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ABSTRACT - The heavy metal concentrations in dried seafoods commonly consumed in Gyeonggi-do were ana-
lyzed. Concentrations of lead (Pb), cadmium (Cd), mercury (Hg) and selenium (Se) were measured in 95 samples with
an inductively-coupled plasma-mass spectrometer (ICP-MS) and an Hg analyzer. The average concentration
[mean+SD(minimum-maximum) mg/kg] of heavy metals were as follows: Pb 0.062+0.071(0.002-0.428), Cd
0.083+0.100(0.004-0.540), Hg 0.012+0.012(N.D-0.054) and Se 0.839+0.371(0.362-2.124). All the levels were below the
recommended standards of the MFDS (Ministry of Food and Drug Safety). In the comparison of heavy metal content by
anchovy size, it was shown that mercury was significantly higher in large anchovy (P<0.05). Selenium levels were found to
differ significantly in small anchovy and large anchovy (P<0.05). Pb, Cd and Hg were significantly higher in Tiger prawn
among shrimp (P<0.05). The heavy metal and selenium levels of anchovy and shad were highest in the intestine. However,
the heavy metal and selenium levels of shrimp were highest in the head. In addition, weekly (monthly) intake of mercury
and cadmium from dried seafoods was found to be 0.712% and 2.978% of PTW(M)I (Provisional Tolerable
Weekly(Monthly) Intake) respectively. Therefore, it was found that dried seafoods were safe for consumption.

Key words : Dried seafoods, Heavy metals, Selenium, PTWI
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Materials and Methods
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Table 1. Analytical conditions of ICP-MS

Parameters Conditions
RF Power 1600 Watt
Auxiliary gas flow 1.2 L/min as Argon
Nebulizer gas flow 1.02 L/min as Argon
Pulse stage voltage 900 V
Mass Pb Cd Se
(m/z) 207.977 110904  81.917

Table 2. Contents of moisture in raw specimens

Name Moisture(%)
Anchovy 73.4
Tiger prawn 60.7
Pink prawn 64.9
Spotted shrimp 67.5
Shad 65.8
Alaska pollack 80.3
Squid 78.3
Hard-shelled mussel 79.7

EO% FRFAASY] FABYRPEOE FRAYT
H

w2 Azad AFAL 247 44
Mol WA FAson W, AE, AdFe

o8] FBAFRYHE YEMIAAL Fe
0.996 ol’delATt. 2+2+e] AZ 3 (limit of detection, LOD)
9} A =3+ (limit of quantitation, LOQ)E ICH (International
Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use) 7}o]=2}21"7

o we} ol Wwow A

LOD
LOQ

33 x ofS
10 x o/S

o =the standard deviation of the response
S =the slope of the calibration curve

3]%=& (recovery) S T EZIFATAKRISS)ONA

o

£ o

Z M52 (certified reference material, CRM)< ©]
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RE A= it (mean)? EFHZHSD)E LERIOH,
259 FAEAL SPSS(Statistical Pakage for Social
Science, Version 18)& ©]&3l9om, dx]e Z7] & Al
o TR mE FFE FHF AolE LotR 7] Hs)
ANOVA testZ A3+ & Tukey testZ ©|-&3to] P<0.05
FdA oS AR AxFAE HFHE 58
Se& gk S H7kek] flsl FAO/WHO -5
A EH7bE AE7F Y1293 (The Joint FAO/WHO Expert
Committee on Food Additives, ©]3} JECFA)oIA A% 3t
E47E T2 vEe R 9SS IRl w2
71358321 PTWI(Provisional Tolerable Weekly Intake,
olst PTWIZ} 20101 d E3]=o]™ 3¢ 4 It =yt
2t svle] e A B AEE 191 19 B AAF=E 2016
W SRIAGGSEZRAL AR T AFAAEAT E G F2AK24
MBS AAIARDE o] &ste] Tt Sl Bt
F2o AS FMAZFIY Ha AT < DS =5
THFS F3 & FAAFToE o] =538 73t
T3 =TS JECFACIA A7 34 FE A58
FPTWDOZ Use H, 1002 #3t flal= %=z YeR
Bt AL x 304 TF
& HHEHFE 73 T FHATLE Yo =EES T
sttt 9k =& S JECFACIA A% S35 910334
%318 (Provisional Tolerable Monthly Intake, ©]3} PTMI)
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Results and Discussion

