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Calidris tenuirostris(5.76£2.14pg/dry )= Bl G52 oA 9t £ Q Calidris ruficollis(29.4+10.6pg/dry g)Q} S5
A= Q Xenus sinereus(15.911.9ug/dry gy 2 Y4E0l9 o, E3] 250 =2 2239 78R 2=
SIHE)E 2(0.8241.1248/dry @)%} B-L-0)7HE Q(0.45:0.53¢e/dry @) H| 9 R0 Er ol 2T Q(17.5422.148
/dry g)y= 2971ECue/dry g)S Zsqich Hazte] iAol As dit 7Fe oA -9 WAV Ve
(r=0.067, p<0.01), Th& Ybe AHB/ATE YehtA] ghlet.
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ABSTRACT

We studied concentrations of trace elements such as iron, zinc, copper, lead and cadmium in three shorebird
species from Saemankeum mudflat, Korea(1999 ~2000), and also analysed correlations between elements in
livers. Iron(ANOVA, p=0.018), copper(ANOVA, p=0.043), lead(ANOVA, p=<0.001) and cadmium
(ANOVA, p=0.016) concentrations significantly differed among shorebird species, but zinc concentrations
wasn't different among species. We suggested that iron, zinc, and copper concentrations were within a range
for normal and are maintained by normal homeostatic mechanisms for wild birds. Lead concentrations in Great
Knots Calidris tenuirostris(5.76+2.144g/dry g) were at the background level but Red-necked Stints Calidris
ruficollis(29.4+10.6ug/dry g) and Terek Sandpipers Xenus sinereus(15.9+11.9ug/ dry g) were within the
exposed level for wild birds. In particular, Red-necked Stints were nearly poisoned level. Cadmium
concentrations in Terek Sandpipers and Great Knots were at the background concentration, but Red-necked
Stints were greater than the poisoned level(3ug/dry g). We found significantly correlations between lead and
cadmium concentrations, but other elements didn't find.
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L8 2Fe AARE ol dHHY Fold
{Cramp and Simmoms, 1983), o}% & 94 2|49 7}
A X Aok G4 7HA] L 9tiSkagen and Knopf,
1993; Piersma et al., 1994). £38] 2|Lfelel Als]orol A
WEEE 2a3te] 25+ AldElotel YHAvHE Talet
SO o} FRolrjotol| ] ¥ AL B}l(Parish, 1987),
52 Aol 23 RAMEAA o3t F7H7|2HA| 9}
Y529 affriet Aol A o] 4 giEo] o] Fo
A7) wgel, o] AHe 15| A wi$ Fast Ao
t{Burger et al., 1977; Schneider, 1978; Evans ef al.,
1979). Z2vh 7BEE Qg Ade] mhyjs 250 A4
e BAdel AL a3l ) o w(Piersma ef al., 1996;
Piersma and Baker, 2000), 12 ¢8| @2 &0 =g 27}
F 107} 48%0)4 a3}t (Piersma et al., 1996;
Morrison ef al., 2001; International Wader Study Group,
2003). o3 /LR Ag A =3 Qo 2 Y}
HAR W71 e B 2ot 2F0E B 9L
& Aog AdHA UA M Goss-Custard et al., 2000;
Warnock et al., 2002), Q17+8) of ] gF o2 9ls)] whly]
= Wiz AR Aol Wojxj= Ao} 7H & EAoltk
{Cayford, 1993; Goss-Custard and Verbonen, 1993; De
Boer and Logamane, 1996).

FEjutete] Mok HaRe 577130, gl
AER77F SotAotet 3.5 HRO FH e 5
Y T A9E AX et Htes olEsict
(Barter et al., 1997; Barter, 2002; Ma ef al., 2002). $-2ju}
2ol F2712ete dF57e) FRE A gUgFd
A Este AA AAF 12% =0, 34 3 A
T o 5%oln, I FoME A ERAZE U A%
I FA% SR A 710 E eyt A we
A7t Zeffst 2| Gojeio] A, 2001).

TEEZ AL A dadst dEe 5, E3
B 59 eddart Adlel] 2xd A EHzz 92 A

ol A% viEtA A FA HIS e 3, EAYolg)
T 712 59 BRI Aejaigol UepdthScheuhammer,
1996; Swiergosz and Kowalska, 2000). tj359] o o
Foll ol 273 Fo=2 FYEUL, o) EWI 2 F £A)
£ Yo, 279 A& 2 A3 v]chPain and
Amiard-Triquet, 1993). t|7] 2] yt=8-& X7} &of A+
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w0} lrh7t EQFAtbel] F2tE o] HHAR UeA =9,
23 7tEES A AE] S 543 HSEYS
A #E QGAI7|o(Cabrera ef al., 1998), E3F &2 £4
I PP er SAET AN M JET YaFy
stz YA QltHBattaglia er al., 2005).

