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Lead c o n c e n t r a t i o n s  in shed  t e e t h  h a v e  found i n c r e a s i n g  u t i l i t y  in 
r e s e a r c h  s t u d i e s  of  l e a d  e x p o s u r e  and  ch i ld  deve lopmen t .  T e e t h  a re  
u s e f u l  b e c a u s e  t h e y  record  l ead  l e v e l s  and  a re  e a s i l y  co l l ec t ed .  
However,  in c o n s i d e r i n g  i n t e r n a l  doses  of  l ead ,  most  of  wha t  has  
been  l e a r n e d  a b o u t  human l ead  t o x i c i t y  and  k i n e t i c s  has  been  
e x p r e s s e d  in t e rms  of b lood l ead  c o n c e n t r a t i o n s .  For  example ,  a 
compu te r i zed  l i t e r a t u r e  s e a r c h  found "blood lead"  as  a key  word in 
1,035 a r t i c l e s  c i t e d  be tween  J a n u a r y  and  October  1994. Only 9 
a r t i c l e s  were  found for  " too th  lead" .  Because  of t he  a d v a n t a g e s  of 
u s ing  t e e t h  to a s s e s s  l ead  exposu re ,  t h e  r e l a t i o n  be tween  t e e t h  and 
blood lead  l e v e l s  d e s e r v e s  more a t t e n t i o n .  

T e e t h  a r e  a n a t o m i c a l l y  more complex t h e n  blood,  and  l e ad  in a 
t o o t h  r e s i d e s  in one of s e v e r a l  me tabo l i c  pools  ( Jones  e t  al .  1992). 
For  a shed  too th ,  n e a r l y  a l l  df  t he  mass  is  t he  crown, t he  roo t  
h a v i n g  been  r e so rbed .  Within t h a t  crown, n e a r l y  a l l  of the  mass  is  
d e n t i n e .  So v a l u e s  o b t a i n e d  from samples  of whole shed  t e e t h ,  of 
j u s t  t h e  crown, or of on ly  the  d e n t i n e  would be a p p r o x i m a t e l y  
e q u i v a l e n t .  A l though  c o n c e n t r a t i o n s  in t he  most  s u r f i c i a l  enamel  may 
be r e l a t i v e l y  e l e v a t e d ,  i t s  mass  is  v e r y  smal l  and i t s  c o n t r i b u t i o n  to 
t h e  whole t o o t h ' s  l e ad  l e v e l s  is  neg l ig ib l e .  However,  r e g a r d i n g  the  
c i r cumpu tpa l  d e n t i n e ,  much h ighe r  c o n c e n t r a t i o n s  a r e  e n c o u n t e r e d  
(Hanson e t  at .  1989). So s t u d i e s  which use  t h a t  zone of the  t o o t h  
a r e  not  d i r e c t l y  comparab l e  to t h o s e  which use the  bu lk  of  t he  
c r o w n .  

S e v e r a l  s t u d i e s  h a v e  a l r e a d y  a t t e m p t e d  to look a t  t h e i r  own blood 
and  t o o t h  d a t a  to  f ind  t h e  s t r e n g t h  and s lope  of the  r e l a t i o n s h i p  
(Rabinowi tz  e t  al .  1989). Recen t ly ,  wi th  t h e  a v a i l a b i l i t y  of  a d d i t i o n a l  
s t u d i e s ,  i t  is p o s s i b l e  to  r e c o n s i d e r  t h i s  q u e s t i o n  ac ros s  a v a r i e t y  of  
l o c a t i o n s  and  e x p o s u r e  l e v e l s ,  in hopes  of f ind ing  more g e n e r a l  
r e l a t i o n s h i p s .  
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MATERIALS AND METHODS 

