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Abstract. Bovine mil k was 1 abel ed intr insical  l y  with enriched 
s t a b l e  i so top i c  z inc f o r  human b i o a v a i l  a b i l  i t y  s t u d i e s .  
Intrajugul ar administration of zinc isotopes temporarily increased 
the plasma zinc concentration of Ayrshire cows by as much as 76%, 
but milk zinc concentration and the dis t r ibut ion of zinc between 
casein and whey did not change appreciably. Milk zinc isotopic 
enrichment reached 105 and 613 atom % excess for 67Zn and 7 0 ~ n ,  
respectively within 4-12 hr of zinc administration and decreased 
gradual ly  over several days. This degree of isotopic enrichment 
i s  suff ic ient  for  tes t ing bioavai labi l i ty  to  infants of in t r ins ic  
zinc from mi 1 k-based formul as. o 1987 Soc i e ty  f o r  Experimental Biology 

and Medicine 

Introduction. Zinc absorption by human 
beings from foods has been measured by 
using the method of fecal monitoring, 
a f t e r  feeding formulas or  meals t o  which 
enriched s table  isotopic zinc had been 
added (1).  The assumption i s  made that  
the extr insic  zinc label exchanges with 
the zinc in t r ins ic  to  the meal before 
absorption of a l l  zinc from one common 
pool. A n  i n i t i a l  exploration of the 
v a l i d i t y  o f  t h e  s t a b l e  i s o t o p e ,  
ex t  r i nsic-tag approach for  measurement 
of bioavailabil  i t y  of dietary zinc in 
human adults fed in t r ins ica l ly  1 abeled 
chicken meat has been reported (2 ) .  
Val ida t ion  of t h i s  method i s  needed 
because of reports that  zinc bioavaila- 
b i l i t y  t o  infants i s  affected adversely 
by some d i e t a ry  substances, including 
components of cows ' mi 1 k .  Accordingly, 
t h e  f e a s i b i l i t y  of i n t r i n s i c a l l y  
label  ing bovine milk with the s table  
isotopes 67Zn and 70Zn for  use in human 
feeding experiments was investigated. 

Materials and Hethods. Three Ayrshire 
cows between 496 and 504 kg body weight 
were fed a r a t i on  t h a t  conformed t o  
National Research Counci 1 guide1 ines for  

lactating dairy c a t t l e  ( 3 ) .  A trace- 
mineralized s a l t  that  contained 0.35% Zn 
was included in the ration a t  0.5% of 
dry matter. A s i l a s t i c  catheter (0.040" 
i .d. ,  0.085" o.d., Dow Corning Corp., 
Midland, MI) was i n s t a l l e d  in to  the 
right external jugular vein of each cow. 
The catheter was used for  periodic with- 
drawal of blood into heparinized poly- 
ethylene syringes and for  administration 
of enriched s table  isotopic zinc. The 
ca the t e r  was flushed before and a f t e r  
each use with heparinized saline. 

Enriched stab1 e isotopic zinc (93.11 
atom % 6 7 ~ n  o r  88.61 atom % 70Zn as 
oxide,  Oak Ridge National Laboratory, 
Oak Ridge, T N )  was converted t o  the 
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c h l o r i d e  by a d d i t i o n  of severa l  drops of 
12 M  HC1 f o l l o w e d  by h e a t i n g  t o  dryness. 
A d d i t i o n  o f  d e i o n i z e d  water  (25  m l ) ,  
1.00 mmole o f  t r i s o d i u m  c i t r a t e ,  and 
1.25 t o  1.75 m o l e  of sodium b ica rbona te  
brought  pH t o  7.36. I n  t h i s  way, t h e  
z i n c  was s o l u b l e  a t  p h y s i o l o g i c  pH, and 
t h e  s o l u t i o n  was i s o s m o t i c  t o  b lood  
p lasma.  The f i r s t  cow rece ived  67Zn 
(0.40 mmole Zn) th rough  i t s  c a t h e t e r  i n  
a  s i n g l e  dose  w i t h i n  10 sec a t  t i m e  
z e r o .  The second cow r e c e i v e d  7 0 ~ n  
(0.25 mmole Zn) i n  t h r e e  equal doses a t  
t i m e  zero, 4.02 h r  and 8.02 h r .  The 
t h i r d  cow rece ived  YoZn (0.40 mmole Zn) 
i n  one dose a t  t i m e  zero. 

