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The amount of lead in deciduous t ee th  has been used ex tens ive ly  as 
a marker  for infant  lead exposure and body burden (Needlman et  el. 
1972). Elevated tooth lead l eve l s  have  been seen in children who 
had lead poisoning (Brudervold et  el. 1977). Also, on a population 
wide basis tooth lead levels appear  to va ry  according to housing 
s t a tu s  and presumably lead exposure (Ewers e t  el. 1982 and Gilberg 
e t  el. 1982). This exposure index has been applied using varying 
t e c h n i q u e s  in Denmark (GrandJean e t  el.  1984), South Africa 
(Grobler e t  el. 1985), and the United Kingdom (Mackie e t  el. 1977). 

Because of the  neurotoxic i ty  of lead, the tooth  lead levels  of 
re ta rded  and normal children have been compared (Pinchin et  el. 
1978). Most recent ly ,  in research of lead and child development,  
tooth  lead levels have  keen used as markers of past  lead exposure 
(Needlexmn et  el. 1970). Despite the  widespread use of tooth  lead 
values,  ve ry  l i t t le  is known about  the  exact  time course of lead 
deposit ion in tooth from blood. This report  compares blood lead 
levels  a t  d i f ferent  ages to tooth lead levels  in a group of Boston 
ehUdren. 

MATERIALS AND METHODS 

The base population consisted of 11,837 consecut ive bi r ths  a t  the  
Boston Hospital for Women between April 1979 and April 1981. 
Details of the population and blood sampling have been published 
(Babinowitz e t  ILl. 1984). Briefly, babies were eligible for inclusion 
in this  follow up s tudy i f  the i r  umbilical cord blood lead levels  
were in the  highest ,  middle or lowest declle. The par t ic ipat ing 
mothers had a mean age of  29 years  and were well educated (e.g. 
15 years  mean schooling). In general  the  249 enrolled children 
represen t  hea l thy  products  of unevent fu l  pregnancies and live in 
areas  t ha t  placed them at  r e la t ive ly  low risk for lead poisoning. 

Send reprint  r eques t s  to  M. B. Rabinowitz ,  Marine Bio logica l  
Labora to ry ,  Woods Hole, MA 02543  USA. (from 8/88 to 8/90: 
Graduate Ins t i tu te  of Public Health; National Taiwan University;  1 Jan 
Ai ltd. Sac. 1, Talpelo Taiwan, Republic of China) 
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The a n n u a l  a t t r i t i o n  r a t e  was l ess  t h a n  10%; a t o t a l  of  202 
ch i ld ren  comple ted  t h e  2 y e a r  foUow-up .  Both blood and  too th  were 
a v a i l a b l e  from 102 chi ldren.  In add i t ion  to  umbi l ica l  cord blood, 
c a p i l l a r y  blood was sampled  a t  6,12,18, and  24 months  and v e n o u s  
blood a t  57 months  of  age.  These  spec imens  were a n a l y z e d  in 
d u p l i c a t e  or  t r i p l i c a t e  w i t h  a model  3010A a n o d i c  s t r i p p i n g  
v o l t a m m e t e r  (ESA, Bedford, MA). The  a v e r a g e  d i f f e r e n c e  be tween  
t h e  dup l i ca t e s  was 1 ug/d l  and  exceeded  3.5 in only  10% of  the  
pa i r s .  

Shed p r ima ry  t e e t h  of  the  s t u d y  ch i ldren  were  r e q u e s t e d  from the  
p a r e n t s  by  mail.  T e e t h  were  r e t u r n e d  by  mall ,  wrapped  in p l a s t i c  
padding,  ins ide  a c a r d b o a r d  box in a r e in fo rced  enve lope .  P a r e n t s  
supp l ied  in fo rmat ion  a b o u t  t he  t o o t h ' s  loca t ion  in the  mouth  and  
the  da te  the  too th  was shed  by  ind ica t ions  on a r ep ly  ca rd  suppl ied  
to them. Af te r  rece ip t ,  t h e  t e e t h ' s  o u t e r  s u r f a c e s  were  u s u a l l y  
b rushed  by  hand  with  pumice powder t h a t  had  been  p r e - c l e a n e d  
with  warm EDTA. This  was done to enab l e  b e t t e r  v i s u a l  de tec t ion  
of  enamel  de fec t s  and  was u n r e l a t e d  to t he  den t in  lead a s say .  

