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The Characteristics of Heavy Metal Distributions
in the Tissues of Feral Pigeon (Columba livia) as a Bio-monitoring Indicator
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Abstract : In this study, heavy metal distributions in the tissues of feral pigeon (Columba livia) were
characterized using samples collected from bio-monitoring sites (Hangang Park and Hampyeong
Park) of the NESB (National Environmental Specimen Bank), Korea, in order to evaluate the
feasibility of feral pigeons as an indicator for the environmental monitoring. Cadmium (Cd) was
analyzed to be accumulated in kidneys at higher concentration than in the other tissues. Such trend
can also be found in the reviews on the Cd accumulations of the 34 cases including 17 avian species
which showed that 31 cases had the highest Cd concentrations in the kidney among tissues.
However, lead (Pb) was found to be richest in the bones in this study. 17 cases out of 30 reviewed
cases had the highest Pb concentration in bones, whereas other 10 cases showed the highest
concentration in kidneys, and 3 cases in livers. Therefore, kidneys together with bones can be a main
target organ to test cadmium exposure to different habitat environments depending on physiological
traits of birds. Zinc (Zn) was found to be the highest concentration in the pigeon livers of Hangang
Park, but not in the bones. In contrast, the 13 cases of 16 reviewed cases had the highest Zn
concentration in bones, and the 3 cases in livers. In addition, the heavy metal distribution patterns
in relations to the metal accumulation mechanisms (a competition between Pb and Ca, a function

of methallothionein protein, and efc.) were discussed.

Keywords : Monitoring, Cadmium, Lead, Methallothionein
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Figure 1. The heavy metal concentration ratios of feral
pigeon tissues in Hangang Park and Hampyeong
Park

3% Total value : the ratio of mean concentration ((Hangang Park
+ Hampyeong Park) / 2).
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Figure 2. The lead (Pb) and Cadmium (Cd) concentration
ratios of feral pigeon’s tissues in reviewed
papers of Korea (Nam et al. 2002a; Yoon 2000)

s Each acronym is explained in Appendix 2.
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Figure 3. The lead (Pb) and Cadmium (Cd) concentration
ratios of feral pigeon’s tissues in reviewed
international papers (Cui et al. 2013; Elabidi et
al. 2010; Johnson et al. 1982)

% Each acronym is explained in Appendix 2.
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Appendix 1. The heavy metal concentrations (mean + standard error) of feral pigeon (Columba livia) in Hangang Park and

Hampyeong Park 2013

Heavy metals Survey site n Bone(ug/g dry) | Kidney(ug/gdry) | Liver(ug/g dry) Lung(ug/g dry)
b Hangang 6 16.621 +5.769 2.116 £0.393 0.968 £0.158 0.488 £0.104
Hampyeong 6 4858 +1.232 1.490+0.182 0.425 +£0.057 0.376 +£0.039
cd Hangang 6 ND 8.773 £4.230 1.450+0.238 0.083 £0.008
Hampyeong 6 ND 4.463 +1.406 0.881+£0.211 0.086 +0.007
Hangang 6 193+8 15417 220+23 31+1
= Hampyeong 6 178 £15 132+6 105+12 2942
Fe Hangang 6 523+22 773 £96 4,033 +736 2,030 + 86
Hampyeong 6 461 + 15 52542 2,218 +285 1,699 + 66
Al Hangang 6 1.608 +0.233 1.120 +0.096 1.031+0.120 86 +44
Hampyeong 6 1.264 +£0.204 1.086 +0.174 1.090 +0.202 96 +33

ND: non-detectable.



508 EEIEIt MI25H M6S

(a) Pb
100 M O Liver
Kidne:
56 =] y
W Bone
80
70
$ 60
g
2 s0
3
3 40
30
20
10
0
c18 c19 €20 C21 €22 c23 c24 c’s C’6 c77 c’s c79 €30 €31 C37 C33C34 C35 C36 C37
P P PP P P P PP P PP P P P PP p P P
(b)Cd
10

0 b4
o =]

=
o

(=
o

Percentage (%)
» w - n
O O o o

—
o

0 0O Liver
| Kidney
W Bone

C"S C24 C35cC22C34 C20 C18 C33C2s C77 c29 C30 C37 C36 C19 C31C37 C"6 C"l Cc23
< = € - ¢ - < - - - = - < -

(c)Zn

o Liver

B Kidney

W Bone
-z -z

=}

10i

o

9

o

8

o

7

o

6

(=]

5

o

Percentage (%)

4

o

3

o

(=]
(=]

