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Monitoring of Heavy Metals
in Fishery Products

Life & Health Research Team

Yeo-sook Kim, Eun-sun Yun, Jea-min Shin,
Su-jeong Choi, Jin-hyo Lee, Dong-gyu Kim,
Jeong-sook Lee and Young-hee Oh

Abstract

This study was performed to estimate the heavy metal concentrations(Pb, Cd, Hg,
and As) and analyze risks based on 103 samples of fishery products. In this paper,
inductively coupled plasma-mass spectrometry(ICP-MS) measurements were used to
determine the concentration of lead, cadmium, and arsenic. The concentration of mercury
was determined by the mercury analyzer using a Hydra II C. The mean concentration
of lead, cadmium, mercury and arsenic in canned foods were 0.015 mg/kg, 0.041 mg/kg,
0.052 mg/kg and 1.739 mg/kg, respectively, which were significantly higher than those of
chilled and frozen foods(t-test, p < 0.05). The mean concentration of mercury was 0.067
mg/kg, and the concentration was the highest in processed marine fish products. Arsenic
was detected in marine fish(1.843 mg/kg) and other fishery products(1.876 mg/kg), but
arsenic is generally present in the form of organic arsenic compounds in marine
environments and is found to be harmless to humans. The weekly and monthly exposure
dose of heavy metals from fishery products is considered to be safe to the human body,

within 0.5% of the human exposure safety standards.

Key words : heavy metal, lead, cadmium, mercury, arsenic, fishery products
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2. MEuy
1) &, 7l=E, Bl
FAZANGY F vholazsolnye] wel
W 7HEE, Ml B ASHE ABgUe =
AL, S dhek A QP

S vlolaRgolr Faf&7ld Wi A4l

£ 7Fete] ofn] Eafsilet. o] §71E Bt
Microwave Digestion System(MARS5 Version
194A06 CEM, North Carolina, USA)elA]
1,600W 8oz 10 & 190C7HA| &sAl7]
I 3083 A 5, A Wzkete] gr)ski
AR B AlRE S § 2ETE et
o] & 25mLE 3|Aato] Ald&How AHE-35H3
o 9, 7l=F, H]AE Inductively Coupled
Plasma-Mass Spectrometer(Agilent 7700x,
Tokyo, Japan)& o]&slo] #Aat9l o, 717]E
Al 2Ae ® 29 2o AFEAdE A B
9 (Agilent Technologies, 10 mg/L)S 34
ato] ZAIZ EFENE ol &3ttt Wit Jt=F
2 0.1, 0.5, 1, 5, 10, 20ug/L, Hla% 10, 20,
50, 100, 150, 250 ug/L s&olA A 24
SFATE.

Table 2. The operating conditions of ICP-MS

Parameter Operating conditions
Rf power 1550 W
Argon gas flow rate
Plasma 14.98 I/min
Auxiliary 0.90 L/min
Carrier 1.03 L/min
He gas flow rate 0.21 mL/min
Acquisition parameters Spectrum
Peak pattern 3 point
Integration time/mass 0.99 sec
Replicate 3
Sweeps/replicate 100
Mass Pb/Cd/As 208/111/75
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.

Table 3. The operating conditions of Mercury

Analyzer
Parameter Operating condition
Drying temp 300C
Drying time 210 sec
Decomposition temp 800C
Decomposition time 180 sec
Amalgam Heating temp 600°C
Amalgam Heating time 30 sec
Catalyst temp 600C
Catalyst time 60 sec

detection limit)¢} AHIA(QL, quantitative
limit) & A4k
_ 330 _ 100
pr=—— QL=—¢

o the standard deviation of the blank
S the slope of the calibration curve




3. SAIAzE BAVIR A gEde dWAFG)E 2E
SPSS EAZZ18 (version 20.0)& ol g3fe]  0.999c1dellom, wMWY wEdse Had
FAENVFEY $E% UE, BEAA Wl g ASH AFWAT & 45k A W =R, 72
SO T, TR npu g a5 V1A B 0.0443 ue/ke, 0.0041 ek
of HE % Tl FONS EYUXS ttest,  0.0411ung/ke, 0.0476 ug/kgo= vehdon,