Blood (50 ml each t i m e )  was drawn, 
and t h e  cows were m i l k e d  a t  i n t e r v a l s  
shown i n  t h e  R e s u l t s .  D u r i n g  most  
m i l k i n g s ,  o x y t o c i n  (1.5 ml a t  20 USP 
u n i t  s/ml , Anpro Pharmaceutical s, Inc., 
Arcadia,  CA) was admin is te red  i n t r a v e -  
n o u s l y  t o  s t i m u l a t e  e m p t y i n g  o f  t h e  
udder. The bucket  m i l k e r  and t h e  cream 
separa to r  were cons t ruc ted  o f  s t a i n 1  ess 
s t e e l  . Mi 1  k  and cream were separated 
i m m e d i a t e l y ,  and t h e  s k i m  m i l k  was 
f rozen  and l y o p h i l i z e d .  P o r t i o n s  o f  d r y  
m i  1  k  were  r e c o n s t i t u t e d  i n  de ion ized  
w a t e r ,  and t h e  whey and case in  were 
s e p a r a t e d  by u s i n g  u l  t r a c e n t r i  f u g a t i o n  
(134,000y f o r  60 min a t  4OC), f o r  subse- 
quent measurements of z i n c  d i s t r i b u t i o n .  
Hepar in i zed  b l  ood p l  asma was separated 
f rom c e l l  u l  a r  elements by  c e n t r i f u g a t i o n  
(1000% f o r  30 min)  , smal l  p o r t i o n s  were 
saved f o r  measurement o f  plasma z i n c ,  
and t h e  rema inder  o f  each sample was 
f r o z e n  and l y o p h i l i z e d .  L y o p h i l i z e d  
m i l k  and b lood  plasma were prepared f o r  
i s o t o p e  r a t i o  measurements and were  
a n a l y z e d  b y  us ing  i n d u c t i v e 1  coupled 
p l  a s m a l m a s s  s p e c t r o m e t r y  [ICP/MS). 
Measurements on samples from t h e  f i r s t  
t w o  cows w e r e  o b t a i n e d  b y  u s i n g  a  
p r o t o t y p i c  ins t rument  cons t ruc ted  i n  t h e  
Ames Labora to ry  ( 4 ) ;  t h e  remainder were 
performed by u s i n g  a  comnercial  ICP/MS 
ins t rument  (ELAN Model 250 w i t h  1986 i o n  
o p t i c s  upgrade, Sc iex  L t d  ., Thornhi 11 , 
Ontar io ,  Canada) ( 5 ) .  R a t i o s  f o r  samples 
have been c o r r e c t e d  f o r  mass d i s c r i m i -  
n a t i o n  by comparison w i t h  s tandards r u n  
on t h e  same day t h a t  con ta ined  z i n c  a t  
n a t u r a l  abundance. Z inc c o n c e n t r a t i o n s  
were determined by u s i n g  f lame atomic 
a b s o r p t i o n  spectrophotomet r y  . Student  ' s  
t t e s t  f o r  unpai red da ta  was used f o r  
s t a t i  s t i c a l  comparisons o f  means, and 
s i g n i f i c a n c e  was accepted i f  P(0.05. 

