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=%z 79 73t (Ulva pertusa Kjellman)2] A= 1!
Mzl ulAE ¥7) AWF 2L 359 A

AR T-TAHE
(ANt Agest)

H @ -2 dpoAE Eele At A4H Adssld sz FudwdE vioksie] AA-E vlw
stz o}&® B eddAEln & £ Yt TSI FFAALS QA FFE(FE g b 2%
+ FA sk H2A, dEd AL AfeiezAdng SedieaddA FaEA A4 JEdeH
ol HHAAAFE F 2Ao)A F8] 100pmolm el Aoz velych dF54& FFo F$ 60
umolm2s! o]3}9] FFojlA = FalslFRANA 4 viElk o, 100 umolm 287! o] 4] FEol| A&
5 2764 FASHA Jelgel G3a AP Aojdle dibd oz uhHBAIE A-E el F,
Peko] Z71Eel) wel Yol ZAE Yt 1988 RE] 1997 W7A 2AE 3P B s A
Aol Aol AR FEE AdlsgolA 0.88ppmezd Faiai4e] 0.37ppmE) 24 oY ¥
on QAdL Esl9 Assg mENA 0.03ppm 2 FAEA| vreEbgeh EE Cu?t, Phte Zhz)
0.004, 0.003ppm o & A 7|FxHc} o] & Aoz wiH ul gl wekA ol# e g E sxE o
of F71d A {FAAET Q49 FFE (T Dol FHEDH v G ds 24
o B F5Y mdbd I AT A AARY 55 E718 ) wel TS dgge] Frhes
oo 5ppmollA AAEIE Hol: AL WHY 5 SUsich 4R YA 5HE AdgS #AA &
£ Aoz velygth 454 939 F el Q49 551 Fo15l viel st 4" FolEAE B
Pk Cuzts Pz ol Fd E4E 714 s571 T4l we) Ao A& 454 a,b
183 carotenoids ko] A Al L or] 53] 1ppmollAE carotenoids?t M3 FHEHA &
gheh Porti= $i9h 2 Az shelulelo] thale] SWS 3k F2] Wskch dA AQdNeFo] EAfE
£ A A4, Cwt, Ph2t 58 1 s SlolAd 7 sl A galer A4 A
£ oold Ao= gkdel a8 Curtel 22 A9 ¥z 2 55 I5HE AS B o o2
sle] sl JEo| ARHQ] AeE U 5 9 Aoz AsH}

M

rh

HzFel FohdAd A2PAL o)v] B dFHNE
3t M)A} g, olsdd sevete] A A
Zxol ARz A-§sE= = TR (Meristotheca
papulosa)7} d|x A== o] SHWAMRE 27}
7hste] FEE RAR o o) AA el HUA L
3 gEAgtellM AHg B3E 4AFEQd AFEEE
(Dasysiphonia chejuensis)®} 2% F-ulc]E (Gloiophy-
cus koreanum) 5 BFo] $HHE= AlA o]t} (Lee et
al. 1994). sl =7 AE FOHFAA 9] At AEEAA
MM MEHE 2gEAe] sckoz FyFx FREE
Atz sjzFe AMAAZLE sdE A 23 79
ek & 4 gloth dlE Bol vk Ay o) wi|

=
S

E
hal

A AEpe e AT w9 A Aae
FHE VMR, FEAY AH S HFRdes
e 73 FEE 527 S AedBAl o
sEjglel. =3 AR R TAEe AR A s
279 A4 7|6k o] FAHYE ¥ ol s
9 BgEAs EEtwrt Mg el FAREIEo
FaEel dzfe gAY 58S AsMIle AHAE
Z#H 3} (Lee et al. 1994).

Tk Fe Axfe] A 2AAA QFE 7
Ax BAedez AMFH ot 53] HAHLS e

%]' ogoo};
GF2A JFIRE H3 AT Hrpe] d7E0 2
Abdo] 24L& w33 )t} (Mathieson & Tveter 1975;
Topinka & Robbins 1976; Lapointe & Ryther 1979;

Fujita 1985; Fujita et al. 1989; Floreto et al. 1993;
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Larned & Stimson 1996). 3t o=, Zx
£ dAedllel A st 3 o5He AR EE
A& veRdEd, o] W AAEE A9H ez HrkshA
S Aol w=7 3¥= <o} (Topinka & Robbins
1976). w3t Fujita (1985)= °J<kd APFeolr 54
29t vjofst == Ulva lactuca$} Enteromorpha spp.©)
FEel ANEE AU FH FAS AASEALS
Helaly dlglew, 2% Pelvetiopsis limitata$} =%
Ulva rigida= AWl okzh A 9juljof ZFellA] AAalde]
271l oot AR E] 24AE hellct Fujita et
al. 1989).

