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Concentrations and Risk Assessment of Total Mercury and
Methyl Mercury in Commercial Marine Fisheries from Korea

Minkyu Choi*, Sera Yun, Hye-Jung Park, Ja-Yeon Lee, In-Seok Lee, Dong-Woon Hwang,
Min-Cheol Yoon' and Woo Seok Choi!

Marine Environment Research Division, National Institute of Fisheries Science, Busan 46083, Korea
'Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Korea

Total mercury (T-Hg) and methyl mercury (MeHg) were determined in marine fisheries (41 species, n=87) commonly
consumed in Korea, using a gold amalgamation method and gas chromatography-cold vapor atomic fluorescent
spectroscopy, respectively. Concentrations of T-Hg and MeHg in all samples (31 fish, 4 crustaceans, 4 cephalopods,
and 2 gastropod species) were in the range of 0.016-0.495 (mean, 0.093) mg/kg-wet and not detected-0.338 (mean,
0.067) mg/kg-wet, respectively. The concentrations of MeHg in marine fisheries were significantly correlated with
T-Hg concentrations (P<0.001). The highest mean concentrations of T-Hg and MeHg were found in fish species, fol-
lowed by crustaceans. The contribution of MeHg to T-Hg was in the range of 64-95% (mean, 83%) in cephalopods,
28-98% (mean, 69%) in fish, and 26-88% (mean, 57%) in crustaceans. The weekly intakes of T-Hg and MeHg by
fisheries consumption for the Korean general population were estimated to be 0.463 and 0.338 pg/kg body weight/
week, respectively. The concentrations and intakes of T-Hg and MeHg were less than the allowable residue levels and
in the range of 12 to 17% of the provisional tolerable weekly intake (PTWI) applied in Korea.

Key words: Heavy metal, Fish, PTWI, Risk assessment

N B2 22 ol A (blood brain barrier)X} EfWH (placental
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20170 =2 9 =233 T8 2 WAL dES
S 7178 th(Kim, 2017).

UNEP X 124 “Global Mercury Assessment” (UNEP, 2002)
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t(Tongue sole), L=t} (Starry flounder), 4 ©1(Gizzard shad),
Z=(Red seabream), A ©{(Herring), A7§o](Jack mackerel),
F A (Filefish), 4+*](Spanish mackerel), 7}A}1](Brown sole),
Qlo](Brown croaker), +==tf|(Black throat seaperch), o]
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norl

7} (crustaceans)= 4F[A--(Shrimp), Z7|(Blue crab), <7
(Red snow crab), tj7(Snow crab)], S| F(mollusk) & F=
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Table 1. The concentrations (mg/kg-wet weight, average+standard deviation) of total mercury (T-Hg) and methyl mercury (MeHg), and
lipid content (%) in marine fisheries of Korea