FeA 9 35& SHZH= Table 33
ok 252, |, 7R, Adlwe] AEsHls 242 0.001 pg/
kg, 0.016 pug/kg, 0.006 pg/ke, 0.014 pgke, AHFAE 2+
Z} 0.003 pg/kg, 0.049 pg/kg, 0.017 pg/kg, 0.0438 pg/kgS
2 Uepgtom, A& vwke] A= N.D(not detected)
Bk =g

TEE- 459 35E 847 CRMOAA AAE 15
Zholl thste] =4S 95.1£0.6%, H 102.143.0%, 7I=&
101.6£1.2%, A&dHF 101.9£2.79] 3448 el A
2 Z72 9 93] (Codex Alimentarius Commission)ol] A+
0.1-10 ug/g HLANME 80-110%2] 3442, 0.01 pg/g 2
0.001 pg/gol A= 7+ 60-115% 2 40-120%%] 35&<
st Joerg 9o A= o RiEHE o=
A AT,



A Study on Heavy Metal and Selenium Levels in Dried Seafoods 565

Table 3. LOD and LOQ of heavy metals and selenium analysis and recovery of certified reference materials (CRM)

LOD LOQ Concentration(mg/kg)
Elements CRM No. Recovery(%
(ng/ke) (ng/kg) Certified Determined y()
Total mercury 0.001 0.003 108-04-004 0.246+0.012" 0.234+0.001? 95.1£0.6
Pb 0.016 0.049 108-04-004 0.422+0.008 0.431+0.013 102.1£3.0
Cd 0.006 0.017 108-04-003 3.405+0.067 3.460+0.041 101.6£1.2
Se 0.014 0.043 108-04-002 2.690+0.07 2.740+0.07 101.9+2.7
1)Certified ValuestMeasurement Uncertainty
2)Mean+SD
Table 4. Total heavy metals and selenium contents by main category (unit: mg/kg, wet weight)
Pb Cd Hg Se
Name No. of samples Mean+SD Mean+SD Mean+SD Mean+SD
(min-max) (min-max) (min-max) (min-max)
Fish 57 0.062+0.061 0.043+0.024 0.010+0.012 0.894+0.443
(0.007-0.428) (0.004-0.101) (N.D-0.054) (0.362-2.124)
0.114+0.117 0.176+0.133 0.021+0.017 0.724+0.246
Mollusks 15
(0.002-0.343) (0.051-0.540) (0.003-0.049) (0.366-1.123)
Crustaceans 23 0.026+0.014 0.123+0.134 0.008+0.005 0.778+0.175
(0.006-0.058) (0.009-0.521) (N.D-0.016) (0.492-1.221)
Table 5. Levels of heavy metals and selenium in dried seafoods (unit: mg/kg, wet weight)
No. of Pb Cd Hg Se
Name ) Mean+SD Mean+SD Mean+SD Mean+SD
samples . . . .
(min-max) (min-max) (min-max) (min-max)
Anchov 37 0.054+0.036 0.049+0.023 0.007+0.010 0.819+0.269
Y (0.016-0.155) (0.015-0.101) (N.D-0.038) (0.417-1.599)
Fish Shad 1 0.113+0.109 0.037+0.017 0.017+0.012 1.512+0.463
(0.037-0.428) (0.014-0.072) (0.005-0.047) (0.870-2.124)
Dried pollack 9 0.031+0.022 0.022+0.024 0.015+0.017 0.451+0.089
p (0.007-0.075) (0.004-0.084) (N.D-0.054) (0.362-0.590)
Squid 9 0.034+0.021 0.180+0.175 0.032+0.012 0.590+0.195
Mollusk 4 (0.002-0.083) (0.051-0.540) (0.016-0.049) (0.366-0.920)
ollusks
Hard-shelled 6 0.234+0.093 0.169+0.025 0.005%0.002 0.925+0.165
mussel (0.119-0.343) (0.129-0.200) (0.003-0.009) (0.669-1.123)
Crustacean Shrimp ”3 0.026+0.014 0.123+0.134 0.008+0.005 0.778+0.175
(body) (0.006-0.058) (0.009-0.521) (N.D-0.016) (0.492-1.221)
Total average 95 0.062+0.071 0.083+ 0.100 0.012+0.012 0.839+0.371
g (0.002-0.428) (0.004-0.540) (N.D-0.054) (0.362-2.124)
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(0.037-0.428), SFE}  0.031+0.022(0.007-0.075), 2.7 o]
0.034+0.021(0.002-0.083), &3 0.234+0.093(0.119-0.343),
A% 0.026+0.014(0.006-0.058)2 VERITE itk &3
HojgkS Moz 7P =ko ™, A a2 0.062 mg/
kgZ UERTH

