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7} 51.3%3970 A1), LAFEY 10 we/wet g olstel allGsts WA 7E 46.1%3570A), 5T 10 ug/wet g
o] Ato]| EH%F A7 2.6%2NA)E esTh weba] Adae] st SAZFRIE AR W S
LEHol e ASE HAdHh FtEEY] A AFZANA 7 A UEhsten 7kt Wox = v g

=
AS HAth Az M) HFFEe 0.06 vgwet g(FEIFAoN)~1.75 ugiwet g(M=22]7] Falco subbuteo)2]
HAE YeER Y A URAE A3ty BT v d £33l s skt

o

Hol: ', )9 gE

s

S 2000), FIE71( 5 2002), 41 =(F 5 2002)5 3] A
A Foll gste] Bt Qs W, d=at ZEA A T4 4
2 gAR maloﬂ #3 At vk 53] AR o
AAA e BEHE LEEAS Bolv ti7]E A3t AE g A= Aotk
TES SO AT AAAA -7 HAAA =HH o w2t »‘é A= =4t ﬂﬂze 165 767041 & ©]-&3k4]
g AEFEHs T S YA S4o] FA7t H 24 T 93 AEEY] FHFE 4 LEFES DA R A
I Atk o]¥ o] & st HZ Fo] AE AEFTS EEato Edtith
FH 3 0ds WY F e AETH BUEEY] 484
ol hFHL Uk HE AEFOE SRHY e FEEE A AE 5
e7h & dHA om QAN & Il A, vk
g A% 1 FHs 7 e 2R7F Bel ASHY AU A7 2/ AhF=FERES 3o TS wol 2000
(Burger 1993). WRE 20039 Abolell =R E 163 T67/HAZA 1 AAIE &
ZRE o189 IHEYE S FA4 T L89S BY & Table 1o YERHSITH
Elgsty] sl vl 5o 4% FAEI ZFAo] A3 = FHE 2Re A 25 £4E sk 71 207, w(E
7] 5ol &&= tHLlacuna ef al. 1995, Enes et al. 1999, 7 WE g Ratel 72t Hgd g BAES ZAsU 1 F oA E
T 2001, ' 5 2002). =T A 29 RUEHE S8 AEA godal R Yol 5% TAANZMA 20T ¥ B
o) AHo] = WEFF(Burger 1993, Movalli 20009} FF57F stk T E& BAA W BES 7 248 Sl F5AA +483)
(Honda et al. 1990, Burger and Gochfeld 1997)%= Z&5o] g}, 3t AR 1~5g5 S sk FE e s AgEa
g=tal 2R F 185 7234 450% 0] EHA doH(o] AZ Fad & EAAS 100 mE At HadE
2000), 1= H3 quw HAZRFE T3 A AA s A DDTC-MIBK ®el 9s 553% ¢ 92533 %=7(Shimadzu

o
A7 e 4053 TN AGE EFH71F 135, B AA-6400)2 &3t TFEES #‘1 3} A TH(Lee 1989) AEdA=
Ly

FE 46T F 7()&0]1:}(*’4 1994, 71 2001). F 0.1 wgiwet g 13} 7F
At 2RE o] & TS A9 A7 HuEIE 9

43 B4 EYHY(A & 2001, Nam et al. 2003, 7 5 2003)3} A5

2579 A 48 FFE T AF(Lee 1989, ©] 1991, z

o] 1995), 23 AW FF& Hxo] #H A+ (R #E HA

du F
o Az
iq

L‘

A7 20029 SEthehal i AE o) Aol s FHH S
* Corresponding author; Phone: 82-62-940-5434, e-mail: dplee@honam.ac.kr
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Table 1. List of birds analyzed

