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Summary

In this study, the contamination of 8 types of heavy metals (As, Cd, Cr,
Cu, Hg, Ni, Pb, and Zn) was monitored in 5 seaweeds (Ecklonia cava,
Sargassum fulvellum, Hizikia fusiforme, Gelidium amansii, and Codium
fragile) and 2 shellfishes (Batillus cornutus and Omphalius rusticus) collected
at 12 sites from the coast of Jeju Island. These samples were collected at 4
effluent dischharge area (EDA) of land fishing farms (LFFs) and at 4 EDA
of sewage treatment plants (STPs) where are likely to contaminate the coast
of Jeju Island, and at 4 sites of reference area where are far away towards
sea from the land. In addition, from the concentrations of heavy metals in
seaweeds and shellfishes, the assessment of food safety by Korean Food
Safety Standards Codex (KFSSC) and hazards resulting from the intake of
these fishery products, was carried out. The results obtained from this study

were as follows.

With the characteristics of sampling sites, the seaweeds collected were
different. The mean concentrations of 8 heavy metals in FEcklonia cava,
Sargassum fulvellum, Hizikia fusiforme, Gelidium amansii, and Codium
fragile, decreased in the following sequences, respectively: Zn>As>Cu>
Cd>Ni>Cr>Pb>Hg, Zn>As>Cu>Cd>Pb>Ni>Cr>Hg, As>Zn>Cu>Cd>Ni>Cr>
Pb>Hg, 7Zn>Cu>As>Ni>Cd>Cr>Pb>Hg, As>Zn>Cu>Ni>Cr>Pb,Cd>Hg. The
concentrations of Zn and As were more than 20 mg/kg-dw (dry weight) in
all the seaweeds and in those except for Gelidium amansii, respectively, the
concentration of Cu was higher than that of As in Gelidium amansii, and the
concentrations of the other heavy metals were different, depending on the

seaweeds collected.

- viii -



The concentrations of heavy metals in seaweeds with the sampling sites
were different. When they were compared among the seaweeds collected in
this study and with those from coastal area of domestic and foreign
countries, their distnct trends were not found.

Although the heavy metals of high concentrations were different with the
sampling site, in general, they were As, Cd, and Hg in Ecklonia cava, Pb in
Sargassum fulvellum, Cr and Ni in Gelidium amansii, Cr and Cu in Codium
fragile, and As and Cd in Hizikia fusiforme for the reference area.

When the seaweeds collected were classified with brown algae (Ecklonia
cava, Sargassum fulvellum, and Hizikia fusiforme), red algae (Gelidium
amansii), and green algae (Codium fragile), the heavy metals of high
concentrations were As, Cd, Hg, and Zn for brown algae, Cr, Cu, Ni, Pb, and
Zn for red algae, and As for green algae.

The concentrations of heavy metals in muscle of Batillus cornutus and
Omphalius rusticus decreased in the following sequences, respectively:
/n>Cu>As>Cr>Ni> Cd>Pb, Hg, Zn>Cu>As>Cd, Cr>Ni>Hg>Pb. The heavy
metals of high concentrations with the characteristics of sampling sites, were
As, Cr, Cu, and Hg at EDA of LFFs, As, Cd, Ni, Pb, and Zn at EDA of
STPs, and Cd, Cr, Ni, and Pb at reference area, in muscle of Batillus
cornutus, and Cr, Cu, Ni, and Zn at EDA of LFFs, As, Cd, and Hg at EDA
of STPs, and were not found at reference area, in muscle of Omphalius
rusticus.

When the concentrations of heavy metals in muscle of Batillus cornutus
and Omphalius rusticus were compared with the characteristics of sampling
sites, those in the former were higher than those in the latter, except for Cd
and Hg, at EDA of STPs, those in the latter were generally higher than
those in the former, at EDA of LFFs, and at reference area, those between
the former and the latter were similar.

The concentrations of heavy metals in internal organ of Batillus cornutus

_ix_



and Omphalius  rusticus  decreased in the  following sequences:
Zn>Cu>As>Cd>Ni>Cr>Pb>Cr. In addition, they were higher than those in
muscle of Batillus cornutus and Omphalius rusticus.

When the concentrations of heavy metals between in muscle of Batillus
cornutus and Omphalius rusticus and in their internal organ, were compared,
those in the latter were higher than those in the latter, and the concentration
ratio of internal organ to muscle of Batillus cornutus and Omphalius rusticus,
for heavy metals, decreased in the following sequences: Cd>Pb>Ni>Cr>Hg>
Zn>Cu>As.

The concentrations of heavy metals (Cd, Hg, and Pb) in edible seaweeds
(Sargassum fulvellum, Hizikia fusiforme, and Codium fragile) and in edible
muscle of Batillus cornutus and Omphalius rusticus) were lower than those
by KFSSC, indicating these fishery products were edible. In addition, the
hazards of 8 heavy metals in edible seaweeds and shellfishes with the intakes
of these fishery products, were found to be very low, when compared with
the provisional tolerable weekly intake (PTWI), recommended by the Joint
FAO/WHO Exoert Committee on Food Additives.
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ol e WE2AY /) AH(S-9~5-12) T 1270 AHE AR en, A5
NAAF AAE B2 AHAAFY S-S 242 Fig. 1 B Table 13 #2th

AMEAHE 20179 89 ~94Y, 20189 6¥4~7€ 23t AA AFHe¥E F
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Fig. 1. Sampling sites of seaweeds and shellfishes collected from coastal area

of Jeju Island.



Table 1. Sampling sites and their features of seaweeds and shellfishes collected from coastal area of Jeju Island

Location

Sampling site Longitude Latitude Features
S—-1 33° 18.4210° 126° 49.2350° Effluent discharge area of LFF in Gwideok-ri, Jeju City
S—-2 33° 30.99307 126° 28.6570’ Effluent discharge area of JJ-STP
S-3 33° 34.50007 126° 46.6820’ Effluent discharge area of DB-STP
S—4 33° 33.6760’ 126° 48.8280° Effluent discharge area of LFF in Weoljeong-1i, Jeju City
S-5 33° 18.3740’ 126° 49.5920’ Effluent discharge area of LFF in Pyoseon-ri, Seogwipo City
S—6 33° 14.1250° 126° 34.9850’ Effluent discharge area of BM-STP
S-7 33° 11.4240° 126° 15.6340’ Effluent discharge area of DJ-STP
S-8 33° 14.9790’ 126° 11.8760° Effluent discharge area of LFF in Yeongrak-ri, Seogwipo City
S-9 33° 30.57907 126° 27.7620’ About 1 km far away towards sea from S-2
S—-10 33° 34.2690’ 126° 45.8040’ About 1 km far away towards sea from S-3
S—-11 33° 13.9540’ 126° 36.0370° About 1 km far away towards sea from S-6
S—-12 33 11.6960’ 126° 16.5870’ About 1 km far away towards sea from S-7
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Ap>
(@)
of\

(As, Cd, Cr, Cu, Hg, Pb)3} =-#]7]52] IARC(International agency for research
on cancer) % USEPA(United states environmental protection agency)<
IRIS(Intergrated risk information system)olA] @IEA = FA 3l A+ TF
% 2% (Ni, Zn)& F713 % 8% 9 T35S AAsGAG»N

A8 5 Hgd AF T35 FE2& AF A% uep FARsyez A
A st S AR 9 1 g& FH HAF 10 mLE 71g & AlsdA g G
¢l Digi-PREP(MS, SCP Science, Canada)® 7}<3}o] wkS-Ao] njshal — I Ao]
Hols o Baf7 2 Ao glen, 5% HAio R HF &Fo] 25 mL7t H

25 488 A4S Ag8don Hx, oF FEAFEIET WAl

)

(ICP-MS, 7800, Agilent Technologies Inc., USA)E o] &3}o] EA& o 7]
719l B %742 Table 29 2t}
A& T Hg 42 #4338 A4 30~100 mgS AH&3te] 7197 8fFob bzt

H(Combustion gold amalgamation method)©. % Direct Mercury Analyzer

(DMA-80, Milestone Inc., Italy)E ©]&3taL, 7]7] ¥4 ZAdL Table 33 %
=
Ecde Ta5 =% 129 10 ug/mL (ICP-MS Calibration Standard 2,

AccuStandard Inc., USA)E 5% ZAabo] 3| A slo] AMg3la, He T89S Hg

5

94 10 ug/mL(PerkinElmer Inc., USA)E 5% A to 2 8|4 slo] ALE31%

o

™, At g Alfo 2= HLAHCMOS grade, iNexus Inc., Korea)s ©]-83F%

oh B3 RE ARREAE 33 wEorn Fysgn, FAEBlank), HHFETE
Z (Calibration standards)X® &7 43} o}



Table 2. Analytical conditions of ICP-MS

Parameter Conditions
Instrument Agilent Technologies 7800 ICP-MS
forward 1.35 KW
RF power
reflected <3 W
Plasma Ar 18.0 L/min
Gas flow rate Nebulizer Ar 0.9 L/min
Auxiliary Ar 1.3 L/min

sampling cone Nickel 1.0 mm

Interface skimmer cone Nickel 0.4 mm
Ion lens voltage 8.2V
Acquisition replicates / total acquisition time 3 times / 90 sec

