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Summary

Eight different species of marine algae which inhabit the four coastal areas
of Chejusi. Moseulpo, Seogwipo, and Seongsanpo, each located in the north,
west, south, and east of Cheju Island respectively, were analyzed for the

contents of heavy metals in their dried substances.

1. Cadmium content was genernally within the range of 0.05 ~ 2.44 ppm.
Sagassum fulvellum was found to contain the highest Cadmium of 0.58~2.44
ppm{average 1.70 ppm) while Hizikia fusiforme to contain the lowest cadmium
of 0.05 ~ 1.33ppm(average 0.74 ppm). Compared with other areas of our
country, the four areas find the content of cadmium in the eight species

rather high, but still lower than the allowed standard value.

2. The content of lead was found to vary in the wide range of 0.05~4.66
ppm(average 2.96ppm). Categorically Codium fragile was found to contain the
highest amount of lead of 2.22 ~ 2.66 ppm (average 3.68ppm), and Hizikia
fusiforme to contain the lowest of 0.05 ~ 2.44 ppm (average 1.68ppm). Com-
pared with other areas of our country, the content of lead was rather high,

but was still below the allowed standard value.

3. Copper was generally detected in the comparatively narrow range of

0.59 ~ 2.55 ppm(average .41 ppm). Categorically Moristotheca papulosa was



detected to contain the highest amount of copper of 2.55ppm, and Sagasswum
fulvellum to contain the lowest of 0.59 ~ 1.93ppm(average 1.12ppm). Com-
paredwith other areas of our country, these values were found to be remarkably

low and below the allowed standard value.

4. Mercury content was found in the range of 0.05 ~ 0.74ppm with the
species of Hizikia fusiforme, which showed the highest content of 0.05 ~
0.74 ppm(average 0.33ppm), and the species of Moristotheca papulosa, which
was detected to contain mercury below the lowest detectable amount of 0.05
ppm. Regionally Moseulpo found many of its seven species to contain mercury
below the lowest detection limit of 0.05 ppm, but the highest mercury content
of 0.74ppm was found in the species ‘of Hizikia fusiforme there.

These values, which if converted in terms of their living bodies, will
equal no more than 20 ~259% of them, are generally found to be much lower

than the safety standard values.



I. #& ]

T 4ol HEEsed wexe RE HRHES BEREGEY BHesE W
ase] o go mEdAeT AwEE EHE ool BENeE Awel B
wsls WwHEZ FAHT dov KEWS SEEIE ARAR Sd &
2 ololA sl Aol 2l E KE®el ffiEd AAsteE tdes
2w kEWS HRe 2 MEs obd gl

=41 (1968) o] fkate HA & LUEolA ol who] —ojubo] gFolebs o] Fol A
og SpEsl 7o 19554 8F 4B FUFM #K bolal, 19614 FKEf - b
oo &M@ 3 Ael  tkel olwo] —oluo] 55 FhE g FEol 27 @thdE
oletar wald oo FEBo HlU, LBEEK, (LBLE HeF MK &
fisle] QEdl oleldt MmAS WHAAZ HHsIw L#Eez Fr fiqme
2 Bifol Hu oleld AMLS BN #mse A% Jtowol Bl &
Mislo] ol W3l thEmWo T & Ki{rol FEkdbsEel ArAl Kb
st

1950 4:/& H# Minamata Mol A Ao MEEE WM Abskol VUESKE,
s, @EREEEE S hREWEEEE AK#ESEd K3 Minamata
ol ek ggel  uiE| A ovl, BKRO| frEEStE KEe HEREE A4S
A oy 609% LAbol WiiiA#wme sesty ded 2§ OHMET Ho
oli= 7l Alkyl Kéiol ot

Fuge 9} James (1973) &= #kh E4B) —X# BRES <

o
s
i
_E,
&

gl mAgEE Aol 2vls F Wuk ok, BES olFi ded



fife2s —3 FAsT 7hgel BE O HHRY HEERH wamte #Eé
B BES WY sEvh Aoz st

Blfe Sl E¥ERK, B, £ TK %5 22 Kistel &
wHHs wmimATlz Aok zelA ENERAA AESE HAH O RESC #
g e SES Afistd HRe BELS AMcte EmERZ @A
A EHT EHoth



