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Concentrations of Essential Metals in Tissues of Oiled Loons
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ABSTRACT

Concentrations of four essential metals (Fe, Cu, Mn and Zn) were determined in apparently oil-polluted dead
or near-dead three loon species collected in the Busan coast, Korea. Fe, Cu, Mn and Zn concentrations were
generally high in liver, and also, Mn and Zn were high in bone. There were significant differences in some

tissue concentrations of Fe, Cu, Mn and Zn among three species, but did not show any consistent evidence of

species-specific accumulation. Mean concentration of Fe was 11,635 +4010 pg/g, Cu 64.3+£30.7 ug/g, Mn

13.1+2.32 ng/g, and Zn 121 +24.8 ug/g in liver of all three species examined. Mn and Zn levels in this study

were similar to those of normal loons and other seabirds reported from different countries. However, Fe and Cu

liver levels were extraordinarily higher than those of reported. This result suggests that unusual accumulations

of essential metals such as Fe and Cu may partially arise from long-term starvation due to oil pollution.
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A e, 7299 F5 Tl dsiM = g
wh=tly ote}x] glo}(Debacker ef al., 2000). E3]
B4at WA, B (fasting), 442 2 9
o 52} clopat Aelzhgo) met Holdel B A
kS vlellio} (Honda ef al., 1986a, b; o] =%,
1996). =31 =7)7ke] A2 = 7)o} (starvation):
v Rt ope}l 53] Znd} Cu 22
LU0 -4 (mobilization) R E-H ALl oJ3F
& Fo93 d=EA don o widews
Somateria mollissima (Norheim and Borch-Iohnsen,
1990), g &=#ul} 2] Uria aalge (Wenzel and
Adelung, 1996) 5-2] ok 2Rl M YSH A

A Rl o999 AFzie) 234 54 @
T ofe] etelAl ol AEe} FAT FF2
93 Brda 47 BAZ olalsh) 912 @
Ve AR Rl Adolch B B 47
B A el 2R SRl 258 o)
#E Aoz AN 24 3 WrYL ES 5
Ao o5 U9 A% FRoGTH BAE
spetetaal gl

 d7dY 2FE ob] S (Gaviformes) ofn) 3}
(Gaviidae)®] oW] Gavia stellata, 38w 2]olH] G.
pacifica, 23| glolv] G. arctica®] 3202 o]
59 A B4 §AH8 Heolok B =)
e oplfE FE2 AMigel B, 2T i
#4, %, 34 SANA "HAlsy Fagta) Faet
Ao Ak @ 7} - FRX oA YEIH (AL,
1981; Carboneras, 1992). o}u]|FH= a2 ojA)X o

Table 1. Basic data on loon samples analyzed
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2 9E(HARDANM = FoAF (Salmo trutra), Aol
F(Salmo salaris), °do}=} o1 F (Rutilus rutilus) &
W o], upet (A FA) MM N5 (Gadus morhua,
Melanogrammus aeglefinus), 3|5 (Clupea haren-
gus, Sprattus sprattus), N3} o F (Merlangius
merlangus) 5& ok B3 £ FHFFE, N
7o), HARAEF 2 AD P ABLE W=
g}} (Carboneras, 1992).

BAF ohulFE 19999 HE 20039 Ag Bt
Ak 24 #ebr), gk (bay) 2 7 sl A A8
S5} (Table 1), 498 AAE £5 2] 7o)
$77F 2ol Qlolenl A Aol AR 4
Sedeh A Ao AAE 24 5 29 ol
2% Appeec S8 A3 248 AAE
5 kool 929 A g4 £48 2
AHA ekgrom APEIQ-ES & 4 %Yk Alse
A FA EER 35 Yo Fg& B4
7R —20°Col WE Raehel

i,
>
fu
e

AEelA sl EAR F sty 2 2
£l H) A 223 W (HEY) §o 248
FEAT. 32T AL Az7|el 80°C2 124
Z g]t &gl @ w7k Az A4 242
TAsst Alg 1~3gE Hsle] Al A4k 34
24 71t Zhd Eas F EeelE 100mLE
3|48t YAMEFB =) (Shimadzu AA-6400)2
#9248 23190k (Lee et al., 1989).