All subsequent steps were completed in a room with controlled air 
flow which was continually recirculated by two HEPA air filters 
(model 100 Plus, Environmental Air Control, Albuquerque NM). This 
yielded laboratory air containing I ng per cubic M of lead, versus 
Woods Hole outdoor air of 4 and Boston laboratory air of 10 to 50 
at that time. Inside the sample digestion box which was fitted with 
an additional HEPA filter, the air lead level were 0.03 ng per cu M. 
The entrance to the room was fitted with a sticky adhesive mat for 
dust control. 

The tooth lead was determined in two portions of dentin taken 
from the zone presumably representative of post-natal deposition. 
Cross-sectlonal slabs of tooth material (FIGURE 1) were obtained 
by sagittally slicing the tooth with a low-speed Buehler saw fitted 
with two diamond impregnated blades separated with a thin spacer. 
Water was the only cutting fluid. Because of the low relative 
humidity in the laboratory no special efforts were made to dry the 
samples. This slab was covered with a sheet of Parafilm and 
placed on an anvil. A chisel and mallet were used to isolate 
different portions of the slab for chemical analysis; the sampled 
sites within each tooth were located visually. A cut was made from 
Just below the cementum-enamel junction, which was visible in the 
silhouette of the tooth, to a point midway between the top of the 
pulp cavity and the crown. For incisors this cut approximates the 
neonatal line (Schour 1936). A mldline cut was also made. For 
deciduous teeth with the normal amount of root resorption, this 
yielded two specimens of 10-15 mg each from the post-natal dentin. 

These portions were digested in a Pyrex tube with 250 uL of re- 
distilled nitric acid (GF Smith). Blank tubes and tubes with a 
calcium-based standard accompanied each batch. These were heated 
in the HEPA filtered air chamber. After refluxlng and dissolution, 
they were heated further to reduce the volume to near dryness 
(less than 30 uL). Just prior to analysis, the samples were 

486 



Figure  1: T a b u l a r  s a g i t t a l  c ross  s ec t ion  of  t y p i c a l  dec iduous  inc i so r  
( abou t  10 X magn i f i ca t ion  ). Note crown wear  and  p a r t i a l l y  r e so rbed  
root .  Ha tched  a r e a s  ind ica t e  enamel  and  the  pulp  chamber ;  d a s h e d  
l ine is a p p r o x i m a t e  loca t ion  of t h e  n e o n a t a l  l ine.  Samples  were  
o b t a i n e d  from the  p o s t n a t a l  zones  b e t w e e n  DAB and BAC. 

r e d i s s o l v e d  in p lace  wi th  2.5 mL of  1.0 M sodium a c e t a t e ,  0.2 M 
chlor ide  and  perch lor lc  acid  buf fe r ,  pH to 5.8. This  b u f f e r  was 
made n e a r l y  l e a d - f r e e  by  b a t c h  e l e c t r o p l a t l n g  for  as  m a n y  as  50 
hour s  a t  1.2 v o l t s  us ing  a model 3010A anodic  s t r i pp ing  v o l t a m e t e r  
(ESA, Bedford MA) with  a mercury  c o a t e d  g r a p h i t e  e l ec t rode .  I n i t i a l  
p l a t i ng  was a t  1.25 vo l t s  for  5 minu tes ,  t he  sweep r a t e  was 15.00 my 
per  s t ep ,  and  f ina l  p o t e n t i a l  was 220 inv. Al though a s t r i p  c h a r t e r  
r eco rde r  was used  to moni to r  t he  mach ine  pe r fo rmance ,  the  a c t u a l  
lead  e v a l u a t i o n  was done wi th  t he  p e a k  i n t e g r a t o r .  These  me thods  
h a v e  s e v e r a l  a d v a n t a g e s .  

