KFAS #=+uaterx
Korean Journal of Fisheries and Aquatic Sciences

g2 7] 49(5), 541-555, 2016

Original Article

Korean J Fish Aquat Sci 49(5),541-555,2016

MAIX|ofl HE ChaH| o 72| HIt 7IEF2] @F H I8 7t

Contamination and Risk Assessment of Lead and Cadmium in
Commonly Consumed Fishes as Affected by Habitat

Ki Hyun Kim, Yong Jung Kim!, Min Soo Heu? and Jin-Soo Kim'*

Department of Quality Safety team, Quality Management Office, Daesang Corporation, Yongin 17173, Korea
!Department of Seafood and Aquaculture Science/Institute of Marine Industry, Gyeongsang National University, Tongyeong
53063, Korea
’Department of Food and Nutrition/Institute of Marine Industry, Gyeongsang National University, Jinju 52828, Korea

This study determined the concentrations of lead and cadmium in 18 species of commonly consumed fish and as-
sessed the risk based on provisional tolerable weekly (monthly) intakes [PTW(M)I] % as affected by behavioral char-
acteristics, such as migration and settlement. In the 18 species, the mean concentrations of lead and cadmium were
higher in the 11 species of migratory fish (llargehead hairtail Trichiurus lepturus, chub mackerel Scomber japonicus,
Pacific saury Cololabis saira, skipjack tuna Katsuwonus pelamis, Pacific cod Gadus macrocephalus, anchovy Engrau-
Iis japonicus, Alaska pollack Theragra chalcogramm, brown croaker Miichthys miiuy, Japanese Spanish mackerel
Scomberomorus niphonius, yellow croaker Larimichthys polyactis, and Pacific herring Clupea pallasii) than in the
seven demersal species (red stingray Dasyatis akajei, brown sole Pleuronectes herzensteini, bastard halibut Paralich-
thys olivaceus, conger eel Conger myriaster, blackmouth angler Lophiomus setigerus, rockfish Sebastes schlegelii,
and filefish Stephanolepis cirrhifer). Based on the mean concentrations, the PTWI % of lead and cadmium in com-
monly consumed migratory fish were 1.900 and 2.986%, respectively, which were higher than the values for lead and
cadmium in the commonly consumed demersal fishes (0.257 and 0.318%, respectively). The estimation of weekly
(monthly) intakes and target hazard quotients for the toxic elements lead and cadmium revealed that the commonly
consumed migratory and demersal fish do not pose any health risks for consumers.

Key words: Mainly consumed fishes, Heavy metal, PTWI, PTMI, Migratory fish, Demersal fish
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2 A% Yokl ALg T BEAZELL of
F 7HA15-9] -9 DORM-4 (fish poisson, National Research
Council, Ottawa, Ontario, Canada), ©15 W#A2] 74 DOLT-4
(fish liver, National Research Council, Ottawa, Ontario, Can-
ada)oh 2H& 25 AT, o] 50) Smis el 49 217t
0416 ¥ 0.16 mg/kg, 71=82] 3% 2+ 0.306 2 24.3 mg/
kgo] it

g G 2 FH4 BAS 9 BRI AT
4 B8 sk 3229(1,000 ppm, Merck, Darmstadt, Hesse,
Germany)& 2452 345t0] ALk Halg Aleko
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Table 1. English and scientific names, sampled states and parts of fishes used as samples in this experiment

Name Sampled state Moisture
Migration content

Common Scientific Storage state Pretreated state Numeral (g/100 g)
Anchovy Engraulis japonicus Fresh Round 15 66.5-79.3
Alaska pollock Theragra chalcogramm  Fresh/Frozen Round/Cutted 21 63.5-89.5
Brown croaker Miichthys miiuy Fresh/Frozen Round/Cutted 15 64.2-79.9
Chub mackerel Scomber japonicus Alive/Fresh/Frozen ~ Round 21 51.4-77.8

Japanese Scomberomorus
Spanish mackerel niphonius Fresh/Frozen Round/Cutted 20 68.3-78.7
Migratory fish Largehead hairtail Trichiurus lepturus Fresh/Frozen Round/Cutted 26 68.3-80.3
Pacific cod Gadus macrocephalus ~ Fresh/Frozen Round/Cutted 22 73.3-84.6
Pacific herring Clupea pallasii Alive/Fresh/Frozen ~ Round/Cutted 10 66.8-81.9

. L Fresh/
Pacific saury Cololabis saira Frozen Round 20 62.6-74.9
Skipjack tuna Katsuwonus pelamis Frozen Cutted 5 65.5-70.5
Yellow croaker Larimichthys polyactis Fresh/Frozen Round 20 68.3-84.4
Bastard halibut Paralichthys olivaceus ~ Alive/Fresh Round 20 71.7-79.2
Blackmouth angler ~ Lophiomus setigerus Eg;gé Round/Cutted 21 80.0-85.6
Pleuronectes
Brown sole . Fresh/Frozen Round/Cutted 21 75.2-84.4
Demersal fish herzensteini

Conger eel Conger myriaster Alive/Fresh/Frozen ~ Round/Cutted 20 68.2-81.3
Filefish Stephanolepis cirrhifer ~ Alive Round 8 68.0-79.1
Rockfish Sebastes schlegelii Alive/Fresh/Frozen =~ Round 20 71.7-84.0
Red stingray Dasyatis akajei Fresh/Frozen Round/Cutted 12 67.4-81.5

many)S ARSI, 2eeE 245 AX|(MIlli-Q Biocel,
Millipore, Billerica, MA)Z 18 M Q oJA}o. & AA|st A& A}
FErEY

