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Bioremediation on the Benthic Layer in Polluted Inner Bay
by Promotion of Microphytobenthos Growth Using Light
Emitting Diode (LED)

1. Effects of irradiance and wavelength on the growth of benthic diatom, Nitzschia sp.
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2FE At AMEA Y] BESH H3E HAOoR WhF tho]| @ E(LED)yE ©l-8-8tol AXWMIZT Nitzschia sp(2
¥ HakozakistollA #2])e] A37gol w1 Fga) 23te] &S ARSI Nitzschia spi= %4 LED(450 nm),
2 LED(590 nm), H4% LED(650 nm) ¥ &3 Eapihyol A sjeksigict. 25 25°C 18] F% 30 psucll
A ¥NoFSE Nitzschia spiz M)A 20 pmol m? s 7813 FHAT= 40 pmol m? s'olA] A g4 E
S B30, o|nT} 58 FFoA 4 A Aol vebdch ST, 3 shda) A4 oo HogakelA (350
pmol m?s™) F AAE G TAEHA shel, FF AT HA LEDE p=-0.46exp(1-1/6.32)+0.46-0.000431,
(=0.98), S LED¥ p=0.42(1+7.87)/(1+58.9), (*=0.99), A4 LED: p=0.39(1+3.39)/(1+21.6), (r*=0.94) 1|3l
FFATE 11=-0.38exp(1-1/7.23)+0.38-0.000161, (r*=0.96)= eI} A LED, &4 LED, A2 LEDS} 3=
29 HYAFAES 27t 0.44 day?, 042 day”, 0.39 day' 181 0.37 day'©]13UT}. Nizschia sp.8] EHUETATE
472 nm(0.0224 m? mg chl. @)% 663 nn(0.0179 m? mg chl. aH)eld BRAT, TE 34400 nm-700 nm)
719 fFAKE EPATE Bk web 7123 AL Eelklls AAnS AR nARF 4EE AN, &
I o ETdele SIS 2ARte] fallzRe] AgelAs A AXRARTE AEAA ed® A9t A
Mol =58 & 5 & Aoz Azhdn)

Abstract — In order for bioremediate the benthic layer in polluted inner Bay, the effects of irradiance and wave-
length irradiated from light emission diode (LED) on the growth of benthic diatom Nizzschia sp. (Hakozaki Bay
strain of Japan) were investigated. The Nitzschia sp. was cultured under blue LED (450 nm), yellow LED (590
nm), red LED (650 nm) and fluorescent lamp (mixed wavelengths). At 25 °C and 30 psu, the growth of Nizschia
sp. showed its peak at 20 umol m™ s (blue LED) and 40 pmol m? s (fluorescent lamp), and was inhibited
at the irradiance higher than that irradiance. Nizschia sp. in yellow LED and red LED is fitted by a rectangular
hyperbolic curve because no photoinhibition was observed under maximum irradiance used in this study. The
irradiance-growth curves were described as p=-0.46exp(1-1/6.32)+0.46-0.000431, (r’=0.98) under blue LED,

*Corresponding author: yoonyh@chonnam.ac kr

93



94 9_&17\(«]‘1}%{!\‘ ©

k5N . &

Fo - S

u=0.42(1+7.87)/(1+58.9), (*=0.99) under yellow LED, p=0.39(1+3.39)/(I+21.6), (*=0.94) under red LED, p=-0.38exp
(1-1/7.23)+0.38-0.000161, (=0.96) under fluorescent lamp. Maximum specific growth rate of blue LED, yellow
LED, red LED and fluorescent lamp was 0.44 day™, 0.42 day™, 0.39 day" and 0.37 day™, respectively. The absorption
coefficient (ap) of Nizschia sp. was similar under all the wavelengths (400 nm-700 nm), although maximum
apn was 0.0224 m” mg chl. ¢ in472 nm and 0.0179 m? mg chl. 4 in 663 nm. The results may indicate the pos-
sibility of environmental improvement around the benthic layer in polluted coastal area because micro-
phytobenthos growth is stimulated by means of irradiated blue LED at the benthic boundary layer during both
autumn and winter, and yellow LED, which might have been suppressed growth of harmful algae, at the layer

during both spring and summer.