FAEF9] S A+ETHIHE 2 5-F ), mgke)e
B 0.049+0.023(0.015-0.101), ¥i=g ] 0.037+0.017 (0.014-0.072),
el 0.022+0.024(0.004-0.084), 2] 0.180+0.175(0.051-0.540),
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23} 0.169+£0.025(0.129-0.200), A-9- 0.123+0.134(0.009-0.521)Z
eIt Bk Aozl 27 247 7P =4 vER S
o A4 H73ES 0.083 mg/kgo] ATH.

29 ST AN EH - A7), mgkgyre YA
0.007£0.010(N.D-0.038), ¥ =do] 0.017+£0.012 (0.005-0.047), &
Bl 0.015£0.017(N.D-0.054), 23] 0.032+0.012(0.016-0.049),
23 0.005£0.002(0.003-0.009), A$-  0.008+0.005(N.D-
0.016)2 UElTh Hag 2o, AUz 7t =
gtom, AA HFgS 0.012 mgkg= VFERITE o233 %
A= U Hwang 599 A+Z2 7o) H 0.051 mgke,
FF=H 0.090 mg/kg, & 0.016 mg/kgl & B3 ghakat
A A3E YERAT

FEEE AuEd oFe 9 0.062mgke, =
0.043 mg/kg, & 0.010 mg/kg® & Vel Cho 52V0] 1
gk @ 0.08 mgkg, 7F=F 0.01 mg/kg, T2 0.04 mg/kg
7 Blashd 7heg ol EAl UEREAL, Kim §70] B
33 ' 0.023 mgkg, 7F=F 0.017 mgkg, -2 0.068 mg/kg
I H A o, 7EE o]l w4 UEhbTh QAR 9
0.114 mg/kg, 7F=5 0.176 mg/kg, = 0.021 mg/kgl =
R, Kwon 529 74391 W 0.020 mg/kg, 7FH=#
0.143 mg/kg, < 0.032 mg/kg? vlaha deo] dhako] t}
2 =gk 4RI A= 9 0.026 mgkg, 7HEH
0.123 mg/kg, & 0.008 mgkg® YERT) ©o]& Kim 52
o] AxAxtel i g2 0.04-0.06 mg/kg, 7H=E $HE 0.04-
0.17 mg/kg@ A 7S YERioH, 2 2 Choi
529] 0.033 mgkghthe W dES el

A o] 7 (HFeRTAAHE 252U %h), mgkg)=
2] 0.819+0.269(0.417-1.599), HATg o] 1.512+0.463(0.870-
2.124), Bl 0.451+0.089(0.362-0.590), 27421 0.590+0.195
(0.366-0.920), 3-3+ 0.925+0.165(0.669-1.123), A-$- 0.778
+0.175(0.492-1.221)2 F3ll5a52 |, 7H=w, T2 ¥
 RE ABOA =S T2 yehgon Hagk Ao
W B digdol7h =okth A HHEES 0.839 mg/kgR

SIS

Table 6. Comparison of heavy metals and selenium contents by size

I F25E, 7IEE, 2) W s EF vl

HAE I/|EE AR EEA]), &-FEA], WEX (=
B8 I9A)E BFstY 55 2 Ady IS vusE] 2
A o, Tt ew, 20 gt Adae shgo] BE Al
BoA 953 =& 522 el on Table 634 2t} =
w5 T " ThEEe] A ZFEATE 247 0.042 mgke,

