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Abstract. Organ and tissue distribution of eight 
metals (Fe, Mn, Zn, Cu, Pb, Ni, Cd, Hg) and their 
age-related changes were investigated in the chick 
and adult eastern great white egret, Egre t ta  alba 
modes ta ,  collected in Korea. High concentrations 
of the metals were found in the liver, kidney, 
feathers, bone, and skin; tow values were found in 
the muscle and brain. A majority of the metal 
burdens in the chick and adult egrets existed in the 
muscle, bone, and feathers; about 50% of the Hg 
was in the feathers. The concentrations of Fe, Mn, 
Zn, and Cu in organs and tissues of the chicks char- 
acteristically changed with age, and their accumu- 
lations depended upon the metabolic turnover. In 
contrast, the concentrations of Pb, Ni, Cd, and Hg 
increased with age, suggesting that age or exposure 
time is a dominant factor. However, the younger 
stage of the downy chicks showed a rapid accumu- 
lation plateau of Pb, Ni, Cd, and Hg, and a dilution 
effect of these metal concentrations by increased 
body weight with age also was observed. Further- 
more, rapid decreases of the body burden of Mn, 
Cu, Ni, Pb, Cd, and Hg were found in the fledgling 
birds, indicating that the metals were excreted via 
the feathers by moulting. These results indicate 
that consideration of the growth stage of organs and 
tissues is necessary for understanding the bioaccu- 
mulation processes and the toxicological criteria of 
the metals. 

Many comparative studies have shown the effects 
of anthropogenic pollution on birds by toxic metals 
such as Pb, Cd, and Hg (Fimreite et  al. 1970; Tansy 
and Roth 1970; Martin and Nickerson 1973; Ohi et  
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al. 1974; Jenkins 1975; Munoz et ai. !976; Getz et 
al. 1977; White et  al. 1977; Hulse e t  at. 1980; 
Hutton and Goodman 1980). Their toxicological ef- 
fects including mortality, flying and reproductive 
failures and other physiological toxicities also have 
been suggested (Bagley and Locke 1967; Anderl~ni 
et  al. 1972; Longcore e t  at. 1974; Martin and 
Coughtrey 1975; Simpson et  al. 1979; Eastin et al. 
1983; Grue et at. 1984; Hoffman et al. 1984). Re- 
cently, some birds in Korea have experienced a re- 
duction in numbers (Won 1975; Seong 1979), 
mainly due to destruction of the habitat by industri- 
alization. Additionally, direct or indirect distur- 
bances by people, as well as environmental pollu- 
tion by agricultural chemicals containing organo- 
chlorine compounds and heavy metals are closely 
related to the decline of these species (Minet aI. 
1984a). For elucidating such toxicological effects of 
metals on birds, accumulation characteristics of 
metals in organs and tissues and their variations are 
warranted. Metal concentrations and distribution in 
birds may be influenced by several physiological 
and biological processes, such as feeding habits, 
growth or age, reproduction, moulting, and migra- 
tion. In particular, the growth stage or age of a bird 
is one of the causes of large variations, and several 
authors have shown that Cd, Pb, and Hg are accu- 
mulated in certain tissues of birds with growth 
(Haarakangas et  al. 1974; Ojanen et  al. 1975; Fur- 
ness and Hutton 1979; Osborn 1979; Hulse et al. 
1980; Cheney et  al. 1981). However, a detailed 
analysis of organ and tissue distribution of metals 
and their variations with age in relation to develop- 
mental processes of organ and tissue has yet to be 
presented. 

The eastern great white egret (EGWE), Egre t ta  
alba rnodes ta ,  is relatively a large and long-life 
species, which migrates for breeding to Korea, 
China, and Japan late: in March or early in April, 
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T a b l e  1. M e t a l  c o n c e n t r a t i o n s ~  ( m e a n  • S D ,  ~ g / w e t  g) in v a r i o u s  o r g a n s  a n d  t i s sue s  a n d  w h o l e  b o d y  of the c h i c k  a n d  a d u l t  e g r e t ,  

Egretta alba modesta 

O r g a n  & G r o w t h  A g e  

tissue s t a g e  (day )  (N)  F e  M n  Z n  C u  

B r a i n  D o w n y  y o u n g  1 - 9  ( - ) - -  - -  - -  

1 2 - 2 4  (9) 24 .6  • 2 .10  a 0 .20  _ 0 .05  a 12.0 _+ 2 .03 a 2 .08  • 0 .10  a 

P r e f l e d g l i n g  3 0 - 4 5  (6) 25.3 + 2 .98  a 0 .20  - 0 .04  a 23.1 ___ 6 .23 b 2 .10  _+ 0 .13  a 

F l e d g l i n g  5 5 - 7 0  (4) 26.1 • 5 .32  a 0 .22  + 0 .09  a 14.8 • 3 .29  a 2.01 _ 0 . 1 5 ,  

C h i c k  m e a n  24.7  __. 6 .93a 0.21 -+ 0.11 a 13.4 _+ 4 . 3 D  2 .02  • 0 .18a 

A d u l t  (5) 27 .4  • 6 .73  b 0 .49  - 0 .08  b 14.7 + 0 .93"  2 .43 ___ 0.51 b 

Liver D o w n y  y o u n g  1 - 9  (6) 103 • 35 .6  a 1.52 • 0 .16  a 25 .0  +- 8 .83"  6.11 • 0 .17a 

1 2 - 2 4  (9) 76.1 -4- 4 .218 2 .26 + 0 .84  b 32.3  + 3 .89 b 10.9 _+ 6.498 

P r e f l e d g l i n g  3 0 - 4 5  (6) 369 -+ 305 ~ 2 .98 - 0 .32  c 58.3  -+ 15.2 c 11.0 _+ 3 .74  b 

F l e d g l i n g  5 5 - 7 0  (4) 389 -+ 83 .4  ~ 3 .79  - 0 .25 d 52.1 _+ 32.6  d 3 .92 _ 0.41~ 

C h i c k  m e a n  182 -+ 182 a 2 .65 • 0 .73 c 31.2  _+ 19.0 8 9 .24  _ 5 .04  b 

A d u l t  (5) 230 • 39 .8  e 3 .47 -+ 0 .29  d 33.8  --- 3 .26  b 7 .05 • 2 .96"  

K i d n e y  D o w n y  y o u n g  1 - 9  (6) . . . .  
1 2 - 2 4  (9) 53.6  _+ 4 .02  a 0 .52  • 0 .12  ~ 19.1 - 4 .18  ~ 1.75 _+ 0.58~ 

P r e f l e d g l i n g  3 0 - 4 5  (6) 115 - 63 .2  8 0 .98  • 0 .15 b 25 .0  --- 9 .85  b 2 .20  ___ 0 .83 b 

F l e d g l i n g  5 5 - 7 0  (4) 67.5  • 19.8 c 1.10 • 0 .10  c 13.9 _ 1.31 c 2 .70  • 1.10 c 

C h i c k m e a n  84.7  _+ 30 .7  d 0 .90  --+ 0 .22  b 20.1 • 4 .12  d 2 .37  + 0 .55  b 

A d u l t  (5) 122 • 22 .4  8 1.58 -+ 0 .15  a 20 .4  --- 2 .82  d 2 .80  -+ 0.11r 

M u s c l e  D o w n y  y o u n g  1 - 9  (6) 28 .7  • 6.51~ 1.13 • 0.03~ 18.3 ___ 3 .18 ~ 0.61 • 0 .02  ~ 

