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In the  i n v e s t i g a t i o n  of s e l e n i u m  me tabo l i sm ,  the  a n a l y s i s  of 
u r i n a r y  s e l e n i u m  i s  e s s e n t i a l ,  s i n c e  s e l e n i u m  i s  e x c r e t e d  
p r i m a r i l y  v i a  u r i n e  (Levander  e t  a l .  1981; Swanson e t  a l .  1983).  
I f s  l e v e l  in the  u r i n e  has been round fo c o r r e l a t e  c o n s i d e r a b l y  
wi th  t h a t  in b lood  p lasma (Wasowicz and Zacha ra  1987).  Many 
i n v e s t i g a t o r s  have r e p o r t e d  the u r i n a r y  s e l en ium l e v e l s  of h e a l t h y  
p e o p l e  in v a r i o u s  c o u n t r i e s  (Mondragon e t  a l .  1971; F e l l  e t  a l .  
1981; A lexande r  e t  a l .  1983; Palmer e t  a l .  1983; Wasowicz e t  a l .  
1988).  Al though some i n v e s t i g a t o r s  r e p o r t e d  no d i f f e r e n c e  between 
the v a l u e s  f o r  male and f ema le ,  t h e i r  i n v e s t i g a t i o n s  were l i m i t e d  
in  the  age of s u b j e c t s  (Hongo e t  a l .  1985) a n d / o r  the  number of 
samples  (Wasowicz and Zachara  1987).  

To e l u c i d a t e  the  r e l a t i o n s h i p  between u r i n a r y  s e l e n i u m  l e v e l  and 
age or  s ex ,  we c o l l e c t e d  789 s i n g l e - v o i d  u r i n e  samples  from 
i n h a b i t a n t s  of Sagamihara  a r e a ,  nea rby  Tokyo. More than 30 samples  
c o n s t i t u t e d  each age c l a s s  of 10 y e a r - i n t e r v a l  f o r  bo th  s e x e s .  To 
a n a l y z e  such a l a r g e  number of s ample s ,  we have d e v e l o p e d  a 
m i c r o f l u o r o m e t r i c  method (Hasunuma e t  a l .  1982).  

Mondragon e t  a1 . (1971)  and Yang e t  a1 . (1983)  have round r e m a r k a b l e  
d i f f e r e n c e s  in u r i n a r y  s e l e n i u m  l e v e l s  due fo the  l o c a l i t y  of the 
samples  in t h e i r  c o u n t r i e s .  T h e r e f o r e ,  we examined u r i n e  samples  
from 9 d i s t r i c t s  th roughou t  Japan and round a l i t t l e  s i g n i f i c a n t  
d i f f e r e n c e s  among d i s t r i c t s  examined.  

MATERIALS AND METHODS 

U r i n a r y  s e l e n i u m  l e v e l  was d e t e r m i n e d  f l u o r o m e t r i c a l l y ,  u s i n g  2 , 3 -  
d i a m i n o n a p h t h a l e n e  (DAN), a c c o r d i n g  to the method d e s c r i b e d  in out  
p r e v i o u s  pape r  (Hasunuma e t  a l .  1982).  Ur ine  sample  (0 .2  mL) was 
m i n e r a l i z e d  wi th  1 mL of c o n c e n t r a t e d  a c i d  m i x t u r e  ( n i t r i c ,  
p e r c h l o r i c ,  and s u l f u r i c  a c i d s ,  2 : 1 : 0 . 1  by volume) by g e n t l e  
r e � 8  on a sand ba th  � 8  2 h o u r s .  A f t e r  c o o l i n g  and 
a d d i t i o n  of 6 M h y d r o c h l o r i c  a c i d  (0 .3  mL), the  d i g e s t  was h e a t e d  
af  100~ f o r  15 min. F o l l o w i n g  n e u t r a l i z a t i o n  wi th  6 M sodium 
h y d r o x i d e  ( c o n t a i n i n g  O.1M EDTA), the pH was a d j u s t e d  fo about  

Send r e p r i n t  r e q u e s t s  fo R. Hasunuma af  the  above a d d r e s s .  
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F i g u r e  1. Sampl ing  a r e a s .  

