
Bull. Environ. Contam. Toxicol. (1985) 35:781-789 
�9 1985 Springer-Verlag New York Inc. 

E n v i r o n m e n t a l  
C o n t a m i n a t i o n  

l a n d  Tox ico logy  

Heavy Metal Distribution in Organs and Tissues of the 
Eastern Great White Egret Egretta alba modesta 

Katsuhisa Honda, 1 Byung Yoon Min, 2 and Ryo Tatsukawa ~ 

1Department of Environment Conservation, Ehime University, Tarumi 3-5-7, 
Matsuyama 790, Japan and 2Zoological Laboratory, Faculty of Agriculture, 
Kyushu University 46-06, Fukuoka 812, Japan 

Although me rc u ry  and o the r  heavy  metal con ten t s  in b i rds  have 
been  ex t ens ive ly  s tud ied  from the  viewpoint  of  t e r r e s t r i a l  and 
marine envi ronmenta l  pollution (Bagley  and Locke 1967; Martin 
and Niekerson 1973; Martin and C o u g h t r e y  1975; Munoz e t  al. 
1976; White et  al. 1977; Simpson et al. 1979; Hulse et  al. 1980), 
basic methodologies associated with the  sampling and detai led 
d i s t r ibu t ion  cha rac t e r i s t i c s  of  metals in the  var ious  o rgans  have 
ye t  to be evolved .  In p a r t i c u l a r ,  t h e r e  ex i s t s  little informat ion on 
which o r g a n ( s )  and which p a r t ( s )  of  a t i ssue  should be sampled 
and analyzed to compare the  d i f fe rence  of  accumulation levels 
among b i rd s .  F u r t h e r m o r e ,  cons idera t ion  of the  total  body  b u r d e n  
of  metals in b i rds  is r e q u i r e d  for  u n d e r s t a n d i n g  the  up take  and 
exc re t ion  of  metals.  While a whole body  analysis  is possible  in 
small b i r d s ,  analysis  of  large b i rds  must be done se lec t ive ly  on a 
pa r t  of  a pa r t i cu l a r  o rgan  a n d / o r  t i s sue .  

The e a s t e r n  great  white eg r e t  (Egre t t a  alba modesta)  is re la t ive ly  
a large and long-life b i rd  spec i e s ,  which migrates  for  b r e e d i n g  to 
Korea ,  China and Japan  late in March or  ea r ly  in Apr i l ,  and 
r e t u r n s  to Phi l ipp ines ,  Indones ia  and Malaysia for  win ter ing  late 
in Augus t  or  ea r ly  in October  (Min et al. 1984). As the b i r d  is 
placed in a high t roph ic  level  in the food web,  it is useful  as an 
" indica tor  species" for  envi ronmenta l  pollution of heavy  metals and 
o the r  chemicals and also for  u n d e r s t a n d i n g  the  bioaccumulat ion 
p roc e s s e s  of po l lu tan ts .  

The p r imary  p u r p o s e  of th is  pape r  is to p r e s e n t  the  deta i led 
d i s t r ibu t ion  cha rac te r i s t i c s  of  e ight  metals (Fe ,  Mn, Zn ,  Cu,  Ni,  
Pb ,  Cd and Hg) in d i f f e ren t  o rgans  and t i s sues  of  the  e a s t e r n  
grea t  white e g r e t .  Based upon these  r e s u l t s ,  the  sui tabi l i ty  of 
the  o rgans  of an e g r e t  for  ecological and physiological  comparison 
is also d i scussed .  

MATERIALS AND METHODS 

Field examinations of  eg r e t  were ca r r i ed  out  at the  b r e e d i n g  site 
(1 .2  h a ) o n  a hill nea r  a small village 2 km of  Cheonan C i ty ,  
Chungcheongnando ,  cen t ra l  Korea.  Five adult  male e g r e t s  were 
c a p t u r e d  e v e r y  month du r i ng  the  per iod  from April  to Augus t  
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1981, and twe n ty  c h i c k s  at d i f f e r en t  ages  d u r i n g  the  pe r iod  from 
h a t c h i n g  to 70 d a y s .  Specimens were immediately f rozen  at -20~ 
unt i l  a u t o p s y  and measu remen t s .  The  age es t imat ion of adul t  e g r e t s  
was made b y  the  color and s h a p e  of the  b e a k s .  