1 2 - 2 4  (9) 30 ,0  _+ 3 .19  ~ 0 .30  --- 0 .08  b 21.3  • 6 .05 ~ 1.04 __- 0.188 

P r e f l e d g l i n g  3 0 - 4 5  (6) 33.4  -2-_ 3 .69  b 0.21 • 0 .05 ~ 34.1 _+ 12.0 8 2 .54  ___ 0.45~ 

F l e d g l i n g  5 5 - 7 0  (4) 37.3 • 10.7 ~ 0 .20  --- 0.05~ 30 .9  • 7 .078 1.64 _+ 0 .69  d 

C h i c k  m e a n  31 .6  - 4.92~ 0 ,37  +- 0.308 25.3 _+ 9 .18  a 1.44 ___ 0.75d 

A d u l t  (5) 48 .2  • 9 .49  d 0 ,42  • 0 .05  b 31.7  • 4 .24  b 2 .22 • 0 .40  c 

S k i n  D o w n y  y o u n g  1 - 9  ( - ) . . . .  
1 2 - 2 4  (9) 25 .8  • 3.67~ 0 ,70  --- 0 . 1 %  17.8 • 4 . 7 4 ,  1.51 - 0.66~ 

P r e f l e d g l i n g  3 0 - 4 5  (6) 38,4  --- 19.3 b 1.12 -2_ 0 .20  b 30.5  --+ 13.4 8 4 .05  • 1.738 

F l e d g l i n g  5 5 - 7 0  (4) 29.1 --- 11.9 r 1.00 --- 0 .08  b 30 .2  • 2 .47  b 3.23 - 1.36 ~ 

C h i c k  m e a n  29 .9  • 11.2 ~ 0 .86  +- 0 . 2 5 ,  23 .2  _ 9.42~ 2 .48 • 1.52 d 

A d u l t  (5) 110 • 16.5 a 3 .04 -4- 1.76 ~ 37.3 --- 2 .42  a 4 .07  ___ 1.30 b 

B o n e  D o u w n y  y o n g  1 - 9  (6) 25 .2  - ' -  5.30  a 1.43 -- 0.20~ 54.3 • 3.85~ 0 .39  • 0 .10  ~ 
12--24 (9) 39 .9  ---- 13.1 b 1.67 ---- 0 .45  b 72.1 • 14.4 8 0 .77  ----- 0 .15  b 

P r e f l e d g l i n g  3 0 - 4 5  (6) 45.5  • 21.1 ~ 2.11 _+ 0.30~ 99.1 • 17.0 ~ 0 .72  -4- 0.278 

F l e d g l i n g  5 5 - 7 0  (4) 52 .4  • 20 .6  d 3.03 • 0 .90  d 115 • 35 .6  d 0 .74  - 0 .03 b 

C h i c k  m e a n  43 .2  --- 15.2 ~ 1.99--- 0 .63  b 85 ,9  __- 23.1 ~ 0 .75 • 0 .16  b 

A d u l t  (5) 50 .2  • 5 .53 d 2 .28 - 0 .19o 87,3  -+ 6.45~ 0 .79  --- 0 .13 b 

F e a t h e r  D o w n y  y o u n g  1 - 9  (6) 3 .20 • 0.32~ 0 .05  _ 0.02~ 25.2  _ 2 .50  a 0 .35  -+ 0 .10  a 
1 2 - 2 4  (9) 26 .0  • 6 .85  b 1.06 _ 0 .45b 49.1 -+ 7 .60  b 2.91 • 0.81 b 

P r e f l e d g l i n g  3 0 - 4 5  (6) 51 .4  • 21 .5  c 4 .18 _ 3 .27 c 85 .0  __+_ 18.9 ~ 8 .30 - 5 .32  ~ 

F l e d g l i n g  5 5 - 7 0  (4) 13.0 • 1.70 a 1.58 • 0 .50  d 76 .4  -+ 0.21 a 4 .78  +- 0 .32  d 

C h i c k  m e a n  31.4  • 17.4 b 2 .03 • 2.07~ 63.3  • 19.5 * 4.71 • 3.45 d 

A d u l t  (5) 91 .5  • 28 .9  c 7 .04  • 4 .05f  114 • 7 .58  r 10.2 • 1.39 ~ 

Whole D o w n y  y o u n g  1 - 9  (6) 30.4  -+ 7 .40  ~ 1.59 • 0 .15  ~ 15.1 +-- 1.47 ~ 1.42 • 0 .36  ~ 
b o d y  1 2 - 2 4  (9) 38.4  • 5 .488 0 .90  • 0 .16  b 31~0 • 3.71 b 1.89 • 0 .44  b 

P r e f l e d g l i n g  3 0 - 4 5  (6) 47 .2  _-2- 5 .54  ~ 1.46 • 0 .46  a 52 .2  • 4 .45  ~ 2 .67  • 0 .74  c 

F l e d g l i n g  5 5 - 7 0  (4) 55 .7  • 6 .37  d 1.25 • 0 .10  c 56.1 • 4 .45  d 1.76 • 0 .34  b 

C h i c k  m e a n  38.3 • 8.41 b 1.25 __. 0.37~ 33.3 • 16.9 b 1.93 • 0 .67  b 

A d u l t  (5) 69 .2  • 9 .85 e 1.82 • 0 .60  d 57.2  • 5 .74  a 2 .77 • 0 .31 ~ 

then returns to the Philippines, Indonesia, and Ma- 
laysia for wintering late in September or early in 
October (Min et  al. 1984a; Min and Shiraishi 1984). 
As the EGWE is relatively high in the trophic level 
of the food web, it may be useful as an "indicator 
species" for environmental pollution of heavy 

metals and other chemicals. Additionally, this 
species is important for understanding the bioaccu- 
mulation phenomenon of pollutants. Min et  al. 
(1984a) examined the biometry of growth and food 
habits of young of the EGWE in Korea and re- 
ported that the development of organs and tissues, 
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Tab le  1. ( c o n t ' d )  

O r g a n  & G r o w t h  A g e  

t i s sue  s tage  (day)  (N) Ni  Pb  Cdb Hg  

Bra in  D o w n y  y o u n g  1 - 9  ( - ) . . . .  

1 2 - 2 4  (9) 0.03 _+ 0.01 a 0.05 -+- 0.01a <1.0~ <0 .005  a 
P re f l edg l ing  3 0 - 4 5  (6) 0.06 _+ 0.02 b 0.10 _ 0.03 u < 1 . 0  a 0.05 -_ 0.01 b 

F l edg l ing  5 5 - 7 0  (4) 0.06 -+ 0.04 b 0.06 ~ 0.05 a < 1 . 0  a 0.05 • 0.01 b 

C h i c k  m e a n  0.05 +_ 0.03 b 0.08 ~ 0.05 b 1.0 • 1.0 b 0.05 ;+: 0.04 b 

A d u l t  (5) 0.03 -+ 0.02~ 0.05 • 0.05 a 3.0 • 2.0~ 0.28 • 0.12o 

L i v e r  D o w n y  y o u n g  1 - 9  (6) 0.10 • 0.01~ 0.25 • 0.05 a 14.0 _+ 8.0 a 0.26 .+_- 0.03 a 

1 2 - 2 4  (9) 0.05 • 0.01 b 0.08 2 0.02 b 3.0 ~ 1.0 b 0 . I5  • 0.03 b 

P re f l edg l ing  3 0 - 4 5  (6) 0.05 • 0.01 u 0.28 _+ 0.23~ 17.5 ~ 11.0 = 0.84 _+ 0.93c 

