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ABSTRACT - A total of 100 seafoods commonly consumed in Gyeonggi-do were investigated to determine the
concentration of lead (Pb), total mercury (Hg), methyl mercury (MeHg), cadmium (Cd) and selenium (Se). Concen-
tration of heavy metals and selenium was measured by using mercury analyzer, I[CP-MS and GC-ECD. The average
content (mg/kg) of heavy metals in the seafood samples was as follows; Pb 0.0915 (0.0021-0.4490), Cd 0.0084 (ND-
0.1773), and Hg 0.0412 (0.0013-0.3032). All the levels were below the recommended standards of the MFDS in Pb
(0.5 mg/kg), Cd (0.2 mg/kg), Hg (0.5 mg/kg). The methylmercury was detected in the hairtail (0.0677 mg/kg) and cod
(0.2941 mg/kg). After the average content of heavy metals in seafood was determined, the exposure assessment for
heavy metals was conducted. Relative hazardous levels compared to PTWI were lower than the official standards of
the JECFA for Pb (0.97%), Hg (3.42%) Cd (0.45%). In conclusion, the levels presented in this study are presumed to

be safe for consumption.

Key words : Total Mercury, Lead, Cadmium, Selenium, Seafoods
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WARe BFoE F7196el MYseoR AR
gtk Wgree FRAAA) AFA Fo] FaslB
of £42 bt BARAR AN F3 A M, 1, A%
of FAH AFNH 7MY we FEE et 242
el QT 1950dT Qe Flvule FEAAL Q)
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Materials and Methods

NEE AETA AL AAL AFH 2 FHEdd uet
2 A7 =l o

=
M, FEEL e 2ol 5 9% ANF, T 100d&
ok

Ao 3 ZFEgof
240l AHgE ZELAL o, 7t=H, AdE(Multi-

Element, PerkinElmer, Inc. USA), ~2(Mercury, PerkinElmer,
Inc. USA)S AHE3IGIL, WE 422 s Y42 (meth-
ylmercury(Il) chloride, Sigma- Aldrich Co., Ltd., St. Louis,
MO, USA) 0.1164 g2 EF<l(toluene, Sigma-Aldrich Co.)
o2 gt Axzstt. AHEEl8 Aleko =2 Ak (hydro-
chloric acid, Sigma-Aldrich Co.)3} &4H(super-pure grade,
Merck, Darmstadt, Germany)2 AF&3}3 00, A& A}
3 BE A%k &uje 248 55419 2 GC #4144
= AR o, SRTE AdEks 218 (182MQ
2) W71 o8l ool fles &Rlg & A}

)
ATt

g

—L
=]

0

SN EY 70279 SAE WAEe AGULS sttt
FAsH AR oF 22 Aol A oz Falste] A
Hgoom Agataln

M=o FNE(E, =S, AE)

2 FF A9 ATAIERH 7.1.2.10 SAIE wlo]A=)
olHWel m} AlF oF 05gS Fot] A SO Ea
Sto] A& og sl

Froe #ASE AR oF 012 719718 Foluz

= 2524 7](MA-3000, Nippon
Instruments Corporation, Tokyo, Japan)S AF&-3te] =43}
om, £ FEEAE Axste] R Fd4 LOD,
LOQE glstaion, & FF8§H S A5 FH7leto
51522 Belsan.

HeFS F4L 7A A=zt Ead Y] AREAE7]
(GC-pECD, Agilent Technology GC System 7890N, Agilent,
Palo Alto, California, USA)E AH&-3ted 4 3t3ith AlE
g2 WEds2 48 GC 2 HR-Thermon-HG (15 m
x 0.53 mmID, Shinwa Chem., Kyoto, Japan) ZHE A&
ko, 717|124 %2A4L Table 13 2t}

Table 1. Analytical condition of Methylmercury by GC system

Parameters Conditions
Instument GC (Agilent 7890A)
Column ULBON HR—Thern.lon-Hg
(0.53 mm ID x 15 m, Shinwa Chem.)
Detector Micro electron capture detector (LECD)
Inlet temp. 150°C
Oven temp. 140°C
Detector temp. 160°C