0.041 mgkgo 2 7H& SR, 2-FHAZE 0.069 mgke,
0.068 mgkgS = 7P 27 vehskon, b3t 7l=g g
710l wE FoFQl Afole JATHP>0.05). o]H T AL
A= = Kim 529 A2 & 0.142 mgke, 7H=
B 0072 mgkgdt HlwshE g BE FA A o] v
UL, THEgS -5 BA S} o] FAFSIAT 3 A &
09] AFARL F 0.72mgkg, 7HEE 0.042 mgkg ¥l
3 g BE X o)A olnt) A Be FX9lon, 7}
TE2 ER], a9k ghol A9 fAksldTh e 3t
HX] 0.001 mgkg, -5 3] 0.004 mgkg, HEZ] 0.016 mg/
kgQ 2 EX>A-FHX>TER] o7 Eghon, g
7F F913 9 e HATHP<0.05). Choi 5292 A+A3%
of M=H X9 52 FHFL 0.063 mgkglE - A7E
R A 2=& FXjou, Kim 5299 A727€1 0.019 my/
kg tHE A&} Tl Ao fAbeRAth AdlEe EXA
0.964 mg/kg, -5 X 0.833 mgke, HE A 0.649 mgkg S
2 Ueh e R FEA>A-FEA>UER] 50
2 Eokon, A S dx A7l W foH I
Zhol & HATHP<0.05).

-5 B, S, TR BR8] 855
S AT AFe Table 73 Zrh Fe FEEAS
0.031 mg/kg, ZA1%- 0.045 mg/kg, EaA$- 0.068 mgkgl &
RHEA) 9> A > F ARG o= o] Eoith 7=
B e FEEAS 0013 mgkg, A9 0255 mgkg, B
YA 1.801 mgkgS = WEAl-¢-7F 453 =2 = U
BT oS FA1$- 0.008 mgkg, FEZAS 0.010 mg/
kg, REA$ 0016 mgkg =02 YehY, BEA$-7) ', 7F
TE, T2 BT o822 #A YERETHP<0.05). 2]

9 92 o, AR Fael FARANSHT e

(unit: mg/kg, wet weight)

Classification Pb cd He Se
Samples . No. of samples Mean+SD Mean+SD Mean+SD Mean+SD
by size . . . .
(min-max) (min-max) (min-max) (min-max)
Tin 15 0.042+0.0338D 0.041£0.013* 0.001+0.003* 0.964+0.292°
Y (0.016-0.131) (0.020-0.072) (N.D-0.009) (0.688-1.599)
Ancho Small-Medium 9 0.069+0.049 0.068+0.028% 0.004+0.003* 0.833+0.240%
vy (0.020-0.155) (0.015-0.101) (N.D-0.010) (0.417-1.073)
0.061£0.026 0.049+0.023° 0.016+0.012° 0.649+0.127°
Large 13

(0.017-0.094)

(0.019-0.096) (0.005-0.038) (0.427-0.819)

1. NS means not significant

2. Means with different letters(a-b) within a vertical column are significantly different by tukey test(P<0.05)



Table 7. Comparison of heavy metals and selenium contents by species
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(unit: mg/kg, wet weight)

Classification b Pb cd He Se
Samples . Y No. of samples Mean+SD Mean+SD Mean+SD Mean+SD
species . . . .
(min-max) (min-max) (min-max) (min-max)
Tiger prawn 7 0.068+0.028" 1.801+0.397" 0.016+0.004" 1.020+0.198™Y
(whole) (0.028-0.104) (1.217-2.271) (0.009-0.020) (0.745-1.284)
Shrim Pink prawn 3 0.045+0.037% 0.255+0.114* 0.008+0.002° 0.818+0.106
P (whole) (0.027-0.136) (0.050-0.403) (0.006-0.013) (0.646-1.003)
Spotted g 0.031+0.007° 0.013+0.004° 0.010+0.002° 0.825+0.207
shrimp(body) (0.020-0.044) (0.009-0.019) (0.006-0.012) (0.492-1.221)

