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Abstract : Feral pigeon (Columba livia) has been known as a good indicator for accumulations of
chemical pollutants in urban areas. However, it is against the animal rights to kill the indicator
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species in order to monitor pollutants accumulations in wild birds. Eggs and feathers of birds,

therefore, have been used as non-invasive monitoring materials. Even though eggs are a good

indicator for accumulations of lipophilic pollutants, but unsuitable for some heavy metals such as

lead and cadmium because bird’s ovary builds a sort of barrier to inhibit higher accumulations of

some heavy metals in the eggs. Therefore, feathers instead of eggs have been used as a non-invasive

indicator for accumulations of heavy metals. However, there are few studies of heavy metal

accumulations of feral pigeon in Korea. In this study, we characterized the characteristics of heavy

metal accumulations of feathers in relation to internal organs (bloods, viscera and bones) in feral

pigeons between two sites (Hangang Park representing urban area and Hampyeong Park for rural

area). The samples from the Hangang Park showed significantly higher lead (Pb) concentrations in

the blood, liver and bone than those from Hampyeong Park. The Pb concentration in the feathers

was also significantly higher at Hangang Park than at Hampyeong Park. The analytical result for

the breast, wing and tail feathers, and the internal organs (blood, lung, liver, kidney and bone)

indicated that the Pb concentrations in the feathers were significantly positively correlated with the

levels in the kidney and bone. Overall, feathers of feral pigeon may be candidate for bioindicator to

monitor for Pb accumulations in urban areas.

Keywords : Feral Pigeon, Heavy Metal Accumulation, Feather
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o] 91, & 4] XA (lipids) J+&
(B, lipophilic property)2 W
Z(PCBs, DDE 5)of thgt &#o] 2

A7) wixzo] ofof| T3t ZU e $5-7} 2hs]
w]o] gkr}(Klein et al., 2012; Nagel and Haag—
Wackernagel, 2001; Paulus, et al., 2010). 3}A|9F
H, 7IER 22 E4 T8 da(ovary)ol 34
= Whal7] 2o 2 olsl AT o ZA = EA
o] lth(Paulus, et al, 2010). o] & HE=
A BUEEE 8 279 AEe &8 At
%3] Ze % o] gt (Brait and Antoniosi Filho,
2011; Dauwe et al., 2002; Drasch, 1987; Seco
Pon et al., 2011).
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A 22 Yol Z8E Fadol YRR WiEE= 4
2o sfitsh=d], ©o] A7l o5 A=A L
2RE gds Fol SH AL, Dot SREH A
Az o2 HE o 54 {92 AtdHE}(Janiga
and Zemberyova, 1998; Joanna et al., 2007).
Holu 7tEw T2 saSd A58 oF
ol YFEo A= A9LsE =4 e,
Brait®} Antoniosi Filho(2011)7} Be}d &4,
9], F& A9 7t HulE7] AFAE (G} 2

7208 Fad FEE vlagh Ao mEy, QY

0{

o wEEgo] W A (FE<uY<EH) o R
Bt o T A e AL, 7HEES =AY
o F A @], s vl =& w25 Eoirt
3L ® 33} Q)t) Janiga 5(1990)2 A Z& 2H}Y|
of =T 2| 7t FulE7] ARAE (F 7hs
5o Bt o T E v, =4 A9
W st Ao Hlsf thar A UEstha 2
18k¢IE}, Nam 5(2002)0] =33 HA A (HA %),
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ek AR 02 7F A%, slutE &5t L, W
£ AF T oW E HEe & AR T 24
atolct, e g2 A &g Alelet & ke
1071} 383 14705 Agetelt), s & &
Al Bt 14.25 g(H9] 9.42~19.18 g)o] L, T+
Y L2 17.75 (9] 15.48~20.52 g)ol e}, &
WEeES 5402 T 2469, & Adl7le 25

1} Al 7] (Branso 5510, Branson UltrasonicsA},
USA)o| Z54>(deionized water)S Yl 3057t Al

S AN EAAZ T Bt o Z o

BA A BHS 185l AL H= $= 7170
7ol A] AR 27 A (primaries) 4H T 58, E4)
Y77 (secondaries) 43} 5L Y 23kA1, 1]
Altai) & 34134 1042 A AT Figure 1(8)).
0]% Z22>(deionized water) — M| E — SR
— A% — FF5 207 AHE AN
(Cardiel et al., 2011; Dauwe et al., 2003), 52
Z & Bafskaich

