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ABSTRACT - In this study, heavy metals (lead, cadmium, and mercury) and shellfish poisoning toxins (diarrhetic
shellfish poisoning toxins, amnesic shellfish poisoning toxins) were investigated in a total of 104 shellfishes. According to
the analysis of heavy metals, lead (Pb) was detected in the range of 0.0177-0.5709 mg/kg, cadmium (Cd) was detected in
the range of 0.0226-1.4602 mg/kg, and mercury (Hg) was detected in the range of 0.0015-0.0327 mg/kg. Levels of Pb, Cd,
and Hg were acceptable by Korean standards. Okadaic acid (OA) and dinophysistoxin-1 (DTX-1) were investigated for
monitoring of diarrhetic shellfish poisoning toxins and OA and DTX-1 were not detected. As a result of monitoring of amne-
sic shellfish poisoning toxins, domoic acid was detected in 5 of 104 samples and detection ratio was 4.8%. The detection
period was found as follows; 1 case in January, 1 case in February, 1 case in May, 2 cases in September. These showed that
continuous monitoring for the management of shellfish poisoning toxins and heavy metals is required. In addition, this study
can be used as reference data to strengthen managing heavy metals in fishery products.
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SPA ol E dovle ArM sF=4(diarrhetic shellfish
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(PTX) group, yessotoxin (YTX) group 522 FEEICH?,
olgg HA F OA group2l OAS} dinophysistoxins
(DTXsy7t F2 AALE frdete Ao® duA dn™?,
SEvEtel A= onsl ol tis) HAMY dFEL 7IE
TAe] 20090 A A= BdAEE st lon,
A7 = FAF Al |l

7197448 ARsae e Aesd gy gAFHeRE
= ol Slof 7 dRsAsy 2
o, 21E2<2l domoic acidll 71213+ domoic acid %
=3 (domoic acid poisoning)e|2ty F27|% st} 2o
oA 7oA AFEa0l o3 AFEo] B
vh glou Hj=o R £EE & T2l YR F4y
= AFEo] WA v} U0, fuRtiM = mid 23
F 257) 15-17°CY o) HF{FE27 XS et
7} 18°C oo 2 sshe 69 FEATH AdLaE

7] W2l mid 395E 597k H71H o2 I F{el il
FAAAE AASIL AT, H2 g PSR
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3} Jl=E 20mg/kg o]}, L& 0.5 mgkg ©lstoH,
A Hi{Ea OAQ} DTX-191 2%7417} 0.16 mg/kg ©]
3}, 71917444 JHWE = 20 mg/kg ©l3t=E AZSIAL T

Materials and Methods

A2
2021 195H 997bA] el AlFeA fF <l
S AR/ 1047108 = st om, vix g 437, %
st 204, 79t 184, 7HH] 104, 55 64, & 57, 2A
Z7N 270Ut dHEE 19 67, 29 147, 3¢ 187,
49 187, 59 157, 69 107, 72 37, 89 67, 99 14

Aolgieh. AFEA BAY AFS 9% MPAEE A4}
g ARELRG} A FAY AFEA AR e

A2e A8,
Xl W 2

sFEH, 7IEE, &2
g3 Jl=E 242 938 28991 Inductively coupled

plasma-mass spectrometer (ICP-MS) calibration standard 2

(Accustandard, New haven, CT, USA)+= % 4H(Chemitop,
Jincheon, Korea)2. &2 34 (w/w)sle] ARSI A5
AEZZA A8 AAIEY 9.1.2 F(Pb) AEH F nlo]=

Z9olBe] wg} B3R, gzt3t A gE 433}
T °F 05g2 AL3] FHs H4 4amLs 7HE F
Multiwave (Multiwave7000, Anton paar, Graz, Austria)S ©]-8
sl —t*’sﬂé}oﬂ‘:} a7t 2 A Ee SRTE ©]85h
AT FE7F HEE 3 (ww)ste] Al@-geoR st

Fe S 9% EFE N mercury ICP standard
(Merck, Darmstadt, Germany)= 0.01% L-cysteine (Sigma-
Aldrich, St.Louis, MO, USA)S.2 3]4]slo] AL&3}5 .
A5 AA = AEFTH A8 RAIEH 9. X% F &
EZ 9.1 TFE 9.1.6 F2(He) T 2)9ATFF =R
o3t A (Fordzuhel weh B4 s

