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A Study on Trace-metals in Korean Yeongdeok Crab and Russian
Snow Crab

Cho-Ryeon Kim and Yi-Yong Yoon'

Department of Health and Environment, Kwandong University
Q o

L AFrellAE A Ao g o] Qlar, Bro] Hoju} snjabEo] st Qs FEiAle} eAloRt tiAle] &
S7] o] &3 AEANEHA kA W HorEE Feb nFEE] &8 ATl 7R E Aws] f1ste] e
AR, @7hek Aot diAle] F-$1H YA, 72, o}, 71=F, |, ¥4, 382 F5E ICP-MSE 413131t} <l
TRTE ](certlﬁed reference material, CRM)& A8t 2t S50l tish 3|58 it 81~99%= CodexollA &7
Sl Qe el H-Eiglet. YA F-91 55 w5 7T 93] AZ o= Ni > As > Zn > Cu > Cr > Cd,
2|22 Zn > As > Cu > Cr > Ni > Cd, 584> Zn > As > Cu > Cr > Cd > Nij, °}7}2|i= Cu > Zn > As > Cd >
Cr > Ni £2.2 Z9kor], el 712 Cu > As > Zn > Cd > Ni > Cr, §%2 Cu > Zn > As > Cd > Cr >
Ni &2 T4 zo]7} SISt HAloRHAlE FI=ES A9sh BE S57UA, T8, oFd, v, 38)9 557}
FetiA S} HlszBhAL tha A YERSAITE 1SR s 5T B FelelA A4 ekt 53], delMs oF 2

), op oA oF 4n) S ket JeEiAle] S8 VRS sl RelEE MY Bt we 3
O N, el B50] zn S obiole] oS QUAOR YRGS 2 A U W
W, Wl 71 ol FAsle] gl bS] it AWACE F5Ke Aol 9lonl, 43t tiRel Wiy

WEEARAe] 15 Tl 9l

Abstract — This study is to measure the differences of the trace-metals resulted from the different ecologies, such as
nickel(Ni), copper(Cu), zinc(Zn), cadmium(Cd), plumbum(Pb), arsenic(As) and chrome(Cr) remaining in the parts of
Korean Yeongdeok Crab (KYC) and Russian Snow Crab (RSC) based on ICP-MS. The recovery rate of each metal
certified the reference materials (CRM) was in the average of 81~99%, which corresponded with the level required
in Codex. The level of metals in the parts of KYC was in the order of Ni > As > Zn > Cu > Cr > Cd in the both
male and female shell; the order of Zn > As > Cu > Cr > Ni > Cd in the leg flesh; the order of Zn > As > Cu > Cr
> Cd > Ni in the body flesh; the order of Cu > Zn > As > Cd > Cr > Ni in the gill; the order of Cu> As >Zn > Cd
> Ni > Cr in the male hepatopancreas; the order of Cu>Zn > As> Cd > Cr > Ni in the female hepatopancreas, thereby
showing some differences. It was revealed that the levels of most metals (nickel, copper, zinc, arsenic and chrome)
were similar between KYC and RSC except cadmium which was somewhat lower than that of KYC. However, the
cadmium in RSC was discovered in high level in most of the parts, two times higher in the hepatopancreas, and four
times in the gill. It was also revealed that the trace metal contents were changing according to the size of KYC; the
metals with the highest level of Ni in shell, Zn in leg and body flesh, Cu in gill tended to decrease as growing, whereas
the cadmium contents tended to increase overall and accumulated the most in hepatopancreas. The results showed
there was a possibility that the phenomenon of bioaccumulation within hepatopancreas would increase as growing.