F l edg l ing  5 5 - 7 0  (4) 0.05 __. 0.04 b 0.10 ~ 0.01 u 2.0 _ 1.0 b 0.44 • 0.04 d 

C h i c k  m e a n  0.06 -+ 0.02 b 0.16 • 0 . I4  c 12.0 • 13.0 ~ 0.36 • 0.47 e 

A d u l t  (5) 0.03 + 0.02 c 0.07 • 0.05 b 68.0 ~z 13.0 a 1.30 _+ 0.56 f 
K i d n e y  D o w n y  y o u n g  1 - 9  (6) ~ 5.7 • 3.0 ~ - -  

1 2 - 2 4  (9) 0.04 • 0 .01,  0.07 -+ 0.02 a 3.0 -_ 2.0 b 0.10 _+ 0~05~ 

P re f l edg l ing  3 0 - 4 5  (6) 0.06 _+ 0.01 b 0.38 _+ 0 . t 2  b 25.0 • 30.0 c 0.46 • 0.41 b 

F l edg l ing  5 5 - 7 0  (4) 0.04 -+ 0.0I  a 0.11 _+ 0.01 ~ 30.0 _. 10.0 d 0.22 • 0.02~ 

C h i c k  m e a n  0.06 • 0.02 b 0.18 _+ 0.09 d 15.0 • 27.0 ~ 0.28 _+ 0.36 d 

A d u l t  (5) 0.03 • 0.02 a 0.08 • 0.05 a 170 _+ 50.0f 0.71 • 0.21 e 

M u s c l e  D o w n y  y o u n g  1 - 9  (6) 0.14 -+ 0.02~ 0.17 • 0.01~ 4.0 • 1.0~ 0.06 • 0.03~ 

1 2 - 2 4  (9) 0.06 • 0 .0 l  b 0.07 ~ 0.03 b 3.0 -+ 1.0 a 0.04 • 0.01 b 
P re f l edg l ing  3 0 - 4 5  (6) 0.09 -_+ 0.04 c 0.14. _+ 0.06 ~ 7.0 _+ 2.0 b 0A1 -2- 0.09 c 

F l edg l ing  5 5 - 7 0  (4) 0.05 • 0.01 d 0.06 _+ 0 .0 l  b 4 .0  ~ 2.0 a 0.08 + 0.02 a 

C h i c k  m e a n  0.08 _+ 0.03r 0.10 -+ 0.05r 4.0 • 2.0~ 0.06 • 0.05~ 

A d u l t  (5) 0.04 z 0.02 d 0.05 _+ 0.03 b 5.0 _+ 1.0 b 0.29 • 0.05 d 
Sk in  D o w n y  y o u n g  1 - 9  ( - ) . . . .  

1 2 - 2 4  (9) 0 .1!  • 0.03~ 0.16 • 0.04~ 5.0 • 2.0 ~ 0.06 • 0.02~ 
P re f l edg l ing  3 0 - 4 5  (6) 0.22 • 0 . I5  b 0.50 _+ 0.18 b 9.0 = 8.0~ 0.39 • 0.38 b 

F l edg l ing  5 5 - 7 0  (4) 0.15 • 0.04 ~ 0.15 _+ 0.02~ 13.0 • 3.0~ 0 . t 0  -+ 0.0to 

C h i c k  m e a n  0.15 • 0.09~ 0.15 _+ 0.10~ 7.0 = 5.0 b 0.2~ _~ 0.28 a 

A d u l t  (5) 0.12 • 0.09 ~ 0.08 �9 0.08 c 12.0 _= 9.0 ~ 0.5I  = 0.20 e 

B o n e  D o w n y  y o u n g  1 - 9  (6) 0.14 • 0.09 ~ 0.32 • 0.05 a 3.0 • 2.0 a 0.04 ~ 0.01 a 

1 2 - 2 4  (9) 0.07 • 0.02 b 0.17 _+ 0.05 u 3.0 m 1.0~ 0.04 x 0.01~ 
Pre f l edg l ing  3 0 - 4 5  (6) 0.08 • 0.04 b 0.27 • 0.09 c 9.0 • 2.0 b 0 .1 t  :: 0.06 b 

F l edg l ing  5 5 - 7 0  (4) 0.11 _+ 0.01 c 0.14 • 0.06 b 6.0 = 2.0 c 0.03 5: 0.01~ 

C h i c k  m e a n  0.08 __ 0.03 b 0.19 • 0.07 b 9.0 -+ 4.0 b 0.06 • 0.04~ 

A d u l t  (5) 0.15 ___ 0.13 ~ 0.23 • 0.08~ 15.0 z 2.0 d 0.23 = 0.05~ 
F e a t h e r  D o w n y  y o u n g  1 - 9  (6) 0.12 • 0.13 a 0.09 _+ 0 .0 t  ~ 2.0 z 1.0~ 0.13 --: 0.03 ~ 

1 2 - 2 4  (9) 0.14 • 0.05~ 0.15 • 0.06 b 7.0 ~ 2.0 b 0.19 • 0~03 b 
P re f l edg l ing  3 0 - 4 5  (6) 0.26 _+ 0.09 b 0.56 • 0.19~ 19.0 _+ 7.0 c 1.19 -_:- 1.20~ 

F ledg l ing  5 5 - 7 0  (4) 0.17 • 0 .02 a 0.33 • 0.05 d 14.0 ___ 4.0 a 0.61 • 0.07 a 

C h i c k  m e a n  0.17 _+ 0.09 ~ 0.30 • 0.20 d 13.0 -- 16.0d 0.54 - 0.710 

A d u l t  (5) 1.14 _+ 0.31 ~ 1.44 • 0.42 e 24.0 • 8.0~ 2.65 = 0.95~ 
W h o l e  D o w n y  y o u n g  1 - 9  (6) 0.08 • 0.01 a 0 .16 -_ 0.03,  6.0 x 2.0 ~ 0.07 = 0.03 a 

b o d y  1 2 - 2 4  (9) 0.05 + 0.01 b 0.09 • 0.01 b 3.0 m 1.0 b 0.04 m 0.01b 

P re f l edg l ing  3 0 - 4 5  (6) 0.11 _+ 0.04~ 0.24 _+ 0.11~ 11.0 z 5.0~ 0.23 ::  0 . i4c  

F l edg l ing  5 5 - 7 0  (4) 0.08 • 0.01~ 0.11 • 0.05 d 6.0 • 2.0~ 0.13 = 0.03 d 

C h i c k  m e a n  0.08 + 0.03~ 0.14 _+ 0.07~ 6.0 = 6.0~ 0.13 = 0.10d 

A d u l t  (5) 0.17 - 0.05 d 0.24 • 0.07r 10.0 • 2.0~ 0.55 _-z 0.16~ 

a The  m e t a l  c o n c e n t r a t i o n s  in m u s c l e ,  b o n e  and  f ea the r  w e r e  c a l c u l a t e d  

c o n c e n t r a t i o n .  M e a n s  w i th in  e a c h  m e t a l  no t  fo l l owed  by  the  s a m e  l e t t e r  
v a r i a n c e  o f  the  c o n c e n t r a t i o n )  
b r ig /wet  g 

f rom the we igh t  o f  pos i t i ons  of  each  t i s sue  and i ts  m e t a l  

are  s ign i f i can t ly  d i f fe ren t  (p < 0.05) l o n e - w a y  anaJys i s  of  

as well as food intake varied widely with growth. 
We have already reported the detailed distribution 
of  heavy  metals  in organs and t i ssues  of  the 

EGWE, and the nature of the organ(s) of birds to be 
selected for ecological comparison was also dis- 
cussed (Honda et  al. 1985). 