HAHY HR=A

OA¢ DTX-1 EFF2 LGC (Teddington, UK)AF,
acetonitrile> Honeywell (Charlotte, NC, USA)A}, formic
acid (98.0%)%} methanol> Wako Pure Chemical (Osaka,
Japan)A}, ammonium formate (99.995%)+= Merck
(Darmstadt, Germany)A} #|&S AFESIATH A5 4%
FA A8, YHkA|EH 9 AF = fFaE2 98 =L
9.83 AAMY sl =ol whal BAsIATY. 2 skeE AR of
1 g& AF3sI] 90% methanol 9 mLS 7F8taL W&
ojgste] 3& Ft FESAT FEAS 15 mL dAHE
gl Y3 90% methanolZ 10 mLZ %83k 1,000 x g
oM 5E7F A ¥, 4Fd T 2 mLe 9702 pm
PTFE syringe filter)s}o] Alg-&q o=z 3}T).

7|Aeeld iiR=A

Domoic acid T2 TRC (Toronto, ON, Canada)A},
trifluoroacetic acid= Sigma-Aldrich (St.Louis, Mo, USA)A}
AFS s ARE AEEH As AUATY o
AE S rolleZ 9.8 HE4 9.84 719 EA FHEdd ot
o pasn. 2dskd AR o 10 g 323 Fdl
o] 50% methanol 40 mLS 7}8t3 ThA] 287 423}
Atk AlEE&AS 1,000 x gol| A 5w AAEE S F,
ZHE oJF(0.2 um PTFE syringe filter)dlo] A] g8
2 &t

A 3E

lO 0131

ol
oH

7171 24

W Fl=Re] BAS 93] ICP-MS (Nexion 300D,
PerkinElmer, Waltham, MD, USA)S AF&-3} Y, ¥4 %
71 Table 19 YeERRIT & &A1& S8l 7H7sk=
ofzhy o]l A& o] &3t EA e T4 7I(MA-
3000, Nippon Instrument Co., Tokyo, Japan)E AF&-8}SITh.

OAS} DTX-19] 417171 LC-MS/MS (API 3200, AB
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Table 1. Analytical conditions of ICP-MS

Parameters Conditions
RF Power 1600 Watt
Aux. gas 1.2 L/min as Argon
Neb. gas 1.02 L/min as Argon
Pulse stage voltage 900 V
Pb Cd

Mass

207.977 110.904

Table 2. Analytical conditions of diarrhetic shellfish poisoning
toxins by LC-MS/MS

Parameters Conditions
Column Cadenza CD C18
(2.0 mmx150 mmx3 pm)
Column oven 40°C
Injection
volume 3uL
Flow rate 0.2 mL/min
A: 0.1% formic acid, 2 mM ammonium
Mobile formate in water
LC phase B: 0.1% formic acid, 2 mM ammonium
formate in acetonitrile
Time (min) A (%) B (%)
0.0 80 20
Gradient 10.0 0 100
program 15.0 0 100
17.0 80 20
20.0 80 20
Ionization .
mode Electrospray ionization (ESI)
lon source Turbo spray
MS/MS
Spray voltage -4.5kVv
Capillary 450°C
temperature

sciex, Framingham, MA, USA)E AF&-319 3L, AR 7]
o] 23} W22 electrospray ionization (ESI)©|™ negative
modeZ #A13819. 2™, Liquid chromatography-tandem mass
spectrometry (LC-MS/MS)2] 4] 2712 Table 29} 2t} 2t
de] Aol HAole AFTH9) FiE T
APl = A ol A ske] A sk

Domoic acid®] #4]7]7]:= HPLC (UltiMate 3000,
Thermo fisher scientific, Santa Clara, CA, USA)S A}&3}
A3, AHLE ACQUITY UPLC BEH CI8 (2.1 mmx
50 mm, 1.7 um, Milford, Massachusetts, USA)E AF&-3}5]
om, B4 Z71& Table 33 2Tt

