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Abstract

Mercury and its compounds are globally managed chemicals as risks to the human body and
ecosystem. It mainly enters the human body through ingestion of seafood, especially, methyl-
mercury causes serious diseases such as central nervous system (CNS) disorder and renal
dysfunction. In this study, total mercury (Hg) and methyl mercury (MeHg) were determined in
seafood (16 species, n = 97) commonly consumed in Daejeon, using a gold amalgamation
method. The average concentration (Hg/MeHg mean = S.D. (minimum-maximun) mg/kg) of
total Hg and MeHg in the samples was as follows; Fish 0.038 + 0.058 (0.004 — 0.272) / 0.028
+0.047 (N.D. - 0.236), Crustacea 0.023 + 0.021 (0.003 — 0.078) / 0.016 £ 0.018 (N.D. — 0.055),
Mollusks 0.015 + 0.015 (0.002 — 0.056) / 0.008 + 0.013 (N.D. — 0.040). The concentration
of MeHg in seafood were significantly correlated with total Hg concentration (p<0.001). The
species with the highest average concentration of Hg was the Korean rockfish, but there was
no sample that exceeded the maximum residual limit. The total %provisional tolerable weekly
intake (%PTWI) value of MeHg for all of the samples was 3.76%, compared with the JECFA's
reference value, which indicates that there is almost no health risk from heavy MeHg intake
through the consumption of seafood distributed in Daejeon.
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INTRODUCTION

FA 71eo g 5o AR Aol STkl A St e =7t 7t o] S Efof
i ‘/}‘éo] ZS7Fskarl ek SiYEARE(2017)° TEW 2u=brt 20132015
g AZE AR AH|Fo] 58.4 kg=, TR T 1915 AT {4 A7
T-(FAO, Food and Agriculture Organization of the United Nations) 4|7 =42 A ZHSOFIA,
The State of World Fisheries and Aquaculture) S415 Q1-8-51o] grgic}.

T pAbE AHS7HY U0 R FAI Sl e b AR 55, FYAS 5
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F2(Mercury, Hg)2 =204 A GHZ EAck= 7Y

9 f7152 quobﬂ"’a‘ﬂiﬂ—r EY U7 59 &4 :
2ol EAsta, FEAole 171929 FEH= KH Lo HJ"’HZ]- BEANA 7V =4
o] & Fe= MET2 2R, sl JAH F7420] vES ol HEs2oE HEE
o] BoJAlES Bl A9 AFHAL] BEA O] SA 3] ME2 9942 2 1950
At F& myutey, 1971-19729 of2k2.9] wd4-20] 3hiH ZgtAlol] 2@ E AHF
59 & AKE 3l AU E B A JIPEJL, F8=4HL g A7 eE Al
O] S5AGA £33 15t A715A S S 5ol A ATHA4].

ESH u]=84 25 =(USEPA, U.S. Environmental Protection Agency)< WEa20f 2

H ofufj 7o) AF7F AR HlE 2 &0 =R AR FAstAL JItH5]. 53] AUl &
o] Mg FARPFH T gRbgE S S o Q7] izl Holl 4 =7] 4191, o
4l 717t &t ke Al Hiote] ol A7t &4 & 4= lo] AF Y AlRkE: Aarskar et
[6]. 283 HE5E SHES 1993 A AFAIARC, International Agency for Re-
search on Cancer)oﬂ o A=A EE EFE O] Uk

ol

o|¢} Zro] 2 U T II/IEL &= QT QA 9 AEj A Huto]] #st 1F o] AL &
HAHA AAH O R He|7t == dsHEdolt Tﬂb}a} ESE 201449 A2 E A
(UNEP, UN Environment Programme)°|A] A E ‘4220 335t ujuuter FoF of Agstad