7} .:LZaOJ/\g] Al A ol A=

AT 7t 5594 Wit Iees

97 5%, 7V=w 93.9%, T2 106.3%, HlAi

102 6%%= UERGaL, AEFHAHRSD, Relative
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uLi FE4S AN
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Table 4. Validation of instrumental analysis by ICP-MS

Base on the blank Base on the Certified Reference Material

DL QL Certified® Measured RSD Recovery
(ug/kg) (ug/kg) (mg/ke) (mg/kg) (%) (%)
Pb 0.0146 0.0443 1.52+0.11 1.560£0.05 3.3 97.5
Cd 0.0014 0.0041 7.40£0.22 6.95+0.11 1.7 93.9
Hg 0.0136 0.0411 0.1842 +0.0061 0.1938 £ 0.0023 1.3 106.3
As 0.0157 0.0476 13.17 13.51£0.04 0.3 102.6

* KRISS(Korea Research Institute of Standards and Science) CRM(Oyster Tissue Power)

Table 5. National standards of heavy metal in fishery products

(unit : mg/kg)

Standards Recalibration”
Pb Cd Hg As Pb Cd Hg As
Fish <0.5 28;3 <05 - =0.16~0.58 iggg:g}jﬁi <0.16~0.50 -
Shellfish <2.0 <2.0 <0.5 - <0.84~1.55 <0.84~1.54 <0.21~0.38 -
Crustacea <1.0 <1.0 - - <1.00~1.25 <0.87~1.00 - -
Roe <0.5 <1.0 <0.5 - <0.47~0.55 <0.89~1.00 <0.43~0.50 -

1) For examples, the criteria calculation for canned tuna is as follows:;
(90% < 0.5ppm)+ (9% x 0. 1ppm) + (1% x 2.0ppm)= 0.48ppm.

2) Fresh water and migratory fishes

3) Marine fishes

4) Deep sea fishes, tunas, and billfishes are excluded.
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mg/kg 2 EAAA F MG R e o B
2 2t FREAECAM F et W 3
WeA s oA om A et om (t-test
p<0.05), BT HEEL 97.1%% 4% ¥4 o

Table 6. Heavy metal contents in fishery products

021 mg/kgo o
(ANOVA-test, p<0.05), 379} o]
Z+zF 0.002 meg/kg, 0.004 mg/kgl-2 e}l
2016 2o eEed A oA ZAMSE A A
A 9% 0.082+0.186 mg/kgH.
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(unit : mg/kg)

Group N? Pb cd Hg As
Total 103 0-010%0.024 0.027 + 0.060 0.037 +0.044 1.369+ 1.933
(N.D.~0.193)  (N.D.~0.453)  (0.002~0.265)  (0.071~14.410)

Preservation method

0.015+0.032"

Canned foods 55 (0.000~0.193)
. 0.004 +0.005
Chilled or Frozen foods 48 (N.D.?~0.029)

0.041+0.075
(N.D.~0.453)

0.052 % 0.047
(0.006~0.265)

1.739+1.566
(0.071~7.653)

0.011£0.0312
(N.D.~0.178)

0.020%0.033
(0.002~0.212)

0.946 + 2.225
(0.127~14.410)

Fishery Products

0.002 £0.003"

Migratory fish 34 (0.000~0.020)

0.004 £0.003"

Marine fish 30
(0.000~0.016)

0.021+0.037°

Other fishery products” 39 " " o)

0.370 £ 0.355
(0.079~1.749)

0.019£0.012°
(0.007~0.065)

0.001£0.001°
(ND~0.008)

1.843+0.678"
(0.394~3.252)

0.067 £0.053"
(0.017~0.265)

0.023£0.016"
(0.003~0.058)

1.876 +2.870
(0.071~14.410)

0.030 +0.043°
(0.002~0.212)

0.054 +0.091°
(0.000~0.453)

F—value(p)® 7.229(0.001)

8.140(0.001) 12.300(0.000) 7.664(0.001)