Table 3. Analytical conditions of amnesic shellfish poisoning tox-
ins by HPLC

Parameters Conditions
Column ACQUITY UPLC BEH C18
(2.1 mmx50 mmx1.7 pm)
Column oven 35°C
Detector UV 242 nm
i
Flow rate 0.25 mL/min
Mobile A: 0.05% Trifluoroacetic acid in water
LC phase B: 0.05% Trifluoroacetic acid in acetonitrile
Time (min) A (%) B (%)
0.0 95 5
2.0 85 15
Gradient 6.0 85 15
program 6.5 5 95
8.9 5 95
9.1 95 5
10.0 95 5
Qi A%

7} 21(2016)*"ell At 224 (linearity), 7
Z3HA(limit of detection, LOD) ¥ 2 & 3tA|(limit of
quantitation, LOQ), 3]4=& (recovery)2 &2ls}it}. A4
S 7t RFE A A A S (coefficient of determination,
RHZ glaiith. A&7 9 HZFe7= International
Conference on Harmonisation of Technical Requirements
for Registration of Pharmaceuticals for Human (ICH)ll A
AA g W 7ho] AT,

LOD =33 x §/S
LOQ =10 x /S

d: The standard deviation of the response

S: The slope of the calibration curve

TEE9 F5E2 IFRFHTATKRISS)NA

Q15 %5 (certified reference material, CRM)S! &
7}#(CRM No. 108-01-006) & =+ A% #Z(CRM No.
108-04-003)& ©]-8-33L, 33] wHe =73k ElshAtth.
HF54e] 358 AELS BlRAEL] vix g A8
F%7F OA9 DTX-12 10.0, 20.0, 40.0 pg/kg, domoic
acide= 0.1, 0.5, 1.0 mgkg7t B =% &S H7He &,
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33] WHE ESA3ske] skt
Results and Discussion

w18 85
a5 ALY, AEe B AZFEH, 3lee] A5
+ Table 49 2t &, 7t=®, 729 FAHS BF 4
FYJFERIAA A F «1°k1°Wﬂ7r° o] AF T A9H
nld 71z B3 7jo)= 3}01(2016)2 o] 71521
o] AL 2=3151a, AZdAE ZH2E 0.0227, 0.015,
0.191 pg/kg, 3 mwﬂ Z}7} 0.0687, 0.047, 0.577 ug/ke
o]Att. o]= Lee 79 AHHT} w2 AHE HAUT) 3
52 CRMOIA AAIZE Q15gkel] T Hli ARSI, =
2 104.6+0.6%, 7HEE-S 100.9+0.8%, T8 102.242.9%=
LPE}kkP_EL ol AFOFEMAA 2 %«l oFEF b 7}
de] AF T AIEYE v ZIEEAbe] A3 Thel =l
(2016)°72] 71521 100+20%2] =4S F539 0
7520 AN, AESA 2 AZ3HA, 389 2
F}+= Table 59 E"ﬂ-. OA, DTX-1, domoic acid®] 2414
S BE R>0.990103, A&FAE 22 0.0039, 0.0022,
0.0025 mg/kg, BZFeHAl= 2H2F 0.0119, 0.0069, 0.0077 mg/
kgellth. ©l= Kim 57 A9} vls=sidnt. dl7sa
o] B|FE2 HHEAIES] v )] 3l TR RFEEES
H XA

77t A7k NEE BAE F, Ale ZFEA o8

d AEFE gk A HEsEe] R Alteith
A3, w=E 0AY 3|FE&2 1003+5.8%, 97.3+1.1%,
95.742.0%°1 3L, DTX-12] 34582 97.842.9%, 97.242.0%,
93.5+3.2%°]1 2™, Domoic acid®] 3]5ES 113.942.0%,
110.6+0.6%, 108.5+1.8%= UEFRTE | F540e] Fa4
As d4= *‘—54“%%@%1 2 F ol FE R 7H <]
HowkE 7| EH el #AgE 7ho] =21R1(2016)