Fa4 RAYRE SN WD), HER(CA), F
2 (Total Cr), YZ(Ni), H]A(As)E tjAto.2 3}
At AAT 9 77| BHL ARG sy T5AE
A& oo, A g ulo]IZ Yol
(Marss, CEMA}, USA)9F 3] & £ £ (HSR200,

o R

Wing feathers
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HUMAS, 3H) 2o AAaHea, 7]7]84L ICP-
MS(Agilent 7500A, Agilent TechnologiesA}, Japan)
£ ARSI AR, Ad, o AR AA =
15ml FUZA EBo| A|5% 0.03~0.1 g2 a1 F
AE A F, A4H0.6 ml B, 3|HEFO = 4R
ot e & FE2 HIZE &7 ANEF
0.03~0.3 g& Y1 FAE A ¥, A2 m)H &
AHB ml)& Wi, upo] AR o] B R AbEalgh &
ICP-MSE Fu% %5 S7dsIoith

EAE AL SPSS(SPSS for Windows 10,0,
SPSSAL, USA)E o]&-st3itt, W] i= Mann—
Whitney test® S48} a1, A4S Spearman
rank correlation coefficients& AF&3toH, &
o] A ¥ A= NS(non—significant), *(p <€0.05),
“*(p 0,012 sF3ct,

in Ol

Il 723 9 &

)]
Am
X

1. EHHIE7| B8 335 5

%34 5Z(Pb, Cd, Total Cr, Ni, As)9] AA] %
A (internal organs) W &4 EAS B, Y(Pb)}
7F=45(Cd)& YA 3&(Total Cr, Ni, As)o| H|}
A3 %24 (internal organs) U &2o] F& A7
=7 vebdthFigure 2(E), (K): Figure 3(E), (K),
(Q): Appendix 1), 'H2 57l 22 & #(bone) (ZH
S Bt 16,621 ug/g dry basis, $HEE: 4.858
ug/g dry basis)ol] JHHOZ 7P} W2 FEE 5
2 =] 31 (Figure 2(E)), 1 th&-22 A% (kidney)
(B3 2,116 ug/g dry basis, 3HEE: 1,490
ug/g dry basis)oll @o] =2 =i}, 1999dof A&
Ao JHE7|1E ez g Ao A wojA] T
F=7F Wt 7.77~52.07 ug/g wet basis® 71 &=
Qral, th2-0.2 AlRpo| A Hal 5,75~6,13 ug/g wet
basis® F7F WS WeEb L, ZF(iver)ol A
1,13~1.45 ug/g wet basis2 @<= 2H 2 AHKim
et al,, 2001), o]&3t AL =29 EAAY YH]
E719 o SAAFFWM)AD |, DA E5) =
A %]5l= Axto|tt(Johnston and Janiga, 1995),

—L
=

A3} #AF o] gl7] o ch(Rabinowitz, 1991;
Wiemann et al., 1999). T3t Hof| 15 =2 =55
W AH o 7 249 o LTt EobA| AT, A
SR AR &Y wf= e ohs Aol wo
FHAOR 22 FERE ol FAETL YA 9l
CHShin et al,, 2008; Honda et al., 1986). o]of &
Aol A BAE HulE719] ol digh e&2 A
TR AL o|FolF] Ao HoE

A9 Ztell= ®(bone), Hliver), A (blood)ollA]
SAHORE FoHA FE U] =2 FEE HS
tt, of2|gt A3 A e (feather) ol A = LrebLt 3H7
+H(2.070 ug/g dry basis)o] 5340692 ng/g
dry basis)oll Hl3l SAIH 2 FolstA =A Urekg
th(Figure 2(F)), Ylege)? 2+ & WEE(ege
content)ol|A] eFF3- 0,149 ug/g dry basis, &%
39 0.216 pg/g dry basis® A9 7ol A4
O3 QUL & At 7](egg shel) ol A= 25
¥ 0.131 pg/g dry basis, &5 0.082 ng/g dry
basis® FAH &2 o517 Fta-dol =A vet
WARE & A& B2 ZE(feather)ol] B3] A==
SAE U o= Fad HUEHTY AREA G AR
o AAHFE FH)E AAT A5} X3t
(Paulus et al., 2010).

