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The main cause  of  lead poisoning in  waterfowl  is  due to  ingest ion
o f  s p e n t  l e a d  s h o t  i n  a r e a s  o f  h i g h  h u n t i n g  p r e s s u r e  ( B e l l r o s e
1959) . I t a l i a n  l i t e r a t u r e  o n  t h i s  s u b j e c t  i s  v e r y  s c a r c e  a n d  t h e
f e w  a v a i l a b l e  s t u d i e s  c o n c e r n  e p i s o d i c  c a s e s  ( D e l  B o n o  1 9 7 0 ;
Maestr in i  1970;  Galasso 1976;  Perco et  a l .  1983;  Di  Modugno et  a l .
1994) .  To contr ibute  to  the  assessment  of  the  impact  of  lead shot
on waterfowl  in  I ta ly ,  systemat ic  research has  been carr ied out  on
s h o r e b i r d s  c a u g h t  f o r  r i n g i n g  i n  T u s c a n y  ( T i r e l l i  a n d  T i n a r e l l i ,
i n  p r e s s )  a n d  a r e  c o n t i n u i n g  o n  d a b b l i n g  a n d  d i v i n g  d u c k s  b y
c h e c k i n g  t h e  p r e s e n c e  o f  l e a d  i n  b l o o d  s a m p l e s  a n d  l e a d  s h o t  i n
the g izzard.

T h e  t a r g e t  s p e c i e s  o f  t h e  r e s e a r c h  d e s c r i b e d  i n  t h i s  p a p e r  i s  t h e
m a l l a r d  (Anas platyrhynchos ). According to Sanderson and Bellrose
( 1 9 8 6 ) ,  i t  i s  h i g h l y  s u s c e p t i b l e  t o  l e a d  p o i s o n i n g  d u e  t o  i t s  h i g h
t e n d e n c y  t o  i n g e s t  l e a d  s h o t  a s  g r i t  a n d  t o  i t s  f o o d  h a b i t s
( m a i n l y  c e r e a l  g r a i n s  a n d  w e e d  s e e d s ) .  T h i s  k i n d  o f  d i e t ,  r i c h  i n
carbohydrates a n d  p o o r i n  p r o t e i n , calcium and phosphorus ,
enhances  the  absorpt ion of  lead into  the  b lood.  Ingested lead shot
i s  c o m p l e t e l y  e r o d e d  i n  t h e  g i z z a r d  a n d  a b s o r b e d  i n  t h e  b l o o d
s t r e a m  w i t h i n  3  w e e k s  i n  9 0  %  o f  t h e  a f f e c t e d  b i r d s .  T h u s ,  l e a d
c o n c e n t r a t i o n  i n the blood and de l t a - amino levu l in i c a c i d
dehydratase (δ -ALA-d) activity are the best indicators of a recent
l e a d  e x p o s u r e  ( a s  e a r l y  a s  8  h o u r s  a f t e r  l e a d  i n g e s t i o n )  a n d
indicate  the  degree  of  lead poisoning over  a  short  per iod .

In  fact ,  b lood lead concentrat ion remains  e levated for  as  much as
4 5  d a y s  a f t e r  l e a d  i n g e s t i o n  ( S a m u e l  e t  a l .  1 9 9 2 )  a n d  δ - A L A - d
a c t i v i t y  r e m a i n s  d e p r e s s e d  f o r  s e v e r a l  m o n t h s  a f t e r  e x p o s u r e  t o
l ead  ( Pa in  1992 ) .
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MATERIALS AND METHODS

During autumn 1990, 6 2  m a l l a r d s  w e r e  c a u g h t  f o r  r i n g i n g  i n  t h e
World  Wi ld l i fe  Found Refuge  of  the  lagoon of  Orbete l lo  (Tuscany ,
I t a l y )  w h i c h  i s  a n  i m p o r t a n t  a r e a  f o r  m i g r a n t  a n d  w i n t e r i n g
waterfowl . H u n t i n g  h a s  b e e n  f o r b i d d e n  i n  t h e  w h o l e  l a g o o n  s i n c e
1994,  but  was forbidden formerly  only  in  the W.W.F .  Refuge .