SHAE A A 27 A A3

Species N Sampling site Cause of death (n) Remarks
Order Anseriformes
Aix galericulata 12 Paldang Poison ()
Cygnus cygnus 5 Yeosu Unknown (3) @0
Dangjin, Exhaustion (1)
Taean Shot (1)
Order Gruiformes
Grus vipio 7 Cheolwon, Poison (5) [ Jo}
Paju, Gimpo Accident (1)
Exhaustion (1)
Grus monacha 1 Icheon Accident [ Je}
Order Falconiformes
Haliaeetus albicilla 4 Cheongyang Unknown (2) @®o
Incheon, Seosan Exhaustion (2)
Aeqypius monachus 20 Hadong, Changwon Exhaustion (6) [ o)
Yeoju, Paju, Namyangju Unknown (3)
Cheolwon, Yeongju Poison (11)
Accipiter nisus 1 Seoul Accident [ o)
Buteo buteo 5 Seoul Accident (2) ¢)
Hadong Unknown (2)
Naju Exhaustion (1)
Falco tinnunculus 2 Seoul Unknown (1) (]
Cheonan Accident (1)
Falco amurensis 1 Paju Uknown (1) )
Falco subbuteo 1 Seoul Exhaustion (1) @)
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) [ Je)
Cheolwon, Buyeo, Incheon Exhaustion (3)
Chungju Accident (2)
Ninox scutulata 1 Incheon Accident ()
Asio flammeus 1 Asan Accident [ ]

@ : natural monument,

O:

endangered species,

O : preserved species.

ugiwet g LHFFF2 2, Wayland 9} Bollinger(1999)2 2~10 wg
lwet g2 QUAFFE >10 wiwet g EEFFOE FAEYL,
Clark 9} Scheuhammer(2003) <2 wg/wet g H| LHFT, 2~10
uglwet g8 44 LAFE, >10 wiwet g& TEFTOLE #7433

2 gtk B ATAE FAE Aol oA el FE}

<2 uglwet g2 H] Q2 H4F(background level), 2~10 ug/wet g= S
A<F<F(exposed level), >10 ug/wet g2 T <F(poisoned level) S
2 ddaith

o, FFEF9] 7%, Scheuhammer(1987)2] ol wha} 217
NA <2.7 wglwet g BIQHFE, >2.7 wglwet g LHFTOE
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cygnus) ~3.74uglwet g(FFY 01 Asio flammeus)e] HHE HEM
3 A= 048ugiwet g(ZFF1] Grus monacha)~13.9 ug
Iwet g(Z2 AN Otus scops), W ol A= 0 53 ug/wet g(E3H)~13.2
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Z1THHonda et al. 1986a, 1986b). WA ?5}%"} 3]
RBE A 954 548 Bty £ F Qith

7121 7] & (Anseriformes)®] 7+23F FEEE HW, A (4ix
galericulata)S 1 3.07 wglwet g Z(Table 2), 72 22 F
A& HF 22 (4nas platyrhynchos) 1.51 ug/wet g3 2 2 2](4.
crecca) 037 wgiwet g(Lee et al. 1987), 72 B=A|(4ythya
ferina) 032 wg/wet g+ Y71ASA (4. fuligula) 1.53 ug/wet g(°]
1991 o IA o} A9 zpo] F-2 AAA ¢ 2 GelA 7)<l
gk 2R Bk Al A7t e stet v S3Y(Cygnus
cygnus)= 047 wglwet g0 2 UE DFA oA Apdet F7Y 9}
JY(C. columbianus)®) HF FE 0.53 wglwet g, 0.43 ug/wet g
(Honda et al. 1990)2} WSSt}

oM FEEE SEFTHEE 28] BY 2 weiwet g ©]3)
o] vl dFEd AFete A EY HANeH, 2~10
< Ao} 1A, FE555 10
= 9 UiAS 2349 HA A

PN off o off
= (T S e

[ S i
Ju9)
T,
ﬂi
~N
N
)
[
T
O,
o
=
2
lo

vy

uglwet g2 _‘?_ FE
ug/wet g ©
THTable 3).

ArA 0 8 27| gdEnd 24 EFd HFH L
m o FEE Agolu WA o Z0 R BV 9]
TH(Clausen and Wolstrup 1979, Simpson et al. 1979, Sanderson and
Bellrose 1986). YollMe A5 APEE LU F2] oF 30%7F
HEHoE BHIHY 9loH, o] A FYst A9 7hlA
F2b S 27.1 wglwet g, 19.2 uglwet g©] A THHonda et al. 1990).
Ul A do N d5F A da) dEEoR AT
3 HQ 2 (Anas acuta)®] TH A 59.1 wg/wet go] HEE vt 9l
). EL}EW 2 AFNA FEFE dAgsle OMer

