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Abstract : To determine the concentration of trace metals in the tissues of whale from the coastal ocean of Korea, we measured the concentration of
trace metals (Cu, Cd, Pb, As, Zn and Hg) in the organs (liver, intestine, muscle, epidermis and blubber) of minke whale entangled from the eastern coast
of Korea in 2009. The highest and lowest concentrations of Cu, Cd, Zn, and Hg were found in the liver and blubber, respectively. In contrast, the
highest and lowest concentration of As was found in the blubber and muscle, respectively. The accumulation trend of trace metals in the organs of minke
whales was in the order Zn > Cu > As > Pb> Hg > Cd. The concentrations of Cu, As and Zn in liver and epidermic were higher in male than in female,
whereas the concentrations of Cu and Pb in intestine and muscle were higher in female than in male. The mature individuals of minke whale were much

higher Cd in liver, Cd and Hg in muscle, As and Hg in epidermic and blubber, Cd, As and Hg in intestine than immature individuals of minke whale.
Key ward : Trace metal, Arsenic, Minke whale, Organ, Eastern coast
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Fig. 1. The map showing the study area and sampling location for
measuring the trace metals in tissues of minke whale in

the eastern part of Korea.
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Table 1. Recovery rate of trace metals (Cu, Cd, Pb, As, Zn, and Hg) in the organs of minke whale (N=38) estimated by using the

various certificated reference material (CRM)

DOLT-4 (mg/kg)

DORM-3 (mg/kg)

ERM-CE278 (mg/kg)

Metals Averaged recovery rate (%)
Certified value Measured value Certified value Measured value Certified value ~ Measured value

Cu 312 £ 1.1 282 + 43 155  + 0.63 135 + 24 88.9
Cd 243 +£08 204 + 3.5 029 =+ 0.02 025 =+ 0.05 84.7
Pb 0.16 £ 0.04 0.12 + 0.03 0.395 + 0.05 0.277 + 0.05 73.7
As 9.66 + 0.62 9.98 + 2.05 6.88 + 0.30 735 + 133 105

Zn 116 +6 101 +17 51.3 =+ 3.1 391 +78 81.7
Hg 0.196 + 0.009  0.192 + 0.003 97.9

analyzer, Milestone Co., Model. DMA-80)Z ©]&-3} 7tel A§- HiFsE(Mean+S.D.)7} Cu4.48+1.09, Cd0.078

Aok BE vEgad A Al FESES 1 &
=22l mg/kg-wet weight(©]$ mg/kg) T = $Hatsle] A
shoieh. Egh, 2184 A GHE 95t 157 Als
vtk 270 ¢] §5E 2 (DOLT-4, NRC & DORM-3, NRC)S 4]
5ot S o R FAlom, ARe] Hit 5SS
Cu 88.9, Cd 84.7, Pb 73.7, As 105, Zn 81.7 % S TH(Table 1).
T2 A 35709 A 171e] EFEE(ERM-CE27S,
European Commission)= #2 WHoz B3l on Az

o] HF 5L 979% I
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(Normality) ¥} 5324 (Homogeneity of variance)S 3 7}38}7]
$3le] Shapiro-Wilk test®} Bartlett testS <=3 5} THKim et
al., 2011). o|w A 3} FEAd o] vEEHA] R
A wEgFgdo] §o% FEAbo] = Kruskal-Wallis tests
4831 2™, Turkey test using ranks@ AF$7 5 (Multiple
comparison)S -3 Th T, A, A v Eg49
9] FE2}e] = Mann-Whitney U tests 2 -83}o] H7}s}
Atk SAA T8 FAATF(P) 0.05 olstE R o,

oF O
w0 =

BN

2

AN E $3317] 918 SPSS 14.0K (SPSS inc., USA)E
o] &3t} ojul, AuE H + ¥ A (Mean + Standard

Deviation [S.D.)® XA|8FTh

Fig. 29} Fig. 3
W (Fig. 2),

£0.097, Pb 0.043 £0.059, As0.195+0.228, Zn31.2+10.1, Hg
0.087 +0.099 mg/kg 1™, Zn>Cu>As>Hg>Cd>Pb <
o2 =/ YEhgth zn, Cue U2 F5YLEF Fo3
2ol 2 K. 2 (p<0.05), As, Pb, Hg, Cd-& A= 9% 2}
o] 2 Holx FUTHp>0.05). o3 Frol Ao FEHP 49
ZAFHE-S o] Aol Kunito et al.(2002)7} FEIH F A H-of A
ZAYe W3 age] B4 43KZn> Cu>Hg > Cd)2t= v 523
"l Honda et al.(1987)7} B=8l] FollA FARS Waxw
g AW FFIHAEZn>Cd>Cu>Pb>He)I= tha o
AT HTable 2). FA= #HE S Hd-5E(Mean =£S.D.)
7} Cu1.27+0.79, Cd 0.019 + 0.027, Pb 0.074 + 0.258, As 0.206
+0.164 , Zn 163 +5.2, Hg 0.014 £ 0.019 mg/kg© & Zn> Cu >
As>Pb>Cd>Hg9 22 ¥4 YElSSH, Zn, Cu, As
g2 594257 Fog Aols H o uk(p <0.05), Pb,
Hg, Cd Alolell= f2l3 Aol Holx] ekdthp > 0.05).
ZS(Mean + SD.)S Cu0.77+0.29, Cd0.006+0.004, Pb
0.023 £0.025, As 0.122+0.071, Zn 12.0 £ 9.9, Hg 0.064 + 0.059
mg/kg® &2 Zn>Cu>As > Hg > Pb > Cd £ 2.2 =7 YE
won e A3 gy RE FEYLE Abold fo)
2}o] S B th(p <0.05). EI(Mean+S.D.)= Cu0.77 +0.65,
Cd 0.013 + 0.020, Pb 0.069 + 0.110, As 0.315 +0.202, Zn 13.2 +
3.5, Hg0.018 £0.018 mg/kgl. = Zn> Cu> As>Pb>Hg> Cd
£o7 =7 YEYon, Zn, Cu, As, Pb & T8 F5A4
S 73 ZfolE& KA 21k(p <0.05), Hgot Cd Aleloll=
3t ztol & HolA] &ShTh(p>0.05). o3 FI] A<
= o] AFoEl& o)Al Kunito et al.(2002)7} el
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>Hg > Cd)9} H|5z5} % th(Table 2). A% (Mean+ S.D.)2 Cu
0.28 £1.50, Cd0.004+0.061, Pb0.068+0.190, As0.677+
0.188, Zn 1.8 + 10.8, Hg 0.003 + 0.064 mg/kg . & Zn > As > Cu
>Pb>Cd>Hg? 0% As7} Zn U202 & &8 H
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Fig. 2. Box plots represent the accumulation patterns of trace metals (Cu, Pb, Zn, Cd, As, and Hg) in organs of minke