Carrier gas N, (3.5 mL/min)

Injection vol. 1 uL (Splitless)

Table 2. Analytical condition of ICP-MS

Parameters Conditions
RF Power 1600 Watt
Aux. gas 1.2 L/min as Argon
Neb. gas 1.02 L/min as Argon
Pulse stage voltage 900 V
Mass Pb Cd Se
(m/z) 207.977 110.904 81.917
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Table 3. Recoveries of Heavy metals and Selenium

Average (Mean + RSD)

Z (certified reference material, CRM)Z-

Hagla, gaEre s AF5E

o O -
Compound Recovery Detection limits Quantiﬁcation 7} 0.5 mg/kg®] E]—J—‘_l 5o AlEol Hriste 433
(ngkg)  limits (ug/kg) om, 2 A3 Table 33 2t}
Total mercury  114.5+4.5 0.0012 0.0041
Lead 99.9+0.6 0.5 1.6 MMz ZF=aiat A0 JiIEE HEHA2)9l Mes S
Cadmium 92.840.7 0.0004 0.0014 B oA BAg /xg/‘\j.ﬁ_cﬂ] et F250d, 22, 71
Selenium 99.9+2.8 0.0410 0.1353 ZE, WEse) 2 AdE 33 FEHE Table 49 U
Methyl mercury ~ 99.7 £ 5.1 15.7 51.7 ERf AT
AF ZF 10074 T ST eEoE AddE |,
PIRM(E, PIEE, dEs) T2, 7t A= AEYE Aole AT BF 7)E
743} & AR 9F 05gS FHote] AR TmL, A 4 ogE 742 HAL HEFSe FEEE 3d
34 1mL H7F § vlo]ARg o] HE ARGSte] wallal T 7HA AlRelA AZEHU A#Hwe] A oE Sl
3L, ICP-MS (Perkin-Elmer, USA)E o|&3le] SA31  F&d vjalA £ T2 EA5e 222 Yt
o 7171273 Table 29} 7t}
oS YRE UEs EY
Result and Discussion
E(Pb), 7IE8(Cd) H +2(Hg)
BT H EEM 2 Ao ARSE AR Fol g (HE + EFEL
ETEN S Axste] AFAE 7z AAste], el AHH -, mgkg)S 250 0.10+0.02(0.0143-
HOE gl om Hit 0.999 ol o] AAAFR)ES 0.4489), 2] 0.07 +0.02(0.0384-0.1090), %71 0.08 £ 0.03
eI ZH2te] AE3HAI9F A3 3Al= Table 33 2t} (0.0107-0.2161), %3] 0.10+ 0.03(0.0188-0.4089), 4= 0.08
+0.02(0.0081-0.4490), TH- 0.11 +0.07(0.0021-0.3032), o}
Y& A 0.10+0.02(0.0539-0.1036), ¥ A<= 0.10 + 0.05(0.0242-
T5e, o, 7tEE, ddve SHRTHEATAdA 0.3196), o] 0.06 + 0.01(0.0460-0.0816)= e}t
Table 4. Levels of Heavy metals and Selenium in seafoods (unit: mg/kg)
Pb Cd Hg Se
Name Sample number Mean + SE Mean + SE Mean + SE MeHg Mean + SE
(min-max) (min-max) (min-max) (min-max)
ackerel - 0.10 £ 0.02 0.01 % 0.00 0.04 £ 0.00 ND 0.75+0.03
(0.0143-0.4489)  (ND-0.0546)  (0.0091-0.1323) (0.3979-1.0227)
hairtail . 0.07 = 0.02 0.06 = 0.03 0.01 +0.01 0.07" 0.34 + 0.04
(0.0384-0.1090)  (0.0196-0.1367)  (0.0013-0.0298) (0.2166-0.4068)
0.08 +0.03 0.00 + 0.00 0.02 £ 0.00 0.46 + 0.05
croaker 8 (0.0107-0.2161)  (0.0012-0.0059)  (0.0107-0.0320) ND (0.1981-0.5944)
. 0.10+ 0.03 0.01  0.00 0.05+0.01 0.33 +0.02
pacific saury 13 (0.0188-0.4089)  (0.0026-0.0287)  (0.0068-0.0885) ND (0.2030-0.3992)
spanish mackerck ” 0.08 +0.02 0.01+0.01 0.03 + 0.00 ND 0.53 +0.02
(0.0081-0.4490)  (ND-0.1773)  (0.0047-0.0535) (0.3009-0.6673)
0.11 £0.07 0.01+0.00 0.08 £ 0.07 . 0.36+0.03
cod 4 (0.0021-0.3032)  (0.0043-0.0183)  (0.0021-0.3032) 0.29 (0.3196-0.4438)
nonkfish 3 0.10 = 0.02 0.01 = 0.00 0.07 +0.01 ND 0.29 + 0.00
(0.0539-0.1036)  (0.0030-0.0100)  (0.0266-0.0677) (0.2829-0.2966)
atka monkerel s 0.10 +0.05 0.01 + 0.00 0.05 + 0.02 ND 0.30 + 0.04
(0.0242-0.3196)  (0.0008-0.0165)  (0.0242-0.1085) (0.2299-0.4146)
gizzard 4 0.06 +0.01 0.00 £ 0.00 0.02 + 0.02 ND 0.28 + 0.28

