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Exo] Zefste A= F(Shorebirds) o] 7Hat AN Fad F2

kil T R THEFYER9] 73} AN 22 76.7 uglwet g, 65.8 uglwet g =
A7 B2 FEE BT B A, A TP 2 TR 468 welwet g= UERN FFEC] ATt
TR, AFME AEE ] AEH Aol 1861 wwet g2 Z 7HF =UTh FHFEE 9EE 35
=9 7ha Al 242 254 ugiwet g3 441 pglwet g2 7HE =TE W X7 M X7 BA UE
g2 AETY FEAZA M 17.0 wiwet g, AZNA 402 ugiwet golATE I ¥ TEE EE

FTAA NG FETt A Y] FRET FA UERT el FHEE FEE 0734026 we/wet g
el FEE] REEQdA 7HE %Y, ARdAM e FEE] AEwA oA 4.89+1.49 ug/wet g0 & T}
=T ATES BE FAA 2RO AR TRV wokvh I8 7h AN Y di AliE
Fhe FeoMERE Adetie YERdAMY TR AEERT Eokth
Ay 7+ AEE A FF(shorebirds), A, 2L, 2FEEL
and Braun 1988). wehA] F7F 7124 ]01]*194 A M AA
A B SH | ofR7} o]F ARG A HFFH ZFFY =
TrZ] st T8¢ 93-S Bt
AaFe ASERYHCE %8 E(Charadriiformes)o] 4 ¢ Foll lejA Pb, Cd3} Hg 59 54 35 20 93t
= R o}=(Charadrii) 1371¢] ZHFamily), 2w} 7] o}5(Lari) 47H-4 ﬂ?t Bo] o] RoAF T} TEE] 5ATH a3 2R/ A
3} 223 viehQ gl obE(Aleae) 1719] H2 ERE e F 1 bools I3 Mg g2 A =54

M) oA EQobRed &3 13708 HE FAHSE \j\:r‘rl‘
9] 71202 A3 $lth(Hyman et al. 1986, Juana 1992). ©]E 7|

Q

o
I. 1984, Hoffman et al. 1984). 279 X3 & &3
HAAA, A, 95, W4, &

(o)

(’ [‘lo FlE = on
il
rlr

E ==

T2 g2 wf St Este A& F(Shorebirds)= F 62 o] Ay, *ﬁ“f% 2900 oA FFE L=k
Zo]t ¢ 1981, 2000, Hayman et al. 1986). o), 443 A et TFEY Fevt Bol Wk, Pb, Cd

Aeie 200 s 22 A& AEHoE 4o, g+t Hg 5& 443 @7 54 23 %4 € rKCheney et al. 1981,
B 23S o] Fof Agen, WAX 9 A Ato]9] FAF o] Honda et al. 1986, Hulse et al. 1980).
g gk EuEe Edske duRe Ao S5 | T oo & dAte FEIVElA HFF T NHAARA F
= T8 AN WAEta, - FAC v A AEE 2% 9L st e JHAYGA FTES AEEd Est
T2 NAAR o] &3, T YA FHH FHoAY, T T AERE Zgsto] AW 24 FoAA 2k A A FF
T, FAHE FANA EFdth iR AERES ©l 318& & FEE A8, ol & ALE Fotety, Yoyt dF
FAE o5l olate] Aol S E o] A 45 & o 59 MAAE S - #Esked 7 2AEE Awdtal
WA 7HAaR AZFe WS 7 =tkBerththold 1975). o]5& A} it
AW A g A o] 5719 qUAYOE o] &35t om,
olF AHo] A MAA B FANA dUAE F4 ZAA S gl Y
3k, BAAR] o)F7ldlE T ZIAANA FAs FHaHA
avEo] M YA E B33tk Connell e al. 1960, Odum et ZAA G PAFAG QAN Tl &3l YFE g
al. 1964). o]2A HZH AUYA L2 deA A 71538 7| $2 AH T QA=A FIALA S 9lste] o] o]F o7 HEE o
ZAel o] AED} HaRJel A 2] M2 AF 55 A7 ST Reminton e Al HafE AQstAthFig. ). AdSd T 3=