Keywords: snow crabs(t7]), trace metals(?|=5<), leg flesh(TF2]4)), body flesh(35-3-%}), hepatopancreas
7, gill(O]'7]'U]), shell(7d32)
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LA B
W7 A A AAE R M) ZARE ke S
sffolw, 53] o7l 28 ol whaL, £A4o] £owA of3

o] Ao o} ke fEEI e 2
Y2 B B AR iATE A
AolEad 100-300 m) WaL AH, =2 vt GAE 7ol M4
ggo] vil-p- Aot Ao, Hgk, Juie] Fakuvt g i—l
vieke] F3RE 15 (mud)o] §1of A3aE= diAle] st A
7gol Fofit slow gelA glo] felutolA il &2 %1
Aoz el ME}—E 207 %4eiA ITHKim et al[2004]).

o g2 gk ARl met 74 sk, A
Al 5ol °l*o‘}°% SHd Bl QIsk elje] So] g esio] 7153

I ek Sgeld Ak Folo R folel AN FEHEDS 34
Sk, el 5ol S AR HAF s AR Rl o]
o)X= HolAH B & F3te] Aol a5 Frk(Sung and
Lee[1993]). 53], Hh7= 4 oS 7w 5919 sl
= FreAY HAE B ol AHE F8l s Aldel v
FaERE FAT F olon wEke S5 A%, W2, g
F71, AP, Agstet gl Agejstell GEE mRts ARe] &
214 IHBryan[1971, 1979]).

el AskelA H@‘é} % TR 299§} 9
of A AW TAE E 4 QAL ofF A & kel A
FHegol HAxH oz F7hgel w}a} ol Aol theh ehld i
7FdiFE AL glem, Wt 7E=E-2 29 7hede] szt f-eluet
oMz oo} s T FiAl7IEe] Aol Stk AT it
= T ol 5 T #Eel Uit ks o Ba Hgle
U 7l vt A =l dies) e AAendl 5
[2004]).

a3

31, Bo] lofu m)A}

A A QA Hl Ho|akeS Bk wRk
FaATe| 7 2ARE AlEsl] 918kl YA, e, o,

R, v, 28 A e SRS SYskch,

2.1 A2 29!

Aol AR tiAl= YA R A, gAloiE tiAo]
], JYUdiA(@RIE o R F28 XA Ehe 2010d 1~2€¥0 94
A& emjrtoll o Ee A8 2xgloll AA 7 A7'HE 9em

CA3TFH 325.6¢2), 10em(B TS 391.6g), 11 cm(B &
535.7 ), 12 em@TEHF 659.4 ), 13 em@ETEF 820.5 g)) 7Jr
DA )kl ARl ol getglor, Al AR ¢

AR AT 20 FEHAPAS 98] 388 X33 A F 2
MASET E=17] 82 cm, B 5% 3213 g), ZAloM:E tiAl

S
o

ol FEXIGeA T o) flaEo] Fol Aokl 3
7Hxﬂ(ﬁi‘ A7) 12 em, BAEF 770.5 9= T-8k] Ao
o] g3l3ltt. thl Algss AR olFst] 1 TS 34
SF 5| Asullel] Gobx] EAA7EA] 20 °CollA] W5 HaAsISiTh
WA A RS dlseto] 2R )R] AFE 5 A4, vl
F, oS, WA, o E F-Eeto] Aol ARE-sitt.

22 Al2F S E—’.E%"'

ATl ARESE A, RS FalTEA TS 5EA
SF(Junsei Chemical Ltd, Japan)y= T-$J8}] AR5 O™, 2o
ARESE S 25 (MIlli-Q Biocel, Millipore, Billerica,
MA, USA)Z 182 QO & JAISt =55 ARSIt
719 5% HARSAoA 24A4|7F o) HAAAT F 2R
Fro] AH o] AZAIAAM ARESIGITE Ta5 w4 Sle 2F
AL T35 M (Perkin Elmer PEYS 0.2N 7“"]'011 3| A ske] AF
gatolom, B R i) (QA/QOE 8l AT
(Certified Reference Material)2] DORM-3(National Research Council,
Canadays P47 EE FAA W AlR9) sdx0= 3714
A sl

e 24

+Ed

2308325 &4

Al 59 1%}%ﬁ T T A T
[2002])°ll Wk St 5, w235l uket diAlE F-91d
F T3] Teflon PEAS7]0l H-91E AlS5 °F 10~20 g~ =
o] AL 10 miE 71810] Ahelld FH8] wkeAI F, 71
Tl 110°C2 7hedsto] ehaalo] =7] Al#stal whe-87] U

AE7F 719 FalEgle o Tkl w8715 e Al
0%, A Aaks 2.5~5 mie F718HAA AlS7t 9h3)
wAlEo] meha = S ws gk glo]  wi7bA] el