An e x t e n s i v e  r e v i e w  of p u b l i s h e d  l i t e r a t u r e  y i e l d e d  on ly  8 s t u d i e s  
which  r e p o r t  t o o t h  l ead  a n d  blood l ead  l e v e l s  on t he  same c h i l d r e n .  
D i f f e r e n t  i n v e s t i g a t o r s  h a v e  u sed  d i f f e r e n t  p o r t i o n s  of t e e t h  for 
t h e i r  l e a d  m e a s u r e m e n t s .  Here ,  o n l y  s t u d i e s  w h i c h  r e p o r t e d  
d e n t i n e , w h o l e  s h e d  t e e t h ,  or c rown  a re  u sed  here .  V a l u e s  of 
c i r c u m p u l a l  d e n t i n e  a re  much h i g h e r  a n d  n o t  d i r e c t l y  c ompa r a b l e .  
Both c ross  s e c t i o n  a n d  p r o s p e c t i v e  s t u d y  d e s i g n s  a re  i n c l u d e d .  

These  s t u d i e s  a re  shown  in  T a b l e  1. The  l o c a t i o n s  i n c l u d e  Bos ton  
d u r i n g  t he  1970 ' s  ( N e e d l e m a n  a t  al  1979) a nd  t he  1980 ' s  ( Ra b i now i t z  
e t  al.  1989),  London  (Smith e t  al.  1983), G e r m a n y  (Winneke  e t  al. 
1983),  S c o t l a n d  ( F u l t o n  e t  al.  1987 a n d  1989) I t a l y  (Bergomi e t  al .  
1989), T a i w a n  (Rab inowi t z  e t  al. 1991),  a n d  A u s t r a l i a  (MacMichael  e t  
al.  1994). T h e i r  m e a n  t o o t h  l ead  l e v e l s  r a n g e  from u n d e r  3 to o v e r  
12 ug/g.  

RESULTS AND DISCUSSION 

O v e r a l l  t h e r e  is c o n s i d e r a b l e  c o n s i s t e n c y  among t h e s e  d i f f e r e n t  
s t u d i e s ,  d e s p i t e  d i f f e r e n t  p o p u l a t i o n s ,  d i f f e r e n t  l a b o r a t o r i e s  a nd  
s o m e w h a t  d i f f e r e n t  p o r t i o n s  of t o o t h  used .  A s t r a i g h t  l i n e  f i t s  t h e  
d a t a  from t h e s e  e i g h t  d i f f e r e n t  s t u d i e s  v e r y  well .  Th i s  b e s t  f i t  l i ne  
may  be f u r t h e r  c o n s t r a i n e d  to p a s s  t h r o u g h  t he  o r ig in .  Th i s  is 
j u s t i f i a b l e  b e c a u s e  we know t h a t  i f  t h e r e  were  no l ead  in  t h e  b lood 
t h e r e  would  be no lead  in  t he  t e e t h .  

The  e q u a t i o n  for t h a t  s t r a i g h t  l i ne  is:  Too th  (ug/g)  = 0.49 (SE=0.04)  
X Blood (ug /d l ) .  The  f i t  is v e r y  good: r - s q r  is 96.5 p e r c e n t ,  F r a t i o  
is 195.4, P<.0001, n = 8 .  E v e n  i f  t he  l i n e  were  n o t  c o n s t r a i n e d  to 
p a s s  t h r o u g h  t h e  o r ig in ,  i t  s t i l l  does ,  y i e l d i n g  a n e a r l y  i d e n t i c a l  
l i ne :  Too th  = 0.8 (1.5) + 0.44 (0.10) X Blood. 

T h i s  o v e r a l l  s lope  as  d e t e r m i n e d  a c r o s s  t h e s e  e i g h t  s t u d i e s  is 
s o m e w h a t  s t e e p e r  t h a n  t he  s lope  we f o u n d  u s i n g  o n l y  t he  Bos ton  
c h i l d r e n ,  who h a v e  a r e l a t i v e l y  low l e v e l  of e x p o s u r e :  0.36 ( .02),  
w i th  a n  r - s q r  of 73 p e r c e n t  for  99 c a s e s  u s i n g  b lood c o l l e c t e d  a t  57 
m o n t h s  of age. 