Keywords: bioremediation("§ & 8+2] " 81, Nitzschia sp., irradiance(*3%), wavelength(ZH3h), light emission
diode(LED, 3vt}0] 2 =), microphytobenthos(?] 4l A4 25 )
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AMuAl T 2109k At Fod AxpaaxtE <
Fal oM FUAMYAES 50% oA A}A] K Brotas and
Catarino [1995], Maclntyre et al. [1996], Underwood and Kromkamp
[1999]). AP m|AlzF<] TiF-2Q) B21425-+= extracellular polymeric
substances(EPS)YE w0 gt} 1|52 B2 E-0] wwlo) nlo]ox
e FHske HEES Awe g dHAE 2E(Paterson
[1989], Smith and Underwood [1998])2¥4t ohie}, Ab¢joekat

ALl AMEE T2 @ F3Fo] Frk(Decho [1990]). T3
AMEAETE HYNIAE o)l gah= B ol B
A5 FURT o8 FAEZ AAE W) naba Aa)
AR WS FAYRIE Q% F2EHASY] 39 ° 74
e T 9 AXEEL A 7Fsd 840w HAgaA &
71E 23l B AHlE FRA09 S0 A AR A
%’}E”‘W}HO] 1—Er°17\‘=z_ A k.

(Sanchez-Saavedra and Voltolina [1994]), A E-&FTE2] F30]

UJ o:];dlﬂg._oﬂ 03?‘51:2 u]i]l:}- Ohﬂ]-z%o sﬂok_‘ 764"“-"]”70'(0]: 480 nm)

o] 94 0]'01 2 EZHAES o] wE ¥ X7 (Wallen and Geen

[1971]), FFr=do] W "4?} ks o2 i At A s

o] F4H] & i*Ur?g | A% K Faust e al. [1982]). 2w}

9 ﬂ‘ﬂ RSN FFETh H]—E]—H 24
O
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P

z dlz7o] thgkal kel 9
u%u %%J_i IS Folde A7 AEE A 9l o K(Flaak
and Epifanio [1978], Sanchez-Saavedra and Voltina [1994, 1995,
1996]), & ol gk WMo Al EAd A3 e
w9 AFhEo] We A7 PQsd.
grlo] @ S (light emitting diode; LEDY= 913} 2H8(GaP) &=
= HASEE(GaAs)T o) shitEel AFE Bu) 1E Pkl
HEEAolth, LED: the gA R 5g0] 4110 hr day” 7]
oAl 159 AR, B2 ARAHE V) 2 wE Az
T O] 1x10%0)S} S50 FHEH 2ol WHE gasr} AMEEA]
oF7lel| Mg Ao) | A ko] Q= o) gtk #A LEDE
IR BB s FEE 5 glo), AT whEA) A}
71, AFA A7 T2 AR FAE, ARNA FA, 2
S AsF %— FHAT Aol S-8% L Qlot.
FAEC] An® o] 25 QltkBarta ef al.
[1992]). SA4F2)Eolli= chlorophyll®) &+ 3¢l H A ri= =2
= o UE A PR A5 Bk
o2 AREEL Bolx glol ke A o)
Aol LED7} 3-8 o]}, a4, sjoko]
T &R 5 B AEel LED?] 7|42 o]
857 QI mu% AP 23 AAEA e FAoltt. v}
A B A= 1/\1-51— 2 A7 ks u] 2= 259 J].z]—,]
QL AN TR, LEDE olg-ah A Az
9] 4RAEA) 23t esode] BEE A YEE 7}3@
& dwingitt.
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2.1 MMTER Nitzschia sp.2| 22| X HiY