Table 3. Operating conditions for a mercury analyzer

Parameter Analytical conditions
Drying temperature (C) 300
Drying time (sec) 70
Decomposition temperature (C) 800
Decomposition time (sec) 150
Amalgamator heating temperature (C) 850
Amalgame time (sec) 12

(2) QA/QC (Quality assurance/Quality control)

2 oAge] AHIAYY AIAS  wBAS] flste] A 7] (Korea
Laboratory Accreditation Scheme)®] $}3F4 Al@duHe] Fa4d 1S 93 A

3o wek QA/QCE Fae At



ANHE A w8 =7 (7 H, Ecklonia cava)et (42, Batillus cornutus)]el
ZE=ENE 01 mgkgol HEE Hrbste]l AR T 4 T
g% A3z Table 494 2tk el 2 4&ehe] 3
2 Tus T ok v xolE Holu 7+ 85.6~102.8%, 88.8~107.2%

Jl-}

HE
1z
ol
g
=
£
k)
iy
o
ftlo
A\

o2 FA7]+<9 80~120%2 Helel AA

Table 4. Recoveries of heavy metals from seaweed (Ecklonia cava) and

shellfish (Batillus cornutus) spiked with those corresponding to

0.1 mg/kg
Recovery (%)
Sample
As Cd Cr Cu Hg Ni Pb Zn
Seaweed 924 910 1028 976 974 938 838 856
(Ecklonia cava)
 Shellfish 977 898 989 1072 913 887 914 1054
(Batillus cornutus)

n=3

AT 7HA e TEE B AMRE 71719 AEAE gRE fdte] A
A B deAs, AEdA 2 A
Table 50 e AT

87149l 49 FFE9Y FEZ 20~200 pg/L7F HEE SHA R 248
of ICP-MS(As, Cd, Cr, Cu, Ni Pb, Zn & 7%) % Direct Mercury
Analyzer(Hg)® F743to] 23 Ao FaAla= 099~1.0002 #4271+

e
1 0.001~0.0062.% FH7]F 5 °lgtE =

=]
N
[-‘\:l
_&
rlr

21 099 o= whEHEAaL

7y Z=F49 AEIADOD, limit of detection)® A #3HA(LOQ, Limit of



quantitation)© A A4 500 mLel ZF 5% T89S 7Fsted 01 mg/L7t

HEE Sgon, o 78 wE Zqste] Je FEFAAE Tokol b Ao

ro
g
=
@)
o
I
=5
M
)
=
wn
=}
X
—
(@]

9l Aol o3& F3 FEE AEIAE 0.004~0.020 mg/L, GEFSAE 0.011
~0.064 mg/L. .2 AEFTAN 3

=%
o3}, 7 Cd 0.3 mg/kg ©l3h) % of#HF(Pb 2.0 mg/kg ©l3}, Hg 2.0 mg/kg ©]

3l, Hg 05 mg/kg °l3hel 5% 7|+8t IR Be g8 Ho B Ao
S8 AP S T8 AL F IS & F AT

Table 5. Method verification data by ICP-MS and a direct mercury analyzer

used in this study

Parameter Quality Cr Ni Cu /n As Cd Pb
standard
Correlation above
coefficient (r*) of 0.99 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000

calbration curves

Standard deviation below 5 0.006 0.001 0.001 0.001 0.001 0.001 0.001 0.001

LOD (mg/L) - 0.020 0.004 0.004 0.004 0.004 0.004 0.004 0.005
LOQ (mg/L) - 0.064 0.012 0.012 0.011 0012 0.013 0.012 0.015
Precision (%) below 20 5.3 1.2 1.3 11 1.3 14 1.3 1.6

Accuracy (%) 80-120  100.1 1006 1054 99.8 1076 104.0 1106 1051
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3) SAA

Na T T35 529 ATAAES dolr 7] 9] SPSS(Statistical Package

For Social Science)~ =135 o]&3to ANOVA (Analysis of variance)E A}
&oto] Fd#AE e FodS AAFI L (p<0.05) EE datar BdriEAAE

gzt ® AF T TS5 8 F 8= Hrte B AT EAE EdE
= $ "9LS Pb 05 mg/kg

d 0.3 mg/kg ©lsh, #S Cd 0.3 mg/kg ©l3}, HF= AAFol a5 o

Pb 2.0 mg/kg °l3s}, Cd 2.0 mg/kg °lst % Hg 0.5 mg/kg °lsh3ate] 3 gt 3

O
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m 23 2 1%

DEl(Ecklonia cava)v= 5 AF A AHAHJoH, 2 ARG F Q=
sl "olx edd 7t e dWEAY 4] AH(GS-9~-5-12) R S
FoalE T 27) AH(S-1, S-Q) el E 23] AFEHALH, 1 L] A HolA
NAHJeH, 72t A-FANA FAHE Tu5d 5 R 4 S5 HdwsEE 4
Z} Fig. 2 ¥ Fig. 3o eI}

el Tl 249 FuEe] FeHAETEETAA)E Fig. 20 e nhe 3
o] As 20.39~36.88(27.76£598) mg/kg - dry weight(dw), Cd 0.24~
7.05(2.69£2.15) mg/kg-dw, Cr 0.26~1.06(0.48+0.25) mg/kg-dw, Cu 3.10~
8.99(4.75+1.83) mg/kg-dw, Hg 0.05~0.16(0.10£0.04) mg/kg-dw, Ni 0.34~
1.96(0.82+0.57) mg/kg-dw, Pb 0.15~0.92(0.42+0.24) mg/kg-dw, Zn 25.02~
55.99(33.27+10.38) mg/kg-dw °.% HiFE= HESYS w, As & ZnS 20
mg/kg °]4S, Cd ¥ Cux 2~5 mg/kgd] B9E 718 552 1 mg/kg ©]35H2)

o =2 Bl Fu5E o] AloldAE Zn>As>Cu>Cd>Ni>Cr>Pb>Hg <

AAAR) S SFFNY ET A, A5G BT A 2 gzA )

of e e Fo| FHE FEW (BTLEFAE Table 6 Lhehlh =
£ FE%el Ul BE R SEAEY NET Ae] Y £ FEE Bo

W, SEFAE wET A B2 dxzA G Bl dS W, Ase ZHzE 1.004, 1.07
v, Cde 3.13491, 2.74¥), Cr 1.384l], 1.2141], Cut 1.784l, 2.03ul, Hg+ 1.754),
1.758, Nite= 2.948), 1.928], Pb+ 2.43%, 2.028, Zn< 117490, 1.38¥] =2 §%&
Bt 53], st AEE S-2 A H2 thE XA Hl& Cr, Cu, Hg, Pb ¥ Znoll A
=5 B, ole 94 eddd AAAQA AAgH 2] HFA 4

) -
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Aol 71dsk= Ao At 5, o A= A el 27y d A&
TE XTI AFA 18785 sHeE AYsta = AdFer FF AYUEH
al

= Z¥shes sl FYder T AdHA Xeka WREdva 1
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= Aot uel | FEF Ascophyllum nodosum= At83te] Cd, Cr 2 Pb 5

FHE QYRS FAF ATARNA A9H 0G0l WP TR G4
Crol 21914 o.aflo] FsE AolA] Hik & FES Holi ol fi 2A9A

=
zh AR I RTAS S

As(27.76 mg/kg)= B AFAFo] AXF(224~24.27 mg/kg) Rt =& =52
HPo Yang 5ol o3& Ul Asiet dAere] ZxF[29.2~532(F 3 41.2)
mg/kgl BT B FES B o Cd(269 mg/ke) s B A7) 1.22~1.49
mg/kg, Yang 5°V¢] A2 70.58~0.80 mg/kg), Hwang 52Vl ¢ =] et
Ao Ao A2 7H0.1567~0.4185 mg/kg), Mok 520 o] &k =) <Aeked o] A 9]
A4 340,51 ~0.77 mg/kg), Morrison 527l 23 oAM= ¢Agto] o] oA}
(0.105~0.598 mg/kg) BTt =& %55 Sun 500 93 F3 #F At A9
A+ AF0.7~82(H+ 2.76) mg/kglet FAE FEE, 8la K