I ®# ® =

foHT PUtAC 3] sbe] 44 Hippocrates = glthigol Hal 4 AE &
fretola, = 16 il Paracelsus &= &, 8, #, W&, &, JmE, & KHT
FEWo BREcHI v S P stMsle Xl ftfEste AHEEL ML W, B
of EH/E uiin sh

sl iel gee BEWN®ECl gghel ok vl=Fel K3 lelels w

e Ttew fE#ggrtEel &t vl Ssta KR ZnSol f{ie

rlo

shat eXKell CdS£ ZnSe| ¥ 1200 ReEt A Zn#kS B

it

v BEslE TRAAMw 4 stmseol  Hiislel olel kg o]l o
ol 4 ook kel k3 Aol t@tb@Mol BT AHHS flv H A
Minamata fgolct, K#8 9 KE{LEWS A Eol HWHEHCztx: AME vEsH
of —MAEwAAN L AEsA {EHSIERE ol HRshs dlele oA R
Hl¥sol  shalz skoh

ol opzto. HHIel WRL HE BEEREA K BREEBMEEMNS 78
ol zks}  lolzlub 7 #AEyel FEMES Minamata jio] WWEET A A=l zlolc)
%ol KBERE ¥l 19684 Hiel A v AAfel Nk BmELER} R*
fEAA A EScE2A BEA4 LFHV HEMEmE HBrg [ KEel
el B Y HEHEK EE ol dewn, 19BE [falel K#Ee TiE B
ol $stol | ebi= Zlol FEAmdA &S AT o) WE AEKES &
A O0.4ppm, o€l K§E 0.3ppmol3 o XES HAT HBNME= i A

ol Al BEBREhcba =lo Qlrh sdlwlol A = B, HZ Aol HEASEW

—6—



S BB EA ol [HHIBIA ] W ol A4S EMETHEES odd %
o@Rnsldey = #AREGE HEx odfez o 2oy HEad:e e
Aol ke HH KEFAS Filpme=® HikA 2i drb el K
ol #3tol 19694 11 [ iR @5 Saskatchewan J[|19] TFioll Al 10 ppm 2]
A G4 At BRI CE2ZA fErt BEsdo 1971F @mE OKE
He WAStY BREAE &ZEoldr, A¥hel K# RA O HEFEEEESE 0.5
ppm ° 2 gt ERA A= 0.5ppm, Bl AT RfiEKe] BE Y 2
Mol Kol Ek #FE#el RAKEOE 0.4ppmol gk i, chake]F
#AMm % 07ppmoZ 1973 4F FEsHA o

2 #FEF Mol @I &BoRA A&MHH, TEM, BRE, ALEH
B Zs] @HHHZ el BB i

2 wol  FRES S, didds] Adstd] AEER, BAM. BHEES FRL
Smith(1971)el  4ksled W #HME 2 Eol Al ®ls= 7ol oz
Mo & 5~10%, MBEESE @bl # 30%7hA] Bigslchz  stel ol
BRAEM S JEbl sy RAREE RAY 45 m+@E 08ug mpLlLolq,
b EE Yo BOBIELS 1047 T0kgolelan #Harslo] Qo AMsel
AolAl w2 90% pAbol w el amsld leow mahel wmulgd
2 FMmERS] WEE RHEAII L, BHPAA KmEKS £RES  EHEAIH
ke mkE  Protoporphyrin 3} ol # 4% Hemeo| Globin
of maAAMA ARS At Fol o 4£EE HESe] HmS WAk
3 gheh

H974) 2 FdE BENA = FEE WS Hksld B EIRs A

—7—

~



7l wEEEAES] BMEE  ba2cia dlowd, 3 (197T4) & LR g
A el SAADEZA R hES dol fiE BEsiy = H
el MmN e HWEBKS @St RRdA A4 §q

Konrad 2} Kirkby (1978) = -2 742 MRBMMWES Sl a8 240

Lo

BERS RS BREB S EESte #hol BAdiu, Alatl  gloefx
Eh o gt flv dolelAdl BIMEEHS o Holul, el 9
of iz FAdel Fi8S F@WIchn sk