3. EAlxz
2E EA A gx SPSS-WIN version 12.0 X271,

Sampling date

Species Winter Winter Winter Winter Total Sampling site
1999~00  2000~01  2001~02  2002~03
Red-throated loon _ 5 1 4
Gavia stellata
Pacific loon 6 1 _ 9 Busan (beach,
G. pacifica breakwater, estuary)
Arctic loon i 3 6 12

G. arctica




September 2006 Kim et al. : o] H-2] B5PU4 5
AL o) Lsled AdYulx] EAEA (one-way

ANOVA)& AA|sleleh EAA §24¢ p=005
Szold BRAD 22e) BE Ak FEE

(nglg) A5z et

Zn gl 1%

ol & AW 22 F F5d4 BAE 3= Table
20] vyebdlet. ohul g 3%4 Fed} Cuxxi 7o
A E wellA Wotos, Mna} Znd bt wofl A

¥3 2l Yo} o F B4ULEE A 27
2 2A%oge nelch w3 2AR A 24
% %T'\:—J— [} —\:_ Feol 7}_24- lﬁ:j—a va Cu’ Mn

Loz vepdoh

12914 pug/g®) WHHE, 2F
ug/g)ell X 74 =3 w22 (FF
2kt (p<0.05, Table 2). o] &+ A gke-

ol A 7}

Kim 2 (1996)o] B 13} oju] &
QR Fela} v]Ssigch dubyo=

ERERELY
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u] 1;],,_ sﬂo]:za

Zt 22 F g Fepmy 99 e vledz

¥l (myoglobin), 3] 25241 (hemoglobin)9] Z7}e}

s 2 (ferritin) =3 & ZA] 9% (hemosiderin) 72

Fe A#A} chalzle]] 7]9)18}c} (Underwood, 1971).

ol f 3%9 7t 24 F A7 Fe = 11,653

+4,010 pg/ig2 HAA A A oFAHelA AR
oju] B Z3jAme]ohn) A NANETE < Suf o

o}
A =k

2 Fea dGEF e

(Alcidae) @ 7}m}-$-%] 2} (Phalacrocoracidae) ZF-2

27 (JF 11,166~ 12,914
393~593 uglg)

ofH]§ 3%l Fe, Cu, Mn, Zn?| F=& ¢
A A BA G- o2 F7ke
uk(Table 2) L
ol 2% e 9%

HpAae] F5o|H YA BolA] ¢lgte)
1. Fe skt
ol 7] AWzz F HF Fe 55+ 3

212} vhektA)
zpol= AL Ay, AE B =7
= oM = (o] F=, 1995)

FERS ok 106 o] w4 vebde 22y o)
% Michigan 2] HellA] 313 Abgeprvt ==
EAY A Al Fukoln] (Gavia immer)?] 3
T FEEeE o 44 gohort FEYslE ww
3% 4% Aas B d79 xe AE ¥
& %8 B3I (Table 3). o] ¢} 7ol ofzte] {57
o 2g=e] AbY AAded & A7 A=) Ay
o=z Ak 214l Michigan A4 €] ‘3—,1” Al B oA
BE 7F A ZF Fe =57} Bol5lH =2 718 ¢

Table 2. Concentrations (mean=+ SD and range in parenthesis, pg/g dry wt) of essential metals in the liver, muscle, kidney

and bone of loons

Tissues  Metals Red—throated loon 'Pacifk.: loon ‘Arctic. loon
Gavia stellata (n=4) Gavia pacifica (n=9) Gavia arctica(n=12)
Fe 12,914+4,587 (9,232~18,907) 11,691+4,764 (5296~19,881) 11,166+3,463 (4,663~ 15,729)
Liver Cu 60.4+13.1 (47.3~75.3) 62.1+29.8 (15.6~115) 6731363 (28.4~139)
Mn 11.6+1.70 (9.10~12.7) 12.9+2.75 (9.35~17.2) 13.7£2.05 (10.5~17.3)
Zn 106+21.1 (82.8~133) 112+20.6 (74.8~137) 1344242 (111~186)
Fe 1,591+373 (1,052~1,892) 1,177+484 (596~ 1,877) 1,508 £689 (811 ~3,246)
Muscle Cu 55.6+10.1* (42.4~65.7) 32.7+£15.9° (11.9~65.1) 36.7+10.7% (19.2~51.9)
Mn 1.5040.54" (0.77 ~2.07) 1.25+0.23" (0.89~1.57) 2.54+1.36" (1.28~6.43)
Zn 85.4+8.81 (73.6~924) 73.1+£20.8 (35.0~98.8) 81.6+27.5 (44.6~132)
Fe 1,274+324 (946~ 1,171) 1,264+431 (628~1911) 1,187+234 (853~1,592)
Kidney Cu 30.0+£6.71 (21.1~37.3) 252410.1 (8.48~39.7) 19.5+12.6 (10.4~55.2)
Mn 9.85+1.13 (9.03~11.4) 8.53+6.64 (3.68~21.5) 5.74+1.13 (4.49~8.12)
Zn 93.8+13.3 (74.2~103) 96.5+26.9 (65.6~148) 93.0+£29.1 (65.5~155)
Fe 593+ 143* (474~799) 393+67.4° (291 ~487) 437+ 107° (307~619)
Bone Cu 3.100.64™ (2.30~3.85) 3.89+0.72% (2.75~4.67) 24340.57° (1.46~3.15)
Mn 9.46+1.21° (9.03~11.5) 11.4+2.54® (8.08~15.9) 14.5+2.95% (7.70~18.6)
Zn 13749.13* (128~ 146) 96.5+£26.9" (64.8~130) 108 15.6" (77.5~133)