Results. R a t i o s  o f  plasma 67Zn r e f e r -  
enced t o  6 8 ~ n ,  and plasma z i n c  concen- 
t r a t i o n s  vs. t i m e  a r e  shown i n  Table I 
f o r  t h e  cow g i v e n  enr i ched  67Zn i n  one 
dose a t  t i m e  zero. Plasma z i n c  was 73% 
g r e a t e r  a t  30 rnin than  t h e  normal p re -  
dose va l  ue o f  1.27 pmol e / d l  and dec l  i n e d  
t o  n e a r  normal  va lues  by 8 h r .  The 
decrease i n  p l  asma 67Zn/68Zn f rom 30 mi n  
t o  8  h r  was p a r a l l e l  t o  t h e  d e c l i n e  i n  
p l  asma z i n c  c o n c e n t r a t i o n .  

TABLE I 

E f f e c t  o f  i n t r a v e n o u s  6 7 ~ n  on z i n c  
i sotope r a t  i os o f  b l  ood p l  asmaa 

Pl asma Plasma R a t i o  
T i  me Z inc  6 7 ~ n 1 6 8 ~ n  
( h r )  (umol e l d l  ) (mean) (%RSD)C 

a400 urnole z i n c  g i v e n  a t  t i m e  zero. 
b ~ e a n s  o f  40-50 measurements ( 4 ) .  
CIRSD = 100(s tandard  dev ia t ion l rnean)  . 

The 67zn/68Zn r a t i o s  o f  t h e  skim m i l k  
samples f rom t h e  cow t h a t  was g i v e n  67Zn 
a re  shown i n  Table 11. The 4- and 8-hr  
m i l  k i n  s  were t h e  most enr iched,  w i t h  !! 67Zn/6 Zn o f  2.05 t i m e s  t h e  predose 
r a t i o .  The appearance o f  67Zn i n  m i l k  
g r a d u a l l y  d e c l i n e d  d u r i n g  t h e  subsequent 
35 h r .  The mean %RSD o f  67zn/68Zn f o r  
these mi 1  k  sampl es was 1.7%. The z i n c  
c o n t e n t  (meankSD) o f  e x t r a c t s  o f  t h e  

TABLE I1 

E f f e c t  o f  i n t r a v e n o u s  6 7 ~ n  on z i n c  
i s o t o p e  r a t i o s  o f  d r i e d  skim m i l  ka 

M i l k  Z inc M i l k  R a t i o  
Time Content 6 7 ~ n / 6 8 ~ n  
( h r )  (nmol e l g )  (mean) (%RSD) 

aMi 1  k i n g s  were o x y t o c i n - s t i m u l  ated 
except  a t  31 and 43 hr .  Other f o o t n o t e s  
same as Tab le  I. 
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1  abel ed m i l  k  samples, p e r  gram o f  so l  i d s  
(615+43 n m o l e / g )  was s i m i l a r  t o  t h e  
v a l u e  (606 nmole/g) f o r  t h e  e x t r a c t  o f  
t h e  p r e d o s e  m i l k  sample. Both these  
v a l u e s  a r e  s i m i l a r  t o  t h e  r e f e r e n c e  
v a l u e  (mean+SE) f o r  z i n c  c o n t e n t  (624+16 
nmol e /g)  o f  n o n f a t  mi 1  k  so l  i d s  (6 ) .  

P l a s m a  z i n c  c o n c e n t r a t i o n s  a n d  
7 0 ~ n / 6 7 ~ n  vs. t i m e  a re  shown i n  Table 
I 1 1  f o r  t h e  cow g iven  t h r e e  doses o f  en- 
r i c h e d  70zn a t  zero, 4.02, and 8.02 h r .  

TABLE I 1 1  

Ef fec t  o f  m u l t i p l e  doses o f  70Zn on 
z i n c  i s o t o p e  r a t i o s  of b l o o d  p l  asmaa 

Pl asma Plasma R a t i o  
Time Zi  nc 7 0 ~ n 1 6 7 ~ n  
( h r )  (urn01 e l d l  ) (mean) (%RSD) 

a83 pmoles z i n c  g i v e n  a t  zero,  4.02, and 
8.02 hr .  Other f o o t n o t e s  same as Table I. 

