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& vEtdTh ZRAdE BEEET 047 wiwet g XY Cygnus cygnus)~3.74 uglwet g(21 50| Asio fla-
mmeus)?] AYE VEIU T, B A A2 E $£FHT 1Y W] QG459 2 ygiwet g o8kl s AA

7} 51.3%(397) 1), 2

kEH0) e 2oE A tEEY AF

529 10 wiwet g o1kl A3k A 46.1%3NA), TE5ZQ 10 wghwet g
o)Al s at= MM} 2.6%Q2AA)E Vet mekA
AZZAANA 7HE #A Uergon 3 WoME v

Y R SAZRT VAL ¢ 290

AL HaTh AAZH A ] FFEEE 0.06 wgwet g(FEEA)~1.75 gwet g EE]7] Falco subbuteo)?)
HHE VYL 23N DRAE Adets L5 v FEd AgaAth

HMO: o, HIQASE, LAFE, FFFE, JITE, AXR

M E

re
Y

ol H2HE QGERL B U7 E ARE AT
3 2 A el 297t HolAA HH o)

& BEHol} PAH FAo ZA H
T2 st HT o AE ART S BL3Y
H7He £ AE AERH FUE e d84
AE ARTOR 89T e FEEC A
on AeANA B2 GUdBAd X, G
ZF7t 2ol ARHZ Ut

tjo
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o

o e ol
ol
Y
e

fo

sit4

O N ol
El“.ﬂ'zgzgr.?‘i-ﬂ)l'_}l_‘
o

Tl L oox,
ot

3z
g7t 2 49
3 A4 2 FYE AT e
(Burger 1993).

ZRE o] 48 FARYHHL FAHA
E|Z317) S8 BAF F 4% FNEG FAA ] e
7] 0] 8851 gItHLlacuna ef al. 1995, Enes et al. 1999, 7
52001, & 5 2002). =3 AElA 29 RUEHE S8 AeA
9 Al e WFF(Burger 1993, Movalli 2000)8} FFF
(Honda ef al. 1990, Burger and Gochfeld 1997) = #4850 il

PN THE F 185 1239 450F0] LA flen(e]
2000), 2% ¥A HItY SAZRE BN AR A
A7V &R 4053 B4Rl AR BFH71F 135, L3
HE 46208 2 70F|tHY 1994, 7 2001).

FFA ZFE o] 4F &0 B A= HHIEVE o

23 AT YHY(F 5 2001, Nam et al. 2003, 2 5 2003)3}

Atk
A 3

259 Al 249 ST B3 A7(Lee 1989, ©] 1991,
0] 1995), 282 AW FF& EX0) @3 A& dogdriA

T 2000), HIE71( & 2002), NZ(F 5 2002)F F3] AdE
Fol @ste] B3t Qg B, @A 279 AY FI3E 33
2 FFEUHG T A1 vIEishe 53] HAZF o
& AFe AFIoh

geby & Qe FAL HAZF 163 WHAE o &6t
24 39 43 =g FHFE ¥ LIFEE A AL A

EstATh

Mz 3 g
AFNY 2R AHFFRFES 319 =4S ol 2000
AHE 2003 Aololl £AE 163 767HAZA I FAR W
& Table 1¢] Uelhdch
FAE Z2FE AW 224 2498 45k 74 A%, wid
H)E sRsle 7 RAEE FAS AT L F PN
ol g ¥R Yo FF& EHAA 20T ¥F B
FAT. FFE& AN Y BES 4 23S EANAH 72
g & AR 1~5g 34 F HEag g Agedd
A2 Zg F BadL 100 mE FYadck EigL
DDTC-MIBK Heo} o3 5%%% & 94533 A(Shimadzu
AA-6400)2 3} FFEES BA3GItHLee 1989). AEIAE
3 0.1 ug/wet g 0|3}, 7FEF 0.01 ug/wet g o] 5}olth