One chick (female and 12 d a y s  of  age)  and 1 adul t  e g r e t  (male and 
2 y e a r s  of  age c a p t u r e d  in A p r i l ) w e r e  se lec ted  for  the  de ta i l ed  
s t u d y .  The  b r a i n ,  l i v e r ,  k i d n e y ,  l u n g s ,  h e a r t ,  s tomach ,  s tomach 
c o n t e n t ,  i n t e s t i n e ,  sk in  r, b o n e ,  musc le ,  f e a t h e r s ,  and t h e  o t h e r s  
were d i s sec ted  and weighed s e p a r a t e l y .  The  bone samples were 
t a k e n  from the s t e r n u m ,  h u m e r u s ,  ce rv ica l  v e r t e b r a e ,  femur  and 
t ib i a ,  and then  the  a d h e r i n g  muscle and l igament  were ca re fu l ly  
r emoved  from the bones .  The  su r f ace  of the  bone samples  were 
g e n t l y  washed  with dist i l led w a t e r ,  d r ied  b y  f i l ter  p a p e r  and 
weighed be fo re  ana lys i s .  The  muscle samples  were t a k e n  from the  
pec to ra l  and femoral  r eg ions  and then  weighed s e p a r a t e l y .  T h r e e  
t y p e s  of  f e a t h e r s  were collected: the  r e m i g e s ,  c o v e r t s  and 
abdominals .  The p r imar i e s  were also subd iv ided  into r ach i s  and 
b a r b s .  The  f ea th e r  samples  were r i n s e d  t h o r o u g h l y  in tap  w a t e r ,  
dis t i l led water  and ace tone ,  and were dr ied  at a room t e m p e r a t u r e .  
For mois ture  de t e rmina t ion ,  all the  samples  were dr ied  at  80~ for  
12 h r s ,  and the lipid con ten t  was measu red  b y  Soxhlet  ex t r ac t i on  
u s ing  e t h e r .  All the  d r y  samples  were p u l v e r i z e d  and s to red  in 
po lye thy l ene  b a g s  unti l  ana lys i s .  The  weights  of  o rgans  a n d  
t i s sue s  and  the i r  mois ture  and lipid con ten t s  in the  chick and 
adul t  e g r e t s  are  shown in Table  1, and the  b iome t ry  r e s u l t s  in the  
o t h e r  e g r e t s  have  a l r eady  been  r e p o r t e d  b y  Min et ai. (1984). 

Table  1. Organ  and t i s sue  w e i g h t s ,  and  con ten t s  of  mois ture  and 
lipid in va r ious  o r g a n s  and t i s sues  of  the  chick  and adul t  e g r e t s  

i i 

Wet weight  (g)  Moisture (%) Fat (%) 
o r g a n  & t i s sue  

Chick Adult  Chick Adult  Chick Adult  
Bra in  1.50 4.95 84.0 79.5 
Liver  18.9 21.2 76.6 71.4 
Kidney  4.90 5.86 79.8 71.7 
Hear t  5.70 12.4 
L u n g s  4.00 11.2 80.4 74.3 
O the r  v i s c e r a  27.4 49.5 
Pec tora l  muscle 2.90 123 82.2 72.0 
O the r  muscle 102 246 79.9 68.3 
Skin 39.3 57.8 79.5 48.9 
Bone 31.4 263 66.1 31.7 