* Corresponding author; Phone: 82-31-201-2427, e-mail: thkoo@khu.ac.kr
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WA} Charadrius alexandrinus =B Charadrius mongolus,
L% 2 Calidris ruficollis, 1 ES_ Calidris alpina, ¥-=17E8
Calidris tenuirostris, 7“’4'3] 8 Tringa nebularia®t SF- L2
Xenus cinereus, 521 =2 Limosa lapponica®th. ©1E2] 714
o AP LT Table 101] EAS AT A2 1994@_4 1995

d 7k olgA71el AR s

I AR 5 vidge] gof sl st 4T w7hA
k20Tl WE E*o}“\:} 58 ANEE s F AT
= AT O dste 1k 3R FEAT

TEE BHE ot ¥E BES 24 248 A 74
8 g The oF 3~5 g2 A, A4k, it s 54 Ad
TeHoR 7t el el o2 100 m= HFd F+ A,
B3 b B FEle dAFHEER o8 AR S
o FREE S o] Aol PFeR e dae Eald

Fig. 1. Location of the sampling sites in Sammok(B) and Yeongjong
(A) Islands, 1994~1995.

Table 1. Collected species, individuals, date and area
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Table 2. Zinc concentration(mean+S.D ug/wet g) in liver and kidney
of shorebirds on Sammok and Yeongjong Island

Species N Area Date Species N Area Liver Kidney

1 Sammok September, 1995 1 Sammok 133 10.5
Charadrius alexandrinus Charadrius alexandrinus

2 Yeongjong August, 1994 2 Yeongjong 37.7x1.82  26.7£3.56

1 Sammok September, 1995 1 Sammok 27.6 6.95
Charadrius mongolus Charadrius mongolus

1 Yeongjong August, 1994 1 Yeongjong 34.7 25.5
Calidris ruficollis 1 Sammok September, 1995 Calidris ruficollis 1 Sammok 25.6 7.10
Calidris alpina 6 Yeongjong Aug.~Sep. 1994 Calidris alpina 6  Yeongjong 39.7£5.13  22.9£11.5

9 Sammok August, 1994 9  Sammok 30.6+4.67  30.5+6.83
Calidris tenuirostris Calidris tenuirostris

1 Yeongjong August, 1994 Yeongjong 45.8 80.7
Tringa nebularia 1 Yeongjong August, 1994 Tringa nebularia 1 Yeongjong 29.0 249

4 Sammok September, 1995 4 Sammok 29.7£2.29  17.4+7.41
Tringa cinereus Tringa cinereus

6 Yeongjong August, 1994 6 Yeongjong 21.2£12.7  22.7+4.10
Limosa lapponica 1 Yeongjong August, 1994 Limosa lapponica 1 Yeongjong 76.7 65.8
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Table 3. Manganese concentration(mean+S.D ug/wet g) in liver and
kidney of shorebirds in Sammok and Yeongjong Island

Species N Area Liver Kidney

1 Sammok 0.41 18.6
Charadrius alexandrinus

2 Yeongjong  2.58+1.09  4.17+4.19

1 Sammok 0.41 n.d
Charadrius mongolus

1 Yeongjong 2.83 2.17
Calidris ruficollis 1 Sammok 2.87 7.22
Calidris alpina 6 Yeongjong  3.14+0.76  3.05+2.65

9 Sammok 1.12+0.60  2.82+0.72
Calidris tenuirostris

1 Yeongjong 2.56 4.80
Tringa nebularia 1 Yeongjong 4.68 1.28

4 Sammok 2.14+0.80  4.02+0.60
Tringa cinereus

6 Yeongjong  2.06+1.26  1.73+1.76
Limosa lapponica 1 Yeongjong 4.12 3.88

n.d: not detected.