Tele AR LATEDS el glow Fojo) @S olub Kol
ELBPE SRRl ot 60~100mpS BMAA o4 MRMiGhd WRET
T Yeslv], 10~30me WAM MBASEE A9e: EES o ogx ao
Zog oAz ok

Yang 5 (1979), Kwon (1980) ol fkslul Mol 4] K48, o, /=8 $o u
st atiEl Aol ohdet sl Wik, MI mE TH, & Do
B M R hikslE Zo® AMAdA ALAEMS kol
Hgleh ERAEs AEWS HeBBE Bl Westss(1967), Williams
2} Weiss(1973), Topping(1973), Olson 3- (1973), Ohara(1973), x:(1973), LHES
(1973), Freeman 3-(1974), #em o} 544 (1977, 1978, 1983), A= (1978), /| kk
o (1979),  LmEst R\ (1979), Lk (1980)58 oo FA%s 9ol K
of  #fall 4| = Bryan(1969), Lunde (1970) , % (1971), Fuge &} James(1973)
@b e (1979), a4 (1980) 59 #H#st 9ok

FelvhebE mAES EEwol HE HiEE A9 Hol % ARKE

Aol st BEE amel dslAe 6 (1972), &3 it (1974) Park S (1977)

—8—

S ammom N



of =8 A2 #&sh A Pelch

Wobeser & (1970), Friberg 9} Voslal (1972) 52 @Ak me A58 #igol M
gto]l  @iEstulA WlmRel HEItE EEstelx & T 981D 2 B
el wokfub K &4ol| B§stel  Stanley 9F Deborah(1971), Bebbington
5 (191 ol {keld EH&Eel A P @REEECR FASH ARl wa
slo] fwEHE KBS #Estol Atgdd HHBKE T dovtx s

VY 4 1 1A BN



30° 30°

m ## % K&
LA HER
btz 19844 68 L HYH T 300 Atelol @ AL

(wFS EE@O dEel @A FEsEEet sl vl (Undaria pinnatifide),

X (Hizikia fusiforme), $-F74Avel (Gelidium amansii), 2. 2kut (Sagassum

fulvellum), 7} (Codium fragile), 7Ye) (Ecklonia cava) 2| REHS BEM

of 4 A Fut(Chondrus ocellatus) & FH CHEE, WEHA AT 2L
(Moristotheca papulosa) = &= CHE2 ®W&HEEE HEREA TE &

walo]  gafrol tkal MEE BRIRS # KREE E@Se] TR Kol
£z A Zmstel Rdld REAA EHEB SH RER RSk
RE R e Fig. lof FR3IA e

T

s Seogwipo
Moseuipo
4
1 ]
126°30’ 27*

Fig. 1. Sampling Stations

—10—

4 M M oa W\



2. HE U KE

R &

ol (EHs AL T HHRE I, & £B BERRS
APHA, AWWA S} WPCF(1981) Fgol 4ksto] tiem o] ubs ol
ol 2~ e dlell fRAFSla. By ME O BER RS

L tE s BEEK . £871Es (WAKO #:) 01004 & 10 % %58 50 me
of W#AA BFE YoM m#hste] BEEBEWHES BREIS K AHAAA F
243 122 dhelck(1me= 100 pg Cd).

doERR s 110CAA #EA7 ZEEd (WAKOKE) 0.1609 2 %
B (1+99) %7 100meo] wm#HMAA ZHF2 142 3ot (1mt= 100 2g Pb).

O Fo sy SEETe] (WAKO #) 0.393¢8 ZE 4o  p#aAA
s (142) 2@ms M & FFFE 145 shelck (Ia=100 ug Cu).