At  e x a c t l y  w h a t  age is  t he  blood l ead  b e s t  p r e s e r v e d  in  t he  shed  
t o o t h  h a s  r e c e i v e d  some a t t e n t i o n  (Rab i now i t z  e t  al .  1993). In m a n y  
cases ,  where  t h e  b lood  l ead  l e v e l s  of a ch i ld  do no t  c h a n g e  wi th  
age,  t h i s  becomes  a m u t e  p o i n t .  In c a s e s  where  p o s t n a t a l  b lood lead 
l e v e l s  do change ,  i t  a p p e a r s  t h a t  t h e  shed  d e n t i n e  r e f l e c t s  blood 
l ead  l e v e l s  f a i r l y  r e c e n t l y ,  as opposed  to m a n y  y e a r s  e a r l i e r .  For  
examp le  t h e  blood a t  age 57 m o n t h s  c o r r e l a t e s  much b e t t e r  w i th  a 
shed  i n c i s o r  t h a n  does  cord b lood l e v e l s .  For  n e a r l y  a l l  of  t h e  
s t u d i e s  c i t ed ,  t h e  b lood v a l u e s  were  o b t a i n e d  o n l y  once .  

A r e c e n t  c o m p e n d i u m  of l e ad  and  Iq  s t u d i e s  ha s  t r i e d  to u se  bo th  
s t u d i e s  t h a t  r e l i e d  on blood l ead  a n d  t h o s e  t h a t  r e l i e d  on t o o t h  
l e a d  (Pocock e t  al.  1994).  I t  was n e c e s s a r y  to per form p a r a l l e l  
a n a l y s e s  for  b o t h  t y p e s  of b i o m a r k e r s  a n d  t r y  to make  them 
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Figure 1. Scatter plots and best linear fits of shed tooth lead and 
blood lead from eight different studies. The best fitting line passes 
through the origin with a slope of 0.49. 

Table 1. Summary of tooth and blood lead data from several studies 
of children. 

, ',',,",,l, ,' ....... 

Location Mean Tooth Lead Mean Blood Lead 
ug/g ug/dL 

Boston 1970's,  USA 12.7 
Edinburgh,  Scot land 9.3 
Port Pirie, Australia 8.6 
Dusseldorf, Germany 6.2 
School by smelter, Taiwan 6.2 
London, England 5. I 
Sassuolo, Italy 6.1 
Boston 1980's, USA 2.8 

27 
11.5 
17 
14.3 
13 
12.8 
11.6 
6.5 

comparable  by ins i s t ing  t h a t  a doubl ing of  dose in one is equ iva len t  
to a doubl ing of dose with the  o ther  blomarker.  The approach  t aken  
here  is d i f ferent ,  s ince only s tudies  are  considered which report  
both  blood lead and too th  lead va lues .  

The kinetics of lead in adult teeth are very different from those of 
primary teeth (Steenhout and Pourtois 1981). Lead accumulates in 
adult, secondary teeth for many years. What has been said here 
about primary teeth likely do not relate at all to permanent teeth. 

855 



F i g u r e  1 s h o w s  t h e  mean  v a l u e s  of  blood and t o o t h  lead  
concen t r a t i ons  in these  e ight  s tudies .  A s t r a igh t  line pass ing  th rough  
t he  o r ig in  g ives  an  e x c e l l e n t  f i t  to these  observa t ions .  This 
summary f inding se rves  to demons t ra te  the  use fu lness  of shed tee th  
as a biomarker  of pas t  lead exposure.  

Acknowledgments .  This paper  was s t imula ted  by a meeting of the  
WHO I n t e r n a t i o n a l  P rogram on Chemical Safe ty  Task Group on 
Envi ronmenta l  Health Cri ter ia  on Inorganic  Lead, Februa ry  1993. 