= 24} 7] 5% AARE- R0l 244171 o)A I A A $ &
Gee 7o) Mo 212417 ALE BT,

2t ItEEe 24 | 32

AAAE T o] 5] o} 7S Bk e B4 S A
7] 9lat AR AR el chg Tt 2o W 0 2 NS B
13
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=4 248 185 AAH0 mLE 718k ok Ao A 150
A HESAI A AR 2bd HalE flote] HlZ 2 275
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b AS = B2 G- o] F wi7hR] AAISHGITE o] oA, Al
o] Hall FE|ZE Hal|7]o 235 ol Y AAL T 574
< HIL 100£5T oA AFo] 1 mL A&7} B 5 A Zi T
283 g 2E Ee7]o] Sad 248 leE A4 10 mLE
CRA] 7kataL, Alm o] &4 HallE gt |22 Ha)7] 2] g,
7FE(150£57C, 400+)3h= 17g-5 o T ¥hEsiict 1e]
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= AR AR HiR Hi 7tEE ) 242 e d St
204 7] [inductively coupled plasma spectrophotometer
(ICP), Atomscan 25, Thermo Fisher Scientific Inc., USA]=
AL dlolE = e SR el it
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=29} wURt o AAE st AT thay #EU5EE
o AlAE FI=ofl thste] E4 2] 2] AT H]E(%e) = LHER AT

Hut 7t=s0 4FE R flsi Bt

AR Then] Al 2} ol fie] Wt =gl et 915 B
7He AAZE(E 73358 provisional tolerable weekly
(monthly) intake, PTW(M)[]%=Z WEFHAL, ol ZF ofF
£ 5% F55Y & Ale B TR A F et FAO
(Food and Agriculture Organization of the United Nations)/
WHO (World Health Organization) (JECFA, 2010)f| A4 47
SFPTWM)I [ 7% 25 (ug/body weight kg/week), 7H=
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2] 73925 (ug/body weight kg/month)]2He] A H]- (%) &
LRI o714, 2 ol /R E B3 Su&H 2 AT & F
HEH AHFE 4 ol7E S 559 190 1Y A3
FHEhll dlB st A1kl B9 74, L1t 4930
U A5 Fokal, =1l Hat AF[2008'd = FSEA =
W YZAFA|47] 223 A = o AR 27 (Korea Health
Industry Development Institute, 2012)$+ - ue} =+wle] 3
o AF(55 kg)Q] A=E L8]0 R Yol A&t 1]
7ol BT FE4Y 190 19 HAFE 2 4kl |
ol 19) HFT 23 % ol 9] B4 B E Fojol 415
stelc.

T3, AA| 072 Fadol iR PTWM)I %= AF=Es17] 9
sto] 7|2 AR 2 AFEEE 7 AR 191 1Y AH 2 2010
U =% %% A (Korea Health Industry Development Insti-
tute, 2012) A2 25 Q1-g-5to] ARG-SHRIT. o] wf A o7
O] 191 19 A F=E 3791 goluf, 2 AoA AlZ = ARERT
Chas] o} 759] 191 19 A F{3F2 35.58 g2 = 2.33 go] #=
ako] A o) 72 FF4ol e PTWM)L % & AH&3st7] L2t
st whebA] ol 191 1Y A3l ek 755 of 7 (elst 71&t
o] R & AT} ] FF<E B Mok et al. (2009)9] =+ <ok
Ab ol R0] Fd: gheol tfat AR 3 B AP AR AL
B3 thae] 18F-2 A7 Y A] of (Ao, FFdel, 7t
27gel, Fol, leg7he e, Ae], Hof, &40, Fof, sh5Al,
o], 47|, ==, gabEst, Ea A, H, A,
eefjm], ddg=ol, 71, FA1, A=A, W, [7¥0], A4+,
A, A=A, 7], ®el, ate], 27, A, T
A, S5, HE, AT, 7P, e, 7HE S 22 40
F o) E 7tEw S Bt =S E8ke MY, Bl 5
Fak 9 POOES] FE = AbESto] ARESEGIT
SIPSE

2 9ol A dojl thaxn] o] 7o) Sl it 2 o]
E[Hgh 2R, $UZHPS0 9] %), P90 £ 50}
o5 EfE ARE3t ¢f8l B7tol| thigt dlojH ]9 4hE2 oAl
(Microsoft Office Excel 2003, Redmond, WA, USA) 271
e ARG o714 543k E P90 9] 5= tlolH 9
& 10070 2 7H8 61502 o, 22 S0E17) 2 90 Ajof] 912
Sh= dlo]E| & &Jm|gitt.

Zn o D3
349 348

Fa4 BRAZBUS AR WA P2 BUsH) A
23 e B0l o] 59| 48 AP ok U U
£ HEG AT Table 29} 2o}, HE1FEY 5 DORMA

[e} =
(fish poisson)9] 2155 == o] 9 0.416+0.053 mg/kgo|
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Table 2. Recovery ratio of lead and cadmium using the certified
reference materials

Reference Heavy Con.centration (mg/kg)  Recovery
metal  Certified Measured (%)

DORM-4 Pb  0.416+0.053 0.333+0.055 80.15.5

(Fish poisson)  Cd  0.306+0.015 0.290+0.010 93.3+2.1

DOLT-4 Pb  0.16+0.04  0.15+0.01 93.6+7.5

(Fish liver) Cd  24.3+08 22.9+03  94.241.2

9lat, 7= 59] A9 0306+0.015 mgkgo] 1.2, DORT-4
(fish liver)©] Q15455 g0l 7% 0.16+0.04 mg/kgo| 21,
7F=89] 79 243 +0.8 mgkgol itk o5 REUFTEHES
A& o] M| W FUsHA AAefste] AR Avt S
4:0] ]2 == DORM-42] 4-< o] 0.333+0.055 mg/
kgo]9laL, 7F=HE0] 0.290+0.010 mgkgo] o™, DORT-4
o] 79 o] 0.15+0.01 mgkgo]$lil, 7H=Ho] 22.9+0.3
mg/kgo| et wehA o] RERISEHY Tl thet 3
482 DORM-42] 79 wo] 80.1+5.5%0]%laL, 7F=F0]
93.3+2.1%°]31.2. 1, DORT-49] 7% Fo] 93.6+7.5%°]%]
1, 7IEE°] 94.2+1.2%0°]9)t} $HH, Codex Alimentarius
Commission (2008)0]| 4= #E&05EA 0 -5 o =5
=401 0.1-10 mg/kg 912} 79 80-110% 99| 24-&=,
0.01 mg/kg 9 0.001 mg/kg] -2 22+ 60-115% <) 2 40-
120% #¢19] 3l¢&5 -6kl Qi