Al ZATE e8] BaAR) F 02 N @akgal o g 8538l o3
] (Advantec 2A)E 93}3}0] oS 100 mIE A8t A
o AREE BE AMAIEY] o ARES iR 2 Rl A
g oz Fujsle] B on, FAAEE 3 HHE BA8)
o] Htghs dixEglo =z ARSI

A Zg o] UA(Ni), 7-2](Cu), ©}(Zn), 7F=H(Cd), B2
(As), AF(Cr)Y %S ICP-MS(Elan DRC-e, Perkin-Elmer,
Wellesley, MA, USA)E 533l AEFHo=z Yehfglon, 7}

4 AR EE k) Sste] ARG BAW PR aF
RS s

ES
#2414 Fish protein(DORM-3)E %]
<o gt 3]782] A= Table 13 2ol
92%, -2 96%m, o} 81%, 7F=F
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Table 1. Recovery of trace metals from DORM-3 (n=28)
Heavy Certified Measured Recovery
metals (mg/kg) (mg/kg) (%)

Ni 1.28+0.24 1.179+0.083 92+6.5
Cu 15.50+0.63 14.86+0.53 96+3.5
Zn 51.3+£3.1 41.46+2.55 81+5.0
Cd 0.290+0.020 0.287+0.025 99+8.5
As 6.88+0.30 6.318+0.453 92+6.6

99%, HlA 92%C] ). CodexollA& 0.1~10 mg/kg W ElolA=
80~110%2] 32, 0.01 mgkg ¥ 0.001 mgkgol A= 2+t
60~115% 2 40~120%2] 8}5=&S Q3L QLo T = olof F5ldh},

3.2 QUEAHI )| £21E n[2E3E 3=

FYtAE] F-Llell WE vFEE FEE gobiy] st o
A FAEA, e, 554, U, ohE vire] 45810
™, 7 A3}= Table 201 LFERASITH

o Feg v|ws)] 2, AolA YZeo] 2.349+£0.953 mg/
kgl ® TR F-lH} oF 208 o) 2 Wi, F1g], o, Ft=
, ¥4, 59 s5e 7R skt A nRgeEe] sEe
Ni > As > Zn > Cu > Cr > Cd «£2.& th& 2| n]al Ni2
gefo] AuHoR 38 o Qlth

)il 55 o}l 10.98+3.284 mg/kg, Bl4 10.69+3.531 mg/kg,
T2 6.013+1.511 mg/kg, & 0.388+0.145 mg/kg, 7F=F 0.017+
0.020 mg/kg =2 & ofdo] 71 =3th. 7 5[2004]¢] FY A
Ak 725 5(0.29+0.01 mg/kg), 7HEE55(0.02+0.01 mg/kg)
o vlwet wf, ElE o e 0, PRS- vl Vel
A AT} =BTk AASHs F2 97 (Stephen and Sathy[2000])
o A% gelake] 5T} 74.45£14.21 mglkg, B AEET}H

16.3142.63 mg/kg, 7H=B-557} 0.19+0.06 mg/kg 74 GY A
Hoh A =) RaEgih

e oA vPEA R o F-9le nlE] ofdo]
15.83+4.276 mg/kgC & =2 FE WO, 712] 4.571+1.726 mgke,
FF=H 0.079+0.062 mg/kgS 2, 7 5200412 72 (0.28+0.01 mg/
kg), 7F=%(0.04+0.01 mg/kg) 5% KU} T =7 Ve

ARbA o7 Faso] Wol HA ¥ty 4 e e 4
S, Ao mE 240 syl UhE Rt B4 ekt
53] 7F=H(2.443+1.975 mg/kg)yS THE -9 o)) 11| 30-1408 =
Al bttt o)A =y AAFGER 25 9 A5 TleH
ZH518715(2.0 mgkgys sk F1 0% 7]Ee] RuE oA
o] FHE8 55(0.24£0.01 mg/kg, 7 $[2004]) Hrh= X
ok AT} BTl AMAEh= F-2 97 (Stephen and Sathy[2000])
el 71=H $5(13.52+3.48 mgkg)Rrhs - W o)t}
2 Aol FAH 10719 AR T FH4X(0.428 mgkg)2t FHUA|
(7.735 mg/kg) 7+9] 2 RS wYozA 230t A9
sl 579, AHEA Holglol oJgt Ajol7} Fres &
Ttk W oo ® JEEe] o] w2 2 o]
0]91t}H0.281+0.061 mg/kg).