BA Y F54 542 d7], EY, Hold 53
3 AUZ F-U=HA] o]Fox|=d], 5
g A3t gEado] &e Aebg ey FEEol
AT FFFAA ) U EF T s EE vl
aff HH(Figure 2(A), (B), Aol tha: =& Htgh
S HYARE FAH LR {03t Aol & HolA] ¢kt
ot ARlE7] 2 Y (gizzard) & Beffd7go] 9]
W EEe T S el Bet g B
FaL(Figure 2(C)), HolFHY(crop) & Holo|
T T Yol EANL BAH R Folgt &}
£ Ho|A= YekthFigure 2(D)). oI5 7Hd &4
A(TH7], B, Hol)o] & FEe A=A o] tiA]




2
X

Il
=3
oM
ra
=3
0z
o
o
02
™
=}
£
™
rok
=)
)
0>
=l
08
~
rhot
oN
H
T
m
o
jo
0
rok
igal
=
MHn
N
»N
ur
10
of
od
I
I
1
m
0x
re
-1
n
©
D

o]z ¢kodl whalf, Mu|E7] AA =2 (internal
organs)¥} 28 Y H £2] F=E A9 ko FEg
Zl 2pol& etk (Figure 2(E), (F)). o)) A=
=, A 7hol df7], EY, Hol 59 7 S8
2 Y g sk Aol At A7t 2A A
A, S8 S T AR Y &
T7F A Zhol| FEE 45 E Alo]E HY 4= 9)

I, HEH = A lA e T2t el vk E

Y

+ ¥

T A =4 FE(EEY: 8.773 ug/g dry
basis, $FH3: 4,463 ug/g dry basis)7} A3
A Ve tH(Figure 2(K)), Shin 52 -2]ue} of
279 7R Fkof et AtolA] -2uke of
27 Ao g AN & =5 B3,
o) 7H w2 %= 13.2 ug/g dry basisE H}
4] @ 7] (Synthliboramphus antiquus)°| 4 et
wioha 203k 8 9lok(Shin et al,, 2008), YHHA
7Fege Ho| 25 H Ao SE F 4 1t
wHbE o] W =2 Q1 Agete] 7
A, 05 A 7)e 2207 SRbERNE 2
O 2= AETHA 7|7 1 Aol A 74 =2
EE Hol= Ao 7 oA HKim et al., 2006).
%32 (Total Cr)9] A4 %2 (internal organs)
U 578 F-9I(EH, o], 7h A, ) 5o T A
SR EE= SEHA 0.200 ug/g dry basis,
55 Yol A 0.207 ug/g dry basis® HFHY
2 7ol ol vl 242} 11/1003} 4/100 4
O oty molEmy i Hol Fkeof BlsiA=
7t 29/1002} 60/100 2.2 HE3tTHAppendix
, Figure 3(E)). Z"oly & HAx4 Well 54
S5 A2 g E=d, o
27, & UEE, & Ad7)E 2aE
o o AsddEEe oAl 0.525
st 2o A 0,635 ng/g dry basis
A 22 W Batsol Bl 212t 2.6812} 3,14
P Bl o] 2, Ho] e 2 e
& Fof Hlg] AA W 242 E o]Fof

H, SR HEHE 28, @)l g3 of

[oN

T > o o

off & i

=y 3T

ol

=N N 2 oo

A wlE - AATE o] FolA = EAE Heltkal

ok, olEfet 2 YAND)I} B4 (As) ol A

525 Lebstth(Appendix 1, Figure 3(K),

Q). YA A 22 | 9 BT gl

Hefd7gol = Hol W Fko H|3 7/100~
].

26/100 &2 2 dokAlut & A(ld, & Y&
5, 4 Ag7))e g AAsBdsE g AR
W Hats ol visl 2,200 (3H--d) T 30803
YR B 52 Bt vAE A 23] Y
AtEds e gho] mEuvyo] T Hol ] o
v 2/100~57/100 22202 YkA|ul & 40
AR sE G AAEE U BitsEe} ulsst

5
AT 7FEF O] 9= A A ff T AR
w7} k3ol A 2,076 ug/g dry basis, T
oA 1,102 ug/g dry basis® HejEmy 1 e
U7Yo] wieof Hlsl 27} cufe} 278 =9kaL, Ko
oY W Ho] sof vl 212t 6ule} 10u]4]
=& 555 EAtH(Appendix 1), oJof sl wi=7
2 aa(lgolu YEEe F A BmE AR Y]
S8 F ol vl 3/100 429 W2 FEE e
Ut et 7tEFO] A9, e s Yl Fkof H]
3 A W S2o] 2 uhH, o F wiEH R g0 9
S - AlAE A o]FolA= S-S Heltka
£ 4= Qlth Nam 5o =343k Hul=7]9] AW @t
JIEgE 54 A3 AnE AHEH(Nam et al.,
2001), 'F] A5, A7lol vlal x| W 4 5=}
BHR(QHAY) = GHf (A1) A& =2 RH, 7tEFS

