh &7 FFI O (Fig. 3), 1 o] F Z7AelA
£ B7o| 371 55 WS gashe 3 A3 die] B3l
UhFig, 3). & 27 93 458 A2 Wl w2 0.89 day’,
Topi= 127.19 umol photons m? s'= JEFGTHFig. 3).

Ao Nitzschia sp.2] AEUEE 10 pmol photons m*
stellA] 7] AEUTel AL FARSE ¢F 2x107 cells ml'E H3}
7} figler, 1 o)de] F ZA0AME FFo] STl wet &
AEA == 5713 THFig. 2). A4S 5E 10 umol photons m?
s1 3 2ol B3] 0.05 day' 2 m|oFsHAl S SIIAE, 1
olde] F ZxieME Fe] Sl wet ARSI SRR
h(Fig. 3). F 27190 28l F=E A2l wWat > 0.84 day”, Lo
= 4.01 umol photons m? s, KA= 120.98 umol photons m? s’
= UERtthFig. 3).

Aol A Nitzschia sp.2] AEUEE 107} 20 pmol photons
m? sl Z27) AEL el Al FAKE oF 2x107 cells mI'2 W
7 o, 1 oPdel 3 7AAE FHEe] St wet F
AEL = 71880 Fig. 2). A4S 109 20 pmol photons
m? 579 F ZA0AN 0.02-0.04 day'Z v|eFstAl S IR
gh, 72 o] F el E B St wet ARG} 5

Fluorescent lamp

- 10 ymol m?%s”
~@-25
i 50
104 —&75
~-100
—O-150
~£x-300

ey
i

(=]
a

Blue (450 nm)

~#— 10 umol m7s”

i é
o

6 8 10 12 14 16 18 0 2 4
100 100

o
N
S

8 10 12 14 16 18

Yellow (590 nm)

—i- 10 pmol m*s”
—@-20
e~ 50
~ode— 75
100
—0O—200
300

Cell density (x10° cells mI™")

Red (650 nm)

~4 10 umol m’*s”
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Fig. 3. Specific growth rate of Nitzschia
sp. according to the light intensity of
blue (450 nm), yellow (590 nm), red
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o 044 0.4
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Q.
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7FeRth(Fig. 3). & 24 93]
day”, I= 7.34 pmol photons m? s’
m? 12 YERITHFig. 3).

g Al wet wE 0.60

, Ki& 131.97 pmol photons

BAN|MZESR Nitzschia sp2| ZZZ0| M2 QAR MA
S
Erpgella A1) el W Nitzschia sp.2) &5

20 pmol photons m? s8] Fel|A <At Fr) s uMIEA] &
7Ve5E BAEET F7F19.2.79(0.12~0.25 day'’; Fig. 4), 5 uM
olde] FmoME HlsE AAETE Bt} Ak 2719 u}
2 28 AL 1=0.265/(0.94+S) (F=0.9DZ, tuas 0.26
day’, K& 0.94 pM=E UERGTHFig. 4). 100 pumol photons m?
s'9] FHRolME 15 pM 744 A E T SRS ST
L3t Z71619 2.7 (0.34~0.59 day™'; Fig. 4), 71 01A4+e] EiolA
H=gt AAEEE 2ol Qakde] 27w fEe A%
212 1=0.608/(0.90+S) (*=0.95)% o= 0.60 day”, K& 0.90
pME JERITHFig, 4).

A s\ Nitzschia sp= 20 pmol photons m? ') Bk
oA QI FEF 5 uM7HA] TAHEE A dt 57}0}
$.27(0.19~0.37 day’; Fig. 4), ¢1AF3 7o) uje} FE8 A%
22 u=0.37S/(1.14+S) (P=0.94)Z, tpa= 037 day’, K= 1.14
uME YERITHTable 2). 100 umol photons m? 9] o=
NE =7 10 uMZHA] 7R ARS8 18I L
™(0.41~0.82 day’'; Fig. 4), Q429 270 ukel g A3
< u=0.80S/(0.89+S) (*=0.92)Z Lim= 0.80 day’, K&= 0.89 uM
2 JERThFig. 4).

