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L e a d  p o iso n in g  o f  w a te rfo w l, fo llow ing 
in g e s tio n  o f  le a d  sh o t fro m  sh o tg u n  
c a r tr id g e s , has b een  show n to  b e  an 
im p o r ta n t  m o r ta l i ty  fa c to r  fo r  so m e  
sp ec ies . In N o rth  A m e ric a , B c llro se ’s 
(1959) s tu d y  su g g es ted  th e re  w as an  in ­
c re a s in g  in c id e n c e  o f  le a d  sh o t c o n ­
ta m in a tio n  fro m  g raze rs  (e .g . g eese  an d  
sw a n s), th ro u g h  d ab b lin g  d u ck s to  div ing  
d u ck s .

In  th e  U .K . th e  p ro b lem  o f  le ad  sho t 
c o n ta m in a tio n  o f  th e  e n v iro n m e n t w ou ld  
a p p e a r  to  b e  less th a n  it is in m an y  o th e r  
p a r ts  o f  E u ro p e  an d  A m e ric a , a lth o u g h  
d a ta  a re  sp a rse  a n d  th e re  is co n sid e rab le  
v a ria tio n  b e tw e e n  s ites . F o r  ex am p le , 
le a d  p e lle t d en s itie s  o f  1 — 44/m 2 (1 0 ,0 0 0 — 
44 0 ,0 0 0 /h a ) w e re  co m m o n  in th e  U .S .A . 
(T h o m a s  1982) an d  8 o u t o f  19 sites 
e x a m in e d  h a d  d e n s itie s  in excess  o f 
30 0 ,0 0 0 /h a  (M o o re  a n d  K ing  1979). A lso  
B e llro se  (1959) r e p o r te d  up  to  291,700 
p e lle ts /h a  in N . A m e ric a . In  D e n m a rk , 
c o n c e n tra tio n s  o f  u p  to  4 ,0 0 0 ,0 0 0 /h a  
w e re  fo u n d  in a re a s  w h e re  ac tive  clay 
p ig e o n -sh o o tin g  o c c u rre d  (P e te rse n  and  
M e lto fte  1979). In th e  U .K .,  M udge 
(1984) fo u n d  a  ra n g e  o f  d en sitie s  u p  to  30/ 
r r r  (e q u iv a le n t to  300 ,000 /ha) b u t 3 o u t o f 
22 s ite s  h a d  no  p e lle ts  a t  all.

T h e re  a re  m an y  p ro b le m s  asso c ia ted  
w ith  lo ca tin g  an d  q u an tify in g  le ad  p e lle ts  
in th e  e n v iro n m e n t a n d  m o s t w o rk e rs  
h av e  u sed  a  sam p lin g  p ro c e d u re  fo llow ed  
by  siev in g  a n d  sea rch in g  (e .g . M udge  
1983, 1984). D e p e n d in g  u p o n  th e  size o f 
sam p le s  ta k e n , an d  th e  p a rtic le  sizes o f 
th e  s u b s tra te  m a te r ia l, th e  p ro cess  o f 
se a rc h in g  sam p le s  by eye  can  be  very  
la b o u r  in ten s iv e  an d  th u s  ex p en siv e . In 
a d d itio n , th e re  is th e  d ifficu lty  o f  d e te r ­
m in in g  how  e ff ic ien t th e  sea rch in g  has 
b e e n , an d  h en ce  th e  accu racy  o f  th e  
re su lts .

D u rin g  th e  c o u rse  o f  a  stu d y  o f  lead  
p o iso n in g  in W h o o p e r  S w ans, th e  p oss i­
b ility  w as e x a m in e d  o f  using rad io g rap h y  
as a  m e a n s  o f  d e te c tin g  a n d  quan tify in g  
le ad  p e lle ts  in s iev ed  su b s tra te  sam p les 
a n d  in w a te rfo w l g izza rd  g rit. (F re d ric k ­
so n  e t al. 1977; A n d e rso n  a n d  B rew er 
1980).

S am p le s  w e re  ta k e n  from  th e  in te rtid a l 
z o n e  o f  th e  Y th a n  e s tu a ry , using  a c o re r  
o f  70 m m  d ia m e te r  (38 .48  cm 2) to  d ep th s  
v a ry in g  from  100—200 m m . T h e  sam p les 
w e re  s iev ed  th ro u g h  a 1 m m  m esh , and  
th e  m a te r ia l r e ta in e d  w as h a n d -s o rte d  to  
re m o v e  all s to n e s  g re a te r  th a n  a b o u t 15 
m m  ac ro ss . T h e  re s t o f  th e  m a te ria l w as 
th e n  c h e c k c d  by eye  fo r th e  p re sen ce  o f 
le a d  p e lle ts . E a c h  sam p le  w as sea rch ed  
u n til th e  e x a m in e r  w as sa tis f ied  th a t  no  
m o re  p e lle ts  co u ld  be  fo u n d  w ith in  a 
re a s o n a b le  tim e  p e rio d . S earch  tim es 
v a r ie d  a c c o rd in g  to  th e  a m o u n t an d  
n a tu r e  o f  m a te r ia l ,  w ith  a m ean  o f  9 
m in u te s  a n d  a  ran g e  o f  5 —20 m in u tes  fo r 
e a c h  sam p le .