(0.0460-0.0816)

(0.0019-0.0068)

(0.0054-0.0367)

(0.2437-0.3171)

* MeHg was detected in only two samples (hairtail, cod)
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e o, Ak AAE 7P =ken, HA Hgk
<2 0.08 mgkg= A AFFHEB71E(0.5 mgkg)dll =
X Ee X190

Freg-o] 3 (Ha + EF LA 2-ANE), mekg)
2 750] 0.01 £ 0.00(ND-0.0546), ZHx] 0.06 % 0.03(0.0196-
0.1367), 271 0.00 £ 0.00(0.0012-0.0059), %] 0.01 +0.00
(0.0026-0.0287), AF] 0.01 + 0.01(ND-0.1773), th7- 0.01 +
0.00(0.0043-0.0183), ©F# 0.01 £ 0.00(0.0033-0.0100), Y15
0.01 + 0.00(0.0008-0.0165), A o] 0.00 =+ 0.00(0.0019-0.0068)
2 YEhdth Bk 4, Ao AR E JEr e
A BHa 0.01 mgkg= 2F3 A4 715(0.2 mg/kg)
olste] A%

Fo] A (@ + FFQAHA LA, mgke)s
3501 0.04+ 0.00(0.0091-0.1323), 23] 0.01 +0.01(0.0013-
0.0298), %71 0.02 + 0.00(0.0107-0.0320), %-*] 0.05 +0.01
(0.0068-0.0885), 2Fx] 0.03 + 0.00(0.0047-0.0535), TH- 0.08 +
0.07(0.0021-0.3032), ©F# 0.07 £ 0.01(0.0266-0.0677), YL
0.05 + 0.02(0.0242-0.1085), 1] 0.02  0.02(0.0054-0.0367)
2 Uebetth Hatgk, Hoiit 2 o 7P =3keH,
AP 0.04 mgkg= 2 F3d AA715(0.5 mgkg)
o olat®E LteEbEtTE

olf gt ZAMA = S A Y frF FAHEC g
AA ol Pb 0.01 mg/kg, Cd 0.01 mg/kg, Hg 0.07 mg/kg
2RI, 5 TV ARt ofFo gt AFA |
41 Pb 0.04 mg/kg, Cd 0.02 mg/kg, Hg 0.01 mg/kg &2 1}
Elor, 7] 5] f5olRel tigh A7ellA Pb 0.02 my
kg, Cd 0.02 mg/kg, Hg 0.07 mg/kg® UERY AAH oz
AR FAE YERlloY, 7t AEEREe] w2 e
et ofFe] Z7], 79 Tl MASEH el o
S Aow dAgdr,

>

M (Se)