188 K. Honda et  al. 

This report describes the concentration levels of 
metals (Fe, Mn, Zn, Cu, Ni, Pb, Cd, Hg) in various 
organs and tissues of the EGWE collected in Korea 
and age-related changes related to the develop- 
mental processes of the organs and tissues. 

Materials and Methods 

Field examinations of EGWE were carried out at the breeding 
site covering an area of 1.2 ha on a hill near a small village, 2 km 
away from the Cheonan  City, Chungcheongnando,  central  
Korea, which is far from industrial areas. Three adult EGWEs 
were captured by slingshot every month from April to August 
1981, and three chicks of the age group 2 -5  days were captured 
from different nests. Collecting the EGWE in larger numbers 
was avoided since protection and management of this species is 
mandatory. The age estimation of adult egrets was made by the 
color and shape of the beaks. After weighing, the specimens 
were immediately frozen at - 20~ until subject to necropsy and 
other measurements. 

Twenty five chicks and 5 adult males of age 2 yr collected from 
April to August were selected for metal analysis. The remainder 
of the specimens were shared for preservation in the museum 
and for the analysis of organochlorine compounds (Min et  al.  

1984b). The specimens selected for metal analysis were dis- 
sected, and the bone, skin, feathers, liver, kidney, brain, heart, 
lungs, and muscle were weighed separately. The bone samples 
of sternum, humerus, cervical vertebrae, femur, and tibia were 
analyzed after carefully removing the adhering muscles and liga- 
ments. The surface of the bone samples was gently washed with 
distilled water, dried by filter paper and weighed before analysis. 
The muscles from the pectoral  and femoral  regions were 
weighed separately. Three types of feathers were collected: the 
remiges, coverts, and abdominals. The feather samples were 
rinsed thoroughly in tap water, distilled water, and acetone, and 
dried at 20~ For moisture determination, all the samples were 
dried at 80~ for 12 hr. The lipid content was measured by 
Soxhlet ether extraction. 

For the analysis of Fe, Mn, Zn, Cu, Ni, Pb, and Cd, the dried 
tissues except bones were homogenized, and 1- to 10-g of 
samples were digested to a transparent solution with a mixture 
of nitric, perchloric, and sulfuric acids in a Kjeldahl flask (200 ml 
volume). The bone samples were digested in a nitric and per- 
chloric acid mixture. The resultant solutions were diluted to a 
known volume with deionized water and transferred to acid- 
washed test tubes with Teflon screw-caps. The concentrations of 
Fe, Mn, and Zn were determined by flame atomic absorption 
spectrophotometer (Model Shimazu AA-670). Cu, Ni, Pb, and 
Cd were measured after methyl isobutyl ketone-diethyl dithio- 
carbamate treatment by flame atomic absorption spectrophotom- 
etry (Honda et  al. 1982). Corrections for background interfer- 
ence were made by running appropriate blanks. The accuracy of 
this method has been determined in this laboratory by spiking 
bones and other tissues of dolphin with known amounts of Fe, 
Mn, Zn, Cu, Ni, Pb, and Cd with recoveries of 90.0 to 99.9%. 

Mercury was determined by cold vapor atomic absorption 
spectrophotometry (Honda et  al. 1983). It consisted of the min- 
eralization of samples with a nitric, perchloric, and sulfuric acid 
mixture in a flask equipped with a Liebig condenser and fol- 
lowed by potassium permanganate (KMnO4) digestion. The ex- 
cess of KMnO 4 was reduced with a 20% hydroxylamine hydro- 
chloride solution and the mercury to Hg ~ with tin(II)chloride. 

Determinations were made with a Shimadzu AA-670 spectro- 
photometer, and the limit of quantification for Hg was 0.005 ppm 
on a wet-weight basis. 

Results and Discussion 

Organ and  Tissue Dis tr ibut ion  o f  Me ta l s  

Table 1 shows the mean concentrations of metals in 
organs and tissues of the chick and adult EGWEs. 
In general, high concentrations in the adults were 
found in the liver, kidney, skin, bone, and feathers, 
and low concentrations in the brain and muscle. 
These distribution patterns agreed with those in 
many other bird species (Tatsukawa et  al. 1974; 
Finley and Stendell 1978; Furness and Hutton 1979; 
Osborn et al. 1979; Cheney et al. 1981; Nicholson 
1981; Delbeke et al. 1984). In particular, a low con- 
centration of metals in the brain may be explained 
by the "blood-brain barr ier"  (Okada 1978), al- 
though the mechanism is not clear. But their tissue 
distribution showed some discrepancies and metal- 
specific accumulations. The concentrations of Fe, 
Mn, Cu, Cd, and Hg were relatively high in the 
liver and kidney, but not with Zn, Ni, and Pb. A 
relatively high accumulation of Cu was observed in 
the brain and feathers and it has been reported that 
Cu in the brain is associated with Cu-protein as al- 
bocuprein-I and -II (Kimura and Araki 1981). Fur- 
thermore, high accumulations of Mn, Zn, Ni, Pb, 
and Hg were found in the hard tissues such as 
bone, skin, and feathers. High accumulations of 
these metals are found in hard tissues of upland and 
sea birds (Tatsukawa et  al. 1974; Kitamura et al. 
1976; Osborn et  al. 1979; Hulse et al. 1980; Cheney 
et al. 1981). According to Underwood (1971), Zn 
and Pb are stored in bone with ossification and Mn, 
Zn, and Ni are related to the pigmentat ion of 
feathers. However,  the chemical forms of these 
metals in the hard tissues are not adequately under- 
stood. 

The distribution patterns of the metals in organs 
and tissues in the adult birds were similar to those 
found in EGWE chicks. In the case of the chicks, 
Cu in liver, and Pb and Ni in the soft tissues such as 
brain, liver, and kidney showed comparatively high 
concentrations when compared to the adults. 

Organ and tissue burdens of the metals were cal- 
culated from the weight of organs and tissues and 
their metal concentrations, and the results are ex- 
pressed as percentage of organ and tissue burden to 
total body burden (Table 2). 