F o r  th e  ra d io g ra p h y  a  H ew le tt P ack a rd  
F a x itro n  43805N  X -ray  m ach in e  w as u sed  
to  re c o rd  th e  im ag es on  K o d a k  In d u s trex  
620 p a p e r ,  h e ld  fo r th e  p u rp o se  o f  ex p o ­
su re  in s id e  b la c k  d o u b le  P V C  w alle ts .

T h e  sa m p le s , each  in d iv idua lly  p ack ed  
in p o ly th e n e  b ag s , a n d  a c c o m p a n ie d  by 
an  X -ray  o p a q u e  le ad  foil lab e l, w ere  
p lace d  in th e  lo a d e d  P V C  w a lle ts  inside 
th e  m ach in e  a n d  w e re  f la tte n e d  to  ab o u t 
5 m m  th ic k n e ss . T o  im p ro v e  d e fin itio n , 
n o  in ten s ify in g  sc reen s  w e re  u sed  w hich 
n e c e s s i ta te d  lo n g  e x p o s u re  tim e s  o f  
u su a lly  b e tw e e n  1 a n d  2 m in u te s  fo r m ost 
so il/m u d  sa m p le s . T h e  X -ray  m ach in e  
se ttin g s  w e re  5 0 k V  a t 3 m A  w ith  a sou rce  
to  su b je c t d is ta n c e  o f  a b o u t 60 cm s. A fte r  
e x p o su re  th e  im ag es rece iv ed  th e  no rm al 
p h o to g ra p h ic  p r in t  d e v e lo p m e n t p ro ­
c e d u re  fo r  ‘f ib re  b a s e d ’ p ap e rs .

A s a ro u g h  g u id e , 3 to  4  sam p les  and  
th e i r  lab e ls  co u ld  be  re c o rd e d  to g e th e r  on 
th e  18 x 24 cm  size in d u s tre x  p a p e r  w ith  
an  a p p ro x im a te  m a te r ia l co st o f  50p p e r  
sh e e t . T h ir ty  sam p le s  w e re  t r e a te d  in th is 
w ay , a n d  tw o  o f  th e m  w ere  re p e a te d  
g iv ing  a to ta l  o f  32 fo r c o m p a riso n  (T ab le  
1). A  to ta l  o f  18 p e lle ts  w ere  fo u n d  by 
e y e , w h e re a s  43 w ere  re c o rd e d  in th e  
ra d io g ra p h s . W h e re  th e re  w ere  pe lle ts  
p re s e n t in th e  sam p le s , th e  o b se rv e r 
fo u n d  th e  ‘c o r r e c t’ n u m b e r on  on ly  4 
o ccas io n s . O n  o n e  occasio n  th e  o b se rv e r 
re c o rd e d  tw o  p e lle ts , a lth o u g h  on ly  o n e  
w as fo u n d  on  th e  X -ray  p la te . In  a
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s u b s e q u e n t  r e - e x a m i n a t io n  o f  th e  
sa m p le s , th e  m ean  sea rch  tim e  re q u ire d  
to  lo c a te  th e  n u m b e r  o f  p e lle ts  rev ea led  
by  ra d io g ra p h y  w as 15 m in u te s , w ith  a 
ra n g e  o f  9 to  25 m in u tes .

T o  te s t th e  accu racy  o f th e  te ch n iq u es , 
k now n q u a n titie s  o f  N o . 6 le ad  sh o t w ere  
a d d ed  to  w ho le  u n siev ed  m u d  sam p les. In 
4 tr ia ls  all th e  lead  p e lle ts  in itia lly  a d d ed  
w ere  d e te c te d  on  th e  rad io g rap h s . W hen

Table 1. Comparison of the numbers of lead 
pellets found by eye and X-ray method.

Sample
No.