O K AW ELE _AH (WAKO B 01358 & S T00meol
wime A7l ko 2EfE(1+99) 10me} FRa4FE fustel 145 dholcok (Ime=100
©g Hg).

oho%

A Eegol fHE 2= Atomic absorption spectrophotometry; (Instru-
mentation laboratory Model I1L-251)% @ AsI9s 447 B2 Table 13 7+

22

—11—

s mEE W\



Table 1. Analytical conditions of [[-251 atomic absorption spectrophotometer

Element
Hg Cd Pb Cu
Condition

Wave length (nm) 2563.3 228.2 216.5 324.1
Lamp current (mA) - 3 55 5
Band pass (nm) - 1.0 1.0 1.0
Photomultiplier voltage (mv) - 530 700 460
Buner height (cm) 4.5 3.0 3.0 3.0
Oxidant flow rate (SCFH) - 12.0 12.0 12.0
Acetvlene flow rate (SCFH) - 2.0 2.0 2.0
3. T R AKX

b ZbEE, 5 Felel ER
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# (1971) ol b5},
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sk # EkE g EECL BASHA e W b m#sich ole #%
o fmo]l fE(holu} wEwmol Huiztx] o] HfES REI "L THEL
i ENTE 4 % SOmeol fFl S dEw WK 25mE pistel At fE

Wb gER W b AR msQTh AHE ES mstd Ems 100
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C (mpkg) = a X X X
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: Sample Absorbance

: Sample blank

Standard Absorbance

Standard blank
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1. JlIE&E

BRI WY, R s 4B Table 294 i gy &E= 0.05
~ 244ppmeole] 7 WEHEGE7 A}

Table 2. The contents of cadmium in seaweeds of Cheju coast
(mg- kg, dry base)

Produced area

Chejusi  Moseulpo Seogwipo Seongsanpo
Species

Undaria pinnatifida 0.77 0.86 (.49 1.55
Hizikia fusiforme 1.33 0.36 1.22 C 0.05
Gelidium amansis 1.12 0.45 0.37 1.24
Saegassum fulvellum 2.23 0.58 1.56 2.44
Codium fragile 0.77 0.49 1.09 0.67
Ecklonia cava 1.17 1.70 0.98 1.33
Chondrus ocellatus - 0.78 - -

Moristotheca papulosa - - 1.45 -

BRI s+ ZAkbol  0.58~2.44ppm (5 1.70ppm) 02 742 =3 Zel &

W 145ppm, 7} 0.98 ~1.70 ppm (£ 1.30ppm), ©}od 0.49 ~ 1.55ppm (

I

o~

0.92ppm), -x7tAbe} 0.37 ~ 1.24ppm (45 0.80 ppm), Al5ut 0.78ppm, A 7}
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0.49 ~ 1.09ppm (4% 0.76 ppm), o) 0.05 ~ 1.33ppm(?E¥ 0.74ppm) o JH o 2
Aogre uehigl & (1972 ostwl @EE TE KA REHS =
woanel HE gl 2RMe ®@EE 002~ 148ppm< vheb o #&
gige= ¥o| 041 ~ L18ppm (£4#5 0.97ppm) o2 7t ¥k =k 002
~ 148 ppm ( £#3 0.74ppm), 37+ 0.52ppm, @] & 0.03 ~ 0.63 ppm (F5 0.33 ppm)
o2 @mmstyidl A EERRS H&ske] ¥ oo @MRE RS A
Ao wadk e dehhzm £ ¥ we g dshidler mabus
oloj o cf4  b#dstE e dEhia leh olshilel FRI ERE SN
of pEES M el wE ERetn A dsolAd olze RMEE %o
s oj 2 of & FEetn Aasith

friph ATRo) #EES AXdAM Lksh 10pmez sof glovt K
ol HalAE oA el 9lx  @ch Stanley 9 Deborah(1971) = %
Boll /) Hfd AA=Eel WiEfk RRES A2lM Hitwrse  3oppm,
W@ se Loppmed Aw glou} felvellAd AN HEES W
om 2 15ppmirt PAl Atolop & Zloith 19694 HAE EAH LER
A e 7AE%e] —H %e HERET 03mpbiTetn dcledl feivielel
A= feael Qold  FrEgel srasEe of walAd A Wedt W
Gl wichel EEmet: bgel #Ew Huhs HAEEC wodet Al 2
slel MEmel —H ¥ EEEe] dold o gEgNd I e
vE AES Sodx Fudle, B WESY —H FH EWEZ 10
g LAFehan Moel %48 REEA deldE 3pmrAE #EY £ 9o
(%4, 1972), 2D 2 BNRE BEEE oMe Jlog & ded %

