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Heavy Metals Content and Risk Assesement of
Fishery Products Sold in the Kangbuck Area

Safety Inspection Team

Jib-ho Lee, Hee-jin Ham, Sung-dan Kim, Su-jin Kim,
Young-a Yoo, Eun-soon Lee, Hee-sun Kim and In-sil Yoo

Abstract

This studywas performed to survey and evaluate the heavy metal content and
potential health risks of fishery products sold in Kangbuck in 2015. A total of 343
samples were analyzed: 200 samples of fish, 64 samples of shellfish, 56 samples of
cephalopod, and 23 samples of tunucata. Pb, Cd, and Hg concentrations were measured
using inductively coupled plasma mass spectrometry or a mercury analyzer. The
concentrations of heavy metals in the domestic fishery products were as follows: Pb =
0.006 + 0.053 mg/kg, Cd=0.056 £ 0.237 mg/kg, and Hg=0.024 + 0.052 mg/kg. The
concentrations of heavy metals in the imported fishery products were as follows: Pb =
0.022 + 0.168 mg/kg, Cd =0.032 +0.098 mg/kg, and Hg =0.021 + 0.045 mg/kg. On the
basis of the 2014 Korean Public Nutrition Report, relative hazardous levels of Pb, Cd,
and Hg in the domestic/imported fishery products were 0.12%, 5.21%, and 3.25%/0.47%,
2.98%, and 2.85%, respectively, when compared with the provisional tolerable weekly
intake established by the Joint FAO/WHO Expert Committee on Food Additives, and
they are safe levels. Pb, Cd, and Hg levels were not significantly differentin the
imported and domestic samples(z-test, p<0.05).

Key words : fishery product, heavy metal, PTWI, JECFA
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2287, 490 1157 X 34379 FAZZH o F
43% 2007, HF 15% 6471, a

TR 3% 237001900, APl AHES A8 A
= 4 AR A 2 Aol w2

(8
ZRFE 2] A

]_
L H]E—% AAG § Ade 3 L5795

2. AleF ¥ J|F
2 Agd A" SHTE MQ gradient
(Millipore, Bedford, MA, USA)E o]&3}o]

18.2mQ Fwo=E AAste A&ttt B
/Jtﬂzx}‘— iﬂoﬂaa tﬂ :ﬁaiiﬂaﬂ ;HXIQ.
AHEsE o PTFE(polytetraﬂuoroethylene)
vessel> 10%(v/v) AAko] 247 7F B3k &

TR At ARGt AR ] *}%
3l 22 EP-S(Electronic grade, Dong Woo
Fine Chem., Seoul, Korea)& A3}t E38k
NS g (Multi-element Calibration
Standard 2A) 10.0 pg/mL(Agilent, Santa
Clara, CA, USA)E 5% Axto] s|Asle] 21835}
R, T EFE(994me/L, Kanto Soka,
Japan)< 0.001% L-cysteineol 3]Alsle] Al
531

AlZe] sk
wellbeing, Gyeonggi-do,

H7IJAM 606, O.T
Korea) & A& %
Microwave Digestion System(MARS 5,
CEM, Matthews, NC, USA)& o]-&3}e] 3
st ICP-MS(Inductively Coupled Plasma
Mass Spectrometry, Agilent 7500ce, Agilent,

Tokyo, Japan)ZE o] &3t A5 = i 7l=&
S F4319eH, 72 g2 Mercury Analyzer
(MA-2, Nippon Instrument Co., Tokyo,
Japan)& o]&3to] £A 8%t

3. Azl EXz2| ¥ J[7|EN

AE Qe FaEe] 7HRE 2eTE A
& s FHVIE FA Aol ZEddd L&
D82 5t ARtttk AR 2.0gE wholA®
9Jo] B4 PTFE(polytetrafluoroethylene) vessel