Aol & (B + AT 2HEF2%-A %), mekg)
S 250] 0.75+0.03(0.3979-1.0227), ZA 0.34+0.04
(0.2166-0.4068), 7] 0.46 £ 0.05, %3] 0.33 £ 0.02(0.2030-
0.3992), =] 0.53 +0.02(0.3009-0.6673), THT- 0.36 = 0.03
(0.3196-0.4438), ©}# 0.29 +0.00(0.2829-0.2966), & <4
0.30 +0.04(0.2299-0.4146), Z o] 0.28 +0.28(0.2437-0.3171)
2 YelE&oz 7|EA S5 Ph, Cd, Heell ]3] 2E
ANEAA L FE2 Ve

s (Se)at 32 (Ho)el BHle
AFS Fe3 Watel B2 HHFE BUE 4

H Mercury

u Selenium

Mackerel  Hairtai Croaker Pacific Spanish Cod
saury Mackerel

Monkfish  Atka Mackerel ~ Gizzard

Fig. 1. The mole ratio of Mercury and Selenium.

Z2NANA Ak web Fo3 dEe] Bujgo] F
S F R Asg Bkl slejd Fag ekt
@ & itk 2Abd AR @ A ESed 2
(Hg)®l &< ®lw A& Fig 13 2oH, 1% &
BollA RE Aglgo] FoHTt HA 10w o) B A

S YEbt

il

3 A} zhzke] HFdES Pb 0.08 mgkg, Cd 0.01 mg/
kg, Hg 0.04 mg/kg® & FEbStT).

AVAHNE MR R ElE HUtE A% =&Y AE
& flste] 20139 FUAFILZAY AANARE T
FIA R FA 5t FUNHAAFTS AAEs o, than] A
Ao ddddAaFH T 20169 % AF<HA =3
wsith & AFA e} folA AEE BAUE olFe] o

S

ki
il

A= (%)E A=t =E25F] s == Table 5, 6
3} 7o) YERSITE JECFASIA A8 d3} 4229 PTWI
25 ng/kg b.w./week, 4 ug/kg b.w./week@® AFHAR =7} =
F5ol8F oA PTWI %7} & Aoz Uehyto
, PTMI7} 25 ug/kg b.w/monthd] 7t=E% HFHW =7t
=0 750]9} thoA PTMI %7} £& 7202 velstt)
ZAMNY AR 9Tl HARS B AES deo F
A wZ TS 02421 pgkg b.w./weeko] ™ JECFAC A
AASHE el PTWI thE] 0.97%, 589 F134 5
2 0.1366 ug/kg b.w./weekZ 52 PTWI thy] 3.42%
2 Yepgorn, 7l A E=E %S 0.1126 pgkg
b.w./monthZ 7}=%8-2] PTMI thH] 0.45%= et}
Aol 735 AAF 950 FIFH=ES 1.1448 pg/
kg bw/week= HAH| TS HIFOR AT S A Y
FAAFS oF 927 pgo 2 HAUATF 50 ugoll VA= E

e B o fr
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Table 5. The estimated intake of Pb, Hg, Se, Cd

Estimated weekly intake" of

Estimated monthly

Daily food Weekly food Monthly food intake® of
Name intake intake intake (ng/kg b.w?./week) (ug/kg b.w./month)
(g/man/day) (g/man/week) (g/man/month)
Hg Se se (ug)” cd
mackerel 4.81 33.67 144.3 0.0605  0.0265 0.4488 25.4 0.0211
hairtail 1.20 8.4 36 0.0103  0.0096  0.0509 2.9 0.0270
croaker 3.79 26.53 113.7 0.0395 0.0108 0.2153 12.2 0.0074
pacific saury 1.41 9.87 423 0.0183  0.0095 0.0572 32 0.0102
spanish mackerek 0.35 2.45 10.5 0.0036  0.0011  0.0230 1.3 0.0024
cod 6.77 47.39 203.1 0.0943  0.0701  0.3017 17.1 0.0405
monkfish 0.91 6.37 27.3 0.0112  0.0073  0.0325 1.8 0.0027
atka monkerel 0.25 1.75 7.5 0.0031 0.0014  0.0094 0.5 0.0010
gizzard 0.17 1.19 5.1 0.0013  0.0003  0.0060 0.3 0.0003
Total 3.799 137.53 589.8 0.2421  0.1366  1.1448 64.9 0.1126

1) [Mean content in each food x daily food intake x 7]/56.73(b.w.)
2) b.w.: body weight (56.73 kg)

3) [Estimated weekly intake of SE] x 56.73 kg

4) [Mean content in each food x daily food intake x 30]/56.73(b.w.)