4% 5 A

o zel FeEnc
% § 534 U
Algd 3<% g 3= B4 A= Table 63 72t}

o

(] =

7 10479 F Wt FHEFLETAAD) FH LA AKH
ZH1 0.1319£0.0270 (0.0177-0.5709) mg/kg® LIEFS:
ABHEEE FZo)4 0.1885+£0.1253 (0.0782-0.4219) mg/
kg2 7F4 Eokom, BAZEIPClA  0.1020+£0.0847
(0.0421-0.1619) mg/kgoi 7 A b}E}kkE}. A 5
A F ARV S AR @ 712 2.0 mgkg ©]
skE Akl ‘OU% T 7)F olU= 14%‘?& oAt

Ft=Eo Ha TS 0.3398+0.0977 (0.0226-1.4602)
mgkg® VEFE, Al EE Wbl X 0.8335+£0.2999
(0.2502-1.4602) mg/kgS- & 7F4 =4 UEhton] mAx
7HelA 0.0652+0.0000 (0.0652) mg/kgl & 7Hd YA
Ebwtth. Aekel A9, 20163 2017 =R 71
2.0 mgkge =33 FAY AHIEC] dom?, & A9

Table 4. Linearity, limit of detection (LOD), limit of quantitation (LOQ) results of heavy metal and recovery of certified reference mate-

rial (CRM)
, Concentration (mg/kg)
Element R (PI:gO/ l?g) (PI:gO/ IS%) Certified Determined Recovery (%)
Pb 1.000 0.0227 0.0687 0.4134+0.0083 0.4322+0.0026 104.6+0.6
Cd 1.000 0.015 0.047 3.405+0.067 3.437+0.028 100.9+0.8
Hg 1.000 0.191 0.577 0.670+0.033 0.685+0.020 102.2+2.9
Table 5. Linearity, limit of detection (LOD), limit of quantitation (LOQ) and recovery of shellfish poisoning toxins
Toxins R? LOD (mg/kg) LOQ (mg/kg) Concentration (mg/kg) Recovery (%)
0.01 100.3+5.8
OAY 0.9995 0.0039 0.0119 0.02 97.3+1.1
0.04 95.742.0
0.01 97.84+2.9
DTX-1? 0.9989 0.0022 0.0069 0.02 97.242.0
0.04 93.5+3.2
0.10 113.9£2.0
Domoic acid 0.9999 0.0025 0.0077 0.50 110.6+0.6
1.00 108.5+1.8

" Okadaic acid.
? Dinophysistoxin-1.
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Table 6. Contents of heavy metals in shellfish samples

Pb (mg/kg)

Cd (mg/kg)

Hg (mg/kg)

Mean+SD (minimum-maximum)

0.10730.0895
(0.0409-0.5709)

0.1216+0.0848
(0.0250-0.3558)

0.1601+0.0575
(0.0675-0.3293)

0.1285+0.1151
(0.0177-0.2888)

0.1885+0.1253
(0.0782-0.4219)

0.1150£0.0521
(0.0649-0.1701)

0.1020+0.0847
(0.0421-0.1619)

0.1441£0.0803
(0.0226-0.3729)

0.2099::0.0810
(0.0892-0.4008)

0.8335+0.2999
(0.2502-1.4602)

0.2655+0.1446
(0.1064-0.4838)

0.1298+0.0321
(0.1020-0.1704)

0.7306+0.0910
(0.6579-0.8729)

0.0652:0.0000
(0.0652)

0.0103+0.0058
(0.0046-0.0327)

0.0051£0.0020
(0.0029-0.0103)

0.0082+0.0030
(0.0033-0.0151)

0.00440.0020
(0.0015-0.0089)

0.0085+0.0032
(0.0050-0.0146)

0.0070+0.0020
(0.0050-0.0104)

0.0094£0.0002
(0.0092-0.0095)

Name of samples NV
Manila clam 43
Mussel 20
Cockle 18
Scallop 10

Surf clam 6

Oyster 5

Short-necked clam 2
Total 104

0.1319+0.0270
(0.0177-0.5709)

0.3398+0.0977
(0.0226-1.4602)

0.0075+0.0017
(0.0015-0.0327)

Y Number of samples.