2. THIE7| B8 MR ZH e sk A2
AulE7] A 2400 4" F55 5% T =A
A st wEAY FEEd ol FE
Aol Hel Z12 wol ik, ot AE ARk F A
o 7ol Aol & HAT, 7| A o FE
A FE 2ol & HAl He tie= A =24 53



497

SHAYEHIL H23H M 6=

Air
(n=3,
respectively)
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(n=3,
respectively)
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n=7 (Hangang)
n=6 (Hampyeong))

Crop content

n=3 (Hangang)
n=18 (Hampyeong))

Internal organs

(n=6, respectively)

B Hangang
B Hampyeong

Feathers & eggs

m Hangang

B Hampyeong
Feathers: n=6
(respectively)
Eggs: n=10 (Hangang),
n=14 (Hampyeong))
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0.05 (A)
NS
0.03 I
0.00
Seoul Gwangju
mg/kg
5 | (B)
NS
25 T
p—
Seoul Jeollanam-do
Hg/g dry
40
NS
12 I
o L
Hangang Hampyeong
Mg/g dry
45 NS
0.0 z
Hangang Hampyeong
Ho/g dry
24 (E)
*
12

* NS %% NS
0 b o e e H

Blood Lung Liver Kidney Bone

Hg/g dry
36 | (F)
*

18

h -

*%k

00 | S

Feathers Eag Egg shells

contents

Hg/m?
0.002 (G)
NS
0.001 -
0.000
Seoul Gwangju
mg/kg
14 | (H)
NS
0.7
s 4
00 Jeollanam-do
Seoul
Mg/g dry
0@
NS
0.5
0.0 Ham;yeong
Hangang
Mg/g dry
0 W
0.5 NS
I
0.0
Hangang
Hg/g dry
26 | (K)
NS
13
o NS NS NS NS
Blood Lung Liver Kidney Bone
Hg/g dry
03 | (L)
0.2
NS
0.1
NS A K
0.0
Feathers Egg Ega shells
contents

Figure. 2. Concentrations (mean + standard deviation) of lead (Pb) and cadmium (Cd) in environmental components (air,
soil, and food) and feral pigeon (internal organs, feathers, and eggs) in urban and rural sites

% Mann-Whitney test, NS (non-significant), * (p <0.05), ** (p <0.01); The concentrations of feathers: the value averaged with the
concentrations of wing, tail, and breast feathers; Air data: average concentrations of heavy metal in air pollution from 2010 to 2012
(Seoul: 5 sites, Gwangju Metropolitan city: 3~4 sites, http://kosis.kr); Soil data: average concentrations of heavy metal in soil pollution
from 2009 to 2011 (Seoul: 199~211 sites, Jeollanam-do: 156~163 sites, http:/kosis.kr)
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i Gota) -
Hg/m? ug/m? ug/m? -
0.006 0.005 0.008
A) % @) NS
(Cr, Ni: n=3;
As: n=2) 0.000 0.000 0.000
Seoul Gwangju Seoul Gwangju Seoul Gwangju
mg/kg mg/kg mg/kg
10 (B) cré+ 30 (H) i 12 | (N) NS
NS 15 ‘
(n=3,
respectively) 0.0 0 [ — . —
Seoul Jeollanam-do Seoul Jeollanam-do Seoul Jeollanam-do
ug/g dry Hg/g dry Hg/g dry
- 2.0 © 5.0 [19) 14 (0)
Gizzard content
n=7 (Hangang) 45 NS 25 NS 7 NS
n=6 (Hampyeong))
00 00 —— 0 |
Hangang Hampyeong Hangang Hampyeong Hangang Hampyeong
Hug/g dry Hg/g dry Hg/g dry
08 (D) 24 1)) 12 (p)
Crop content
n=3 (Hangang) 04 12 * 06 NS
n=18 (Hampyeong)) ¥ i i
0.0 0.0 0.0
Hangang Hampyeong Hangang Hampyeong H Hampy g
ug/g dry Hg/g dry Hg/g dry
Internal organs 05 ((F) - 04 ((K) NS o5 (Q
(n=6, respectively) %4 1 Ns NS e 04 NS
03 NS g
W Hangang 02 NS o2 Ns NS NS " o NS e o
B Hampyeong o1 01 : NS
00 - n J 0.0 n X 0.0
Blood Lung Liver Kidney Bone Blood Lung Liver Kidney Bone Blood Lung Liver Kidney Bone
Feathers & eggs Hg/g dry Hg/g dry "9/90 ;’"ER)
12 =
m Hangang - A L) . NS
B Hampyeong B 08 NS *k i3
Feathers: n=6 10 0.2 *
(respectively) i Ns NS 04 NS 01 NS
Eggs: n=10 (Hangang), | . o U= T | 00 | —-—
n=14 (Hampyeong)) : Feathers Egg Egg shells Feathers Egg Egg shells Feathers Egg Egg shells
contents contents contents