I '11 | 

0 km 500 

9 9 . 9 .  

.r 
r-q 

. e l  
,.Q 
oe 
,Q 
0 

�9 Male / ~  97.5 

90 

70 

5O 

3O 

I0 

2.5 
1 

0.I 

KOREA3N" 

Tsushima 

™ ~o ~o !~o ~oo 
Se/CT (~g/g) 

F i g u r e  2. P r o b a b i l i t y  p l o t  of  u r i n a r y  s e l e n i u m  l e v e l .  
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1 . 5 .  On h e a t i n g  a f  50~ f o r  20 min a f t e r  t he  a d d i t i o n  of  0 .3  mL of  
0 . 1 ~  DAN r e a g e n t ,  p i a z s e l e n o l  was � 8  and e x t r a c t e d  w i t h  0 .6  
mL of  c y c l o h e x a n e .  F l u o r e s c e n c e  i n t e n s i t y  of  t h e  e x t r a c t  was 
m e a s u r e d  a f  521 nm w i t h  e x c i t a t i o n  a f  379 nm, u s i n g  a H i t a c h i  MPF- 
2A f l u o r o s p e c t r o p h o t o m e t e r .  

U r i n a r y  s e l e n i u m  l e v e l  was r e p r e s e n t e d  as  pg  s e l e n i u m / g  
c r e a t i n i n e  (Se/CT)  (Hojo 1982) .  C r e a t i n i n e  in  t he  u r i n e  was 
d e t e r m i n e d  by  F o l i n - W u  method (Bosnes  and T a u s s k y  1945) .  

S i n g l e - v o i d  u r i n e  s a m p l e s  were  c o l l e c t e d  f rom v o l u n t e e r s  in  
S a g a m i h a r a  a r e a .  The s u b j e c t s  c o n s i s t e d  of  h e a l t h y  i n h a b i t a n t s  
(219 m a l e s  and 208 f e m a l e s )  and the  o u t p a t i e n t s  of  a c l i n i c  of  
g e n e r a l  p r a c t i c e  (212 m a l e s  and 150 f e m a l e s ) ,  and were  c l a s s i f i e d  
i n t o  10 y e a r - i n t e r v a l  age  c l a s s e s .  The s u b j e c t s  o l d e r  than  f i f t y -  
n i n e  y e a r s  o l d  were  c l a s s e d  in  one g r o u p .  Sample  numbers  of  a l l  
c l a s s e s  a r e  shown in  T a b l e  1. 

We c h o s e  s a m p l i n g  a r e a s  as  shown in  F i g .  1, in  o r d e r  to i n c l u d e  a 
wide  v a r i e t y  o � 8  t he  l o c a l i t y :  H a k o d a t e ;  a f i s h e r y  b a s e  c i t y  in  
H o k k a i d o :  Aomor i ;  a p o r t  c i t y  in  t h e  n o r t h e r n  p a r t  o f  t h e  Main 
I s l a n d :  Yoko te ;  a r u r a l  town o f  r i c e - � 9  a r e a  in  t h e  n o r t h e r n  
p a r t  of  t he  Main I s l a n d :  A i z u ;  a c i t y  in  a b a s i n  n e a r  a v o l c a n o :  
C h i b a  and S a g a m i h a r a ;  s a t e l l i t e  c i t i e s  o f  Tokyo:  Kanazawa;  a c i t y  
n e a r  t he  J a p a n  Sea  in  t h e  c e n t r a l  p a r t  o f  t h e  Main I s l a n d :  
T s u s h i m a ;  a town in an i s l a n d  l y i n g  n e a r  K o r e a :  6 o t o  I s l a n d s ;  
i s l a n d s  l y i n g  on the  E a s t  C h i n a  Sea .  They a r e  f r e e  from p o l l u t i o n  
w i t h  h e a v y  m e t a l s  e x c e p t  A i z u ,  where  a f a c t o r y  had been  l e a k i n g  
cadmium u n t i l  some t w e n t y  y e a r s  ago .  