Common name Scientific name N Lipid (%) T-Hg MeHg

Anchovy Engraulis japonicus 2 0.6+0.7 0.063+0.004 0.034+0.007
Angler fish Lophiomus setigerus 2 0.4+0.9 0.053+0.014 0.032+0.015
Black throat seaperch Doederleinia berycoides 2 3.5+£3.9 0.124+0.022 0.117+0.022
Bluefin Tuna Thunnus thynnus 2 0.41£0.6 0.222+0.001 0.183+0.012
Brown croaker Miichthys miiuy 2 0.7£0.9 0.031+0.003 0.020+0.010
Brown sole Pleuronectes herzensteini 2 0.9£0.3 0.157+0.023 0.125+0.029
Chub mackerel Scomber japonicus 2 3.1£10 0.042+0.012 0.029+0.012
Cod Gadus macrocephalus 2 0.3+0.3 0.264+0.039 0.187+0.006
Conger eel Conger myriaster 2 7.5+2.3 0.093+0.011 0.094+0.003
Filefish Stephanolepis cirrhifer 2 2.6116 0.025+0.006 0.009+0.001
Gizzard shad Konosirus punctatus 2 5.2+0.1 0.016£0.001 0.013£0.005
Hairtail Trichiurus lepturus 2 5.04£7.2 0.067£0.015 0.049£0.004
Herring Clupea pallasii 2 3.0£8.5 0.1324£0.073 0.093+0.056
Inshore hagfish Eptatretus burgeri 2 6.619.9 0.495+0.503 0.338+0.381
Jack mackerel Trachurus japonicus 2 3.315.3 0.099+0.075 0.067+0.057
Mottled skate Beringraja pulchra 2 3.1£10 0.140+0.006 0.128+0.021
Olive flounder Paralichthys olivaceus 2 0.3+0.9 0.137+0.120 0.038+0.046
Puffer fish Takifugu rubripes 2 0.1£0.1 0.145+0.023 0.065+0.013
Ray Raja kenojei 2 0.410.3 0.060+0.020 0.052+0.010
Red seabream Pagrus major 2 0.3£0.2 0.086+0.019 0.067+0.010
Rockfish Sebastes schlegelii 2 0.7£3.4 0.400£0.105 0.326+0.149
Saury Cololabis saira 2 5.0+2.5 0.076+0.010 0.056+0.004
Seabass Lateolabrax jaonicus 2 2.9+1.8 0.1160.041 0.092+0.025
Sharp toothed eel Muraenesox cinereus 2 29135 0.030+0.008 0.020+0.003
Silver pomfret Pampus argenteus 2 1.8+2.6 0.018+0.005 0.009+0.006
Spanish mackerel Scomberomorus niphonius 2 8.312.2 0.019+0.003 0.017+0.007
Starry flounder Platichthys stellatus 2 1.0£1.0 0.042+0.003 0.028+0.010
Striped mullet Chelon haematocheilus 2 0.2+0.5 0.017+0.001 0.007+0.003
Tongue sole Cynoglossus semilaevis 2 0.2£0.2 0.03610.012 0.013£0.008
Yellow croaker Larimichthys polyactis 2 3.4+4.4 0.027+0.005 0.017+0.009
Yellow tail Seriola quinqueradiata 2 2.0£4.5 0.037£0.027 0.032+0.021
Shrimp Solenocera melantho 2 0.6£0.1 0.033£0.005 0.012+0.008
Blue crab Portunus trituberculatus 2 1.245.7 0.031+0.005 0.008+0.007
Red snow crab Chionoecetes japonicus 2 0.5+0.2 0.160+0.002 0.142+0.005
Snow crab Chionoecetes opilio 2 0.7£0.1 0.098+0.039 0.077+0.029
Squid Todaroldes pacificus 2 1.320.5 0.062+0.019 0.052+0.008
Small octopus Octopus minor 4 0.6£0.5 0.05310.024 0.034+0.013
Octopus Enteroctopus dofleini 2 0.3+0.1 0.060+0.007 0.057+0.011
Webfoot octopus Octopus ocellatus 2 0.6£0.4 0.018+0.001 0.015+0.005
Abalone Nordotis discus 5 1.1+1.0 0.019+0.001 <0.002

Spiny top shell Batillus cornutus 2 0.7£0.1 0.01940.001 <0.002




678 25t - Ak - wral - olAa - ofalA -

1998)9] mlE=2 A& 2838kt mEge29] 7|71
e 7))k o - 7| AR R Y (gas
chromatography-cold vapor atomic fluorescent spectroscopy;
GC-CVAFS)o|H, & ¢ Lo A= NOMA-1000 (Neo & Biz,
Seoul, Korea)& AME-315ich. Al & @ 4sia AR E 0.1

S5 A &s}7| Dol KOH (Wako, Tokyo, Japan)-H|€H-2-(HPLC
grade, J.T. Baker, Phillipsburg, NJ, USA) -8-lfof o]3}t H3
£ AA mE 42 FE5HL, HE 422 sodium tetraethyl-
borate (NaBEt,, Wako, Tokyo, Japan) = o 23} A] 7] %, Tenax
S2HEE(1/4 in X 5 mm X 7 in; Supelco, Bellefonte, PA, USA)
of &2, GC2 Z2|sto] CVAFS= st Wro|th. vid 4
2 FF8NL A3 Y42 (methylmercury chloride, Sigma-
Aldrich, Seelze, Germany)2- 3|4 35}o] AR8-5}% Tt

HE 2 24 gt i A5 sl FEEde] A4
4, A, E2USEE deeS IR F ARE &
At WE4e 8o == 0, 0.078, 0.313, 1.250,
5.000 ng/mL7HA] HEFAlS A5kl wl, 24 A= 0.999
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Fig. 1. Concentrations of total mercury (T-Hg, average+standard deviation) and methyl mercury (MeHg) and contribution (%) of MeHg to

T-Hg in fish, crustanceans, cephalopods and grastropods.