ME FFEES] Het o]l AutllA 7H
H Zo2 & o, A H o g Awute] Fl=
S AEgS Hole Zow ATEHTh

Foo Ha S 0.0075£0.0017 (0.0015-0.0327) mg/
kg, AlEEZE vERIEeA] 0.0103£0.0058 (0.0046-0.0327)
mg/kgl 2 7 =943, 7R84 0.0044+0.0020 (0.0015-
0.0089) mgkgo 2 7 @A Uetyth 2 7152 0.5
mg/kg ©lst= et Qlow, 7| H|E| o}
AE A4E 2t 729 e d Tt=E
of ®lal w9 Wi Ax7F AA UEpgE], o=
o] A Yehte 71E9]

+
(R <
iy Mo ol rlo

e
By

IIF7 F Qi7st OF

20219 1958 929714 28Rl AlFodlA f%5 F<
5 104709 {54 HAF A= Table 734 Zoh A
A I FE49] OASE DTX-1S AZE A FUA T 2011
|zt 20120 A2l f5 T FFolx OA7F 0.004,
0.001 pg/g, IFE=A OA7} 0.001, 0.0006 pg/g, DTX-
1°] 0.0105 pg/g, vFAIEHlA OAZF 0.0007 pg/g, DTX-1
°] 0.0006 pg/g, EelA DTX-1°] 0.0060 pg/ge] A=H
A7t AP, dA A HFEA] S 71E2 0A
9} DTX-19] &A17} 0.16 mgkg ©13t= A= 3, 7
ZE AHIES BT 71F oE AFe FFEolth £ 4
TFollM = A HFEA7F AEEA FUARE, = o
E AFofA AEE AHEC] o] HFHLI dig x&

Table 7. Results of the shellfish poisoning toxins in shellfish sam-

ples
Name of Number of Toxins (ug/g)
samples sample toxin N N T
(NY) detected OA” DTX-1” Domoic acid
Manila clam (43) 0 N.DY ND N.D
Mussel (20) 0 N.D N.D N.D
0.7031
(February)
" 0.3257
Cockle (18) 3 N.D N.D (May)
1.0756
(September)
0.4074
Scallop (10) 1 N.D N.D (September)
Surf clam (6) 0 N.D N.D N.D
0.3898
Oyster (5) 1 N.D N.D (January)
Short-necked 0 ND ND ND

clam (2)

) Number of samples.

2 Okadaic acid.

 Dinophysistoxin-1.

“'N.D is not detected and means less than LOQ.
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1.0756 pg/gel AE= AL, 7H]H]lA 0.4074 pg/gel A=
HRom, ZoflA 0.3898 ug/gl AEE ] 48%2 HEE
< Btk 7193 ARELY S 7152 2020900
20 mg/kg ©]8tE AAFHAID, B AT Ae BF V)E
olat® SHH oIt AN 7oA s FEL
ek = RUEHY JF R 2x) ke AAo)7] u)
ol oz 7| FFEad tgk AP AAA
2 o]Fojxol & Hado] g Fo= dAHT. ¢
HFEL TS vast 43, A fishe B
g0
of ek 14, s¥ol aek 174, 9¥e) aet 143 7tE
=

e 40 & |o

- !‘é’_
3959 A FELE #5L 9

o
ol¢] ThE AI7I]l 14, 24, 9l AEE AHE BTk

B AFoME §5 dF 1041S ez S50,
7t=E, 7)) B dHFREREAM dRsLs,
HFEL) HHRALE st 55 24 4
99 0.0177-0.5709 mg/kg, 7F=F-2] &4
-1.4602 mg/kg, 22 HEM = 0.0015-0.0327 mg/kg©]
Rom, BE Y 7|F o|stE HHE FFo|At. A}
d HFELS ZUEHE 93l okadaic acid®} dinophysistoxin-
1S BAsa, 2 A3 10470 2% BhE010n 719

A 9 F542 domoic acidE F43% A3} domoic
acid7} AZE 21L& 5ASE 48%°] AEES B 7]
G dFEA7 HEE A7 22 1€ 14, 29 1

)
A, 59 170, 99 279] AEH0] HFErd 3t A%
Mol wUE o] Wad Row o ® 7 ] =
242 7% 7374 o2 Y 7ol ke S
% 990 Yot %Al kel ety $F
2 FFE U o ZetE 99 M 2ARR A
ez Pk
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