W Fafeh detol ol AT AR 216~528(F T 4.04)] B ¥ 22 B
Cr(0.48 mg/kg)L Yang 5779 A7+ Z27(0.30~0.34 mg/kg)Bthe & T2 1B
Aot 7Ief 9] A Y HT = e T E B o Culd75 mg/kg)E= Yang
S 9% AT AI(254~4.12 mg/kg) P Mok 520l <3 o144 7H(1.93~3.69
mg/kg) ROE 2o Hr=2 wgor} Kim 599 o34 1H46.60~80.66(F i
65.10 mg/kg)], Sun 5 AFAF[37~544(H T 14.6) mg/kglBthE 2+2 0.07
wj, 03281 ] ] $- ke sw2 w itk Hg(0.10 mg/keg)S Yang 52V¢ A4
[0.011~0.015(3 7 0.013) mg/kgl, Hwang 52V¢] 72 70.0101~0.0226(H
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e 72 3H0.01~0.03Cd ¢ 0.02) mg/kglrrh 2tz

olo] theli M= dA W& ¥ oy

0.0163) mg/kg] ¥ Mo
774, 6,100, 5H) 3=
3 5 A At Desioha BaEnh Ni(0.82 mg/kg)S Yang 52 A
A 3H0.14~0.53(38 T 0.034) mg/kg]l 2 Mok 52¢] A2 7H0.21~0.90(3 F 0.56)
mg/kgl2thE =& FEE2 HYou Sun 599 AFAF29~152FT 9.0)
mg/kg] B 0.098) & FEE 2Tk Pb(0.42 mg/kg)E Yang 529 A4
7(027~028 mg/kg) 2 Hwang %29 A+23H0.0151~0.14(33 0.072)
mg/kg]l EttE & FEE, Morrison 579 74 %(0.118~2.114 mg/kg) 2t

AP FEE, 283 Mok 579 oA #H0.47~0.93(3F 0.70) mg/kgl, Kim &
el AT AT 339~870(FF 523 mg/kg)], Sun 5P AFTZAF[20~51(HTF
35) mg/kglE ot wl$- % FEE B Th Zn(33.27 me/kg)> Yang 579 ¢
TA3}61~141(3 1 10.1) mg/kg), Mok ¢ AFAI[16.74~34.37(F 1

2556) mg/kgl Rt % $%EE Sun 599 AFZAI}(13.7~80.4(FF 37.9)
mg/kglet FAE FEE, Kim 79 A7 A[234.15~363.60(FF 273.0
mg/kg)] Boh= 0128 @& 25 BS & F 3l & A EAHARETH x
Fo T, ZAMA Y, A7) et 2 abolE BHAS o ¢ A F F AE

FrAe Fo ARFH Basrin BuH,

rlo
of =
k1
il
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2
rlr
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Fig. 3. Mean concentrations of heavy metals in Ecklonia cava collected in

this study.
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Table 6. Comparison of heavy metal concentrations in FEcklonia cava with the characteristics of sampling sites

Sampling No of Concentrations of heavy metals (mg/kg-dw), range(mean+SD)
sites samples As Cd Cr Cu Hg Ni Pb Zn
EDA of 6 26.02~36.88 0.24~447  026~067  3.71~552 0.05~0.16  0.34~0.81 0.15~043  31.79~39.87
LFFs! (28.5545.10)  (1.75+1.84)  (0.42+0.20)  (4.25+1.06)  (0.08+0.05)  (0.49+0.23)  (0.30+0.15)  (34.31£9.67)
EDA of 4 20.39~3262 306~705 026~106 656~899  013~0.15 058~196  035~092  25.36~5599
STPs” (28.62+556)  (548+1.75)  (0.58+0.36)  (7.58+1.11)  (0.14+0.01)  (1.44+0.65)  (0.73+0.26)  (40.10+13.16)
Reference 3 2464~3058 091~319  033~059  310~453  006~0.14  038~1.16  022~048  25.02~39.42
sites” (26.74+727)  (200+1.31)  (0.48+0.25)  (3.72£0.90)  (0.08+0.04) ~ (0.75+0.49)  (0.36+0.16)  (29.08+8.55)

'Effluent discharge area of land fishing farms (S-1, S-4, S-5, S-8); “Effluent discharge area of sewage treatment plants (S-2, S-3, S-6,
S-7); 35-9~S-12.
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Table 7. Comparison of heavy metal concentrations in seaweeds of this study with those of domestic and foreign countries

Survey Concentration (mg/kg-dw), mean or its range
Seaweed Species Ref.
area As Cd Cr Cu Hg Ni Pb 7n

Ecklonia cava 27.76 2.69 0.48 4.75 0.10 0.82 0.42 33.27

Sargassum fulvellum Brown algae 22.64 1.22 0.85 6.14 0.08 0.90 1.03 23.41
Hizikia fusiforme Coast of o) o7 1.49 0.42 2.65 0.03 1.14 0.19 2113 This study
Jeju Island
Gelidium amansii Red algae 6.02 1.46 1.88 6.66 0.05 3.36 0.98 33.07
Codium fragile Green algae 24.62 0.42 1.31 4.87 0.01 2.48 0.43 22.21
Undari . 29.2 0.80 0.34 4.12 0.011 0.53 0.27 14.1
" .arza. Sp Brown algae Korean v |
Laminaria sp. western 53.2 0.58 0.30 2.54 0.015 0.14 0.28 6.10 ang et al.
(2016)
Porphyta sp. Red algae coast 215 1.55 0.53 6.23 0.006 0.40 0.24 376
Undaria sp. - 0.4185 - 0.0101 - 0.14 -

Laminaria sp. Brown algae Korean - 0.1567 - 0.0162 - 0.062 - Hwang et
Hizikia fusiforme coast - 0.2948 - 0.0226 - 0.0151 - al. (2007)
Enteromorpha sp. Green algae - 1.2955 - 0.0055 - 0.0528 -

Undaria sp. - 0.60 0.77 3.69 0.01 0.90 0.93 34.37
Brown algae
Laminaria japonica Korean - 0.48 0.51 1.93 0.03 0.21 0.47 16.74 Mok et al.

Porphyta sp. Red algae coast - 1.60 0.70 11.02 0.01 054 0.31 56.96 (2005)

Enteromorpha sp. Green algae - 0.72 1.54 6.82 0.01 2.95 1.39 29.30
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Table 7, to be continued

Survey Concentration (mg/kg-dw), mean or its range
Seaweed Species Ref.
area As Cd Cr Cu Hg Ni Pb 7n
Laminaria religiosa - 4.69 16.25 46.60 - - 8.70 321.25
Hizikia fusiforme Brown algae - 5.28 10.79 67.91 - - 3.60 234.15
Sargassum horneri EaStemf - 2.16 3154 8066 - - 3.39 363.60 Kim et al.
coast o
Erythrocladia cornea Red algae Korea - 4.68 14.98 31.74 - - 1.86 288.61 (2003)
Ulva pertusa - 3.15 13.41 51.70 - - 1.90 432.10
Green algae
Enteromorpha compressa - 2.25 13.63 50.74 - - 1.61 185.19
Irish 0.105~  0.0564~ 0.118~ Morrison et al.
Ascophyllum nodosum Brown algae - - - - -
coast 0.598 1.071 2.114 (2008)
Sargassum thunbergii - 2.6 3.0 3.7 - 8.0 4.8 477
Sargassum fusiforme - 8.2 2.6 54.4 - 29 2.0 13.7
Sargassum horneri Brown algae - 1.1 2.4 45 - 8.3 2.8 29.9
Pelvetia siliguosa Guandong - 0.7 2.8 38 - 15.2 5.1 17.6 Sun et al.
coast,
Laminaria japonica } - 12 2.9 6.7 - 104 2.8 80.4 (2019)
China
Gracilaria lemaneiformis - 1.1 5.6 17.8 - 19.1 5.6 104.0
Red algae
Gracilaria chouae - 0.6 3.6 6.5 - 134 2.6 42.4
Ulva fasciata Green algae - 1.0 44 19.8 - 24.3 10.3 55.8
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2) shxF(RE el FF% FY 54

B AFo A AFHS | 2F T dolA Agsh vpe} o] el (Ecklonia cava)

= EE AAHIAA AFHJoY, EAMHSargassum fulvellum), S(Hizikia

fusiforme), -5 7VAFel(Gelidium amansii) 2 % ZH(Codium fragile)2 45 A4
AM AHAERNSH, o5 MEF7F AHALD AN FHED TEH FEE
Fig. 4 ~ Fig. 79| Yeb A}

B AR (Sargassum fulvellum)2 57342174 wjE& - 270A Feol A 33](S-1 13],

S-4 23]) AHHARL, HEA WA H(S-9, S-11, S-12)ellA z+zt 13] AFH 5
dom, A MET AdoAE AHAEHA &sdeh 24 AHAAHAAM A
w49 FEE Fig. 40 YeE A

Ak Fol SAH" FEEHe sEHAETsEzsT1A)E As 1181~
29.24(22.64£7.74) mg/kg-dw, Cd 0.71~1.63(1.22+0.37) mg/kg-dw, Cr 0.43~
1.65(0.85£0.50) mg/kg-dw, Cu 3.8~967(6.14:2.83) mg/kg-dw, Hg 003~
0.14(0.08+0.05) mg/kg-dw, Ni 056~1.86(0.9£05) mg/kg-dw, Pb 059~
1.60(1.03£0.58) mg/kg-dw, Zn 13.81~28.03(23.41£5.26) mg/kg-dw ©. %, B%
T2 HAESGS u, As ¥ Znd ZEIS v HAE 20 mg/kg ©14S, Cus 6

mg/kg 1S 718 FEEL 1 mgkg B EE olFe ¥e FEE B,

of\
ald
gy
o
rlo
>
o
é

e Zn>As>Cu>Cd>Pb>Ni>Cr>Hg 5o & el
AAA G SASFEAG 2T A D Aol B2 wAu F9 F3
2Ty

%o) SR (AFLEEAAE Table 89 e o). =

rr
—_
—
©
=
Q
[oN
s
—
o
(@)
=
@
CI

= 1.909, Hg 2,08, Nie 1.939, Zne 1144 =&
FTEE HYou Cre 0449, Pbi 0954 @& $EE B 53], Cre dxA
o] of 21 L TEE BT, ol HHdA S i AR 914 e drTt