The t h r e e  7 0 ~ n  doses r e s u l t e d  i n  succes- 
s i v e  inc reases  i n  plasma z i n c  concentra-  
t i o n  and i s o t o p e  r a t i o s ,  f o l l o w e d  by 
gradual  decreases. The maximal p l  asma 
Zn, a t  9  h r  (1.97 ~ l m o l e l d l  ) ,  was 42% 
above t h e  predose v a l  ue (1.39 pmol e / d l  ) . 
The plasma Zn c o n c e n t r a t i o n  and t h e  ra -  
t i o  had n o t  r e t u r n e d  t o  normal a t  24 h r .  

The 7 0 ~ n / ~ 7 Z n  r a t i o s  o f  t h e  skim m i l k  
samples f rom t h e  cow g i v e n  t h r e e  doses 
o f  70zn a r e  shown i n  Table I V .  The 
r a t i o s  o f  t h e  12-  and 2 3 - h r  samples 
(0.612+0.009, 0.605+0.004) were approx- 
i m a t e l y  f o u r  t i m e s  t h e  predose r a t i o .  
The mi  1  k  r a t i o s  d e c l  i n e d  g r a d u a l l y ;  
s i g n i f i c a n t  enr ichment  was observed even 
a f t e r  68 h r .  The mean %RSD o f  these  
70Zn/67zn d e t e r m i n a t i o n s  was 0.8%. Z inc 
c o n t e n t  o f  t h e  d r y  skim m i l k  was s i g n i -  
f i c a n t l y  g r e a t e r  a t  6  h r  than  b e f o r e  
z i n c  a d m i n i s t r a t i o n  and con t inued  t o  
increase.  Z inc i n  t h e  p e l l e t  ( c a s e i n  
f r a c t i o n ) ,  expressed as a  percentage o f  
t h e  sum o f  p e l 1  e t  and supernatant  (whey) 
z i  nc , was s i g n i f i c a n t l y  h i g h e r  i n  t h e  

TABLE I V  

E f f e c t  o f  mu1 t i p l e  doses o f  7 0 ~ n  on 
z i n c  i n  l y o p h i l i z e d  skim m i l k a  

M i l k  z i n c b  M i l k  R a t i o c  p e l l e t d  
T i  me Content  7 0 ~ n / 6 7 ~ n  Z i  nc 
( h r )  (nmo le lg )  (mean) (%RSD) (%) 

aSee Table 111. Zero-hr, 6-hr ,  and 12-hr  
m i l  k ings  were o x y t o c i n - s t i m u l a t e d .  

b ~ a t a  a r e  means+SD; d u p l i c a t e  samples. 
CMeans o f  40-50 measurements ( 4 ) .  
d ~ a t a  a r e  means+SD; t r i p 1  i c a t e  samples. 
e f g h ~ e a n s  w i t h  d i f f e r e n t  s u p e r s c r i p t s  

d i f f e r  s i g n i f i c a n t l y  (p<0.05). 

6-, 12-,  and 2 3 - h r  m i l k i n g s  t h a n  a t  
o t h e r  t imes.  Recovery o f  z i n c  i n  p e l l e t  
and whey (mean+SD) was 100.3+5.4% of t h e  
z i n c  i n  t h e  r e c o n s t i t u t e d  m i l k  samples 
b e f o r e  u l t r a c e n t r i f u g a t i o n .  

Plasma z i n c  c o n c e n t r a t i o n s  and r a t i o s  
o f  7 0 ~ n / 6 8 z n  a r e  shown i n  Table V f o r  
t h e  cow g i v e n  one dose o f  70zn. Plasma 
z i n c  c o n c e n t r a t i o n  was 76% g r e a t e r  a t  15 
min than  t h e  normal predose v a l u e  and 
decreased t o  near normal by 24 h r .  

TABLE V 

E f f e c t  o f  i n t r a v e n o u s  7 0 ~ n  on z i n c  
i s o t o p e  r a t i o s  o f  b l o o d  p l  asmaa 

P l  asma Pl asma ~ a t i  ob 
Time Z inc  7 0 ~ n / 6 8 ~ n  
( h r )  (pmol e l d l  ) (mean) (%RSD) 

a400 m o l e  t o t a l  z i n c  g i v e n  a t  t i m e  zero. 
b ~ e a n s  o f  10-13 measurements ( 5 ) .  