Fucus spiralis

edule®) 7% S QA Ae) (0.016gg Aol Al 2t
¥o QA Ao 0.028gg d )l AREo] FeH
Zobsked) of u, AALel AT FoT BEE o}
R ®] ¢koko} (Larned 1998). £%19]l Gracilaria tikva-
haer 53l A4S AL o 82%2] AAeF
Ae Bl ub AANG-E AR 78] ofeks 7]A]A]
Aoatow, AEEU = Jakd ez XYWL 75 A
@ A2 A4 wot o su) b v AAFYE
el ¢} (Lapointe 1987). &% Porphyra leucosticta
Thuretol A = 4G =7 S7HE05 A3 Eo] 371
e #Abo] B4 ¢ler (Flores—Moya et al. 1997), o}
g Z9l Agardhiella subulate (C. Agardh) Kraft et
Wynne$} Chondrus crispus Stackhouset carrageenan
Aol sleiA] Qlakede] Ajgte Az A4ditty By
9} (Chopin et al. 1990; Chopin et al. 1995).

JopRfel BUY N1E A7 AyEe gD
o] nZHUE W el A=, AsbeA
waled S8 g, AAks ° Ak o] A
& A2 o W A7 F3] REAHe=
At F 2ol shelvaE), stete], Erejvt FellA
29| slz=fF7F AT dAke] nadl wi
S13 (Smith et al. 1981; Lapointe 1989; Hughes 1994),
oje} ZH-g AL sl ST FUh 2HEFES
74, 71 deld @A 21 o2 F 2lEe] HJHH
Ql oF3ke]] 7]elsl= Aoz FZFt}H(Smith et al. 1981;
Lapointe et al. 1997). o] & ¢Jofd Fo] Z715A}-2 A3}
3k A Hpo] FY3 44582 (upwelling) FollA ¢
Ade FE g, B AL 4R 4% dHxi @
A e} 7 Fed el H1n Udx wEHAG
(Smith et al. 1981; Lapointe et al. 1997).
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2 flo

SRECERREEE
o71gel £7] Fol )
odol w1 $ 0 A olh,

1

AAakA ol 7] wgol| FFgel x&d AERFES AF
FA3E2E o8 AW AR oldze oo,
we 4715948 Wz ARSEA AdA 27D
d8k-e 7134 fc}(Chung & Lee 1989). 8] =72 2%
FE5N 2259 ARte] H5pE, E=d 52 v=o 3
ool AP 5% Ao A3 aTw, B3 2z
Laminaria saccharinas 373 7)% (20ppb) 2.t} 2~ 3u)
¥E 5= 50ppb?] Cu?tell xZFAHE o A Eo
FHHT 454 VHEE vl W7 Bashe dew
vJeldtd (Chung & Brinkhuis 1986). I3t )25+ &)
S2yE $34E Fook] Aol Fdsks Aoz
o2l ¢)+d (Chung & Lee 1989), o]+

elr

A

A4e B3l AWAAAL) AA- BE FIAe=:
o AN AREANAAA AR dge w4

e 7he g A 4 gl
2 d7e fedet s 2700 AR BysisA
ey FHoz 2S¢t 728 /T gl =

T A "HellM e E8de F59} £
Aoz Hels Rz THATNE Wdoz dUd
Tk 4

!

E QT E s o] AdMAEE B2 T
B2l (Ulva pertusa Kjellman)S H A 3le] B =
Argstedch P zuleel el JdA=RE AA 14
mm®| LA (disk)S Foplo] 250mle] vk o]
27) flaske] Y3, 15+0.5°Ce 2x3tox] 12:12LD

FF7|2 Feekstd o] wiek 2 29 7HAHow
% smAls) Fo.