A b lood sample  of  2  ml  was taken from each indiv idual ,  then each
w a s  s e x e d ,  a g e d , r i n g e d  a n d  r e l e a s e d .  T h e  p r e s e n c e  o f  l e a d  i n
blood was  analyzed by  Atomic  Absorpt ion Spectrophotometer  wi th
g r a p h i t e  f u r n a c e ,  f o l l o w i n g  t h e  p r o c e d u r e s  r e p o r t e d  i n  M i n o i a  e t
a l .  ( 1 9 7 9 ) .  T h e  d e t e c t i o n  l i m i t  w a s  l e s s  t h a n  0 . 4  µ g / 1 0 0  m l  a n d
the percent recoveries were between 96 and 97 %.

W e  a l s o  a n a l y z e d  f o r  δ -aminolevulinic acid dehydratase (δ -ALA-d)
a c t i v i t y i n  2 1  o f  t h e  m a l l a r d  s a m p l e s  a n d  t h e  m e a s u r e  w a s
p e r f o r m e d  a c c o r d i n g  t o  t h e  m e t h o d  o f  B e r l i n  a n d  S c h a l l e r  ( 1 9 7 4 ) .
L e a d  c o n t e n t  i s  e x p r e s s e d  i n  µ g / d l  a n d  e n z y m a t i c  a c t i v i t y  i s
e x p r e s s e d  i n U / m l  ( n a n o m o l e s  δ -ALA/min/ml red blood cells).
D i f f e r e n c e s  b e t w e e n  s e x  a n d  a g e  c l a s s e s  w e r e  t e s t e d  u s i n g  C h i -
square . C o r r e l a t i o n  b e t w e e n  l e a d  l e v e l s  a n d  δ -ALA-d was tested
using Spearman corre lat ion coeff ic ient .

RESULTS AND DISCUSSION

L e a d  w a s  p r e s e n t  i n  t h e  b l o o d  o f  a l l  m a l l a r d s  s a m p l e d  ( x  =  4 6
µg/d l ,  s . d .  =  25 ,  m in .  10  µg/d l ,  max . 1 2 0  µ g / d l )  ( T a b l e  1 ) .  L e a d
a n d  d-ALA-d activity were negatively correlated (rs = - 0.873, P <
0 .0000 )  ( F i g .  1 ) .  L ead  concen t ra t i ons  i n  ma l e s  were  h i ghe r  than  in
f e m a l e s  a n d  t h e  δ -ALA-d activity was higher in females than in
m a l e s .  T h i s  m a y  h a v e  b e e n  d u e  t o  d i f f e r e n c e s  i n  f o o d  h a b i t s  a n d
h a b i t a t  p r e f e r e n c e  ( S a m u e l  e t  a l . 1 9 9 2 )  a n d  t o  t h e  l o s s  o f  l e a d
f r o m  b o n e s  a n d  b l o o d  d u r i n g  t h e  b r e e d i n g  s e a s o n  ( S a n d e r s o n  a n d
B e l l r o s e  1 9 8 6 ) ,  p r o b a b l y  d u r i n g  e g g s h e l l  f o r m a t i o n .  N o  s i g n i f i c a n t
d i f f e r e n c e s i n  l e a d  c o n c e n t r a t i o n s  w e r e  n o t e d  b e t w e e n  y o u n g
mal lards  and adul ts  as  reported for  b lack  ducks  (Anas rubripes) by
Samuel et al. (1992).

T h e  p a t t e r n  o f  δ -ALA-d activity inhibition in mallards from the
l a g o o n  o f  O r b e t e l l o  ( F i g . 1 )  w a s  s i m i l a r  t o  t h a t  d e s c r i b e d  f o r
black ducks by Pain (1989) and for mallards by Scheuhammer (1989).
T h e  d a t a  r e p o r t e d  h e r e  s u g g e s t  t h a t  t h e  i n h i b i t i o n  o f  δ -ALA-d
a c t i v i t y  m a y  b e  a  g o o d  i n d i c a t o r  o f  l e a d  i n t o x i c a t i o n  f o r  l e a d
levels  in  blood higher  than 60 µg/dl .  Despite  the great  amount of
i n f o r m a t i o n  a v a i l a b l e  o n  t h e  c o n c e n t r a t i o n  o f  l e a d  i n  t i s s u e s  o f
d u c k s  w i t h  c l i n i c a l  s y m p t o m s  o r  f o u n d  d e a d  b y  l e a d  p o i s o n i n g ,
l i t t l e  i n f o r m a t i o n  c o n c e r n i n g  c o r r e l a t i o n s  b e t w e e n  b l o o d  l e a d
l e v e l s  a n d  c l i n i c a l  s y m p t o m s i n  b i r d s  a r e  r e p o r t e d  i n  t h e
l i t e r a t u r e . I n  a d d i t i o n , t h e r e  i s  d i s a g r e e m e n t  c o n c e r n i n g  t h o s e
blood leve ls  which are  dangerous or  not  dangerous .  Lumei j  (1985)
r e p o r t e d  v a l u e s  o f  b l o o d  l e a d  c o n c e n t r a t i o n  i n  m a l l a r d s  w i t h