A7), 2018 FARA G Folol A 20 7IEA] ol dEd A9t lslen, 1«
Rl thgol Fibzo] gid AlRE TR ARIY] i)l AL 2 RAFE (8] ©f
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= HA Aol A= SmAgel A dAARS AAIet B 78 S it
=0 tiste] S5 50l 5187152 2ol HEd 4% 54 1A A8 HE =S
HAAAE =5kt Aok

a2, dA S derH o R sk eibee] B 20l VIS - A2 S o
T AFE AHE0 QAL Ho fedo] 2 WEa22 Holake A Sl thielw,
A golFet AT esliA 7ol A= At ek £ AFold e EiAdE F
Aoz i A QoM FEHIL Ae FAbE 1655 T 977E LR A 7% - t40l
A7 =l Qe 2 Qo vige29] A 24E HABHL, olE HiEeR Hslx WUkE
skt ol &8l B4 A8l WAL clSshal than] AbEe] g ASe %t 7
Z AR 2 &85t} it

X

MATERIALS AND METHODS

AE
20219 A A FitE ARl feHe tAtES SHE 1655, 97148
ez ZAsIt dxeites Zsto] Y o, dAF, AaR= 37H4 d5s &
T FABIAAL, o] F 4] Hlr w2 WH, 240, T, Aeet g2 dxeihEe] B
g8 BE F55= F75IA. siFolFe 8F5(2A, Lsol, B4, YH], é}i],—orﬁ d
27)) 4573, QATFE 6F=(EF7], 401, T4, 71=8], vhAlE, 83 394, 4 7—.“%—‘5 2
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FEAL AS) 134 2.&, o] T ARFARES 655 30, e 1455 6770]th

Aof AFEE 2 EEYHL2 Mercury standard solution(1,000 mg/L, Kanto, Tokyo,
Japan)& AFEstglon, HE422 Al E 42 (methylmercury[ll] chloride, Sigma-Al-
drich, MO, USA)Z L-cysteine(Duksan, Ansan, Korea) 1.0 g, OHNIEAFGEE 0.8 g, &
I EE 12.5 g (Daejung, Siheung, Korea)s 57+ 100 mLOY| 50| A28k L-cysteine
&0 =0 1,000 mg/L == A F5k0] ARSI

AET {4 AT 9.1.6 224 F Forddd 99 E oot o2 TFs &4
SFAtE #ASKE Al2E 9F 0.03 g2 A2 7](Automatic Mercury analyzer, Model
DMA-80, Milestone, Bergamo, Italy)°ll st E4o1ct. 7|71 272 Table 13
Faze!
= 1.

71712MHESS

AEZH ASATY 9.1.7 WE4L BAY F A2¥o s 2450, A1E
Hof| wet AA et A& 100 pLE FUHAL, &
i 43l

SHHBO] F34 712 A 7|20R 48P o] glo], Ak S4B FEBE 4

o B |Z0R BABHAT. ARBO SEIUFT PR FEUFE T
NEEAEHRE ANIROI] Uk SEIFS HERA0, SHEYASL ofefet
o] Alshart.

SREAAS = (100 - FEFESF%) / (100 - AZFAHE

j)
[T
Rt
off
S

S
23 Hde2o] EEEHS S7HA TR Alxsto] FFAe 22 AAdstel A4
el o, Z+z+o] AESHA(LOD, limit of detection)2} HZFSHA(LOQ, limit of

Table 1. Analytical conditions of DMA-80

Parameter Analysis condition
Drying temperature (C) 200
Drying time (sec) 60
Decomposition temperature (C) 650
Decomposition time (sec) 60
Purge time (sec) 60
Amalgamator heating temperature (C) 850
Amalgamator time (sec) 12
Recording time (sec) 30
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quantitation)= ICH[10](International council for technical requirements of pharmaceuticals
for human use)oll A AAIRE 4HE WS Wit A AFHA 55 73] A& 245t o
© REHAH)F o] 8510] o} 4% o] Wt A% W ALRAS st

A< (limit of detection, LOD) = 3.36 x S
% 3HA (limit of quantification, LOQ) = 108 x S™

29] 3l4E(recovery)= IZHZEZ(CRM, certified reference material)?] BCR-277R
(European Commission IRMM, Geel, Belgium) S+ E4HOF 33| HHE =750
CRMOfA AAIGE Q15-4k(Hg-0.128 + 0.017 mg/kg)¥} HliLste] oyl om, Hg4=20
3pa2 3719 B8 AR MlEe2 BEEHS 10 pg/kge] HES H7tste] 461