= AAgH g9ld] 71dstE Aoz AFEE W, Morrison 5722 Aol 53}

B ZARA Fo A A F 3 mxpdke] TS Hitm E(As 2264, Cd 1.22, Cr 0.85,



Cu 6.14, Hg 0.08, Ni 0.90, Pb 1.03, Zn 23.41 mg/kg-dw)= Kim 5% =ruje] &
ot dAoto) Al 23 A o] AR Sargassum horneri)® Fo% B %(Cd
2.16, Cr 31.54, Cu 80.66, Pb 3.39, Zn 363.60 mg/kg-dw) Rt g @& w2 &
Beomw Sun ¥ FI #dFAlA AFHI Aol A (Sargassum
horneri)®l T 5<% Wi H%(Cd 1.1, Cr 24, Cu 45, Ni 83, Pb 2.8, Zn 29.9
mg/kg-dw)et Hlastd Cd ¢ CuEs Algetils S v55 BYds & + A}
(Table 7).

5 (Hizikia fusiforme)2 229 271 A (S-10, S-12)dA A HEH Ao S
FAH R AT WET AGolM = AMHAEA FATE AAA AN FHH
To59 FEE Fig. 59 YeEpygith

x s SAE S5 FEHAEILESHAE As 2267~

i
T

25.86(24.27+2.26) mg/kg-dw, Cd 1.14~1.84(1.49+0.49) mg/kg-dw, Cr 027~
0.57(0.42+0.21) mg/kg-dw, Cu 2.06~3.23(2.65+0.83) mg/kg-dw, Hg 0.02~
0.04(0.03+0.01) mg/kg-dw, Ni 050~1.77(1.14£0.9) mg/kg-dw, Pb 0.17~
0.20(0.19+0.02) mg/kg-dw, Zn 15.95~26.30(21.13£7.32) mg/kg-dw &2, Hit%

2 AEsSIS W, As 3 Zn& #H], A w3 oA 220 me/kg ol e, Cd,
Cu % Nit 1~3 mg/kge] HAE, 78 5552 1 mg/kg R} 22 558 H
RN, FHE o] Abolol A= As>Zn>Cu>Cd>Ni>Cr>Pb>Hg o2 e

’

2 A7 £ T TS vE U B A9l kol TuE HdEE
w9} v w3 (Table 7), Hwang &2'9] &= <A¢ko] A9 Cd, Hg ¥ Pb Hth= o}
2 E2 FEE BAoY Kim % % Sun 5] A7 d BelAMY FaE RN
O ve v EE 2de 4 5 AT

SZ7MA R (Gelidium amansii)= SFFA 214 BF5 &4 Y
S-6, S-7) 2 t2A A 27) AH(S-10, S-12)o A AFH = A ow FAFdA v
EA ol M= AHEA Itk AHAAHAAN FAHE THE52] $EE Fig. 69
B ATt

FX7HAY Foll SAHYE &l
9.23(6.02+2.12) mg/kg-dw, Cd 1.15~1.74(1.46%£0.22) mg/kg-dw, Cr 1.70~
2.08(1.88+0.16) mg/kg-dw, Cu 3.86~11.31(6.66+2.81) mg/kg-dw, Hg 0.03~
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0.06(0.05£0.01) mg/kg-dw, Ni 142~4.69(3.36+1.21) mg/kg-dw, Pb 0.23~
1.83(0.98+0.68) mg/kg-dw, Zn 18.65~45.57(33.07+11.82) mg/kg-dw o2, Hil 5
L2 AESQS W, Zne #Ee v AR 30 mg/ke ol W9 =S Bk
2 HIoy AsE U2 fEF(20 mgkg ol)otE 2 602 mgkgl®
Cu(6.66 mg/kg) Lt} 2 TEE5 HJom, Nie 3.36 mgkglez CdEth <&
TEEZ B, TEEe Aol E Zn>Cu>As>Ni>Cd>Cr>Pb>Hg o2

AAAGE BAGEEARG WET AY 2 GEADe) he $Rp F
o FE4e FEN(AFLEEADE Table 9] JEIT Bibre e
& 2 A9

3, Zng AF BE FEEo e aFAF MET Aol ux
WY e BEE HAT  a5Add MET Ade gEAdy v
1349, Cr 1.07w), Cu 1.6049], Hg 1.6749], Ni 1.728], Pb 4.58u)

1
2 OB SEAYY BRee wEsgel waAddug wuy we F2

ol
ol
3¢/
ftlo

s

B ATATHE Tl B A AtelA AT A To S5 st
Hlaskarzp skl ot ofell tigh A2 flo] RTMAMe 9 2 S 279 H|
w8k th(Table 7). As(6.02 mg/kg) Yang &7Vl o3 =ul A&jgt ¢igte] &
7 H(Porphyta sp. )(21.5 mg/kg)HTth= 0.28¥] @& sE& HPoH,
Cd(1.49 mg/kg)x Sun 59 FZF(Gracilaria lemaneiformis, Gracilaria
chouae)®] AT ZAT06~1.1 mg/kg)Ht}tE =2 =252 B¢ o1} Yang 529
A+ A 155 mg/kg), Mok 52l 9& U] Aetdere] 719 A+An(1.60
mg/kg), Kim 5% o3t = Falgt At A B8 (Erythrocladia cornea)
o] AFAIN(4.68 mg/kg) Hote e w55 HYrh Cr(1.88 mg/kg)S Yang &
o] A A053 mg/kg) R Mok 5279 A+ AA0.70 mg/kg) Hobe = F
T2 BRgoy Kim 579 A4 71498 mg/kg) 2@ Sun 5% A4 %36~
56 mg/kg) Bttx mj$ e 2 wos o £ 9dArk Cu(6.66 mg/kg)s=



Yang 529 A7 27(6.23 mg/kg) Bohe 97k E9kot Mok 50¢ A4
11.02 mg/kg, Kim 5%¢ a3 233174 mg/kg) 2 Sun 57 A7A3} 65~
17.8(8 3 12.2) mg/kg] Bl vl $- @& F=E w9t} Hg(0.05 mg/kg)S Yang
59 A7 A30.006 mg/kg) 2 Mok 5%¢ A2 30.01 mg/kg) Rt E&
FEE Eon Ni(3.36 mg/kg) 2 Pb(0.98 mg/kg)S Yang 5°V9] -2 3h(z}
7} 0.40, 0.24 mg/kg) 2 Mok &2 A+A (77 0.54, 0.31) mg/kg) Brh= =2
FEE HYoy Sun 5% A+ A (A7 134~191, 26~56 mg/kg) Hub=
S FEE HIT Zn(33.07 mg/kg)S uUle EE BAYY AF+AI(37.6~
28861 mg/kg) Bt & T2 BT}

A7 (Codium fragile)2 S74&27d wiE5 271 A Aol A 33 (S-1A1 4 23], S-4
A7 18]) AR A, 2R 2702 H(S-10, S-12)e A 7H7F 18] A A = o,
seAd MET AGlME AAHA L&At 74 AAAHANA SHE TH5E
o] F%E Fig. 7o YeERATH

7t wol 4" FEE] sREMAEAsREdIAHE As 1612~

Hir

37.78(24.62+765) mg/kg-dw, Cd 0.32~0.62(0.42+0.13) mg/kg-dw, Cr 055~
1.72(1.31#05) mg/kg-dw, Cu 2.02~6.89(4.87+2.45) mg/kg-dw, Hg 0.00~
0.02(0.01£0.01) mg/kg-dw, Ni 1.08~3.41(2.48+1.01) mg/kg-dw, Pb 026~
0.64(0.43+0.16) mg/kg-dw, Zn 12.2~33.02(22.21£7.9) mg/kg-dw o2, Hit%

2 AESAS W, As H Zna #HHE, EAR 2 E3 bR 2 20 me/kg ©]
A&, Cr, Cu ¥ Ni= 1~5 mg/kgd HE, 718 552 1 mg/kg B} o
S FEE KB, TFSH ol AloldlM = As>Zn>Cu>Ni>Cr>Pb>Cd>Hg
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7 As, Cd, Cu 2 Ni& dAAtel| A, Cr, Pb % Zne= FAA 183 Hge 5<Y
g FeE YEhdT S, SASAE s A92 A g vjasksls o,
As 143w, Cd 1.25¥, Cr 0.73w§, Cu 1.22vw§, Hg 1.00W§, Ni 1.73vH, Pb 0.80uj
Zn 0785 ®3A™ Cr, Pb 2 Zne ti2A gl 2 =& B, o=