-
Ty

(650 nm) and cool-white fluorescent
light. Error bars indicate standard devi-

ation(n=3).
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~ 4=+ Blue(450 nm) (1)
e Yellow(590nm) =0 80XS/(0 89+8), =092
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p=0.21XSH0.51+8), =094
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0.0 e ey
0 2 4 6 8 10 12 14 16 18 20 22

Phosphate concentration (uM)

Fig. 4. Specific growth rate of Nitzschia sp. according to the phos-
phate concentration of blue (450 nm), yellow (590 nm), red (650
nm) and cool-white fluorescent lamp ((1): 100 umol photons m? s, (2):
20 pmol photons m? s™).
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AWM\ Nitzschia spi= 20 umol photons m? 7] gk
A e F50F 10 MR SRS A4 s w8 S18)
R27(0.14-0.20 day’'; Fig. 4), 9Ard 2ol wt §58 A3
AL 1=0218/0.514S) (P=0.94)%, pme= 021 day’, K& 0.51
uME YEPSTHFig. 4). 100 pmol photons m? s7'2] F&olr =
MR FEZ} 10 pM7IA] S718GE ARG E E8 Z71815 0
1(0.35~0.48 day’; Fig. 4), QAt9e] 270 uje} f-29 32
2 1=0.608/(0.90+S) (’=0.95)Z pme= 0.60 day”, K& 0.90 uM
2 JERTH(Fig. 4).

ATl Nitzschia spa= 20 pmol photons m? s72] Fako]|
A QAR FEel wht vlkst ARSEE B.9.29(0.03~0.05
day’; Fig. 4), Q4 2 w2 29 442 1=0.058/
(0.94+8) (F=0.94)Z, pme= 0.05 day’, K& 0.94 pME VJERG
ThFig. 4). 100 pmol photons m? s' FForx= AAFE 7}
5 uMZH] S7185E AT T3 5716190 ©.7(0.09~0.20 day’';
Fig. 4), 9AF1 9] 24 ue} =8 A2 1=0.228/(1.17+8)
(F=0.95)2 pme= 0.22 day”, K& 1.17 pME HEPRTHFig. 4).
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M

il

Ml

0| wWE BANNZF Nigschia sp2| MEST B3]

B A¥ A Nizschia spis BFIH(EFA ), Y98
(450 nm), ATE(590 nm)eliA] Fo] T7t S5F YL
gt Z7¥sIATh. AR A A9 100 umol photons m? s'o)AF %
FolX AAEE7) dashe F A @o) epdeh =3 2o
Foll A HUMEIEE e FAuEa oplzt Hatulgol
A% Rt Hiroshima®he] B A& 2 10 myelld 223
Nitzschia spi= B8P3 HrAEE7 Hol= 33 50 umol
photons m?s? ©]IX|%}, 400 pmol photons m?%s” oA oM = 2B
AEHA] AT Yamamoto ef al., 2004). 3 U= Hakozakithl
A B Nitzschia spiz 434733 555174 40 pmol photons
m?s Pk B A3l o] veRdth. szt 2% Nitzschia
spi= &Y SolA|Th, F A@ o] L&A 2t T Niezschia
spRThHE AR 99Tt o9k 2 A A% v EFoME B
8 213} o] Fej9 #e] uhet el A Al 549 2}
O|E (% T, 2006; Gallagher, 1982), V-] Niizschia spi= ¥
A 22 FAEF 10 m)9) w2 FoA] IR R, Mavt
Nitzschia spi= 4 3 m=2 ¥ 22 F4 @12 FF 100 pmol
m? sh)ell =&l F A de] L& Nitzschia sp Rt H2
HOF Hlr},

skl elA F ANEF2] 50%7F 390 nm~430 nme]s}ollA
WA, F AeAtE dorls B Aol 7pAEAe)
74zt A5 H1E-& ZFA| S Smith and Baker, 1980). 3F4] 3k,
AP o] F{FELo] L FS, UV thiFo] 757
o FrH7lel F AsNAFE 7PAFAN F2 BAYsh= R
= 2424 glth(Koblents- Mishke, 1979). 7Hk 7pA | ZAtol| A 3
Af@de] AR, uvst 7R B 3 ouix)r) B2
Repy gl Asgeln F2 g A0R Holw, B ¥ 4
Tz ol Z wkgstar ok wWiebA Nitzschia spiE S Bigko)
ARl A3FH glo], B FHolET ofE yTin &

P3¢ ol gato] ARSI} SR AL 2o FeFo]
= & Elste] Agaso] A3kd Ao B
o}, 39k Y& Fukuokadl®] Hakozakitt 4 3 me] ¥ A&
oA F-2st
Techniqueel] e} 402 FA spgoiolr £ FFATE Kol
uh, 3 gl Al g v AR B & ke
Zo] YeRK(L. 5 2007), eV EFAol gz dgdt
T Q= FAL Bt ohel REAAT O FRAE R & %
o] 9l AoF HQlth whebx A U AN mbto) 2 %
Fo M FAHEGo] AT TeAo] & ALE AZET
3HA, Bl Q8|9 Nitzschia sp.l 1,9 Kol 33k