FH S AIs oAl AASL] vgaS s S 4
IHMok 5[2010]; 2] 3.779+1.861 mg/kg, o} 27.980+5.478 mg/
kg, U7 0.075£0.069 mg/kg, =15 0.214+0.156 mg/kg, 7H=F 0.078
£0.132 mg/kg)et Hlwdl] £ w, 2 Aol SHE 5] &
3} vzt

Fig. 1:= JuiAl 7} 7918 el 555 dEhd Z1lo0%
7} Fopd wigkd s F4 dido] thEAl veRsth A elE N,
T 38kl E Zn, ok g tidell A e Curt thE YAk
oA o g wol ghfulo] glom, AEld EAdel ol F-op

Table 2. Concentrations of trace metals in different tissues of male Yeongdeok snow crab(mg/kg, wet weight)

Tissue Ni Cu Zn Cd As Cr
Mean 2.349 0.639 1.236 0.024 1.887 0.281
Shell SD 0.953 0.689 0.899 0.039 0.039 0.108
(n"=10) Min 0.947 0.065 0.293 0.001 0.759 0.087
Max 4.779 3.190 3.502 0.153 4.443 0.453
Mean 0.041 6.013 10.98 0.017 10.69 0.388
Leg muscle SD 0.018 1.511 3.284 0.020 3.531 0.145
(n=10) Min 0.021 2.983 5.552 0.005 4.185 0.185
Max 0.085 9.125 17.30 0.092 16.50 0.644
Mean 0.055 4.571 15.83 0.079 9.782 0.402
Body muscle SD 0.024 1.726 4.276 0.062 3.254 0.126
(n=10) Min 0.026 2.466 10.43 0.026 4.093 0.260
Max 0.124 7.578 23.44 0.230 15.27 0.627
Mean 0.856 12.87 8.875 2.443 11.18 0.388
Hepatopancreas SD 0.364 4.620 2.842 1.975 3.936 0.133
(n=10) Min 0.098 5.949 3.810 0.428 3.174 0.159
Max 1.455 18.61 12.57 7.735 17.18 0.599

Mean 0.101 10.66 5.381 0.281 2.407 0.201
Gill SD 0.039 6.355 1.828 0.061 1.198 0.076
(n=10) Min 0.053 2.520 3.158 0.176 0.745 0.119
Max 0.157 21.07 8.162 0.388 3.665 0.334

Yn: Number of individuals.
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Fig. 1. Average concentrations of trace metals in snow clabs, (a) male Yeongdeok snow crabs, b) female Yeongdeok snow crabs, (¢) Russian
snow crabs.
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Fig. 2. Variation of concentrations of major trace metals according to size. (a) Nickel concentrations in shell, (b) Zinc concentrations of leg
and body flesh, (c) Copper concentrations in hepatopancreas and gill.
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Fig. 3. Variation of cadmium concentrations in hepatopancreas.
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AR HES gk} /3ol o) A4

™ (Bryan

—_
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and Ward[1965], Rainbow[1990]), B3] & dh= Zlo] z}l¢
= AUEFE AASR=H Ego] H= o g 24
Th(Malins et al.[1980]). 22} JE Al T 7I=F s/t 7F
=2 U 7IEE S5 10 cm ZiAA HOlHE ERIA R
ARA 0= 31ge] A717] 7V S wolAlE Ads HYoR

N
o 0 b

o
=

3.3 FEOi7 A2l R9IE njE=ES s

FYiAl A F-9PE v $EE Table 30 WERAS
ok QEUiA R 2o s vl o FEAQ Aol
QoLt ntA o7 uS=gk g Bolar Slrk WdelA el e
9} o}419] FE(15.19+2.73 mg/kg, 9.349+5.670 mg/kg)= FHIH
oF oha =k, JEE S 51(0.49240.509 mg/kg)ys SAHE
F578]87155(2.0 mg/kg) oI5k Skt YA )2 mR7E
A2 op7hu) gk W FtolM Cust Cdol FErt vhE F9iEch
A VR