1. NS means not significant

2. Means with different letters(a-b) within a vertical column are significantly different by tukey test(P<0.05)

Table 8. Heavy metals and selenium contents of different region

(unit: mg/kg, wet weight)

Pb Cd Hg Se

Samples Part No. of Samples Mean+SD Mean+SD Mean+SD Mean+SD
(min-max) (min-max) (min-max) (min-max)

head 19 0.082+0.055 0.017+0.018 0.00620.007 0.622+0.268
(0.016-0.212) (0.002-0.075) (N.D-0.023) (0.285-1.336)

Anchov bod 19 0.079+0.037 0.080+0.040 0.016+0.015 0.854+0.275
Y Y (0.018-0.165) (0.024-0.170) (0.003-0.054) (0.457-1.386)
testine " 0.260+0.126 0.275+0.077 0.041+0.027 1.807+0.492
(0.044-0.508) (0.164-0.445) (0.015-0.097) (1.029-2.794)

head 1" 0.156+0.083 0.016+0.015 0.007+0.005 1.487+0.619
(0.072-0.355) (0.004-0.057) (N.D-0.019) (0.913-2.911)

Shad bod " 0.117£0.117 0.055+0.043 0.020+0.012 1.809+0.847
Y (0.034-0.455) (0.019-0.159) (0.006-0.050) (0.880-3.632)

testine g 0.201+0.118 0.187+0.097 0.030+0.012 5.974+2.225
(0.065-0.409) (0.079-0.341) (0.019-0.057) (2.565-9.233)

head g 0.104+0.105 0.637+0.201 0.016+0.004 1.174+0.230
Pink (0.049-0.363) (0.173-0.794) (0.012-0.024) (0.928-1.669)
shrimp bod g 0.022+0.016 0.089+0.059 0.003+0.003 0.6660.091
Y (0.007-0.055) (0.013-0.212) (N.D-0.010) (0.547-0.840)

i ; 0.133+0.064 3.986+1.105 0.020+0.002 1.327+0.223
Kuruma (0.058-0.234) (2.157-5.833) (0.017-0.023) (1.115-1.786)
shrimp bod 7 0.026+0.018 0.289+0.110 0.013+0.002 0.852+0.164
Y (0.006-0.058) (0.201-0.521) (0.009-0.016) (0.675-1.046)

& A9 WAl HEELo) F2 3o, 5T A 2 =4 Yeistey, 7 A4 vEhd 9= E9X UF
ANEE 3 FEHEASEDT 22 o2 AT S 2 0260 mgkgo| AT SAF-, K= HE>ms o2

2 = vepgten, vzt 250l vls) of il =2
TS etk 2 5 2 w2H917E 0133 mgkg >
2 7P =A vepeh

o 7VeE T tiEAl, Wiole] A WA>EE>HE
o7 Fo= EA vEsen, B3 o] 0275 mgkgl 2 7t
' HFE S5k Table & =7 UEsth SAE, B¢ 9 RV R
bol| Ao} w72 HER 8 HE>gE o2 =/ dvEisen, ByAs-o vEe
= 3.986 mg/kgS &= 7HE =7 YENH
oS oA, Wigele] A WisrE>EE £o T FFE A, Wgole] A WissE>mE &
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o7 A vesen, 7P # vehd F9le 23 W
FO= 0.041 mgkgollth. TAS, B¢ vE>wE <
S 2 A YEper, 1 5 Bl #El7) 0.020 mgkg
o2 7P A4 et

A e A BE FHA fellgaEd |, 7}
ZH, SR 2 S etk A4 diEgA), udy
ol9] At WA>EE>HE] £o2 =/ vEhon, Wy
olo] WA o] 5974 mgkel E 7P E=A UEht
ot A, RS vEas oo2 =4 JEster,
7P =7 el F-9le Bes- HElR 1327 mgkeo A
FelEEEel AAAd SAAE Lvd o7
2], Wegol= WARA7E A¢-FA SA1S-, BElAle= H
2] SP&OI 7P = debsth 53] Bl viele
7I=E FEol AEFTH AR 715(1.0 mgkg) YETE °F 4
W E=A e, Ul%_— HF ke felvet daas
el & o Fog Fasdo] vkal Azte

= T E.

