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ABSTRACT - The heavy metal (arsenic, chrome, and nickel) contents in dried marine products sold in market
were investigated using ICP-MS to assess the associated health risk. Chrome and nickel were not detected at signifi-
cant levels. However, arsenic was detected in all (21 specimens) dried crustacean products, including 10 (50%) among
20 dried mollusk specimens, 15 (13.9%) among 108 dried fish products, and 6 (17.1%) among 35 specimens of dried
seaweed, which exceeded the set level for some dried agricultural products and medicinal herbs used in traditional
medicine. Regulatory levels for heavy metal contents in marine products are not currently available. Thus, it is neces-
sary to establish proper regulation and consistent monitoring of heavy metal contamination in marine products.
Although the contamination levels of the investigated heavy metals do not seem harmful in terms of the statistical
percentage of provisional tolerable weekly intake (%PTWI), consistent investigation of the health risk due to contam-

ination of dried marine products by heavy metals is required.
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W55 (agency for toxic substances and disease registry,
ATSDR)2] CERCLA (The comprehensive environmental response,
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Materials and Methods

A8 1=

AMEEEA AEAE, 2 H¥RE FolM f5E
e T8 FHHY AX FAE 1509 AS AEZ AR
stk Az FAHES AzRAF(EA, HH, W), A
ZAAF (@A), X[, 74, BAlvh, 2337
FEE AI-HE EFGT AETd 29EH 2
gl mE}, AlEE 24 A i e A5
AzA g FEFFE AESAT ANET 7S
AZAAEH (2016014 FAHE] AZ A FETFH %)S
T TF A B A TS5 T St &8

H A, 25, YA EFFLS multi element calibration
standard 2A-HG (Agilent Technology, Santa Clara, CA,
USA)E AHEater, Alae AFad fFalledAay
TESAEY T volazdelByor AAgst] AY
g9l 20897, FEATEE0 Y7 (ICP-MS,

iICAP Q/RQ, Thermo Fisher Scientific, Waltham, MA,
USA)E olg3te] % &, 2%, VA9 & Salich

TARM % 3= Bt

ARAZE o, QAT EF, 44T SO BRa
o O BERLS A2 A3t SPSS statistics
(International Business Machines Co., Armonk, NY, USA)E
o183l AMARAEA, AF AH B BEAER A
Yol o SARAE A eH, P<0.05 oA
AR BAH o9 B AT FNALGY
Z2AH2016~2018) E =RIGSFSANE Farste] 2k 258
54 T3 F(estimated weekly intake, EWI)S -3}

o o]E JECFAS PTWI, HEE $A7ZE, dl4 37
= 5 8l sEE Ui gy Aerled 1-g 9
v, AE, g o3t fe|l=E Hristaal st

Results and Discussion

FE, A R Y2 UE
7tzte] FEH(10 pg/mL)S 0.5, 1.0, 2.5, 5.0, 10.0, 25.0,

50.0, 1000 pg/LE 34, Al2g § FEgooz ALgs
Aok FEE&N AP AAAFR)E HI& 0.9999 ©]
A YUZ 09996 o), IE 0.9997 o] o2 7 #4549 F
o mE 7]7145e] AEPS AFet 285l USP
(United State pharmacopoeia)f ol W& H&3HA| 9} A 3t
A= 84 0.0059/0.019 ppb, LZ 0.0043/0.014 ppb, ZE
0.0047/0.016 ppbe]t}.

A 2 14 9 3 (codex  alimentarius  commission,
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Table 1. Heavy metal recovery rate using ICP-MS by sample
groups (n=3)

Concen- Sample As Cr Ni
tration Groups" Recovery rate (%, Mean+SD)
Fish 93.3+0.54 101.2+0.48 95.8+0.77
Low Mollusca ~ 102.5£0.61 99.4+1.03  97.1£0.41
(I1ppb)  Crustacea  71.5+0.72  92.5+0.53  79.5+0.68
Seaweed  95.9+2.96 106.2£0.30 86.9+1.54
Fish 100.3£0.62 99.9+1.35 93.1£2.50
Medium  Mollusca  99.8+0.81 100.4£1.77 94.0+2.49
(10ppb)  Crustacea  82.7#1.32 90.0+0.60 82.2+0.48
Seaweed  107.243.96 107.1x1.01 107.9+1.88
Fish 108.8£0.52 96.9+1.45 92.1+4.86
High Mollusca ~ 108.8+1.13 98.9+1.09 103.3+2.87
(50 ppb)  Crustacea  73.4+2.80 94.1%133 96.2+2.39
Seaweed  87.1£2.28 93.4+0.99 89.4+1.13