esheba @ 4 elth
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2. d

BREC kB, MRS W &8 Table 33 ok o GRS 2n W
&R 0.05 ~4.66ppmo|™ MRy SMEVEE T ot EEAE = A 7ol
2.22 ~ 466 ppm (¥ 368ppm) 02 A =3 7t 1.34 ~ 4.27ppm (FH
3.27ppm), ZewX 3.97ppm, #F# 3.03ppm, $3%7HAbe] 1.99 ~ 3.84ppm
(F# 2.79ppm), 2 A8l 2.09 ~ 3.04 ppm (Z# 2.70ppm), ©|el 0.22 ~ 4.05 ppm
(£ 263ppm), % 0.05~ 2.44ppm (F#H 1.68ppm) o2 AHA eyt &

(1972), &3 £(1974) © Zxlule] £4& 025~ 1.22ppm (£% 0.67 ppm),

Table 3. The contents of lead in seaweeds of Cheju coast
(mg. kg, dry base)

Produced area
\ Chejusi Moseulpo Seogwipo Seongsanpo
Species

Undaria pinnatifida 4.02 2.23 0.22 4.05
Hizikia fusiforme 2.03 2.21 2.44 0.05
Gelidium amansti 3.84 3.08 1.99 2.25
Sagassum fulvellum 2.65 2.09 3.04 3.03
Codium fragile 4.66 4.00 2.22 3.84
Eckionia cava 4.27 3.33 1.34 4.13
Chondrus ocellatus - 3.03 - -

Moristotheca papulosa - - 3.97 -

—17—

[ Y

e

s o M s



0.8 ~ 2.2ppm (4¥ l4ppm)o]s ulodo] 0.38 ~ 1.00 ppm (% 0.63ppm), 0.8
~ 50ppm (¥ 2.3ppm) 2 & HEsHPAEd o E B —MHISR  HMHEE
Feakiho] Wb Gl e Mg JEhi o Qdth

ol = WMIEs L B0k Zebol eAlolAl HIUfA] o] 2 kil K
S ARE obsIlH A kB EM xR, HEwLEe KlEEs KUE
My 9 HERUEECE Sfislel  2liEdl (Won, 1976), WEHRYh W &8
o gy JHE A 9.2~234ppm (35 15.7ppm) o] ;. EHE WM E 3~
27ppm (/£#) 8.6 ppm) 0% FIME HE7 %4 w2 e dEhix Add
(LG kb, 1983). 2efa] o] ol EERSE MWEES & ago] Euhx A
2tk

who]  mrii#e B A BHAH Tppm, —B A5 2.75ppmo] i KEWLE
Fhepriel Al 10ppm o2  Eal A ek olAS H#o g Shuiui EMImE W

MED 3 ARS M mEEURHE west igel o

i by, MY Fel SRS Table 49 ok 2 EENQl B EE
1= 059~ 255ppmolv] LRy EHEE/L A

M2 RE oMY BastE ZelFRs 255ppmo R w2
o] e},

QS sbabul i 127 ~242ppm (£ 186ppm), # 7+ 1.19~2.11ppm ( F¥ 159

ppm), A 51t 1.42ppm, % 0.73~1.51ppm(F#5 1.24ppm), 7+ef 0.92~1.45 ppm
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Table 4. The contents of copper in seaweeds of Cheju coast
(mg- kg, drv base)

Produced area
\ Chejusi  Moseulpo  Seogwipo  Seongsanpo
Species

Undaria pinnatifida 1.08 1.38 1.38 0.84
Hizikia fusiforme 1.51 0.73 1.37 1.33
Gelidium amansii 2.42 1.27 2.29 1.44
Sagassum fulvellum 0.59 0.87 1.93 1.08
Codium fragile 1.49 1.19 2.11 1.58
Ecklonia cava 0.97 0.92 1.38 1.45
Chondrus ocellatus - 1.42 - -

Moristot heca papulosa - - 2.55 -

(7F#5 118ppm), ©|l 0.84~1.38ppm (Z# 1.17ppm), Z.2buk 0.59 ~ 1.93 ppm
(44 Li2ppm) o2 AA deEpdc} o] 5 e $zlvel & iR A
EEY REEYd 22 dd ole HEER HFEmhY T BEZ £
23.2ppm el uistod NG EE #HY T 98BS F# 105ppm (A
kb, 1983) o2 vty W Fol &HEY AHeleh 4=t