2 AN Fa5 FEUTEARE RIS T 2 7EF
5)4=8-2 Codex Alimentarius Commission (2008)0]| 4] A A|
g 9lof 2lof, & A olA 285t 71719k A A 2] e 2]
Aot Ao 2 Tetwqic)
MAIX|of w2 CHAH| OfF H It

f

TR o) F 18% 3174E 3 %5 374 oF 115(EA,
e, Rlof, arol, A, AR, ti, o, FA, 7itkel, 2
71) 19570 9 25 A2 o7 TE( A, oF, 7H4km], Bdkel,
HA, zuEel 7te]) 122702 Yol o]50 ¢ 5EE
Bt FE, P50 291 % P90 £9] 5=} 7]E o] 79 ol5 &
o] thao] Abw i At Table 33t 7}, tha] o] F 18%
31779 o w2 H91Y %9 ND-0.393 mg/kg, B+t 7
2 0.069 +0.036 mg/kg, Z4z+2] 79 0.049 mg/kg, P90 &
9 5ol 4 0.137 mgkgol L, 317742 o7 5 Hdl &
&= g o]of sfjigdh= 0% 22} 0.393 mgkg X AFA] o] $ict.

RT3 IR than] o F 115 19579 F 5= W9
749 ND-0.393 mg/kgo| 91, 49| -2 0.059+0.038 mg/
kg, Z47ko] A< 0.037 mg/kg, P90 29| H=0] 9 0.128
mg/kg o3t} o 7O | Bt sE= A 2Rl F%F
3194 than] o 11%0] 0.059+0.038 mg/kg 2 =, Sho et
al. (2000)2] $-2]ute e1okAk 0157 23521 0.29 mg/kg, Kim et

o| G} Fl=89]



HAR o 2 o]zo] FT4 FE 545

Table 3. Lead concentration of mainly consumed migratory and dermersal fishes

Total Pb (mg/kg, wet basis)

Migration Fish
Mean (range) P50th P90th
Anchovy 0.14240.044 (0.079-0.221) 0.132 0.199
Alaska pollack 0.045£0.039 (0.009-0.155) 0.035 0.061
Brown croaker 0.01240.008 (ND?-0.030) 0.010 0.022
Chub mackerel 0.06940.098 (ND-0.336) 0.020 0.220
Japanese Spanish mackerel 0.097+0.111 (ND-0.393) 0.049 0.239
Migratory ~ Largehead hairtail 0.06540.065 (0.002-0.316) 0.022 0.228
fish Pacific cod 0.076+0.079 (ND-0.306) 0.046 0.181
Pacific herring 0.04440.103 (0.003-0.336) 0.009 0.058
Pacific saury 0.047+0.035 (ND-0.115) 0.056 0.092
Skipjack tuna 0.008+0.008 (ND-0.020) 0.008 0.016
Yellow croaker 0.041+0.036 (0.007-0.113) 0.025 0.094
Sub-mean (range) 0.059+0.038 (ND-0.393) 0.037 (0.008-0.132) 0.128 (0.016-0.239)
Bastard halibut 0.092+0.088 (0.010-0.238) 0.026 0.219
Blackmouth angler 0.069+0.037 (0.005-0.148) 0.058 0.112
Brown sole 0.047+0.024 (0.002-0.107) 0.040 0.073
Demersal  Conger eel 0.091+0.049 (0.009-0.177) 0.090 0.151
fish Filefish 0.088+0.018 (0.066-0.126) 0.086 0.105
Rockfish 0.069+0.081 (0.002-0.256) 0.036 0.190
Red stingray 0.13440.063 (0.007-0.221) 0.137 0.212
Sub-mean (range) 0.08440.027 (0.002-0.256) 0.068 (0.026-0.137) 0.152 (0.073-0.219)
Total-mean (range) 0.06940.036 (ND-0.393) 0.049 (0.008-0.137) 0.137 (0.016-0.239)
Others' (range) 0.045+0.042 (0.002-0.221) 0.032 0.098

'Data of others were calculated with the lead mean concentration on various fishes of Mok et al. (2009).

>ND : Not detected.

al. (2003)2] -lutet A3t o) 7 959 0.47 mg/kg, Institute
of Health and Environment (2006)2] =UjAF =AM 75 184
9] 0.83 mg/kg, Hwang and Park (2006)2] A2 5 & 3f
Abo]F 173 8974 9] 0.17 mg/kg, Ham (2002)2] $-2|ute} o
OFAF W Z29] A} o] 2 3452 46871 2] 0.213 mg/kg X Ersoy and
Celika (2010)2] E]7] 015 S 2| Z3foll 4 ojs|at Alzt 74
A 0]F 659 0.347 mgkgH th= 2k, Kim et al. (2007)
o] U AlZk o] 35%2] 0.023 mgke, Mok et al. (2009)]
U A -G oFAL Al 0] 7 5322 0.038 mg/kg, Kwon et
al. (2010)2] FAA] S 75 =AHE9] 0.027 mg/kg, Institute of
Health and Environment (2010)2] 73-1A| Y 1ot AR 22%
9] 0.042 mg/kg, Olmedo et al. (2013)2] 29|21 A|H AN
2] 0.014 mg/kg (5-44E2] Ht), Vieira et al. (2011)2] T A <F
AFAL o7 35%9] 0.031 mg/kg, Kalogreopoulos et al. (2012)
9] 7% A Z3 0]579] 0.041 mg/kg Hrb= =it & %2 3
T4 thax] o) 7He] i S et v R A AS
227} 0.142+0.044 mgkg 0.2 7P 94T, the.0 2 Ak

(0.097+0.111 mg/kg), th7-0.076 +0.079 mg/kg) L 115
(0.069+0.098 mg/kg) 520 Z=0|9 oH, ZogEo & Al H =
9= BA7} 0.132 mg/kgl &2 M =941, TR o g A
(0.056 mg/kg), +721(0.049 mg/kg) % t-+0.046 mg/kg) 2|
O UTE P90 9] Fe & A 535 3] thaH| of 7
o] o gFepo Akz)7} 0.239 mgkg O & 7P =9k, the o s
ZF2](0.228 mg/kg), 11591(0.220 mg/kg) E H*](0.199 mg/
kg) 52 =0l et whetbA 55 3 than| ol 7o | ¢
§Z5Y o)FY A A= aL=A E2E o] Q7] Bk E
o] HolstA o w= Ho = thE o] QIgith