L 33}t AsjelA A= ada el A% 2

o
A2z A N

2 o g

Wepole e delst QAR YosAA 2
A5e ALH4E 3N glo] o Sahgion, FUe
u) A 53 (metal halide lamp; Samlip Co.).2.2 10, 30, 60,
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100, 150 pymolm2s712] sFekz} ohiljokzAol|A] 8=t
wl FsHA .

2. ¥719%9F =0 wWE AR R A=A v

F5a 1o ¥7bg Adg 35g& 3Jod pore size
0.45 ym2] membrane filter (Millipore Co.)2 o #}3F <}
Falgell HAakd datd$ A8l AT 7]
AUAF T2t A 1047 AR Felek Mo )
47 3} E (1989~ 1994 Ministry of Environment
Republic of Korea; 1995 ~ 1998 Ministry of Environ-
ment Republic of Korea)& 7]%22 3l KNOs:= 0.5,
2.5, 5, 10 ppm 18|32 K-HPO,= 0.002, 0.02, 0.2, 0.8
ppm o2 sG] om, 100 pmolm2s718] FFoljA] 8Y
Fab v ohaiet.

3.33% $E B 4% 2 ALzy 0

—

a

Han (1992)8] 32} % =AWl el 9= wxo
CuCl,2H;09} Pb(NO;),E #H7}3led F=7ulE A3}
At Cuztel Ph2te] e A 104z 779k A
4" A8 (Kim et al. 1998)F 7123 39ow
CuClL2H,0%& 0.01, 0.1, 1 ppm 28] Pb(NOs), 0.01,
0.1, 1ppme] H== 2§ x2|sted, 100 pmolm2s12]
gafoll A 8 F<t ull oFshgdct.

RPERETES

Z wigziEs Al JAE S8l FXE F
71% A A" F AzpA]-2(A&D Co, ER-180A)2 A) A =
& 25 WA ZA s, o2 RE dE 4
o 2]3te] AbAALE- (relative growth rate; RGR)S
stsict.

InW,~InW,
rGR o 2Wa—InWo)

100
(Wo: 271l A3dHe] WA= Wa:nd w3
YA WAt FE Y, In: A2 )

oz A e A A =E 243 F methanol
(99.9%) 4ml7} Eoi9)= 10mle] vialdl] A& Y1 ¢
Aol A 2441205} MR AT, 22T A58
& quartz cuvetteo]] Fo} spectrophotometer (Specord
510, Zeiss Co.)E 470, 653, 666 nmo| A 2] &3 =
AHsle] Q=4 a,b Y carotenoids TEFE A ALty ch
(Lichtenthaler & Wellburn 1983).

z
R ERLEETEER PR LR R EEE

H| X

Tz o] 934dHE 10 umolm 25719 FE 7] 0]
Al 847 wiokatl e W gAY AFEE T
A ezz] mRA stdee] ol A £ Aol
E Rolx| ¢ake}l (P>0.05, Fig. la). 181} 30 pmolm™2
st o] de] Rl ME F szl BFA Bl F
7Hrel el AArge] FrHEdE HW AAES 100
umolm2s 16l A eEP T Mjs]f2 7o Bels S
Hrz7dA "R w2 AFES BHoH(P<0.05, Fig.
1a).

S a9} 5] 7% 60umolm2s1o] B ofFfelA]
2 ko] MalslazA R Fald RN w3t
©1}(P<0.05), 100 umolm25~1 o]A}2] =90 Bk
F AN FARE 2oz velytoh (P>0.05, Fig.
1b, 1c). ¥k carotenoids 3eFS vlw§ S o BA=F 10
pmolm 2571 o] s}ell M= Ad s Sz ne) Falayz2a]
NA E9k o}, 30 umolm 25! o] Ak] Fapol M= A s
Fx2ZAA 2318 A Jeldd (P<0.05, Fig. 1d). %
AR F o7 25 Beke] Z)E
o mre} Zrasleded, Malslg271o A 30 umolm2
s19] Fgo A FHT HL¥FE Jeon, FE S
Z7 A= 10 umolm™2s718] FFol| A H i MAFFS
ebdel 452 b:a9 v[EE T3 Mz
QoA Feko] 1004 30 umolm 2512 Z7}3ho) uw}
2t 1 gke] F71H A 30 umolm 257! o] AFe] kol A]
A 72k& B9 (Table 1). ¥V carotenoids: &

a®l ¥|&2 Filet MaEEzT] BFolA Ffo
74kl whel A&Hoez 1 Zhe] Ui, BE
oA FaslezARTG MasezddA & 3
L}E} T} (Table 1).