Samples collected in stoppered polymethylpentene tubes were 
overlaid with a few drops of toluene, and kept in a refrigerator 
until the determinations of selenium and creatinine. Trans- 
portation from distant places was carried out in the �8 state. 

The m i n i m a l l y  r e q u i r e d  number o � 9  s a m p l e s  in  a c l a s s  was e s t i m a t e d  
a t  16, c o n s i d e r i n g  t w o - t a i l e d  t - t e s t  in  which c o n f i d e n c e  i n t e r v a l ,  
" s p e c i f i e d  d i f f e r e n c e "  b e t w e e n  S e / C T ' s ,  and s t a n d a r d  d e v i a t i o n  o f  
Se/CT were  0 . 9 5 ,  5g,  and lOg,  r e s p e c t i v e l y .  

RESULTS AND DISCUSSION 

F o r  h e a l t h y  v o l u n t e e r s  in  S a g a m i h a r a  a r e a ,  t he  f r e q u e n c y  of  Se/CT 
was p l o t t e d  on a l o g a r i t h m i c  normal  p r o b a b i l i t y  p a p e r  f o r  m a l e s  
and f e m a l e s  s e p a r a t e l y .  R e s u l t s  a r e  shown in F i g .  2 s u g g e s t i n g  
t h a t  t h e  f r e q u e n c y  l i t s  t h e  l o g a r i t h m i c - n o r m a l  d i s t r i b u t i o n  f o r  
b o t h  s e x e s .  T b e r e f o r e ,  we p r e � 8  g e o m e t r i c  r a t h e r  than  
a r i t h m e t i c  mean v a l u e s  in  t h i s  s t u d y .  

The u r i n a r y  s e l e n i u m  l e v e l  o f  t h e  o u t p a t i e n t s  was compared  w i t h  
t h a t  o f  h e a l t h y  i n h a b i t a n t s  in  t h e  same a r e a .  No s i g n i f i c a n t  
d i f f e r e n c e s  in  v a r i a n c e  and mean v a l u e s  o f  Se/CT c o u l d  be round  
(Hasunuma e t  a l .  1987) .  T h i s  means t h a t  m e d i c i n e s  which  have  been  
a d m i n i s t e r e d  r o u t i n e l y  fo t h e  o u t p a t i e n t s  do no t  d i s t u r b  t he  
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m e t a b o l i c  b a l a n c e  o f  s e l e n i u m  in  g e n e r a l ,  t hus  a l l o w i n g  t h e  
o u t p a t i e n t s  fo be i n c l u d e d  among h e a l t h y  i n h a b i t a n t s  in  d i s c u s s i n g  
t h e  u r i n a r y  s e l e n i u m  l e v e l s .  A l t h o u g h  c e r t a i n  d i s e a s e s  such  as  
c a n c e r  and e p i l e p s y  (Hojo 1981) ,  c o e l i c a l  d i s e a s e  ( F e l l  e t  a l .  
1981) and burn  (Hunt e t  a l .  1983) a r e  known fo l ower  t he  u r i n a r y  
s e l e n i u m  l e v e l s ,  i f  m igh t  be t h e  c o n s e q u e n c e  o � 8  low s e l e n i u m  
i n t a k e  by  h o s p i t a l i z a t i o n ,  f o r  e x a m p l e ,  from t o t a l  p a r e n t e r a l  
n u t r i t i o n  by t u b e  � 8  (Hunt e t  a l .  1983) .  

T a b l e  1 .  T h e  d i s t r i b u t i o n  o f  u r i n a r y  s e l e n i u m  l e v e l s  
a m o n g  a g e  a n d  s e x  c l a s s e s .  