CAC)Y’} gt 348 HEH st 7 A8 ¥
2 ¥ FEZ AFE( ppb), TFE(0 ppb), LTE
(50 ppb)®] FEFEHE A5 Hrlete] d@e] HAe

e AX F 358 RS HlAE o FolA 93.3-
108.8%, A FolA 99.8-108.8%, 33 OJW 87.1-107.2%,
AZEFOAA 71.5-82.7%2] 34&S B, AES ofF

96.9-101.2%, A7 98.9-100.4%, 3 %7 93.4-107.1%, %+
77 90.0-94.1%2] 3|4&S BN, YA I5EL of
F 92.1-95.8%, A F 94.0-103.3%, HEHF 86.9-107.9%,
2 79.5-96.2%33 TH(Table 1).

1282334 00 Uy
1= ¥ Whe) Wt AEF@HFLEZAAANG-A5

)= °1-T'-5r 1.76+1.36 (0.00-7.34), AA|F 3.38+2.42 (0.06-

(0.00-0.49), 0.05+0.06 (0.00-0.23), 0.010.01 (0.00-0.04), 0.12
+0.10 (0.01-0.42) ppmOl 3L, UZA B AESH 0.1740.18
(0.00-1.30), 0.05£0.05 (0.00-0.20), 0.05£0.06 (0.00-0.22), 0.21
£0.16 (0.05-0.70) ppm©|ATHTable 2). Ha HEHF A=
HH, A% HRE 5 1“ 7 A (EAT, ZEA
o s Hl&, A7, YA A
=3 o 5 91E‘r(F1g 1). o1& %%Hx]-,‘%&
A Turkey AF5774(95% A Z| =)ol olsle] 238 4
3} BE p<0.0012 7}zHRe] dEFo) ot
| ¥lal feletA Bas S 2

FU QA7 AEFHE Foe At
3 AZZFE= P<0.00102
= AAFe P=0.007,
2ol 7k AR, of

ZFo] ojFot

Wi

o]gk Zpo]7k Ao H,
ZFS P=0.0012% %«lﬁ& HEF
o= Apol7t gt =
P 2 AAFel vls) @%%k ] A9 m(P<0.001), Y
19] 7% o {9 HHRolA el A&l A F(P=0.015,
P=0.007)9} 31 2F(P=0.001)2] AEHFr} Byt A%
F2 ERE 9X, B, HH%Ol ol gk Al
2] 8k 7:134 H) 2o AL Aol s
2.14+1.36°1% 2, HEF 40744 AZTe 1. 3
o] 1579 A& 2.10+£1.92 ppmoI AT}t =
2 0.10£0.08, 0.08+0.11, 0.09+0.11 ppmo]A 3, YA
0.21+0.23, 0.12+0.10, 0.14+0.12 ppm®] AT, AFEAA
A4, A3 YA AE F3E A& zelrt ¢l
Ao}, vlde= Rl vls] HXF(P=0.001)S} Hid o]
F(P=0.037)9] AEFo| ol B2 Aoz wl%ﬂt}
AA AFFHANA 7 Az A (741 FAHE o
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Table 2. Amount of arsenic, chrome and nickel detected by sample groups (unit: ppm)
Samol As Cr Ni
Samples amp’e Mean+SD Mean+SD Mean+SD
number . . .
(min-max) (min-max) (min-max)
Fish 108 1.76£1.36 0.09+0.10 0.17+0.18
(0.00-7.34) (0.00-0.49) (0.00-1.30)
Mollusca 20 3.38+2.42 0.05+0.06 0.05+0.05
(0.06-7.89) (0.00-0.23) (0.00-0.20)
Seaweed 35 1.99+1.33 0.01£0.01 0.05+0.06
(0.28~5.97) (0.00-0.04) (0.00-0.22)
Crustacea 21 6.62+2.50 0.12+0.10 0.21+0.16
(3.30-13.57) (0.01-0.42) (0.05-0.70)
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Fig. 1. Box plot showing the distribution of As, Cr and Ni amount
by sample groups.