2. 7714245 s50 9 A% 2 Az vz

g
3
z

o o ofN P rff

1988 ¥-E] 19973741 9] 7] 7Hg<t Fafa =9 A3
e SR FrGddFY sEHIE AHR
o ARG A AR A FAE Hold sl
= (HF 0.37ppm)ol| ¥]E A4 (HF 0.88 ppm)
A B 2 F=E JehiNd (Fig. 2a). 4GS
Falet Aol spAabelol] HFs o gleir F el
£ HolA| oskAat(Fig. 2b), sl Z7iqte] Fr|ofofqd
F e=dsE AFE o =ARTo Aakda] qlardd
B

Fxrk $7471F 357 2 2383 U s

o



430 HYZ7 - SefE

(a) (b)
14 - 1.6 -
12 | [least seawater 1.4
Hwest seawater 1.2
10 4 @ —_ 1'
—~ 8 =z .0 A
T Suw 0.8
3 & 22 g -
S oo
T 4 ZE 0.4
0] | o< |
2 0.2
0 0.0 -
-2 1
_4 A
14, (c) 0.25 5 (d)
1.2 + 0.20 1
Q~1.0 1 .g;
£ 0.8 S 0.15 4
gt 2o
ggo.e— ©% 0.10 A
§5E0.4 ot 0.0
0.2 051
0.0 A 0.00 -
0 10 30 60 100 150 0 10 30 60 100 150

Photon irradiance( £ molm™2s™1) Photon irradiance(z moim™2s™")

Fig. 1. Effects of photon irradiances on (a) growth (b) chlorophyll a content (c) chlorophyll b content and (d) carotenoids
content in Ulva pertusa, grown either in the east seawater or the west seawater collected from the corresponding
coasts in Korea. Mean +95% confidence intervals are shown (n =5).

Table 1. Effects of photon irradiances on chl d/chl a ratio and caretenoids/chl a ratio in Ulva pertusa, grown either in the
east seawater or the west seawater collected from the corresponding coasts in Korea. Mean +95% confidence
intervals in parenthesis are shown (n =5). Caro = Carotenoids

Photon irradiance Chl b/Chla Chl 6/Chl a
(nmolm2s71) East sea West sea East sea West sea

0 0.905(+0.023) 0.935(+0.056) 0.147(10.009) 0.166(x£0.013)

10 0.887(+£0.019) 0.847(+0.005) 0.117(+0.020) 0.163(+0.013)

30 0.978(£0.074) 0.906(+0.054) 0.067(+£0.038) 0.190(+0.045)

60 1.012(+0.076) 0.932(1+0.035) 0.091(£0.042) 0.209(+0.008)

100 0.940(+0.064) 0.905(+0.039) 0.163(+0.040) 0.246(+0.003)

150 0.900(+0.018) 0.971(+0.027) 0.240(£0.006) 0.301(+0.019)

Table 2. Effects of inorganic nutrients on chl b/chl a ratio and caretenocids/chl a ratio in Ulva pertusa. Mean+95% con-
fidence intervals in parenthesis are shown (n=10)

Phosphorus (KeHPOg; ppm)

Nitrogen
(KNOs3; Chl b/Chl a Caro/Chl a
ppm) 0.002 0.02 0.2 0.8 0.002 0.02 0.2 0.8

05 0.798 0.819 0.765 0.741 0.199 0.180 0.208 0.226
: (£0.032)  (£0.038)  (+0.029)  (+0.020)  (+0.024) (+0.011)  (0.013)  (+0.011)

05 0.773 0.757 0.772 0.806 0.253 0.235 0.233 0.186

' (£0.020)  (£0.018)  (+0.008)  (+0.041)  (+0.019)  (+£0.009) (+0.019)  (+0.031)

5 0.841 0.900 0.803 0.812 0.210 0.127 0.181 0.194
(+£0.031)  (+0.036)  (£0.037)  (+0.022)  (+0.033) (+0.027)  (+£0.029) (+0.012)