EL
279 22HS WPOR ¥ 0IFES AR /1E 972

FE B Pain Sears(1995)= <2 wg/wet g2 ¥]|QPSFF, 2~7

£ I 20029E 39Uty dul a7 Add g5 FYEHAE.
* Corresponding author; Phone: 82-62-940-5434, e-mail: dplee@honam.ac.kr
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Table 1. List of birds analyzed
Species N Sampling site Cause of death (n) Remarks
Order Anseriformes
Aix galericulata 12 Paldang Poison °
Cygnus cygnus 5 Yeosu Unknown (3) 00
Dangjin, Exhaustion (1)
Taean Shot (1)
Order Gruiformes
Grus vipio 7 Cheolwon, Poison (5) [ X!
Paju, Gimpo Accident (1)
Exhaustion (1)
Grus monacha 1 Icheon Accident ®0
Order Falconiformes
Haliaeetus albicilla 4 Cheongyang Unknown (2)  Jo)
Incheon, Seosan Exhaustion (2)
Aeqypius monachus 20 Hadong, Changwon Exhaustion (6) [ Xeo}
Yeoju, Paju, Namyangju Unknown (3)
Cheolwon, Yeongju Poison (11)
Accipiter nisus 1 Seoul Accident 0
Buteo buteo 5 Seoul Accident (2) 0
Hadong Unknown (2)
Naju Exhaustion (1)
Falco tinnunculus 2 Seoul Unknown (1) °
Cheonan Accident (1)
Falco amurensis 1 Paju Uknown (1) 0
Falco subbuteo 1 Seoul Exhaustion (1) o
Order Strigiformes
Otus scope 3 Seoul, Cheonan Accident (3) ®
Otus lempiji 4 Hamyang, Sacheon, Unknown (2) [
Seoul, Icheon Exhaustion (2)
Bubo bubo 8 Paju, Busan, Taean Unknown (3) ®0
Cheolwon, Buyeo, Incheon Exhaustion (3)
Chungju Accident (2)
Ninox scutulata 1 Incheon Accident °
Asio flammeus 1 Asan Accident °

® : natural monument, © : endangered species,

O : preserved species.

ug/wet g& L P40 2, Wayland2} Bollinger(1999)2 2~10 wug
Iwet g LETE, >10 w/wet g& FETELE FHAL,
Clark 2} Scheuhammer(2003)& <2 upgiwet g& WL B4E, 2~10
wiwet g8 73S LAFE, >10 wiwet g FEFTLE FA3)
T itk & dFAAE FAE d&std DA 'Y w2

<2 ugiwet g Y] 2GS (background level), 2~10 ug/wet g& S
£ F(exposed level), >10 ugiwet g& 5=-Z(poisoned level) .
2 AesA
Y, FtE B9 A9, Scheuhammer(1987)¢] ol whe} A%

AN <27 ugiwet g& B QPG E, >2.7 wgiwet g& LAFTLE
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A B AZRFY 7t 2AY PbyEE Table 20 A A3
th Z2AY e & B A E 047 wgiwet g(E22Y Cygnus
cygnus)~3.T4ug/wet g(£5-%4 ol Asio flammeus)®] W91 & UERY
I AAAME 048ug/wet gZEFZU Grus monacha)~139 g
fwet g(2B A Orus scops), Mo M= 0.53 wgiwet g(E21])~13.2
ugiwet g(E¥-9 o) Ninox scutulata)®] B E Vel 24949
Pbe] FasEe HEEY FolA T AR T WA &
< A%e Uit

Yutzo 2 259 AW 2AF 2F4 BEea
T 279 A%dA 8, €729, 3
H4el wet dEAVE AT, FEE
g3t 7 Aok F, MYA AN TEE
(FAxZ) 79 $AFCE FH5 o ZHerrt FolAAT A
FEE AL B3N E)E A% WA G(Pb)e] 4
B84 waslvh 2 Boh ARALE 17 HE 4% 2
=7} obzithHonda e al. 1986a, 1986b). Web -4 317
ZFE dRE A0 ¥53 54E By E ¢ Utk

718 7] B(Anseriformes)S] 723 YEEE BYH, d%dix
galericulataye B 3.07 ug/wet g E(Table 2), 72 28 F9l
QB9 HF Q2 (dnas platyrhynchos) 1.51 glwet g3t & 2.2)(4.
creccay 037 ug/wet g(Lee et al. 1987), 3718 = A(dythya
ferina) 0.32 ugiwet g D718 FR (4. fuligula) 1.53 ug/wet g(©)
19)Ett A Fof 2499 Aol 2 MAA Y LE A 7]
3 AAA B} A A7t Dottt 28y EXY(Cygnus
cygnus) 047 pgliwet g2 2 L& LFA A APFE E71 9%
FU(C. columbionus)®] Bd FX 0.53 ug/wet g, 043 ug/wet g
(Honda et al. 1990)3} vj<3tgdth

oM FEEE LYTEEE 8 BE 2 wiwet g 0|3}
o vl @eEd HFste MAE E3Y A AL, 2~10
wgfwet g8 QAFEE Bl AlE 44 1WA, 222 10
ug/wet g o1/l S Zah= A A A 23 FA S
tHTable 3).