*®For each species, means followed by different letters are significantly different (p <0.05)
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-~

S oleh o) £ A4S BE 23 A7A Jlebt 2
7% AR BEA] Ak Ao2 vo} A
7172k8] 71ob7k AWM Fe Sal 2 Aol o33
& vl 4 glehe AME ohAlE ok

o

ol F 3% AW =3 F W CuFx=
2.43~67.3 pg/ge] W=, dx2q) 2
60.4~67.3ng/g)ll A 71 =1 AzA Q] w 3]
(H 243~3.89ug/g)ellxl 7 Al ek
(p<0.05, Table 2). 7+ Feg} vlzt7lz] 2 Cugl A
AuzA 4L v £ A7 2AEE
= o8 27 A vl (Kim e al.,
1998).

olul# 3% 7+ 2% F HF CuFE: 643+
30.7 pg/g (15.6~ 139 ug/g) 2. w)= Michigan=] o]
Al APV = WEAG AR A FQ] BHpe}
nje] el F xlelr} gladont AHAFHl B Ao}
9] olnjg} Z3|MuE|eln] FERUR= oF 3~5ul
Ax A vebge 2213 AeA sFzid vt
tted]s} @ snpex|3 2{9] Hd FrEC oF
2~3v) A% 2 73S Bk (Table 3). o]} 3
o] 2t 2A%F ¥2 Cus=: Fed} vpirix|2 2
717kl AA 7)otz <13t AW Cu djrfo]Ade] 2
¥ Aoz Ated

3. Mh Sk

o) o] Al =3 F HF Mn =L 1.25~
67.3ug/ge] WA=, I 11.6~13.7pg/g)7
ZA) (FF 946~ 145 pg/g)ollH =31 &% %A
(7 1.25~2.54ug/g)ol A 7P w2 Aes B9
o} (p<0.05, Table 2). o]8] 8+ A3 Kim £ (1996)
o] X313t ofu|Fo| EEI R} v]53, Klasing
(1998)2] =FollA Mnd w, 7k A3 2 A% =
Zlo] 71 FEH oz Fodhe AR ¥ &
Ao] dojdri= B aslw AR

oM F 3% 7+ 22 F Y7 MnFpEE 131
+2.32ng/g2. vl= MichiganA| oA 4318 Hx}
ofa] 9] FEHU= WAl F xlol= RelA] ¢
kel 3 A otel| A =38 AAFH ] ofu]e} &
s|Am ol o] Fx9 vEdd on, v Yz
74l vieteEld 9 AR 2/HEY] Fx
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% 2 zpol7} 8lglTh(Table 3).

xRl F4E 5 e Mng F=o o
g AR BE53 FHolrh Hal Mnd w3 ¢ )
v} 59 vetell A 385 (gasoline)oll Pb w4l
A A2 2853 glom (Cooper, 1984), BlA| =L
Culiacdn A2 F Al A A AFA] 24
0] 8537 )4 (Pdez-Osuna et al., 1993) o]& 3}
R LTI EE:
5} we SE bR o5 Ahge] B
7 e 72 ARE Guske RN B ohlF
o Mn 5=t 299 Holehn A=t

olp] ¢ 24 F HF Zn TxE: 73.1~137
ug/gs) W=, 7(HF 106~134 pg/e), W (B
96.5~ 137 ug/g), A7 (H 93.0~96.5 ug/g)e] <+
% 24 (YT 73.1~854pg/ig) vt B> AT}
B} (p<0.05, Table 2). o]&]3F AL Kim
(1996)2] HAekAY opul o) X 7H &
TEAA 7P e FAAES dAsKH o
Aoz Zng dAxAQl &, L ARG AHx
ol Wi} A" Foll ¥ FHEHE 24 HolAe
Belvkx ofelx glovt B dFedA Zn e
Az AzAZke] FHatols Bl

opp|fH 7+ 23 F HF Zn FxE 1211248
ng/g2. @Alol g v|S- Michiganx| JellA 438
ol f9] F=9} HlEE fFolA. =T gz
F< viesst 9 spkeAlst 2589 Fxo
= & z}o]E HolA] ¢l (Table 3).