F i r s t ,  us ing  a f a s t  s t r i p p i n g  r a t e  and  p e a k  i n t e g r a t o r  p r o v i d e s  
la rge  and  s h a r p  c u r r e n t  su rge  whose  m e a s u r e m e n t  Is u n a f f e c t e d  by  
s l igh t  lead  p e a k  a symmet r i e s ,  which would cause  i n a c c u r a c i e s  i f  
p e a k  he igh t  were used  i n s t ead .  Second, our  choice  of  b u f f e r  a l lows 
for  the  u n a v o i d a b l e  v a r i a t i o n s  in t h e  r e s idua l  amoun t s  of  acid  l e f t  in 
t he  t e s t  tubes ,  which would a f f e c t  t he  loca t ion  of  t he  lead  peak .  
Third,  a n y  copper  peak  is  f u r t h e r  f rom the  lead  p e a k  in t h i s  ma t r ix ,  
t h u s  minimizing i n t e r f e r e n c e s  e x p e c t e d  wi th  a chromium chlor ide  
ba sed  mat r ix .  
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The amount  of  lead r ep re sen t ed  by each peak was ca lcu la ted  from 
the  b e s t - f i t  s t r a i g h t  l ine f i t  to a t  l eas t  5 aqueous  lead s t anda rds  run 
among t he  samples  on t h e  same day .  The ave rage  r - s q u a r e d  
assoc ia ted  with th is  l ine was 0.990 ( s t d d e v  ffi .011). Procedural  lead 
blanks  averaged  3.0 ng (std dev = 2.3) per sample and rep resen t  
abou t  8~ of  the  lead present .  An in te rna l  s t a n d a r d  of l e a d - e n r i c h e d  
calcium chloride was prepared  to monitor  the  l o n g - t e r m  behav io r  of 
the  system. The concen t r a t i on  of  lead in th is  solut ion and the 
aqueous  lead s t anda rds  was determined by Professor  William Manton 
of  the  Univers i ty  of  Texas  us ing isotope di lut ion mass spec t rometry .  
The  o b s e r v e d  m e a n  v a l u e  of  l ead  in t h i s  s t a n d a r d ,  which  
accompanied each of the  215 ba tches  of  tee th ,  which included those  
repor ted  here,  was 5.48 (std dev = 0.38) ug/g , with a range of 4.6 
to 6.3. The 95 % conf idence  in t e rva l  was 5.44 to 5.54 ug/g. The 
va lue  obta ined  by isotope dilut ion,  an abso lu te  reference  method, 
was 5.52 (sad dev =0.04).  The s t anda rd  did no t  exhibi t  any  time 
t rend.  The cor re la t ion  of the  observed  va lues  with time was not  
s igni f icant ,  r = - . 0 5 ,  pffi.48. 

We obta ined  two lead concen t r a t i ons  for each tooth .  These va lues  
were ave raged  if  t h e y  differed by 2.5 ug/g or less. Otherwise,  two 
a d d i t i o n a l  por t ions  of  the  too th  were prepared,  and the three  
c loses t  va lues  for the  too th  averaged.  This was n e c e s s a r y  for fewer 
than  15 96 of  the  t ee th .  When mult iple t e e th  were submit ted  for a 
child, we considered only  the  f i r s t  too th  rece ived  for most of the 
ana lyse s  repor ted  here.  95 of  the  102 t e e t h  rece ived  were pr imary 
incisors;  for 5 the  loca t ion  was uncer ta in .  