The 702n/68Zn r a t i o s  o f  t h e  skim m i l k  
samples f rom t h e  cow g i v e n  one dose o f  
70Zn a r e  shown i n  Table VI. The 12-hr 
m i l k i n g  was enr i ched  t o  613 atom % ex- 
cess o f  7 0 ~ n .  Usefu l  (>200%) enrichment 
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was e v i d e n t  even a t  t h e  48-hr m i l k i n g .  TABLE V I  
The mean %RSD o f  t h e  70Zn/68Zn measure- E f f e c t  o f  i n t r a v e n o u s  7 0 ~ n  on z i n c  
ments  was 0.8%. Z inc  c o n t e n t  o f  t h e  i s o t o p e  r a t i o s  o f  d r i e d  skim m i l  ka 
d r i e d  skim m i l k  was s i g n i f i c a n t l y  l e s s  
a t  ze ro  t i m e  than a f te rwards .  The v a l -  M i l k  z i n c b  M i l k  R a t i o c  P e l l e t  
ues f o r  m i l k  z i n c  a f t e r  z i n c  admin i -  Time Content  7 0 z n / 6 8 ~ n  Z inc  
s t r a t i o n  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  ( h r )  (nmole/g)  (mean) (XRSD) (%)  
and a r e  s i m i l a r  t o  t h e  r e f e r e n c e  v a l u e  
(624516  n m o l e / g )  f o r  z i n c  c o n t e n t  o f  0 526+30d 0.0334 1.1 95+ld 

12 620221e 0.2381 0.8 93+ le  
n o n f a t  m i l k  s o l  i ds .  The percentage o f  24 604+10e 0.1678 0.6 952 ld  
z i n c  i n  t h e  p e l  l e t  was s i g n i f i c a n t l y  36 593+17e 0.1294 0.7 9421 
l e s s  i n  t h e  zero-,  24-, and 84-hr  m i l k s  48 624+23e 0.1061 0.8 95+1 
t h a n  i n  t h e  12-hr m i l k .  The v a l  ues f o r  
p e l l e t  z i n c  a t  o t h e r  t i m e s  were n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e i t h e r  
extreme. Recovery o f  z i n c  i n  t h e  p e l l e t  
and s u p e r n a t a n t  f l u i d  (mean5SD) was 
99.3+8.0% o f  t h e  z i n c  i n  r e c o n s t i t u t e d  
m i l k  samples b e f o r e  u l  t r a c e n t r i f u g a t i o n .  

D i  scussion. I n v e s t i g a t o r s  o f  bov ine  
z i n c  d i s t r i b u t i o n  have  r e l i e d  upon 
r a d i o i s o t o p i c  6 5 ~ n  a d m i n i s t r a t i o n  t o  
b u l l  c a l v e s  ( 7 )  o r  upon t h e  f e e d i n g  o f  
m a r k e d l y  d i f f e r e n t  z i n c  i n t a k e s  t o  
l a c t a t i n g  animals  ( 8 ) .  They have shown 
t h a t  t h e  same o v e r a l l  t i s s u e  z i n c  d i s -  
t r i b u t i o n  i s  achieved l e s s  expens ive ly  
w i t h  in t ravenous  t h a n  w i t h  o r a l  t r a c e r  
and t h a t  changes i n  c o n c e n t r a t i o n  o f  
z i n c  i n  m i l k  a r e  n e i t h e r  as pronounced 
n o r  as r a p i d  as changes i n  z i n c  concen- 
t r a t  i on o f  b l  ood p l  asma. 