2 ARG Afgkg AEA G2 1992¢ 8 o9l
ARG QI3 B & Ryt 54 2¥o
0% EAZ dFEL glet ofol we) I At At
ofjxe Fa&ego) We A+t =3 HUAAWRHETT 5
2003; HEaat A-LH) 2005), olE9 ATt dtHe W
Q& tiairlut A=, Mgk BEY AW 5
& S0 PafM= Fae 5(2002)0 ofs s Fol W3k
Aol Halsl et 257 B AtolM e o] £
Lt GEEo] Tefishe dAaRe AW $94 54 digt
A7} o]=o] HTtHKim et al., 2007).
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Figure 1. Collecting location of shorebirds in 1999~
2000, from Saemankeum mudflat, Korea



e AuE AUA e aEls Eaf 350 FE4 55 243

Table 1. Heavy metal concentrations of shorebirds(Mean=SD, ,g/dry g) in livers from Saemakeum mudflat, Korea

Species Fe 7n Cu Cd Pb
Red- Mean+SD 641+450a" 91.8+148 16.6+5.73b 17.5422.1a 29.4+10.6a
necked Stint (n=11) Range 51.8-1384 1.84-475 10.5-30.1 0.11-64.8 16.9-543
Terek Sandpiper (n=9) Mean+SD 604=377a 93.8+36.0 11.6+£5.56b 0.82+1.12b 15.9+11.9b
Range 82.8-1181 15.9-133 4.15-22.3 0.04-3.73 6.38-42.67
- Mean+SD 166+55.3b 140+151 25.7+18.5a 0.45+0.53b 5.76+2.14¢
Great Knot (n=8)

Range 186-242 15.4-469 12.1-67.7 0.11-1.70 3.05-54.28

p value 0.018 NS 0.043 0.016 <(.001

NS: Not significant
*: Means sharing same letter were not significantly different among species

199994 20009 o] F7|(&A: £=&, SFrg, 5
A FEoE )] ojFoj o, Y A Eejodal
BR|o) ol sjiato] AT gj7hx] 20TolA Y BE
At W AEs siEAZl 3 diste) 1 232 F
FHatglom, 2212 75 Co)A 2447kt A 8] ARAZ
T ALY, AL AL o) A i oz st
SHoict ol 100ml= e sk o A, ofd W g
= YAFFEARE A SAstat B3 U3t e g2
NS DDTC-MIBK o] ol3] s&ste] &3 b2 ¢
ASBLEAE olgated 2ot rHLee, 1989). Yid
AEAE At oA lugdry g, 7219t W2 0.1ug/dry
g 281 7FEHE-2 0.01ug/dry golQltt F824 o F
ZH| & one-way ANOVAE BAgtg o, Y 7F v
o= pearson AHAFE o] 83t FolAS HASIACH
EI ZE SAEAL SPSS 12.02 oj&ahgith

2

Adaf 359 TlA H(ANOVA, p=0.018), &
(ANOVA, p=0.043), Y{ANOVA, p<0.001) 128]7 7}=8
(ANOVA, p=0.016)9] 3= F7o] Fo&2l Zfo]7t 9l
QA ot FojF el zlojrt gigith H ¥kl HL0f

(Table 1).

A 359 daitele] AuAle W-h=wel
AEA7E BP0 (r=0.607, p=0.01) T2 Y4 Apojo
= ATy WEUA gdTthTable 2).

kl
1k

dukd o 7h 22 F =2 H sEc AP 2 oo
2 8(myoglobin), #j2dZ ¥l hemogolbin)®] 79} o)
) El(ferritin) £ X2 A d P(hemosiderin) 22 & A}
chazlof] AA8kS- St Underwood, 1971; ZHAMA & 2006).
E Ao xe] H sk ik 166-641ug/dry g #1914
i, F o] F= Aol7k Sisltk vl Aol FitolA
X552l Black-billed plover Pluvialis squatarola®} Willet
Catoptrophorus semipalmatus @} 5 O L2 o 41
o M= Bt 1,269-2,233pg/dry g9 s=RI9IeH T F 2t
o =% zpol7t BT E QtHHui, 1998).

f

Table 2. Correlation coefficient(r) between the
concentrations of Pb, Cd, Cu, Zn and Fe in
livers of shorebirds