4% Lambert-beerd] (I, = Le™ L= 74 2249 3%, 1= 8l

HollA F2F, 2= 4, k= 1o AAHAISR; Nybakken and Bertness,
2004y thdste] 7 05 Lo ity ofwf A4bAIG (extinction
coefficient)= ¥ £(2001)°] 19983 3E2E 9¥7:A g 13]
A 248 F FRAMMAFE o)Ll o, TFFFHE 71l
A RT3 7R F A8 7S Tk AF AGASAR
o] d¥ Y XS o] 8IITH 1A, 2007-2008). 7B T
Al @2l MI m? o7l £ AFol|A] AR FgA T =
ket 7 97t Qluk el o838k F 400-700 nm] IFgollx
Arl=Fe) Gl Ajelofl 1 umol photons m? §'=2X10" Jm’s
!(Nishikawa and Yamaguchi, 2006)2] #7]7} §lo] $ito] 7Hs3st
o, el AR wkAL Foll wet 15%7F FEY fa o
o= g5 YAtk 7Y 31tk (Nishikawa et al., 2002).
Fde)] QrtE 2 AFAQ] el B4 wEb Al
A H3ke Bt o] dFehs 42 380l 48714 5-
7 m, 5¥oIA 627K 8-10 m, T8]3 78 982 2F 4 m
FFo 7 Yeht AdAe Wil wehd 10 lEshks 540l
gebpiom, vlwa AMHAg7E 99 789 88 18y 9289
I Sgehs o] WA veRdthFig. 5). Al T2 B
T 20m oA, AAEGH T I AHE)S F 10 m
QZ AF/AE thE A Algk 2471 glokd 88| A% 7t
T8 Aoz HoY, sHd ek & FRELE MAAT
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Fig. 5. Change of irradiance and depth of corresponding to Io and K
of Nitzschia sp. from March 2007 to September 2008. The irradi-
ance was calculated using horizontal surface radiation in surface
synoptic station of Jinju from December 2007 to October 2008. This
data was cited from “Monthly Weather Report” in Korea Metero-
logical Adminstration.
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£ oA ol59 A AT 94F 243k o= AR,
T3 Kol SfRehe 42 3 m A 4700kt 150 pmol photons
m? 5'9) Bl e LS gk F As) Ge 5o, Aol
s BY F Qe 4 32 =8 A 0% Algdn o
2] Reojoksly) My Asiuls 72 sddo| = BeEale) o}
B F FH/E0| Nizschia sp.2] A7) ZA) 93k vE = 9l
Aeclon g 8 A0 v},

PR
sapst

Zyz}e] spgelA Fego] a1, QI 7L $ 85 E Nitzschia
sp.8 AFEEE S9LCH(Fig. 4), £3], F%d 59 Yo
2 ZZ019E o o] ok ARG B2 LTS
BT} o) FUge) AMME AEekA G Boleke 3
ol wk2t Nizzschia sp.2] A7go] At Avt £18 7FsAe] 9
& AARITE K Alg ojokdel digt 23S Yehdle 7is
© 5 (Dugdale, 1967), K/t &5 FoFgel tigh xao] ¥
3, AEHZT B Fo) tiEF 8 KE B Epply ef al., 1969).
ik A FEE Add %LTJ}’ oA Nitzschia sp.ol T3t
K(0.90 uM)= -Fefvhe} Akl A% 48ty Qe 44
25 Skeletonema costatum(0.32 uM; A Hiroshima T 9%,
Thalassiosira sp.(0.23 pM; Y£ Hiroshima YF 9%, Chaetoceros
didymus(0.09 uM; U2 Hiroshima Tt 45, Disylum brightwellii
(0.16 uM; 4 Hiroshima 7 9580}t Z3hoH, Azt s
Oi“rruﬂ’\}c’l AR1FR Karenia mikimoroi(0.14 pM: G- Hiroshima

ok A5, A7 BAL A Gymnodinium breve(0.18 uM; B]1=
Florida ¥%), ALRZENH Chattonella antiqua(0.29 pM; Q&
Hiroshima ¥t 95)H S ¥ 0H(Vargo and Howard-Shanblott,
1990; LI, 1994). kel Ale 7]a}siso] fely oo whet &
o] Al dglo] WalebAul, Ui Fukuoka ¢iQtele) HAE
oA —rﬁld Nitzschia sp.2] "}Oﬂ T T ATl e
K, gk -4 rfEct 82 1000 59k A3t vla okﬂt‘
(%, 2008), F-2v|A|F7E F-HA olZER mo) Qlakdel oist
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