A g e  S e x  
No .  S e / C T  ( p g / g )  
o f  Mean  ( S . D . )  

s u b j e c t s  G e o m e t r i c  A r i t h m e t i c  

0 -  9 

1 0 - 1 9  

2 0 - 2 9  

3 0 - 3 9  

4 0 - 4 9  

5 0 - 5 9  

6 0 - 8 2  

T o t a l  

M 43 60.8 
F 34 57.5 
M J I*** 160 42.4 
F 145 5 3 . 3  
M 58 32.7 
F 40 3 3 . 4  (1 
M J ~ * * *  56 3 3 . 0  (1 
F 32 4 6 . 7  (1 
M J ~ * * *  44  3 5 . 1  (1 
F 44 4 8 . 3  (1 
M 37 3 4 . 8  (1 
F 30  4 3 . 8  (1 
M 33 34.3 (I 
F 33 40.2 (1 
M J I*** 431 37.5 (I 
F 3 5 8  4 5 . 7  ( I  

( 1 . 5 )  
(1 6 )  
(1 6 )  
(1 6 )  
(1 4 )  

3 )  
3 )  
5 )  
3 )  
4 )  
7 )  
6 )  
4 )  
4 )  
5 )  
6 )  

6 5 . 9  ( 2 6 . 5 )  
6 4 . 8  ( 3 5  8 )  
4 6 . 6  ( 2 0  5 )  
6 0 . 0  ( 3 2  1 )  
3 4 . 4  ( 1 0  1 )  
3 4 . 8  ( 1 0  O) 
3 4 . 1  ( 8 3 )  
51 0 ( 2 2  2 )  
36 0 ( 9 9 )  
51 4 ( 1 8  4 )  
39 1 ( 1 8  0 )  
49 2 ( 2 6  2 )  
36 5 ( 1 2  7 )  
41 1 ( 1 2  3 )  
41 3 ( 1 9  3 )  
51 3 ( 2 7  7 )  

M; m a i e ,  F; f e m a l e .  
* * *  S i g n i f i c a n t  d i � 9  a r e  r o u n d  b e t w e e n  

m a l e s  a n d  f e m a l e s  i n  b o t h  c a s e s  ( p < 0 . O 0 1 ) .  

T a b l e  1 shows t h e  d i s t r i b u t i o n  o f  mean u r i n a r y  Se/CT v a l u e s  f o r  
b o t h  s e x e s  among age  c l a s s e s .  H i g h e r  Se/CT v a l u e s  were  o b s e r v e d  in  
t he  0 fo 9 y e a r  age  c l a s s  f o r  b o t h  s e x e s  ( p < 0 . 0 5 ) .  Lower 
c r e a t i n i n e  l e v e l  f o r  t h e  y o u n g e s t  age  c l a s s  seems to p a r t i a l l y  
a c c o u n t  f o r  t h e  r e s u l t .  I f  s h o u l d  be n o t e d  t h a t  Hausen e t  a l .  
(1982)  o b s e r v e d  a s i m i l a r  t r e n d  in  n e o p t e r i n e  l e v e l s  in  human 
u r i n e ,  and a t t r i b u t e d  i f  fo t h e  f a s t  g rowth  b e h a v i o r  o f  t h i s  age  
c l a s s .  

U r i n a r y  s e l e n i u m  l e v e l s  in  f e m a l e  were  h i g h e r  than  t h o s e  in  m a l e ,  
e x c e p t  in  t he  0 -9  y e a r  age  c l a s s .  The s e x - r e i a t e d  d i f f e r e n c e s  
were  s i g n i f i c a n t  in  t he  age  c l a s s e s  10 -19 ,  30-39  and 4 0 - 4 9 .  
S i m i l a r  r e s u l t s  were  a l s o  o b t a i n e d  in  o t h e r  two d i s t r i c t s ,  
A izu  and Kanazawa ( d a t a  no t  shown) .  