In adult EGWE, relatively high percentages of 
the metal burdens in the whole body generally were 
present in the feathers, which comprised only 
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Table 2, Percentages  (mean • SD) of  organ and t issue burdens  to total body burdens  o f  the metals  in the chick and adult  egrets ,  Egretta 
alba modesta 

Weight 
organs & t i ssues  Fe Mn Zn Cu 

Chick (N = 25) 
Brain a 1.02 • 0.48 0.43 • 0.13 0.22 • 0,09 0.31 • 0,05 
Liver  5.05 • 2.01 16.0 • 5.36 9.77 • 4,39 3.13 • 1.07 
Kidneya 1.57 • 0.68 2.38 • 0.88 0.91 • 0.25 0.62 • 0,41 
Muscle  35.0 • 3.85 31,6 • 4.39 29.4 • 4.99 27.2 • 3,84 
Bone 15.9 • 7.54 20.7 • 6.80 26.0 • 13.9 44.5 • 4,44 
Skin a 9.18 • 1.95 7.03 • 1.87 7.07 --+ 2.01 4.96 • 1,22 
Feathers  9,30 • 4.46 9.69 • 6.44 t4.4 • 24,2 19.7 • 5,06 

Adult  (N = 5) 
Brain 0.53 • 0.05 0.22 • 0.08 0.96 • 1.83 0.16 • 0.02 
Liver  2.74 • 0.41 9.60 • 2,13 5.88 • 1,91 1.92 • 0,37 
Kidney  0.84 • 0.17 1.56 • 0.40 0.82 • 0.28 0.35 • 0.05 
Muscle  42.1 • 2.49 30.6 • 2.54 11.0 • 3.29 26.0 • 1,90 
Bone 22.4 _+ 2.62 17.0 • 1.52 30.2 • 3,90 410,1 + 1.40 
Skin 6.47 • 0.69 10.7 • 1.68 11.1 • 6.45 4.99 • 0.80 
Feathers  9.89 • 0.81 12.6 _+ 4.48 35.4 • 13,3 19.2 • t ,79 

0,87 • 0,45 
20.4 • 14.9 

1.71 • 1.00 
23.3 • 5.93 

9,98 • 4.72 
9.88 • 1.1i 

21.0 • 14.7 

0.49 • 0 . I0  
8.08 • 2.33 
0.90 • 0.23 

35.3 • 3.09 
5.10 • 1.86 
9.97 • 3.68 

34.4 • 2,87 

Table 2. Percentages  (mean  • SD) of  organ and t issue burdens  to total body burdens  of  the metals; in the chick and adult  egrets ,  Egretm 
alba modesta 

Ni Pb Cd Hg 

Chick (N = 25) 
Brain a 0.80 _ 0.31 0.83 • 0.46 1.12 • 0.80 0.58 • 0.14 
Liver  2.01 + 1.23 2.63 + 2.10 4.77 • 1.55 9,30 m 4.79 
Kidney~ 0.76 • 0.42 0.88 • 0.36 2.05 • 0,99 2,06 :~ 0.75 
Muscle  29.1 • 5.17 19.8 • 11.0 19.7 • 6,80 19,8 • 7.82 
Bone 20.9 • 12.4 22.7 _ 5.48 22.2 • 8.79 7 . 5 5 _  1.07 
Skin ~ 16.6 • 8,62 11.6 • 6.32 15.4 • 12.5 7.55 • 2.33 
Feathers  24,2 _ 9.13 36.1 • 21.3 21.9 • 15,8 48.3 + t2,4 

Adult  (N = 5) 
Brain 0.11 • 0.08 0.13 • 0.09 0.13 • 0.I1 0.47 • 0,28 
Liver  0.52 • 0.29 0.70 • 0.43 19.6 • 1.67 7,00 _~ 2.64 
Kidney  0.16 • 0.16 0.29 ___ 0,07 14.6 • 1.67 1.20 m 0.43 
Muscle  8,45 • 3.75 9.28 • 4.61 15.3 • 2.88 20.2 • 7,55 
Bone 16.8 • 11.8 22.8 _ 6.97 12.1 • 7.28 7.96 • 1.73 
Skin 8.30 + 4.64 4.89 • 0.98 7,54 _ 5.07 5.57 • 2.62 
Feathers  44.3 • 7.74 48.0 _+ 10.0 22.3 • 6.24 55.8 • 12.7 

a Samples  analyzed N = 19 

about 10% of the body weight, especially with Hg, 
Ni, Pb, and Mn. This means that a majority of these 
metals in a bird's body is excreted by moulting. Cd 
and Cu burdens in liver and Cd in kidney were also 
comparatively high. In contrast to the adults, the 
chicks showed relatively high burdens of the metals 
in the muscle and liver, and very low burdens of 
Mn and Ni in the feathers, Among the soft tissues 
of the chick, hepatic Cu was at a comparatively 
high level, while hepatic and renal Cd showed rela- 
tively low levels. These observations suggest that 
accumulation of metals vary with developmental 
processes of organs and tissues, and the details are 
discussed in a later section. 

Age-related Accumulations of Metals in the 
Whole Body 

The average concentrations of metals in the whole 
bodies of the chick and adult EGWEs were calcu- 
lated from the weight of organs and tissues and 
their metal concentrations, and statistical compar- 
isons were made to ascertain relationships between 
the metal content and the growth stage. Based on 
age, g rowing  fea the r s ,  and obse rva t ions  on 
standing, flapping and flying practices, each indi- 
vidual was grouped into five stages of growth, 
namely younger ( ls t -9th day) and older (12th-24th 
day) of downy young, prefledgling, fledgling, and 
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Fig. 1. Age-related changes of Fe, Mn, Cu and Hg concentrations in whole bodies of the chicks and adults ofEgretta alba modesta. Zn 
showed a similar trend to Fe, and Pb, Ni, and Cd showed similar trends to Hg (indicated in brackets) 

adult. One-way analysis of variance was made of 
the concentration for each metal. The data for both 
males and females were pooled. 

The results (Table 1) indicated that the differ- 
ences between growth stages were statistically sig- 
nificant for most of the metals. The adult egrets 
showed significantly higher concentrations of all 
the metals as compared to the chicks, indicating an 
accumulation of these metals with growth. Among 
growth stages of the chick, the lowest concentra- 
tions of Mn, Ni, Pb, Cd, and Hg were found in the 
downy young of 12th-24th day. Significant differ- 
ences (p < 0.01 or 0.05) of the metals also were 
found be tween  prefledgling and fledgling: the 
former showed higher concentrations of most of the 
metals as compared to the latter, while the opposite 
was found with Fe and Zn. Furthermore, when the 
whole body concentrations and total burdens of 
metals were plotted against age, there was noted a 
change in the accumulation patterns. The age-re- 
lated changes of concentrations and burdens of Fe, 
Cu, Mn, and Hg are shown in Figures 1 and 2. 

Generally, the whole body concentrations of 
metals increased with age until the 45th day, corre- 
sponding to just before fledgling time, but afterward 
sudden decreases of the metal concentrations were 
found, and the decrease of the total body burdens 
of the metals indicated excretions of these metals. 

In this connection, relatively high burdens of the 
metals in the prefledgling (the 45th day) were found 
in the feathers; in particular, Hg in the feathers con- 
tributed more than 50% of the body burden (Table 
2). Moreover, moulting was seen in the fledgling 
(the 55th day and the 70th day), and their total pri- 
mary moult scores (according to Ashmole 1962) 
averaged 32 for the 55th day and 48 for the 70th 
day, respectively. These observations indicate that 
sudden dec reases  of the concen t ra t ions  and 
burdens of Mn, Cu, Ni, Pb, Cd, and Hg in the fledg- 
ling birds were due to the excretion of these metals 
via moulting. In contrast, the burdens of Fe and Zn 
in the feathers were below 20% of the body burden 
(Table 2), and hence their excretions by moulting 
were also insignificant. 

F u r t h e r m o r e ,  chicks  dur ing the per iod  of 
hatching to the 45th day showed specific accumula- 
tions of the metals. A marked increase of all metal 
concentrations was observed through the period of 
30th-45th day. The chicks during the period of 
10th-15th day also showed relatively large in- 
creases of Fe, Zn, and Cu concentrations, while the 
concentrations of Ni, Pb, Cd, and Hg decreased. A 
rapid decrease was also noticed for Mn concentra- 
tion from the hatching to 10th day (Figures 1 and 2). 