o g {5 24 28R FFE UL
B QR FEE Aol FAF g% A0 BuHY 9
tHClausen and Wolstrup 1979, Simpson et al. 1979, Sanderson and
Bellrose 1986). dEM= AFF AMLS ZUFY oF 30%7}
HFE0E BYHY glon, of ¢ ExYe 1Y ZHlA
24z Bt 27.1 ugiwet g, 19.2 ugiwet g0 THHonda et al. 1990).
FHYFAME oM dFF g 3 4F 502 Al
& 70 F(dnas acuta)®] 7+l 59.1 weiwet go] ZHEE vl Q)
thel 1991). wetd £ ATl FEFE fFete 4%
2349 55t 77} 302 wiwet g, 28.9 ug/wet g8 o|EL
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Table 2. Pb concentrations(mean+SD, range, ug/wet g) in tissues of
Korean rare bird species

Species N Liver Kidney Bone

Order Anseriformes

. . 3.07£0.73 249078  1.33£0.28
Aix galericulata 12
(2.11~302*)  (1.50~4.41) (0.90~1.95)
047+031  0.73£0.22  0.53%0.14
Cygnus cygnus

(0.15~289%) (0.52~17.7) (032~232)

Order Gruiformes

S , 2168152 2162185 2862240
0

T P (064~4.61) (0.80~522) (ND-~7.26)

Grus monacha 1 0.81 0.48 NA

Order Falconiformes

1.13£1.08  1.18+1.03  1.89£2.35
(041~2.75)  (0.60~2.74) (0.13~5.35)

Haligeetus albicilla 4

2.99+1.55  4.4043.17  5.8246.27

degypi hus 20
CEYPILS TORGCuS (037~5.63) (0.63-9.80) (0.68~20.3)

Accipiter nisus 1 1.25 341 0.60
0.99+0.35 1.7121.07 1441144
Buteo buteo 5
(0.49~1.46) (0.75~169*) (0.07~3.37)
1.80+0.81 7.77£7.20  7.63£0.90
Falco tinnunculus 2

(1.23~2.38) (2.68~12.9) (7.00~8.28)
Faleo amurensis 1 231 9.49 493
Falco subbuteo 1 1.20 1.1 1.0

Order Strigiformes

or 3 2.92+3.38 13.948.22 7451645
0ps
s seop (0.74-683) (4.7420.6) (1.50~14.3)
265:1.83  7.8627.04 330150
Otus lempiji 4
(0.66~5.06) (2.02~17.9) (1.31~4.85)
1.03+0.67 1.81+2.12  7.86+18.0
Bubo bubo 8
(052~2.52)  (0.70~5.43) (0.46~52.4)
Ninox scutulata I 1.78 3.65 13.2
Asio flammeus 1 3.74 4.96 5.46

* : excluded from mean, ND : not detected, NA : not analyzed.

AHAANM FHE g, FAF 5ol ) & FEAIG Ao
Atz €t
T2 E(Griiformes)8] 7H2AE 95k HFAT 081 ~
2,16 ughwet O] QO LK Table 2) 7| & AR} AR e u]7} &
7bestth b ged £EE Y B4 EH 2F A F AFR
v)(Grus vipio) 37\ A 7} LEFF2~10 ugiwet g)ol| 23
v & (Falconiformes)d] 7+Z 22 YrTe i 0.99~2.99 g
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Table 3. Numbers of Korean rare birds investigated with background
Pb level; Pb elevated level; or Pb poisoned level

Liver

Species
Total Background Elevated Poisoned

Order Anseriformes

Aix galericulata 12 11 1

Cygnus cygnus 5 4 1

Order Gruiformes
Grus vipio 7 4 3

Grus monacha 1 1

Order Falconiformes

Halieetus albicilla 4 3 1
Aegypius monachus 20 8 12
Accipiter nisus 1 1
Buteo buteo 5 5
Falco tinnunculus 2 1 1
Falco amurensis 1 1
Falco subbuteo 1 1

Order Strigiformes

Otus scops 3 2 1
Otus lempiji 4 1 3
Bubo bubo 8 7 1
Ninox scutulata 1 1
Asio flammeus 1 1
Total number(%) 76 39(513)  35(46.1)  2(2.6)

fwet go] 1 tH(Table 2). = vl 1329] FUA= <0.1 pgiwet (3
RE42] Haliaeetus albicilla)~0.76 ug/wet g(RYN+&lul Circus
cyaneus)® Z(Pain and Sears 1995), Y& vjE9 BFX & <0.1
~ 221 ug/wet gO Z(Kim et al. 1999, Yasunaga ef al. 2000)0.2
BIE 8 glo} o]EF vy B o, £ A7 W& T &
7+ 2 H £33t