=2
o
=)
i{r{

ol AiHT0%) 12mLE 7+ F

HoodollAl  16A1RF WAlate]  ofu]  EafstSirt.
Microwave Digestion System©o= 1,200 W
powerd|Al 158 F<oF 190C7HA F5A17l &
15% &2t 255 FAste] ®allsta -20T 9 ¥
SAA 2/ BB T 25 E Ttk
o]} & 50 mL=E 3]Asto] AlPEH o ALE3)
Ak A& T Wik AAEES ICP-MSE ©f

&atol SAS o, 771 212 £ 13
2o 22 B3 AR o 50mgE AEAlR
91717k #249 Mercury AnalyzerZ A&
7+d 7)1 8ol 7 (Combustion gold amalga-
mation method)oi SASAY & ZTUY
(MESS-3, National Research Council, Nova
Scotia, Canada)S 5ug/mle AHESIY SHF
2 3M5te] ARRsTh F2EAE UARES
AHEEE7] A B50T 3gtZ oA 1~2A17F 74 gt
T Ygstgen FAAs 50mgE H7HA

M(NaxCOs+Ca(0OH)23 B(ALO3)E ¥ o3&
stel AlEE Ao 7712 F 29 2

AN EFEZEY 10.0 pg/mLE 5% D)
343}o] 0.5~1,000 pg/L= A8k ICP-MSE
" FtEgs SAstel ARAE AAdesen,
T EFIHS 0.001% L-cysteineo] 3]4
0~20 pg/kg®Z ZA8te] Mercury Analyzer®
SAst] Hgds At w3 whge] 1F
HAakel A 7)27ld 2As ] g3 2 W
Holl we} 4E& 3 (Limit of detection, LOD) 9}

%87 (Limit of quantitation, LOQ)E 3F
k.
LOD=3 x Standard deviation of the blank

The slope of the calibration curve

Standard deviation of the blank
The slope of the calibration curve

LOQ=10 x

4. I-I?zH: al Io-lgI:!I:

g3t St=Fe] Beasy SARES By
98k w= FF3187]49 (National Institute

of Standard Technology, NIST)olA 4¢3+ &

prYe) ZU;(]

FAFEH (certified reference material, CRM)
¢l NIST 1573a(Tomato leaves)9t Peach Leaves
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(NIST CRM 1547)& Apg3le] EXA 59}

=9 of variation, %)& -3t EAHE 71538t
SHAl 2 glskar ICP-MS9} Mercury AnalyzerE A AFAS ek Avt= ¥ 339 2t

ol-gstol 43 7 2l& R MEAT(Coefficient

Table 1. ICP-MS operating conditions and data acquisition parameters

Operation Condition

Nebulizer

Spray chamber
Cell geometry
Sampling cone
Skimmer cone

Quartz concentric(Micromist) 400 uL/min
Scott-type double-pass water cooled
Octopole

Nickel, 1.0 mm orifice

Nickel, 0.4 mm orifice

RF power 1400~1500W
Reflected power < 10W

He mode(Collision cell mode)

Plasma gas flow 15 L/min
Nebulizer gas flow 0.95~1.00 L/min
Auxiliary gas flow 0.99 L/min

He gas flow 3.5 mL/min
Expansion stage 2.0 mbar

Intermediate stage
Analyzer stage

2.0x10~3.0x10™ mbar
1.0x107~2.0x10™* mbar

Octopole bias -18V
Quadrupole bias -16V
Acquisition Parameters

Mass range 2-260 a.m.u
Number of channels 500

Dwell time 300 ms
Number of sweeps 500

Total acquisition time 14.6400 s

Table 2. Mercury analyzer operating conditions

Parameter

Condition

Mode selector

Heating mode

Gas washing bottle

Flow meter

Sample heating furnace H1
Decomposing furnace H2
Mercury collector H3
Carrier gas

Additive

Standard : 1, Sample : 2

Two available modes

Buffer : HoO = 1: 1(v/v)

0.5 L/min

Mode 1:600TC(2min), Mode 2 : 800C (4 min)
Heated at 850C

About Heated at 700C

Purified dry air

Standard : unnecessary, Sample : B+S+B+M"