1

o

o

26 C33 C’l C37 CZS C35 C24 C18 C’O C19 C.’:7 C’3 C30 C31 C36

-z -z

Figure 4. The lead (Pb), Cadmium (Cd), and Zinc (Zn) concentration ratios of other birds’ tissues in reviewed papers (Deng
et al. 2007; Honda et al. 1986; Hulse et al. 1980; Kim et al. 2006; Kim et al. 2009; Llacuna et al. 1995)

% Each acronym is explained in Apeendix 3~5.
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Appendix 2. The mean concentrations (ug/g dry) of heavy metals of pigeons in the reviewed papers
Heavy | Case English name Scienific Location Age n | Bone | Kidney | Liver | Lung Reference
metals | No. name
Clp | Feralpigeon | Columbalivia|  Seoul, Korea Adult 12/ 29.5 | 12.39% | 6.99¥ | 513V | Nametal. 2002a
C2-p | Feral pigeon | Columbalivia|  Ulsan, Korea Adult 10 | 24.6 | 9.87V | 552V | 540% | Nametal. 2002a

C3-p | Feralpigeon | Columba livia| Busan, Korea Adult 9 | 23.8 | 12.09V| 8.16" | 5.82% | Nametal. 2002a

Pb C4-p | Feral pigeon | Columbalivia| Ansan, Korea Adult 10 | 10.5 | 8.94V | 540% | 4.74Y | Nametal. 2002a

CS-p | Feralpigeon | Columba livia| Kwangju, Korea Adult 7 119.76 | 22.56V | 11.16Y | 15.09¥ Yoon 2000

C6-p | Feral pigeon | Columba livia | Duckjeok, Korea Adult 8 | 1.80 | 435W | 471V | 2.82% | Nametal. 2002a

C7-p | Feralpigeon | Columba livia| Yochon, Korea Adult 11| 213 | 7.56Y | 4.08Y | 4.65Y | Nametal. 2002a

Cl-c | Feralpigeon | Columbalivia|  Seoul, Korea Adult 121023 | 3.15V | 0.72V | 0.66Y | Nametal. 2002a

C2-¢c | Feralpigeon | Columba livia|  Ulsan, Korea Adult 10 [ 0.31 | 3.81V | 0.93% | 0.78Y | Nametal. 2002a

C3-c | Feralpigeon | Columbalivia| Busan, Korea Adult 9 1029 | 1.98Y | 0.75V | 0.57Y | Nametal. 2002a

Cd | C4-c | Feralpigeon | Columbalivia| Ansan, Korea Adult 10| 027 | 1.29V | 0.42V | 0.63V | Nametal. 2002a

C5-c | Feral pigeon | Columba livia | Kwangju, Korea Adult 71003 | 177V | 0.18Y | 0.09% ‘Yoon 2000

Co-c | Feral pigeon | Columba livia | Duckjeok, Korea Adult 8 | 0.18 | 0.18V | 0.33% | 0.27% | Nametal. 2002a

C7-c | Feral pigeon | Columba livia| Yochon, Korea Adult 11033 | 2.04Y | 0.63¥ | 0.60Y | Nametal.2002a

7n - Feral pigeon | Columba livia | Kwangju, Korea Adult 7| 81 | 61W | 53V | 24V Yoon 2000

Fe - Feral pigeon | Columba livia | Kwangju, Korea Adult T | 49 | 305V | 555V | 464V Yoon 2000
C8p | Feral pigeon | Columba livia Agmug“éal land, - 8 12| 63 | 23 | — |Johnsonetal 1982

P C9-p | Feral pigeon | Columba livia| Dorchester, UK - 8| 33 17 6.5 — | Johnson et al. 1982
C10-p | Feral pigeon | Columba livia |  Liverpool, UK - 121245 | 189 | 137 — | Johnson et al. 1982
Cli< | Feral pigeon | Columbalivia) ST 1 aque |9 | = | 921 | 060V | 0,090V | Elabidi etal. 2010

Morocco

Cl12-c | Homing pigeons - Beijing, China | 9—10+years | 24 | — | 11.137 | 0.947 | 0.116 | Cuietal 2013
Cl13-c | Homing pigeons - Beijing, China 1-2years | 10| — | 2.142 | 0.299 | 0.056 | Cuietal. 2013

Cd | Cl4-c | Homing pigeons - Beijing, China 5—6years | 15| — | 2676 | 0383 | 0.059 | Cuietal 2013
Cl5-c | Feralpigeon | Columba livia | Kamra, Morocco Adult 10 — | 1.74% | 0.57V | 0.009¥ | Elabidi et al. 2010
Cl6-c | Feral pigeon | Columba livia| Oulja, Morocco Adult 6 | — | 0.78Y |039%]0.024Y | Elabidi et al. 2010
Cl7-c | Feral pigeon | Columba livia Allla\l/lkl)Ser;r;()ul, Adult 6 | — | 036Y | 021V ] 0.015V | Elabidietal. 2010

w: Wet weight values multiplied by 3 were used as dry weight values in kidney, liver, and lung.