S5 47 302 ulwet g, 28.9 uglwet gOF ©|F

N

re 2ok Ho J

(°] 199
BRI

S

2
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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 2.4940.78  1.33£0.28
Aix galericulata
(2.11~302%)  (1.50~4.41) (0.90~1.95)
c 0.47£0.31 0.73+0.22  0.53+0.14
nus cygnus
VeI €8 (0.15~28.9%)  (0.52~17.7)  (0.32~23.2)
Order Gruiformes
» 2.16£1.52  2.16+£1.85  2.86+2.40
Grus vipio 7
(0.64~4.61)  (0.80~5.22) (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
Haliaeetus albicilla 4
(0.41~2.75)  (0.60~2.74)  (0.13~5.35)
) 2.99+1.55  4.40£3.17  5.82£6.27
Aegypius monachus 20
(0.37~5.63)  (0.63~9.80) (0.68~20.3)
Accipiter nisus 1 1.25 3.41 0.60
0.99£0.35 1L71£1.07  1.44+1.44
Buteo buteo 5
(0.49~1.46)  (0.75~169*) (0.07~3.37)
: 1.80+0.81 7.77£720  7.63+0.90
Falco tinnunculus 2
(1.23~2.38)  (2.68~12.9) (7.00~8.28)
Falco amurensis 1 231 9.49 4.93
Falco subbuteo 1 1.20 11.1 11.0
Order Strigiformes
2.92+3.38 13.948.22  7.45£6.45
Otus scops 3
(0.74~6.83)  (4.74~20.6) (1.50~14.3)
2.65+1.83 7.86£7.04  3.30£1.50
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
(0.52~2.52)  (0.70~5.43) (0.46~52.4)
Ninox scutulata 1 1.78 3.65 13.2
Asio flammeus 1 3.74 4.96 5.46

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

4

AAA N A FHE
A}E’LEI o},

T30 5(Gruiformes) ¢ 724 % HEl HIEAE 081 ~

2.16 ug/wet gOl RS WK(Table 2) 7] AE7F A T3t ¥lwrt &

7Festth ik, Be 9 FES B £4 9 2% AT AFF

u](Grus vipio) 37RAI7F LHFFE2~10 wg/wet g)oll 3Gt

vl 5 (Falconiformes) 2] 7F2AF Here H 0.99~2.99 ug

A HAF Sl O3l ¢ FEAS RoE
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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

Haliaeetus 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(51.3)  35(46.1) 2(2.6)

/wet o] ATHTable 2). B w5 1359 FYAE <0.1 wglwet g(3
HW2)5e] Haliaeetus albicilla)~0.76 wglwet gL N2l Circus
cyaneus) 2.2 (Pain and Sears 1995), Q& wjZo] HFAE <(.]
~ 221 uglwet g2 Z(Kim et al. 1999, Yasunaga et al. 2000) 2=
By vl 9lo] o] 53 Hlwsl B wf, & A9 & see oF
7 %L o] 230

S 1] E(Strigiformes) @] A%, 72T Hels H 1.03

~ 3.74 ug/wet gO]ATHTable 2). F=roll A Thger Yol o7 A}
ek 2 F-Ado)(dsio flammeus), T3] |(Athene noctua), 3
Fdol(4. otus)e] FUA= 22 0.56 we/wet g, 0.28 uglwet g,
0.1 wg/wet g2 ¥ 5] 2™ (Pain and Sears 1995), ©1 &€&l o}
o] Fa]gm v = 0.22ug/wet g2 KB H 1} ) THZaccaroni et
al. 2003). o]l Ha 2 A7) Swhr]E 55 FEE vig
=2 "otk
BEReE B SulnE) 12 SIRA TN HEEE 2

A

O

o

k!

SHAE A A 27 A A3

FEEE PR HW 2 wiwet gol3te] HILAFES B
RO, 2~10 wgiwet g0 LVFFES B

= 2MA@12%) R, THEFEL 10 uglwet go]/3e]

xﬂ—t— 3070A1(58.8%)
FEE B A= ¢tk Table 3).