1) Mean * Standard Deviation(minimum~maximum)
2) Number of samples

3) Not Detected

4) Including shellfish, shrimp, roe

5) Duncan’s test shows that are significantly different at from each other(p<0.05).
The same letters(a-b) in the same column are not significantly different at p<0.05.
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(t-test, p<0.05). & 7
0.067 mg/kgo = oAl FFlA 714
M (ANOVA-test, p<0.05), 7|€F FAH=7}
0.030 mg/kg, 3ol 0.019 mg/kg o=
ERutth, AEQEAA A AR AR O] 2
I 29% 0.048+0.148 mg/kght} ¥
2 ol AlF] g 71Q1d Aew
oH(15). T3, o] Fo] dAte Atk o Fek
b o) 7o Festake 717t 0.041+£0.063 me/ke
9} 0.03340.053 mg/kgl® FAENTEY I
T e e FEoRE L}E}‘;,‘{E]- 12).
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F 0.370 mg/kgith frojHo= =A yeylt
(ANOVA-test, p<0.05). A]3Zo]okobd]e] n]
2 SEr Ay mEad ye AF F &
cbEol Al F oA gl o, FAHECA
2 0.003 mg/kgol A Aol 90.926 mg/kge F
H27F AEHAJATH16). A% 5 vlas AEY
At gol Al Aoz AE oiEE A%
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B/ EORERYH =EHE 9, 7EH, -’FL, H]
2o wEHS AR, AAREAATE
A7 3 A =HPTWI, Provisional Tolerable
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Table 7. Total weekly intakes and PTWI of heavy metals in fishery products