A= fFoIsHA] RTh(P>0.05, Hlo &l m]AA]).

HALo|( Eptatreuts burger= 4] 100 m 1|HHe] ¢Ioto] 2
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A ot = o Folrt. & Aol A= FfARERE oy 2} 4=¢]
A=, D)ol e T2 A4S AAIsHaL, T AT,
ULk o] fatel A & F=(0.500+0.371 mg/kg)
7F AEE AT fARE ke ZHAmEsESel A4 of
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A BarE B Qlar, 2AF o F 5 HAO|(E. burgen)ollA
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20|94tk Chiu and Mok (2011) thute] Alaj A 4] HAlo] &
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W Kim et al. (2013)7} Kang et al. (2017)2] g 12 ate} o|e
2]oK(Zaza et al., 2015; Galimberti et al., 2016), F=r(Knowles
etal,, 2003), T|=H(US FDA, 2014)] A1 Aato]l A o7 5 4
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fish) 0.43-0.83 mg/kg?] 2 FEF0] Bl et T4
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gkl 0.5 mg/kg, 7ke.2], A 37], 23], 5o, YRR,
oFerol R, tha |71, A g7 1Rba], figo], o, 2o, Al
A5, Aol sol, A 7], A2 1.0 mg/kg) o] #3187
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m A2} i 7(200-450 m A Aol A & HEE Bt o]
R AT 5 352 55 o7 Akt 271, =1, A
A13H4 9 ol T o] Y= Ao R FZH T}

AAF T FEHED)NA T2 s=H = 0.018-0.062
mg/kgo|3lom, eAof, o, YA|of vlal] Zqtujo| A tha
W FER A 2 Ao FEE Joo et al. (2010)
3} Moon et al. (2011)0] ¥ 313+ $201(0.030-0.072 mg/kg)
9F 1£01(0.026-0.051 mgkg)?| s=rE FARHI. 14
T35 EEF02H)MNA 5 ses 25 0.019 mgkge] 1o
o, Mok et al. (2014)0] 2113+ Z4(0.004 +0.001 mg/kg)}
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y =0.7517x - 0.0028
R? = 0.950 (n=87)

MeHg (mg/kg)

1.0

T-Hg (mg/kg)

Fig. 2. Correlation between total mercury (T-Hg) and methyl
mercury (MeHg) in marine fisheries.

2:2H0.005+0.001 mg/kg)Hohe Thi =0 = w gic) ax|ut,
B AT ARREEZ, B2 4L SEE AAR
of the 7157+ 2(0.5 mkg)el B AT ol %r,

HEr22 5k

FARE(A15)0] gt ME420] FEs 535-0.338 mgy/
kg(B 4 0.067 mg/kg) MG tH(Table 1). AR 184 v
2220l = 0]E(0.076+0.084 mg/kg)>71ZH(0.060
+0.063 mg/kg)>AA|F2] F5740.040+£0.019 mg/kg) > &
ZAEHE) =& FReH(Fig Ib), WEr2o sEe &
23 BAA O & Foe A& B A tHr=0.975, P<0.001;
Fig. 2). M2 23 S22 2 A2 ool +iks
(Joo et al., 2010; Moon et al., 2011; Miniero et al., 2013)3} <=
XY 3Z-Q-F(Haines et al., 2010)0]| A &= t}4= 2 115 v} glck.