WashAs gout gAYl A9 egAdnrts AAe APl #4
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2 ATARE T B A Adeld AAF 32 F FF% FEeh W
st s ot ool Wi AFANA glo] Y2ha} e HxFo YEEER 1

WA Table 7). & A5-43(Cd 042, Cr 1.31, Cu 4.87, Hg 0.01, Ni 2.48, Pb
0.43, Zn 22.21 mg/kg)E Hwang 52Vl o8t =u A<te] #t#j(Enteromorpha
sp) =9 F7% ¥%(Cd 1.2955, Hg 0.0055, Pb 0.0528 mg/kg), Mok 5% ¢]3t
= At o) Ao wta(Enteromorpha sp.)9 72 3HCd 0.72, Cr 1.54, Cu 6.82,
Hg 0.01, Ni 2.95, Pb 1.39, Zn 29.30 mg/kg), Kim 5o ¢ 1] F3]2t <t
Tz (Ulva pertusa) 2 & 2@l (Enteromorpha compressa)® €74 3}(Cd
2.25~3.15, Cr 13.41~13.63, Cu 50.74~51.70, Pb 1.61~1.90, Zn 185.91~432.10
mg/kg), Sun Sl o F= PF At Wt e (Ulva fasciata)®) -2 7HCd
1.0, Cr 44, Cu 198, Ni 24.3, Pb 10.3, Zn 558 mg/kg ) &3 H|us}sS
Hwang 579 Hg 558 A9d BE FF5A v 3 558 BYds & 5
AATH

ATl A [ Fo wel FEE T AbolE Holal g, ol 7
Azl T8 54 dAabed, 5217, s 2 HAE T T8 29 @
g T AAA #73 T aFd 2l VA er ARHWP F F A%

49 AF¢AL Bal ARFYol Baste
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Fig. 4. Concentrations of heavy metals in Sargassum fulvellum collected at

different sampling sites of coastal area of Jeju Island.
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Fig. 5. Concentrations of heavy metals in Hizikia fusiforme collected at

different sampling sites of coastal area of Jeju Island.
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Fig. 6. Concentrations of heavy metals in Gelidium amansii collected at

different sampling sites of coastal area of Jeju Island.
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Fig. 7. Concentrations of heavy metals in Codium fragilei collected at

different sampling sites of coastal area of Jeju Island.
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Table 8. Comparison of heavy metal concentrations in Sargassum fulvellum with the characteristics of sampling sites

Sampling No of Concentrations of heavy metals (mg/kg-dw), range(mean+SD)
sites samples As Cd Cr Cu Hg Ni Pb Zn
EDA of 3 23.06~2531 0.89~1.44 0.43~0.71 4.81~9.67 0.04~0.14 0.85~1.86 082~1.09  23.02~25.88
LFFs' (24.56+£7.92)  (1.26£0.34)  (0.52+0.20)  (8.05+2.93)  (0.10£0.06)  (1.18+0.61)  (1.00+£0.77)  (24.93+2.99)
Reference 3 11.81~29.24  0.71~1.63 0.65~1.65 3.80~4.97 0.03~0.07 0.56~0.68 039~160  13.81~28.03
sites” (20.71£8.72)  (1.19+£0.46)  (1.17£0.50)  (4.22+0.65)  (0.05£0.02)  (0.61+0.07)  (1.05+0.51)  (21.90+7.31)

"Effluent discharge area of land fishing farms (S-1, S-4(2)); 2S-9, S-11 and S-12.

Table 9. Comparison of heavy metal concentrations in Gelidium amansii with the characteristics of sampling sites

Sampling No of Concentrations of heavy metals (mg/kg-dw), range(mean+SD)
sites samples As Cd Cr Cu Hg Ni Pb Zn
EDA of 3 4.62~9.23 1.39~1.74 170~208 541~1131 0.04~0.06 3.65~4.69 097~183  18.65~3891
STPs' (6.92+2.31)  (1.53+0.18)  (1.93£0.20)  (7.84+3.08)  (0.05+0.02)  (4.04£0.56)  (1.42+0.43)  (26.65+10.79)
Reference 9 3.91~541 1.15~1.57 1.77~1.83 3.86~5.92 0.03~0.04 1.42~3.26 0.23~040  39.84~45.57
sites” (4.66+1.06)  (1.36+0.30)  (1.80£0.04)  (4.89+1.46)  (0.03+0.01)  (2.34£1.30)  (0.31+0.11)  (42.71+4.05)

'Effluent discharge area of sewage treatment plants (S-3, S-6, S-7); 2S-10 and S-12.
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Table 10. Comparison of heavy metal concentrations in Codium fragile with the characteristics of sampling sites

Sampling No of Concentrations of heavy metals (mg/kg-dw), range(mean+SD)
sites samples As Cd Cr Cu Hg Ni Pb Zn
EDA of 3 2241~30.78  0.37~0.62 0.55~1.38 2.02~6.89 0.01~0.01 2.13~341 026~046  12.20~23.85
LFFs' (27.99£7.92)  (0.45£0.17)  (1.19+0.63)  (5.26+3.30)  (0.01£0.00)  (2.98+0.84)  (0.39+0.14)  (19.97+7.11)
Reference 9 16.12~23.00  0.32~0.40 152~1.72 3.53~5.04 0.00~0.02 1.08~2.37 0.34~064  18.12~33.02
sites” (19.56+4.87)  (0.36£0.06)  (1.62+0.14)  (4.28+1.06)  (0.01£0.01)  (1.72+0.91)  (0.49+0.21)  (25.57+10.54)

"Effluent discharge area of land fishing farms (S-1(2), S-4); °S-10 and S-12.
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Fig. 9. Comparison of heavy metal concentration in Ecklonia Cava and
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Fig. 10. Comparison of heavy metal concentration in Ecklonia Cava,
Sargassum fulvellum, and Codium fragile collected at sampling
site S—4 of this study.
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Fig. 11. Comparison of heavy metal concentration in FEcklonia Cava and

Gelidium amansii collected at sampling site S-6 of this study.
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Fig. 12. Comparison of heavy metal concentration in Ecklonia Cava and

Gelidium amansii collected at sampling site S-7 of this study.
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Fig. 13. Comparison of heavy metal concentration in Ecklonia Cava and

Sargassum fulvellum collected at sampling site S-9 of this study.
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Fig. 14. Comparison of heavy metal concentration in FEcklonia Cava,
Gelidium amansii, Codium fragile, and Hizikia fusiforme

collected at sampling site S—-10 of this study.
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Fig. 15. Comparison of heavy metal concentration in FEcklonia Cava and

Sargassum fulvellum collected at sampling site S-11 of this study.
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Fig. 16. Comparison of heavy metal concentration in FEcklonia Cava,

Codium fragile, and

Gelidium amansii, Sargassum fulvellum,

Hizikia fusiforme collected at sampling site S-12 of this study.
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Table 11. Comparison of seaweeds with high heavy metal concentrations among those collected with the characteristics of

sampling site in this study

Seaweed
Sampking site
FEcklonia cava Sargassum Hizikia fusiforme Gelidium amansii Codium fragile
fulvellum
S-1 Cd, Hg, Zn Pb NC? NC As, Cr, Cu, Ni
EDA-LFFs!
S—4 As. Cd, Hg, Zn Cu, Pb NC NC Cr, Ni
S-3 As. Cd, Hg, Zn NC NC Cr, Cu, Ni, Pb NC
EDA-STPs? S-6 As. Cd, Cu, Hg, Zn NC NC Cr, Ni, Pb NC
S-7 As. Cd, Cu, Hg, Zn NC NC Cr, Ni, Pb NC
S-9 As. Cd, Cu, Hg, Cr, Pb NC NC NC
Ni, Zn
S-10 As. Cd, Hg NC - Cr', Cu’, Ni, Zn Cr', Cu?, Pb
Reference area 4
. As, Cr, Cu
_ 4 4 y ) 3
S-11 Cd, Cu’, Hg, Ni Ni'. Pb, Zn NC NC NC
4 4 4
S-12 As’, Hg Cr', Pb As?, cd ¢d., Cr, Cu, Crt, Cu’
Ni, Zn

'Effluent discharge area of land fishing farms; “Effluent discharge area of sewage treatment plants; seaweeds were not collected; “contains
a similar heavy metal concentration in different seaweeds.
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(2) z7Fo EF WE TE5 §& v

Aol AxHe 55 FHYE F U Y T ddwE A4
o] 9)il(Kuyucak and Volesky, 1989)19 o] = =

dqzF T TS5 TF J=v A #elE HolH(Lobban and Harrison,
1994; Burtin, 2003; Bocanegra %., 2009),' ™ wa 34 A& F 7l=2E 274