With chicks, the increased rates of the body 
weight in the standing and flapping phases were 
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generally much higher than those in the fledgling 
phase (Figure 3), and the food intake was higher up 
to the 40th day (the end of the flapping phase) com- 
pared with the later stages, as reported by Min et 
al. (1984a). Similar tendencies have been found 
with other bird species (Kuroda 1959, 1964a, 1964b; 
Diamond 1976; Round and Swarm 1977; Cannings 
and Threlfall 1981; Grant 1982). However, observa- 
tion showed that the increase of the body weight 
observed during the period of 19th-28th day was 
less notable than before the above period, which 
might be due to a greater expenditure of energy at- 
tributable to the standing practice, as seen in rapid 
decreases of the whole body lipid and moisture 
contents (Figure 4). After this period, the body 
weight increased during the period of 30th-37th 
day corresponding to flapping phase, and also the 
body lipid contents rapidly increased, along with 
continued decreases in moisture content. More- 
over, the first flight of chicks was made at the 40th 
day, and a great consumption of energy for flapping 
and flying practices seems to be the reason for the 
decrease of both the body weight and the body lipid 
content during the period from the 37th-45th day. 
Observations on the biometric data of the chicks 
indicate that relatively large increases of Fe, Zn, 
and Cu concentrations during the period of the 
10th-15th day were related to the rapid growth of 

the body weight, and also that rapid decreases of 
Pb, Ni, Cd, and Hg concentrations noted during 
this period were due to a dilution by increased body 
weight. Marked increases of all the metal concen- 
trations during the period of prefledgling can be ex- 
plained by decreased body weight, and also a very 
slight change of Pb, Ni, Cd, and Hg burdens during 
the period of younger stage of the downy young 
suggests a relatively faster accumulation plateau of 
these metals compared to the other stages of the 
chick egret growth. 

Organ and Tissue Accumulations of Metats 
with Age 

The results (Table 1) indicate that most of the 
metals examined in various organs and tissues were 
significantly (p < 0.0t or 0.05) higher in the adults 
than in the chicks, but Ni and Pb in brain, muscle, 
liver, kidney and skin, and Cu in liver showed 
lower concentrations in the adults. Furthermore, 
differences of the metal concentrations by growth 
stages of the chicks were statistically significant for 
most of the examined organs and tissues. The metal 
concentrations were plotted against age to deter- 
mine if there was a relationship between the metal 
content and the developmental process of organs 
and tissues. 
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Although the age-related accumulations of Fe, 
Mn, Zn and Cu in the muscle, liver, bone and 
feathers were metal- and organ-specific (Figures 5 
and 6), they could be grouped conveniently into 
seven patterns.  The results  obtained from the 
brain, kidney, and skin were not discussed, because 
of lack of data on the younger stage of the downy 
young. 

One of the age-related accumulations, which was 
found with Fe in the liver and with Zn and Cu in the 
muscle, is as follows: their concentrations were 
cons iderab ly  higher in the chicks soon after  
hatching, decreased through the downy young pe- 
riods, and were followed by an increase with age 
until the 45th day. With Fe, hepatic Fe consists 
mainly as hemosiderin and ferritin and it is also 
supplied to other tissues according to the require- 
ments of the respective tissue. Since the downy 
young EGWEs showed rapid increases of organ 
and t issue weights (Figure 3), the age-related 
changes of Fe concentration in the liver can be ex- 
plained mainly by accumulation and redistribution 
of hepatic Fe with the developmental processes. 
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Fig. 4. Age-related changes of whole body lipid (O) and mois- 
ture contents (e)  in the chicks and adults of Egretta alba mo- 
desta. The vertical line, shown in adult egret, indicates standard 
deviation 

The age trends with Fe, Mn, Zn, and Cu in the 
feathers showed an increased concentrations with 
age during the period of 10th-45th day corre- 
sponding to the growing feathers, and followed by 
decreased concentrations.  The increased metal 
concentrations with growth of feathers indicate that 
the metals participate in the keratinization process. 
However, relatively high accumulations of Fe, Mn, 
Zn, and Cu were also found in the period of 
10th-15th day. The feathers during this time con- 
tained relatively high moisture and blood contents, 
increasing Fe, Mn, Zn, and Cu concentrations rap- 
idly. 

The age-related accumulation, with Fe in the 
muscle and with Zn and Mn in the bone, showed 
increased concentrations with age throughout all 
the chick periods. It is known that muscular Fe is 
present mainly as myoglobin-Fe (Mb-Fe) (Comar 
and Bronner 1982). Mb content of the muscle also 
increases with growth of muscle (Underwood 1971) 
and the linear increase of Fe concentration in the 
muscle can be accounted for by an accumulation of 
muscular Mb-Fe. Furthermore, according to our 
previous study, the concentrations of Mn and Zn in 
several positions of the chick bone correlated posi- 
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tively with the concentration of Ca in the bone 
(Honda et al. 1985). Therefore, an accumulation of 
Mn and Zn in the chick bone also can be explained 
in relation to ossification, 

The Fe and Cu of bone, increased with age 
during the period of downy young, decreased 
during the period of prefledgling and fledgling, fol- 
lowed by a gradual increase with age up to the adult 
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level. Visual observation also showed that the bone 
became mildly red during nestling (the 15th day) 
and reached a bright red at the 30th day, which 
probably means an increase of blood content in 
bone marrow. This may account for the increase of 
Fe and Cu concentrations in the bone. 

The remaining trends are as follows: the hepatic 
Mn, the muscular Mn and the hepatic Cu and Zn. 
The concentration of Mn in the liver increased rap- 
idly during the period of 10th-15th day, subse- 
quently constant until the 45th day and decreased 
suddenly at fledgling time. This trend was in con- 
trast to that of the hepatic Fe concentration. It is 
known that Mn and Fe act antagonistically and Mn 
inhibits gestational absorption of Fe in the rat and 
rabbit (Yamane et al. 1980). In the present study, 
the reverse trend of both metals in the liver also 
suggest an antagonistic action of Mn to hepatic Fe 
accumulation. The concentrat ion of Mn in the 
muscle was the highest in the chick soon after 
hatching, decreased with age until about the 15th 
day; thereafter, it remained constant. Furthermore, 
the hepatic Cu and Zn showed two peaks in con- 
centration, and each peak was found during the 
10th-15th day period (rapid increase of liver 
weight, Figure 3) and on the 45th day. These two 
peaks also correspond to the beginning of the first 
moulting and just before the second moulting, re- 
spectively. 

Several workers reported that the high concen- 
trations of Cu and Zn in the liver during moulting 
and/or just before moulting were found in some bird 
species, such as the house sparrow, P. domestica, 
and starling, S. vulgaris (Haarakangas et al. 1974; 
Osborn 1979). Moulting requires a great energy ex- 
penditure, as the weight of the plumage increases 
by approximately 70% (Barnett 1970), and keratin 
is produced to the extent of about 5% of the body 
weight; in addition, the decrease of insulation at the 
beginning of moult leads to increased metabolism 
(King and Farner 1967). At this time, thyroid ac- 
tivity begins to rise (King and Farner 1967) and cor- 
relates positively with the progress of the moult 
(Kendeigh and Wallin 1966; Voitkevich 1966; Ling 
1972). Both processes increase the activity of cy- 
tochrome oxidase, which is known to be a cuproen- 
zyme (Frieden 1968). Copper is also essential for 
pigmentation (Voitkevich 1966) and it is assumed 
that a copper-containing enzyme participates in the 
keratinization process (Braun-Falco 1958). The 
feathers of EGWE contained comparatively large 
amounts of Cu, as mentioned above. The liver acts 
as the main reserve of Cu (Evans et al. 1970; Owen 
and Orvis 1971; Hyvarinen 1972) and thus the high 
content of Cu in the liver is possible in light of the 
above. 