77}15.&(166&55.3ﬂg/dry )7t HEQ(641+450ug/dry g)2} Pair of metal T N
T ER(604+377pg/dry g)Rr} Wokon, Fejsit Pb-Cd 0.607 28 =
F2o| = 8(25.7£18.5ug/dry g)7t FH=2(16.6+5.73ug Pb-Cu -0.105 28
fdry g)ot S22 = 2(11.6+5.56ug/dry g)oll wishe] &tk P)b—Zn '0',(,)35 37
g BEE FE0(29.4£10.6ug/dry g)9] ZHlA] 714 9k ég*gc 88&; ;;
T, ohe-S SIME|E Q(15.9411.9g/dry g) 12|13 £.2.0] c d_z;‘ 0200 .
TREQ(5.76+2.14ug/dry g)2} 4o]git} 7l Bl & Cd-Fe 0.338 27
8(17.5+22.1pg/dry g)7} B2 = 2(0.82+1.12u/dry g)2F Cu-Zn 0.009 7
FoOVNER(045+0.53ug/dry g)Rt Edvh EE00] 7 Cu-Fe -0.051 27
A FE AT o, 7tEF 123 He| FEvt 5 Zn-Fe -0.064 27

=89 FoA=ge] Hstd & Zloz vepgrt

N: Number of data pair
**. gignificant at p=0.01
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g 2 dofae] H Fri St A Ao
Z d74Honda et al,, 1986; ZAFI = 2006; Kim and Koo,
2008; Kim et al.,2008)9} vlusflE o ¥ =x¢on,
AW Y FAE A e =2 Aok

OpAE W2 a49] 75ol P=2Q] vgkdholx|ul, 3t
ot ol oju] AEHAE Yol R 2RoA E 2
AEYAE P Yolo] drk EFF ofdL 2 ¥4 YA
of AAHAE 2487] i), g4 wdEE e A
Wl w7t S7tE A= gL, BT A W
312Fe ZF4-SHt(Walsh, 1990; Wenzel ef al., 1996; Ek et
al., 2004). =3 ARt o2 2Ro)A &= oA gt
AL EASHA] FAITN(Taggart er al., 2006), 522
e ol4% AARNA ofd F59 FEE 473-1,990
ug/dry go]ial(Levengood ef al., 1999), kA ZF9| 7+
oA o} FEL] 452 280-2,900ug/dry go] A rhSileo
et al., 2003). 2 ¢5L9] o} =T W= 91.8-140ug/dry
g2 ThE Ate] kot g Woton, Aot 450
A 3 H Kim et al(2007)9] Aol vl FEAC

FRFA FelER AW AT 2482 AT,
5 T o) 2 Foll wat vehs A ghel Aozt
At Parslow ef al., 1982; Mateo and Guitart, 2003). 71}
©71¥7] Branta canadensis®| 7oA Fo) FEEEL
187-387ug/dry g 3(Henderson and Winterfield, 1975),
£HQ1] 57 HA9] £2F 135 A3 AN T Tt
A 2|2} Fee 0.84-599ug/dry g 241 & It 2pol7} 27
vFERG Tt Mateo and Guitart, 2003). 3+ Losgile g ¢
HE Yol d4(Vermeer and Castilla, 1991)9} 927}t
275 °]87 U74Kim and Koo, 2007)0)lA] 4lo[&2]
2= AW FelsRAtoldls AT ATl YERA]

Aokeh B oA e eleE(7.36-41.1pug/dry gy A3
oF AFZ(Kim ef al., 2007)28] 5 =(0.03-47.7ug/dry g; 18
fwet gx3=pg/dry g), Baltic Sea(Blomqvist et al., 1987)2}
VB8 Calidris alpina(7.71-27.3ug/dry )2t Curlew
Sandpipers Calidris ferruginea(11.0-28.2pg/ dry g)9] 5=
HO A Table 3).

ZFo A9 FIERwEe AA 7P 1, ZHollA W
& 25 Boln, &A= 1HET B Wri(Nicholson,
1981; Thompson, 1990). 7+ Aujo] A== 7t1EF &
o] Aut Y= & FotAuh v QM Holn, FtERY &
dadtef gk Aol mi¢ AHA, 7oA FtERSY T
£ Ecke AL A wE&do] AAE ot RS
218 o 713 £& v ojc(Scheuhammer, 1987). E5H
Scheuhammer(1987)% 7rol| Al 3ug/dry gol&e] =7t 4
& 2 4 LYFE0R S 2 A7 siRee
L9} ooprgl EE i 922 (Kim et al.,
20072} WE7HLee ef al, 1987)9] 4HU} e =T 2 B
Fou}, Ex Qo= ohE £ FHEO FA EUTHTable 4).
I B A F589 A F 5% AT LBFE
o} o & Epyith B Aol UEhd e =Y F
Ziabol= Z#|(Vermeer and Castilla, 1991)2} G<=(Evans
et al, 1987)9] ATNE HIEch

At i sEeE olde] o8 AEF A2 v
& & Zolg Bt 2R Tl i e <6ug
fdry gol¥ B2 HE, 6-30ug/dry go|d LH4E, >30u8
/dry g& FEpz2oltlClark and Scheuhammer, 2003). &
Ao A= 470A(14.3%)7F B E5E 0|93, 1870A
(64.3%)= LFFFEoI oY, 67HAIQ21.4%)= S57E0]
Atk E= o LWHAF A S5FE0len, vl