1 38.1 16.8 
Fea the r  2 24.2 22.2 79.6 18.6 

3 41.7 10.0 
Stomach conten t  11.6 1.00 

4.55 3.66 
3.20 3.15 

10.9 
4.20 3.02 

10.3 
1.00 7.00 
4.25 8.60 
3.52 21.3 
3.20 5.32 

Body w e i g h t  268 976 
Content  in a body  78.1 52.3 
i 

Fea the r  1, p r imar i e s ;  Fea the r  2, s econda r i e s  + tai ls  + u p p e r  wing-  
eove r i e s ;  Fea the r  3, o the r  f e a t h e r s  (abdomina l ,  dorsa l  e t c . )  Body 
weight  does not include s tomach con ten t .  
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For  a n a l y s i s  o f  t he  m e t a l s ,  one  to t e n  g r  o f  t h e  d r y  s amp le s  we re  
d i g e s t e d  in  a n i t r i c ,  p e r e h l o r i e  and  s u l f u r i c  acid  m i x t u r e ,  and  t h e  
b o n e  s a m p l e s  in a n i t r i c  and  p e r c h l o r i c  acid  m i x t u r e .  T h e  
r e s u l t a n t  s o l u t i o n s  were  t h e n  d i lu t ed  to a k n o w n  vo lume  wi th  
de ion ized  w a t e r ,  t h e  e o n e e n t r a t i o n s  o f  F e ,  Mn a n d  Zn b e i n g  
d i r e c t l y  m e a s u r e d  b y  atomic a b s o r p t i o n  s p e e t r o p h o t o m e t r y  (AAS)  
( H o n d a  e t  al .  1982).  For  d e t e r m i n a t i o n  o f  C u ,  Ni ,  Pb  and  C d ,  
e x t r a c t i o n  wi th  m e t h y l  i s o - b u t h y l  k e t o n  was p e r f o r m e d  a f t e r  
sodium d i e t h y l - d i t h i o e a r b a m a t e  c h e l a t i o n ,  a n d  f ina l  m e a s u r e m e n t  
b y  AAS ( H o n d a  et  al .  1982).  T h e  c o n c e n t r a t i o n  of  Hg was 
d e t e r m i n e d  b y  f l a m e l e s s  AAS (Honda  e t  al .  1983).  

R E S U L T S  AND DISCUSSION 

T h e  c o n c e n t r a t i o n s  of  F e ,  Mn,  Z n ,  C u ,  Ni ,  P b ,  Cd a n d  Hg in  
p e c t o r a l  a n d  f emora l  m us c l e s  f rom c h i c k  a n d  adu l t  e g r e t s  we re  
d e t e r m i n e d  in o r d e r  to d i s c o v e r  t h e i r  d i s t r i b u t i o n  p a t t e r n s  in 
p a r t s  o f  t h e  musc le  (Tab l e  2) .  

A l t h o u g h  the  v a r i a t i o n  in  c o n c e n t r a t i o n s  o f  t h e  meta l s  b e t w e e n  two  
p a r t s  o f  muse le  was no t  n o t a b l e  in t h e  c h i c k  s p e c i m e n ,  t h e  adu l t  
e g r e t  g e n e r a l l y  c o n t a i n e d  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  of  t h e  
me ta l s  in  t h e  p e c t o r a l  musc le  c o m p a r e d  wi th  t h o s e  in  t h e  f emora l  
m u s c l e ,  in p a r t i c u l a r  wi th  Fe a n d  Cu.  H o w e v e r ,  t h e  
c o n c e n t r a t i o n s  of  Zn  and  Cd were  r e l a t i v e l y  h i g h  in  t h e  f emora l  
musc le  more  t h a n  twice  as in  t he  p e c t o r a l  musc l e .  I n  s t r i p e d  
do lph in  ( S t e n e l l a  c o e r u l e o a l b a )  t h e  c o n e e n t r a t i o n s  of  Fe in t h e  
r e d - c o l o r e d  m u s c l e s ,  which  was r e l a t i v e l y  a b u n d a n t  in  h e m o g l o b i n  
(Hb)  a n d  m y o g l o b i n  ( M b ) ,  were  h i g h e r  t h a n  t h o s e  in t h e  
w h i t e - c o l o r e d  m u s c l e s  which  was  r e l a t i v e l y  r i c h  in f i b e r  a n d  p o o r  
in  Hb a n d  Mb,  a n d  the  o p p o s i t e  was  o b s e r v e d  wi th  Zn  and  Cd .  
T h i s  d i f f e r e n c e  was  r e c o r d e d  in d o l p h i n s  o f  0 .5  y e a r  and  more  
a f t e r  b i r t h  ( H o n d a  e t  al.  1983).  Similar  f i n d i n g s  were  r e p o r t e d  
fo r  p i g  a n d  ca t t l e  ( U n d e r w o o d  1971).  T h e  p e c t o r a l  musc le  o f  adu l t  
e g r e t  is  a b u n d a n t  in Hb a n d  Mb,  wh ich  c o n t a i n e d  most  o f  t h e  
musc le  Fe .  T h e  f emora l  musc le  of  adu l t  e g r e t  was r e l a t i v e l y  r i c h  
in f i b e r  a n d  p o o r  in Hb a n d  Mb w h e n  c o m p a r e d  to t h e  p e c t o r a l  
m u s e l e ,  while in  c h i c k  t h e  v a r i a t i o n  of  t h e s e  two c o m p o n e n t s  was  
not  s i g n i f i c a n t .  