AME AT F AdalGelM dA B2 ATEH
Nitzschia sp.(Fig. 1Y 4¥ Fukuoka®l®] Hakozakith 7oA
A E AZHREEGH 3 melA] pasteur pipette(ca. o 50-100 um)
£ ol&3to] #8l3FtH(33°37'11"N 130°24'517E). Held £
A7342(0.22 um pore size, GSWP)O 4~53] AH 3 & w| Q=
H(TB-2800, Tokyo Japan)l| ©|213}3ict. o= Hal S2)% 2
AFE v CE 3§ £/2(Guillard and Ryther[1962])% selenium
(H:Se0)2 #AF5=7F 0.001 uM HA 71818 Doblin er al.
[1999]). wizS A3} Giel ek 21(17°C, 30
psw o E, FHL 60 umol photons m? s'(12L:12D; cool-white
fluorescent lamp)=. AAIBFSATY. Nitzschia sp.oll i3t F-7£3} 2]
=8k AR, 23F BESA 29g v fl8) BE AT
T autoclave(202 kpa, 20 min) %= ZAZER(185°C, 1 hr)dtod
ARG om BE AELE clean benchollA] a8t

2.2 TIE0 e MMAZER Nitzschia sp.2| MEET B3|

T2 17°C, B 30 psu 127 F3F 200 pmol photons m™s™
(12L:12D; cool-white fluorescent lamp)®] Z=71o|A] F-2|aek &
Nitzschia sp& HAT23 Q& 4G 25°C, B 30 psuy;
Yamamoto ef al. [2004))o14] &S 317] SafA d1Fe] 1°CR
ASAA 8d - 259 EdslE® 8 vk, 2 x| HEsko]
RS AT vkl F AEHEE oF 3.0x10° cells mL?
7] SAAIZD F, 60 mL BIOER-E.(25 x 150 mm)ll £2 ¥iA] 10 mL
£ T8I, H5 AU 9F 100 cell mL! ¥ =3 531590}

TR Tl A AR 4l S, S, A et
Ay AB8I Nitzschia sp.2] 3AAHE AASinh Hale
450 nm, 42 590 nm, AL 650 nm 2817 FLEL B
el sttt )5 > LEDE ©]43819.0n, Fak2 71Al
B ARIES o]4-3k] A4 LEDE 10, 25, 50, 75, 100, 200,

Fig. 1. Light microscopic photograph of benthic diatom, Nitzschia
sp. isolated from Hakozaki Bay, Japan. Scale bar = 10 um.

350 pmol photons m?s?(QSL-2100, Biospherical Instrument Inc.,
CA USA)Z, &4 LEDT 10, 20, 60, 75, 100, 188, 350 umol
photons m?s"' 2, 248 LED+ 10, 16, 45, 75, 100, 190, 350 pmotl
photons m2s' =, B2 10, 25, 40, 70, 100, 160, 350 pmol
photons m?s' 2 ZHZ} TAAR ZHECE Wi 18] 23 104]e]
3433 Al (Model 10-AU, Turner Designs, CA USA)E. in vivo
chlorophyll 338 433t YRS 25 ZH(exponential
growthys Holi= 7|3 B]ke] MXyE o]&ste] oy 4] (1)
ol3f Aldetlrt.

= _Llp 1

HTAN, W

No, Np ti=2dd710014] 2719} 117t (day) 2] in vivo chlorophyll
gk

At: Ti5978719] w1k (day)

o
FN
Y

AP L triplicate® FEF O, AETE o]52]

ko2 VERIQIThEE, triplicate & B ¢ HE WEE o
|21eh), A&l 352 PAks 3 A8 Fd(photoinhibition)

o1&

Lederman and Tett [1981]2] X &5 7&8t vl
1ol Aksiict.

i

> 2 o Ml
© T
ftlo o N
ol
o
It

~
N

O

1-1,

(K, +1)+(I-1y) @

TETI
w: 7374 S (specific growth rate; day™)

U AT W74 (maximum specific growth rate; day™)
I 3% (irradiance; gmol photons m?s™)

L: R332 (compensation photon flux density (PFD); umol

photons m?s™)

K,: ¥FE 3PS (halfsaturation light intensity; zmol photons m”s™)

A, AMu NIRRT SR (day e #HE S =
9 u7hx] ol oEdlo] FobA|ul, 1 o)e) HFelAE B
olx|i= F Asado] dojul= A7t itk ole s F A
0] 9Ql& A9+ Steele [1962] AJo] AR-E| Q1T

n= umaxieXp(l —é) ©)
u: N34 S (specific growth rate; day™)

toa: AT AN S4 5 (maximum specific growth rate; day™)
I: 3% (irradiance); umol photons m?s™)