A" 202 Ygiyth 24 2AAM M 5L 5EE el
T M e YTEY] H2oMEL7F 319 wg/wet g, A7Fol
Me dFE9 FRFIUT7) 440 wiwet gO1NL, T 7F
MM JEL FTHFYUESR 254 wiwet g, AN = 22 A
Ao FLo7l= 29| 145 uglwet go] ATHTable 4).

Table 4. Copper concentration(meanS.D wug/wet g) in liver and
kidney of shorebirds in Sammok and Yeongjong Island
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Table 5. Lead concentration(meant+S.D wg/wet g) in liver and
kidney of shorebirds in Sammok and Yeongjong Island

Species N Area Liver Kidney Species N Area Liver Kidney

1 Sammok 2.76 n.d 1 Sammok 2.44 6.97
Charadrius alexandrinus Charadrius alexandrinus

2 Yeongjong 7.91+1.88  8.55+9.78 2 Yeongjong 5.93+2.58  38.4+124

1 Sammok 4.52 1.44 1 Sammok n.d n.d
Charadrius mongolus Charadrius mongolus

1 Yeongjong 6.33 257 1 Yeongjong 2.05 791
Calidris ruficollis 1 Sammok 5.16 4.63 Calidris ruficollis 1 Sammok 17.0 40.2
Calidris alpina 6 Yeongjong 10.549.11  6.09+3.16 Calidris alpina 6  Yeongjong 3.77£1.07  17.4+13.8

9 Sammok 2.90£1.22  1.46%1.25 9  Sammok 4.55£325  11.3+5.24
Calidris tenuirostris Calidris tenuirostris

1 Yeongjong 31.9 14.5 Yeongjong 1.72 2.03
Tringa nebularia 1 Yeongjong 6.10 1.04 Tringa nebularia 1 Yeongjong 448 5.62

4 Sammok 3.69+0.61  11.7£1.89 4 Sammok 0.90+0.81  3.08+2.67
Tringa cinereus Tringa cinereus

6 Yeongjong 10.87+47.53  4.38+3.85 6 Yeongjong 1.51£1.08  7.85+6.52
Limosa lapponica 1 Yeongjong 254 44.1 Limosa lapponica 1 Yeongjong 6.31 11.9

n.d: not detected.

n.d: not detected.
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Table 6. Tissues cadmium concentration(meantS.D ug/wet g) of
shorebirds in Sammok and Yeongjong Island

Species N Area Liver Kidney

1 Sammok 0.45 1.40
Charadrius alexandrinus
Yeongjong  0.62+0.21  4.89+1.49

1 Sammok 0.07 0.40
Charadrius mongolus
Yeongjong 0.29 1.17
Calidris ruficollis 1 Sammok 0.67 4.94
Calidris alpina 6 Yeongjong 0.73£0.26  2.43£1.48

9  Sammok 0.70£0.58  2.26+1.66
Calidris tenuirostris
1 Yeongjong 0.23 0.87

Tringa nebularia 1 Yeongjong 0.26 0.68

4 Sammok 0.34£0.03  1.57£1.89
Tringa cinereus
6 Yeongjong 0.53£0.32  1.69£1.17

Limosa lapponica 1 Yeongjong 0.30 0.73

Fhe =AM = YEAT B3 tEETEE SR
oA E=3Th T2 ofd 2 ARG Tl Bo] A HAL,
7R PR A, FEls tEE ellA, g e
AN, FHEES AN HET IFEEE B 7 A
e} FAHE 280 NZ th2A Yehde 23 5o B
of FoAtk olFA ZREHNA Ao whet 24 Sol4& v
Bhlle A2 7t 949 2HA M qF £ 1 24 15
ol 7tz tEth= ZAdA 7Idste ZolthDelbeke er al.