1y

s}

of thgk BAAE Hrtsh] S8 FAHES FE AFHEE
359 43 JECFANA AA8E 7]S(PTWI, PTMID)Z
H|323}e] Table 9-109] YFERA AT

20163 WAL FUFA JAAF 0] w2 F A
F2 57.6kg, 191 19 HAAFHAZFS 2407 4623 g0 =
7h 2gton, el 3.610g, M$ 1.932¢g, X 1.543 g,
Z3to] 1211 g <=0]Qdth. HWOl 120 1Y HaAdFH Zol
0.001 g& = wj-¢- o] 9J3= ShA] eFgket.

JECFA9 A A3 =22 PTWIE= 4 pg/kg b.w./weeko]
, 7FEES 25 pg/kg b.w/montho] Tl B oA ZA}
AZFAE 553 PTWI 2 PTMI tiH] al=5 At
A} F2L8 0.712%, FFEFS 2.978%% LFEFRTEH
e Amnd 88 w3 0.033%, FE 0.165%, 273
0.449%, 23+ 0.018%, A% 0.047%=% Jebten, 7}
B2 EX 0.158%, FE 0.165%, 2o 1.734%, &5+
0.426%, A% 0.495%= VR stk ddF 743
gol 7Hd w2 2AoA F& B =R A=)
0.449%, 1.734%= 7V =4 Yebsth A% Kim 52
o] AFAHA oF F& HEE 1.6%9 Kim ¢

N

{n O N e it g
ENNC N

Table 9. The estimated weekly intake of mercury from dried seafoods with PTWI established by JECFA

Samples concenation Daiyinake - Eatimadweskiy ke’ ey
(mg/kg) o

Anchovy 0.007 1.543 0.001 0.033
Dried pollack 0.015 3.610 0.007 0.165
Squid 0.032 4.623 0.018 0.449
Hard-shelled mussel 0.005 1.211 0.001 0.018
Shrimp(body) 0.008 1.932 0.002 0.047
Total 0.067 12.920 0.028 0.712

1) Weekly intake(ug/kg b.w./week) = [Average concentration(mg/kg)>Daily intake(g/man/day)x7days/week]/57.6 kg(average body weight)

2) b.w. : body weight (57.6 kg)

3) % of PTWI = Estimated weekly intake/criteria of PTWI(4 ng Hg/kg b.w./week)x100

Table 10. The estimated weekly intake of cadmium from dried seafoods with PTMI established by JECFA

Samples co:c\/:;?riet:ion ]()ga/l;rll};rlll/l(;zl;s ESté:;]fg ll)n ‘?Vrzl)t l;rlzfoinntt}a:)k ¢’ % of PTMI®
(mg/kg) o

Anchovy 0.049 1.543 0.039 0.158
Dried pollack 0.022 3.610 0.041 0.165
Squid 0.180 4.623 0.433 1.734
Hard-shelled mussel 0.169 1.211 0.107 0.426
Shrimp(body) 0.123 1.932 0.124 0.495
Total 0.580 12.920 0.745 2.978

1) Monthly intake(ng/kg b.w./week) = [Average concentration(mg/kg)xDaily intake(g/man/day)x30days/month]/ 57.6 kg(average body

weight)
2) b.w. : body weight (57.6 kg)

3) % of PTMI = Estimated monthly intake/criteria of PTMI(25 pg Cd/kg b.w./month)x100
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o] o]F 9] FI=E 9ElE 3.364%S} BlmsidEt
T ge FAE Yeo] AxSAE HIHE T3 2
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1)
off

1=}
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3 0.062+0.071(0.002-0.428) mg/kg[® T3t
(A 2-FNZE) meke], 7FH=E 0.0830.100(0.004-
0.540) mg/kg, 4& 0.012£0.012(N.D-0.054) mg/kg, |
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