Our r e s u l t s  a r e  t h e  f i r s t  documenta- 
t i o n  o f  t h e  f e a s i b i l i t y  o f  us ing  s t a b l e  
i s o t o p e s  t o  s t u d y  z i n c  k i n e t i c s  i n  
l a c t a t i n g  a n i m a l s  and t o  l a b e l  m i l k  
i n t r i n s i c a l l y  f o r  z i n c  b i o a v a i l a b i l i t y  
experiments. Stab1 e  i s o t o p e s  a r e  s a f e r  
than  r a d i o i s o t o p e s ,  b u t  o f t e n  t h e y  can- 
n o t  be considered t r u e  t r a c e r s ,  t o  t h e  
e x t e n t  t h a t  pool  s i z e s  and d i s t r i b u t i o n  
a r e  a f f e c t e d .  T h i s  1  i m i t a t i o n  p a r t i c u -  
1  a r l y  a p p l i e s  t o  smal l  p o o l s  t h a t  t u r n  
o v e r  r a p i d l y ,  as i s  e v i d e n t  f rom t h e  
i n c r e a s e s  (up  t o  76%) i n  plasma z i n c  
c o n c e n t r a t i o n  t h a t  we observed. The 
inc reases  i n  p l  asma z i n c  a f t e r  a  s i n g l e  
i n t r a v e n o u s  dose  d i d  n o t  l a s t  l o n g e r  
t h a n  24 h r .  S i m i l a r  i nc reases  i n  plasma 
z i n c  c o n c e n t r a t i o n  o f  l a c t a t i n g  cows 
have  been ma in ta ined  f o r  l o n g  p e r i o d s  
th rough  t h e  feed ing  o f  h igh -z inc  r a t i o n s  
( 8 )  w i t h o u t  e f f e c t s  on m i l k  p r o d u c t i o n  
o r  s igns  o f  t o x i c i t y .  

Z inc a d m i n i s t r a t i o n  t o  t h e  second and 
t h i r d  cows a f f e c t e d  z i n c  c o n c e n t r a t i o n  
o f  m i l k .  The 15% inc rease  t h a t  r e s u l t e d  
f r o m  a  s i n g l e  in t ravenous  dose (Tab le  
V I )  v a r i e d  l e s s  over  t i m e  than t h a t  f rom 

aSee Table V. A l l  except  84-hr  m i l  k i n g  
were o x y t o c i n - s t i m u l a t e d .  

b ~ a t a  a r e  means+SD; t r i p 1  i c a t e  samples. 
CMeans o f  8-13 measurements ( 5 ) .  
d e ~ e a n s  w i t h  d i f f e r e n t  s u p e r s c r i p t s  

d i f f e r  s i g n i f i c a n t l y  ( ~ ~ 0 . 0 5 ) .  

sma l le r ,  mu1 t i p l e  doses (Tab le  IV ) .  The 
inc rease  brought  t h e  z i n c  c o n c e n t r a t i o n  
o f  t h e  d r i e d  skim m i l k  neare r  t o  r e f e r -  
ence c o n c e n t r a t i o n s  ( 6 )  than i t had been 
b e f o r e  z i n c  a d m i n i s t r a t i o n .  Our i n t e r -  
p r e t a t i o n  i s  t h a t  t h e  pool o f  z i n c  i n  
t h e  mammary g land i s  l a r g e  and t u r n s  
over  s l o w l y  b u t  t h a t  m i x i n g  w i t h i n  t h e  
pool i s  so r a p i d  t h a t  z i n c  d i s t r i b u t i o n  
between c a s e i n  and whey i s  n o t  m a t e r i -  
a l l y  a l t e r e d  by a  modest inc rease  i n  
p o o l  s i z e .  T h i s  i n t e r p r e t a t i o n  i s  
supported by t h e  da ta  on z i n c  d i s t r i b u -  
t i o n  i n  m i l k .  P e l l e t  z i n c  ( c a s e i n  
f r a c t i o n ) ,  expressed as a  percentage o f  
t h e  sum o f  z i n c  i n  t h e  pe l1  e t  and super- 
n a t a n t  (whey) f r a c t i o n s ,  was w i t h i n  nor -  
mal range a t  a1 1  m i l  k i n g s  (Tables I V  and 
V I )  and d i d  n o t  change v e r y  much over  

t ime ,  a l though  some o f  t h e  d i f f e r e n c e s  
a r e  s t a t i s t i c a l l y  s i g n i f i c a n t .  