Pb Cd Hg As
Total weekly intake" < 0.000 < 0.000 < 0.000 0.003
Migratory fish )
PTWI/PTMI? 0.001 < 0.000 0.004 0.017
Total weekly intake' 0.002 < 0.000 0.002 0.073
Marine fish
PTWI/PTMI? 0.007 0.009 0.041 0.488
Total weekly intake" 0.002 0.001 < 0.000 0.032
Other fishery products
PTWI/PTMI? 0.007 0.013 0.012 0.210
Total weekly intake" 0.001 < 0.000 0.001 0.034
Total ,
PTWI/PTMI? 0.005 0.007 0.018 0.227
*Values less than the third decimal place are expressed as < 0.000
1) Total weekly intake(ug/kg b.w./week) = heavy metal contaminant in 4 fishery product(mg/kg) x
daily intakes of i foods(g/day) x 7 day + body weight(ke)
D daily intakes of i foods : salmon 0.44 g, tuna 0.77 g, mackerel 6.09 g, saury 0.81g,
shrimp 2.17 g, roe 0.20 g, whelk 0.32g, oyster 0.65g
@ body weight : average body weight 65.06 kg
(2015 National Health Screening Statistical Yearbook)
2) Relative risk PTWI(%) = daily intake(ug/kg b.w./day) x Tday + PTWI(ug/kg b.w./week] x 100
- Pb 25 pg/kg b.w./week, Heg 4 pg/kg b.w./week, As 15 pg/kg b.w./week
3) Relative risk PTMI(%) = daily intake(ug/kg b.w./day) x 30day + PTWI(ug/kg b.w./month] x 100
- Cd 25 pg/kg b.w./month
71 w=9kont PTWISH Hlulste] 0.488%= Q1A T2 Q1 whgkol| A AR 7ROl 3 T
of kdg o i ) =g, 2, FHEHS AR, old dig kg Hrt
Hlae] A fsles 724 0.001~0.007%. < Folxol & Aoz JFriErt
0.000~0.013%, 0.004~0.041%, 0.017~0.488%
2 SUEEES a0l AANE FHE g
o sk #A vt 107 AelA frE a4 B
Hi olf(aug)el uE slaE Al
mEH JIEE, ?% ‘/‘9] 2o A=t 7t A= 2016 A1 dIFutES A
0.9%, 1.6%, 0.9%= 3% T3 vaslte] tha =4 He TEREAE 2 - YsAE T A=V
HFERREER(23). 1% PTWI AHEAl & d7elAs & %% 10308 dow o, 7=k, 52,
FEAES o HAAFeR RSt HEd & odrE zAEIth SR EEY F5
whH 7 5 Wit ofF AFES A8t AE JFe 7 AEe) Y ey o Yi F7
W) whiolth, AT A FEHT Y= FE slzol weh AR, SR FRE 7
=7keEe FR7F vl AL, Al 5§ 3} vlwad Ha 30%04 A 200%7H4 2ol
ojAdE aydthd UF FEo gk 2oL 98 g} Yt BxEAEe] o JlEE, vlA &
frasle FAHE dig 2AMESE A 2o Hyt dEFS 7zt 0.015me/kg, 0.041
x Z
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p<0.05). FtEE 5 Ve FAEIEES 10. e T T55 A A8 A &4 4
W, 7=, Hlae] "HE =7 0.021 me/ke, FRAEA, Ao okEed A, 2014.
0.054 mg/kg, 1.876 mg/kg® 7P¢ =A A= 11. 5 $lsls7E, AFe ekt A, 2016.
N, 29 gk Y FraEe] 0.067 12. o|f=, g3z, A4, A5zl Fhok, o
mg/kg= 7HE E=A B7HE AT vlAe s gl o, A8, 74 AEAY frE A
(1.843mg/kg) 2 7Iek FAHE71E#(1.876 o Fu& TF 9 e 37 AE5EA
mg/kg)ol HlaA EA AZHUoU, dyigow HASHATAR, 52:134~143, 2016.
YAl HAE /A BEEY ez 13 AvE, gAS 254, Aad, olFS% 9
EAe o= A Falgk Aom A gl 2] 7 AE T Tad T ek A g
o FAETREEY SEEoE % FF Ee =2 3E318+3] %] 35(4):561~567, 2003.
A wE2 S AT skl B 14, Jk=g SeiE vl Ao okt Al, 2016.
0.5% olUl= rdgt FFolek. AN dA 15, 72 9 vgdse SJaErt, AEe oo
THI de FAETHEEY RV uS ol =], 2016.
A, AFEe] Bolds muste] &5 FAETE 16, HlA s E, Ao okEehd A, 2016.
TEY EE NEAFE st gAHe = 17, Arsenic.  World Health Organization,
Hol A T2 s 2Abska, ol digk <F WHO, 1981.
7P} o] Fojxof & Ao ket 18. Martin Rose, John Lewis, Nicola
Langford, Malcolm Baxter, Simona
Origgi, Matthew Barber, Helen MacBin,
ZnEd Kara Thomas Arsenic in seaweed-
Forms, concentration and  dietary
. Conor, R : Metal contamination of food. exposure, Food and Chemical Toxicology
3rd ed., Blackwell Science Ltd., Australia, 45:1263~1267, 2007.
1991. 19. Chayayos Arkasuwan, Atitaya Siripiny-
_Joes, MC Food toxicology. Part B: anond, Juwadee Shiowatana : Inductively
Contamination and Additives, Marcel coupled plasma mass spectrometry with
Dekker, Inc. New York, 1988. a continuous-flow dialysis simulated
C oA, oA - FYAIEY 3L 09T 9 gastrointestinal disestion for study of
A A, SaraE AT A elsl ], 16(4): arsenic bioaccessibility in shrimp, Interna-
324~332, 2001. tional Journal of Mass Spectrometry
CTFEAE T Tus O AH 2L AE 307:61~65, 2011.
ok E 7, 2010. 20. S 7F AFA, AF o ez, 2011,
I HAGEA, BAEAR 2015. 21. Evaluation of the Joint FAO/WHO
6. 7FEAIEAY] A ZAL ARJEARRLY R Expert Committee on Food Additives
2016 http://apps.who.int/food-additives-conta
. FAO(Food and Agriculture Organization minants—jecfa-database/
of the United Nations), The State of  22. AZHANEAAR, FUNAZRITE 2015
World Fisheries and Aquaculture, 2016. 23. 484, A4, 74, oK, Fdn|, o
CAFAH R AL V2 EA RN, SaeE e, WA olBE 1 T AR F
AT, 2016. w5 YUY, =45383A], 39(4):353
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