P A dFRE A5 T FaE ol Addem FHdE o

i
o
ofl
4
Lo
i
o
5E

el A 9lth(Bocanegra 5., 2009 Lorrea-Martin %, 2010).%* 3
o] 1A H=8 ZYAEY FFEZFAA o]Fofx gorz AyEIA

He Fotel EFE HAFE AAARA A4 9FS 1A A4l o)

A
ol
off oy

2z A4F, As 26.31+6.45
mg/kg, Cd 2.2641.9 mg/kg, Cr 0.56+0.35 mg/kg, Cu 4.91+2.17 mg/kg, Hg
0.09+£0.05 mg/kg, Ni 0.86+0.56 mg/kg, Pb 0.54+0.43 mg/kg, Zn 30.06+10.27
mg/kg o2 HitEER HWEH, Zn>As>Cu>Cd>Ni>Cr>Pb>Hg =ol9lom,
=Z2F As 24621765 mg/kg, Cd 0.42+0.13 mg/kg, Cr 1.31£0.5 mg/kg, Cu
487+2.45 mg/kg, Hg 0.01+0.01 mg/kg, Ni 2.48+1.01 mg/kg, Pb 0.43+0.16
mg/kg, 7n 22.21£7.9 mg/kg O =2, THE Aol ol A =
As>Zn>Cu>Ni>Cr>Pb>Cd>Hg <ol¥, &xF+ As 6.02+2.12 mg/kg, Cd
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1.46+0.22 mg/kg, Cr 1.88+0.16 mg/kg, Cu 6.66+2.81 mg/kg, Hg 0.05+0.01
mg/kg, Ni 3.36£1.21 mg/kg, Pb 0.98+0.68 mg/kg, Zn 33.07+11.82 mg/kg o =
TaE Aol A E Zn>Cu>As>Ni>Cr>Cd>Pb>Hg 2 & e

dxFo i W HAEE TS FLEE TESHE HderEimgke)E
A3 B (Fig. 17), Asv Zx7/(26.31), 527 (24.62)>827(6.02), Cdv A=+
(2.26)>&x7(1.46)>527(042), Cre FTZx7(1.83)>327(1.31)>2Z7(0.56),
Cus 27 (6.66)>2x7(491), J527(4.87), Hgv AZx7(0.09)>F%7(0.05)>

1), Nit= ZTZFB36)>5F7(248)>2

BN

(0.86), Pbi= Z=xF(0.98)>
24257 (054)>527(043), Zne SX7(33.07), ZE7(33.06)>537(2221) ¢
Fo g ZxFIAME As, Cd, Hg 2 ZnolA, &xFo= Cr, Cu Ni, Pb %
Znol A, 18] HxFoAE As 7t B xR uehyth oldd Ade Zx

Fol A Hg 3teFo] =9thE Hwang 5.(2007)29) Ba, ZxFoAE= Hg

o}
oA, TxFNA Znol E=UYTHE Kim 5.(2005)P¢] B e} Ut oy =
C
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Table 12. Comparison of heavy metal concentration in brown algae, green algae and red alage with their classification of

seaweeds collected in this study

Sample No of Heavy metals concentrations (mg/kg-dw), meantSD
Samples As Cd Cr Cu Hg Ni Ph 7n
Brown algae 26 26.31+6.45 22619 0.56+0.35 4.91+2.17 0.09+0.05 0.86+0.56 0.54+0.43 30.06=10.27
Green algae 5) 24.62+7.65 0.42+0.13 13105  4.87+2.45 0.01+0.01 248+1.01 0.43+0.16 22.21+79
Red algae 5) 6.02+2.12 1.46+0.22 1.88+0.16 6.66+2.81 0.05£0.01 3.36%1.21 0.98+0.68 33.07+11.82
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Fig. 17. Comparison of mean heavy metal concentration in brown algae,
green algae and red algae with their classification of seaweeds

collected in this study.
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B oAFoM AHE HF= 22 (Batillus cornutus) 2 B E 315 (Omphalius
rusticus)°ol™, &gt BE AFAA AFHEHAOH, SAEFAE M= A 30
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F%E 47 Fig. 18 % Fig. 191 vebi ik
g 255 s 49 TuE5Y sEEAEFrEFHA)E Fig. 183 2
o] As 292~6.61(4.25£1.46) mg/kg - wet weight(ww), Cd 0.01~0.08(0.03+0.02)
mg/kg-ww, Cr 0.05~0.34(0.13+0.1) mg/kg-ww, Cu 2.66~6.63(4.70+1.30)

Ap>
o
o,
!

B

mg/kg-ww, Hg 0.01~0.06(0.02+0.02) mg/kg-ww, Ni 0.03~0.15(0.08+0.05)
mg/kg-ww, Pb 0.01~0.05(0.02£0.01) mg/kg-ww, Zn 10.23~18.08(14.49+2.24)
mg/kg-ww o2 BirEE HESAS W, Zne 1440 mg/kgwwoE 71
=S 2 woow Cut AsyE 747 470 mg/kg-ww, 4.25 mg/kg-wwel &
TE 2 99 THE5S 002~013 mg/kgwwe sEHIE HYoH TS5
o] ZAFolel A= Zn>Cu>As>Cr>Ni>Cd>Pb, Hgol <2 = (Fig. 19), 3z el A]
s} & Cuvt AsHTl 58 $EE 181 Cde gAdes v ¥es g
w

[e) [e) 2=
= 5 HYSs & 5 A

Rl
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TE5Y AHEd g FEE A9 BU, Ase S-3, S4, S-8, S-10°14 55
mg/kg-ww ©]3S, Cre S-5 A A4 0.34 mg/kg-ww, Cut S-4¢} S-894] 6
mg/kg-ww °]4S, Hgt S-8°14 0.06 mg/kg-ww, Ni= S-5 2 S-12914 0.15
mg/kg-ww, Zne S-3, S-6, S-7°14 17 mg/kg-ww °]4S Holx S5 T F

w52 g2 A vE i 52 FEE Holwd, o= AFAH Eegst

T TEHY @ TEEZAA)E Table 1391 et
oF Zol AHAAH] EAoll mtE F55 v & 5olde B
oA ¥ue & AT FAFAF MET AFe] THES AR e

w, As+= 247} 1.054, 1.3141, Cd= 2
Z} 0.59, 0.54H, Cr< Z+z} 1.754, 1.0849, Cux= 2+2t 1.10W, 1.23¥], Hg= 747+ 3
0.78¥H, 0.70%}, Pb+= Z+7+ 0.679, 0.674H, Zn> Z+2+ 0.804,

A
Z}
0.92v] w=2 Btk =, S4FAE =7 A9 As, Cr, Cu 3 HgollA, st

k<
22
fd
-
=
@)

o
2

v, 159, Ni= 72H2

e
re
-
i)
1)
il
.
o)
o
<y
5
L

A&z A9 agtel e F%, Choi 5l
o3k = dete]l wF  7hE]W|(Patinopecten yessoensis) 2 71Z 7N (Atrina
pectinata)1 A ¢] %, Mok S & 3= Aol AgteAe % 2 Cho
50 o ) B9 Actoxle] #HF(Crassostrea gigas)ol Aol F w9
Hl sk A3 E Table 1491 YEWA T Ast 0949, Cus 0.02~0.3249, Cr<
0.18~0.98%), Cut 0.14~1279], Hg+t 0.13~0.708], Ni&= 0.26~0.679], Pbt
0.03~0.801, Zn& 0.14~052¢8] S o2 Cudl Mok 57 AFAnE Al9sta

[e] =l. O =] [e}iKe) =
T 9 FEE FeA AdS5E & AT
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Fig. 18, to be continued.
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Table 13. Comparison of heavy metal concentrations in muscle of Batillus cornutus with the characteristics of sampling

sites
Sampling No of Concentrations of heavy metals (mg/kg), range(mean+SD)
sites samples As Cd Cr Cu Hg Ni Pb Zn
EDA of 400~601  0.02~003  005~034 417~6.63  001~006 003~015 0.01~003  10.23~14.69
7
LFFs' (4.73+1.46)  (0.02+0.01)  (0.14+0.14)  (5.17+1.24)  (0.03+0.02)  (0.07+0.06)  (0.02+0.01)  (13.31+2.05)
EDA of 3.09~661  0.01~008  0.06~0.1 401~541  0.01~002  007~0.11  002~0.05 13.6~18.08
; 4
STPs’ (452+150)  (0.04+0.03)  (0.08+0.02)  (471+0.81)  (0.01+0.01)  (0.09+0.02)  (0.03+0.01)  (16.55+2.01)
Reference : 292~588  0.02~005 0.10~0.18  266~550  001~002 007~015  0.03~003 1353~15.42
sites’ (361+1.43)  (0.04+0.02)  (0.13+0.09)  (421+155)  (0.02+0.01)  (0.10+0.05)  (0.03+0.01)  (14.50+1.89)

Effluent discharge area of land fishing farms (S-1, S-4, S-5, S-8); “Effluent discharge area of sewage treatment plants (S-2, S-3, S-6,
S-7); 35-9~S-12.
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Table 14. Comparison of mean heavy metal concentrations in shellfishes of this study with those in domestic other area