1) M : Sodium carbonate anhydrous : Calcium hydroxide = 1: 1(v/v) ; B : Aluminium oxide anhydrous: S : Sample.
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Table 3. LOD, LOQ, precision and recovery for 3 heavy metals analyzed

Reference Value Found o
Metals Recgvery Premilon LOD L0Q
Mean * SD(mg/kg) (%) (CV%)
Pb 0.87+0.03" 0.703+0.021 80.9 2.9 0.079 pg/kg  0.264 pg/ke
Cd 1.52 +0.042” 1.462 +0.005 96.2 0.3 0.003 ug/kg  0.009 pg/ke
Hg 0.034 +0.004” 0.031+0.003 100.0 4.7 0.017mg/ke  0.057 mg/kg
1) Peach leaves Certified Reference Material (NIST1547)
2) Tomato leaves Certified Reference Material(NIST1573a)
LOD : limits of detection, LOQ : limits of quantification
5. 84 &M 2005-3662, 11-1351159-000027-10) % ]3|

2
)
w2
n
—
jmm}

O

574] w41 SPSS 12.0 z=

SF 9 oo BR Hlﬂ% olske] Watw} E

203 5o JSEARS AEaY. e 3 E(%)E WS

w4, A oS SHER ttest® £

Halel $98(p<0.05)E AEEATE e WA ek bu/week)

o5 Hit sk (ug/e)

190 19 Ht AH TS o]&sto] FAHEFS At
2314 _/IT_A}% % ur 7} 3t 1 A3E JECFAY PTWI(provisional
tolerable weekly intake)®} BlaLdle] AFrh<al

6. =7t F= A7F FEM| SR 99 AR #H(g/day) x F(Tday/week)
(PTWI EE PTMI) el A% (kg/bw)
A B<k AAAIE AR folR 48E . N
O;’] ‘I o]_\__q_jl _Tj,], .‘:;ojf%_rrlkgﬂ— %7}(% - ?’E]'.??]_T}x\_% /};]]114801: OJJHT]‘ 49 3g/day(‘£°r—r
W A Ao s ERANL e o TOAEIEEA AGL 2014 2%
JECFA(FAO/WHO GLENQW;%; c1o9) A%
H O 1 =i I . - .
Aoln A4 WhE A AAHe o ® %]Wﬂ fﬂdﬂ )ugzr B 1 635 ke(%7h
7)1EREY, 2014
49} 2t} ,
0% Edz #uEe Fhsel 9E W A .
U )\9—./] ‘r1 HH é ]’T‘:‘ %Z} }SZH%]: %‘7]_% % PTWI EHH] }?DLEH H°H4‘(%)
S 201449 FRABEA FUALAERA} A6 _ 385 AA 3 e/ke bw/week)
ZN(BAEA, A E) AIE A (ISSN PTWI(ng/ke bw/week)

Table 4. Comparison of PTWI or PTMI established by FAO/WHO

Metals (uj/lz fw/we;; :;/Z;f:\]i;ﬂjh SARCIC
He 4 2011
Pb -0 2010
Cd 25% 2010
D 99 4 20100d PTWI 23

2
¥ JtERe] AAHAATF @9+ peg/ke bw/monthd (PTMI)
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27 3 D@
1. ASEH & HEs
o 7EE 248 98 g (Multi-

element Calibration Standald 2A) 10.0
g/mL(Agilent, Santa Clara, CA, USA)E 5%
Aol 8Aske] 0.5~1000 pg/kg= A3 H
ICP-MS& ZAsto] Hegde 2dsk 27 0.999
ool Ao A4RAAGHE HIoH, Fe E
FHE 0.001% L-cysteine] 34 0~20pg/ke
2 ZA8t] Mercury Analyzer® ZA3slo] 7%
A& Zdet Ax 0.999 o]de] el Ak
()2 B % 337 o] &, Sl=F 2 FL9
#AZ38H7 (Limit of detection, LOD)E 0.079 u
g/kg, 0.003 pg/kg, 0.017 mg/kgelar, A st
Al(Limit of quantitation, LOQ) & 0.264 ng/ke,
0.009 pg/kg, 0.057 mg/kgolAtt.