A7 9] BAEA-2 SPSS 28.0(Statistical Package for Social Science, IBM, Armonk, NY,
USA)Z o]&st3om, HA|, AxpAET A& 719 T2 WEga2 & Aol& H|u
stz f1sh E%E 4EE TF -testS AAISHTE 181 oFolR, AARF, AR I1E

E I, e Al LorEY] 915 ANOVA testS UAIRE &, Levene SAIFS
B SRARAE o § 5EAMY A ScheffedlZ, 584M] ofd 79, Games Howell'
O 7 ARFHSE s, BF p<0.05 oA RS 485t AI87] 12 =11
FIFEA %‘310304‘%74](2019) 1115 arsto] Zh H59E wde29] FHAEFFHEWL
estimated weekly intake)S AF&SH &, ©o]& JECFAZ} A7 7 H 8- 8=FHPTWI,

provisional tolerable weekly 1ntake)J4- v, 2450 24 W'l 220 o5t QP E F
Ashact.

21 WE@429] #2843 717 10 ng/mLe} 100 ng/mL7F E|A 343 &, 10 ng/
mL &40, 50, 100 £LE Y5, 100 ng/mL &4 50, 100, 200 xL Y5t 2
T fga=29] Fo] 0, 0.5, 1, 5, 10, 20 ng°] H=E FAHFAE 2HFst o, =23 9g
2 1% 0.99992 S8 AHAAR)S BAt 23 P29 HEH, FetA ¢ ﬂ
89| 5% ATH= Table 29 2t

A 4574 21 93(CODEX)[12]°14] AlAote 3]o& 9= 0.1 mg/kg 27} 1 mg/kg

o]} 7k 70%-110%, HIEZHAL 15% olsto|H, 1 ug/kg 23+ 0.01 mg/kg °loF +7F

ofl A= 60%-120%, FHEZHAE 30% olstz, & A7 7o) Felohe Ae DIkt

XS METF SHarEN
gHI, A, 2401, S 471 FEe] dREd B S 9 vEe2 EF2 Table
300 e AT
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Table 2. Parameters of Hg and MeHg analysis by DMA-80

Parameter
Element
LOD (pg/kg) LOQ (ug/kg) Recovery (mean * RSD) (%)
Hg 0.260 0.787 100.1+3.8
MeHg 0.281 0.852 90.2+9.8

LOD, limit of detection, LOQ, limit of quantitation; RSD, relative standard deviation.

E3} JEZI] 20 °l m|eS=0 ko] ZJo|7} 222 9o}, ZF &Y Toqest 2

ﬂ, 2 $AOR FOIT Aol HEA el >009) T E5 RO
L AxSAIEI ABE TR Sttt

Eﬂgg 3FEF'='A-I

Alze] N 53 el R®, AR, 44F I5E I e 31dde
Table 4] YeFHAOH, $4-29] HotFFol 2 %2?5 Fig. 10] Q9ka}qich. &2=00
HA e d|FolF 0.038 + 0.058 mg/kg, AAF 0.014 + 0.016 mg/kg, #ZF 0.023
+ 0.021 mg/kg2-&, Choi 5{13]9] A7-23e} o] sjFol7, 427, QAT 2= =
& FFE BPo, sjdeiRet dAlFo] FAH R fofdt Aot AATHp<0.05). o
Fol7e] T2 HHAF2 Cho S{14]°] A7 7= 5 BAFY =2 B &F
(0.04 mg/kg)¥t AR A& LB 1T

HFoIF T T35 BoAFol 7P =& F5-2 0.127 + 0.066 mg/kg®] =0l
23 I 29 0.272 mg/kgol ATt Z41(0.085 £ 0.0118 mg/kg)?t 11°5-01(0.048
+ 0.013 mg/kg)e HFolF AA Fatgh ol I TS EA2r, 27], HH,
A2, o], BA9] o R wo IS HATh $99 BTl w8 ddte FAtEAE
AT FibE FYAARAH2018-20)[15]°1A = YEROH, 23], d15019] et

A QA FAR.