O u r  r e s u l t s  sh owed  t h a t  t h e  v a r i a t i o n  o f  t h e  meta l  c o n t e n t s  in  
musc le  is  d e p e n d e n t  on  t h e  musc le  eompos i t i on  wh ich  c h a n g e s  
d u r i n g  g r o w t h .  I t  ha s  b e e n  n o t e d  t h a t  Zn h a s  s e v e r a l  
p h y s i o l o g i c a l  s imi la l i t ies  to Cd.  H o w e v e r ,  in  c o n t r a s t  to C d ,  Zn  i s  
e s s e n t i a l  to  an imals  a n d  e o u n t e r a c t s  some tox i e  e f f e c t s  o f  Cd.  I n  
t h i s  s t u d y ,  t h e  f ae t  t h a t  a s imilar  d i s t r i b u t i o n  o f  Zn  and  C d ,  
i . e . ,  h i g h e r  c o n c e n t r a t i o n  of  b o t h  t h e  meta l s  in  t h e  f emora l  
musc le  o f  adu l t  e g r e t  t h a n  in t h e  p e c t o r a l  o n e ,  i s  i n t e r e s t i n g  fo r  
t he  i n t e r a c t i o n  of  t h e s e  two me ta l s .  As t h e  b i n d i n g  f o r m s  of  Zn  
a n d  Cd in  the  muse le  of  e g r e t  a r e  no t  a d e q u a t e l y  u n d e r s t o o d ,  
f u r t h e r  i n f o r m a t i o n  is  n e e d e d  to p r o v i d e  a b e t t e r  u n d e r s t a n d i n g  
o f  t he  i n t e r a c t i o n  b e t w e e n  t h e s e  m e t a l s ,  i f  a n y ,  in  t h e  muse l e .  
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A wide v a r i a t i o n  in t h e  c o n c e n t r a t i o n s  o f  meta ls  in  b o n e s  o f  
d i f f e r e n t  r e g i o n s  of  t h e  b o d y  was e v i d e n t  ( T a b l e  2);  t h e  
c o n c e n t r a t i o n s  o f F e ,  C u ,  P b ,  N i ,  Cd a n d  Hg  w e r e  h i g h e s t  in  t he  
s t e r n u m  and  lowes t  in t he  h u m e r u s  a l t h o u g h  t h e  lowes t  
c o n c e n t r a t i o n s  in  t h e  c h i c k  e x i s t e d  in  t h e  t i b i a .  When t h e  
c o n c e n t r a t i o n s  of  F e ,  C u ,  P b ,  Ni ,  Cd a n d  Hg were  p l o t t e d  
a g a i n s t  t h e  c o n t e n t s  o f  m o i s t u r e  (no t  s h o w n ) ,  t h e i r  me ta l  
c o n c e n t r a t i o n s  i n c r e a s e d  wi th  t h e  i n c r e a s e  of  m o i s t u r e  c o n t e n t .  
T h i s  s u g g e s t s  t h a t  t he  a c c u m u l a t i o n  of  t h e s e  f ive  meta l s  in  t h e  
b o n e s  d e p e n d s  on  t h e  b lood  c o n t e n t .  H o w e v e r ,  r e l a t i v e l y  h i g h  
c o n c e n t r a t i o n s  o f  t h e  meta ls  we re  o b s e r v e d  in  t he  s t e r n u m  of  
adu l t  e g r e t ,  t h i s  p o s s i b l y  s u g g e s t i n g  the  d i f f e r e n t  f o r m s  of  t h e  
meta l s  b e t w e e n  t h e  s t e r n u m  a n d  t h e  o t h e r  b o n e s .  Bone  Fe is  
p r e s e n t  in  t he  b lood  and  in  r e d  m a r r o w  as  s t o r a g e  F e ,  w h e r e  Fe 
e x i s t s  as  f e r r i c  h y d r o x i d e  ( U n d e r w o o d  1971).  A r e l a t i v e l y  h i g h  
c o n c e n t r a t i o n  of  Fe in  t he  s t e r n u m  is  due  to  an  a c c u m u l a t i o n  o f  
f e r r i c  h y d r o x i d e  in t h e  r e d  m a r r o w ,  a n d  a lso  C u ,  N i ,  P b ,  Cd a n d  
Hg migh t  be  h i g h l y  a c c u m u l a t e d  in  r e d  m a r r o w  o f  t h e  s t e r n u m  in  
t h e  same way  as t he  Fe a c c u m u l a t i o n .  