AxE2F 5 7S
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Aol A o] AEFe] e F F = 5

OJ5HAI(P<0.001) BoS AST & JAT) ol 2R}
2 A
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2018)2] A4 HH(g) Fol& A THFig. 2). 239
U BXAE o] g ol mE 7o MEYoR 4oH|
F s FET F e ATE AL, ARFAE
o] Zmlgro] AR HAl F7I8kAL S & 5 Stk o]
Aol AZRAFE AL A EFHES A AFE Ut
g o, feie Bl oA tha AFAHY F vk 2
HBE FrkEe] AH|EFo] At Frlshs & AdsellA 7t
FEE G AR F500 gk 2dE 9 fElE £ o] A
6oz J9% ZoF woerh SPSS BEHIIERE Al
EYo]de ol&dte] Hlx, AF, UR HEF dFE
T F, 24 F5E 201899 JYAFHFeR FAIF
F& T t(Table 3). H]&e] 45 DA= kg 0.032-
2.764 ug, MEIE 0.017-1.187 pg, 2 1E 0.001-1.166 pg,

e AHSHA b= 49-HE 0.000-0.648 pg, PSS 0.018-
0.539 ug, A-$-= 0.05-0.205 pgs A3 sk Zo =2 ALty
AT} A2 A= SAUE H32gkeo] 0.288, 0.106, 0.031,
0.005, 0.002, 0.039 pgelRom, YA S=AHE 0350,
0.184, 0.029, 0.028, 0.004, 0.045 pg®] HLFOZ Atz
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Fig. 2. Trend line showing the annual consumption changes of dried marine products (2014-2018).
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Table 3. Amount of estimated weekly intake (EWT) simulated by SPSS

As Cr Ni
1 .
I A;‘nount of EWI(mean) Amount of Cr EWI (mean) Amount of Ni EWI(mean)
Daily intake s(mean) ke bw?/sweek (mean) ke b w/week (mean) ke b w/week
/d " (ng/kg b.w”/week) K (ng/kg b.w/week) K (ng/kg b.w/week)
(g/day) (mg/ke) (min-max) mg/ke) (min-max) (mg/ke) (min-max)
(min-max) (min-max) (min-max)
Anchov 135 2.138 0.337 0.096 0.015 0.208 0.033
Y ’ (0.20-17.55) (0.032-2.764) (0.00-1.83) (0.00-0.288) (0.00-2.22) (0.0000-0.350)
Pollack 123 1.125 0.161 0.069 0.010 0.120 0.017
’ (0.12-8.27) (0.017-1.187) (0.00-0.74) (0.00-0.106) (0.00-1.28) (0.0000-0.184)
Squid 0.43 3.444 0.173 0.058 0.003 0.055 0.003
q ’ (0.01-23.25) (0.001-1.166) (0.00-0.62) (0.00-0.031) (0.00-0.58) (0.0000-0.029)
Laver 1.08 1.890 0.238 0.019 0.002 0.086 0.011
’ (0.00-5.14) (0.000-0.648) (0.00-0.04) (0.00-0.005) (0.00-0.22) (0.0000-0.028)
Seaweed 0.69 1.289 0.104 0.006 0.0005 0.018 0.001
’ (0.22-6.70) (0.018-0.539) (0.00-0.02) (0.00-0.002) (0.00-0.05) (0.0000-0.004)
Shrim 0.13 6.729 0.102 0.122 0.002 0.211 0.003
P ’ (3.30-13.52) (0.050-0.205) (0.00-2.58) (0.00-0.039) (0.01-2.98) (0.0002-0.045)
Total(~max) 1.115(~6.509) 0.0325(~0.471) 0.068(~0.64)

! Statistically simulated amount by SPSS.

2 The values from the 7" Korea National Health & Nutrition Examination survey.

9b.w. (body weight): 60 kg.

Atk oY FES BPHoR 4F sbsstnE, 7} g5
of that H3tzk $HAl(ug/kg bwiweek)= BlA 6.509, I
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FRAFOZE 50 pg/LE ARsla Qom, af WAk
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orA% Ao 7 IRIFEJAE, FFEL oy HEZE QA dren: A systematic review and risk assessment. Toxicology,
HE FAEE slzs FToRA Brisiop S, 5 BRI ¢ the United
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oF @l FALEo] 9oz Q3 A7} g3l 7H=EA s o
e e - e T]OH o8l o (2020, March 30). Codex general standard for contamination
gele b9l el dErt Pew Qo= dAvkd
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http://www.ico.org/projects/Good-Hygiene-Practices/cnt/cnt_en/
sec_2/docs_2.1/Codex%20General%20Stan%20Tox.pdf
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assessment of selected nickel compounds. Toxicol. Appl.
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