AT B2 than] o7 7E 12279 F = B A
0.002-0.256 mg/kgo| 11!, Hat4ke] 729 0.084+0.027 mg/
kg, 47kl 79 0.068 mgkg, P90 29 H=2] 79 0.152
mg/kg olglen], Ho| w= B oo dFsh= 0T A4
0.256 mg/kg 9 2320l Qlet o 7ol o Bt w2 A
d A AT A2 thaH] o] F 7501 0.084 +£0.027 mg/kg
© =2, Sho etal. (2000)2] 0.29 mg/kg, Kim et al. (2003)2] 0.47
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mg/kg, Institute of Health and Environment (2006)2] 0.83
mg/kg, Hwang and Park (2006)2] 0.17 mg/kg, Ham (2002)
9] 0.213 mg/kg, Ersoy and Celika (2010)2] 0.221 mg/kg® t}
+= k1, Kim et al. (2007)9] 0.023 mg/kg, Mok et al. (2009)
2] 0.038 mg/kg, Kwon et al. (2010)2] 0.027 mg/kg, Institute
of Health and Environment (2010)2] 0.042 mg/kg, Olmedo et
al. (2013)9] 0.014 mg/kg 9 Vieira et al. (2011)2] 0.028 mg/
kg, Kalogreopoulos et al. (2012)2] 0.041 mg/kg (S47k2] H
PHTHE Bl A% AAA thn] ol 78 7] o S
= Yt 52 ArE 4 712271 0.134 +0.063 mg/kg S
2 7P w9k, th- 02 | (0.092 +0.088 mg/kg), B4
(0.091+0.049 mg/kg) ¥ F%](0.088 +0.018 mg/kg) 5] &
ojglom, Fokgto 2 A E Few 719 7} 0.137 mg/kg e
2 7P w0, HEoR 57401(0.090 mgkg), 71%1(0.086
mgkg) U oF71(0.058 mgkg) 5] <ol %ick. PO £9] i
2 A AR thad] o7 o gk | A17F0.219 mg/
kgO 714 9k, The-0 & 7h9.8)(0.212 mg/kg), 2] Bet
(0.190 mg/kg) 2 $7801(0.151 mg/kg) 59 <=0l %At

ah, 7]} of 0] W s W 910] 49 0.002-0.221 mgke,
H1t0] 79 0.045+0.042 mg/kg, A7) 79 0.032 my
kg, P90 &9 59| 7% 0.098 mg/kg S =, ThAH] o] 7 185
o] o] & ofe] 7HA| e Feof Blsto] W3t

o] Axkz v|Fo] Hof, =] thart] o} 7 18F-f A4 4
Sl e Bt o s ee v A (B 5, PSO 9 ¥
P90 291 5= )0l A glo] #15- H A o1 75(0.084 +0.027
mg/kg)°] FES 74 o1 F 115(0.059+0.038 mg/kg)°]
Hlato] E9keh SHAIRE o] 5 ) chau] off 185 31771
s EE ANYE ES AR W 23 2T 5= 2]
(Bt 520 A9 27 0.059 9 0.084 mg/kg; S4EE]
75 242+ 0.037 ¥ 0.068 mg/kg; P90 £ 59 -9 2+t
0.128 3 0.152 mg/kg)ell A glo] i -ofuket AlE ook
9FH A 2] 4554 (0.5 mg/kg) (MFDS, 20152)2 E£0] 11, 7]
E} 9=t 7]& 4 (EF/ /AW E 0.5 mg/kg, EU ¥ Codex 0.3
mg/kg; = 0.5 mg/kg) (MFDS, 2015b; CAC, 2009; MOH,
2005)0]1% 2|gha s20]gick. e} chan] 2t ofgo] gt
FE AY S5 /|FOR HE A5 2H, vFol, T, 4
7] 9 o19] 7% Codexit 2(CAC, 2009)& Z32}3}o] ol of
& el Bastele Bas .

than] o) 7 18% 3173& %5 A o7 115 1957
W A% 2 ofF 7% 122702 o] 0[50 7=

S Wit B, PSO £ 9 P90 29 FEe} 7]EF o] 72 o]
t51zo] thsho] Al E ZuHs Table 49} 2}, Thaw] o}
F317719] 7B S 1919 39 ND-0.290 mgke, 3
9] 4% 0.033 +0.033 mg/kg, T4 75 0.020 mg/ke,
P90 291 -55=9] 7% 0.077 mg/kgo| a1, 31771 9] o} 7 5=
o) 5 9 o]o] sahs ol 52 217} 0.290 mgkg 2 7Fcket
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ofo]qict.

RT3 I tha] o7 115 195719 7t=F s |
29| 7% ND-0.290 mg/kgo] 1L, Hat2] 7% 0.039+0.041
mg/kg, TG 745 0.026 mgkg, P90 9] w&=9f 5
0.079 mg/kg ©]91.2H, 317712 o} 5 Xt 5= L o] 3
ok ol 5L 717} 0.290 mkg 2 7hcolol gtk olfo)
R W BEE R A AT FEE 544 chan] of 2
113£0] 0.039 +0.041 mg/kg® 2, o] %=1 Sho et al. (2000)
o] -2Lfet ASkAk o] 7 23521 0.020 mg/kg, Chaetal. (2001)
o f-Ejutet Agtell A of 8] =Y ol 3352567121 0.014
mg/kg, Kim et al. (2007)2] =u] AJ3 o] 3553} Mok et al.
(2009)9] =W & Al -l QHAE Al o7 53F-9] 0.017 mg/kg,
Kim et al. (2003)9] $-2|u}2k AJ# o] F 952 0.032 mg/kg,
Olmedo et al. (2013)2] 25|91 Al =4H=2] 0.005 mg/kg (
Zokzko] W) 9 Vieira et al. (2011)2] thA]oF YoFAt o] =
3%9] 0.007 mg/kgel H|3F] =41, Kalogreopoulos et al.
(2012)2] X158 o7 7] 0055 mg/keel Hlalo] £A15}
© 1], Hwang and Park (2006)2] & 45 & sfjitelF 17
% 89749] 0.34 mg/kg Y Ersoy and Celika (2010)2] ¥7] <l
& ASsllol Al o Rt Al A A4 o] F 6521 0.268 mg/
kgol Blsto] WSlt, T %5 34 thax] o7 1159 7=
B SR e SRR Avhs 249 viceol © v} 77t
0.144+0.105 mg/kg 2 0.072+£0.070 mg/kgS 2 =941, T}
2.0 2 10](0.063 +0.055 mg/kg) L H1(0.049+0.017 mg/
kg) 59| =ollon], FUwe R A= A9 iekdelrt
0.096 mg/kg® &2 7H =9Fa, the 0 & H2](0.067 mgkg),
#0](0.049 mg/kg) 2 7101(0.035 mgkg) 5-2] 2:0]¢lt}. P90
29 5ER MvR 23 04 ] o)Rel Ask 3
$2 7Fefgol 7} 0261 mgkg® 2 7 BT, Theo.
2](0.166 mg/kg), 111(0.150 mg/kg) H % ©1(0.064 mg/kg) 5
O] ol itk ool T F A ol 1159 7h=w
< et 5 0.039 mg/kgot Y7L 0.026 mg/kgoll A (L]
EU 7]= 114(0.05-0.3 mg/kg) (MFDS, 2015b) ¥ F= 7|
T+2(0.1 mg/kg)(MOH, 2005)°]l 52313 2.1 11501, 7otz
o] 9 W), e 2 vloje] A% Ho) gepel F0l 1% 4
(MOH, 2005)& 22513t