Table 7. Published arithmetic mean lead concentrations(ug/dry g) in
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1984, Honda et al. 1986).
FEE} AEE mste daFel el BEEs nd
1
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AEE) Aolzt QAT ZRAWAA T
Aol Folsl= E A< Delta aminolevulinic acid dehydratase
(ALAD)®] &4 3 &rstE o] tial 9 oA 2k Aelghet
(Kendall and Scanlon 1982). 18] 2/ 7t A G5 =71 8 ug
fwet go] Ao FZ-5(Wobeser 1981, Friend 1985), 2 ug/wet g ©]
8 ugiwet g o138k Foll =& Z(Bagley and Locke 1967) L
23 2 uglwet gOlFH A0 th(Friend 1987). FEgE, Zhel A
10 ug/wet g o178, A7l A 20 we/wet g ©130lH HEFOE <
ot 54 a3 BA S thBeyer e al. 1988, O’Halloran et al. 1988,
Friend 1987). & 7oA UYebhd 579 7lA dsee o
Lo ZEQ(17.0 whvet 9= AFTE 2L} ABE Y
BEE FA9A gl 228 739 &4 A5 EHA ofF ¥
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wading birds

Tissue Species Site Level Source

Liver Dunlin Calidrius alpina Severn Estuary, UK 42 Ferns and Anderson 1997
Dunlin Calidrius alpina Texas coast, USA 0.8 White et al. 1980
Dunlin Calidrius alpina Ottenby, Sweden 0.2 Blomqvist et al. 1987
Least Sandpiper Calidrius minutilla Texas coast, USA 0.6 White et al. 1980
Sanderling Calidrius alba Texas coast, USA 3.1 White et al. 1980
Western Sandpiper Calidrius mauri Texas coast, USA 2.5 White et al. 1980
Curlew Sandpiper Calidrius ferruginea Ottenby, Sweden 0.2 Blomqvist et al. 1987

Kidney Dunlin Calidrius alpina Severn Estuary, UK 1.1 Ferns and Anderson 1997
Dunlin Calidrius alpina Ottenby, Sweden 0.4 Blomqvist et al. 1987
Curlew Sandpiper Calidrius ferruginea Ottenby, Sweden 0.2 Blomgqvist et al. 1987
Curlew Numenius arquata Lindishfarne, UK 10.5 Evans and Moon 1981
Bar-tailed Godwit Limosa lapponica Lindishfarne, UK 2.7 Evans and Moon 1981
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Heavy Metal Concentration in Liver and Kidney of Shorebirds Migrating to
Yeongjong and Sammok Islands

Kim, Jungsoo, Sung-Keun Park', Doo-Pyo Lee’, Tae-Hoe Koo’ and Pyong-Oh Won'
Center for Environmental Institute, Kyung Hee University
'Institute of Ecological Environment, Ecotech
ZDepartment of Life Science, Honam University
jDepartment of Environmental Science and Engineering, Kyung Hee University
*dssociation for Korean Wildlife Conservation

ABSTRACT : This study was about heavy metal accumulation in liver and kidney of Shorebirds migrating to
Yeongjong and Sammok Island. Zinc concentration was highest in liver (76.7 we/wet g) and kidney (65.7 ug/wet
g) of Limosa lapponica to Yeongjong Island. In case of manganese, the highest accumulation in liver was Tringa
nebularia to Yeongjong Island, and in kidney was Charadrius alexandrinus, to Sammok Island, respectively 4.68
uglwet g, 18.6 ug/wet g. Copper concentration was the highest that in liver (25.4 ug/wet g) was Limosa lapponica
to Yeongjong Island, in kidney (11.7 wg/wet g) was Tringa cinereus to Sammok Island. Calidris ruficollis to
Sammok Island was the highest accumulated lead and concentration was 17.0 wg/wet g in liver, 40.2 wg/wet
g in kidney. Lead concentration was more in kidney than in liver. Cadmium concentration in liver was the highest
accumulated Calidris alpina (0.73£0.26 wg/wet g) to Yeongjong Island, in kidney was the highest accumulated
Charadrius alexandrinus (4.89+1.49 ug/wet g) to Yeongjong Island. Cadmium concentration was higher in
kidney than in liver to all species. Therefore, lead and cadmium concentration was more to Yeongjong than to
Sammok Island in liver and kidney except Calidris tenuirostris.

Key words : Heavy metal, Kidney, Liver, Shorebirds, Yeongjong and Sammok Island