S#j ] E(Strigiformes) 9] 7%, 7+2AF Wy T 1.03
~ 3.74 ug/wet g0l tHTable 2). G oA thokdlt felo g A}
w5t &5 o)(4sio flammeus), B4 -2w U)(Athene noctua), &
HAJol(4. otus)e] YA = Z7t 0.56 ug/wet g, 0.28 ugiwet g,
<0.1 pgiwet g2 B3I 5 0 (Pain and Sears 1995), o}&&]o}
o} 52 EMnls 0.22ug/wet g2 2 BT E vl ltHZaccaroni et
al. 2003). o)&9] ¥l & A7 W E 55 FEE ¢
2 "otk

BEFEE L SujulF) 125 SIHA Y ZelM GEEE &

= STAHYANA AP A3 &

YrEHE TR BY 2 wiwet gol3te) W LHFES B
A& 3071 4)(58.8%) Hom, 2~10 wg/wet g0 LHYFEE
A A 2@ 2%, FETE 10 wiwet goly
IFEE B AAE |l Table 3).

$A4% AFFY $29L FE FEE Feoly YAF
5ol o8 12 28 FEFE FHYLLE U3 23F LR
LA GTHKIm et al. 1999). o]t Zro] Holg F3 FEAIE 3
9] BEI})(Buteo buteo) A 300 ug/wet g(Pain and Sears
1995)0], &) BneFe)e <2l (Haliaeetus pelagicus)ol| A
= 263~81.2 ugiwet g Fo] AEE ul YtHKim et al. 1999,
Yasunaga et al. 2000).

AFolM Bg PFFY VEEE 71E2E B QLHTE
& BH, 479 A$ 165 240A M LFFTol 47%, 55
30| 0.5%F }ebst7(Pain and Sears 1995), 7 vehe] A9 §
o) 2] <=2l (Haliaeetus leucocephalus)3} S2)(Aquila chrysaetos)
R7AANA QLFFFEo] 5%, FHEFFo] 12%Wayland and
Bollinger 1999), 7h v} thit BF 7 165 179704 A 34%7} 55
#3& YEPRHClark and Scheuhammer 2003).

ol idoll g} Zo] EAE I HAZXF 165 7670A S 2+
ZAZ 55 AA 4 AYdAH 138 SR vy &
2 AgE Btk 53, 48.7% HAZFIL BLE9FEE A2
uglwet g& Z33L3 glo] gt A2 Ae g4t FH
2579 A7t 4299 k&5 e ALE #ddEnh

lo pr c2

FIEE(Cd) S&

521 HAZXFY 4 23 JIEFEES Table 40 A4
Gt 24 FIEETEE AU EY T 0.02 ugiwet g
(F2)5-93 o] Bubo bubo)~0.49 ug/wet g(E2Z W)Y YWY E el
W A= 0.06 wgiwet g(FE G o) ~1.75 wiwet g(AHE
27 Falco subbuteo), o)) Al = ND(4] 5] ¢])~0.31 ng/wet g(A
7)Y HHE vel FlTEY HasET AFAA 22
A& VERATHTable 4).

FHEFS YoldAE Tt 2R Y, YAYZ &
8 ItEES 49 23 A€ thE o8 XY F7|E &9
B3 1 AFEre] Ao EEFcHLee ef al. 1987). Ytz oE
THYAQ E2o] o7 AL A L@ Wl 1
qE A% 9 xd FEIS Hric

7187188 ARF JtEE T8 B, 492 BF 078 g
Iwet g0 2(Table 4) Z-& 227 &9 JF2e 258 ug/wet
g, 41 2.8 0.50 ug/wet g(Lee et al. 1987), A& F7te] AFA 0.36
ugiwet g, B71 8 FX] 0.88 ug/wet g, 32.2) 0.87 ug/wet g, J1HFL.
2 0.98 ug/iwet g(o} 199D ¥zstglh 2t EXUe B
0.30 wg/wet g & A& FFA M Abgt EXY(1.26 ug/wet g)
9} 7U(1.24 ugiwet g)2] B3 (Honda ef al. 1990) v&] ¥
53 &4t

FRURY NAF JIZE FEE B 0.23~0.85 ugiwet g2

2 ulay g gt
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Table 4. Cd concentration(meantSD, range, ug/wet g) in tissues of
Korean rare bird species