Appendix 3. The mean concentrations (ug/g dry) of lead (Pb) of birds in the reviewed papers

Case No. English name Scientific name Location n | Bone | Kidney | Liver Reference
Cl8-p Greenfinch Carduelis sinica Beijing, China 20| 746" | 0.68 | 045 | Dengetal 2007
C19p Great tit Parus major Beijing, China 2515247 121 | 0.64 | Dengetal 2007
C20-p Blackbird Turdus merula Cercs, Spain 8 | 1564 | 540 | 348 | Llacunaetal 1995
C2lp | Ancientmurlet | Symthiboramphus anipuus | "8 WG oMM g g3 3 a0 | 404 | Kimetal 2009
C22p Cattle egret Bubulcus ibis Texas, USA 9 1793 | 282 | 1.89% | Hulseetal. 1980

C23-p Rufous turtle dove Streptopelia orientalis Gyeonggi-do, Korea 30151 | 044 | 058 Kim et al. 2009

C24p Blackbird Turdus merula St'Ja“meS‘ifag"nmya’ 40870 | 468 | 130 | Llacunactal 1995
C25-p Arctic loon Gavia arctica Busan, Korea 12| 149 | 060 | 049 | Kimetal 2006

C26-p Passerines - Gyeonggi-do, Gangwon-do | 6 | 1.84 | 0.66 | 0.70 Kim et al. 2009
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Appendix 3. Continued

Case No. English name Scientific name Location n | Bone |Kidney | Liver Reference
C27p Red-throated loon Gavia stellata Busan, Korea 41091 | 095 | 019 | Kimetal 2006
C28-p Rock bunting Emberiza cia Cercs, Spain 8 | 3.67 | 404 | 137 | Llacunaetal. 1995
C29-p Pacific loon Gavia pacifica Busan, Korea 9| 128 | 076 | 122 Kim et al. 2006
C30-p |Eastern great white egret|  Egretta alba modesta Cheonan, Korea 51023 | 024V | 021V | Hondaetal. 1986
C3lp Waterfowls - Gangwon-do 30145 174 | 212 Kim et al. 2009
C32p Raptors - Gyeonggi-do, Gangwon-do | 7 | 1.05 | 157 | 1.55 | Kimetal 2009
C33-p Great tit Parus major Cercs, Spain 6| 249 | 7.12 | 0.76 | Llacunaetal. 1995
C34-p Laughing gull Larus atricilla Texas, USA 251 693 | 6.30% | 1593V | Hulseetal. 1980
C35p | Rockbunting Emberiza cia Sl aumesiea;“’mya’ 4] 247 522 | 295 | Llacunaetal. 1995
C36p | Heronsand egrets - Chufgyf]f:ff;n‘i% © |10] 207 530 | 372 | Kimetal 2009
C37:p Great it Parus major St a“mesiea;mm““ya’ 5| 100 | 340 | 304 | Llacunactal. 1995

9 The lead concentration of the bone was the average value of femur bone and sternum bone.
w: Wet weight values multiplied by 3 were used as dry weight values in kidney and liver.

Appendix 4. The mean concentrations (ug/g dry) of cadmium (Cd) of birds in the reviewed papers