JENe fEAS ASel] flste] gl
me Ao 9 AURE AvE A ¥ 3%
2o s #le] flete] Zadleed

(certified reference material, CRM)S! Tomato
Leaves(NIST 1573a)¢ Peach Leaves(NIST
CRM 1547)5 AH&3sto] EAAIES sdstA A
23 & [CP-MS % Mercury Analyzer® =%

st 3)4&S Fak9rh. 21 A3 Tomato Leaves
(NIST 1573a)¢] 7}=5 729 3482 96.2,
100.0%, Peach Leaves(NIST CRM 1547)°lA
Fol g4&2 80.9%01%t = AUEE sho}

al7] 98kl WE A9 (Coefficient of variation,
%)= -3+ A3, Tomato Leaves(NIST 1573a)
ANM= FI=FH 20| 742} 0.3, 4.7%, Peach

Leaves(NIST CRM 1547)¢llX= ol 2.9%°]31tt.

3. FME F H(ma/kg) SR
5 7<l &5 ke T 9 drEe st
ool A 0.003+0.038 mg/kg, FYUANME AHF

&7 elat. FERFE Fulate] 0.011£0.060
mg/kg, FHANE AFEA olatint. ol A

o el ke Zuate] 0.013 +0.090 me/ke,
FYol 0.134+0.403 mg/kgolar, I FelA
Sulake] AEskA olskint. Wl WA Bt
o fako] 0.006 +0.053 mg/kgol AL, &
AHEO A= 0,022 +0.168 mg/kg ©ltt. o]
9) 59 E}Nﬂ%A T4 HitEE 0.053
022 mg/kg 2 0.061+0.038 mg/kg Hr} &

ath P(10) 59 d= AAHAG 5 ol
<& s E 0.07 mg/kgHht} ‘)’74] HEY
oH, Sho(11) 59 T‘j/]"]r‘j/]‘ OMJE’"‘A |
£ &% (0.29mg/kghtt e BEE Wy}
Kim(12) 59 54 0%4 G 14 2!

ol

rl

ol
p

o
OU

(T R o [ A =L
N

olN %L

Table 5. Concentration of Pb in domestic and imported seafood

N Domestic Imported
Classification N
No. of Samples  Concentration of Pb No. of Samples Concentration of Pb
. 0.003 £0.0382) 3)
Fish 200 132 (0 ~ 0.435) 68 N.D
0.011 £0.060
Cephalopod 56 28 (0 ~ 0.315) 28 N.D
. 0.013 £0.090 0.134 +0.403
Shell-fish 64 4 (0~ 0.607) 19 (0~ 1.361)
Tunicata 23 23 N.D 0 -
0.006 £ 0.053 0.022+0.168
Total 343 228 (0~ 0.607) H5 (0~ 1.361)

1) Number of Samples, 2) Mean Value + SD. 3) Not Detected.
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A3t 0.023 meg/kg, Kwon(13) 59 A4 f  Z2H] o]7e] 5% F%= 0.025+0.021 mg/kg %

T R FEE AUERAF 0.027 mg/kgRtE 0.027+0.015 mg/kg BUF thA vk} Kim(12)
TUAEE HZE oY e vt AEEd §Y FEd oFY FEE EUHH 0.017
A7)0 o7 0.5 meg/ke, ‘iiﬂ%--ﬁH% 2.0 mg/kgRth= =9ko™ Kwon(13) 52 FAHA4
mg/kgEth TUlAt B R ke BE 2 A 78 FAEY TS AEEAF 0113 mg/kg B
o2 Yyt it off, 757, dFdMe o wokth Ersoy9t Celika(14)2] A58 ]
i gEEolen ddFdlMs AFA oldter frE e TE5 % 0.073 mg/kg ) o
eI 7Y AR A e o, TR HE AYE B AEFH AA7EY oF 0.1 &l
A ol o, wFe] Ag- FYo] uitEty B 2 3foF) ~0.2(31Y ) mg/kg A B
= vt 9o A suldtdAe g (WEES 9A 3.0)- 315 2.0 mg/kg Bk =
S olstgion, 9] FEHE ERE AlFdd AP 9 9 FAE BE 9 Jo® yehgtt
Tre® A ol FAT F gloja] A4 A€ 5]
ATt 5. #AE & $2(mo/kg) SR
BEASD §5 FAE T 52 gREe T
4. TUE S FI=&(mo/ka) BRE A oA 0,041 £0.063 me/ke, U 0.033
AEAY fE = 0.005 +