10 0.825 0.924 0.872 0.961 0.174 0.152 0.191 0.136
(£0.027)  (£0.042)  (£0.044)  (+0.038)  (+£0.011)  (+£0.045)  (£0.029)  (+0.022)
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Fig. 2. Annual changes of total nitrogen and phosphorus contents in seawater from the east sea and the west sea of Korea
(squares : east sea water, circles : west sea water). Data adapted from the Ministry of Environment Republic of
Korea (1989~1994) and the Ministry of Environment Republic of Korea (1995~ 1998). (a) T-N, (b) PO,-P
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Fig. 3. Annual nutrient concentrations at 5 sites in Kyonggi bay, Korea. Data adapted from the Ministry of Environment
Republic of Korea (1989 ~1994) and the Ministry of Environment Republic of Korea (1995~ 1998).
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Fig. 4. The combined effects of nitrate and phosphorus on (a) growth (b) chlorophyll a (c¢) chlorophyll b (d) carotenoids in

Ulva pertusa.

2 el (Fig. 3).

o} AL FAARE AR dho] Aakdd A
9] ¥=% AAsT KNO:9t KHPOS| )i 7E
Al ste] HAHAQAETFA 100 umolm s el A 8
THATNE s, 48 AR F=eM 2AL
9 F=7F SUMEeE ARl Frksled, kg 0.8
ppmel| A BE A Fxel AA Hd AL viehy
vt (Fig. 4a). =¥ FHH 55 d=dbe = @AY
0.5 ppm, 214k 0.002~0.02 ppm)ei|A] B} Ms)s]4=
A3 F=(AAS 2.5ppm o, A 0.02 ppm
o]l A AAEel A vebdEd ol F3sk A3
A A4 AdspeM P e A O
o] ZAs}o|c}(Fig. 1a). =4 TF AAY H=% 05
ppm® 7-$-E A3tu ZE AXY FEelA UAAY
w27 Zohael wek 980 P 27hRAE vehy
vk (Fig. 4b, ), carotenoids®] 74-$- A4k 0.5 ppmoi| A
b FEol Aol A ¥ FHE ngler], A
A9 FErh R4S FadE Aoz dehid
(Fig. 4. 992 b:al v &2 AN F57b 27
o2l 1 Zke] F7Fehel.e™, carotenoids: 24 a2 M|

ALk a2

€2 AE ¥= 0.002~0.2ppm WA AAR 5
% 25ppm¢¥ # e B} (Table 2).

3. 534 ¥E

335 2 4% % Aazy

19851 28] 1997174 As] A7|A] =
Cu?* 8} Pb** 9] 5= WsiAtge] uz=w 77|%)
B =T BT FAVEE W53 A
o v} (Fig. 5), BA HZolAEe 8oz 3
A 233 ¥ $E2F Bo|x gid. o9 e
#A8E 2AHZ Cuztd} Ph2+e] y=& AAsy 100
pwmolm2s710)| A] CuCl,2H,09} Pb(NOQ;),2] 2
F Aesli 87 FHZATE vioFsll e, A&
< Pb2t sl A3glel Cute] Fxr} S5t wet
Zadt= Aoz velydo} (Fig. 6a). 924 a9} b, caro-
tenoids ¥= wpds}A 2 Ph2t x Wl g
UAT HAFAdE HolA] 942 uhd, 1ppme| Cu*t ¥ =
ol A ¢ e kg vlepll 07, carotenoids®] A-$- A
& 2R 4} (Fig. 6b, ¢, d). FE4& b:ad v:
Pb?t g 2ol AF#gle] 1ppme] Cu* F=oA v ¥
& 74 veRd e v (P<0.05), 0.015} 0.1 ppmel| A=

el

&
e
o
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Fig. 5. Annual changes of heavy metal contents in Kyonggi bay, Korea (squares : copper, circles : lead). Data adapted from

Kim et al. 1998.
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Table 3. Effects of heavy metals on chl b/chl a ratio and carotenoids/chl a ratio in Ulva pertusa. Mean+ 95% confidence

intervals in parenthesis are shown (n=10)

Lead (ppm)
Copper Chl b/Chl a Caro/Chl a
(ppm)
0 0.01 0.1 1 0 0.01 0.1 1
0 0.779 0.263
(+0.050) (+0.052)
0.01 0.832 0.838 0.817 0.197 0.251 0.222
: (£0.060)  (+0.040)  (+0.048) (£0.045)  (+0.033)  (+0.024)
0.1 0.806 0.834 0.836 0.215 0.226 0.230
: (£0.019)  (+0.018)  (+0.029) (£0.013)  (£0.012)  (+0.032)
1 2.797 2.844 2.496 0 0 0
(£0.432)  (£0.570)  (+£0.131)
223 FARE 3E BT (Table 3). o] Z7etded Ad dsadE A FHHs2A