2 Aol A ol 7 5 M2 52(0.007-0.338 mg/kg)= =+
W ok Aol A HarE F=1191(0.005-0.328 mg/kg)2F A
3t 0] (Joo et al., 2010; Moon et al., 2011), AF$]3z4]
201 4+01(0.46-0.95 mg/kg), A =] 5(0.15-0.96 mg/kg) Bt vt
S o)At Knowles et al., 2003; Kim et al., 2010; 2013;
USFDA, 2014; Kang et al., 2017). & Q7 Lo]| 4] o] 72 el 4=
2 = Ao, thdolF 9 AR Foll thgh =) X3
£71(1.0 mg/kg)ell At o]l aL, vl=i(1.0 mg/kg), ¥
(0.3 mg/kg, 4lall/dolF, thdol® 2 A= Aol 27t
gk ol gt

W27 5 e 5=(0.008-0.142 mg/kg)= =W oF& ¢
JollA] Ha1E 0.008-0.031 mg/kgR Tl =& 420l 2lthJoo
et al., 2010; Moon et al., 2011). 0] AL 7]&0] B 1%z &
2 A Al T 2 WESES sE=7F XEE Y] Wi

o= otk AR 5 5 e 55(0.015-0.057
mg/kg)= =W Aol A 0.010-0.039 mg/kget AR <=0
&ItkJoo et al., 2010; Moon et al., 2011). B2 42 5
T SRS Wt o e mE 22 HETHA o5k AN
t}. o] T2 Aib= B0l A = ofmi a7t frAlSHA S
TR o] wf- FE o ® AL Q32 HolEth

T2 o] wE29] 7]oj&-2 F57H(83 £13%)l A 7}
A =Qril, T TRE-S o]F(69 + 18%), IFZHE(57+31%)%
o|%JckFig. 1c). Moon et al. (2011)9] Atof|A ES F=7F
(55%), 15H(53%), T ZHH(51%), 1w 973 (13%) <=1 %L, 0]
a7t ohE pARE ol Hls Sl H 7loem B
1=k Joo et al. (2010)2] AT A= FE7H41%), oI5
(31%), 7H7F(23%) =o1laL, ool A wiEkqe-2 4
3| otttk thE A9l ool tiet S oiv] HiE
4250} 710182 North Sea 95%, Hong Kong®] 9414l o]
76%, Southern China Sea 69% Y =2 29| =2 wEd3l=
B 13} th(Baeyens et al., 2003; Liang et al., 2011; Liu et al.,
2014).

ou 40| Y A U st

FpL0|| oA =20t 7]ES EFSA (2012)0|4 PTWI 4
ng/kg bw/weeks A4 o, Ao oFE QA of| A Al
7ol dut A7 eF HAd Atoll A PTWI 3.7 ng/
kg bw/week ¢S A A5k tH(Korea Ministry of Food and
Drug Safety, 2013). E3t v 2422} 749, EFSA (2012)°] 4]
PTWI 1.3 pg/kg bw/weeks 7|22 31al 121, Korea 4]
F o oFE A o A Bjoe] A=/ ol AR PTWI2.0
ug/kg bw/weekE AA|5FAtHKorea Ministry of Food and
Drug Safety, 2013). whebs] 2 AtofA 24HE AHA] F4
23t w" 29 Qe 247 SAISE dY AA=Et
A7) 3.7 ngkg bwiweekd} 2.0 pg/kg bw/weekS 2}-8510
4Hgskeirt

AT SAHE AAE BF B0} s 27
L&eR2 Zh7F 04633 0.338 pugkg bw/week 70|,
PTWItHH] 2}2F 12.5%2} 16.9% % ettt wheba] 2 A+t
oflA ARG U AR Y] T eSS Sl B 6l
T A G2 A0 R Aot £ Aol T eE
T2 = ok Atoll A Hargk 57t l=E75(0.178-0.517 pg/
kg bw/week)Z} F-ARSE =50]%1 1 (Joo et al., 2010; Moon et
al., 2011), o|&&]oH0.52 pg/kg bw/week, Zaza et al., 2015)<}
AR AL, AHQ1(2.1 ng/kg bw/week, Llull et al., 2017) 2.tk
= R oYk & Aol A e 20 2 = EmT S
W Aol 71 =28K0.052-0.272 pg/kg bw/week) =T} ThA
=2 40| al(Joo et al., 2010; Moon et al., 2011), Jacobs et
al. (2017)0] B3t =7 mE4-E oA ofdw
(0.360 ug/kg bw/week)2} FARSE =001, 2 EZE A