According to Supplee et al. (1958), Zn is required 
by poultry for normal feather development and Zn 
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deficiency is manifested in a frayed feather condi- 
tion (Sunde 1972). Sunde (1972) also indicated that 
the period when a large amount of Zn must be 
present in poultry lasts one week around the onset 
of the moulting. As mentioned earlier, the content 
of Zn in the liver correlates positively with high 
protein synthesis periods and the feathers of the 
egret also contain Zn, in an average of 127 lxg/wet g 
at the 45th day period. The concentrations of Zn in 
the liver in both the 10th - 15th day and 45th day, at 
the beginning and just before moulting, respec- 
tively, were double that found in the livers during 
the other chick periods. 

In contrast to Fe, Mn, Zn, and Cu, depending on 
the metabolic turnover, the accumulations of Ni, 
Pb, Cd and Hg in the organs and tissues increased 
with age (Figures 7 and 8). This indicates that age 
or exposure time is a dominant factor for metal ac- 
cumulations in birds. However, decreases Of Ni, 
Pb, Cd, and Hg concentrations in the organs and 
tissues were found in the downy young, due to di- 
lution by increased body weight, but not significant 
in the feathers. Marked decreases of the concentra- 
tions of Ni, Pb, Cd, and Hg in all the tissues also 
were observed in the chicks at fledgling time, espe- 
cially Hg. These decreases can be explained by 
moulting, as mentioned above. Furthermore,  

changes of organ and tissue distribution of Ni, Pb, 
Cd and Hg in the chick body were found between 
the younger stage of downy young and the older 
ones: e.g. ,  the former (hatching-t0th day) showed 
higher concentrations of Pb and Hg in the liver than 
in the feathers, and also a higher concentration of 
Cd in the liver than il~ the kidney. 

The results indicate that consideration of the 
growth stage of organs and tissues is essential for 
understanding the bioaccumulation processes and 
also for the ecotoxicological effects of the metals in 
birds. In particular, the fact that the EGWE showed 
a fast uptake and accumulation of Ni, Pb, Cd, and 
Hg in the younger stage of the downy young, and 
rapid increases of the concentrations of these 
metals in the organs and tissues of the prefledglings 
indicate that these two growth stages of the egret 
chicks may be critical for toxicities of the metals. 
Furthermore, excreting metals by moulting is a 
good protection system for birds against toxic 
metals, and should be considered when trying to 
understand the bioaccumulation process of metals 
in birds. 

Acknowledgments. We are greatly indebted to Professor Won 
PO, Kyung Hee University, Republic of Korea, for his vaJuable 
advice. 



196 K. Honda et al. 

R e f e r e n c e s  

Anderlini VC, Connors PG, Risebrough RW, Martin JH (1972) 
Concentrations of heavy metals in some Antarctic and 
North American seabirds. In: Parker BC (ed) Proceedings of 
the colloquium on conservation problems in Antarctica, 
Virginia Polytechnic Institute and State University, Blacks- 
burg, VA, 49 pp 

Ashmole NP (1962) The black noddy Anous tenuirostris on 
Ascension Island. Ibis 103B:235-319 

Bagley GE, Locke LN (1967) The occurrence of lead in tissues 
of wild birds. Bull Environ Contain Toxicol 2:297-305 

Barnett LB (1970) Several changes in temperature acclimatiza- 
tion of the house sparrow, Passer domesticus. Comp Bio- 
chem Physiol 33:559-578 

Braun-Falco O (1958) The histochemistry of the hair follicle. In: 
Montagna W, Ellis RA (eds) The biology of hair growth, Ac- 
ademic Press, New York, 65 pp 

Cannings RJ, Threlfall W (1981) Horned lark breeding biology at 
Cape St. Mary's Newfoundland. Wilson Bull 93:519-530 

Cheney MA, Hacker CS, Schroder GD (1981) Bioaccumulation 
of lead and cadmium in the Louisiana heron (Hydranassa 
tricolor) and the cattle egret (Bublcus ibis). Ecotoxicol En- 
viron Safety 5:211-224 

Comar CL, Bronner F (1962) Mineral metabolism, the element, 
Vol II Part B, Academic Press, New York and London, pp 
228-290 

Delbeke K, Jaris C, Decadt G (1984) Mercury contamination of 
the Belgian avifauna 1970-1981. Environ Pollut (Series B) 
7:205-221 

Diamond AW (1976) Subannual breeding and moult cycle in the 
bridled tern Sterna anachetus in Seychelles. Ibis 118:414- 
419 

Eastin WC Jr, Hoffman DJ, O'Leary CT (1983) Lead accumula- 
tion of g-aminolevulinic acid dehydratase (ALAD) in young 
birds fed automotive waste oil. Arch Environ Contain Tox- 
icol 12:31-35 

Evans GW, Myron DR, Corratzer NF, Corratzer WE (1970) Age 
dependent alteration in hepatic subcellular copper distribu- 
tion and plasma ceruloplasmin. Am J Physiol 218:298-300 

Fimreite N, Fyfe RW, Keith JA (1970) Mercury contamination of 
Canadian prairie seed eaters and their avian predators. Can 
Field-Naturalist 84:269-276 

Finley MT, Stendell RC (1978) Survival and reproductive suc- 
cess of black ducks fed methylmercury. Environ Pollut 
16:51-64 

Frieden E (1968) The biochemistry of copper. Sci Am 218:103- 
114 

Furness R, Hutton M (1979) Pollutant levels in the great skua, 
Catharacta skua. Environ Pollut 19:261-268 

Getz LL, Best LB, Prather M (1977) Lead in urban and rural 
song birds. Environ Pollut 12:235-238 

Grant PR (1982) Variation in the size and shape of Parwin's finch 
eggs. Auk 99:15-23 

Grue CE, O'Shea TJ, Hoffman DJ (1984) Lead exposure and 
reproduction in highway-nestling barn swallows. Condor 
86:383-389 

Haarakangas H, Hyvarinen H, Ojanen M (1974) Seasonal varia- 
tions and the effects of nestling and moulting on liver min- 
eral content in the house sparrow (Passer domesticus L). 
Comp Biochem Physiol 47A: 153-163 

Hoffman DJ, Franson JC, Pattee OH, Bunck CM (1984) Mor- 
phological and biochemical effects of lead ingestion on de- 
velopment in nestling kestrels. Fed Proc 43:577 

Honda K, Min BY, Tatsukawa R (1985) Heavy metal distribution 
in organs and tissues of the eastern great white egret, 
Egretta alba modesta. Bull Environ Contain Toxicol (in 
press) 

Honda K, Tatsukawa R, Fujiyama T (1982) Distribution charac- 
teristics of heavy metals in the organs and tissues of striped 
dolphin, Stenella coeruleoalba. Agric Biol Chem 46:3011- 
3021 

Honda K, Tatsukawa R, Itano K, Miyazaki N, Fujiyama T (1983) 
Heavy metal concentrations in muscle, liver and kidney 
tissues of striped dolphin, StenelIa coeruIeoalba, and their 
variations with body length, weight, age and sex. Agric Biol 
Chem 47:1219-1228 