On t h e  o t h e r  h a n d ,  t h e  d i s t r i b u t i o n  p a t t e r n s  of  Zn  a n d  Mn 
c o n c e n t r a t i o n s  in  t h e  b o n e s  were  s imilar  to t h a t  o f  C a ,  which  
impl ies  t h a t  b o t h  t he  meta ls  a r e  a c c u m u l a t e d  in  t he  b o n e  wi th  
o s s i f i c a t i o n .  H o w e v e r ,  t he  r e l a t i o n s  b e t w e e n  the  c o n c e n t r a t i o n s  of  
Zn  o r  Mn and  t h e  Ca c o n c e n t r a t i o n  were  d i f f e r e n t  b e t w e e n  t h e  
c h i c k  a n d  a d u l t .  T h e  c o n c e n t r a t i o n  r a t i o s  of  Z n / C a  in  b o n e s  o f  
t he  c h i c k  were  h i g h e r  t h a n  t h o s e  o f  t h e  a d u l t ,  and  t h i s  s u g g e s t s  
t h a t  t h e  c h i c k  h a s  r e l a t i v e l y  h i g h  a b s o r p t i o n  a n d  a c c u m u l a t i o n  
c a p a c i t y  of  Zn  when  c o m p a r e d  to  t he  a d u l t .  F u r t h e r m o r e ,  t h e  
c o n c e n t r a t i o n  of  Mn in t h e  c h i c k  b o n e s  i n c r e a s e d  wi th  t h e  
i n c r e a s e  of  Ca c o n c e n t r a t i o n ,  while fo r  t he  a d u l t  t he  c o n c e n t r a t i o n  
of  Mn did  no t  i n c r e a s e  wi th  t h e  Ca c o n c e n t r a t i o n .  T h e  
d i s t r i b u t i o n  o f  Zn  a n d  Mn in t h i s  s t u d y  a g r e e d  wi th  t he  r e s u l t s  in  
t h e  b o n e s  of  s t r i p e d  do l ph i n  ( S t e n e l l a  e o e r u l e o a l b a )  ( H o n d a  e t  al .  
1984).  A l t h o u g h  i t  i s  well k n o w n  t h a t  b o t h  Zn  a n d  Mn a r e  
e s s e n t i a l  fo r  t h e  f o r m a t i o n  of  b o n e  ( U n d e r w o o d  1971) ,  t h e  
d i f f e r e n t  a c c u m u l a t i o n  p a t t e r n s  of  b o t h  meta l s  in  t h e  adu l t  b o n e  
s u g g e s t  a d i f f e r e n t  f u n c t i o n  of  two meta l s  on  b o n e  ca l c i f i ca t i on .  