RESULTS AND DISCUSSION 

The mean lead level  in these  85 pr imary incisors  was 2.8 ug/g (sad 
dev = 1.8, range 0.3 Xo 12.8). The ave rage  lead level  of cent ra l  
incisors  did not  differ  from t h a t  of l a t e ra l  inc isors  (2.8, s td  dev = 
1.8 vs 2.6, s td  dev ffi 1.4). Similarly, maxi l la ry  incisors  did not  
di f fer  from mandibular  incisors  (3.2, s td  dev -- 2.3 vs 2.5, sad dev = 
1.1). For the  smaller  number of chi ldren who suppl ied multiple tee th ,  
pa i red  ana lys i s  also showed no d i f ference  between types  of incisor.  

Figure  2 cons is t s  of  six s c a t t e r  plots  of  the  den t in  lead and blood 
lead va lues  for va r ious  ages between bi r th  and 57 months.  As 
d isp layed in Table 1, the  assoc ia t ion  between too th  lead and blood 
lead increases  with age, f i r s t  ach iev ing  s t a t i s t i c a l  s igni f icance  a t  age 
18 months.  By 57 months  the  cor re la t ion  coef f ic ien t  is 0.56. This is 
similar to the  va lue  of  0.47 found between cu r r en t  blood lead and 
Incisors  among 802 German chi ldren (Ewers et  al. 1982). 

Al though ca lc i f ica t ion  neve r  t o t a l l y  s tops,  in the  sampled pa r t  of 
the  deciduous  incisor  ca lc i f ica t ion  is complete by the end of the 
f i r s t  yea r  of age and of  the  en t i re  too th  before the  end of  the  
second y e a r  (Schour and Massler 1941). These f indings  imply t h a t  
th is  den t in  con t inues  to accumula te  the  lead p re sen t  in blood a t  
older  ages. Al though about  80 percen t  of the  dent in  specimen 
a s sayed  was calcif ied pr ior  to age 18 months,  less  than  10 percen t  
of  the  explained too th  lead va r i ance  is accoun ted  for by blood lead 

488 



i I 

~ 

E .  

�9 J �9 i ~ i " . m 

~, i , , "  
%, 

7 81.RTH13 ZO 0 

�9 0 

i �9 ~ 
'L 

~ 

7 5 Id013 20 0 7 12 M0 i 3  20 

m u 

% o 
~ m  ! g �9 

7 18 MO t3  2 0  

�9 m 

.. r " ~  

7 2.4 M0 |3  20 0 7 ~7 M0 t3  20 

Figure 2: Sca t t er  p lo ts  and b e s t  l inear  f i t s  o f  t o o t h  l ead  and blood 
l ead  at  s ix  ages ,  birth through  57 months .  Dent in  lead a v e r a g e d  2.8 
ug/g .  blood l ead  a b o u t  68 ug/L. Note  t h e  i n c r e a s e  o f  s lope  wi th  
age.  