L

2 A7 FHRs e Bape] Frigdel wet A
Aol Z71sle wiokd ol ol AolE Hol: Ao
2 vepgch 4480 A4 FaE Sz = 100
umolm-is 10l 4] FES7 Lebk ot Asta) S2lel A
3 150 umolmZs ol M = AJ&A D AAFZ7HE Aol ¢
kel (Fig. 1a). Ffel w2 g A2 1dedlA
F2370d), P2 F 27 254 10~ 30 umolm
s Apole] 2 AoT BTk HT YA FHR
el 8 AFolH BESGo] 48~64 umolm ise
ZA 53, HAF L 16 umolm 2571 o] E}el Aoz B 1E
v} o]t} (Floreto ef al. 1993). B A7} u|wsle] & df
B TRl Qe Tl vkl
HH o] e} yov, ¥APHL Ak} JAl 7R 2s)
A7} wfe §A13F Aoz welt) ¥k, Fortes®} Liining
(1980)2 $3 Al Ulva lactuca®) GAAAo] 20~30
nEm2s71 o]A}e} FFol|A FE3] F71Eked TOuEm 2

i3
}

o BYelA ZoFIden 19 AT ALEL 1290
o2tk Bosleleh A THASNS A KP4

Ulva lactucaRohs =2 oA AAre] =3} R]0r 1
o A AR 022 53 AEIFS FARE A
o2 vepget

g s 2F Wl A7IZ) adiw MAageke]
Zrbshe Al AEd ot deste mE4de Fol
= 7)zlo 2 o] ¥t} (Ramus et al. 1976a; Dring 1996).
494 Ulve lactuca®l Q22 o 3k Fgko] 250
uEm2s71el| A 30uEm 25712 Z}4ghol] we}l T ofe] 57
% Z7}5h= 7 o2 el (Fortes & Liining 1980). £
QAFolA FHRSNE Fepel AaFel wheh Aiee

o A= 10 umolm2s71, A&l 2 A= 30 umolm2
st A 247 137 1.0 mg/g F.W. o2 el (Fig.
1b). Harris (1978)% 272 @34 el 50~100
WEm-isiol M A4 Fee Aatekm st ol
A& sl 5o] Fortes$} Lining (1980)2 Lami-
naria saccharina, Porphyra umbilicalis 1813 Ulva
lactuca 52 954 Feko] 30~70 pEm 270l A F3
A Z4adEgy B 23t vl 97, L saccharina Bt
A7} AR oz ¢k Ulva lactuca$}t Porphyra umbili-
calisohH T agel B8 SRS Yepdeia 59
o}, o]2]3t ool I8t o|§-2A] L. saccharina®] 73-$-
meristoderms} A el Slshe] GHA) T ¥
o] wlo] Xjt=E|A|9t Ulva lactuca?} Porphyra umbili-
calise HRE] JAFA 7} vlaA Folgle] Wel =&
97 Ee) AP olAeln Fuae) geass)
s elFolAs Aelztn AmE v} oleFortes
& Lining 1980). 2 97elH 7u2sel 945s @
o) A&3HA ZtaEE AR o9 3L oA o]
HE 4 9] 7oz Atz P} Carotenoidss= BFEM A
9 7ed 454 BEU)sE ¥93 4EA U
(Dring 1996). 2 <¢ol|A carotenoids 3H&Fo] 303} 60
umolm2s71o| A] Fajsl A uct MafjsifzelA ol
< =7 Jeld 72 (Fig. 1d) carotenoidse) £]3le] A
A gougol 274 4 ke HolA uigicin
2ot sl vlad gEs 57] diel AdHe
2 QA0 Fgo] B Hiyd o w Frjzvl
QAN carotenoids’} Z7tRo=2H ojF BT 5
UA 2 Aoz Asdch 924 b:ad H]ELS 30
wmolm-2s-1 o1 4¢] BN o 09524 YA
chbed o): FHUSNE MW e waFe A
Al Ftoew A%t} (Fortes & Lining 1980; Ramus
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et al. 1976b). Ulva lactuca®] 73-$ ek w2 g=4
b:a2] H]&(0.6~0.7)°] FRI WS Hoelx] ¢gfo
™ (Fortes & Liining 1980), %¥X| ¢} A |HA & 2zt o
B 5270 RN 454 o HEE FHE 3]
7F 9= Zlez B yEYct(Ramus ef al. 1976b). £
Fol M =7 Falo Msfis]s Alelel] vebd A&
# Aageel xolF FHIY] Y8 FHeAAA F
TV F A JADY & (FEY D
Azl o] Fo| 27t wuiZE o] AR B AE )
2= gkl AE zAlEIAH-