Time to 
Search 
(mins)

No. of Pellets 
Found 

By Eye By X-ray

A4 4 2 3
A5 10 0 0

A17 12 1 3
A17 9 1 3
A22 8 1 1
A 26 6 1 2
A37 5 2 4
A45 7 2 3
A72 6 0 0
A73 4 0 1
A74 11 3 3
A75 5 0 0
A76 7 0 0
A77 13 0 0
A78 10 0 1
A79 11 0 1
A80 11 0 0
A81 17 0 0
A82 14 0 2
A83 11 0 1
A 84 12 0 0
A 85 10 0 0
A 86 13 0 2
A 87 13 0 1
A87 10 1 1
A96 8 0 2
L4 12 0 2
L6 8 0 2
R2 11 0 1
R5 6 0 1

R10 11 2 2
A10 3 2 1

Totals:
32 18 43

sea rch ed  by h an d  la te r , th e se  p e lle ts  
p ro v ed  to  be  th e  sam e p e lle ts  th a t w ere  
a d d e d  a t th e  beg inn ing . T h u s  o n e  can be 
co n fid en t th a t  no  lead  sh o t w as lost in th e  
sieving p rocess  and  all lead  p e lle ts  w ere  
d e te c te d  by th e  X -rays.

T h e  second  te s t w as to  a sce rta in  if lead  
cou ld  p e rh a p s  be  sh ie ld ed  by s to n es  in th e  
s a m p le s . L e a d  sh o t w as f ix e d  w ith  
adhesive  ta p e  b e n e a th  p e b b le s  m easu rin g  
20 —30 m m  in d ia m e te r , i .e . o f  d ia m e te r  
no rm ally  ex c luded  by h a n d  so rtin g . A s 
can  be  seen  from  F ig u re  1 th e  p e lle t still 
show s up  very  clearly .

W h o le , u n s ie v e d  so il/m u d  sam p le s  
w e re  a lso  X -ray ed . L e a d  p e lle ts  w ere  
d e te c ta b le  (seed in g  tr ia ls  w ere  also  d o n e  
on  th e s e  s a m p le s )  b u t  th e  s a m p le s  
re q u ire d  a b o u t 5 m in u te s  o f  X -rays an d  I 
sam p le  re q u ire s  a  w ho le  sh e e t o f  p a p e r  
( i .e . 5 tim es as long  a t 3 to  4 tim es th e  
cost).

G izza rd  g rit sam p le s  w ere  a lso  X- 
ray ed . T h ese  w ere  p lace d  in P e tri-d ish es 
an d  rece iv ed  on ly  30 seco n d s o f  X -ray ed  
ex p o su re . T he  re s t o f  th e  p ro c e d u re  w as 
iden tica l.

O n e  c a n  b e  c o n f id e n t ,  a f t e r  re -  
cheek ing  to  find  th e  e x tra  p e lle ts , th a t th e  
X -ray  te ch n iq u e  is 100%  effic ien t an d  
th a t it has d e m o n s tra te d  a sou rce  o f  e r ro r  
in th e  p rev iously  w idely  a ccep ted  m e th o d  
o f  sea rch in g  by eye . M ost o f  th e  pe lle ts  
fo u n d  in th e  sed im en t w ere  d isco lo u red , 
e tc h e d , m is-sh ap en , o r  h ad  a su rface  
co a tin g  o f  som e o rg an ic  m a te ria l, all o f 
w hich  cau sed  th em  to  b eco m e  highly 
cryp tic  am o n g  th e  san d  g ra in s . A ny  a d d i­
tio n s o f fresh  new  p e lle ts  to  th e  sam p les 
co u ld  qu ick ly  be  s e e n , since th e y  w ere  
d a rk  in co lo u r an d  n icely  ro u n d e d  in 
sh ap e . I t  w as co n c lu d ed  th a t p rev ious 
a tte m p ts  a t te s tin g  th e  sea rch in g  e ffi­
c iency o f  o b se rv e rs  m ay  have b een  in 
e r ro r ,  if fresh  new  lead  sh o t h ad  b een  
u sed  in th e  seed in g  tria ls .
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Summary

X-radiography was used to detect lead pellets in 
intertidal mud samples. The samples, removed 
by a corer, were sieved and searched by eye for 
lead, with a mean search time o f 9 minutes (range 
5—20 minutes). A total of IS pellets were found 
in 32 samples. The samples were then placed
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Figure 1. X-ray photograph of substrate sample showing three lead pellets of No. 6 shot.

upon X-ray sensitive paper and X-rayed for 1 —2 
minutes. Forty-three pellets were recorded on 
the radiographs. Subsequently the samples were 
re-checked and all 43 pellets were found. Mean 
search time required was 15 minutes (range 9 —25 
minutes). The technique indicates a large poten­

tial source of error in conventional m ethods used 
to find lead in mud samples.

Unsieved mud samples and pellets fixed be­
neath stones were also X-rayed. In all cases the 
pellets were detectable. Gizzard grit samples 
were also analysed in this way.
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