Our r e s u l t s  suppor t  t h e  use o f  70Zn 
r a t h e r  than  67Zn f o r  i n t r i n s i c  l a b e l i n g .  
Desp i te  t h e  much h i g h e r  c o s t  o f  7 0 ~ n ,  
i t s  u s e  i s  j u s t i f i e d  b y  t h e  g r e a t e r  
i n t r i n s i c  e n r i c h m e n t  t h a t  c a n  b e  
achieved w i t h o u t  undue p e r t u r b a t i o n  o f  
z i n c  c o n c e n t r a t i o n  and d i s t r i b u t i o n  i n  
t h e  m i l k ,  p rov ided  t h a t  p r e c i s i o n  and 
accuracy o f  t h e  i s o t o p e  r a t i o  measure- 
ments a r e  acceptable.  T h i s  p r o v i s o  i s  
i m p o r t a n t ;  a n a l y t i c a l  p r e c i s i o n  i s  
harder  t o  o b t a i n  f o r  t h e  r a r e r  7 0 ~ n  than  
f o r  672,. 

Janghorban i  e t  a1 . ( 9 )  have ca lcu -  
l a t e d  t h e  e r r o r  f u n c t i o n  p e r t i n e n t  t o  
z i n c  b i o a v a i l a b i l  i t y  s t u d i e s  and have 
shown f o r  7 0 ~ n  t h a t  d i e t a r y  enr ichment  
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o f  100 atom % excess i s  s u f f i c i e n t  i f  
o v e r a l l  p r e c i s i o n  of 1% can be ob ta ined  
f o r  i n t a k e  and e x c r e t o r y  measurements. 
The mean %RSD o f  0.8% (range 0.4 t o  
1.1%) f o r  t h e  r a t i o  d e t e r m i n a t i o n s  on 
m i l k  i n  T a b l e  V I  i s  p r e c i s e  and i s  
i l l u s t r a t i v e  o f  what can be achieved 
w i t h  a  commerc ia l ly  a v a i l  a b l e  ins t rument  
i n  our  l a b o r a t o r i e s  ( 5 ) .  The r e s u l t s  i n  
Tables I through  I V  a r e  n o t  as p r e c i s e  
and were ob ta ined  by u s i n g  a  p r o t o t y p i c  
i n s t r u m e n t  o f  d i f f e r e n t  d e s i g n  and 
o p e r a t i n g  p a r a m e t e r s ( 4 ) .  G i v e n  t h e  
p r e c i s i o n  and accuracy o f  t h e  Zn i s o t o p e  
r a t i o  d e t e r m i n a t i o n s  c u r r e n t l y  
a c h i e v a b l e  by u s i n g  ICP/MS, m i l k  z i n c  
enrichments o f  200 atom % excess o f  70Zn 
s h o u l d  b e  s u f f i c i e n t  f o r  c o n d u c t i n g  
i n t r i n s i c  z i n c  b i o a v a i l a b i l i t y  s t u d i e s  
i n  i n f a n t s ,  f o r  whom h a l f  o f  t h e  d i e t a r y  
z i n c  can be p rov ided  as l a b e l e d  i n f a n t  
formul  a. The degree o f  7 0 ~ n  enr ichment  
repor ted  here  i s  s u f f i c i e n t  f o r  s t u d i e s  
i n  i n f a n t s .  Where o t h e r  food sources o f  
z i n c  predominate, o r  i n  s u b j e c t s  such as 
a d u l t s ,  where t h e r e  i s  more i n t e s t i n a l  
m i x i n g  o f  l a b e l e d  z i n c  w i t h  un labe led  
z  i nc f rom subsequent meal s  , 600-800% 
enr ichment  o f  m i l k  z i n c  would be u s e f u l .  
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