Ly % F%(optimum PFD; gmol photons m™s™)

A, 4 3 F Aol Aol EEEEA B F
RE) A% FHAE 44T u AHEh e 3 Asae)
W ARSIt RS Holis 39 4 ()08 A
3] o5t (Fig. 2). Wb ARG DRSS BT A

& Ag gew 2ol BE & Yt
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Specific growth rate (day™)

—— Steele (1962)
""""" This study

100 150 200 250 300 350 400
Irradiance (pmol m'zs‘1)

Fig. 2. Curvilinear fitting of Steele (1962) equation and devised new
equation from this study in order to the photoinhibition of Nitzschia
sp as a function of light intensities.
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p=axexp(—é)+y+5><[ 41

A7, B, v BF golth AR, =0 W p>00) 57
ol F0U W 4=00] HEE A 4-1)S skt
p=ax exp(—é)—oﬁ-é xJ (4-2)

o Aow

e
MU

2 (@201 HH3ee) Ao ddg s

SHATh A (422 1o B ulEskE po) 3
1
(*g) 8

o] 3L, w=00]"

u’:axlxexp

B

é)ﬂs:o}

—(xxéxexp(~
oz, 1=-pxn(2)oy u ogre p3-c-5pxn(E3) 1 g

Ak Wb H R0 APIDIAE T (s THE2o]

€t
L =-xIn(E2) @-3)
= BS—a—8@ x In[ B3 -
Bd—a—8p ln(a) 44
A 4 @), G), (@429 A2 bre HH #242k5 (nonlinear

regression analysis)S ©]§-8}] oi7|EE Fajgict.

2.3 MMAxEF

AT Nitzschia sp.2) HE5

Nitzschia sp.2| YETAHER =X

A= QFTH (Quantitative

Filter Technique)s ©]-4-3}TH(Sosik [1999]). T2 %719 A
E FEld- 9@ 25, GF/F, Whatman)® o 3}3s}o] (4 £
t7] 913 100 mmHg ©|3}h), ¥333%A)(U-2001 Hitachi,
st 7PAFATQ] 400~750 nm7kA] 2 nm 7HA Q.
=315 FFEE oA X3E dEAlel
AREERADE] &S A 8 750 nme] ERES
ol g3t} = 7@91?\5} 3T =42 93] 99.5%
©hE-(Harimoto ef al. [1999)E, AEEHIE WAE 22
471 o R AE Y FHEE SHII oAIE FE0
oJ3f chlorophyll a5 =& 57 3 S(UNESCO [1966]), F&
A= m? mg chla'F F71315H

ILE
o=

&

O

3zd 3
3.1 k0| 2 XMAMTER Nitzschia sp.2| AT s}
Nitzschia spa= 783l 4 25 pmol photons m?s'7F<] Bk

o] S7Fetl me} S ErE S8, H B2 % 2doe 'VE]'&
o] 71l wet L= TSI THFig. 3). 25 pmol photons ms

o) A AsgellA S8 Nitzschia sp= Uhe 349 LT T}

EJTH045 day™). A 2 8~16 umol photons m%s'e] k3t

=

FRME AR kot O w8 3 2K Bl £
7holl whet AREEE e thEFig 3). 4 9L 10~20
umol photons m?s'%] ¥t B ZAME kA kot o
B F M E FFY Sl et YAEEE ket
(Fig. 3). 28|31 E,ugo)Ai= 40 umol photons m?s'7}x] 3%
ol S718 we} AAEErt Sk ou, Fankdat o)
1 olde RN Bl Tt wel St ot
(Fig. 3).