T a b l e  2 s h o w s  the  c o n c e n t r a t i o n  o f  meta l s  in  t h r e e  t y p e s  of  
f e a t h e r s  a n d  two p a r t s  of  a p r i m a r y  f e a t h e r  o f  adu l t  e g r e t .  T h e i r  
v a r i a t i o n s  b o t h  b e t w e e n  the  t y p e s  a n d  b e t w e e n  t h e  p a r t s  a r e  
e v i d e n t .  All t h e  meta l  c o n c e n t r a t i o n s  were  h i g h e s t  in  t h e  f e a t h e r s  
co l l ec t ed  f rom the  abdomina l  s u r f a c e ,  and  d e c r e a s e d  in  t h e  o r d e r  
o f  c o v e r t s  a n d  r e m i g e s .  B u t  t he  c o n c e n t r a t i o n  c h a n g e  of  Cu 
a m o n g  t h r e e  f e a t h e r s  was not  so l a r g e .  In  t he  p r i m a r y  f e a t h e r ,  
h o w e v e r ,  most  o f  t h e  meta l  c o n c e n t r a t i o n s  was  m u c h  h i g h e r  in t h e  
b a r b s  t h a n  the  r a c h i s ,  while t he  o p p o s i t e  w a s o ~ b ~ e r v e d  wi th  Cu .  
T h e  abdomina l  f e a t h e r  o f  adu l t  e g r e t  i s  ma in ly  c o m p o s e d  o f  down 
a n d  p o w d e r  f e a t h e r s ,  while t he  c o v e r t s  a n d  r e m i g e s  s u c h  as 
p r i m a r i e s  and  s e c o n d a r i e s  a r e  made o f  p l u m e s  a n d  s emip lumes  
( M c f a r l a n d  e t  al .  1979).  T h e  abdomina l  f e a t h e r s  h a s  r e l a t i v e l y  
l a r g e  p e r c e n t a g e  in we i gh t  o f  b a r b s  to r a e h i s  w h e n  c o m p a r e d  to 
t he  c o v e r t s  a n d  r e m i g e s .  T h e r e f o r e ,  t h e  d i f f e r e n t  f e a t h e r  
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Figure  1. Comparison of metal concen t r a t i ons  in b r a in  ( B ) ,  l iver  
(L), k i d n e y  ( K ) ,  o the r  v i s e e r a  ( 0 ) ,  muscle (M),  skin  ( S ) ,  bone 
( B o ) ,  and f e a th e r  (F) of  the  chick  (D) and adul t  ( I )  e g r e t s  

s t r u c t u r e  may account  for  the  va r i a t i ons  of  metal  concen t r a t i ons  
among the  bodi ly  pos i t ions  of  f e a t h e r s .  F u r t h e r m o r e ,  all the  metal 
concen t r a t i ons  in the  adul t  f e a t h e r s  were h ighe r  t han  those  in the  
chick (Table  2) ,  s u g g e s t i n g  t ha t  the  metals in f e a t h e r  are  
accumula ted  with the  growth  of  f e a t h e r ,  and the  detai ls  in 
g r o w t h - r e l a t e d  accumulat ion of the  metals will be  pub l i shed  
e l sewhere .  