REFERENCES 

Bergomi M, Borella P, Fan tuzz i  G, Vivoli G, Sturoni  N, Cavazzut i  G 
et al. (1989) Relat ionship  between lead exposure  ind ica tors  and 
neuropsycholog ica l  performance in children.  Dev Med Child Neurol 
51 :23-52  

Ful ton M, Thomson G, Hunter  R, Raab G, Laxen D, Hepburn W 
(1987) Inf luence  of blood lead on the ab i l i ty  and a t t a i n m e n t  of 
chi ldren in Edinburgh.  Lancet  1 : 1 1 2 1 0 - 1 1 2 6  

Ful ton  M, Pa te rson  L, Raab G, Thompson G, Laxen D (1989) Blood 
lead, too th  lead, and child development  in Edinburgh.  In Vinert  JP, 
ed. Heavy Metals in the Envi ronment  Vol 2 , Edinburgh:  CEP 
Consu l t an t s  68-71  

Hansen O, Tr i l l ingsgaard  A, Beese I, Lyngbye T, Grandjean P (1989) 
A neuropsycholog ica l  s t u d y  of chi ldren with e l eva ted  den t ine  lead 
level.  Neurotoxic and Tera tol  11: 205-213 .  

J o n e s  R, P Spanne ,  G S c h i d l o v s k y ,  X Dejun, R Bockmna,  M 
Rabinowitz, P Hammond, R Bornschein D Hoeltzel (1992) Calcified 
t i ssue  i nves t i ga t i ons  using synch ro t ron  X - r a y  machine.  Springer  
Series in Optical Science 67, X - R a y  Microscopy III, 431 -434  

Mc Michael A, Baghurs t  P, Vimpani G, Wigg N, Robertson EF, Tong 
S (1994) Tooth lead levels  and IQ in s c h o o l - a g e  children.  Am J 
Epidemiol 140:489-499  

Needleman H, Gunnoe C, Levi ton A, Reed R, Peresie H, Maher C, 
B a r r e t t  P ( 1 9 7 9 )  D e f i c i t s  in p s y c h o l o g i c a l  and c l a s s r o o m  
performance of chi ldren with e l eva ted  dent ine  lead levels .  New 
Engl J Med 3 0 0 : 6 8 9 - 6 9 5  

Pocock S J, Smith M, Baghurs t  P (1994) Envi ronmenta l  lead and 
ch i ldren ' s  in te l l igence:  a sys temat ic  review of the  epidemiological  
evidence.  Brit Med J 3 0 9 : 1 1 8 9 - 1 1 9 7  

Rabinowitz M, Bellinger D, Levi ton A (1989) The blood lead - too th  
lead re la t ionsh ip  among Boston children.  Bull Environ Contain 
Toxicol 4 3 : 4 8 5  - 492 

Rabinowitz M, Wang JD, Soong, WT (1991) Dentine lead and child 
in te l l igence  in Taiwan. Arch Envi ron  Health 4 6 : 3 5 1 - 3 6 0  

Rabinowitz M, Levi ton A, Bellinger D (1993) Relat ionship between 
ser ial  blood lead levels  and exfo l ia ted  tooth  dent in  lead levels.  
Calcified Tissues  In t e rna t i ona l  53 :338-341  

Smith M, Delves T, Lansdown R, Clayton B, Graham P (1983) The 
ef fec ts  of lead exposure  on urban  children.  Dev Med Psychol  
47(suppl)  1 -54  

856 



Steenhou t  A, Pour to is  M (1981) Lead accumula t ion  in t e e th  as a 
f u n c t i o n  of  age  wi th  d i f f e r e n t  e x p o s u r e s .  Bri t  J Ind Med 
88 :297-303  

Winneke G, Kraemer U, Brockhaus A, Ewers U, Kujanek G, Lechner  
H, Janke  W (1983) Neuropsychologica l  s tud ies  in chi ldren with 
e l eva ted  t o o t h - l e a d  concen t ra t ions .  Int  Arch Occup Environ 
Health 51 :231-252  

857 