Figure. 3. Concentrations (mean + standard deviation) of Chromium (Cr), Nikel (Ni), and Arsenic (As) in environmental
components (air, soil, and food) and feral pigeon (internal organs, feathers, and eggs) in urban and rural sites
% Mann-Whitney test, NS (non-significant), * (p <0.05), ** (p <0.01); The concentrations of feathers: the value averaged with the
concentrations of wing, tail, and breast feathers; Air data: average concentrations of heavy metal in air pollution from 2010 to 2012
(Seoul: 5 sites, Gwangju Metropolitan city: 3~4 sites, http://kosis.kr); Soil data: average concentrations of heavy metal in soil pollution
from 2009 to 2011 (Seoul: 199~211 sites, Jeollanam-do: 156~163 sites, http:/kosis.kr)

A4 A& 7H] AHHAE A E kT Table 19
B4 Y AulE7] 29 1t s AASE
AR E A& F B3l (tail) o] A% (kidney)
I ABAG 0.99] 2 ¥ LS FAHCRE §
OletA Bl $-5 E7) 4 (right wing)2 # (bone)
9} 0.79] tha w2 oFo] AT BN FA AL
2 oA ottt oA e gle] Al
23 ATAF 0.72 thh 22 Fo) A4S HYA

T EAH R FOfEtR| o, 95 A W
9} 0.99] 52 o] S FAHORE oot B
% CHTable 2). olel H]3} k57 (breast) &4
0 & FoJatA| = AN, Aot we S0 A
BYa, #5 IR (left wing)> FAH R §-9
BFA] O3 uho ofol Ahg H ot ojeh £
AL, 18, 75) T AR A A, W 52tk
ABA A Yebds 2holE B A" g7



499 2AFSEIt M23H M 65

Table 1. The lead (Pb) correlation coefficients between feathers and internal organs in Hangang Park (n=6)

Feathers . .

- — - Blood Lung Liver Kidney Bone
Breast | Wing (left) | Wing (right) Tail

All feathers 0.0 1.0%* 0.8 0.7 0.5 0.5 0.3 0.5 0.3
Breast - 0.0 0.3 -0.5 -0.3 0.0 0.4 -0.4 -0.1
Feathers | Wing (left) - - 0.8 0.7 0.5 0.5 0.3 0.5 0.3
Wing (right) - - - 0.4 0.7 0.7 0.4 0.4 0.7
Tail - - - - 0.6 0.7 0.3 0.9%* 0.4
Blood - - - - - 0.4 -0.2 0.5 0.5
Lung - - - - - - 0.8 0.8* 0.8*
Liver - - - - - - - 0.4 0.5
Kindey - - - - - - - - 0.5

Spearman rank correlation coefficient, *: p <0.05, **: p <0.01.

Table 2. The lead (Pb) correlation coefficients between feathers and internal organs in Hampyeong Park (n=6)

Feathers . .
- — - Blood Lung Liver Kidney Bone
Breast | Wing (left) | Wing (right) Tail
All feathers | -0.1 0.9%* 0.4 0.7 -0.4 -0.2 0.1 0.1 04
Breast - -0.3 -0.8* -0.3 0.7 0.3 0.2 -0.4 -0.6
Feathers | Wing (left) - - 0.6 0.5 -0.6 -0.3 0.0 0.0 0.6
Wing (right) - - - 0.3 -0.7 0.0 0.1 0.3 0.9%
Tail - - - - 0.1 0.1 0.3 0.7 0.4
Blood - - - - - 0.7 0.5 0.4 -0.4
Lung - - - - - - 0.9%* 0.5 0.2
Liver - - - - - - 0.6 0.3
Kindey - - - - - - - - 0.4
Spearman rank correlation coefficient, *: p <0.05, **: p <0.01.
o] Al7] Bl A 52 Abolof BEo] Sl Alor 5 Hrp= g9 QF FA19 o eddol sd AEE
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APl o BT S20] A8 ¥ 58 SEEC Y A E DEER w39 ol 94 7F 219
A= @ 7I90etthal & 4 ok, @4 7] E A WSt FoAAT Ae ez AR eEE
o2 FUglo] YRFHI R 22 00 B EF  gurhe Aot Wo| ArjHoR ke sue
= 7shs g2 3] Hieol Wol S4H = A o]l zxHugI & 1 e} (Shin 2008
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Appendix 1. Concentrations (mean + standard deviation) of heavy metals in environmental components (air, soil, and
food), and feral pigeon (internal organs, feathers, and eggs) in urban and rural sites