Table 3. Copper concentration(arithmetic mean, yg/dry g) in livers of shorebirds from various locations and this study

Species Site Level Source
Red-necked Stint Saemakeum, Korea 16.6 This study
Terek Snadpiper Saemakeum, Korea 11.6
Terek Snadpiper Yeongjong Island, Korea 19.1° Kim ef al.(2007)
Great Knot Saemakeum, Korea 25.7 This study
Great Knot Yeongjong Island, Korea 10.6° Kim et al.(2007)
Kentish Plover Yeongjong Island, Korea 16.5°
Mongolian Plover Yeongjong Island, Korea 16.0*
Dunlin Yeongjong Island, Korea 25.9°
Dunlin Ottenby, Sweden 13.7° Blomgqvist et al.(1987)
Curlew sandpiper Ottenby, Sweden 16.9*
Sanderling "~ Chile 30.6" Vermeer and Castilla (1991)
Whimbrel Chile 27.2°
Common snipe Albufera de Valencia, Spain 19 Metao and Guitart(2003)

* Original data were wet basis. Wet basis was converted to dry basis(x3)
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Table 4. Average cadmium concentration(arithmetic mean, ,g/dry g) in livers of shorebirds from various locations

and this study

Species Site Level Source
Kentish Plover Yeongjong Island, Korea 1.68" Kim et al(2007)
Dunlin Yeongjong Island, Korea 220
Dunlin Nakdong River, Korea 2.10° Lee et al{1987)
Dunlin Ottenby, Sweden 0.32° Blomqvist et al.(1987)
Great Knot Yeongjong Island, Korea 1.98° Kim et al 2007)
Great Knot Saemakeumn, Korea 0.45 This study
Terek Sandpiper Yeongjong Island, Korea 1.35° Kim et al.(2007)
Terek Sandpiper Nakdong River, Korea 3.93" Lee et al.(1987)
Terek Snadpiper Saemakeum, Korea 0.82 This study
Red-necked Stint Saemakeum, Korea 17.5
Curlew Sandpiper Ottenby, Sweden 1.26° Blomqvist et al.(1987)
Sanderling Chile 16.2° Vermeer and Castilla (1991)
Whimbrel Chile 130.8°

* Original data were wet basis. Wet basis was converted to

®. We used data from adult concentration

MERE 47§A17F 2942, U xls vl gdyzolqith

o 3 srelwas 2k

et al.(2007)2] AFold 718 B T=E 2 WA

e GFEA o] Foidl Kim

Charadrius alexandrinus @] 14.3ug/dry g@} H|S=@ x|l &

TR ouf oA =2 &

Ii- O

ROV T o 4

gr} E3F 2 Az o)Al

dry basis(x3)

Hagel ¢ sEE 9@t Y HLee of al, 1987), G
5t Severn Estuary(Ferns and Anderson, 1997), tj=} Texas
coast(White ef al., 1980) 22}11 A9l Ottenby(Blomqvist

et al., 1987)8] rHc}

24 %7 ehdTHTable 5).

e ol slmIEulel B WasH] go]
SE7h 2o AAAE E4 wEe) ofs) HuIy

Hol 70| FHPORA

ZolAe] AsEst Z7Ni

Table 5. Average lead concentration(arithmetic mean, 4g/dry g) in livers of shorebirds from various location and this

study

Species Site Level Source
Kentish Plover Yeongjong Island, Korca 14.3° Kim et al.(2007)
Dunlin Yeongjong Island, Korea 11.3°
Dunlin Nakdong River, Korea ND Lee ef al(1987)
Dunlin Bristol Channel, UK 42 Ferns and Anderson(1997)
Dunlin Texas coast, USA 0.8 White er al.(1980)
Dunlin Ottenby, Sweden 0.2 Blomgvist et al.(1987)
Great Knot Yeongjong Island, Korea 12.8° Kim ez al.(2007)
Great Knot Saemakeum, Korea 5.76 This study
Terek Sandpiper Yeongjong Island, Korea 3.60° Kim et al(2007)
Terek Sandpiper Nakdong River, Korea 0.12° Lee et al.(1987)
Least Sandpiper Texas coast, USA 0.6 White et al.(1980)
Sanderling Texas coast, USA 31
Western Sandpiper Texas coast, USA 2.5
Curlew Sandpiper Ottenby, Sweden 0.2 Blomgvist et al.(1987)
Red-necked Stint Saemakeum, Korea 294 This study
Terek Snadpiper Saemakeum, Korea 15.9

% Original data were wet basis. Wet basis was converted to dry basis(x3)

ND: Not Detected
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3 2= HulE7] Columba livia AN Q] 334 =5
AT FEsE 5(2002)2] AFolA g do R spAgt
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