Mean concentration (mg/kg-ww)
Shellfish Survey area Ref.
As Cd Cr Cu Hg Ni Pb Zn
Batillus cornutus Coast of 4.25 0.03 0.13 4.70 0.02 0.08 0.02 14.49
- This study
Omphalius rusticus Jeju Island 5.55 0.14 0.13 5.83 0.07 0.09 0.03 19.40
' ) Lee at al.
Batillus cornutus Shihwa lake 450 1.36 0.24 33.25 0.03 0.22 0.16 100.49 (2018)
Patinopecten yessoensis - 0.435 0.008 - 0.025 - Choi et al.
Korean coast
Atrina pectinata - 0.890 0.007 - 0.086 (2017)
. Mok et al.
Batillus cornutus Korean coast - 0.093 0.132 3.709 - 0.114 0.200 27.858 (2010)
. Coast of Cho et al.
Crassostrea gigas - 0.49 0.73 - 0.078 0.64 0.70
Tongyeong, Korea (2009)
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B35 (Omphalius rusticus) =55 tisf] 2z} A 3] - ol »

¥ o] As 386~7.87(5655%1.83) mg/kg-ww, Cd 0.05~0.41(0.14+0.12)
mg/kg-ww, Cr 0.05~0.21(0.13+0.06) mg/kg-ww, Cu 3.99~9.10(5.83+2.02)
mg/kg-ww, Hg 0.01~0.31(0.07+0.11) mg/kg-ww, Ni 0.06~0.11(0.09+0.04)
mg/kg-ww, Pb 0.02~0.04(0.03£0.02) mg/kg-ww, Zn 14.78~25.69(19.40+3.30)
mg/kg-ww o2 HiFgEZ HAESIS W, Zne At Ao vl EA 2 19.40
mg/kgwwoE 7}4 =8 FxE mggon Cuft As: 77 583 mg/kg -ww,
555 mg/kg-wwe FEE, 1 99 FTFEHEL 003~0.14 mg/kg-wwel FEW
E Hown, FHE oAt AE Zn>Cu>As>Cd, Cr>Ni>Hg>Pbhel o=
(Fig. 21), gt 45 55 U v2 & o5 EAh

FEEo A wE s Ay Y, AsE S-89A] 7.87 mg/kg ww,
CdE S-3 AHANA 041 mg/kg-ww, Cre& S-1, S-4 2 S-5 A AHA 0.17
mg/kg-ww °]dS, Cut S-894 910 mgkg-ww, Hge S-8°4 0.31
mg/kg-ww, Nie S-1 % S-5o4 011 mg/kg-ww, Zne S-84 2569
mg/kg-wws Hole § Y TEE5S o2 AFA HE i =2 sEE R
ATH.

ANHAA ] S (FZEFANE vz A, strAdd = A 3 x2A)
of mE &t 255 T TuH FRHAETLETHANE Table 1500 e

Wt BEsee vaads o, 4548 ET 9L Cr, Cu, Ni 2 Znd
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20. Concentrations of heavy metals in muscle of Omphalius rusticus

collected at different sampling sites of coastal area of Jeju Island.
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Fig. 21. Mean concentrations of heavy metals in muscle of

Omphalius rusticus collected in this study.
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Table 15. Comparison of heavy metal concentrations in muscle of Omphalius rusticus with the characteristics of sampling sites

Sampling No of Concentrations of heavy metals (mg/kg), range(mean+SD)
sites samples As cd Cr Cu Hg Ni Pb Zn
3.86~787  005~0.14 0.05~021 3.99~9.1 0.01~031 008~011 0.02~0.04 17.96~25.69
EDA of 5
1
LFFs (55241.92)  (0.09+0.06) (0.16+0.06)  (648+2.02)  (0.07+0.14)  (0.1+0.02)  (0.03£0.02)  (20.76£3.20)
EDA of
TP 1 6.47 0.41 0.08 4.13 0.16 0.06 0.02 14.78
Reference , 322~714  011~0.13  0.09~0.11 3.29~6.79  001~003 0.02~0.13 0.01~0.04 17.29~19.36
sites’ (5.18+2.77)  (0.12+0.01)  (0.10+0.01)  (5.04+2.47)  (0.02£0.01)  (0.08+0.08)  (0.03+0.02)  (18.33+1.46)

'Effluent discharge area of land fishing farms (S-1, S-4, S-5, S-8); “Effluent discharge area of sewage treatment plants (S-3); °S-10.
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Fig. 22. Comparison of heavy metal concentration in muscle of Batillus

cornutus and Omphalius rusticus at sampling site S-1 of this

study.
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Fig. 23. Comparison of heavy metal concentration in muscle of Batillus
cornutus and Omphalius rusticus at sampling site S-3 of this

study.
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Fig. 24. Comparison of heavy metal concentration in muscle of Batillus

cornutus and Omphalius rusticus at sampling site S-4 of this

study.
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Fig. 25. Comparison of heavy metal concentration in muscle of Batillus
cornutus and Omphalius rusticus at sampling site S-5 of this

study.
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Fig. 26. Comparison of heavy metal concentration in muscle of Batillus

cornutus and Omphalius rusticus at sampling site S-8 of this

study.
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Fig. 27. Comparison of heavy metal concentration in muscle of Batillus
cornutus and Omphalius rusticus at sampling site S-10 of this

study.
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22k Batillus cornutus)®l W&ol sl 72} A HeA Fa5&5e v 2 7t &
%0l Hisr =S 7247 Fig. 28 ¥ Fig. 2991 YeEb At}

2t WAl da] SAHE 559 s=HAE@TrE2FH1A)= Fig 283 2o
As 3.8~11.63(6.12+2.39) mg/kg-ww, Cd 1.23~4.25(3.20+0.78) mg/kg-ww, Cr
0.26~1.29(0.72+0.26) mg/kg-ww, Cu 5.15~16.46(10.5+3.37) mg/kg-ww, Hg 0.0
4~0.09(0.06+0.02) mg/kg-ww, Ni 0.36~1.96(1.47+0.39) mg/kg-ww, Pb 0.20~
1.26(0.66£0.28) mg/kg-ww, Zn 34.07~61.49(42.61+7.42) mg/kg-ww OS2 Hil 5
T2 AESYS v, Znd 4261 mgkgwwlR 7 =L TEE HJQoHW F
T4 o|AFolo| A= Zn(42.61)> Cu(10.50)> As(6.12)> Cd(3.20)> Ni(1.47)>
Cr(0.72)> Pb(0.66)> Hg(0.06) mg/kg-wwe] T2 Z(Fig. 29), Aghe] 5ol A <}
g Cd7t Crid 52 58 BoH BRE T&d ds 255758 =
TR FAH dFSs ¢ T AU
TE5Y AHEd g FEE 49 BW, Ase S-3, S-4, S-7, S-10°14 8.0
mg/kg-ww ©°]4S, CdE S-3 2 S-10 A AN 4 mgkg-ww °]4S, Cr
S-7% S-12 AAANA 095 mg/kgww °]dS, Cuc S-7¥ S-894 15
mg/kg-ww ©]A4S, Herxe EE AHANA 0.04~0.09 mg/kgwwel HS Nis
S-2, S-5, S-7~S-9 ¥ S-120]4] 150 mg/kg-ww ©|’4&, Zne S-3, S-4 S-7

oA 50 mg/kg-ww °lds Hol= 5 T TEEHLS e A v v =

rr

rlo

rlo
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B35 (Omphalius rusticus) WAE-o tis] 2z AQAFAHAA S=AHE T55
°of ¥= % 4t TuHe HHEEEE 77 Fig. 30 R Fig. 31l Web At

Has Wiage tis) SAHE $55Y seRA@EFrEF=AA)= Fig. 30
As  497~885(6.74+2.12) mg/kg-ww, Cd 1.23~4.25(2.98+1.2)
mg/kg-ww, Cr 0.26~0.83(0.62+0.24) mg/kg-ww, Cu 8.89~16.46(12.08+3.25)
mg/kg-ww, Hg 0.04~0.07(0.05+0.01) mg/kg-ww, Ni 0.36~1.54(1.28+0.48)
mg/kg-ww, Pb 0.20~0.87(0.57£0.24) mg/kg-ww, Zn 41.10~61.49(45.47+7.94)
mg/kg-ww o2 HiFgEZ HAESAUS W, Zne At Ao} npR A2 4547
mg/kgwwo B 7Hd £ FRE Ko, Tud o|2Atold e At Wl
Aot w7t Al 2 Zn>Cu>As>CA>Ni>Cr>Ph>Cre] o2 555 3
= & F AAHFig. 3.