Hulse M, Mahoney JS, Schroder GD, Hacker CS, Pier SM 
(1980) Environmentally acquired lead, cadmium, and man- 
ganese in the cattle egret, Bubulcus ibis, and the laughing 
gull, Larus atricilla. Arch Environ Contam Toxicol 9:65-78 

Hutton M, Goodman GT (1980) Metal contamination of feral pi- 
geons of Columba livia from the London area: Part I - -  
Tissue accumulation of lead, cadmium, and zinc. Environ 
Pollut (Series A) 22:207-217 

Hyvarinen H (1972) Seasonal changes in the copper content of 
the liver of the common shrew, Sorex araneus, over a two- 
year period. J Zool Lond 166:411-416 

Jenkins C (1975) The feral pigeon (Columba livia) as an indicator 
of atmospheric lead pollution. CR Acad Sci Ser D281:1187- 
1189 

Kendeigh SC, Wallin HE (1966) Seasonal and taxonomic differ- 
ences in the size and activity of the thyroid glands in birds. 
Ohio J Sci 66:369-379 

Kimura M, Araki S (1981) Medical and biologic effects of envi- 
ronmental pollutants Vol 12, Tokyo Kagaku Dojin, Tokyo, 
32 pp 

King JR, Farner DS (1967) Energy metabolism, thermoregula- 
tion, and body temperature. In: Marshall AJ (ed) Biology 
and comparative physiology of birds Vol 2, Academic Press, 
New York, 215 pp 

Kitamura S, Kondo M, Takizawa Y, Fujii M, Fujiki M (1976) 
Mercury. Kodan-sha Scientific Press, Tokyo, 426 pp (in Jap- 
anese) 

Kuroda N (1959) Field studies on the grey starling Sturnus cin- 
eraceus Temminck. 2. Breeding biology (Part 3). Misc Rep 
Yam Inst 13:535-552 (in Japanese with English summary) 

- -  (1964a) Data on body weight, fat weight, and gonadsize 
of light house struck and other birds. Misc Rep Yam Inst 
4:71-75 (in Japanese with English summary) 

- -  (1964b) Analysis of variation by sex, age and season of 
body weight, fat and some body part in the tusky thrush, 
wintering of Japan. Misc Rep Yam Inst 4:91-95 

Ling JK (1972) Adaptive functions of vertebrate moulting cycles. 
Am Zool 12:77-93 

Longcore JR, Locke LN, Bagley GE, Andrews R (1974) Signifi- 
cance of lead residues in mallard tissues. US Fish Wildl 
Serv, Spec Sci Rep--Wildlife No 182, Washington, DC 

Martin MH, Coughtrey PJ (1975) Preliminary observations on 
the levels of cadmium in a contaminated environment. Che- 
mosphere 3:155-160 

Martin WE, Nickerson PR (1973) Mercury, lead, cadmium, and 
arsenic residues in starlings--1971. Pestic Monit J 7:67-72 

Min BY, Honda K, Shiraishi S, Tatsukawa R (1984a) Biometry 
with growth and food habits of young of the eastern great 
white egret, Egretta alba modesta, in Korea. J Fac Agric, 
Kyushu Univ 29:23-33 

Min BY, Tanabe S, Tatsukawa R, Shiraishi S (1984b) Organo- 
chlorine compound residues in some insectivorous birds and 



Metals in Eastern Great White Egret I97 

a piscivorous bird, the eastern great white egret, Egretta 
alba modesta, in Korea. Sci Bull Fac Agric, Kyushu Univ 
39:69-75 (in Japanese) 

Min BY, Shiraishi S (1984) Breeding ecology of the eastern great 
white egret, Egretta alba modesta, in Korea, t. Diurnal ac- 
tivity in the breeding season. Sci Bull Fac Agric, Kyushu 
Univ 38:85-91 (in Japanese) 

Munoz RV Jr, Hacker CS, Gesell TF (1976) Environmentally 
acquired lead in the laughing gull, Larus atricilla. J Wildl 
Dis 12:139-143 

Nicholson JK (1981) The comparative distribution of zinc, cad- 
mium, and mercury in selected tissues of the herring gull 
(Larus argentatus). Comp Biochem Physiol 68C:91-94 

Ohi G, Seki H, Akihara K, Yagu H (1974) The pigeon, a sensor 
of air pollution. Bull Environ Contain Toxicol 12:92-98 

Ojanen M, Haarakangas H, Hyvarinen (1975) Seasonal changes 
in bone mineral content and alkaline phosphatase activity in 
the house sparrow (Passer domesticus L). Comp Biochem 
Physiol 50A:581-585 

Okada K (1978) Gendai shinkei igaku taikei 21-B, Nakayama 
Shoten, Tokyo, 127 pp (in Japanese) 

Osborn D, Harris MR Nicholson JK (1979) Comparative tissue 
distribution of mercury, cadmium, and zinc in three species 
of pelagic seabirds. Comp Biochem Physiol 64C:61-67 

Osborn D (1979) Seasonal changes in the fat, protein, and metal 
content of the liver of the starling Sturnus vulgaris. Environ 
Pollut 19:145-155 

Owen CE Jr, Orris AL (1971) Release of copper by rat liver. Am 
J PhysioI 218:88-91 

Round PD, Swann RL (1977) Aspects of the breeding of Cory's 
shearwater Calonectris diomedea in Crete. Ibis 119:350-353 

Seong KE (1979) Ecology of egrets and a heron. The Conserva- 
tion of Nature 5:59-64 (in Korean) 

Simpson VR, Hunt AE, French MC (1979) Chronic lead poi- 
soning in a herd of mute swans. Environ Pollut 18:187-202 

Sunde ML (1972) Zn requirement for normal feathering of com- 
mercial leghorn-type pullets. Pour Sci 51:1316-1322 

Supplee WC, Combs GF, Blamberg DL (1958) Zinc and potas- 
sium effects on bone formation~ feathering, and growth of 
poults. Pour Sci 37:63-67 

Tansy MG, Roth RP (1970) Pigeons, a new role in air poHmion. J 
Air Pollut Control Assoc 20:307-309 

Tatsukawa R, Matsuda M, Honda K, Moriyama K (1974) Occur- 
rence and distribution of environmental and pollutants in 
wild birds, Ehime Prefecture, Japan (fI) Heavy metals. Re- 
port of Laboratory of Agricultural and Environmental 
Chemistry, College of Agriculture, Ehime Univ, Mat- 
suyama, 68 pp (in Japanese) 

Underwood EJ (197!) Trace elements in human and animal nu- 
trition, 3rd ed, Academic Press, New York (Copyright 1975 
in Maruzen Co, Ltd), ,491 pp 

Voitkevich AA (1966) The feathers and plumage of birds. Sidg- 
mick and Jackson, London, 335 pp 

White DH, Bean RJ, Longcore JR (i977) Nationwide residues of 
mercury, lead, cadmium, and arsenic in starlings. Pestic 
Moult J 11:35-39 

Won PO (1975) Birds treasure (Natural Monuments) in Korea. 
Member, culture property preservation committee, Ministry 
of Culture and Information, Seoul (in Korean) 

Yamane Y, Takabatake E, Uchiyama M (1980) Toxicological 
aspects of environmental pollutants--Inorganic chemistry 
-- ,  Nanko-do Press, Tokyo, 207 pp 

Manuscript received August lO, 1985 and in revised jbrm Oc- 
tober 29, 1985. 