F Z22000 g3 fFeE g Aol p=-0.46exp(1-
1/6.32)+0.46-0.000431, (*=0.98), B3} E= 1=0.42(1+7.87)/
(I+58.9), (P=0.99), A4 sl n=0.39(+3.39)/(1+21.6), (1*=0.94),
ool A= p=-0.38exp(1-1/7.23)+0.38-0.000161, (=0.96)%

HebitHFig 4). webA kgl ) dohdgEsE 044 day’,
FAFAAE 042 day!, 89N E 039 day! 22T B
TIPS 037 day'® VERGTE Y ABukga) Bmuatel A F
o} Al ST B F3E 22 49.1 pmol photons m2s'$}
38.8 umol photons m?s”'0] v}, 12| FAukAw 2 Mool A
+ 100 pumol photons ms ool A o AN AEEE Btk
(Fig. 4).

3.2 AMTEF Nitzschia sp.2| BESAHER]
QFT ®& o83 Nitzschia spol 23 BEFAGTE =
A, H) F5A9= chlorophyll®] E5ME7} 90 472 nme}
674 nm°lA] 0.0224 m* mg chl.a'$} 0.0179 m®> mg chl.a'E H&
e UepiSc Teu B FARAERTN R FFASE
Hole =Hagt(500~600 nm)oll %= H A3} H sl mopi=

=3
4%

i
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Fig. 3. Growth curves of Nitzschia sp. grown at various irradiance
and wavelengths. Error bars indicate standard deviation (n=3). Tem-
perature, 25°C; salinity, 30 psu; pH, 8.0.

OR7F WXk, B 0.0116£0.0025 m? mg chl.a'® 79 §A1519
tHFig. 5).

0.6

0.5+ =-0.46exp(1-4/6.32)+0.46-0.000431
u— 0. 3aexp(1 -1/7.23)+0.38-0.000161

044 [

0.3 | - T

=0. 42(|+7 87)/(1+58.9)

/4

Specific growth rate (day™)

0.24¢7a *=0.99
Y ~@- Blue LED
0.14 }L2=0.39(|+3A39)/(|+21.6) —ye- Yellow LED
r'=0.94 -/ Red LED
1 —O— Fluorescent lamp
0'0 1 T T T ] t T
0 50 100 150 200 250 300 350 400

. 2 .
Irradiance (umol m™s 1)

Fig. 4. Specific growth rate of Nitzschia sp. as a function of light
intensity of blue LED (450 nm), yellow LED (590 nm), red LED (650 nm)
and cool-white fluorescent lights (mixed wavelengths). Error bars
indicate, standard deviation (n=3).

0.035

0.0304
0.0254
0.0204
0.0154
0.010+
0.005+

0.000
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Wavelength (nm)

Absorption coefficient (m? mg chl. a)

Fig. 5. Absorption coefficient spectrum of the benthic diatom, Nitzschia sp.
obtained using the quantitative filter technique (QFT).

Aol vk AR A3, 42 = osolmexp(l T
Hd 447 Hol= B3-S 107 umol photons m?s”, F )| 4
AT 0.50 pmol photons m*'E HERg) O]-Xl , Fig. 2
gl 7o) 2 3y A AIIFEEE FpgrlEen, 4 A
g o] AARE kA ZAMEY] Wil 43S HAE Rk
PR Zakodeh. 1eiAd 2 (4-1)E ARgsh, yHell dEE 71A7)

o] 2 4- 2)71%3 S A== TSI, Fig. 49 2o

)3—3&7_7;]] Zh= FAAS At ek Ak A3t 5
s 7]"\1 o met &&= o, ¥Fge] &
Rt ofgo] wErh A (4-2)y2 F Aol 9

Moz vlAlZR e FREHE 5
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= BgupgeA, A&7 Holy e 50 umol photons
2510]A]%E, 400 pmol photons m?s! ool M= AdskA] o
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SXH(Yamamoto ef al. [2004]). 18} Hakata%: Nitzschia sp=
FY HolAet, F A gl Hiroshima¥t Nitzschia sp Xt 2
A ettt ole} T2 A AR nAXFNE Bud A
o] £29 sjoe) it A o) 2l Y £ Q1)