whales from the eastern sea of Korea. Values with a different superscripts are significantly different (p <0.05).
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Fig. 3. Box plots represent the concentrations of trace metals (Cu, Pb, Zn, Cd, As, and Hg) in different organs of minke

whales from the eastern sea of Korea. Values with a different superscripts are significantly different (p <0.05).
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™ 3 312 (Honda et al., 1987; Kunito et al., 2002; Born et al.,
2003)}%.t} Cu, Pb, Zn, HgS H|52&t A} oF7F Whe 5129

on, Cde 10~1008] A= wj$- & S=Fo|Qdr} =3 2
F9] Ao BUAYGY S8 Aot 3 W

(Born et al., 2003)H.t} Cd& k7t wke Wb Hgl tl4 &

& FRE Utk 299 Agelle gt FEE S
oA E38ld W3 (Kunito et al., 2002)E.Tth= C
Cd, Hg& B8t AY vha 58 RHd Zn& tha W ﬂr

Table 2. Comparison of trace metal concentrations (Mean+ S.D) in the organs of minke whale (Balaenoptera acutorostrata) from the

literature
Trace metal(mg/kg-dry wt)
Study Area Organs* Sex** Reference
Cu Cd Pb Zn Hg
Southern Sea Honda et al., 1987
L M 16.8 =+ 37 35.8 + 18.8 041 + 0.14 142 + 254 0.189 =+ 0.77
F 182 =+ 36 44.8 + 26.1 0.42 + 0.22 156 + 314 0207 =+ 0.77
Pacific and Indian Oceans Kunito et al., 2002
Western South Pacific Ocean
L M 242 =+ 8.1 59.5 + 29.0 - 186 =+ 49 0.117 + 0414
E M 230 £ 0.87 0.112 = 0.114 - 69 + 188 0.080 =+ 0.031
F 222 £ 097 0.057 = 0.040 - 67 + 145 0.068 =+ 0.027
Western Indian Ocean
E M 094 + 034 0.008 =+ 0.006 - 54 £+ 131 0.052 + 0.013
F 1.04 + 045 0.007 + 0.006 - 58 + 44 0.054 =+ 0.022
Eastern Indian Ocean
E M 1.02 + 025 0011 + 0.008 - 66 + 149 0.051 £ 0.020
F 1.12 + 025 0.006 + 0.003 - 63 + 149 0.049 £ 0.012
North  Atlantic Born et al., 2003
West Greenland
M T - 0205 = 0374 - - 0288 + 0.185
L T - 38 + 312 - - 1.00 + 1.12
East Greenland
M T - 0.191 = 0.187 - - 0403 + 0.135
L T - 526 £+ 290 - - 1.92 + 0.39
Jan Maycn
M T - 0.101 = 0.073 - - 0.791 =+ 0.326
L T - 396 =+ l.64 - - 2.04 + 0.73
Svalard
M T - 0.161 = 0.102 - - 0315 =+ 0.166
L T - 376 £+ 149 - - 0.73 + 0.35
Barents
M T - 0.127 + 0.076 - - 0.505 £+ 0.204
L T - 350 £+ 145 - - 1.12 + 0.65
Vestfj./Lofoten
M T - 0.062 + 0.058 - - 0.593 + 0.604
L T - 239 £+ 1.86 - - 1.74 + 2.19
North Sea
M T - 0.070 + 0.041 - - 0902 + 04
L T - 1.85 =+ 0.74 - - 2.04 + 1.26
East Sea of Korea This study
L T 174 + 73 0288 =+ 0.340 0.168 =+ 0.228 120+ 383 0329 + 0367
M T 3.1 + 13 0.023 = 0.016 0.090 =+ 0.106 46 = 295 0255 + 0.232
E T 2.4 + 22 0.041 + 0.061 0201 =+ 0.333 40 + 144 0.051 <+ 0.049
* Organs : L - liver, M - muscle, E - epidermis ** Sex : M - male, F - female, T - male + female
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