Axg 7 a2 AdB]A AN Az2Fo] Bl
S F £ Y F038 JYYFEo|t}(Lapointe et al.
1997). v, AAddele) ol =fe) Akl 2
23 Ao gREo] FF3F] Rolglon, w3l HxFH
AT T A B EIA] g3 5

| w2l JFPF7E F5H e
O 1.

[e]

ZFE 4T dFIF £ T2 2T o 27
> & 7hx 3 9leiA Fue o
13 o s FA-
gy FE AlL3lt}y B 1% vl ¢lYd(Chapman &
Craigie 1977). wehA si el HAbY Algte] dofp=
717t Fotell AAE7] f8 RS vkt g Fdt
2, gl AAsatel et szfe] AAGe] FeH
t} (Duke et al. 1989). ALY Hz2 F5E 7|7
o} AlzA Foll AAHA e oz obFAbY,

2oz IUFHT otu|xAt A, i FAAE
S AzF ARE AT LA
(Lobban et al. 1985). Larned (1998)-2 9&2] t}of3d
272 4oz 2499 949 291 ¥ 3

Sy

oS,
nf
S
off ok
it
N
L
bl
o
2
2L
0
ol
o
R
-~

£ e
o a 8 2 L ot ol of

£ FgAEEE S o dehbe 4Aeg 24

T AagEoE Aaddel o3 AAe] AFHE A

2 5 S 2 ATl A TR E o
A QAN FxstlA AAd st FUMEsS AR
of F7kdhke 7oz ol AAlgo] Frigwye] QA
Agede] & £ g 7oz Aado}(Fig 4a). W
F54 FF> AAg 0.5ppme] A¥E AT =E
A FEAA QA s= Sl wel FAHSvH
§ Holm2 clAlde] FHAI e dS4 ek o
e e 7R 5 0SE AAE FH @ 4 9
T, dakge]l 454 A7) el oW d Aoz o
€ nAE AR deME Az #HE st
ek =% AA e AT AYATEI} MsS

=1
ZA Wi Arg Aoz Al F=st
2 FH A o] g vEbd Wb (Fig. 1a),

FURF FEE ¥ ez Buisgd s | FsEs
E Yzl == (ZAY 0.5ppm, AAFE 0.002~0.02
ppm)ell A BTl A&s$g duxde FEAYE 25
ppm °|4}, 1Ak 0.02ppm o] AbellA] AAHE-e] A
el (Fig. 4a), ol AN AArg ) 1Ak
olslol TN e ARATE 2alo] 2N
& slohe ZPsAE AAReT @ 4 Ak