A% A2 thasn] o] 7% 122719 7t EF s W19
A9 ND-0.166 mg/kgo| 911, H#2] A 0.024+0.008 mg/
kg, 2937k 71%9] 749 0.010 mg/kg, P90 £-9] = 7]5=2] 4
£ 0.074 mg/kg |07, 122719] o157 % | = & ]9
S ol 52 717} 0166 mgke 2 otlol2lc. o17-9] 7}
TF Bt s 2 A 29 A5 F2Hd thad] o/ 7
%0] 0.024+0.008 mg/kg .=, Olmedo et al. (2013)2] 0.005
mg/kg, Vieira et al. (2011)2] 0.007 mg/kg & Cha et al. (2001)
2] 0.014 mg/kgell vlslo] &8kal, Sho et al. (2000)2] 0.020
mg/kg, Mok et al. (2009)7} Kim et al. (2007)2] 0.017 mg/kg
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Table 4. Cadmium concentration of mainly consumed migratory and dermersal fishes

Total Cd (mg/kg, wet basis)

Migration Fish
Mean (range) P50th P90th
Anchovy 0.072+0.070 (0.011-0.242) 0.067 0.166
Alaska pollack 0.021£0.033 (0.001-0.148) 0.010 0.039
Brown croaker 0.063+0.055 (0.013-0.175) 0.035 0.150
Chub mackerel 0.019£0.040 (ND2-0.154) 0.003 0.037
Japanese Spanish mackerel 0.011£0.017 (ND-0.055) 0.003 0.037
Migratory ~ Largehead hairtail 0.009£0.009 (ND-0.052) 0.002 0.028
fish Pacific cod 0.015+0.022 (0.001-0.100) 0.009 0.026
Pacific herring 0.049+0.017 (0.020-0.078) 0.049 0.064
Pacific saury 0.00810.016 (ND-0.072) 0.002 0.016
Skipjack tuna 0.144£0.105 (0.045-0.290) 0.096 0.261
Yellow croaker 0.020+0.022 (ND-0.077) 0.012 0.046
Sub-mean (range) 0.039£0.041 (ND-0.290) 0.026 (0.002-0.096)  0.079 (0.016-0.261)
Bastard halibut 0.016+0.020 (ND-0.055) 0.004 0.049
Blackmouth angler 0.035+0.052 (0.003-0.166) 0.011 0.145
Brown sole 0.024+0.040 (ND-0.130) 0.007 0.073
Demersal  Conger eel 0.026+0.025 (0.001-0.099) 0.017 0.057
fish Filefish 0.02510.038 (ND-0.115) 0.012 0.054
Rockfish 0.012£0.021 (ND-0.058) 0.002 0.052
Red stingray 0.03310.046 (0.002-0.155) 0.017 0.088

Sub-mean (range)

0.024+0.008 (ND-0.166)

0.010 (0.002-0.017)

0.074 (0.049-0.145)

Total-mean (range)

0.033£0.033 (ND-0.290)

0.020 (0.002-0.096)

0.077 (0.016-0.261)

Others' (range)

0.012+0.015 (0.001-0.083)

0.008

0.026

Data of others were calculated with the cadmium mean concentration on various fishes of Mok et al. (2009).

2ND : Not detected.

9 Kim et al. (2003)2] 0.032 mg/kgd} F-AFoF 2., Hwang
and Park (2006)2] 0.34 mg/kg, Kalogreopoulos et al. (2012)
9] 0.055 mg/kg ¥ Ersoy and Celika (2010)<2] 0.268 mg/kg
of ujste] Wtk A5 HAA thaH] o7 759 7I=H v
=g E 7|E0 2 k= A9 o} 771 0.035+0.052 mg/kg
o7 71 =8k, oo 2 712.2](0.033 +0.046 mg/kg), 5
2+01(0.026 +0.025 mg/kg) 2 F%](0.025 +0.038 mg/kg) &
o] sol9lom, SYFk 71E 02 = ¢ 7he el 9 Boirt
0.017 mg/kgl 2 714 =941, tf-2-2. 2 F%](0.012 mg/kg) 2
oF71(0.011 mg/kg) 52 =0] Ut P90 29| == A A
5 42 thaH] o} 79| 7hER S oF17H0.145 mg/
kgO® 7P B9k, the-o.® 712.2](0.088 mglkg), 714k
(0.073 mg/kg) % E41(0.057 mgkg) 5] <=0] ik,

3, 7|8t ol o] 7HER SRS #Wlo] 2% 0.001-0.083
mg/kg, B2] 4-0.012+0.015 mg/kg, A7) 45 0.008
mg/kg, P90 £-9] 520 7% 0.026 mgkgO i, thin] of
185:2] 0] ofg] 77| 7h=8 o] Hslo] W o 43l

ool AT HAY than] o7 7E 9 T EE AFE R E
7] 9( 51 0.024 mg/kg, 54k 0.010 mg/kg, P90 £-9]
51, 0.074 mgkg)ell A glo] EU 715 7#2(0.05-0.3 mg/kg)
(MFDS, 2015b) % %3 7] 72(0.1 mg/kg) (MOH, 2005)
ol S=3kotrt. “1efut 7k, 7k, ob] 5 {3l A
Fol T=e 7% A& ARl T, v ol 183
31749 Mo s s o] £ (Bt 55, P50 29
% P90 £9] F)oll A glol § &5 2R o7/t AT A
244 offtell vlsto] 22 e vetiol, b s Ak
ARol 7t S1oie.