Case No. English name Scientific name Location n | Bone |Kidney | Liver Reference
Cl8-c Greenfinch Carduelis sinica Beijing, China 20 0170 | 259 | 0.56 | Dengetal 2007
Cl19-c Great tit Parus major Beijing, China 2510101 | 132 | 0.68 | Dengetal 2007
C20-c Blackbird Turdus merula Cercs, Spain 81 056 | 109 | 2.13 | Llacunaetal. 1995
C2lc | Anclentmurclet | Synliboramphus anipuus | 180 SOl g | g5 113 153 | Kimetal, 2009
C22-c Cattle egret Bubulcus ibis Texas, USA 9 1 0.088 | 3.225% | 0.345Y | Hulse etal. 1980
C23-c Rufous turtle dove Streptopelia orientalis Gyeonggi-do, Korea 31005 ] 006 | 006 Kim et al. 2009
Co4c Blackbird Turdus merula St'Jaumes‘;eaE:"ma“ya’ 4] 026 | 2622 | 295 | Llacunaetal. 1995
C25-¢c Arctic loon Gavia arctica Busan, Korea 121002 | 118 345 Kim et al. 2006
C26-c Passerines - Gyeonggi-do, Gangwon-do | 6 | 0.05 | 032 | 0.18 Kim et al. 2009
C27-¢ Red-throated loon Gavia stellata Busan, Korea 41003 | 183 | 634 Kim et al. 2006
C28-c Rock bunting Emberiza cia Cercs, Spain 8 | ND | 378 | 031 |Llacunaetal. 1995
C29-c Pacific loon Gavia pacifica Busan, Korea 91 0.1 139 53 Kim et al. 2006
C30-c | Eastern great white egret |  Egretta alba modesta Cheonan, Korea 5| 150 | 510% | 204W | Hondaetal. 1986
C3l-c Waterfowls - Gangwon-do 31008 | 075 | 038 Kim et al. 2009
C32-¢ Raptors - Gyeonggi-do, Gangwon-do | 7 | 0.09 | 046 | 020 | Kimetal 2009
C33-c Great tit Parus major Cercs, Spain 6 | 008 | 212 | 0.54 | Llacunaetal. 1995
C34-c Laughing gull Larus atricilla Texas, USA 2510207 | 4527V | 0.660% | Hulse et al. 1980
35 Rock bunting Emberiza cia St aumesiea;“’mya’ 4| ND | 329 | 042 |Llacunaetal. 1995
C36-c |  Heronsand egrets - Gyeonggi-do, 10] 008 | 122 | 064 | Kimetal. 2009

Chungcheongnam-do
. . St.Jaume de Frontanya,
C37-c Great tit Parus major Spain 51009 | 197 | 0.77 | Llacunaetal. 1995

9: The cadmium concentration of the bone was the average value of femur bone and sternum bone.

w: Wet weight values multiplied by 3 were used as dry weight values in kidney and liver. ND: non-detectable.
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Appendix 5. The mean concentrations (ug/g dry) of zinc (Zn) and iron (Fe) of birds in the reviewed papers

Heavy | Case

metals | No. English name Scientific name Location n | Bone | Kidney | Liver Reference

Cl8-c Greenfinch Carduelis sinica Beijing, China 20 | 1541 88 106 | Dengetal. 2007
Cl9c Great tit Parus major Beijing, China 25| 146V | 86 117 | Dengetal. 2007
C20-c Blackbird Turdus merula Cercs, Spain 8 | 150 | 106 | 87 |Llacunaetal. 1995
Clc|  Ancientmumelet | MZZ%? fus Je:fl‘fm“iﬁzlagir W |8 16] S8 | 87| Kimetal 2009
C23-c|  Rufousturtle dove | Streptopelia orientalis Gyeonggi-do, Korea 3021 15 21 | Kimetal. 2009
C24-c Blackbird Turdus merula St.Jaume de Frontanya, Spain | 4 | 153 | 113 | 72 |Llacunaetal. 1995
C26-c Passerines - Gyeonggi-do, Gangwon-do | 6 | 13 3 7 Kim et al. 2009

Zn |C28c Rock bunting Emberiza cia Cercs, Spain 8 | 210 | 100 | 91 |Llacunaetal. 1995
C30-c | Eastern great white egret | Egretta alba modesta Cheonan, Korea 51 87 | 61V | 101V | Hondaetal 1986
C3lc Waterfowls - Gangwon-do 3 12 10 16 | Kimetal. 2009
C32¢c Raptors - Gyeonggi-do, Gangwon-do | 7 | 26 22 22 | Kimetal. 2009
C33-c Great tit Parus major Cercs, Spain 6|25 | 86 99 | Llacuna et al. 1995
C35-c Rock bunting Emberiza cia St.Jaume de Frontanya, Spain| 4 | 166 | 94 72 | Llacuna et al. 1995
C36<|  Herons and egrets - Chuﬁgy;‘l’:ff;n‘i‘;n w1070 73| 126 | Kimetal 2009
C37-c Great tit Parus major St.Jaume de Frontanya, Spain| 5 | 249 | 96 113 | Llacuna et al. 1995

Fe — | Eastern great white egret | Egretta alba modesta Cheonan, Korea 51 50 | 366% | 690" | Honda etal. 1986

4 The zinc concentration of the bone was the average value of femur bone and sternum bone.
w: Wet weight values multiplied by 3 were used as dry weight values in kidney and liver.
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