The  concen t r a t i ons  of  the  metals in b r a i n ,  l i v e r ,  k i d n e y ,  muscle ,  
b o n e ,  f e a t h e r s ,  s k i n  and the  o the r  v i s c e r a  are  shown in F igure  
1. The m e t a l  concen t r a t i ons  in the  adul t  e g r e t  were genera l ly  
h igh  in l i v e r ,  k i d n e y ,  s k i n ,  bone and  f e a t h e r s ,  and low in b ra in  
and  muscle.  These  d i s t r i bu t ion  p a t t e r n s  a g r e e d  with those  in 
m a n y  o the r  b i r d s  spec ies  ( T a t s u k a w a  et  al. 1974; Finley and 
Stendel]  1978; F u r n e s s  and Hut ton  1979; Osbo rn  et al. 1979; 
Cheney  et  al. 1981; Nicholson 1981; Delbeke et  al. 1984). In 
p a r t i c u l a r ,  a low concen t ra t ion  of metals  in the  b r a i n  may be 
exp la ined  b y  the  " b l o o d - b r a i n  b a r r i e r "  (Okada  1978), a l though  
the  mechanism is not  c lear .  ~ But  t he r e  a re  some d i s c r e p a n c i e s  and 
meta l - spec i f i c  accumulat ion.  The concen t r a t i ons  of  F e ,  Cu,  Mn, 
Cd and Hg were r e l a t ive ly  h igh  in l iver  and  k i d n e y ,  bu t  not 
no t iceab ly  so  with Zn ,  Ni and Pb.  A re l a t ive ly  high accumulat ion 
of  Cu was o b s e r v e d  in t h e  b r a in  and f e a t h e r s  and it  has  been  
r e p o r t e d  t ha t  Cu in the  b r a in  is a ssoc ia ted  with C u - p r o t e i n  as 
a l b o c u p r e i n - I  a n d  - I I  (Fushimi et  al. 1971). F u r t h e r m o r e ,  h igh 
accumulat ions  of Mn, Z n ,  Ni ,  Pb and  Hg were found in the h a r d  
t i s s u e s  such  as b o n e ,  sk in  and f e a t h e r s .  I t  is well known tha t  
h igh  accumulat ions  of  t hese  metals have  a l r eady  been  r e p o r t e d  in 
the  ha rd  t i s sues  of  up land  and sea  b i r d s  ( T a t s u k a w a  et al 1974; 
O sb o rn  et  al. 1979; Hulse et al. 1980; Cheny  et al. 1981). 
Accord ing  to Underwood (1971),  Zn and  Pb are  s t o r ed  in bone 
with oss i f ica t ion and Mn, Zn and Ni are  r e l a t ed  to the  
p igmenta t ion  of f e a t h e r s .  H o w e v e r ,  chemical form of  these  metals 

786 



0 Chick 50 % 100 0 Adult 50 % 100 
i i I I t 

BiO.Fe ~ ;  .............. BiO.Fe 
Zn ~ i ! . . . : - ~  i t  I Zn 
Cd ~_~iiii!iiiii!iiii!!iiiii~i::j~ii!.l ~ I Cd 
Cu ~ Cu 
Mn ~ [~.!i~iiiiii!l II Mn 

~ ' 1  Pb ~::;iii!i!ii!iiiiiiii~iiiiiii!i~:iii!;!iiii~ili;!;~; I I  Pb 

N i ~ j I l l ~ i ~ i ~ : ~ i ~  N i 

Hg ~ i : ~  Hg . ,!~i~it- I~,1 
F t k  ~. ,,' s 

Feathers Bone Skin Muscle Liver Feathers Kidney Othe vise 

Figure 2. Distribution of metal burdens in the variouJ organs and 
tissues of chick and adult egrets. Bio: organ and tissue weight % 

in  the  h a r d  t i s s u e s  is  not  a d e q u a t e l y  u n d e r s t o o d .  

Similar d i s t r i b u t i o n  p a t t e r n s  of  the  metals  in  o r g a n  and  t i s s u e  
were  f o u n d  in the  ch ick  e g r e t  a l so ,  b u t  t h e r e  a re  some 
d i f f e r e n c e s  b e t w e e n  the  ch ick  and  adu l t .  Cu in l i v e r ,  and  Pb and  
Ni in sof t  t i s s u e s  such  as b r a i n ,  l i ve r  and  k i d n e y  show a 
c o m p a r a t i v e l y  h igh  accumula t ion  when  c o m p a r e d  to the  a d u l t s .  

The  metal  b u r d e n s  in  o r g a n s  and  t i s s u e s  were  ca lcu la ted  from th e  
weigh t  o f  o r g a n s  and  t i s s u e s  and  t h e i r  metal  c o n c e n t r a t i o n s ,  and  
t he  r e s u l t s  a re  e x p r e s s e d  as p e r c e n t a g e  o f  o r g a n  and  t i s su e  
b u r d e n  to to ta l  b o d y  b u r d e n  ( F i g u r e  2) .  