Neel RPN Fa4 S4B @
T35 v} 9o} (Gross et al. 1970; Edwards 1972; Puckett
1976; Chung & Brinkhuis 1986; Chung & Lee 1989; Lee
et al. 1989; Chung & Kim 1992; Kiipper et al. 1996). Cu,
Zn, Cd, Hge} 22 54 2452 254 E #71 of
g} Jd 2% (Kowalewska & Hoffmann 1989), §H ¥ =
Z(Gross et al. 1970)¢} 2] 2}5 photosymbiont (Puckett
1976)2] FFAE Aot A ed F2 1
e Qgas) Mgt ol a8 ARAA olFlAE 7
o2 odajx v} 222 hms-chls (heavy metal
substituted chlorophylls)}:= Mg-chlZ} v 2& w el
A 8F of 7| Akel] (excitation states)e} wf-9- e 3 gekg
7HAY e wdgE vt (Watanabe and Kobayashi
1988). Hms—chl®} Azpul2%53 2 Mg-chl adl] B]3}ld
@78 paRed, gl 334 2226 o8
Mg-chlo] hms-chlsz X|@gozs FTuel B3
A hsdel ol Ziolch (Kupper et al. 1996).
Chung} Kim (1992)2 Z3-4(Cd, Cu, Hg, Zn)oll 2|8
FeiRsel s £4E4E B v glor], 1 F 42
Hg= 72l Cwt 14 e =4e Jehigz s
ot E3), 7219 A% 0.5ppm o)A TR
A7gE G733 ZA2AFHEY, 2= Laminaria sacch-
arina®] A ZAA = Cu?t 50 ppb o)A A 9D =<
Woe o A o] 7h45HeT, 100 ppb o] 4]
FxolAe 59 ol WaRAel Lotz a7t Alet
A £AF G2 8} (Chung & Brinkhuis 1986). &2
Callithamnion hookeryx Cu2* 0.01 ppmeil A A o] 7}
adtgieon 0.5ppmellAlE Al 4A3] HAS
(Edwards 1972). At & 40 e Ad 1087 34 =3
£ x> Cu?* 0.004 ppm, Pb2+ 0.003 ppmo]| =2 $2]
AFENA AHEY S g 2 Agke] YA,
&2 d7|7tEet sz EAFA HY 4 F
al 93-S 718 4 317] WEol (Chung & Lee 1989,
Chung & Kim 1992) 2 =9 F3&l digt d+7}
2esteley 9IS £ A7l 3% Curg
Prir FRaslsl A ARedow thehtAn
Pb?tRol= Cu?t7} B} AdHql AFaglezr ¥l
o %3] 1ppme) Cut pold Aagael 4% 7
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a84be] vpeldisd), o] 100 ppbe] Cu F=ol A
Undaria pinnatifida®) ¢S4 deko] =314 71438
1 3= Lee S(1989)2] B39}, 50 ppb o] AFe] Cuzt
¥ %o|A] Laminaria saccharina?] §24 Fefo] Fol
@A 7F4Fcl= Chung® Brinkhuis (1986)2] ¥ 719}
A2)Zetar & 4 lelA A Cutr) Mael Ao el
sy gqloz A= AL M)A Sk 2 Al A
o} Cuztg} Ph2te] ¥l =z Friztslee] EAas)
£ Jepd g 2 vET oMAT AEAECAM v
ehise] Cuzke A FHE 7I0eet 7HEx ez

(Fig. 6).
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Effects of Inorganic Nutrients and Heavy Metals on Growth and
Pigmentation of the Green Alga, Ulva pertusa Kjellman

Jang-Kyun Kim and Taejun Han

(Department of Biology, University of Inchon, Inchon 402-749, Korea)

Abstract - Differential growth of Ulva pertusa Kjellman was observed in response to different
photon irradiances and seawater. Growth rate of U. pertusa cultivated in the seawater collected
from the East Sea was significantly higher than that in the seawater collected from the Yellow
Sea. Optimal growth was found at 100 pmolm=2s7? in both cases. Chlorophyll contents of U.
pertusa grown in the east sea water were higher than that cultivated in the west sea water at
irradiances lower than 60 umolm™2s™!. At irradiances higher than 100 umolm™2s1, there was no
difference in chlorophyll content in between the two different seawaters with tendency that
pigmentation decreased with increasing photon irradiances. Nitrate concentration in the west sea
water was 2-fold higher than that in the east sea water, while phosphorus concentrations (0.03
ppm) were similar. Concentrations of Cu2* and Pb?* were 0.004 and 0.003 ppm respectively which
are far below environmental standard concentrations (0.02 ppm for Cu?* and 0.1 ppm for Pb2*).
Taking those data into account, we have done laboratory investigations into the effects of
inorganic nutrients and heavy metals on U. pertusa. As nitrate concentration increased from 0.5
to 5 ppm, growth rate of U. pertusa increased, but different concentrations of phosphorus did not
cause any differential effect. On the other hand, chlorophyll contents increased with increasing
phosphorus concentrations. Copper of U. pertusa be toxic decreased the growth and pigmentation
as the concentration increased, whereas lead showed no such effect. Concentrations of Cuz*
employed in the present study were much higher than those in ambient seawater. Intermittent
soaring of Cu?* level as observed in natural seawater could, however, seriously damage the
growth behaviour of U. pertusa. [Ulva pertusa Kjellman, Inorganic nutrients, Haevy Metals].