MARIOf E Crad| iRo| it S54 sl &7t
o]

Chad] o 7 185 31708 & #5974 o 7 115(EA1, 1
g, 7lof, algo], A, 22, ti=, A ol, A, 7HHel, £71)
19570 9 A5 A2 o1 TF(A A, ot 7Htn], g7del, 7
A, 2 EE, 7ke.2]) 12271 0 & Uro] o] 5 ol 7 g St e
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Table 5. Daily and weekly intakes and PTWI % of lead through mainly consumed migratory and demersal fishes based on the mean con-

centration
Daily (g or yg/man/da
Migration Fish’ Fishy (gor g Pyb) (g /b\./\\//filg/yweek) PTWE %

Anchovy 6.29 0.893 0.114 0.455
Alaska pollock 6.10 0.275 0.035 0.140
Brown croaker 0.02 ND* ND ND
Chub mackerel 4.81 0.332 0.042 0.169
Japanese spanish mackerel 0.40 0.034 0.004 0.017

Migratory ~ Largehead hairtail 1.20 0.078 0.010 0.040

fish Pacific cod 0.67 0.051 0.006 0.026
Pacific herring 0.03 0.001 0.0002 0.001
Pacific saury 1.41 0.066 0.008 0.034
Skipjack tuna 4.06 0.032 0.004 0.017
Yellow croaker 3.65 0.150 0.019 0.076
Sub-total 28.64 1.912 0.473 1.900
Bastard halibut 1.48 0.136 0.017 0.069
Blackmouth angler 0.91 0.063 0.008 0.032
Brown sole 0.69 0.032 0.004 0.017

Demersal  Conger eel 1.52 0.138 0.018 0.070

fish Filefish 1.08 0.095 0.012 0.048
Rockfish 0.57 0.039 0.005 0.020
Red stingray 0.69 0.003 0.0003 0.001
Sub-total 6.94 0.506 0.0643 0.257

Others® 2.33 0.105 0.013 0.052

Total 37.91 2.523 0.550 2.209

"Lead concentration of mainly consumed fishes used for calculating daily intake was quoted from Table 3.
PTWI (25 ng/body weight kg/week) set from Joint FAO/WHO Expert committee on Food Additives (JECFA) (2010).
3Data of others were calculated with the lead mean concentration on various fishes of Mok et al. (2009).

“ND : Not detected.

=1 191 19 A3 & (pg/man/day), &9 A5 & 73 A3
(ug/body weight kg/week) & PTWI %= Hif L& AmE
A7k9} 7]e} o] 59| o5 H5of thato] Al TR Table

9F Zt} 20109 = =71 %5 A (Korea Health Industry De-
velopment Institute, 2012) Apz=of| 25t -2uhet =Fwlo] 1
ol 1 A H et ke 2 Tibao] 56.82 golal, o=
= TAEe] 44.54 g, A=A 4E0] 12.28 g0 & Lo
2w, o]5 ARSI 01771 3791 g, W77} 4.92 g, TH2HR7F
3.99 g, FE5719.26 g, HAHE0] 0.53 g, 7|EF AR 0.21 g2
2 o] FolA Qlrt. & Ao Alm= HES thaxn] o7 185
O 121U HHFE oI5 A= E o|-8-5to] ehileh A7 35.58 ¢
o[, o] T T &5 A ol FE ERE 1152 o[ (EA
°] 4-6.29 g, e &] 4% 6.10 g, W11 2] 7-9-0.02 g, 3151
O] 73-5-4.81 g, AA] 9] 49-0.40 g, 221 &) 79 1.20 g, 2]
47 0.67 g, o19] 47 0.03 g, 49| - 1.41 g, 7ol

4.06 g, 2712] 7-5-3.65 g)71 28.64 g, A5 A ol = &5
759 ol F(H A2 B 1.48 g, ob 9] 5091 g, 7FAH|
O] 49-0.69 g, 574012 - 1.52 g, FX| 2] B 1.08 g, =]
E9] %9 0.57 g, 7k 2] 2] 5 0.69 g)7F 6.94 go] it wh
2hA] AA] o 72 191 19 A F%H(37.91 g)oll Blste] flollA
EgF thaH] o7 18F9] 191 1Y A F=H(35.58 2)=> 94%°1%d
i, 0] F 5 %3 3R ol f 2 R 1159 11 19 AHF
(2458 g)°] 76% =, A5 A2 ol F = EFE 759 131 1Y
A1 F5H(6.94 g)°] 18%E AHA|8}3]T). 0|9} 2 Aut & u| o]
Hol 233 34 o7 AT AR o7t sY T2 5
50 LaE] Yle A LY Ae= 52T 3 o R
7} A A2 ol ol vlste] A 288 A o & = GiTt.

thasH] o] 18% 317719 F 525 Wt =2 285}
A E O] 0l 191 1Y A3 72 o] 79] %% ND-0.893
ug e, AA o172 A9 2.418 ugel AL, &9l AlF 7 =74
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AR 2 ol 79] 745 ND-0.114 ug 91, AA] o172 45
0.537 ugel 3o, PTWI %= 2+ o] 72] 74$- ND-0.455% 1
9], A o] 79] 79 2.157%0] Qe T, thasn] o) 7 185 5
HO PTWI % Xt 5% & o] o alfgdsli= 0152 22+ 0.455%
9 E 2] o] ik, thAH] o 7 1855 A| 9|3t Ui A] 7]} 0] 79
s Bt R H8sto] AmE T %ul 191 19 A4
2 0.105 ug, T AF T F7F AHF 0.013 pg, PTWI
%+ 0.052%0] 31tk g 7lo] 191 1Y AH ek ol Feel 37.91
goll 5E57] flste] thaxH] o7 18F o] 2of 7]E} o] {FE B
gk ol 7O F e E Wt FEE A-8-5to] A Gk, o]
O] ol thgh =91 191 1Y A3 2.523 ug, 49 A5 &
Z7F 372 0.550 pg, PTWI %= 2.209%0] %t}