fo & (Z ki oft mo r

o

FRYY BFHL

=z}l

&

A

Hi

FAE Aol 29" oplFe 7 24 F I4
A4 see wu" AR ol Rsh B4y o
FzFo »xHr} Fe 3 =x ¢ 5~10v), Cu 5=
+ o 2~5u) A= A vhehdort Mns} Zne]
TEE Aol HolA A4Stk

7t 24 9] Fe p2y 2729 AR e} A4
oG9 WEs, 2 AR WE F2 o 2v)
Axz d#A ok (o] Fx&, 1995). 1 = Ty
2 (Egretta alba modesta) i3 %2] 7t 24 & Fe &
AYwle gz w8 2P (Honda et al., 1986a),
W=2] I (Pygoscelis adeliae)ol| A= 28] =
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Y3 A e=rt s 23t v (Honda
et al., 1986b). =3+ Hunt 5 (1981)& 224 o}
279 wleheelRe) A% ALbE ARk 7]
dfoll Fe Aghiaql v]eFzulg wo]
33 9le Aoz B3t 7k 27 F CusE=ET
" et= €] ¢ V| Q) (metallothionein)el] )3 EA A}
Moz Alelxlrtw 4ei# ¢lv}(Anan er al., 2001).
T2} Parker#} Holm (1990)2 Al=h7)zF ¢ v}
t} e )& (Somateria mollissima)®] 7} FAl= 63%
Zrasi, ARtz A BE77kA] A F] 46%,
Z+ FAY 27%7F v FAagHaan sgEd,
Savinov 5 (2003)- o|#3 Aoz g vl
A5e 2 24 F ¥t T4 S A5 o
ek TP & A7 Fed} Cu =t ool A
B WEd A% S fiedes 4
@ H949F das 109 24 2 sel, A

o 223 AR Ao 3pE H30| %01
¢ ez Aledn.

Pérez-Lépez 5 (2005)2 s okz72] =32 4] Cu,
Zne) FEE R 29® 7 zﬂ s a4 ge
ZE AAE vaPE d FEE v B
Aoz fRedoz A yEielr =A 9

3 3}t Nybg 5(1996)2] ¥iel &8} Zn-
Aol o8 ==L, o EX)

Zn® $4-e WA (gu oz wiEe Z7MAF)AY
FRE AAANA Zng] FHo] o o]} FIsHA

deohn sodch w3 WE oA FHEEE )
BlFe] o)) Zn yEE @7 39 Hxd o
shed 4 $ARSEE A Zn
4~ g3 3¢} (White and Rainbow, 1982;
Devineau and Amiard-triquet, 1985). t}ebx] ¥ 313
50 2 Ffolg wolAl % ol Fe| Zn i
= el o8 249E dew weln, w3
27 FolA] Zne) oFo] Z7bsholw ol 4E 3 of
v F A JFelM 2] dA = ooz

- _
F 24

Znol 2957 @ Aoz AR
Tz} Saeki 5 (1999)8 §-Fo 8% vana-
diume] EWFol ¢9leJA] Fe, Cu 22 949} kol

4BBA Aon sedoh wY Wenzelsh
Adelung (1996)& §-57} 22 $29 gokiel:=

53] Cu,Zn 22 5% x| 9% Fox 3}
‘330‘11 Debacker - (2000)-& 7+s} A& =2 2
"ela et A A3 Ao} A #
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do] slatx sHEdl, F7e FF% Fed] FX
°d

gk F=X|9k Cu, Zne 2 o33ko] globa 3}eich
o]} Zre] YREe AFAINE FHLES

el sxo) 2 ARE oA Froa e
Ala Tz g3t ‘:]"j/]:-’]
Foll sl =77t lnsﬂfﬂ k2 ANEElE 7

ol AFHH, & A7 AsAH Rz {77
ARl 2o gl A712 A F Tlotm Ate}
7ok zbel7l e ez detde) ey
A7 A ZF Fed Cul] Bo|Hoz =2
vl okzle] S8 ool og <3t A7k AR
7)oke] ejgos AzRAL, AR AL Ho}
A7) AANE oz $FoAF WYL 3
Zre] Al W A o 29% Alow Alw
ot

r}rz e
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