A4 :.“: uics
=
é

AU WEFE F2de FE FHE A”od WAF
T ol 1A LHE FERFE FobELR 8 24K LR
A THKim et al. 1999). 019k ZFo] Hol S Foll THAE 9

=9 BT (Buteo buteo)| M= 300 wg/wet g(Pain and Sears
1995)0], L& o] 32|59} %L?FJ(Halmeetus pelagicus) 4]
T 263~812 wglwet g¢] Fol AEF HF UTHKim ef al. 1999,
Yasunaga et al. 2000).

oA ByE Ba7e g 7E A

S B o) A% 165 NUNANA 2L@5Fo0 47%, %ﬁ
’“201 0.5%= YEFSt(Pain and Sears 1995), 7 ythe] 74
v 2] 4=l (Haliaeetus leucocephalus) 2t 7542 (Aquila chrysaetos)
1R2774AANAM L] 5%, FE45F0] 12%(Wayland and
Bollinger 1999), U THit WEF 165 17970A oA 34%7F S5
455 YE tHClark and Scheuhammer 2003)‘

oo A gt ol £AH =t SAXRRF 165 T67HA 9 7}
2% dEee AA 24 AdellM g %EED} LIRS
R

AE 2510 53, ) AAZR M2 2 2

oiwo] [o)ex]

- HN

7}1:13( ) e g

At SRR 7F 2AE FFEFFEE Table 49 AA
StATh AW FIERFEE AHEH ZH M= 0.02 wiwet g
(F8l 3940l Bubo bubo)~0.49 ug/wet g(FLH)e HHE e
WA A A E 0.06 wgiwet g(FEI TN ~1.75 ugiwet g(ME
27| Falco subbuteo), W ol A= ND(Z] 54 ) ~0.31 ug/wet g(A
7)Y HAE vl =g HiEFee A =2
7385 e THTable 4).

7}‘:“ < HoldHE %5}04 ] S, AANE F

& ol X9 A7 &t
Eﬁ a *J%%W 7ol %if&v}(Lee et al. 1987). YWtz o g

skE
/wet g© Z(Table 4) 22> 287 Y29 H52e 2
g, 2122 0.50 wglwet g(Lee et al. 1987), A& 3H7}<] & é 2] 0.36
uglwet g, D718 52] 0.88 uglwet g, S22 0.87 ug/we g, AW
2] 0.98 we/wet g(©] 19913 vty 28V S3Y= o
030 wglwet g0 & A& DFAol M APZE SIU(1.26 wg/wet g)
S} Y124 wghwet g)9) B35 (Honda ef al. 1990)] Hl&] €

53] =drh
FROEY AAF Sew

2 HZd we Aelgik

TET Wt 023~0.85 vg/wet g2
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Table 4. Cd concentration(mean+SD, 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 0.04£0.01
Aix galericulata
(ND~0.24)  (0.32~2.30)  (0.02~0.06)
0.49+0.60 0.30£0.23 0.01£0.01
Cygnus cygnus 5
(ND~1.18)  (0.08~0.65)  (ND~0.03)
Order Gruiformes
0.03£0.03 0.23£0.28 0.01£0.01
Grus vipio 7
(ND~0.08)  (ND~0.45)  (ND~0.03)
Grus monacha 1 0.10 0.85 NA
Order Falconiformes
) . 0.06+0.05 0.1240.04 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 0.04+0.05
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 0.45£0.29 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 0.43 1.75 0.31
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 0.14£0.21
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.

BEFA =2 Zujw]E AAF e TERd ¥
+ 0.06 ugiwet g~1.75 uglwet g ATk ]li: JOX] oAl A}
ek 372422 0.8~2.28 wgiwet g, AT 0.35~2.77 wglwet g,
A542 037~2.55 ug/wet g(Kim et al. 1999, Yasunaga et al.
2000)°ll Hlsh H]szobAL SFZE v ol Ak, 7 9 EMEM]
A 80 dthell B ¥ ZFo|(Accipiter gularls) 025 uglwet g, &
E-o|(Falco tinnunculus) 0.09 ug/wet g, FE7H] 021 uglwet g, &

2
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A (Otus scops) 1.09 ug/wet g(Lee et al. 1987)3} W] S23}3Th

ARAAM g FEE LAFTEE FE BE AR |
MAB.67 wglwet)S AT BF Bl QA5 <27 uglwet g
of & F8l % th(Table 4).

ol gell A ek 7ol FAH 327
= 7129 A Al H]‘ 1%
2 1IHAE A st
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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)~3.74uglwet 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 (>10wug/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)~1.75ug/wet 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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