Bt FE 70 R HES $- %5 34 thie| ol R 115
=Y =9 191 19 A F= 7t o 79 49 ND-0.893
ug, A o1 79] A% 1.912 ugol L, &9 AlF & 2 A H
22 7} o]f2] 7% ND-0.114 pg, A4 o15-2] Z4$-0473 ug
o121, PTWI %= 7t 1572 %5~ ND-0.455%, 14| ol
O] 7-F- 1.900%0°1 iet. 33 27 tha] ol 7S Et e
O] PTWI %ol tigt 2t} 5= 9 ofof| sfjgsl= o] 2t
0.455% 9 BAo|GiT}. 0|9} o] Ht e 7% T HT
94 thaH] o 1152 B3 o] PTWI %= 1.900%2, %
gubet ojulf f F vEaS ok 9 oA S B AR F
Sho et al. (2000)2] -2]uf2} SAQHAF 0] 57 2350] st HE
gt 8%, Cha et al. (2001)9] -2]ute} AbeflA] o =] ALt 4=
ol=] o]F 33% 256719 st HESE 4.5%, Olmedo et al.
(2013)9] 27l Al o] o thsto] HEZ5.063% X Ersoy
and Celika (2010)<] E|7] QI 54 A5ali4E Al A A4 of
T 6%0] ko] 2AFeF 30.858%0]] H]Bke] Wk, Kim et al.
(2007)2] = Al o7 3550 sl A EZH0.9%, Mok et
al. (2009)9] =4 Al SFAF Al o7 535 tsto]
E3F 0.86%, Institute of Health and Environment (2010)2] 7
LAY A ARE 22| tisto] U E P 3E0.14%, Nation-
al Institute of Food and Drug Safety Evaluation (2010)2] 4]
T Tad TRk uke S Q13 Qb AB 7 9] 0.6%¢]
H|5to] £ttt

Wt T 7120 AR A A2 thdH] ofF TEE
S o] =l 191 1Y AF = 7 o179 45 0.003-0.138
ug, A o 7] - 0.506 pgol iz, &l A5 & 7145
& 7} o7 9] A9 EATF-0.018 ug, KA o172 74-5-0.064
ugollem, PTWI %= 7+ o1572] 7% 0.001-0.070%, %14
H1&-2 0.257% ©| 3t Bt 5% 71202 o1l o) A5 A
2Hd than] o7 782 53 F Y PTWI % Hoff 5= & o]
sk o]FL 212 0.070% Y 5-3ojo] k. o9} ol
Tt FE 7| AF AR tha] o] F 7ES 1 HY PTWI
%% 0.257%°] =0, ©] 5=+ Sho et al. (2000)2] 8%, Cha
etal. (2001)9] 4.5%, Olmedo et al. (2013)2] 5.063% L Ersoy

1_1}1_‘

s

and Celika (2010)2] 30.858%, Kim et al. (2007)2] 0.9%, Mok
et al. (2009)2] 0.86%, National Institute of Food and Drug
Safety Evaluation (2010)2] 0.6%¢°] H]3}o] kL, Institute of
Health and Environment (2010)2] 0.14%0]| H] s} Q@ &k,

than] o)F 185 31748 X3 B4 olF 115 1954
A A5 A2 ol 7 12271 02 Uipol o] & o|FE &%
WO =1l 191 19 A3 (ug/man/day), @91 A5 & 7 4
| (ug/body weight kg/week) E PTWI %E P90 £$] 5=
2 AR Avto} 7]eh o] 7.9 o|So| fste] AHE Anb
Table 63} 2t} than] o] F 18% 31779 ¢ HEE P90 &
9] w2 M el AuR o] sl 191 19 AL 7t of
0] 79 ND-1.252 ug 91, A7) o159 49 4.632 ugol 9l
5, 9] A% @ 7 AL 7 ol5o] 79 ND-0.159 ug
9, AA| o172 45 0.589 ugol o™, PTWI %= 7+ o} 7
o] 7.9 ND-0.637% 5], 2] o157-2] %49 2.359%e]ick. 3t
7, chan] ol 185 % o] PTWI % 2]t) 5. 9 o]o] s
SHz o2 217} 0.637% 9 WA|o|glr. Tha] o} 185L
A 2Jg oiA] 7|8} ol 0] W ES PI0 B SER g3
of Ao o] 9l 191 19 HATS 2.283 ug, T4 A% &
Z7F A 332 0.291 ug, PTWI %= 1.164%0] g1}, +1lo] |
1 AFshe o171 37.91 gofl 5t57] $iste] than] of
5 18% o] Q]ofl 7|} o7& B IF A3t o 7o H H =5 P90
29) 552 2 g5to] Aw Rk, 0|59 ol that Tl 191
1 AHFE 6915 pg, &9 AT & 77 A H %2 0.880 ug,
PTWI %+=3.523%0]}.

PO0 B9 S 7|20 ARG FEE 44 iy o)
1158 5 5o) 30 1] 19 AL 7} ol72] %9 ND-
1252 g, AA] o159 % 3.701 ugel i, &l AF & %
7F 31k 7 o179 49 ND0.159 g, HA| o7 4
0471 ugo| 101, PTWI %= Z} 0] 5.2] 7.2 ND-0.637%, A
A Bl 1.884%01 %0}, PO0 9] B 7| Z 02 AET %
% 8} Than] o] 52 Fa §0] PTWI %e] et 21 5
= 9 o]0l et o}F-& 247} 0.637% 2 EA]o]gick. P90
B9 BE 7% 5 0E 564 thay ofF 1158 3 o)
PTWI %+ 1.884%°]+=1], ©] %=+ Sho et al. (2000)2]
8%, Cha et al. (2001)2] 4.5%, Olmedo et al. (2013)2] 5.063%
d Ersoy and Celika (2010)2] 30.858%¢] H]&}toj= wretal,
Kim et al. (2007)2] 0.9%, Mok et al. (2009)2] 0.86%, Na-
tional Institute of Food and Drug Safety Evaluation (2010)2]
0.6%, Institute of Health and Environment (2010)2] 0.14%¢f|
H]sto] = =9kt