A l t h o u g h  the  u s e  o � 8  c r e a t i n i n e  l e v e l  a s  an i n n e r  s t a n d a r d  o f  
u r i n e  c o n c e n t r a t i o n  i s  w i d e l y  a c c e p t e d  by many i n v e s t i g a t o r s ,  i f  
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may l ead  fo some m i s u n d e r s t a n d i n g  or  c o n f u s i o n  in compar ing d a t a  
�8 the  s u b j e c t s  of d i f � 8  sex  and age ,  because  of d i f f e r e n c e s  
in c r e a t i n i n e  e x c r e t i o n .  We round t h a t  s e l e n i u m  l e v e l  can 
s u b s t i t u t e  c r e a t i n i n e  as an i n n e r  s t a n d a r d  in some c a s e s .  U r i n a r y  
l e v e l s  of some heavy m e t a l s  were r a t h e r  p r e c i s e  when r e p r e s e n t e d  
as r a t i o s  to s e l e n i u m  l e v e l  than fo c r e a t i n i n e  l e v e l  ( fo  be 
p u b l i s h e d ) .  

To examine the l o c a l i t y ,  u r i n a r y  s e l e n i u m  l e v e l  of the  age c l a s s  
of 20 fo 29 y e a r s  was compared among v a r i o u s  a r e a s ,  s i n c e  t h i s  
c l a s s  showed l i t t l e  s exua l  d i f f e r e n c e  and l e s s  s t a n d a r d  d e v i a t i o n  
of Se/CT in Sagamihara .  Mean u r i n a r y  s e l e n i u m  l e v e l s  of the  
s u b j e c t s  in the  a r e a s  s e l e c t e d  a r e  shown in Tab le  2. I f  shou ld  be 
no ted  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  between male and female  were 
obse rved  in some d i s t r i c t s  and in the t o t a l .  

Among some of the d i s t r i c t s ,  s i g n i f i c a n t l y  d i f f e r e n t  Se/CT v a l u e s  
were o b s e r v e d .  Chiba gave h i g h e r  s e l e n i u m  l e v e l  in female  
(p<0 .001) ,  wh i l e  Yokote and Kanazawa showed lower Se/CT in male 
( p (0 .05  and p<0 .01 ) .  Mondragon e t  a1 . (1971)  r e v e a l e d  t h a t  the 
h i g h e r  l e v e l s  of s e l e n i u m  in egg,  m i l k ,  and v e g e t a b l e s  in a 

T a b l e  2 .  U r i n a r y  s e l e n i u m  l e v e l s  o f  t h e  2 0 - 2 9  a g e  
c l a s s  i n  s e l e c t e d  a r e a s  o f  J a p a n .  

A r e a  S e x  No.  o f  S e / C T ( p g / g )  
s u b j e c t s  G e o m e t r i c  mean  ( S . D . )  

H a k o d a t e  M 15 
F 15 

A o m o r i  M 20 
F 20 

Y o k o t e  M J I * *  40 
F 40 

A i z u  M ~ q ,  20 
F 20 

C h i b a  M J q * * *  20 
F 20 

S a g a m i h a r a  M 58 
F 40 

K a n a z a w a  M 3 ~ * * *  20 
F 20 

T s u s h i m a  M 20 
F 19 

G o t o  M 20 
F 2O 

T o t a l  M ~ 3 * * *  233 
F 214 

3 4 . 4  
4 1 . 3  
3 4 . 8  
3 6 . 8  
2 7 . 5  
3 4 . 5  
34 8 
42 0 
33 5 
49 0 
32 7 
33 4 
26 6 
36 2 
31 9 
35 9 
31 2 
3 3 . 8  
3 1 . 5  
3 7 . 1  

(1 4)  
(1 5)  
(1 3)  
(1 3)  
(1 5)  
(1 4) 
(1 3)  
(1 4)  
(1 4)  
(1 2)  
(1 4)  
(1 3)  
(1 2)  
(1 4)  
(1 4)  
(1 4)  
( 1 . 3 )  
( 1 . 4 )  
( 1 . 4 )  
( 1 . 4 )  

A r e a s  a r e  s h o w n  i n  F i g .  1 a n d  t e x t .  
M; m a l e ,  F ;  f e m a l e .  
S i g n i � 8  d i f f e r e n c e s  a r e  r o u n d  b e t w e e n  m a l e s  a n d  
f e m a l e s :  * * * ; ( p < O . O 0 1 ) ,  * * ; ( p < O . 0 1 ) ,  a n d  * ; ( p < 0 . 0 5 ) .  
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d i s t r i c t  of Venezuela remarkably r a i s e d  the u r i n a r y  selenium leve l  
of the loca l  school  c h i l d r e n .  Resu l t s  in the p r e s e n t  s tudy  may 
a l so  r e f l e c t  some d i f f e r e n t  environmenta l  and /o r  s o c i a l  f a c t o r s .  