In  adu l t  e g r e t ,  r e l a t i v e l y  h i g h  p e r c e n t a g e s  of  the  metal  b u r d e n s  
in t he  whole b o d y  were  p r e s e n t e d  g e n e r a l l y  in t h e  f e a t h e r s ,  
which compr i s ed  o n l y  10 % of  t he  b o d y  w e i g h t ,  b e i n g  50 % o r  more 
with Hg ,  Ni ,  Pb and  Mn. Th i s  means  t h a t  a major i ty  o f  t h e s e  
metals  in a b i r d  b o d y  is  e x c r e t e d  b y  moul t ing .  Cd an d  Cu 
burdens in liver and Cd in kidney were relatively high. 

In  c o n t r a s t  to the  a d u l t ,  ch i ck  e g r e t  showed  r e l a t i v e l y  h igh  
b u r d e n s  of  the  metals  in  the  sof t  t i s s u e s  su ch  as musele  an d  l i ve r  
compa r e d  with t h o s e  in  t he  h a r d  t i s s u e s  s u c h  as f e a t h e r s ,  bone  
and  s k i n ,  a nd  v e r y  low b u r d e n s  of  Mn and  Ni in  t h e  eh i ck  
f e a t h e r s ,  F u r t h e r m o r e ,  among the  sof t  t i s s u e s  o f  t h e  c h i c k ,  
h e p a t i e  Cu c o n s i s t e d  r e l a t i v e l y  h i g h  b u r d e n ,  while h e p a t i c  and  
r e n a l  Cd showed  r e l a t i v e l y  low b u r d e n s .  T h e s e  o b s e r v a t i o n s  
s u g g e s t  t ha t  accumula t ion  of  metals  v a r y  wi th  t h e  d e v e l o p m e n t  
p r o c e s s e s  o f  o r g a n s  and  t i s s u e s .  

H i ghe r  accumula t ions  of  Fe and  Cd were  o b s e r v e d  in  sof t  t i s s u e s  
s u c h  as l i v e r  and  k i d n e y  t h a n  in  h a r d  t i s s u e s .  C u ,  Hg and  Mn 
showed  h igh  accumula t ion  in  f e a t h e r s ,  wi th  r e l a t i v e l y  h ig h  
accumula t ions  in  l i ve r  and  k i d n e y .  Whilst h i g h e r  accumula t ions  o f  
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Zn,  Pb and Ni were found in ha rd  t i s sues  such as f ea the r s  and 
bone than  soft t i s sues .  Consequen t l y ,  when the  accumulation 
p roce s s e s  of  these  metals i n  eg re t  are d i scussed  ecological ly,  
ana lyses  of  l i ve r ,  k i d n e y ,  bone and fea the r  are essent ia l .  I f  the  
t i s sue  of the h ighes t  accumulation is n e e d e d ,  l iver  and k idney  fo r  
Fe and Cd ,  l i ve r  and f ea the r  for  Cu,  f e a t h e r  for  Hg,  and f ea the r  
and bone for Mn, Zn ,  Pb and Ni are to be se lected and analyzed.  
The accumulation of toxic metals such  as Hg,  Pb and Cd in 
muscle can be used  for  a comparat ive s t udy  in res idue  levels 
be tween  b i rd s  spec ies ,  and also for  hygien ic  metal pol lu t ion ,  in 
some cases .  However ,  because  the  concen t ra t ions  of  all the  metals 
v a r y  with the  growth  s t a g e s ,  the  p a r t s  of  an e g r e t  to be 
analyzed must be de termined by  cons ide r ing  like s tages  and 
development  p ro ce s s  of the  o rgan  and t i s sue .  F u r t h e r m o r e ,  when 
the  heavy  metal aecumulation is cons idered  with muscle ,  bone and 
f e a t h e r s ,  the s ignif icant  regional  var ia t ion  in concent ra t ion  within 
the  o rgans  and t i s sues  should be kept  in mind. Usual ly ,  the  
pec tora l  muscle ,  femur and p r imary  f ea the r  are recommended for a 
comparison.  Detailed var ia t ion  of the  metals d i s t r ibu t ion  accord ing  
to biological condit ions such as g rowth ,  r e p r o d u c t i v e  p roce s se s  
and moult ing,  will be publ i shed  e l sewhere .  
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