site n Pb Cd Cr (total) Ni As
Air Seoul 3 0.035+0.007 0.001+0.000 0.005 +0.001 0.004 £0.000 0.004 £0.001
(ng/m3)f Gwangju | 3 | 0028+0.006 | 0001£0.000 | 0.003£0.000 | 0.002£0001 | 0.005+0.002
Soil Seoul 3| 27662417419 | 0.724+0.606 0.004+0.007" | 21.890£2.547 | 4.678+3.781
(mg/kg)t Jeollanam-do | 3 | 16455+9402 | 0.127+0075 | 024540424 | 11618+3.025 | 552244579
Gizzard content Hangang | 7 | 1188210272 | 0328+0495 1777+ 1.115 0.539+0.306 5.445+7.249
(ng/g dry) Hampyeong | 6 | 12031£6068 | 0.041£0.100 | 46823460 | 22801911 | 735145895
Crop content Hangang | 3 3.885+£4.369 0.362+0.284 0.696 £ 0.066 0.545£0215 0.639£0.396
(ng/g dry) Hampyeong | 18 | 04480351 | 0.015£0052 | 0344£0230 | 1289£0952 | 0251+0.170
blood 0470 +£0.051 0.074+0.004 0.223 +£0.059 0.152+0.137 0.277£0.215
lung 0.488+0.254 0.083+0.018 0.308£0.100 0.108 £ 0.064 0.119£0.078
liver 0.968 +0.386 1450+ 0.582 0.184+0.042 0.042+0.014 0.181£0.172
- Hangang 6
kidney 2116£0963 | 8773£10361 | 0.193£0.039 0.063£0.026 0.194£0.159
bone 16.621 £14.131 ND 0.090+£0.121 0.336+0.033 ND
Internal - ™ Average 4133 2076 0200 0.140 0.154
organs
(pg/gg dry) blood 0.380+0.047 0.0810.008 0.205+0.019 0.109 £ 0.006 0.158 £0.017
lung 0.376 +£0.095 0.086+0.017 0.289+0.067 0.134+0.041 0.126£0.036
liver 0.425+0.140 0.881£0.517 0.176 £0.065 0.083£0.039 0.146 £0.044
- Hampyeong | 6
kidney 1.490 +0.445 4463 £3.444 0.283+0.169 0.104 +0.031 0.292+£0.078
bone 4858 £3.017 ND 0.083 £0.098 0.338£0.049 ND
Average 1.506 1.102 0.207 0.153 0.144
feathers 2.070+0.892 0.11940.100 1.254£0.567 0.416+0.291 0.295+0.131
egg contents " 6 0.149+0.100 0.005£0.004 0.244£0.187 0.058 £0.097 0.033£0.028
angan
egg shells gang 0.131+0.045 0.045+0.004 0.077 £0.026 0.461+0.148 0.121+£0.063
Feathers & [ A yerage 0783 0057 0525 0312 0.149
eggs
(pg/igdry) feathers 0.692+0.299 0.062£0.017 1.354£0.963 0.500 £ 0.406 0.276£0.097
egg contents 0.216+0.263 0.007 £0.008 0.354+0.332 0.095+0.139 0.022 £0.026
Hampyeong | 6
egg shell 0.082+£0.026 0.029£0.009 0.196+0.461 0.798 +£0.248 0.070 £0.024
Average 0330 0.033 0.635 0465 0.123
+: Average concentrations of heavy metal in air pollution from 2010 to 2012 (Seoul: 5 sites, Gwangju Metropolitan city: 3~4 sites,
http://kosis.kr)
1 Average concentrations of heavy metal in soil pollution from 2009 to 2011 (Seoul: 199~211 sites, Jeollanam-do: 156~163 sites,
http://kosis.kr).

9/ : These values are Cr6 + values. ND: non-detectable.