AAFO FF-, 24019 BHTFE 0.035 + 0.017 mg/kg® HFolFe} vt 275

l

[¢]

Table 3. Analytical conditions of GC-NPD (unit, mg/kg)

Hg MeHg

Sample Mean * S.D. Mean + S.D.
(Min. — Max.) (Min. — Max.)

Pollack 0.022 + 0.009 0.011 £ 0.005
(0.011 -0.035) (0.006 — 0.019)

Pollack (D) 0.019+0.014 0.014 +0.007
(0.012-0.044) (0.009 — 0.026)

Shrimp 0.018 + 0.004 0.011 +0.009
(0.003 - 0.030) (0.002 - 0.021)

Shrimp (D) 0.013 +£0.009 0.007 + 0.006
(0.003 — 0.025) (N.D.-0.015)

Squid 0.029 +0.017 0.023 +0.017
(0.005 - 0.052) (0.003 — 0.040)

Squid (D) 0.041+0.017 0.027 +0.013
(0.016 — 0.056) (0.008 — 0.039)

Mussel 0.007 + 0.004 0.001 £ 0.001
(0.003-0.013) (N.D.-0.004)

Mussel (D) 0.003 £ 0.001 0.000 + 0.000
(0.002 - 0.004) (N.D. —0.000)

N, number of sample; D, dried.
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Table 4. Summary of Hg and MeHg concentrations in seafood (unit, mg/kg)

Group Sample name N H?Mﬁéa—nmtaizl)l Me:'lw?irTfaﬂaiﬁ'D' %MeHg
. 0.127 + 0.066 0.081+0.028
Fish Korean rockfish 3 (0.069 - 0.199) (0.049-0102) 63.4
. 0.085 +0.118 0.068 + 0.104
Hair tail 7 (0.007 - 0.272) (0.003 - 0.236) 80.8
0.048 £ 0.013 0.041 +0.007
Mackerel 5 (0.035 - 0.064) (0.029- 0.053) 85.3
0.022+0.012 0.020 +0.011
Croaker 5 (0.010 - 0.039) (0.008 - 0.032) 894
0.020  0.011 0.014 + 0.006
Pollack 10 (0.011 - 0.044) (0.006 - 0.028) 69.3
. 0.019.£0.010 0.009 £ 0.007
Spanish mackerel 6 (0.008 - 0.033) (0.002 - 0.020) 48.8
, 0.011 £0.003 0.007 + 0.005
Gizzard 4 (0.009 - 0.015) (0.002 - 0.013) 66.0
0.007 + 0.002 0.002 + 0.003
Anchovy 5 (0.004 - 0.010) (N.D.~0.007) 347
P 0.038 + 0.058 0.028 + 0.047
(0.004 - 0.272) (N.D.~0.236)
. 0.0350.017 0.025 +0.014
Mollusks Squid 10 0008 %0058, 0053 % 0.040) 717
0.014 +0.007 0.003 + 0.004
Scallop 10 (0.006 - 0.022) (N.D. —0.008) 230
. 0.012+0.005 0.002 + 0.005
Little neck clam 5 (0.006 — 0.020) (N.D.—0.012) 199
0.007 +0.004 0.002 £ 0.002
Webfoot octopus 5 (0.003-0013) (N.D. ~0.004) 24.2
, 0.005 + 0.002 0.001 +0.001
Beka squid 5 (0.002 - 0.007) (N.D. - 0.002) 238
0.005 + 0.004 0.000  0.001
Mussel 9 (0.002-0.013) (N.D. -~ 0.004) 10.0
29 0.015+0.015 0.008 £ 0.013
(0.002 - 0.056) (N.D. = 0.040)
0.047 +0.031 0.040 £ 0.025
Crustacea Crab 3 (0.016-0.078) (0.012 = 0.055) 85.5
. 0.015+0.010 0.009  0.007
Shrimp 10 (0.003 - 0.030) (N.D. ~0.021) 59.0
1 0.023 +0.021 0.016+0.018
(0.003-0.078) (N.D. = 0.055)