HA SHcse BE s (1972) o k3t Ak Fe #Es Ek
Tobd % frdhol A% 0.1~ 10ppm, W22 20ppmAiA % ERE S}
At shel Hel elM @EZE 9 ®dx sidh ol Moy Hol &
ME REFe o gE- =24 ddn Azddg 22y gaido  Fa

Y e BB A/ 8



BmEs o HEs AR —EmeR FART skt ofdAE b o}
Yel oA 4 frdtol ®ebel 2 FpArEel EslA AR %

H Aol 21 4=  F7ikkidfo] —ipge® 2ppmolx FRolA = HEh Fifo
B IRAECS 3 42ppm, WSt 10 ~25ppm(Stanley 2} Deborah, 1971)o]v| Au-
stralia ol i= KEMWo| FE XS 30ppm(Bebbington 5, 1977) 2 & @dbar
itk A HEHE ol HEY o #MEEY mamd 7o BE -

g9 Ao a@ge deim g

4. x £
WRE M), M K#EaBe Table 59 3o

Table 5. The contents of mercury in seaweeds of Cheju coast
(mg kg, dry base)

Produced area
\ Chejusi Moseulpo Secgwipo  Seongsanpo
Species

Undaria pinnatifida 0.13 0.09 0.29 0.14
Hizikia fusiforme 0.06 0.74 {0.05 0.45
Gelidium amansii 0.57 {0.05 0.22 0.07
Sagassum fulvellum 0.16 <0.05 0.09 {0.05
Codium fragile {0.05 {0.05 <0.05 0.19
Ecklonia cava {0.05 <0.05 {0.05 0.43
Chondrus ocellatus - 0.34 - -

Moristotheca papulosa — - £0.05 -
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TS diste] 2 &Hel  0.05~0.74ppmo] i€l <lo 1.0ppm &
His 2 ek MENEE 4 Fae] 0.34ppmoE b ¥ ol 0.05
~ 0.74ppm (F# 0.33ppm), $Z7+Ale] 0.05 ~0.57 ppm ( F#5 0.23ppm), o|od
0.09 ~ 0.29ppm (445 0.16ppm), 7Hel 0.05 ~ 0.43 ppm (7£45 0.15 ppm), M 7H0.05
~0.19ppm), Ztef &4 0.05ppme]dte] JHeZ ebdoh zelu 45i0F uhsl
A BEMEANM 0.05ppmolste] #E/F ©$e wnl Eo o= 4

Mo olstel vhg R GRS deha gde HEgeld 4 (1972)9 i

U

diol el ouel 4 WS #Este] 0.02~0.52ppm WE L ow oy
LOppm & H= 218 gl

franel  olojA RUK#O] FFEHA%ELS & afod dExur &g
oA = B2 05 ppm, HA FEE: 10ppm< Eslx glch 3 HE R
Aotz mMAE ey —H Ty HWEgo] MHEYO Hovz #u
AL 10ppm oz Aolm Fupad o2 Hrbslol 2ok A B
sl BN B&SE old e KEE R oA Ladcdzn ¢ 4
aelvt EERel delAl KB HASEC WAz YUeoTT £ ER
oA KR ol Ml weld SERBHRES AEEs ad: de AR
el &% msiAA dddrs B4 gloh

ENE WEH & TEEB FTH B|ES Table 63 zch o] A&

&

(1972), &=t x(1974) o #5ReL H&stodEnl K g o =R
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Table 6.

Cheju coast (mg-kg, dry base)

The mean of the heavy metal concentrations in the seaweeds of

FElement

\ Hg Cd Pb Cu
Spccies

Undaria pinnalifida 0.16 .92 2.63 .17
Hizikia fusiforme 0.33 .74 1.68 .24
Gelidium amansis 0.23 .80 2.749 .86
Sagassum fulvell um n.09 .70 2.70 .12
Codium fragile 0.09 .76 3.68 .59
Eckionia cava 0.15 .30 3.27 .18
Chondrus ocellatus 0.34 .78 3.03 .42
Moristotheca papulosa <0.05 .45 3.97 .55
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