Species N Liver Kidney Bone

Order Anseriformes

) . 0.08+0.11 0.78+0.59  0.0410.01
Aix galericulata 12
(ND~0.24)  (0.32~2.30)  (0.02~0.06)
0.49+0.60  0.30£0.23  0.0120.01
Cygnus cygnus 5
) (ND~1.18)  (0.08~0.65) (ND~0.03)
Order Gruiformes
0.03+0.03  0.23+0.28  0.0120.01
Grus vipio 7
(ND~0.08) (ND~045) (ND~0.03)
Grus monacha 1 0.10 0.85 NA
Order Falconiformes
. . 0.06+0.05  0.12+0.04  0.09+0.13
Haliaeetus albicilla 4
(0.01~0.15) (0.06~0.16) (ND~0.30)
. 0.16+0.28  0.18£0.12  0.04x0.05
Aegypius monachus 20
(0.01~1.32) (0.01~0.48) (ND~0.19)
Accipiter nisus 1 0.22 0.52 0.10
0.07+¢0.03  0.20+0.09  0.16+0.28
Buteo buteo 5
(0.04~0.12)  (0.12~0.35)  (ND~0.66)
. 0.14£0.05 045029  0.15+0.22
Falco tinnunculus 2
0.10~0.18)  (0.24~0.67) (ND~0.32)
Falco amurensis 1 0.43 1.27 0.13
Falco subbuteo 1 043 1.75 031
Order Strigiformes
0.20+0.28  0.87+0.94  0.18+0.08
Otus scops 3
(ND~1.07)  (0.20~8.67*) (0.01~0.24)
0.19+0.25  0.57+0.27  0.1420.21
Otus lempiji 4
(ND~0.56)  (0.36~0.97) (ND~0.46)
0.02+0.01 0.06£0.03  0.03:0.02
Bubo bubo 8
(ND~0.05) (ND~0.11) (ND~0.07)
Ninox scutulata 1 0.21 0.69 0.18
Asio flammeus 1 0.13 0.13 ND

* : excluded from mean, ND : not detected, NA : not analyzed.

PEFY S Su| B AYF JIEF FEE BY, ¥
& 0.06 ugiwet g~1.75 uglwet go| Ytk o]= %_IE— LEAJA A AL
28 gaz o] 0.8~2.28 wgiwet g, FrE] 0.35~2.77 ugiwet g,
A=4 037~2.55 ug/wet g(Kim et al. 1999, Yasunaga et al.
2000)) w3 Bl AY 7 @ HolYrh, E -2 U]
A 80 ddiol] B ZEo|(Accipiter gularis) 0.25 ugliwet g, 3
2 o)(Falco tinnunculus) 0.09 ug/wet g, TEE7}HE] 0.21 ug/wet g A

AZF 4 2ol N 534 37 145

H M(Otus scops) 1.09 ug/wet g(Lee ef al. 1987)3 v L3 Tk
A FIEF FEE LIFTHE 7RI B LFA |
A (8.67 wgiwet)E A3t BT v LGFFY <27 ug/wet g
o 3t ch(Table 4).

o] Aol Al 9 Zo] EAE HAZFI AFE
T 71E9 A+ Ao vE HzAY ¥
AN HAE A3 EF H LY 5
AH FtEFY] Ik TE2E Qe AR

o
A=Y

A, )78, TH3]. 2000. 3) 2.2}7] Nycticorax nycticorax A
7% Az 534 5 I dF2FHIA A1) 27-32

ARE, 8, o) F7, T E. 2001 MEA T FHE7] Colum-
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303-307.
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A F A, BHE. pp. 45-59.
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189-194.
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O] FH. 1991. oMY FE Lo g FEE5 2 U9 LASY
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Heavy Metal Accumulation in Some Korean Rare Bird Species

Lee, Doo-Pyo
Department of Biological Science, Honam University

ABSTRACT : This paper reports on Pb and Cd concentrations in the tissues of 76 individuals of 16 rare bird
species found dead across Korea. In most of species, Pb concentration was higher in kidney and bone than
in liver. The range of the mean liver Pb was 0.47 (Cygnus cygnus)~3.74.glwet g (Asio flammeus). Based on
hepatic Pb concentrations, 39 (51.3%) of the 76 individuals were classified as background level (<2ug/wet g),
35 (46.1%) were elevated level (>2ug/wet g) and 2 (2.6%) were poisoned level (>10ug/wet g). These results
were indicated many rare birds were suffered from chronic Pb exposure. Cd concentration was generally higher
in kidney than in liver and bone. The range of the mean kidney Cd was 0.06 (Bubo bubo)~1.75glwet g (Falco
subbuteo). Only one of the 76 individuals had elevated Cd concentration (>2.7ug/wet g) in kidney. These results

indicated most of rare birds had low Cd accumulations.
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