For the t o t a l  samples i n v e s t i g a t e d  in t h i s  s tudy  (1164 male and 
1036 female) ,  the Se/CT values  were 36.9 (S .D .= l .6 )  and 43.1 
(S .D .= l .7 )  fo r  male and female,  r e s p e c t i v e l y  (p<O.001). These 
f i g u r e s  as well as the r e s u l t s  shown in Tables  1 and 2, c l e a r l y  
show tha t  the u r i n a r y  selenium leve l  in �8 is h ighe r  than in 
male, except  in the 0-9 age c l a s s .  

Some au thor s  have round tha t  se lenium e x c r e t i o n  is  not a f f e c t e d  
by sex.  Geahchan and Chambon (1980) have determined selenium 
l e v e l s  fo r  samples from 43 males and 33 females between 14 and 77 
years  old and p re sen ted  the s i m i l a r  mean va lue s ,  11.7 and 11.8 ~g 
Se/L u r i n e ,  r e s p e c t i v e l y .  However, the number of samples might be 
too small fo a l low s t a t i s t i c a l  c r i t i c i s m .  Hongo et  a l .  (1985) 
have concluded tha t  s e x - r e l a t e d  d i f f e r e n c e  of mean Se/CT (33 
and 32, fo r  male and female) is  hot  s i g n i f i c a n t .  These va lues  
agreed with ours on ly  in the 20-29 age c l a s s .  We round t h a t ,  
however, d i f f e r e n c e s  of Se/CT va lues  due to sex were s i g n i f i c a n t  
even in t h i s  age c l a s s  i n , f o u r  d i s t r i c t s .  

To conc lude ,  u r i n a r y  selenium leve l  of Japanese (1164 males and 
1036 females)  were e s t ima ted  as 36.9 pg Se/g c r e a t i n i n e  for  male 
and 43.1 pg Se/g c r e a t i n i n e  for  female,  s i g n i f i c a n t l y  h ighe r  
than male. These va lues  were h igher  in the 0-9 age c l a s s .  
Cons ide rab le  d i f f e r e n c e s  in the va lues  were observed among 
d i s t r i c t s .  

REFERENCES 

Alexander J,  Thomassen u Aaseth J (1983) Inc reased  u r i n a r y  
e x c r e t i o n  of se lenium among workers exposed fo e lementa l  mercury 
vapor .  J Appl Toxicol  3:143-145 

Bonsnes RW, Taussky HH (1945) On the c o l o r i m e t r i c  d e t e r m i n a t i o n  of 
c r e a t i n i n e  by the J a r r e  r e a c t i o n .  J Biol Chem 158:581-591 

Fe l l  GS, Stromberg P, Main A, Spooner R, Campbell R, Russe l l  R, 
Brown A, Ottaway JM (1981) B i o l o g i c a l  s igns  of human selenium 
d e p l e t i o n .  Proc Nutr Soc 40:76A 

Geahchan A, Chambon P (1.980) F luoromet ry  of se lenium in u r i n e .  
Cl in  Chem 26:1272-1274 

Hasunuma R, Ogawa T, Kawanishi Y (1982) F luo rome t r i c  d e t e r m i n a t i o n  
of se lenium in nanogram amounts in b i o l o g i c a l  m a t e r i a l s  us ing  
2 ,3 -d i aminonaph tha l ene .  Anal Biochem 126:242-245 

Hasunuma R, Ogawa T, Kawanishi Y (1987) Ur inary  selenium leve l  
d i s t r i b u t i o n  among Japanese .  In :  Said M, Rahman MA, D ' S i l v a  LA 
(eds) Elements in Heal th  and Disease ,  ~amdard U n i v e r s i t y  P res s ,  
Karachi ,  p 370 