HA0 W p>0.05), YA 5852 AA| AAIF B4k oloke] s B

A2F9] A%, A= 0.015 + 0.010 mg/kgZ vag} H|3E PorohgS B, Al
£ 0.047 £ 0.031 mg/kg= FolFet HlRTt TS BtHp>0.05). 97749 A& F =
U A4 E S92 5687 G golF AAF 0.5 01 Sh 22 F5-2 gl

v gro.0] TS £522.0] Tk} &2 AHFAE B AT = 0.966, p<0.001; Fig. 2).

wEbs] F429 Ago] F2E wEe29] el 52 AT BoloH, sigel®
0.028 + 0.047 mg/kg, £Z-5F 0.023 + 0.021 mg/kg, AAF 0.008 + 0.013 mg/kg] <=
© 2 yehdtt Hojo] vg42 HH#3=H0.007 + 0.005 mg/kg)e] 7+=14H](0.003 + 0.004
mg/kg), HFA2H0.002 + 0.005 mg/kg)E T =2 Z& AlQjotd F5E vgd4-29] i3l

2 T2 FYT ol BEsSH0] FE AR AEE= A& ALt AAF
EE7], 4], 74, Bk S, 8], EA] 52 S5 tiH] vlE4=29] H&o] 35% mvt
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Korean rockfish
Hair tail
Mackerel

Crab

Squid

Croaker

Pollack

Spanish mackerel
shrimp W MeHg Hg

Scallop

Little neck clam
Gizzard

Anchowy
Webfoot octopus

Beka squid

Mussel

0.020 0.040 0.060 0.080 0.100 0.120 0.140
Concetration(mg/kg)

Fig. 1. Concentration of total mercury and methyl mercury in each species.

0.250

0.200 Dl
y=0.7884x 0.0028 -
R*=0.9327 .
5 .
= 0.150 //
wy -~
E Vi
ny Pl
% 0.100 [s] //
= s o

o
11040 S

-
%O-)ﬁ
0.000 ﬁ

0.000 0.050 0.100 0.150 0.200 0.250 0.300

Total Hg{mg/kg)

Fig. 2. Correlation between total Hg and methyl Hg in seafood.

02 Uefyrt. 2gols A Mg HRUFE 5527} SN HIRI} AT
A% BATKp<0.05). AAF F FEREES, 0o, 2H0)g| A%, AR 2717t
g__'i_‘ U'ﬂE’]}\OA u:]_’lq_'@-]-a]:o] l.—_OH:]‘ ]fﬂo]— 7:]‘1,]‘___ E]/\O"] oLE]:O] /\ﬂ‘:'o]—le ‘:‘Eoﬂ
U QHT NS BB volEEe] BE JEEE9 JFo] ¥ 27] oz e

Pl =T}

=235t A7) 98] glo] YA ZoF Wi A=
olg}al shu, ZuUjo] AL ol r-Zokdy| ol J._E Al FojokEt g7
o] it 23 TAE FY A =ERA7E2 A7 5ol T AZFG T4
Adto] 712 3.7 pg/kg b.w.(body weight)/week, HWE
Aol AT 2.0 pg/kg b.w./week Q& 2013d] AAE QI RO HLRE 2.0 ug/kg
b.w./week Q.2 A x|0] 9t}
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20034, FAO/WHO(World Health Organization)2] 3+ 4% 71 2713 | JECFA)

oA 7]&0] AAE o] AW T2 5.0 pg/kg b.w./week®] PTWIOA HE=E g4
1.6 ug/kg b.w./weekE AU F714-29] %, 20109 ofuiFE A Lfet AFNA
4.0 pg/kg b.w./week= W30 A5G} webA oJfiFE AlRRE 3 2 A9 {8
B7te HEe29] el E BHeH, SUET 7]Eo] W JECFAQ] 7% E5tith.
ollA 3t FEE wde29] ey} A87] 12 AT BERA 9 ARG FEA
(2019)9] A& YL, AA AT 54 +A(61.6 kg ol&sto] WEd4229] 744
FFHEWDS 3HH T ZF X5 Table 59 WERH 1T,