730



Figure 1. Corre lat ion between blood lead concentrat ion and the
a c t i v i t y  o f  d e l t a - a m i n o l e v u l i n i c  a c i d  d e h i d r a t a s e  (δ -ALA-d) in
mal lards .  Spearman corre let ion coeff ic ient  rs  =  -  0 .873,
P < 0.0000.

T a b l e  1 . Lead concentrat ion a n d  d e l t a - a m i n o l e v u l i n i c  a c i d
dehidratase (δ -ALA-d) activity in the blood of mallards.
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c l i n i c a l  s i g n s  o f  l e a d  p o i s o n i n g  r a n g i n g  b e t w e e n  5 2  µ g / d l  a n d
5 , 8 4 0  µ g / d l .  A c c o r d i n g  t o  t h e s e  v a l u e s ,  3 5 . 5  %  o f  t h e  m a l l a r d s
analyzed in  th is  s tudy were  poisoned.
P a i n  ( 1 9 8 9 )  s u g g e s t e d  t h a t  b i r d s  w i t h  l e a d  l e v e l s  i n  b l o o d  h i g h e r
than 40 µg/dl ,  and probably even with 25-30 µg/dl ,  have ingested
lead shot .  Daury et  a l .  (1993)  used 100 µg/dl  of  lead in  b lood as
a c o n s e r v a t i v e  t h r e s h o l d  l e v e l i nd i ca t i ng exposure t o  n o n -
background concentrat ions  of  lead in  waterfowl .  According to  these
authors , 5 4 . 8  %  o f  t h e  i n v e s t i g a t e d  m a l l a r d s  h a d  b l o o d  l e a d
concentrat ions higher  than 40 µg/dl ,  the higher  l imit  proposed by
Pa in  ( 1989 ) ,  and  6 . 5  %  had  b lood  l e ad  concen t ra t i ons  h i ghe r  than
100 µg/dl .  Only  8  % of  the mal lards had blood lead concentrat ions
≤ 1 5  µ g / d l , c o n s i d e r e d  b y  S c h e u h a m m e r  ( 1 9 8 9 )  a s  a n  i n d e x  o f
absence  of  dangerous lead contaminat ion and as  a  consequence  of
exposure to industrial pollution.

A l l  t h e  m a l l a r d s  s t u d i e d  a p p e a r e d  t o  b e  i n  g o o d  h e a l t h  d u r i n g
r i n g i n g  o p e r a t i o n s .  H o w e v e r , b i r d s  m a y  s u r v i v e  w i t h  h i g h  b l o o d
lead concentrations without apparent symptoms of poisoning because
of  the product ion of  nuclear  inc lus ion bodies  (Lumei j  1985) .  There
i s a l s o the p o s s i b i l i t y tha t red blood c e l l s produce
m e t a l l o t h i o n e i n - l i k e  p r o t e i n s  w h i c h  c a n  b i n d  l e a d ,  s e q u e s t e r i n g  i t
into a  non bioavai lable  form,  hence protect ing an organism against
l e ad  tox i c i t y  (Church  e t  a l .  1993 ) .

T h i s  s t u d y  p o i n t e d  o u t  t h a t ,  a s  i n  o t h e r  c o u n t r i e s ,  s o m e  m a l l a r d s
in  I ta ly  are  undoubtedly  affected by lead poisoning caused by the
ingest ion of  lead shot .  Their  deaths in  smal l  numbers from day-to-
day  go unnot iced because  s ick  and dead b irds  are  rapidly  removed
by predators  and scavengers . T h e  b i r d s  t h a t  d o  n o t  d i e  o f  a c u t e
lead poisoning may suffer  sub- lethal  effects  and,  perhaps ,  may be
more vulnerable to human and animal predation.

L e a d  p o i s o n i n g  i n  w a t e r b i r d s  m a y  b e  e l i m i n a t e d .  I n  f a c t ,  i n  o t h e r
countries such as the USA, C a n a d a  a n d  D e n m a r k ,  w h e r e  t h e
s igni f icance  of  lead poisoning morta l i ty  has  long been recognized,
lead shot  has  been replaced by  non-tox ic  shot .
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