P90 9] 5= 7|Eo 2 HER A5 FAA thaH] o7 7
TE T HY 9 1% 1Y AFFE 7 o729 749 0.004-
0.324 ug, AA o172 49 0.931 ugol iz, &9} A5 & +
A 2 o172 45 0.001-0.041 ug, A o} 72| 73-5-
0.118 pgollem, PTWI %+ Z} 01572] - 0.002-0.165%,
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Table 6. Daily and weekly intakes and PTWI % of lead through mainly consumed migratory and demersal fishes based on the P90th con-

centration
Migration  Fish Ft::y gor “g/man/d?g (g /b\_’v\c_eﬁ;%veek) PTWI %
Anchovy 6.29 1.252 0.159 0.637
Alaska pollock 6.10 0.372 0.047 0.189
Brown croaker 0.02 ND* ND ND
Chub mackerel 4.81 1.058 0.135 0.539
Japanese spanish mackerel 0.40 0.084 0.011 0.043
Migratory ~ Largehead hairtail 1.20 0.274 0.035 0.139
fish Pacific cod 0.67 0.121 0.015 0.062
Pacific herring 0.03 0.002 0.0002 0.001
Pacific saury 1.41 0.130 0.017 0.066
Skipjack tuna 4.06 0.065 0.008 0.033
Yellow croaker 3.65 0.343 0.044 0.175
Sub-total 28.64 3.701 0.4712 1.884
Bastard halibut 1.48 0.324 0.041 0.165
Blackmouth angler 0.91 0.102 0.013 0.052
Brown sole 0.69 0.050 0.006 0.026
Demersal  Conger eel 1.52 0.230 0.029 0.117
fish Filefish 1.08 0.113 0.014 0.058
Rockfish 0.57 0.108 0.014 0.055
Red stingray 0.69 0.004 0.001 0.002
Sub-total 6.94 0.931 0.118 0.475
Others® 2.33 2.283 0.291 1.164
Total 37.91 6.915 0.880 3.523

'Lead concentration of mainly consumed fishes used for calculating daily intake was quoted from Table 3.
PTWI (25 pg/body weight kg/week) set from Joint FAO/WHO Expert committee on Food Additives (JECFA) (2010).
Data of others were calculated with the lead mean concentration on various fishes of Mok et al. (2009).

“ND : Not detected.
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Table 7. Daily and weekly intakes and PTMI % of cadmium through mainly consumed migratory and demersal fishes based on the mean

concentration
Migration Fish Ft::y gor “g/man/d?;) g /b_'\\f'vf’g}'?’nomh) PTMI' %
Anchovy 6.29 0.453 0.247 0.988
Alaska pollock 6.10 0.128 0.070 0.279
Brown croaker 0.02 0.001 0.001 0.003
Chub mackerel 4.81 0.091 0.050 0.199
Japanese spanish mackerel 0.40 0.004 0.002 0.008
Migratory ~ Largehead hairtail 1.20 0.011 0.006 0.024
fish Pacific cod 0.67 0.010 0.005 0.022
Pacific herring 0.03 0.001 0.001 0.003
Pacific saury 1.41 0.011 0.006 0.025
Skipjack tuna 4.06 0.585 0.319 1.276
Yellow croaker 3.65 0.073 0.040 0.159
Sub-total 28.64 1.368 0.747 2.986
Bastard halibut 1.48 0.024 0.013 0.052
Blackmouth angler 0.91 0.032 0.017 0.069
Brown sole 0.69 0.017 0.009 0.036
Demersal  Conger eel 1.52 0.040 0.022 0.086
fish Filefish 1.08 0.027 0.015 0.059
Rockfish 0.57 0.007 0.004 0.015
Red stingray 0.69 0.001 0.0004 0.001
Sub-total 6.94 0.148 0.0804 0.318
Others? 2.33 0.028 0.015 0.060
Total 37.91 1.544 0.842 3.364

'PTMI (25 pg/body weight kg/month) set from Joint FAO/WHO Expert committee on Food Additives (JECFA) (2010).
Data of others were calculated with the cadmium mean concentration on various fishes of Mok et al. (2009).
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Table 8. Daily and weekly intakes and PTMI % of cadmium through mainly consumed migratory and demersal fishes based on the P90th

concentration
Dail or yg/man/da
Migration Fish Fishy gorpg Cy; e /b.wﬁ?%onth) PTMI" %
Anchovy 6.29 1.044 0.570 2.278
Alaska pollock 6.10 0.238 0.130 0.519
Brown croaker 0.02 0.003 0.002 0.007
Chub mackerel 4.81 0.178 0.097 0.388
Japanese spanish mackerel 0.40 0.013 0.007 0.028
Migratory ~ Largehead hairtail 1.20 0.034 0.018 0.073
fish Pacific cod 0.67 0.017 0.010 0.038
Pacific herring 0.03 0.002 0.001 0.004
Pacific saury 1.41 0.023 0.012 0.049
Skipjack tuna 4.06 1.060 0.578 2.312
Yellow croaker 3.65 0.168 0.092 0.366
Sub-total 28.64 2.780 1.517 6.062
Bastard halibut 1.48 0.073 0.040 0.158
Blackmouth angler 0.91 0.132 0.072 0.288
Brown sole 0.69 0.050 0.027 0.110
Demersal  Conger eel 1.52 0.087 0.047 0.189
fish Filefish 1.08 0.058 0.032 0.127
Rockfish 0.57 0.030 0.016 0.065
Red stingray 0.69 0.002 0.001 0.004
Sub-total 6.94 0.432 0.235 0.941
Others? 2.33 0.061 0.033 0.132
Total 37.91 3.273 1.785 7.135

'PTMI (25 pg/body weight kg/month) set from Joint FAO/WHO Expert committee on Food Additives (JECFA) (2010).
Data of others were calculated with the cadmium P90th concentration on various fishes of Mok et al. (2009).
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Fig. 1. PTW(M)I % of lead and cadmium through mainly con-
sumed migratory and demersal fishes. '"PTWI (25 pg/body weight
kg/week) and PTMI (25 pg/body weight kg/month) set from Joint
FAO/WHO Expert committee on Food Additives (JECFA) (2010).
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