AA 16E=0] 93t WEd4-22] EWIE 0.060 ug/kg b.w./week@ JECFAS] HE42
PTWI tH] 3.76%% HEFHT ol= Al 16852 WY EWI7} JECFA 7|=9] WiE4
% PTWIE‘:]‘ oF 26 6HH 17%8 g BC\OH:]‘ o]o]ﬁ%a]:‘],]. uﬂt—ﬂ/\ 0‘4 01-31:0] E l__r_,— _Q_X]o1
7h g2 ARl 7MY w2 719 E H3loH, Aol 24, 8, A, WEH 59 =2
71997} &9t} Joo[16], Moon[17], Choi 5[13]9] thE illﬂoq:r“’ﬂ/ﬂ B3t Aaet 7)o
T A9 52 Aotk AEY dYAHEY wEe2Y o] 2 EEYSE 7|9t
EoMA7] 2ol F7PE R g4hE AR we 7)ok A9 F50] e 4 Atk 1F
o] B, gtA o g thgo], &5, w07 ME 4 Slskol et 7]o=7F &t 18].

CONCLUSION

20219 AA o)A 8B EE AR £ QAL ) nloty) QbA A AZ0] AR EH
15 FARE 1685 974& 7451 & 23 WE429] g BYEHS AAoFy
ol Yl E o] &3t AFF2 BV E ARSot] B4, 2T WY By

_|
o nLl

r O

Table 5. Estimated weekly intake of MeHg in each species

Daily intake MeHg (mean) EWI" %PTWI
(g/day) (mgl/kg) (ng/kg b.w./week)
Squid 4.70 0.025 0.0135 0.84
Mackerel 2.33 0.041 0.0109 0.68
Hair tail 1.01 0.068 0.0079 0.49
Korean rockfish 0.74 0.081 0.0067 0.42
Crab 1.46 0.040 0.0067 0.42
Pollack 3.65 0.014 0.0057 0.36
Croaker 1.57 0.020 0.0035 0.22
Shrimp 3.40 0.009 0.0035 0.22
Anchovy 2.96 0.002 0.0008 0.05
Spanish mackerel 0.60 0.009 0.0006 0.04
Little neck clam 1.31 0.002 0.0004 0.02
Webfoot octopus 0.54 0.002 0.0001 0.01
Mussel 1.27 0.000 0.0001 0.00
Gizzard 0.08 0.007 0.0001 0.00
Scallop 0.15 0.003 0.0001 0.00
Beka squid 0.03 0.001 0.0000 0.00
Total 25.79 0.020 0.0602 3.76

") Estimated weekly intake = (Mean MeHg in each food x Daily food intake x 7) / 61.6 (b.w.).
EWI, estimated weekly intake; b.w.: body weight; PTWI, provisional tolerable weekly intake.
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gt A BrddS AR 23 3529 HETAIR FRRAl= 0.260 pg/kg, 0.787
ng/kg, ME420] AETAL FRFeHA= 0.281 ug/kg, 0.852 pg/kgl & Uehtom 2
FAO| AT E 7 AR BT 0.9999, &2 242 100.1%, 90.2%= WEFHTE 47
FAREY] S5 vE29] BHRhdE ARPAHES BE Atolold SAM o E ROl
2to] 7k ileH, 3ol 0.038 mg/kg®t 0.028 mg/kg, 12+ 0.023 mg/kg, 0.016 mg/
kg, A 0.015 mg/kg, 0.008 mg/kgd =22 =T T2 Hd429] Fohg
2 TS AR S 9, 2R, s AHHeE g2 A B
Rt ARk 21]01“ 01‘!'!'9’]' FARRE RFEE B, S ] B2 WEs2 o] oA
ofF A|Q3t AAFet EX = BE 550 Yol A2 Ao g witHr: 974 F =i ’é’“ﬂ
T AR °1£7]z° 2% F52 Qlglon, E4L 59 22 i 52 mEeE
BAdFS &5 AN=H7E ARt e S ALISHe] JECFACA A4S PTWISH H]JLOP
of AH=E %PTWIR B713t B3, F %PTWI= 3.76%= HEFHT

[¢)
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