0] tH(Gallagher [1982], Noh et al. [2006]). Hiroshima%t<)]
Nitzschia spa= B4 Z1& 52419 vk Flelq A<,
Hakozaki®} Nitzschia spi= 574 3 mz B3 H& FH 018 ¥
T 100 pmol m? shyell =F= o] F AEAlo] HiroshimaTte]
Nitzschia sp. KU} W3S 102 gaidc) guiAio s Rorg 7
Z578] BARSRRE 7 pmol photons m?s ™%X, 100 pmol photons
m’s! ol el Hof A AEEE Bolw, 300 pmol photons
m?s" oSt A F A o] YERR] k& Aow HIEg)
TH(Yamamoto [1998]). A=A, Coscinodiscus wailesii®} Eucampia
zodiacus 5 pmol photons m?s'9] kst HkoA= AJRJo] o
=1}, 200 pmol photons m?s'ell X HUPHIRAEEE Holn,
400 umol photons m*s'9] FFeA F HaAFL vk
(Nishikawa [2001], Nishikawa et al. [2002]). W24 Hakata®h
Nitzschia sp 1A TEFR U= Y4, Hiroshima?t Nitzschia
sp. R 51 U9 Fekol] A58k A og wadt)

UAZFE] F A ] disiE ol e Bio] Bms
SHAIRE VAR A BT BE Aoe dEA rkKik
[1994)]). 5222 F As)Ed2> FA 119 &S waljsh= A
O% FE B kgl TS Tt 1T ET 2 AS
250~260 nm(UV)ellA 9 A5 Hol= )Xo F2 2hgshd
T F2eM s BAsh o] sl FERte] EAFE ]
ol 249l Bk 4] ¢th(Jones and Kok [1966]). 9]kl
old & A4 50%7F 390 nm~430 nmolatellA] AR,
F AN Yol e Aeadst 7R o] Zkzh At
L H&E AX|SHK(Smith and Baker [1980]). 3FA%E, Agks)
o3} Fo] FFEZ0] B A%, Uve thiio] B8 &
FH71 F AEFLE 7B F2 83cHKoblents-
Mishke [1979]). Nitzschia sp.2] & A4S HAupdolx 7}
A, S QA A AMSE H) Bkl R Ko
A ket ol9} 2 A= FMAEA YA 3 At g
ol A FFE P o7 AP FRu, M £ A
ool e Aol ol get FFnr} o F& FFE AMIAS
u F As@do] DA 4= 91719l 350 pmol photons m2s ]
3] L Fgol vigk HET 27

4.2 THE| w2t MedXo= LIELI= DIM=&| M

AT Ay, A uNRFY] A520 SRS F}
A71E A3e HolA|NH(Jeffrey and Vesk [1977]), TxFolli=
gitfe] Akl He ZItkMercado et al. [2002]). Figueroa et al
[1995F= =37, Pheophyceae$} S321574e] Ajato] A npd
W F7vebe A& BASIQL, F2F Thalassiosira gravida,

Chaetoceros sp., Phaeodactylum tricornutum 3 Cyclotella caspia

BTk . o)kEhA)

8o - R
58 A sbgellM 2 AdskE Aol 4 A] Qlrk(Jeffrey and Vesk
[1977], Holdsworth [1985], Aidar et al. [1994], Sanchez-Saavedra
and Voltolina [1994]). 12} AF R|A|1F2F(Correa-Reyes et
al. [2001)), SFAELET Heterocapsa pygmaea(Nelson and Prézelin
[1990]) Y 725 Skeletonema costatum(Tremblin et al. [2000),
Oh et al. [submitted])> 7 Mu}FollA] o] Bamage] A<
S8} 27} it el whE miAlRFe] sl ol
g A& chlorophyll®] E5F3kgtlz} o 7)ol obg7bA] Be-
T7F FEAEA ekogeh. et AR AFellA] Fame Ao}
AR 37l mAE G WAL G- FolME T2 B35
dom olgdt Aow UA Yok FH4 FZF Haslea
ostrearia2] 739-, 20 pmol m? s'2] MM Yl IFHTG
TR 52 A SHIAIRE, 100 pmol m? sTellx] 2] gL e
g3 £ zjol7} (ItHMouget ef al. [2004]). T2 S costatum
2] A4 75 pmol m? ' H. ostrearia®} 7o) M pabR o=
A& EHT, 0.96 day ' HIEE FS AYEES el
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