FikE T IlEEY ShEe o +(.053 mg/kgol STt Uit =

WAE o] Fol A 0.002£0.014 mg/ke, LM = 0.025 mg/kg, Y2 0.003+0.014 mg/kgol
0.001 +0.003 mg/kgel At FEFollA= =l ok A dFs A ol on FYolA
Abo]l 0.073 £0.254 mg/kg, YoM+ 0.037 + = 0.005£0.022 mg/kgel Atk At I 7ol
0.076 mg/kgel A}, 7ol A= =jite] 0.226 A Qs olattt. o] Al Har o
+0.458 mg/kg, Y= 0.136+0.193 mg/ke 2 U2t 0.024 £ 0.052 mg/kgol R, < At
ojitt.  IEFolA= =udidke] 0.014£0.013 Eo| M= 0.021 £ 0.045 mg/kgol ATt o= #(9)
mg/kgol ATt 7t=Re] AA Fd FFS I T vad] ofFe TEE FE 0.045+0.022
0.056 = 0.237 mg/kgelaL, Y FrbEolA+= meg/kg 2 0.041+0.014 mg/kg BT} o)L},
0.032+0.098 mg/kgolAtt. ol&= #A(9) 9 ¥ Kim(12) 59 §%5< A7 55 ZUHAY

)
7
=,
R

Table 6. Concentration of Cd circulated in domestic and imported seafood

N Domestic Imported
Classification N
No. of Samples No. of Samples
. 0.002 +0.014% 0.001+0.003
Fish 200 132 (0~ 0.149) 68 (0~ 0.014)
0.073 +0.254 0.037+0.076
Cephalopod %6 28 (0 ~ 1.346) 28 (0~ 0.316)
' 0.226 +0.458 0.136+0.193
Shell-fish 64 45 (0 ~ 1.900) 19 (0 ~ 0.765)
. 0.014%0.013
Tunicata 23 23 (0~ 0.051) 0 ~

0.056+0.237 0.032+0.098

Total 343 228 (0 ~ 1.900) H5 (0~ 0.765)

1) Number of Samples, 2) Mean Value + SD.
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0.068 mg/kg, P(10)

E Z:L/\ -
=& Yk
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0.11 ug/kg bw/weekZA PTWI 25thH] 7—121

o
EEE

247} ),

0.12%, 0.47%= 2(9) ¢ than) oJFe] &
% F% 9 9@} 0.39%, 0.58% Rk %

o, Ft=ge] 97k wEwFe] 49 1.30, 0.74 pg/kg
bw/month®4 PTMI 25 thH]

Table 7. Concentration of Hg circulated in domestic and imported seafood

o " Domestic Imported
Classification N
No. of Samples No. of Samples

. 0.041 % 0.063 0.033+0.053

Fish 200 132 (0~ 0.349) 68 (0~ 0.258)
0.005 +0.025 0.003+0.014

Cephalopod 56 28 (0 ~0.131) 28 (0 ~ 0.076)
» 3) 0.005+0.022

Shell-fish 64 45 N.D 19 (0 ~ 0.095)

Tunicata 23 23 ND 0

0.024 +0.052 0.021 +0.045

Total 343 228 (0~ 0.349) Ho (0~ 0.258)

1) Number of Samples, 2) Mean Value + SD. 3) Not Detected.
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