m e a s u r e m e n t s  at  or be fore  18 months .  A n y  l ead  d e p o s i t e d  ear l i e r  
can  be l o s t  through  e x c h a n g e .  If t h e  d e n t i n  did a c c u m u l a t e  l ead  
un i formly  wi th  t ime,  t h e n  t h e  r e g r e s s i o n  i n t e r c e p t  would  i n c r e a s e  
wi th  age.  Because  t h e  i n t e r c e p t s  do n o t  i n c r e a s e  wi th  age,  we in fer  
t h a t  den t in  does  no t  re ta in  d e p o s i t e d  lead  uni formly  o v e r  t ime 
during t h e  ear ly  y e a r s  o f  d e v e l o p m e n t  (Table  1). Addi t iona l  support  
for th i s  v i e w  is  provided  by t h e  o b s e r v a t i o n  t h a t  a v e r a g e s  o f  t h e  
blood l ead  at  v a r i o u s  c o m b i n a t i o n s  o f  a g e s  did n o t  c o r r e l a t e  b e t t e r  
wi th  t h e  t o o t h  lead  t h a n  did t h e  blood at  t h e  l a s t  age  only .  
As y o u n g  d e n t i n  matures ,  t h e  micro tubule  s t r u c t u r e  c h a n g e s  and 
becomes  l e s s  permeable  (Thomas  1985) .  Even  f u l l y  mature  dent in  is  
s o m e w h a t  permeable  to  f lu ids  (Pash l ey  e t  al.  1984).  Also,  z inc  and 
s t r o n t i u m  d i f fuse  through  dent in ,  but  on  a s u b - m i l l i m e t e r  s c a l e  
(Ashraf l  e t  al .  1983 and S t a z e n  e t  al.  1977).  Thus ,  i t  i s  n o t  
surpr i s ing  t h a t  t h e  dent in  appears  able  to  l o s e  l ead  for as  much as  a 
y e a r  a f t er  in i t i a l  c a l c i f i c a t i o n  is  comple te ,  o n l y  l a t e r  becomLng a 
more  s e a l e d  repos i tory .  In c o n t r a s t ,  p e r m a n e n t  t e e t h  appear  to  
a c c u m u l a t e  lead o v e r  many  decades  ( S t e e h o u t  and Portois  1981) .  



Table 1: Pearson Correla t ion Coeff icients  (r) and B l - v a r i a t e  
Regression Slopes (~) and In t e rcep t s  (Int) of Shed Insicors  and 
Blood a t  Various Ages. 

I I 

Age N r ~ S.E. p In t  S.E. 

Birth 102 .23 .07 .03 .03 2.3 .3 
8 mo 97 .14 .04 .03 .2 2.5 .3 
12 99 .11 .04 .03 .2 2.5 .3 
18 102 .23 .08 .03 .01 2.2 .3 
24 101 .48 .15 .03 .0001 1.8 .2 
57 88 .56 .21 .03 .0001 1.5 .3 

Average  102 .19 .08 .03 .02 2.1 .2 

�9 Table 2. Correla t ion of  Blood Lead a t  57 months  with Ear l ier  Blood 
Lead Levels and with the  Dentin Lead Measurement.  

I I I  

Sample r 

Blood Lead 
Birth .09 
6 mo .14 
12 .24 
18 .38 
24 .42 m l  

Dentin Lead .56 ** 
I I I  I 

" p <0.01 "* p <0.0001 

Although indiv idual  i n f a n t  blood lead levels  f l u c t u a t e  over  t ime in 
th is  populat ion,  v a r i a b i l i t y  seems to decrease  with increas ing  age 
(Table 2) (Rabinowitz e t a l .  1984). Much of the  va r i ance  in 24 
month  blood lead is shared  with the  57 month value.  Thus,  the 
appa ren t  cor re la t ion  of  too th  lead with the  24 month blood va lue  
may be a resu l t  of  the  ln t e rco r re l a t ions  among these  blood lead 
measures .  

In  t h i s  p o p u l a t i o n  mean  blood l ead  l e v e l s  did no t  c h a n g e  
s u b s t a n t i a l l y  with age. However, in popula t ions  where chi ldren 
rece ive  the  p reponderance  of  the i r  t o t a l  lead exposure  dur ing a 
narrow time in te rva l ,  the  p a t t e r n s  of cor re la t ion  between blood lead 
levels  a t  pa r t i cu la r  ages  and too th  lead leve ls  might be d i f ferent .  

A c k n o w l e d g m e n t s .  The  a u t h o r s  a re  g r a t e fu l  for the advice  of  
H e r b e r t  Need leman  and  Howard Need leman  and  t he  g e n e r o u s  
c o o p e r a t i o n  of  the  pa ren t s  and in fan t s .  Ann Lewandowskl and 
El izabeth  Allred provided  inva luab le  t echn ica l  a s s i s t ance .  Research 
funding  was suppl ied by NIH g ran t s  HD 08945, HD 17047, HD 20381, 
ES 00138, and P30-HD18655. 
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