FEEo Ague e B

&
m
o

a3l

ol

il

43 HW, Ase S-3, S-4 % S-10 A H A

rlo

o,

8 mg/kg-ww ©]S, Cde S-3 ¥ S-10 A ™A 4 mg/kg-ww ©]4S, Cr
S-5 A @A 0.83 mg/kg-wws, Cux= S-8 A4 1646 mg/kg - ww, Hg
0.04~0.07 mg/kg-ww B Z, Nit S-5 AHAA 154 mg/kg-ww, Zne S-2
2 S-3 A H™oA 50 mg/kgww oS Hole T T TEES OE XA

Ha o 52 F25 EAth
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Fig. 30. Concentrations of heavy metals in internal organ of Omphalius

rusticus collected at different sampling sites of coastal area of Jeju

Island.
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Fig. 31. Mean concentrations of heavy metals in internal organ of

Omphalius rusticus collected in this study.
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& 3% o9 PAol dEMoz AgsE Ug Bg edRAE B5 9
]—/]_48)
B ATA AAE AMAA AF(ke L nBRE) TH} WAL FFE

TEE ¥ ud A3E Table 16 ¥ Table 170 YERATH

aeke] 25 B g Fele TE% w=E vastw(Table 16), W F-91=
of sl As 0.95~265(B¢ 14D S-6 AHS ALzt BE A
2 FEE RBom, CdE 53~371(FT 143, Cr& 24~13.0(F ¢
7009, Cuiz 0.95~3.90( 3 2.3)wl, Hg= 1.2~90(3« 4004, Nie 51~413

(F 3t 2059, Pbi 6.7~63.0(F 3 3090, Znd 2.1~6.0(FF 3 DWE, BE F
HES oS FHETG UG Folel w22 vERE F45 d5S & F A
A, FE HES CAPb>Ni>Cr>Hg>Zn>Cu>Asd £02 E3] CdeE 2%
F-9loll wla) H 143u =2 7HF =4 S4ES & 7 AATH o= olmiH{(
DS 2873 7t=s A9 Fo 2Aolgtal By B A4 o
A spar gLy

HEase] 5 2 W F99 55 s=E Hlaskd(Table 17), W& +F
Qe 5 F9ol dis] Ast 089~218(F+ 1.35)wl= S-5 % S-8 A HE A9

gt e AFeAM =2 s=E HJew, Cde 104~34.0(F® 26.D)4, Cre
26~138(8 ¥ 5.4, Cu= 1.4~3.6(H 1 234, Hge= 0.23~6.0(F 2941, Ni
= 45~20.7(F 1 14.Dw, Pbe= 6.7~435(8F ¢ 21.D)9, Zna 1.6~3.4(33 7 2.5)4)
2 AR AHM ] FEE LS A9sa(As S5 ¥ S-8 A, Hgol S-8

= Zefoll A of vpRTEA R 25 B R W Felel v =
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Table 16. Comparison of mean heavy metal concentration in between internal organ and muscle of Batillus cornutus

collected from different sampling sites in this study

Mean concentration (mg/kg-ww)
Batillus cornutus

Sampling site

1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
As Cd Cr Cu Hg Ni Pb Zn
S-1 4.01 5.35 0.03 3.75 0.05 0.65 443 8.89 0.01 0.06 0.03 1.24 0.02 0.78 1469  41.22
S-2 3.09 3.93 0.01 3.71 0.06 0.77 541 5.15 0.01 0.09 0.07 1.80 0.02 0.98 13.60  43.67
S-3 6.61 8.85 0.08 4.25 0.10 0.35 5.40 11.90 0.01 0.04 0.10 1.24 0.03 0.87 18.08  50.94
S-4 6.01 8.43 0.02 3.17 0.10 0.68 6.63 1443 0.01 0.04 0.05 1.34 0.01 0.38 1023 61.49
S-5 4.00 497 0.03 2.72 0.34 0.83 417 9.29 0.02 0.05 0.15 1.54 0.01 0.47 1325 4243
S-6 3.98 3.80 0.04 2.66 0.07 0.44 4.01 9.66 0.01 0.06 0.07 1.40 0.05 0.68 1750  37.03
S-7 4.38 11.63 0.04 3.81 0.09 0.95 4.01 15.67 0.02 0.05 0.11 1.75 0.02 1.26 17.01 5232
S-8 5.55 7.01 0.02 1.23 0.08 0.69 6.20 16.46 0.06 0.07 0.04 1.53 0.03 0.58 1353  41.10
S-9 3.55 3.88 0.05 3.50 0.10 0.65 2.66 7.40 0.02 0.08 0.10 1.59 0.03 0.81 1542 36.55
S-10 5.838 8.73 0.05 4.02 0.10 0.26 5.50 13.13 0.02 0.04 0.07 0.36 0.03 0.20 15.09  47.29
S-11 2.92 4.62 0.02 3.57 0.15 0.63 4.66 9.62 0.02 0.06 0.07 147 0.03 0.76 1353  41.73
S-12 3.23 6.58 0.03 3.22 0.18 1.29 4.68 7.85 0.01 0.04 0.15 1.96 0.03 0.40 14.27  34.07

L2 indicates muscle and internal organ of Batillus cornutus, respectively.
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Table 17. Comparison of mean heavy metal concentration in between internal organ and muscle of Omphalius rusticus

collected from different sampling sites in this study

Mean concentration (mg/kg-ww)
Omphalius rusticus

Sampling site

1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
As Cd Cr Cu Hg Ni Pb Zn
S-1 5.10 5.35 0.12 3.75 0.21 0.65 6.58 8.89 0.01 0.06 0.11 1.24 0.03 078 1938 41.22
S-3 6.47 8.85 0.41 4.25 0.08 0.35 413 1190 0.16 0.04 0.06 1.24 0.02 0.87 1478 50.94
S-4 3.86 8.43 0.14 3.17 0.18 0.68 399 1443 0.01 0.04 0.08 1.34 0.02 038 1796 6149
S-5 5.38 497 0.08 2.72 0.17 0.83 6.37 9.29 0.01 0.05 0.11 1.54 0.04 047 2039 4243
S-8 7.87 7.01 0.05 1.23 0.05 0.69 910 1646 0.31 0.07 0.09 1.53 0.03 058 2569 41.10
S5-10 518 8.73 0.12 4.02 0.10 0.26 504 1313 0.02 0.04 0.08 0.36 0.03 020 1833 47.29

L2 indicates muscle and internal organ of Omphalius rusticus, respectively.
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Table 18. Concentrations of heavy metals in seaweeds and shellfissshes collected in this study

Heavy metal concd. (mg/kg-ww), range(mean+SD)

No of
Seaweed or shellfish
samples cd He Ph
0.13~0.28 0.07~0.23
Sargassum fulvellum 3 (0.21£0.06) - (0.16+0.06)
13~0.21 02~0.02
Seaweed Hizikia fusiforme 2 (% 137+(())O6) - (%%2+(())(())O)
0.02~0.06 0.02~0.06
di . B

Codium fragile 0 (0.03+0.02) (0.04+0.01)
. 0.01~0.08 0.01~0.06 0.01~0.05
Batillus cornutus(muscle) 18 (0.03+0.02) (0.02+0.02) (0.02+0.01)

Shellfish
. . 0.02~0.41 0.00~0.31 0.01~0.06
Omphalius rusticus (muscle) 8 (0.140.12) (0.07+0.11) (0.0320.02)
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Table 19. Comparison of total weekly intakes of heavy metals from processed seaweeds with PTWI established by FAO/WHO

Ingesti te (g/day) Weekly intake (ug/kg bw)

Heavy  Total average con— ngestion rate (g/day Cerly” Itake erks bw Total weekly intake PTWI Hazardous
1 (0]

metals  centration (mg/kg) raw seaweed seaweed broth raw seaweed seaweed broth (ng/kg bw) (ng/kg bw) level (%)
As 293 1.09 5.31 6.40 350 1.83
Cd 0.13 0.05 0.38 0.43 5.83 7.36
Cr 0.12 0.04 0.11 0.15 23.3 0.63
Cu 0.68 0.25 1.02 1.28 3,500 0.04

3.1 23.7

Hg 0.01 0.00 0.02 0.02 4 0.49
Ni 0.18 0.07 0.25 0.31 1,000 0.03
Pb 0.09 0.03 0.26 0.29 25 1.16
7n 2.87 1.07 0.78 1.85 7,000 0.03
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Table 20. Comparison of total weekly intakes of heavy metals from processed shellfish with PTWI established by FAO/WHO

Ingestion rate (g/day) Weekly intake (ng/kg bw) )
Metals Total average con- Total weekly intake PTWI Hazardous
1 (o)
centration (mg/kg) 4 ifish  shellfish broth raw shellfish shellfish broth (ug/kg bw) (ng/kg bw)  level (%0)
As 4.65 27042 16.66 4407 350 12.59
Cd 0.07 0.39 0.37 0.75 5.83 12.90
Cr 0.13 0.76 0.23 0.99 23.3 423
Cu 5.04 29.75 14.94 44.69 3,500 1.28
49.3 46.8
Hg 0.03 0.20 0.19 0.39 4 9.73
Ni 0.08 0.50 0.23 0.73 1,000 0.07
Pb 0.03 0.15 0.14 0.29 25 1.17
Zn 16.00 94.41 8.60 103.01 7,000 1.47
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