Table 3. Concentrations of trace metals in different tissues of female Yeongdeok snow crab(mg/kg, wet weight)

Tissue Ni Cu Zn Cd As Cr
Shell Mean 1.096 0.793 1.115 0.011 1.319 0.084
(n"=2) SD 0.221 0.216 0.486 0.009 0.345 0.028
Leg muscle Mean 0.027 4.701 8.856 0.009 10.47 0.177
(n=2) SD 0.015 0.636 0.277 0.001 3.542 0.037
Body muscle Mean 0.028 4.707 12.98 0.046 7.771 0.150
(n=2) SD 0.019 1.916 0.343 0.011 2.228 0.026
Hepatopancreas Mean 0.054 15.19 9.349 0.492 8.396 0.279
(n=2) SD 0.017 2.732 5.670 0.509 4.047 0.081
Egg Mean 0.086 7.792 12.63 0.026 7.330 0.282
(n=2) SD 0.053 3.362 4.383 0.000 6.330 0.168
Gill Mean 0.077 16.07 4.033 0.282 2.548 0.078
(n=2) SD 0.034 0.494 0.357 0.109 0.835 0.035

Yn : Number of individuals.

Table 4. Concentrations of trace metals in different tissues of male Russia snow crab(mg/kg, wet weight)

Tissue Ni Cu Zn Cd As Cr
Mean 0.778 0.543 2.320 0.027 1.023 0.057
Shell SD 0.269 0.231 1.103 0.023 0.223 0.013
(n"=3) Min 0.426 0.331 1.401 0.006 0.723 0.045
Max 1.163 0.901 4321 0.064 1.299 0.081
Mean 0.018 2.537 10.39 0.050 7.855 0.121
Leg muscle SD 0.005 0.974 0.553 0.044 1.578 0.020
(n=3) Min 0.012 1.760 9.745 0.014 5.919 0.097
Max 0.026 3.992 11.33 0.111 10.00 0.149
Mean 0.023 1.628 14.00 0.125 6.094 0.108
Body muscle SD 0.008 0.777 2.323 0.060 1.670 0.016
(n=3) Min 0.014 0.748 11.33 0.068 4.229 0.081
Max 0.031 2.607 17.11 0.205 8.205 0.125
Mean 0.267 6.555 5.637 4.476 6.064 0.135
Hepatopancreas SD 0.149 2.598 0.470 1.863 1.126 0.017
(n=3) Min 0.145 3.027 5.066 2.107 4.870 0.123
Max 0.463 8.742 6.244 6.561 7.679 0.169
Mean 0.121 7.235 6.284 1.159 1.331 0.220
Gill SD 0.028 1.048 0.734 0.463 0.445 0.110
(n=3) Min 0.095 6.366 5.540 0.638 0.817 0.094
Max 0.150 8.399 7.007 1.523 1.594 0.298

Yn: Number of individuals.
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GRUA &9 vFTSE sEE S5 flste] Qe xZet
Sk Qi Wedulel Ae % Beldle] BAE Sk the
F-9lell vlsl o} (12.63+4.38 mg/kg)?t Z1F(0.2820.168 mg/kg)
o] %7t tha =A YERsT)

3.4 HAIORMTHAIS] B9 O[EES S

ealoprt BiAle] F-91E mlREE %E% Table 4°] WtERISL
ok Aol G hAISh Bl e o, FFEES Aleld e
BERFGA, 78, ok, vlA, A8)9] FEE HSEAY e
SHA| ekt Teiu SRR E 9lelld A Yebth 5
8], Wigellali= of 2ul, op7pulell A= oF 4uf 7 ebdt.

=

X

Kl

4.