K
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%1, o]=H2]oH(0.546-0.796 pg/kg bw/week) HrHe whe 42
o] 3lct.
ibE A S wE e 0 =S PTWI Y
H] ©Ja=) S o] 2o A ZF2F 0.364 pg/kg bwiweek (9.8%)2}
0261 pg/ke bwiweek (13.1%) 2220 2 714 2=9k1, The-o
FE, A4, 554 ol )l F T AHA| 5] A 7] 9]5}o]
ol Hols 9} 71 A F=H(Korea Health Industry Devel-
opment Institute, 2014)& 0|85} o}F R S vE42
O] mE T PTWI i B] 9f8li 1= 7] of &5 AP 3 A th(Table 2).
T2 A, sl & 71017k o] 273 01(1.4%)°1
AL, e 295=H(1.1%), Ao17(0.9%), thd©1(0.8%), o
TH08%), AFOTNZ ehitch g0l 49, 714
L2 7|52 HQ o] 9A] ©740](2.2%)°]) 00 2
I E=H(1.6%), THg0l(1.3%), ol 7(1.2%), EH?L(U%), A5
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(1.0%)= trebgteh 2uaEe, tigdol, ol ti-t= kel
AFF=C] T2 0.2 mgkg o] 9 e e 25 e o
T Mok ol et I 5.46-8.89 g/week RN
WA =2 0| 7] ol s ol =& 710 st vt
1, 2ok A= 0.2 mgkgEs ol 0} ol = Etekal 5
30| 14.07-45.71 ghveek® BA5HA) 22 zko]ol7]
gj o] =8 71oj =5 B girh = 9] Joo et al. (2010)2F Moon
et al. 2011)9] ATLo|A] BIat 2203} W= S5z
A 71998k o F2 A5 ol, Ao, thgo], 2ulEd, 24,
Et‘EHO]O*E} Jacobs et al. (2017)0] Rt G-H=t7to A HiE
29 fleli=ol 7P 271 E st olg e v eAer T
Fol, =55, 5ol oIz, = 7te] whet o+, g, A, ol
71 %7} E9keh kA abE A E SR T2 vd
=9] QJafizof A 7]ofsk= ol FE ke T s A

Table 2. Estimated intakes (nug/kg bw/week) and contribution to PTWI (%) of total mercury (T-Hg) and methyl mercury (MeHg) through

fisheries consumption

Average consumption rate

Intakes (ug/kg bw/week)

Contribution to PTWI (%)

Fisheries

(g/week) T-Hg MeHg T-Hg MeHg
Squid 45.71 0.051 0.043 14 2.2
Rockfish 5.46 0.040 0.032 1.1 1.6
Eels 8.89 0.033 0.024 0.9 1.2
Tuna 7.77 0.031 0.026 0.8 1.3
Cod 6.51 0.031 0.022 0.8 1.1
Crabs 14.07 0.025 0.019 0.7 1.0
Olive flounder 7.28 0.018 0.005 0.5 0.3
Mackerel 21.07 0.016 0.011 0.4 0.6
Mottled skate 5.60 0.014 0.013 0.4 0.7
Anchovy 10.92 0.013 0.007 0.3 0.3
Brown sole 4.34 0.012 0.010 0.3 0.5
Hairtail 9.66 0.012 0.009 0.3 0.4
Saury 8.26 0.011 0.008 0.3 0.4
Small octopus 10.71 0.010 0.007 0.3 0.3
Shrimp 14.14 0.009 0.003 0.2 0.2
Yellow croaker 12.60 0.006 0.004 0.2 0.2
Ocellate puffer 2.31 0.006 0.003 0.2 0.1
Octopus 413 0.005 0.004 0.1 0.2
Angler fish 4.06 0.004 0.002 0.1 0.1
Filefish 7.28 0.003 0.001 0.1 0.1
Seabass 0.98 0.002 0.002 0.1 0.1
Seabream 1.12 0.002 0.001 <0.1 0.1
Herring 0.63 0.002 0.001 <0.1 0.1
Spanish mackerel 4.41 0.002 0.001 <0.1 0.1
Starry flounder 0.98 0.001 <0.001 <0.1 <0.1

PTWI, provisional tolerable weekly intake.
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