Table 6. The estimated intake of Pb, Hg, Cd compared with standards by JECFA

Estimated weekly intake of Estimated monthly intake of

% of PTWI" in

% of PTMI" in

Name (ng/kg b.w./week) (ng/kg b.w./month)
Pb Hg Cd Pb Hg Ccd?
mackerel 0.0605 0.0265 0.0211 0.24 0.66 0.08
hairtail 0.0103 0.0096 0.0270 0.04 0.24 0.11
croaker 0.0395 0.0108 0.0074 0.16 0.27 0.03
pacific saury 0.0183 0.0095 0.0102 0.07 0.24 0.04
spanish mackerek 0.0036 0.0011 0.0024 0.01 0.03 0.01
cod 0.0943 0.0701 0.0405 0.38 1.75 0.16
monkfish 0.0112 0.0073 0.0027 0.04 0.18 0.01
atka monkerel 0.0031 0.0014 0.0010 0.01 0.04 0.00
gizzard 0.0013 0.0003 0.0003 0.01 0.01 0.00
Total 0.2421 0.1366 0.1126 0.97 3.42 0.45
1) The percentage of the PTWI set by JECFA
2) The percentage of the PTMI set by JECFA
s pEoz et NF F FE59 =2YL o}y AT £79 Qo
EZ foll SEESE AUAEERL &, 72, 7tes B S o A9e =2 % S Hriker] Sl
o] A% BF 7IEd4 oetR AEHENeH, A7 E Al AA AELAA f3 FEE mE FE V=
ofFd A, 7, AANM FEERE 5 TES Ut AHEFILE A L Eolok s, AlEstE o dd A
WA MEFE22 AFoFdA drRaAdd ma FHIF P AGE AHANE T odet AHHA BUEF
W AEA o Fe gl U] oF 40%= By o] Yad o= AE)
AR, 2 AFE] v AR RAM = 100719 A Tk Aol A A "UF AA A 2 A
T T 72 wErb 209 diet AR A ZhzE 0066 my A olF BN EY] dFFe AT wXA] Bk A
kg, 02941 mgkgZ HEE o] 25L& hH] 85.7%, 97.0%S S 2 UEepton AA 2o A | 2R &= vl
A Aoz ZAHYOH, T AN A 1] & meshe B Lue AU B9 4% 4% 98
wow gelsich 58 et see) Bug vwA  shn @ &

o= Ay Fo] 108 o] &

Aoz et than 4

rlo
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2290
2 ATME A7 W HEET gl vl 4R
10078 oz o, FeEese E5h, =g o
) e

~

%dlx:_ wl /\-ﬂgﬂl—‘.—gq z‘ﬂake o }H"lﬂ- }13_:,7
£417], ICP-MS, GC-ECDE A}-8-3ld A3t on 7
FEE Ff4g S Pb 0.0915(0.0021-0.4490) mg/kg, Cd
0.0084(ND-0.1773) mg/kg, Hg 0.0412(0.0013-0.3032) mg/kg

e

o7 RWE 7|F54 olstz Uehktt deEe fe3 2
glale] oo AL AN Aor dEA dEd

2 AFolA 2AE A FAM = Aewe] HtdEel
0.4044(0.1981-1.0227) mg/kge| ATt 4 ¢ &<l v
T2 10071 T AXe} v+ 20 AlFEelA 242 0.0677 mg/

ke, 0.941 mgke e SIEIT A O
] Ag}\—]ee E.?S]— 1/1— >0 13_] 7}_1—_—\:191 i /"]_ﬂ\—‘ﬁt_‘l

T
JECFAol A A3 PTWI ¥ PTMIC] 0.97%, 3.42% %

0.45%2 FAFF ST whebA] ;LHOM fresle AR
AHe o, &, 71=F 59 9sliolA kAsicta FetEct
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