=
& Al 2R wREEe] e 92 e o
st A, H-glel wet v izt Qlgich. G Tizle] B
[e) S = =

A B AAAE Ni > As > Zn > Cu > Cr > Cd, Tk
% Zn > As > Cu > Cr > Ni > Cd, 552oA= Zn > As >
Cu > Cr > Cd > Nj, oP7F|o| A= Cu > Zn > As > Cd > Cr >
Ni £0% @o] 3HiEe] Ilot vdelx= k7t thar Alo]
7F AJTHEFHL Cu > As > Zn > Cd > Ni > Cr, $H& Cu >
Zn > As > Cd > Cr > Ni). 2{AoRE oAl 75, A el ofaAw}

H|A7F YA B} ko] szobx] JEhAle) tha leolE Kolal
RO} 7[ef v 9l il o9} 2 alol= HYo
2 FYEE vl edd e o WE g glow, Ao
ARl zfo] B2 AEekE] aFto) oJ3ix] Adel wet et 4
% 35 Zo|tk(Paez Osuna and Tron Mayen[1995]).

WO 29EL L] AEsSel 7P ok 7182 o7t
9} vigo|tt. 0}7}13]3 & FaEo] 9le 7Ho R f3ledel &
dd F Qe X F ool drEE-E FEl o] miEgE o
% & e&M B2 4= QItkBryan [1971]). WS &5, A%
4 35 7)s dhite] o FHET 559 w20 2 Ao i
HHAolm] ol xe] w57t it R o] ko dRk
2 o7 A Stk {Mortimer[2000], Paez Osuna and Tron Mayen
[1995]). & ATF-oME H]F HH e YZo], vz w54t

oM o1 TXrt E=XRE TAIXR F5Fe] el Ui
op7tulol| A A vkt 53] 2]} Fk=Ro] thE F-4lel W
3 w2 S Bk

gt opzbrlelA] & sEE Hole FEES f8l 252
2 523 gEe] 54o] 7P =1, 7R AR A F T2
A7} The) iﬁﬂ‘ﬂ% astelA F7t el 55 dFol

AL, Ak FEE A AR RS W)= 10~30
Ho= ELLQ THUSFDA[1993]). 9=r] 7Hzh5oll digt 7}
TF IHe87IES AR v 3.0 mg/ke, EU, dnl=e]
2 0.5 mg/kg, UEHEE 0.3 mgkg(USFDA[2005], EU[2005],
Kim and Han[1995]) 2.2 “g3}aL glon, Sejuglel = 325+

- 8olE

of thet 7%= flaL olg 7ol JF=F 710] 2.0 mgkgl® A
o] Qlok AT WelA Jh=F 2.0 mgkgs 299 2
AdA 100k F 4ukEold, YA entel=
0.428~1.967 mg/kgS] WS B, ol =2 JI1=F 5%
5 12l fel= vt 9 EEAteM R o enle]e] oAl

F 7FEE e BolA A mE 3 dFeE A

o o
__gr:

R

74 5 912 Zelt),
Tels 42IR @) Ak Ul Eae] Bl BFHol A v

A %1 S T2 FHHEE F3E 4 2t (Ahearn et
al.[2004], Rainbow[2007], Vernberg and Vernberg[1974]). oI5

o FEgEES AR Sl Ul 5 70 mgkg, MUTh
50 mg/kg, G 20 mg/kgl E 71EAE =4 &2l 23 (Kim and

Han[1999], %8 4-7[2003]) S-glvetell A 3325 <] FeEe

91217 1.905 mg/kg, 247 8.799+4.158 mg/kg, 21 2.276 mg/
kg, I3} 4.174+1.713 mg/kg® 2 X I (Mok et al.[2010], A &
[1993]) H3 glo} & A S74x|9} vlwsl] & o A 2
358 5 gtk

H| A= Aol EAlsh= FalExA ol thdsiA| x|
o Ajols QAR 92 AFEE AT IR 1Y
0.5 mge HFIeh= 210 delA] QIth(Reilly[2002]). H]AE
TAOE AFASH =W telx] FE=d Adel o7t
SH71E 71%] oy 49 Afslo] 715 dlE 4oy
Ao A qlom Hal ekt AdE, AW, v
2 " 7, WS s 5O et 2 AT A=
oAl el 11.18+3.93 mgke® Tk A1 YERTE Kim
et al[1998] A7TA=S] Hale] W= 3H2HRe] A vk Ak
ol Hlste] oA o® niA o] A WO, QIA el
A arsenobetain¥} 72 84 EA T HElo] o] wjadx =
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