Hausen A, Fuchs D, Konig K, Wachter H (1982) De te rmina t ion  of 
n e o p t e r i n e  in human u r ine  by r e v e r s e d - p h a s e  h igh -pe r fo rmance  
l i q u i d  chromatography.  J Chromatogr 227:61-70 

506 



Hojo Y (1981) S u b j e c t  g roups  h igh  and low in u r i n a r y  s e l en ium 
l e v e l :  Workers exposed  fo heavy m e t a l s  and p a t i e n t s  wi th  c a n c e r  
and e p i l e p s y .  Bul l  Envi ron  Contam Tox ico l  26:466-471 

Hojo Y (1982) S i n g l e - v o i d  u r i n e  s e l e n i u m  l e v e l  e x p r e s s e d  in terms 
of c r e a t i n i n e  c o n t e n t  as an e f f e c t i v e  and c o n v e n i e n t  i n d i c a t o r  
of human s e l e n i u m  s t a t u s .  Bul l  Envi ron  Contam Tox ico l  29:37-42 

Hongo T, Watanabe C, Himeno S, Suzuki T (1985) R e l a t i o n s h i p  
between e r y t h r o c y t e  mercury and s e l e n i u m  in e r y t h r o c y t e ,  p lasma 
and u r i n e .  Nutr  Res 5:1285-1289 

Hunt D, Lane H, B e e s i n g e r  D, G a l l a g h e r  K, Rowlands BJ, Johns ton  D 
(1983) Selenium and g l u t a t h i o n e  p e r o x i d a s e  l e v e l s  in 
h o s p i t a l i z e d  burn p a t i e n t s .  Fed Proc 42:927 

Levander  OA, S u t h e r l a n d  B, Morr i s  VC, g ing  JC (1981) Selenium 
b a l a n c e  in young men d u r i n g  s e l e n i u m  d e p l e t i o n  and r e p l e t i o n .  
Am J C l i n  Nutr  34:2662-2669 

Mondragon MC, J a r r e  WG (1971) Selenium in foods  and in u r i n e  of 
schoo l  c h i l d r e n  �9 d i f � 9  zones of Venezue la .  Arch 
La t inoamer  Nutr  21:185-195 

Palmer IS,  Oison OE, K e t t e r l i n g  LM, Shank CE (1983) Selenium 
i n t a k e  and u r i n a r y  e x c r e t i o n  in p e r s o n s  l i v i n g  near  a h igh  
s e l e n i u m  a r e a .  J Am Die t  Assoc 82:511-515 

Swanson CA, Reamer DC, V e i l l o n  C, King JC, Levander  OA (1983) 
O u a n t i t a t i v e  and q u a l i t a t i v e  a s p e c t s  of s e l e n i u m  u t i l i z a t i o n  in 
p r e g n a n t  and nonpregnan t  women: an a p p l i c a t i o n  of s t a b l e  i s o t o p e  
methodology .  Am J C l i n  Nutr  38:169-180 

Wasowicz W, Zacha ra  BA (1987) Selenium c o n c e n t r a t i o n  in the  b lood  
and u r i n e  of a h e a l t h y  P o l i s h  s u b - p o p u l a t i o n .  J C l i n  Chem Cl in  
Biochem 25:409-412 

Wasowicz W, Goleb iowska  M, Ch lebna-Soko l  D (1988) I n c r e a s e d  
u r i n a r y  e x c r e t i o n  of s e l en ium in c h i l d r e n  - a r e s p o n s e  fo 
s u r p l u s  f l u o r i n e  in d r i n k i n g  w a t e r .  Tr Element Med 5 :43-46 

Yang G, Wang S, Zhou R, Sun S (1983) Endemic s e l e n i u m  i n t o x i c a t i o n  
of humans in China .  Am J C l in  Nutr  37:872-881 

Rece ived  June 9, 1989; a c c e p t e d  September  16, 1989. 

507 


